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An off-target scale limits the utility of Short Warwick-Edinburgh
Mental Well-Being Scale (SWEMWBS) as a measure of well-being in
public health surveys
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a b s t r a c t

Objectives: To assess the utility and measurement properties for the well-being scale Short Warwick
eEdinburgh Mental Well-Being Scale (SWEMWBS) in a Swedish general population survey.
Study design: A cross-sectional survey study.
Methods: Data were retrieved from the 2018 public health survey in Stockholm County, containing a
random sample of 22 856 persons stratified to be representative for the municipalities and districts
within the region. The data were analyzed according to Rasch Measurement Theory.
Results: Person attribute values are positively skewed (mean 2.32, SD 1.85), with wide gaps in the item
threshold attribute values. Overall item fit statistics were acceptable, and person measurement sepa-
ration reliability was 0.83, indicating three statistically distinct ranges in the estimated well-being values.
Conclusion: While the SWEMWBS items indicated acceptable fit to the Rasch measurement model,
targeting of items to sample is skewed toward lower levels of well-being, and there is a ceiling effect.
Thus, we suggest a careful reconsideration of SWEMWBS as a tool for use in general public health sur-
veys, especially for assessing change over time and group differences, as there are large measurement
uncertainties for the majority of cases when the population as a whole is sampled. We encourage re-
visions applying a coherent and comprehensive ordinal construct theory for well-being to fill the gaps in
the upper end of the SWEMWBS scales' item thresholds. The addition of more challenging items would
improve targeting for population-based surveys, increase reliability, and provide more actionable in-
formation that could be useful in improving individuals' well-being.
© 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Worldwide and across disciplines, there is a growing interest to
monitor and follow the development of population mental health
and well-being.1 One of the United Nations sustainability goals
(SDG 3.4) states: By 2030, reduce by one third premature mortality
from non-communicable diseases through prevention and treatment
and promote mental health and well-being.2

To quote VanderWeele:3 In order to make more substantial im-
provements to the well-being of our world, it is critical that we have
the data to measure it. However, data is not the sole criterion for
success in measurement. A scientific approach to measurement

requires empirical data based on sound theories, as well as the
proper treatment of collected data. For nearly 100 years, since the
work of Thurstone in the 1920s, criteria for calibrating sets of items
measuring in theoretically defined unit quantities have informed
research and practice across dozens of fields in psychology and the
social sciences. This includes the work by Danish mathematician
Georg Rasch in the 1960s, who based his models on the same un-
derlying principles as physical measurements, developed the Rasch
Measurement Theory (RMT) to enable separate measures of person
and item attributes scaled on a conjoint interval logit scale.4 In
physical measurement, it is obvious that the properties of the in-
strument must be independent of the properties of the objects, and
vice versa. Similarly, person and item attributes in social and psy-
chological measurements need to be independent of each other, i.e.
the specific objectivity proposed by Rasch.4
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As argued by Salzberger et al.:5 ‘the application of the Rasch
model alone does not guarantee better social measurement, if statis-
tical analyses lack a conceptual underpinning’. The underlying
theoretical model is a central foundation to the assessment of a
construct, particularly when self-rated responses are our primary
source of data. This can be challenging already at the theoretical
level. For instance, within the field of well-being, there is an
abundance of models that have been developed over the years,6e8

and the field has yet to find parsimony and comparability. However,
a critical point is an acknowledgment that mental constructs are
accessible to measurement and in turn relating self-ratings to an
abstract linear continuum of ‘less to more’.9 RMT provides a pos-
sibility for connecting the empirical evidence with a conceptual e
predefined or ad hoc e theory; the item-hierarchy provides ‘a
compass and interpretable language’,10 directing the way evidence-
based interventions and innovations.

One example of a widely used well-being scale is the Short
WarwickeEdinburgh Mental Well-Being Scale (SWEMWBS, stem-
ming from the WarwickeEdinburgh Mental Well-Being Scale
(WEMWBS)11) that in previous work has been evaluated to basic
measurement criterion according to RMT in public health surveys.12

The SWEMWBS is used in several national population surveys to
estimate well-being and how it develops over time.13,14 The
SWEMWBS is intended to focus on the positive aspects of well-
being. Thus, it should be free of ceiling effects in population sam-
ples.11 The SWEMWBS is included in the Swedish biannual public
health survey H€alsa på lika villkor,15 but its measurement properties
have not previously been evaluated for this population. The pur-
pose of this study was to investigate the utility and measurement
properties of the SWEMWBS according to RMT in a Swedish general
population sample.

Methods

Participants and data collection

We retrieved data from the 2018 annual public health survey
H€alsa på lika villkor15 in Stockholm County, which contains a
stratified random sample of 22 856 persons (strata are municipal-
ities and districts within the region). The overall response rate,
percentage of eligible respondents, was 39.2%. Design weighted
response rate, representing the response if people had the same
sampling probabilities were 39.1%. The median age was 54 years
(range 16e84), 55% (n¼ 12,571) werewomen and 45% (n¼ 10,285)
were men, and 81% (n ¼ 18,513) were born in Sweden and 19%
(n ¼ 4343) were born in other countries.

Measurement

The SWEMWBS12 is a 7-item short form of the longer 14-item
WarwickeEdinburgh Mental Well-Being Scale (WEMWBS).11 Item
generation for the WEMWBS was based on an expert panel consid-
ering literature in the field, qualitative focus groups, and psycho-
metric testing by comparisonwith a related scale, the Affectometer 2.
The WEMWBS is purported to cover both hedonic and eudemonic
(or psychological) aspects of mental health.11 Item reduction for
SWEMWBS was based on RMT analysis to ensure a unidimensional
scale;12 items mainly representing psychological and eudemonic
well-being and less related to hedonic well-being or affect.

The respondents are asked to rate each of the seven items in
relation to how often they experienced each statement in the past
two weeks. The original response alternatives none of the time,
rarely, some of the time, often and, all of the time in the present study
were changed to never, seldom, sometimes, often, and always, which
are scored 0 through 4. This version came from the WHO Health

Behavior in School-aged Children (HBSC) Sweden.16 All items use
positive wording.

Data analysis

In order to assess the measurement properties of SWEMWBS,
the RMT was applied, as ‘it is not simply a mathematical or statistical
approach, but instead a specifically metrological approach to human
based measurement’.17 RMT was developed based on the same un-
derlying principles as physical measurements, i.e. separate mea-
sures of person and item attributes scaled on a conjoint interval
logit scale.4 In the simplest case with dichotomous responses, it is a
logistic regression function:

logð Psuccess;i;j
1� Psuccess;i;j

Þ¼ qi � dj (1)

where q is the person, i is the person attribute value, and d is the
item, and j is the item attribute value. This model enables estimates
of the differences between the person and task attributes to meet
requirements for invariant comparisons. Overall, one wants to have
items that work in the same way for the different target groups. In
some cases, certain subgroupsmay not respond to items in a similar
way, i.e. the item/items fail to meet the criteria of invariance. This is
tested by Differential Item Functioning (DIF) statistics, as described
below.

The dichotomous model has subsequently been expanded to
polytomous RMT models by incorporating threshold parame-
ters,18,19 which we applied to SWEMWBS data, as the questionniare
comprises five response categories. The analyses were conducted
using the Rasch Unidimensional Measurement Model 2030
(RUMM) software.

The analysis was structured in line with recommendations by
Hobart & Cano.20 Initially, an examination of the relative distribu-
tions of the item threshold attribute values to the person attribute
values was assessed. In order to understand the implications of the
person measures and how those should be used, item threshold-
person distributions, Person Separation Index (PSI), and person fit
residuals were examined. Specifically:

a) The mean person attribute value indicates whether the sample
is off-center relative to the items;

b) The PSI is a reliability indicator where 0 implies all error/noise, 1
implies no error, and the coefficient should be over 0.8 (i.e.
corresponding to a person separation index of 2.0, and the
definition of three statistically different strata21);

c) The person fit residual should lie within �2.5 to þ2.5. In addi-
tion to those aspects, individual person measurement un-
certainties were assessed for the required change in well-being
to become detectable. We applied k ¼ 2, which approximately
corresponds to a 95% confidence interval.

In order to understand the item properties, individually and
together, response categories were assessed to see if they worked
as intended, and items were studied to see if they exhibited a
clinically logical order. Response categories and items were
assessed in terms of model fit residuals, chi-square, item charac-
teristic curve (ICC), residual correlation, unidimensionality, and DIF
statistics, specifically:

a) Category thresholds should be sequentially ordered, and as
the trait level is increasing, the probability of a higher
response also increases;22

b) The individual item fit residuals should lie between �2.5
and þ 2.5; the chi-square values should not be statistically
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significant after applying Bonferroni correction; and the dots
of the observed class intervals should follow the expected
ICC to support a good fit to the model;

c) Construct definition across samples was examined by
comparing the item locations obtained in this study with
those obtained in two previously published RMT articles
analyzing SWEMWBS data;23,24

d) The item residual correlations should not exceed 0.20 above
the average correlations25 to support local independence
(potential indication of multidimensionality and/or redun-
dancy due to too similarly phrased items);

e) Person attribute values estimated from two subsets of items
(derived based on item loadings in the first factor in the
principal component analysis of the residuals) were
compared by an independent t-test where the percentage of
persons outside the range of �1.96 to 1.96 should not exceed
5% to support unidimensionality;26

f) For DIF, both main effects and interaction effects were
assessed for between gender (men; women) and age (�25;
26e45; 46e65; �66 years) and should be non-significant
after Bonferroni correction.27 When significant, DIF was fol-
lowed by stepwise item splits and repeated analyses.

For avoiding misfit inflated by the large sample size, item chi-
squares and DIF were assessed using the whole sample, as well as
with adjusted sample sizes for n ¼ 200 and n ¼ 500.28

Results

As shown in Fig. 1 and Table 1, item threshold attribute values
are covered by the person attribute values, but not the other way
around. Especially, person attribute values are positively skewed,
and there are gaps (indicated by the blue arrows in Fig. 1) in the
item threshold attribute values. The PSI was 0.83, indicating three
statistically distinct ranges in the estimated well-being values.

In total, 3011 (14.2%) persons had fit residuals � -2.5, i.e. having
low variation in their response pattern, and 103 (0.5%) persons had
fit residuals �2.5, i.e. having irrational response pattern. In total,
1574 (6.9%) persons responded always (i.e. highest response option
giving extremes) on all seven items.

None of the items had disordered thresholds, indicating that the
response options worked as intended, i.e. progressively more often

used as overall wellbeing increased (Fig. 2). Table 2 reports item
mean attribute values, associated measurement uncertainties, fit
residuals, and ChiSq. All except items 2 (I've been feeling useful) and
3 (I've been feeling relaxed) had fit residuals outside the desired
range ±2.5 and significant ChiSq. However, by assessing adjusted
sample sizes and visual inspection of the dots of the class intervals
in relation to the ICC, it was evident that the misfit (fit residuals and
ChiSq) was inflated by the large sample size.

As shown in Table 3, mean item attributes hierarchy slightly
deviated from the two previous Rasch studies on SWEMWBS; item
2 (I've been feeling useful) had a relatively higher item attribute
value in the present Swedish cohort compared to a UK cohort23 and
an Australian cohort.24

The relative cut-off, i.e. 0.2 above the average correlation
of �0.16, for item residuals was 0.04. A closer inspection of the
residual matrix showed that one item pair correlated above the cut-
off; item 4 (I've been dealing with problems well) and item 5 (I've
been thinking clearly) residuals correlated to 0.13. Thus, items were
overall locally independent from each other.

Person attribute values derived from the positively and nega-
tively loading items in the first factor in the principal component
analysis of the fit residuals were compared by an independent t-
test; 7% of the person attribute values were outside the desirable
±1.96, i.e. slightly above the criterion of 5% but within the confi-
dence interval, thus supporting unidimensionality.

Uniform DIF was present between men and women, as well as
between age groups. It was significant for all comparisons on all

Fig. 1. Person-item threshold histograms SWEBSWBS. Pink upper bars show person attribute values distributions, and blue lower bars item threshold attribute values distributions
scaled on a conjoint logit scale. Low values indicate lower well-being, and high values indicate higher well-being. The green curve show where most information about the persons
is provided and are inverse functions of the measurement standard errors (SE). Horizontal error bars correspond to 2 SE. Blue arrows indicate gaps in the item threshold attribute
values compared to the person attribute values. SWEMWBS, Short Warwick-Edinburgh Mental Well-Being Scale. (For interpretation of the references to color in this figure legend,
the reader is referred to the Web version of this article.).

Table 1
Summary of measurement properties for SWEMWBS. Total person n ¼ 22 856, ex-
tremes n ¼ 1574.

Measurement property Values

Person attribute values mean (SD) 2.32 (1.85)
Person attribute mean 2SE 1.47
Person attribute values range with extremes �5.17 to 6.20
Person attribute values range without extremes �4.33 to 5.28
Person attribute PSI with extremes 0.83
Person attribute PSI without extremes 0.85
Item attribute values range �0.57 to 0.53
Item thresholds attribute values range �3.37 to 4.51

PSI, Person Separation Index; SWEMWBS, Short WarwickeEdinburgh Mental Well-
Being Scale.
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items except item 4 (I've been dealing with problems well) among
different age groups. However, the number of significant DIF were
reduced when assessing adjusted sample sizes (n ¼ 200 no sig-
nificant DIF, n ¼ 500 item 3 for gender and items 2 and 3 for age),
and item splits (i.e. item divided for person factors) could have
resolved the DIF without significantly impacting person attribute
value. Person attribute values with and without item splits showed
correlation coefficients above 0.99, supporting little overall effect of
these items being perceived differently between the groups.

Discussion

This study has demonstrated an acceptable fit of SWEMWBS to
the basic Rasch measurement model. However, the findings raise
several concerns about the utility of SWEMWBS as a measure of
well-being in public health surveys. As shown in Fig. 1, the best
measurement region is indicated by the green information curve
that overlaps with the low well-being end of the spectrum. More-
over, the highly positive skewed person attribute values imply large
measurement uncertainties for most of the population. As such,
this requires large changes in well-being to be detectable and not
biased due to measurement noise. Moreover, there were many
extremes on the positive side, with 1574 (6.9%) persons responding
always (i.e. highest response option) on all seven items, and it is
obvious that we know very little about their well-being, and it

would be impossible for them to show improvement on the scale.
The SWEMWBS has previously been contended as being free of
ceiling effects in general population samples,11 but our analysis
does not support this claim.We suggest careful consideration in the
use and interpretation of SWEMWBS in public health surveys,
especially for assessing change, due to the large mistargeting be-
tween sample and items and the ceiling effect observed. Although,
it might be used to screen for low well-being or with groups with
lower levels of well-being.

Early work on SWEMWBS took a step in the right direction to a
scientific approach for measurement when addressing the mea-
surement properties according to RMT12 rather than classical test
theory.11 However, further development to a scientific measure-
ment approach has to a great extent been absent for the
SWEMWBS, as well as well-being measures in general. There are
current recommendations for measuring well-being in public sur-
veys claimed to be based on the state of knowledge,29 that lack a
scientific measurement approach. The recommendations include
having four or fewer generic questions. Suggestions of a few items
are probably related to the lack of insight into the issues with
measurement uncertainties since ordinal responses are typically
statistically treated as having interval scale properties. However,
measurement uncertainties reflect the lack of exact knowledge of
the value of the measurand (e.g. person attribute values and item
attribute values) and characterizes the dispersion of the values that

Fig. 2. Item threshold map for SWEMWBS where 0 ¼ never, 1 ¼ seldom, 2 sometimes, 3 ¼ often, and 4 ¼ always. SWEMWBS, Short Warwick-Edinburgh Mental Well-Being Scale.

Table 2
Item fit statistics for SWEMWBS.

Item Location 2SE Fit
Residuals

ChiSq n ¼ 21,158
Prob

n ¼ 200
Prob

n ¼ 500
Prob

7 I've been able to make up my own mind about things �0.57 0.02 4.95 270.20 0.00 0.98 0.70
5 I've been thinking clearly �0.47 0.03 ¡17.37 274.10 0.00 0.98 0.69
4 I've been dealing with problems well �0.02 0.03 ¡17.47 400.49 0.00 0.92 0.40
6 I've been feeling close to other people 0.14 0.02 3.96 109.38 0.00 1.00 0.98
1 I've been feeling optimistic about the future 0.19 0.02 ¡7.94 59.80 0.00 1.00 1.00
2 I've been feeling useful 0.21 0.02 �0.59 30.14 0.00 1.00 1.00
3 I've been feeling relaxed 0.53 0.02 �1.78 187.52 0.00 0.99 0.88

Bolded numbers indicate misfit; Fit Residuals ±2.5 or significant ChiSq. SWEMWBS, Short WarwickeEdinburgh Mental Well-Being Scale.

Table 3
Item d attributes values for the Swedish cohort compared with a UK cohort16 and an Australian cohort.17 The UK study included the same seven items while the Australian
study included the same seven items, as well as three additional items from WEBWBS.

Item Region Stockholm
2018

Bartram et al. 2013 Hougthon et al. 2017

Location 2SE Location 2SE Location 2SE

7 I've been able to make up my own mind about things �0.57 0.02 �1.07 0.08 �0.85 0.07
5 I've been thinking clearly �0.47 0.03 �0.66 0.08 �0.48 0.07
4 I've been dealing with problems well �0.02 0.03 0.08 0.08 �0.19 0.07
6 I've been feeling close to other people 0.14 0.02 0.11 0.06 �0.09 0.07
1 I've been feeling optimistic about the future 0.19 0.02 0.48 0.06 0.47 0.06
2 I've been feeling useful 0.21 0.02 0.00 0.08 ¡0.14 0.06
3 I've been feeling relaxed 0.53 0.02 1.06 0.06 0.69 0.06

Bolded numers indicate a realtively higher item attribute compared to the Swedish cohort. WEMWBS, WarwickeEdinburgh Mental Well-Being Scale.
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reasonably could be attributed to it.30 Few items and/or mis-
targeted items imply low measurement precision.31 More items
mean that we get more information about each respondent and
especially if the number of well-targeted items increases the
measurement uncertainties for estimates of person attribute values
are reduced. Although the measurement uncertainties will always
be greater at the upper (and lower) end of a scale as the model
anticipates infinity in both directions,21 and limits reliable de-
cisions on general well-being in public health surveys for people
with moderate to high well-being.

In order to accommodate the mistargeting and to further
advance possibilities for an optimal well-being scale to be used in
public health surveys, we would argue for addressing the issue of a
coherent ordinal construct theory32 for well-being. First, drawing
from Fig. 1, the person-item thresholds maps the well-being terrain
by showing the person's overall well-being relative to the item
properties and should be used to extend the understanding of what
characterizes low, medium, and high levels of well-being. Second,
as there is a gap in item thresholds, as well as lacking items/item
thresholds at the upper end of the scale, we suggest that the
SWEMWBS is extended with more challenging items to improve its
targeting for population-based surveys. Adding items with higher
levels of difficulty should ideally be driven by the ordinal construct
theory and the target population's understanding of what charac-
terizes higher levels of well-being. However, the benefit of adding
items needs to be balanced with the possible risk of reduced
response rates. This is particularly true for groups with low levels of
awareness and engagement (see further below). Minor studies
where new sets of items are tested, based a coherent ordinal
construct theory, to demonstrate that the ‘right items’ are added is
recommended before conducting large public health surveys.

In addition to our findings, the previous studies on WEMWBS
and SWEMWBS could also be used to extend the ordinal construct
theory. When comparing the results in this study with those, there
are at last two critical issues that need attention and further cross-
country evaluation. First, as shown in Table 3, item 2 (I've been
feeling useful) had a relatively higher item attribute value in the
present Swedish cohort compared to the UK and Australian co-
horts.23,24 This raises questions whether feeling useful has a
different meaning in different cultures and/or whether there might
be translation issues. Second, the Swedish cohort hasmore extreme
responses and shows greater mistargeting between person and
items compared to the other studies. This could be explained by
different sample characteristics, cultural differences, or a different
response scale.

Apart from the suggestion of adding (or replacing) items, this
also needs to be considered in the context of the fact that the
SWEMWBS might represent a few items out of hundreds of items
included in public health surveys. A concern apparent in our study
of SWEMWBS, but less discussed in the literature, is the large
number of persons (n ¼ 3011, 14.2%) having low variation in their
response pattern. This raises questions such as; how valid are
person responses when they tick the same response option for all
seven items? Did the person even read the item, or is this a matter
of acquiescence, i.e. agreement regardless of item content? Or is
this a consequence of the response burden in lengthy public health
surveys?

Since this study only used cross-sectional data, it was not
possible to make evaluations of item stability over time or sensi-
tivity to change. A study by Maheswaran and colleagues33 claimed
that the ‘WEMWBS is responsive to changes occurring in a wide range
of mental health interventions undertaken in different populations’.
That study did not use person attributes derived from Rasch-
transformed interval level measures, which makes the claim diffi-
cult to assess. Furthermore, we would encourage proper

assessments of measurement uncertainties derived from an un-
certainty budget34 and not only standard deviations for group-level
analyses. This is particularly important, as shown in this study large
individual measurement uncertainties in the upper end of
SWEMWBS.

A major strength of this study is that the data used stem from a
public health survey with respondents stratified to be representa-
tive of the municipalities and districts within the Stockholm region.
However, it is not representative of the whole Swedish population.
Moreover, at this stage, it was not possible to control for other
person characteristics such as health, family situation, living con-
ditions, employment, or income, but it is required in further
research.

Conclusions

Despite an acceptable fit of SWEMWBS to the basic Rasch model,
due to the large mistargeting between sample and items and the
ceiling effects, there are limitations with of the utility of SWEMWBS
as ameasure ofwell-being inpublic health surveys. Thus,we suggest
careful consideration if SWEMWBS is used in general public health
surveys, especially for assessing change over time and group dif-
ferences, as there are large individualmeasurementuncertainties for
the majority of respondents. We encourage addressing a coherent
ordinal construct theory forwell-being, aswell asfilling the gaps and
upper end of the SWEMWBS scales' item thresholds with more
challenging items to improve its targeting for population-based
surveys.
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a b s t r a c t

Objective: Statistical modeling was already predicted the occurrence/prognosis of breast cancer from
previous radiological findings. This study predicts the breast cancer risk by the age at discovery of
mammographic abnormality in the French breast cancer screening program.
Study design: This was a cohort study.
Methods: The study included 261,083 women who meet the inclusion criteria: aged 50e74 years, living
in French departments (Ain, Doubs, Haute-Saône, Jura, Territoire-de-Belfort, and Yonne), with at least
two mammograms between January 1999 and December 2017, of which the first was ‘normal/benign’.
The incidence of each abnormality (microcalcifications, spiculated mass, obscured mass, architectural
distortion, and asymmetric density) was first estimated, then the breast cancer risk was predicted sec-
ondly according to the age at discovery of each mammographic abnormality, using an actuarial life table
and a Cox model.
Results: Overall breast cancer (6326 cases) incidence was 3.3 (3.0; 3.1)/1000 person-years. The breast
cancer incidence increased proportionally with the discovery age of the speculated mass and micro-
calcifications. The incidence was twice as high when the spiculated mass age of discovery was �70 (12.2
[10.4; 14.4]) compared with age 50e54 years (5.8 [5.1; 6.7]). Depending on the spiculated mass discovery
age, the breast cancer risk increased by at least 40% between the age groups 55e59 years (1.4 [1.0; 1.8])
and �70 years (2.4 [1.9; 3.3]). Whatever the abnormality, the incidence of breast cancer was higher when
it was present in only one breast.
Conclusion: The study highlights a stable incidence of breast cancer between successive mammograms,
an increased risk of breast cancer with the finding age of spiculated mass and microcalcifications. The
reduced delay between the abnormality discovery date and the breast cancer diagnosis date would
justify a specific follow-up protocol after the finding of these two abnormalities.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Breast cancer (B-cancer) is theworld's most common and severe
cancer in women: it would be responsible for 11.6% of cancers and
6.6% of deaths from cancer in women.1 A national coordinated B-
cancer screening program (BCSP) has existed in France since
2004.2,3 The BCSP targets women aged 50e74 years without any
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other risk factor except their age and offer them a clinical breast
examination and a mammography screening by a licensed radiol-
ogist once every 2 years.2,4 All mammograms considered as
normal/benign in a first reading session are submitted to a second
reading session.3

The BCSP's certified radiologists use the Breast Imaging
Reporting System and Data System classification.5 The radiological
findings that support this classification are indicative of certain
locations of B-cancer.6e11 Microcalcifications are present in about
30% of all malignant breast lesions.10 The positive predictive value
of malignancy varies according to the mass contour.6 Although
there are several other risk factors,7,12,13 it is established that B-
cancer can occur without mammographic finding, especially in the
case of radiologically dense breasts.14

Statistical modeling was already predicted the occurrence of B-
cancer or its prognosis from previous radiological findings. A few
studies converged toward a positive association between the risk
score calculated on previous mammograms and image-detected B-
cancer at screening mammograms.15e18 In addition to the reduced
sample size, these studies did not describe the B-cancer risk ac-
cording to the age at discovery of a radiological abnormality.
Likewise, the risk of occurrence of contralateral cancer according to
the primary cancer has been documented,16e20 but the impact of
the sequence of appearance of mammographic abnormalities on
this risk remains poorly documented to our knowledge.

To perfect the interpretation of these mammographic abnor-
malities in the daily practice of radiologists, the contribution of
artificial intelligence and deep learning is increasingly
emphasized.21e25 Certainly, if there is one field of medicine in
which artificial intelligence will offer many advances, it is of course
the fields of prevention and screening.26 However, despite the
significant contribution of these new technologies, the conven-
tional reading of mammograms by radiologists is still essential.21,27

In addition to the discussion on their ethical and legal aspects,28

there is no algorithm that has beyond doubt been proven to
outperform double reporting by two certified breast radiologists.21

To develop other more efficient algorithms, large databases are
needed.23,24

Pending the availability of such algorithms, the present study
intends to alert radiologists by predicting B-cancer risk by the age
at discovery of mammographic abnormalities.

Methods

Study context

The study consisted of a follow-up of 261,083 women, aged
50e74 years, living in six French Departments (Ain, Doubs, Haute-
Saône, Jura, Territoire-de-Belfort, and Yonne). These women had at
least two screening mammograms between 1 January 1991 and 31
December 2017, of which the first was considered as ‘normal/
benign’. In the study departments included, screening campaigns
began before 2004, full coverage date of the BCSP.2

The study excluded (1) womenwith less than two participations
in the BCSP (90,274/351,357) and (ii) women with diagnosis of B-
cancer at their first participation (3417/9743 women who had at
least one occurrence of B-cancer during the study period).

The definitions of the mammographic abnormalities studied
(microcalcifications, spiculated mass, obscured mass, architectural
distortion, and asymmetric density) are standardized in the BCSP.
However, the study kept the description of microcalcification only if
an immediate (or deferred) diagnostic workup confirmed the
presence of microcalcification. The incidence of each mammo-
graphic abnormality has been described; subsequently, the B-

cancer incidence has been described according to the age at dis-
covery of each mammographic abnormality.

BCSP organization

Women with a high risk of B-cancer3,5 were not eligible in the
BCSP because they benefit from specific and annual monitoring.

In the six departments with a target population of 167,401
women in 2017, BCSP management structures (BCSP structure)
were in charge, the organization of screening campaigns following
BCSP specifications.3,5 Before each campaign, a list of women was
proved and updated according to information from health insur-
ance plans. These womenwere invited by regular mail at their 50th
birthday (first invitation) and then every 2 years after a negative
mammogram (subsequent invitation) until the age of 74 years. The
letter of invitation allows each woman to have a mammogram (two
frontal and two oblique external incidences) in one of the BCSP's
certified radiological centers.

In each radiological center, the first reading session of a
mammogramwas performed on a hard copy or a screen display. The
radiologist first reader also had to collect sociodemographic, clinical,
and radiological information on a standardized form. Using the
printed films, the second reading session, or even a third consensual
or expert reading session, was carried out in the BCSP structure.

Campaign dynamics

In the analysis of each mammographic abnormality incidence,
the start date of follow-up was the date of the first screening
mammogram. This follow-up was censored on the abnormality
discovery date or on the study end date if the absence of abnor-
mality in each breast.

In the analysis of the B-cancer incidence, the start date of follow-
up was the date of the first screening mammogram. The follow-up
was censored on the end date (absence of B-cancer) or on the B-
cancer occurrence date (i.e. date of themammogram that initiated a
B-cancer diagnostic procedure) or on the date of interval B-cancer
diagnosis in the examined breast. The follow-up was censored on
the end date in all other cases, for example, loss to follow-up,
relocation, refusal to participate, age >74 years, or death from
causes other than B-cancer.

The study distinguished the follow-up of the left breast from
that of the right breast. The end date of follow-up was the date of
the last mammogram. Women aged <73 years were considered
‘lost to follow-up’ whenever the date of the last mammogram was
before 2015 because they could have had another mammogram
before age 74 years. The end of follow-up criterionwas the B-cancer
diagnosis.

Data collection and factors studied

The data analyzed were extracted from the databases of the
BCSP structure. These databases were daily enriched by BCSP
partners (health insurance plan, radiologists, pathologists, oncolo-
gists, surgeons, gynecologists, and general practitioners).

Regarding B-cancer diagnosis, the study adopted the C50 code
(10th version) of the WHO International Classification of Diseases
(ICD-10):29 (1) ductal carcinoma in situ, lobular carcinoma in situ,
and nipple Paget's disease were classified as ‘adenocarcinoma in
situ’ (TIS); (2) infiltrating/invasive ductal or lobular carcinomas
were classified as ‘infiltrating adenocarcinoma’ (ADK-I); and (3) all
other malignant tumors (papillary, tubular, mucinous, medullary,
etc.) were classified as ‘rare form’. Was considered first reading
cancer (R1-Cancer) when the diagnostic process was started after a
positive mammographic in the first reading session (ACR in 0,3,4,5).
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Table 1
Cumulative incidence of radiographic abnormalities according to the characteristics of women at baseline.

Characteristics at baseline Microcalcification Spiculated mass Obscured mass Asymmetric density Architectural distortion

Case (Tp) CeIn [CI 95%] P Case (Tp) CeIn [CI 95%] P Case (Tp) CeIn [CI 95%] P Case (Tp) CeIn [CI 95%] P Case (Tp) CeIn [CI 95%] P

Left breast

Overall (n ¼ 260,825)a 15,257 (7.1) 8.2 [8.1; 8.3] 12,016 (7.2) 6.4 [6.3; 6.5] 65,505 (6.1) 41.1 [40.8; 41.4] 6365 (7.3) 3.3 [3.2; 3.4] 9681 (7.2) 5.2 [5.1; 5.3]
Age (year) 1st mammogram * * * * *
50e54 (n ¼ 125,261) 7037 (7.0) 8.1 [7.9; 8.3] 5659 (7.1) 6.4 [6.2; 6.6] 29,424 (6.1) 38.8 [38.3; 39.2] 3423 (7.2) 3.8 [3.7; 4.0] 4322 (7.0) 4.9 [4.8; 5.1]
55e59 (n ¼ 51,186) 3482 (8.6) 7.8 [7.5; 8.0] 2882 (8.9) 6.3 [6.1; 6.6] 14,914 (7.3) 39.7 [39.1; 40.3] 1367 (9.1) 2.9 [2.8; 3.1] 2286 (8.9) 5.0 [4.8; 5.3]
60e64 (n ¼ 40,727) 2645 (8.2) 8.0 [7.7; 8.3] 2129 (8.3) 6.3 [6.1; 6.6] 11,650 (6.8) 41.9 [41.1; 42.7] 1032 (8.4) 3.0 [2.8; 3.2] 1674 (8.2) 5.0 [4.7; 5.2]
65e69 (n ¼ 29,311) 1556 (5.6) 9.5 [9.0; 9.9] 992 (5.7) 5.9 [5.8; 6.3] 6858 (4.9) 47.8 [46.7; 49.0] 450 (5.8) 2.7 [2.4; 2.9] 1058 (5.7) 6.4 [6.0; 6.8]
�70 (n ¼ 14,340) 537 (2.9) 13.0 [12.0; 14.2] 354 (2.9) 8.5 [7.7; 9.4] 2659 (2.6) 71.4 [68.8; 74.2] 93 (2.9) 2.2 [1.8; 2.7] 341 (2.9) 8.2 [7.4; 9.1]

Breast density 1st mammogram * * * * *
Type I (n ¼ 35,040) 888 (7.2) 3.5 [3.3; 3.7] 1147 (7.2) 4.5 [4.3; 4.8] 8764 (6.1) 41.1 [40.3; 42.0] 582 (7.3) 2.3 [2.1; 2.5] 942 (7.2) 3.7 [3.5; 4.0]
Type II (n ¼ 161,222) 8479 (7.1) 7.4 [7.3; 7.6] 7412 (7.1) 6.4 [6.3; 6.6 ] 41,122 (6.0) 42.5 [42.1; 42.9] 4057 (7.2) 3.5 [3.4; 3.6] 6096 (7.1) 5.3 [5.2; 5.5]
Type III (n ¼ 58,524) 5192 (7.2) 12.3 [12.0; 12.7] 3156 (7.5) 7.2 [7.0; 7.5] 14,377 (6.4) 38.7 [38.0; 39.3] 1613 (7.6) 3.6 [3.5; 3.8] 2463 (7.4) 5.7 [5.4; 5.9]
Type IV (n ¼ 6039) 698 (7.2) 16.1 [14.9; 17.3] 301 (7.7) 6.5 [5.8; 7.3] 1242 (6.8) 30.3 [28.6; 32.0] 113 (7.8) 2.4 [2.0; 2.9] 180 (7.7) 3.9 [3.3; 4.5]

HRT 1st mammogram * * * * *
No/U (n ¼ 227,089) 12,711 (6.9) 8.1 [7.9; 8.2] 9977 (7.0) 6.2 [6.1; 6.4] 55,875 (6.0) 41.2 [40.9; 41.6] 5503 (7.1) 3.4 [3.3; 3.5] 8100 (7.0) 5.1 [5.0; 5.2]
Yes (n ¼ 33,740) 2546 (8.3) 9.0 [8.7; 9.4] 2039 (8.5) 7.1 [6.8; 7.4] 9630 (7.1) 40.4 [39.6; 41.3] 862 (8.7) 2.9 [2.7; 3.1] 1581 (8.5) 5.5 [5.3; 5.8]

Right breast

Overall (n ¼ 260,854)b 15,040 (7.1) 8.1 [8.0; 8.2] 11,449 (7.2) 6.1 [6.0; 6.2] 62,932 (6.2) 39.2 [38.9; 39.5] 6309 (7.3) 3.3 [3.2; 3.4] 9332 (7.2) 5.0 [4.9; 5.1]
Age (year) 1st mammogram * * * * *
50e54 (n ¼ 125,254) 6878 (7.0) 7.9 [7.7; 8.1] 5454 (7.1) 6.2 [6.0; 6.3] 28,339 (6.1) 37.1 [36.6; 37.5] 3391 (7.2) 3.8 [3.7; 3.9] 4204 (7.0) 4.8 [4.6; 4.9]
55e59 (n ¼ 51,186) 3460 (8.8) 7.7 [7.5; 8.0] 2667 (8.9) 5.8 [5.6; 6.1] 14,128 (7.4) 37.2 [36.6; 37.8] 1422 (9.1) 3.1 [2.9; 3.2] 2173 (8.9) 4.8 [4.6; 5.0]
60e64 (n ¼ 40,748) 2648 (8.2) 8.0 [7.7; 8.3] 2050 (8.3) 6.1 [5.8; 6.3] 11,260 (6.9) 40.2 [39.4; 40.9] 1008 (8.4) 2.9 [2.8; 3.1] 1650 (8.3) 4.9 [4.7; 5.1]
65e69 (n ¼ 29,315) 1532 (5.6) 9.3 [8.9; 9.8] 944 (5.7) 5.6 [5.3; 6.0] 6647 (4.9) 46.0 [45.0; 47.2] 411 (5.8) 2.4 [2.2; 2.7] 975 (5.7) 5.9 [5.5; 6.2]
�70 (n ¼ 14,351) 522 (2.9) 12.6 [11.6; 13.8] 334 (2.9) 8.0 [7.2; 8.9] 2558 (2.6) 68.4 [65.8; 71.1] 77 (2.9) 1.8 [1.5; 2.3] 330 (2.9) 7.9 [7.1; 8.8]

Breast density 1st mammogram * * * * *
Type I (n ¼ 35,046) 893 (7.2) 3.5 [3.3; 3.8] 1042 (7.2) 4.1 [3.9; 4.4] 8518 (6.1) 39.9 [39.1; 40.8] 543 (7.3) 2.1 [2.0; 2.3] 910 (7.2) 3.6 [3.4; 3.9]
Type II (n ¼ 161,248) 8273 (7.1) 7.3 [7.1; 7.4] 7080 (7.1) 6.1 [6.0; 6.3] 39,815 (6.0) 40.8 [40.4; 41.2] 4082 (7.2) 3.5 [3.4; 3.6] 5927 (7.1) 5.2 [5.0; 5.3]
Type III (n ¼ 58,520) 5199 (7.2) 12.3 [12.0; 12.7] 3056 (7.5) 7.0 [6.8; 7.2] 13,424 (6.4) 35.6 [35.0; 36.2] 1579 (7.6) 3.5 [3.4; 3.7] 2329 (7.5) 5.3 [5.1; 5.6]
Type IV (n ¼ 6040) 675 (7.2) 15.5 [14.4; 16.7] 271 (7.7) 5.8 [5.2; 6.6] 1175 (6.8) 28.5 [26.9; 30.2] 105 (7.8) 2.2 [1.8; 2.7] 166 (7.7) 3.6 [3.1; 4.2]

HRT 1st mammogram * * * * *
No/U (n ¼ 227,111) 12,519 (6.9) 7.9 [7.8; 8.1] 9523 (7.0) 5.9 [5.8; 6.1] 53,780 (6.0) 39.4 [39.0; 39.7] 5403 (7.1) 3.3 [3.2; 3.4] 7895 (7.0) 5.0 [4.8; 5.1]
Yes (n ¼ 33,743) 2521 (8.4) 8.9 [8.6; 9.3] 1926 (8.5) 6.7 [6.4; 7.0] 9152 (7.1) 38.0 [37.2; 38.8] 906 (8.7) 3.1 [2.9; 3.3] 1437 (8.5) 5.0 [4.7; 5.3]

*Log-rank test P value < 0.0001; Tp, average time at risk (in year).
a 258 women did not have the left breast.
b 229 women did not have the right breast e C-In [CI 95%], cumulative incidence per 1000 person-year [95% confidence interval]; P-y, person-year; No/U, No/unspecified; HRT, hormone replacement therapy.
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Was considered second reading cancer (R2-Cancer) when the
diagnostic process was started after a positive mammographic in
the second reading session (ACR in 0,3,4,5) following a negative
first reading (ACR in 1,2). Interval cancers were those detected in
the interim between regular screening examinations.

The independent factors were (1) the abnormality discovery age
(in five categories: 50e54, 55e59, 60e64, 65e69, and 70e74 years);
(2) the presence of the abnormality in the contralateral breast if it is
present in the examined breast (in five categories: the absence of
the abnormality in the examined breast ‘NA’, the absence of the
abnormality in the contralateral breast while it is present in the
examined breast ‘Absent’, the presence of the abnormality in the
contralateral breast before its presence in the examined breast
‘Before’, the presence of the abnormality in both breasts on the
same date ‘Same_date’, the presence of the abnormality in the
contralateral breast after its presence in the examined breast ‘Af-
ter’); (3) together (abnormalities discovered immediately on the
same date) or sequential (abnormalities in successive discovery
over time) discovery over time of�2mammographic abnormalities
in the examined breast (in six categories: no abnormality ‘NA’, an
isolated abnormality ‘1-isolated’, two abnormalities discovered
together ‘2-together’, two abnormalities discovered sequentially ‘2-
sequential’, �3 abnormalities discovered together ‘3-together’, �3
abnormalities discovered sequentially ‘3-sequential’); and (4) the
abnormalities occurrence's order (in six categories: Spiculated
mass first, microcalcification first, obscured mass first, asymmetric
density first, architectural distortion first, �2 abnormalities
discovered first); (5) use of hormone replacement therapy (HRT;
yes, no, and uncertain); (vi) breast density (types I to IV).

Statistical analysis

Student's t-test was used to compare the age groups (censored
vs others).

All cumulative incidences (abnormality or B-cancer) were esti-
mated by the actuarial life table method. Their 95% confidence in-
tervals were estimated by the Greenwood method.

In incidence analysis (each mammographic abnormality), the
women contributed to the calculation of person-times starting
from the date of the first mammogram until the date of discovery of
the abnormality in the examined breast or until the end date.
Similarly, in the B-cancer incidence analysis, women contributed to
the calculation of person-times starting from the date of the first
mammogram until the date of cancer occurrence in the examined
breast or, in the absence of B-cancer, until the end date. The cu-
mulative incidences were described and compared between groups
using the confidence interval (CI) comparison and the log-rank test.

The B-cancer risk analysis according to the age at the discovery
of the mammographic abnormalities was carried out by estimating
the adjusted relative risk (RRa) using a multivariate Cox model.
Only women who had at least one of the five abnormalities were
included in this analysis. The Cox model included all covariates
regardless of their P-values in univariate analysis. Because of their
multiple collinearities, the five variables that describe the presence
of the abnormalities in the contralateral breast were introduced
into the final model in three modalities (NA, absent, and present
[‘Before’þ‘Same_date’þ‘After’]). The parameters of the model were
estimated using the maximum likelihood method. All analyses
were performed using STATA software version 13 (College Station,
TX, USA). The threshold of statistical significance was 5%.

Results

The study included 261,083womenwhosemean age (±standard
deviation) at first mammogram was 57.3 ± 6.6 years. Of these,
40,208 (15.4%) had a censored follow-up before 74 years of age
because of death (132), loss to follow-up (38,194), relocation (411),
or refusal to take part (1471). At baseline, women censured for
refusal or death were significantly older than the others (59.2 ± 5.8
years vs 57.3 ± 6.6 years, P < 0.0001 and 58.7 ± 5.7 years vs
57.3 ± 6.6 years, P < 0.0001, respectively), but women censored for
relocation or loss to follow-up were significantly younger
(55.8 ± 5.0 years vs 57.3 ± 6.6 years, P < 0.0001 and 56.3 ± 5.0 years
vs 57.3 ± 6.6 years, P < 0.0001, respectively).

Table 2
Breast cancer cumulative incidence according to the presence of mammographic abnormalities.

Mammographic abnormalities Cumulative incidence

Left breast Right breast

Nb of women (Tp) PeY Case CeIn [CI 95%] P* Nb of women (Tp) PeY Case CeIn [CI 95%] P*

Overall 260,825 (7.6)a 1,953,560.6 3394 1.7 [1.7; 1.8] 260,854 (7.5)b 1,953,706.4 3059 1.6 [1.5; 1.6]
Presence <10�3 <10�3

No abnormality 173,233 (7.1) 1,229,252.5 785 0.6 [0.6; 0.7] 175,696 (7.1) 1,249,074.8 731 0.6 [0.5; 0.6]
�1 abnormality 87,592 (8.3) 724,308.1 2609 3.6 [3.5; 3.7] 85,158 (8.3) 704,631.6 2328 3.3 [3.2; 3.4]

Microcalcification <10�3 <10�3

No 245,568 (7.4) 1,826,457.0 2417 1.3 [1.3; 1.4] 245,814 (7.4) 1,827,982.0 2185 1.2 [1.1; 1.2]
Yes 15,257 (8.3) 127,103.6 977 7.7 [7.2; 8.2] 15,040 (8.4) 125,724.5 874 7.0 [6.5; 7.4]

Spiculated mass <10�3 <10�3

No 248,809 (7.4) 1,848,301.9 2587 1.4 [1.3; 1.5] 249,405 (7.4) 1,853,980.0 2370 1.3 [1.2; 1.3]
Yes 12,016 (8.9) 105,258.7 807 7.7 [7.2; 8.2] 11,449 (8.7) 99,726.5 689 6.9 [6.4; 7.4]

Obscured mass <10�3 <10�3

No 195,320 (7.2) 1,407691.3 1959 1.4 [1.3; 1.5] 197,922 (7.2) 1,429,130.8 1794 1.3 [1.2; 1.3]
Yes 65,505 (8.3) 545,869.3 1435 2.6 [2.5; 2.8] 62,932 (8.3) 524,575.7 1265 2.4 [2.3; 2.5]

Asymmetric density <10�3 <10�3

No 254,460 (7.5) 1,900756.4 2983 1.6 [1.5; 1.6] 254,545 (7.5) 1,901,211.3 2715 1.4 [1.4; 1.5]
Yes 6365 (8.3) 52,804.2 411 7.8 [7.1; 8.6] 6309 (8.3) 52,495.1 344 6.6 [5.9; 7.3]

Architectural distortion <10�3 <10�3

No 251,144 (7.4) 1,869595.7 3034 1.6 [1.6; 1.7] 251,522 (7.5) 1,872,887.6 2671 1.4 [1.4; 1.5]
Yes 9681 (8.7) 83,964.9 360 4.3 [3.9; 4.8] 9332 (8.7) 80,818.9 388 4.8 [4.3; 5.3]

Tp, average time at risk (in years).
*P value of the log-rank test.

a 258 women did not have the left breast.
b 229 women did not have the right breast e CeIn [CI 95%], cumulative incidence per 1000 person-year [95% confidence interval]; Nb, number; PeY, person-year.
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Table 3
Cumulative incidence by type of cancer's localization (left/right), according to the characteristics of the radiological abnormalities and the characteristics of the women.

Characteristics Left breast cancer's cumulative incidence Right breast cancer's cumulative incidence

Nb of women Case CeIn [CI 95%] P* Nb of women Case CeIn [CI 95%] P*

Overall 260,825a 3394 1.7 [1.7; 1.8] 260,854b 3059 1.6 [1.5; 1.6]
Finding age(year): microcalcification <10�3 <10�3

Absent 245,568 2417 1.3 [1.3; 1.4] 245,814 2185 1.2 [1.1; 1.2]
50e54 4328 190 5.8 [5.1; 6.7] 4241 157 4.9 [4.2; 5.7]
55e59 3544 214 6.7 [5.9; 7.7] 3469 181 5.8 [5.0; 6.7]
60e64 3178 253 8.4 [7.4; 9.5] 3175 214 7.2 [6.3; 8.2]
65e69 2458 174 8.4 [7.2; 9.7] 2458 177 8.5 [7.3; 9.8]
�70 1749 146 12.2 [10.4; 14.4] 1697 145 12.5 [10.6; 14.7]
Contralateral presence if a microcalcification seen <10�3 <10�3

Absent 5631 650 14.3 [13.2; 15.4] 5414 554 12.5 [11.5; 13.6]
Before 287 17 6.2 [3.9; 10.0] 286 27 10.1 [6.9; 14.7]
Same date 9053 295 3.9 [3.5; 4.3] 9053 285 3.7 [3.3; 4.2]
After 286 15 5.6 [3.4; 9.3] 287 8 2.9 [1.5; 5.9]

Finding age(year): spiculated mass <10�3 <10�3

Absent 248,809 2587 1.4 [1.3; 1.5] 249,405 2370 1.3 [1.2; 1.3]
50e54 2593 78 4.2 [3.3; 5.2] 2438 74 4.4 [3.5; 5.5]
55e59 2813 151 6.0 [5.1; 7.1] 2687 118 4.9 [4.1; 5.9]
60e64 2738 199 7.3 [6.3; 8.3] 2669 181 6.8 [5.8; 7.8]
65e69 2278 215 10.0 [8.8; 11.4] 2195 180 8.7 [7.5; 10.1]
�70 1594 164 13.0 [11.2; 15.2] 1460 136 11.8 [10.0; 14.0]
Contralateral presence if a spiculated mass seen <10�3 <10�3

Absent 8581 753 10.1 [9.4; 10.9] 8014 642 9.3 [8.6; 10.1]
Before 336 12 3.6 [2.0; 6.3] 348 10 2.8 [1.5; 5.2]
Same date 2751 36 1.5 [1.1; 2.1] 2751 32 1.3 [0.9; 1.9]
After 348 6 1.7 [0.8; 3.8] 336 5 1.5 [0.6; 3.6]

Finding age(year): obscured mass <10�3 <10�3

Absent 195,320 1959 1.4 [1.3; 1.5] 197,922 1794 1.3 [1.2; 1.3]
50e54 18,256 291 2.2 [1.9; 2.4] 17,553 236 1.8 [1.6; 2.1]
55e59 15,534 345 2.4 [2.2; 2.7] 14,874 298 2.2 [2.0; 2.5]
60e64 14,120 373 2.7 [2.5; 3.0] 13,709 336 2.5 [2.3; 2.8]
65e69 10,552 274 3.1 [2.7; 3.5] 10,030 253 3.0 [2.7; 3.4]
�70 7043 152 3.4 [2.9; 4.0] 6766 142 3.3 [2.8; 3.9]
Contralateral presence if an obscured mass seen <10�3 <10�3

Absent 32,813 891 3.4 [3.1; 3.6] 30,240 760 3.1 [2.9; 3.3]
Before 5521 117 2.3 [1.9; 2.7] 5750 140 2.6 [2.2; 3.0]
Same date 21,421 351 2.0 [1.8; 2.2] 21,421 313 1.8 [1.6; 2.0]
After 5750 76 1.4 [1.1; 1.8] 5521 52 1.0 [0.8; 1.3]

Finding age(year): asymmetric density <10�3 <10�3

Absent 254,460 2983 1.6 [1.5; 1.6] 254,545 2715 1.4 [1.4; 1.5]
50e54 1482 54 6.8 [5.2; 8.9] 1409 40 5.5 [4.0; 7.4]
55e59 1415 79 6.7 [5.4; 8.4] 1422 84 7.1 [5.8; 8.8]
60e64 1444 106 7.4 [6.2; 9.0] 1486 85 5.8 [4.7; 7.2]
65e69 1201 93 7.9 [6.5; 9.7] 1219 79 6.6 [5.3; 8.2]
�70 823 79 11.2 [9.0; 13.9] 773 56 8.3 [6.4; 10.8]
Contralateral presence if an asymmetry seen <10�3 <10�3

Absent 5262 405 9.3 [8.4; 10.3] 5206 333 7.7 [6.9; 8.6]
Before 162 2 1.4 [0.4; 5.6] 190 0 0
Same date 751 4 0.7 [0.2; 1.7] 751 9 1.5 [0.8; 2.8]
After 190 0 0 162 2 1.4 [0.4; 5.6]

Finding age(year): architectural distortion <10�3 <10�3

Absent 251,144 3034 1.6 [1.6; 1.7] 251,522 2671 1.4 [1.4; 1.5]
50e54 2646 60 2.8 [2.2; 3.6] 2517 76 3.8 [3.1; 4.8]
55e59 2415 71 3.1 [2.5; 3.9] 2329 72 3.3 [2.6; 4.1]
60e64 2090 98 4.8 [3.9; 5.8] 2045 84 4.2 [3.4; 5.2]
65e69 1561 70 5.2 [4.1; 6.6] 15 96 7.5 [6.1; 9.2]
�70 969 61 10.1 [7.9; 13.0] 941 60 10.2 [7.9; 13.1]
Contralateral presence if a distortion seen <10�3 <10�3

Absent 7043 328 5.4 [4.8; 6.0] 6694 358 6.2 [5.6; 6.9]
Before 246 10 4.1 [2.2; 7.7] 258 5 2.0 [0.8; 4.7]
Same date 2134 20 1.1 [0.7; 1.7] 2134 23 1.3 [0.9; 1.9]
After 258 2 0.8 [0.2; 3.1] 246 2 0.8 [0.2; 3.3]

Abnormalities discovery over time <10�3 <10�3

No abnormality 173,233 785 0.6 [0.6; 0.7] 175,696 731 0.6 [0.5; 0.6]
1-isolated 69,116 1517 2.7 [2.6; 2.8] 67,823 1358 2.5 [2.3; 2.6]
2-together 6702 397 7.4 [6.7; 8.1] 6294 340 6.7 [6.0; 7.4]
2-sequential 9222 444 5.1 [4.7; 5.6] 8685 416 5.1 [4.7; 5.7]
3-together 413 67 20.3 [16.0; 25.8] 397 49 15.4 [11.7; 20.4]
3-sequential 2139 184 8.8 [7.6; 10.2] 1959 165 8.6 [7.4; 10.0]

Abnormalities occurrence's order <10�3 <10�3

Spiculated mass first 6725 348 6.1 [5.5; 6.8] 6576 288 5.2 [4.6; 5.8]
Obscured mass first 53,019 856 2.0 [1.8; 2.1] 51,183 776 1.8 [1.7; 2.0]
Microcalcification first 7569 394 6.4 [5.8; 7.1] 7815 350 5.5 [4.9; 6.1]

(continued on next page)
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Incidence of mammographic abnormalities

On average, women had 4.1 ± 1.7 mammograms, and the mean
delay between two consecutive mammograms was 2.5 ± 0.9 years.
At least one of the five abnormalities was seen in 122,343 women
(46.9%) at an average age of 60.0 ± 6.8 years. The average duration
of follow-up was 4.9 years. The overall incidence of abnormality (all
abnormalities, both breast) was estimated at 95.4/1000 person-
years (p-y; IC: 94.9; 95.9). A total of 87,592 women had at least
one abnormality in the left breast (incidence 59.2/1000 p-y [58.8;
59.5]), and 85,158 women had at least one abnormality in the right
breast (incidence 56.9/1000 p-y [56.6; 57.3]).

The mean age at discovery of the first abnormality was
60.3 ± 6.7 years (range: 51e74 years). The mean follow-up (time at
risk) before this discovery ranged from 6.1 years (obscured mass) to
7.2 years (spiculated mass; Table 1). Regardless of laterality, the
incidence of microcalcifications increased, whereas the incidence of
obscured mass decreased with breast density.

In the left breast, the first abnormality detected at a mean age of
60.3 ± 6.8 years was microcalcification (8.6% of cases) or spiculated
mass (7.7%), or obscured mass (60.5%), or asymmetric density
(4.9%), or architectural distortion (7.1%), or a combination of at least
two abnormalities (11.2%). In the right breast, the mean age at the
discovery of the first abnormality was 60.2 ± 6.7 years, and the
proportions of the abnormalities cited previously were, respec-
tively, 9.2%, 7.7%, 60.1%, 5.1%, 8.1%, and 9.8%. In the left breast, this
first abnormality was discovered in 40.8% of cases at the first
mammogram (M1), 24.3% at M2, 14.8% at M3, and 20.1% at M4 or
later. In the right breast, these percentages were, respectively, 40.5,
24.4, 15.0, and 20.2 at M4 or later.

Incidence of breast cancer

Themean follow-up time (261,083women) was 7.4 years. At least
one B-cancer was diagnosed in 6326 women (3137 left breast, 2802
right breast, 257 bilateral, and 130 unspecified location), which
represents an incidence of 3.3/1000 p-y (3.0; 3.1). The B-cancers
were ADK-I (63.8%), TIS (10.5%), ‘rare form’ (2.7%) or unspecified
(23.0%). These B-cancers were R1-Cancer (84.5%), R2-Cancer (4.5%)
or interval cancers (11.0%). Overall, 88.4% of the 130 B-cancers whose
laterality (left/right) was not specified were interval cancers.

The mean age at diagnosis was 63.8 ± 6.3 years, and 20.5% of B-
cancers were diagnosed in women with none of the five mammo-
graphic abnormalities. Among 2414 cases of the 5028 cases asso-
ciated with at least one mammographic abnormality, the
abnormality (single in 64.4% of cases) was seen on the mammog-
raphy that initiated the B-cancer diagnostic procedure.

B-cancer cumulative incidence was significantly lower in
women with no mammographic abnormality than in those with at
least one abnormality (right breast: 0.6 [0.5; 0.6] vs 3.3 [3.2; 3.4]).
The incidence of B-cancer was five times higher in women with
thanwithout spiculated mass (right breast: 6.9 [6.4; 7.4] vs 1.3 [1.2;
1.3]; Table 2).

Although the confidence intervals are overlapped a few times,
the log-rank test concludes that there is a significant difference
regardless of the explanatory variable (Table 3). The incidence of B-
cancer increased significantly (P< 0.0001) with the age at discovery
of microcalcification (left breast: 50e54 years: 5.8 [5.1; 6.7]; �70
years: 12.2 [10.4; 14.4]). Whatever the abnormality, the incidence
of B-cancer was higher when the abnormality was present only in
the examined breast (absent in the contralateral breast; Table 3).

The incidence was constant between the second and eighth
mammograms.Womenwith spiculatedmass discovered before any
other abnormality had a higher incidence betweenM2 andM7 than
other women (Fig. 1A). Similarly, women in whom at least three
abnormalities were discovered together or sequentially had a
higher incidence rate between M2 and M7 (Fig. 1-B). Compared
with 50e54 years, the B-cancer risk was 1.4 times higher when the
architectural distortion discovery age was 65e69 years (right
breast: RRa: 1.4 [1.1; 2.0], P ¼ 0.02; Table 4).

Discussion

This study, which involved, on average, a series of four mam-
mograms per woman, showed a high incidence of B-cancer based on
five radiological abnormalities. The B-cancer risk increased with the
age at discovery of spiculatedmass andmicrocalcification.Whatever
the abnormality, the B-cancer risk was higher when the abnormality
was present only in the examined breast. The study made it possible
to estimate the mean delays(D) between three dates: (1) D1: ‘first
mammogram’ to ‘radiological abnormality discovery’; (2) D2: ‘first
mammogram’ to ‘B-cancer diagnosis’; (3) D3: ‘radiological abnor-
mality discovery’ to ‘B-cancer diagnosis’. When the mammographic
finding was a spiculated mass, an asymmetric density, or an archi-
tectural distortion, D3 was shorter than the usual 2-year delay be-
tween two mammograms in the BCSP. This strengthens the
recommendation to perform other mammograms between two
campaigns in case of mammographic finding classified ACR3.

Although the observed delay between two consecutive mam-
mograms was greater than the usual 2 years,2e4 this study showed
that having a normalmammogramdoes not reduce the B-cancer risk
during the next mammogram. Actually, this stability between the
second and the seventh mammograms is consistent with trends in
the stability of incidence already described in France30 and Spain.31

Table 3 (continued )

Characteristics Left breast cancer's cumulative incidence Right breast cancer's cumulative incidence

Nb of women Case CeIn [CI 95%] P* Nb of women Case CeIn [CI 95%] P*

Architectural distortion first 7087 179 2.9 [2.5; 3.4] 6916 208 3.5 [3.0; 4.0]
Asymmetric density first 4328 247 7.1 [6.3; 8.1] 4305 208 6.0 [5.3; 6.9]
�2 abnormalities first 8864 585 7.9 [7.3; 8.6] 8363 498 7.2 [6.6; 7.8]

Hormone replacement therapy <10�3 <10�3

No/unspecified 227,085 2785 1.7 [1.6; 1.7] 227,111 2545 1.5 [1.5; 1.6]
Yes 33,740 609 2.0 [1.9; 2.2] 33,743 514 1.7 [1.6; 1.9]

Breast density <10�3 <10�3

D-I 35,040 322 1.2 [1.1; 1.4] 35,046 267 1.0 [0.9; 1.2]
D-II 161,222 2059 1.7 [1.7; 1.8] 161,248 1876 1.6 [1.5; 1.6]
D-III 58,524 926 2.0 [1.9; 2.2] 5852 827 1.8 [1.7; 2.0]
D-IV 6039 87 1.8 [1.5; 2.2] 6040 89 1.9 [1.5; 2.3]

*P value of the log-rank test.
a 258 did not have the left breast.
b 229 did not have the right breast e C-In [CI 95%]: cumulative incidence/1000PeY [95% confidence interval]; Nb: Number.
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The increased risk of B-cancer with the spiculated mass dis-
covery age observed here is comparable to a synergy between two
risk factors (age and spiculated mass). Indeed, the link between age
and B-cancer and the link between B-cancer and mammographic

abnormality has been described.6,9e11,13,32 In addition, the lower
risk associated with radiological abnormalities in both breasts in
comparison with an isolated abnormality in one breast is poorly
documented. This should alert radiologists to the relevance of

Table 4
Breast cancer risk analysis in univariate and multivariate Cox model.

Characteristics Left breast Right breast

RRu [CI 95%] RRa [CI 95%] Py RRu [CI 95%] RRa [CI 95%] Py

Age(year) of diagnosis: microcalcifications*
55e59 years 1.0 [0.9; 1.2] 1.0 [0.8; 1.2] 0.83 1.1 [0.9; 1.3] 1.1 [0.9; 1.4] 0.75
60e64 years 1.2 [1.1; 1.4] 1.1 [0.9; 1.4] 0.25 1.3 [1.0; 1.6] 1.2 [1.0; 1.5] 0.05
65e69 years 1.3 [1.1; 1.6] 1.0 [0.8; 1.3] 0.66 1.6 [1.3; 2.0] 1.3 [1.1; 1.7] 0.01
�70 years 2.1 [1.7; 2.6] 1.4 [1.1; 1.7] 0.009 2.5 [2.0; 3.2] 1.9 [1.5; 2.4] <10�3

No microcalcifications 0.4 [0.4; 0.5] 0.3 [0.2; 0.4] <10�3 0.5 [0.4; 0.6] 0.2 [0.1; 0.3] <10�3

Contralateral presence if a microcalcification seen**
Present 0.3 [0.2; 0.3] 0.3 [0.2; 0.3] <10�3 0.3 [0.3; 0.4] 0.3 [0.3; 0.4] <10�3

NA 0.2 [0.2; 0.2] 0.3 [0.2; 0.4] <10�3 0.2 [0.2; 0.2] 0.2 [0.1; 0.3] <10�3

Age(year) of diagnosis: spiculated mass*
55e59 years 1.3 [1.0; 1.7] 1.4 [1.0; 1.8] 0.02 1.0 [0.8; 1.3] 1.1 [0.9; 1.4] 0.71
60e64 years 1.5 [1.1; 1.9] 1.4 [1.1; 1.9] 0.009 1.3 [1.0; 1.7] 1.3 [1.0; 1.7] 0.03
65e69 years 2.0 [1.6; 2.6] 2.0 [1.6; 2.6] <10�3 1.7 [1.3; 2.2] 1.6 [1.2; 2.1] <10�3

�70 years 2.9 [2.2; 3.7] 2.4 [1.9; 3.3] <10�3 2.5 [1.9; 3.3] 2.0 [1.5; 2.7] <10�3

No spiculated mass 0.6 [0.5; 0.8] 0.7 [0.5; 1.0] 0.04 0.5 [0.4; 0.7] 0.3 [0.2; 0.5] <10�3

Contralateral presence if a spiculated mass seen**
Present 0.2 [0.1; 0.2] 0.3 [0.2; 0.6] <10�3 0.2 [0.1; 0.2] 0.2 [0.1; 0.2] <10�3

NA 0.3 [0.3; 0.3] 0.7 [0.5; 1.0] 0.04 0.3 [0.3; 0.3] 0.3 [0.2; 0.5] <10�3

Age(year) of diagnosis: obscured mass *
55e59 years 1.0 [0.8; 1.1] 1.0 [0.8; 1.1] 0.47 1.1 [0.9; 1.3] 1.0 [0.9; 1.2] 0.60
60e64 years 1.1 [0.9; 1.2] 1.0 [0.8; 1.2] 0.91 1.2 [1.0; 1.4] 1.1 [0.9; 1.3] 0.20
65e69 years 1.3 [1.1; 1.5] 1.2 [1.0; 1.4] 0.06 1.5 [1.2; 1.8] 1.3 [1.1; 1.6] 0.002
�70 years 1.6 [1.3; 1.9] 1.4 [1.1; 1.7] 0.001 1.8 [1.5; 2.3] 1.6 [1.5; 2.3] <10�3

No obscured mass 2.8 [2.4; 3.2] 1.8 [1.3; 2.6] 0.001 3.0 [2.6; 3.4] 1.2 [0.6; 0.8] 0.33
Contralateral presence if an obscured mass seen**
Present 0.6 [0.5; 0.6] 0.6 [0.5; 0.8] <10�3 0.6 [0.5; 0.6] 0.6 [0.5; 0.6] <10�3

NA 2.0 [1.8; 2.1] 1.8 [1.3; 2.6] 0.001 1.9 [1.7; 2.1] 1.2 [0.6; 0.8] 0.33
Age(year) of diagnosis: asymmetric density *
55e59 years 0.8 [0.5; 1.1] 0.8 [0.5; 1.1] 0.12 1.0 [0.7; 1.5] 0.9 [0.6; 1.4] 0.69
60e64 years 0.7 [0.5; 1.0] 0.7 [0.5; 0.9] 0.01 0.7 [0.5; 1.0] 0.7 [0.5; 1.0] 0.05
65e69 years 0.7 [0.5; 1.0] 0.7 [0.5; 1.0] 0.07 0.8 [0.5; 1.1] 0.7 [0.5; 1.0] 0.06
�70 years 1.1 [0.8; 1.6] 0.9 [0.6; 1.3] 0.47 1.1 [0.7; 1.6] 0.8 [0.5; 1.2] 0.33
No asymmetric density 0.4 [0.3; 0.5] 0.4 [0.3; 0.7] <10�3 0.4 [0.3; 0.6] 0.3 [0.2; 0.5] <10�3

Contralateral presence if an asymmetry seen**
Present 0.1 [0.0; 0.1] 0.1 [0.0; 0.2] <10�3 0.1 [0.1; 0.3] 0.2 [0.1; 0.3] <10�3

NA 0.4 [0.3; 0.4] 0.4 [0.3; 0.7] <10�3 0.4 [0.4; 0.5] 0.3 [0.2; 0.5] <10�3

Age(year) of diagnosis: architectural distortion *
55e59 years 1.0 [0.7; 1.3] 1.0 [0.7; 1.4] 0.95 0.7 [0.5; 1.0] 0.8 [0.6; 1.1] 0.11
60e64 years 1.4 [1.0; 2.0] 1.3 [0.9; 1.8] 0.10 0.9 [0.7; 1.3] 0.9 [0.7; 1.3] 0.58
65e69 years 1.7 [1.2; 2.4] 1.4 [1.0; 2.0] 0.03 1.8 [1.3; 2.4] 1.4 [1.1; 2.0] 0.02
�70 years 3.9 [2.7; 5.5] 2.5 [1.7; 3.5] <10�3 2.7 [2.0; 3.9] 1.7 [1.2; 2.5] 0.002
No distortion 1.2 [0.9; 1.5] 1.0 [0.7; 1.6] 0.84 0.8 [0.6; 1.0] 0.4 [0.3; 0.6] <10�3

Contralateral presence if a distortion seen**
Present 0.3 [0.2; 0.4] 0.3 [0.2; 0.5] <10�3 0.2 [0.1; 0.3] 0.3 [0.2; 0.4] <10�3

NA 0.7 [0.6; 0.8] 1.0 [0.7; 1.6] 0.84 0.5 [0.5; 0.6] 0.4 [0.3; 0.6] <10�3

Abnormalities discovery over time (Ref.: 1-isolated)
2-together 2.7 [2.4; 3.0] 2.0 [1.3; 3.1] 0.002 2.7 [2.4; 3.1] 2.2 [1.4; 2.9] 0.001
2-sequential 1.8 [1.6; 2.0] 1.6 [1.2; 2.3] 0.009 2.0 [1.8; 2.2] 2.0 [1.5; 2.6] 0.004
3-together 7.4 [5.8; 9.5] 3.0 [1.3; 6.7] 0.008 6.4 [4.8; 8.5] 2.4 [1.8; 3.1] <10�3

3-sequential 3.0 [2.6; 3.5] 2.0 [1.1; 4.0] 0.04 3.2 [2.7; 3.8] 3.3 [2.8; 3.8] <10�3

Abnormalities occurrence's order (Ref.: spiculated first)
Obscured mass first 0.3 [0.3; 0.4] 1.0 [0.8; 1.2] 0.88 0.4 [0.3; 0.4] 1.2 [1.0; 1.5] 0.07
Microcalcification first 1.1 [0.9; 1.2] 0.9 [0.7; 1.1] 0.14 1.1 [0.9; 1.2] 0.9 [0.7; 1.1] 0.17
Architectural distortion first 0.5 [0.4; 0.5] 0.6 [0.5; 0.8] 0.002 0.6 [0.5; 0.8] 0.8 [0.6; 1.0] 0.07
Asymmetric density first 1.1 [0.9; 1.3] 1.2 [0.9; 1.6] 0.33 1.1 [0.9; 1.3] 1.4 [1.1; 1.9] 0.01
�2 abnormalities first 1.3 [1.1; 1.5] 0.9 [0.7; 1.2] 0.48 1.3 [1.2; 1.6] 0.9 [0.7; 1.3] 0.63

Hormone replacement therapy (Ref.: No)
Yes 1.1 [1.0; 1.2] 1.0 [0.9; 1.1] 0.53 1.0 [0.9; 1.1] 0.9 [0.8; 10] 0.07

Breast density (Ref.: Type I)
Type II 1.2 [1.1; 1.4] 1.1 [1.0; 1.2] 0.21 1.3 [1.1; 1.5] 1.1 [1.0; 1.3] 0.06
Type III 1.3 [1.1; 1.5] 1.1 [1.0; 1.3] 0.13 1.4 [1.2; 1.6] 1.2 [1.0; 1.3] 0.08
Type IV 1.2 [0.9; 1.6] 1.0 [0.7; 1.3] 0.80 1.5 [1.1; 1.9] 1.3 [1.0; 1.7] 0.10

NA, absence of the abnormality in the examined breast; Ref., reference; RRu, unadjusted relative risk from a univariate Cox model; RRa, adjusted relative risk from a
multivariate Cox model; *(Reference ¼ 50e54years); **(Reference ¼ ‘Absent’: the presence of the abnormality in the examined breast and absence of abnormality in the
contralateral breast); [CI 95%], 95% confidence interval.yP value (P > jzj) frommultivariate Coxmodel. Only women (87,592 women in left breast cancer risk analysis and 85,158
women in right breast cancer risk analysis) who had at least one of the five mammographic abnormalities were included in this multivariate risk analysis.
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certain diagnostic procedures in the presence of a bilateral radio-
logical finding, especially because this study showed that there is
more localization of cancer in the left breast compared with the
right breast. This lower risk would explain the low proportion of
bilateral cancers in this study. Moreover, it has been shown that
there is no apparent increase in the risk of developing a contra-
lateral B-cancer according to the histology of primary cancer.19,20 A
quantitative analysis of homolateral views of mammograms would
provide useful information regarding B-cancer risk over the short
term.16e18

The absence of abnormality was related to the histopathological
characteristics of the tumor modulated by patient's specific factors.
Thus, a small-sized tumor, the absence of microcalcifications (often
linkedwith tumor necrosis), or aminimal or absent stroma reaction
does not facilitate lesion detection, especially in a radiologically
dense breast.14 In this study, any risk of B-cancer was not related to
breast density.

By increasing breast density, HRT is associatedwith an increased
risk of disagreement between mammogram readers, especially
regarding breast for mass.33 HRT is also associated with B-can-
cer.31,34 In this study, women with HRT had a lower incidence of
microcalcifications, a higher incidence of asymmetry, a higher
incidence of B-cancer but same order risk of B-cancer.

In France, B-cancer's detection rate was stable since 2004;35 it
was estimated at 7/1000 p-y in a biennial BCSP campaign. In the
current controversy over the usefulness of BCSP,36e38 the high
incidence showed in this study highlights the benefit of the BCSP
and the need to strengthen the follow-up after the finding of a
radiological abnormality. In terms of B-cancer morbidity estima-
tion, the present results agree with other incidence studies.12,31,39

Limitations

The incidence rates found here may be underestimated because
of incomplete data because of censoring before the age of 74 years
for loss to follow-up or relocation while the results of last mam-
mograms were classified ACR 3, 4 or 5.

Based on mammographic reading reports, this study cannot
establish, with certainty, the link between a radiological abnor-
mality seen during a mammogram and a similar abnormality seen
during a subsequent mammogram.

The lack of interconnection between departmental databases
does not make it possible to know the antecedents of women who

have relocated one or more times between the age of 50e74 years.
Women excluded because having only one participation in BCSP
probably have a history of BCSP campaigns participation in other
departments.

Conclusion

The study highlights a stable incidence of B-cancer between
successive mammograms, an increased risk of B-cancer with the
finding age of spiculated mass and microcalcification. The reduced
delay between the abnormalities discovery date and the B-cancer
diagnosis date would justify a specific follow-up protocol after the
finding of certain mammographic abnormalities, in particular, the
spiculated mass. The study highlights the low risk related to the
presence of the same mammographic abnormality in both breasts
compared with the presence of the isolated mammographic ab-
normality in one of the breasts. In this period, when the quality of
the program remains compromised because of overdiagnostics and
other diagnostic explorations deemed unnecessary by BCSP critics,
these results should alert radiologists to the relevance of certain
diagnostic procedures in the management of a bilateral mammo-
graphic abnormality.
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a b s t r a c t

Objectives: The aim of this study was to identify risk factors of in-hospital mortality among diabetic
patients infected with COVID-19.
Study design: This is a retrospective cohort study.
Methods: Using logistic regression analysis, the independent association of potential prognostic factors
and COVID-19 in-hospital mortality was investigated in three models. Model 1 included demographic
data and patient history; model 2 consisted of model 1, plus vital signs and pulse oximetry measure-
ments at hospital admission; and model 3 included model 2, plus laboratory test results at hospital
admission. The odds ratios (ORs) and 95% confidence intervals (95% CIs) were reported for each predictor
in the different models. Moreover, to examine the discriminatory powers of the models, a corrected area
under the receiver-operating characteristic curve (AUC) was calculated.
Results: Among 560 patients with diabetes (men ¼ 291) who were hospitalised for COVID-19, the mean
age of the study population was 61.8 (standard deviation [SD] 13.4) years. During a median length of
hospitalisation of 6 days, 165 deaths (men ¼ 93) were recorded. In model 1, age and a history of cognitive
impairment were associated with higher mortality; however, taking statins, oral antidiabetic drugs and
beta-blockers was associated with a lower risk of mortality (AUC ¼ 0.76). In model 2, adding the data for
respiratory rate (OR 1.07 [95% CI 1.00e1.14]) and oxygen saturation (OR 0.95 [95% CI 0.92e0.98]) slightly
increased the AUC to 0.80. In model 3, the data for platelet count (OR 0.99 [95% CI 0.99e1.00]), lactate
dehydrogenase (OR 1.002 [95% CI 1.001e1.003]), potassium (OR 2.02 [95% CI 1.33e3.08]) and fasting
plasma glucose (OR 1.04 [95% CI 1.02e1.07]) significantly improved the discriminatory power of the
model to AUC 0.86 (95% CI 0.83e0.90).
Conclusions: Among patients with type 2 diabetes, a combination of past medical and drug history and
pulse oximetry data, with four non-expensive laboratory measures, was significantly associated with in-
hospital COVID-19 mortality.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Diabetes is one of the most frequent comorbidities in patients
who are hospitalised for coronavirus disease 2019 (COVID-19).1

Previous systematic reviews have demonstrated that diabetes is a
risk factor for severe disease and is associated with an approxi-
mately 2e3 fold increased mortality rate from COVID-19 compared
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with patients without diabetes.2e5 Results of studies among pa-
tients with diabetes have shown that some phenotypic character-
istics, radiological and laboratory parameters have been associated
with the severity of COVID-19;6,7 however, diabetes is a heteroge-
neous disease, and specific phenotypes associated with poorer
outcome are inconsistent among studies. In addition, model
development studies that predict outcomes among patients with
diabetes are sparse due to insufficient sample sizes.8,9

In Iran, more than 4,580,000 confirmed cases of COVID-19 and
100,255 deaths had been reported (until 20 August 2021), accord-
ing to theWorld Health Organisation (WHO) report.10 Furthermore,
compared with other countries in the Middle East and North Africa
(MENA) region, Iran has the highest total number of COVID-19
deaths (as of 20 August 2021).11 A multicentre, cross-sectional
study conducted in 19 hospitals in Tehran, Iran, showed a case fa-
tality rate (CFR) of 10.05% among 16,000 cases of COVID-19.12 In
that study, the highest rate of mortality was observed in patients
with diabetes. In another single-centre study including 2968 Ira-
nian patients who were hospitalised with COVID-19, patients with
diabetes had significantly higher rates of CFR compared with pa-
tients who had no comorbidities (9.73% vs 7.61%).13

Globally, in 2017, the MENA region had the second-highest
prevalence of type 2 diabetes (10.8%), with an increasing trend of
1.5e2 times in the past three decades.14 Hence, it was expected that
during the COVID-19 pandemic, patients with diabetes in this re-
gion would be greatly impacted.

As the burden of disease due to diabetes15 and COVID-1910 in-
creases in Iran, the current study aims to: (1) describe the clinical
and laboratory characteristics of patients with diabetes and COVID-
19; (2) identify the risk factors of in-hospital mortality among these
patients; and (3) develop a predictive model for in-hospital mor-
tality among Iranian adult patients with type 2 diabetes who were
hospitalised for COVID-19.

Methods

Study population and data collection

The study population included all adult patients (aged �18
years) with type 2 diabetes (n ¼ 560) who were hospitalised for
COVID-19, according to the algorithms suggested by the WHO,16 at
a tertiary referral centre in Golestan province, Iran, between
February and August 2020.

Two physicians extracted demographic data, medical and drug
history, symptoms and signs, and laboratory parameters from
electronic medical records. All inpatient medical records were then
completed by telephone calls. Unfortunately, data were not com-
plete for all patients. Details of missing data for each characteristic
are shown in Table 1.

Clinical and laboratory measurements

Oropharyngeal swab specimens were collected and examined in
predetermined laboratories across the province to detect SARS-
CoV-2 viral nucleic acid using a real-time reverse transcription-
polymerase chain reaction (RT-PCR) assay. Laboratory parameters,
including white blood cells (WBC) count, neutrophils and lym-
phocytes, haemoglobin (Hb), blood urea nitrogen (BUN) concen-
tration, creatinine, sodium, potassium, creatine phosphokinase
(CPK), lactate dehydrogenase (LDH), albumin, liver enzymes
(including aspartate and alanine transaminases [AST and ALT]),
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)
were collected for each patient. The primary outcome was in-
hospital COVID-19 mortality.

Definition of terms

As suggested by the National Headquarters for the management
and control of the novel coronavirus, we followed theWHO interim
guidelines for diagnosing COVID-19 infection;17 thus, the case
definition was based on both confirmed (i.e. positive PCR) and
probable infected cases. Probable cases were defined as follows:
first, either a febrile acute respiratory illness (ARI) with clinical,
radiological or histopathological evidence of pulmonary paren-
chymal disease (e.g. pneumonia or acute respiratory distress syn-
drome [ARDS]), a direct epidemiological link to a laboratory-
confirmed COVID-19 case, or testing for COVID-19 is unavailable
or negative on a single inadequate specimen or shows inconclusive
results; second, a febrile ARI that is not explained fully by any other
aetiology, and the person resides or travelled in the Middle East,
and testing for COVID-19 is inconclusive; third, an ARI of any
severity, and a direct epidemiological link to a confirmed COVID-19
case, and testing for COVID-19 is inconclusive. Diabetes was defined
by fasting plasma glucose (FPG) �7.0 mmol/L or random blood
glucose �11.0 mmol/L or glycosylated haemoglobin A1c (HbA1c)
�6.5% at admission or the patient is already receiving glucose-
lowering medications.

Body mass index (BMI) was calculated as weight in kilograms
divided by the square of height (m2). The estimated glomerular
filtration rate (eGFR) was expressed in mL/min/1.73 m2 and was
calculated using the chronic kidney diseases (CKD) Epidemiology
Collaboration (CKD-EPI) equation,18 and CKD was defined as an
eGFR of <60 mL/min per 1.73 m2.19 The education status was
classified as illiterate/elementary school, below diploma/diploma
and higher than a diploma.

Statistical analyses

The baseline characteristics were presented as mean (standard
deviation [SD]) or median (interquartile range [IQR]) for continuous
variables and frequencies (%) for categorical variables. Comparisons
of baseline characteristics between patients who survived and
those who died and between respondents (those with complete
data on covariates) and non-respondents (those with missing data
on some covariates at the baseline) were performed using Student’s
t-test, ManneWhitney test and Chi-squared test, as appropriate.

Using univariable logistic regression, the associations of
different characteristics of patients at admission with in-hospital
mortality were evaluated. Covariates with P-values <0.20 in uni-
variable analysis were then entered in the multivariable models.
Model 1 included demographic data, diabetes-related complica-
tions and drug history; model 2 included all significant variables in
model 1, plus vital signs and pulse oximetry data; model 3 included
significant variables in model 2, plus laboratory test data. Since the
history of chronic insulin therapy (with or without oral antidiabetic
drugs [OADs]) was an important indicator for the long duration of
diabetes and a predictor of mortality among COVID-19 patients, this
confounder was included in both models 2 and 3.

The odds ratios (ORs) and 95% confidence intervals (95% CIs)
were reported for each predictor in different models.

The area under the receiver-operating characteristic curve (AUC)
was used to assess the discrimination of models. According to the
Hosmer et al. criteria, the AUC values were categorised as poor
(�0.5 to <0.7), acceptable (�0.70 to <80), excellent (�0.80 to
<0.90) and outstanding (�0.90) discriminations.20 A comparison of
AUC values of different models with the same number of partici-
pants in the threemodels (i.e. n¼ 456) was performed using a non-
parametric approach proposed by DeLong et al.21

In addition, to address overfitting, which mainly occurs in the
model building process, the optimism-corrected AUC was
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Table 1
Characteristics of diabetic patients hospitalised for COVID-19 infection (N ¼ 560).

Characteristics Patients with
available data

Total population Patient outcome P-value

Deceased
(n ¼ 165)

Survived
(n ¼ 395)

Demographic characteristics
Gender (male), n (%) 560 291 (52%) 93 (56.4%) 198 (50.1%) 0.19
Age (years), mean ± SD 560 61.8 (13.4) 64.3 (14.0) 60.7 (13.1) 0.004
BMI (kg/m2), mean ± SD 479 29.2 (6.1) 29.0 (6.5) 29.3 (5.9) 0.50
Marital status (married) n (%) 560 551 (98.4%) 162 (98.2%) 389 (98.5%) 0.65

Education, n (%) 512 0.76
Illiterate/elementary 317 (61.9%) 98 (62.8%) 219 (61.5%)
Below diploma/diploma 124 (24.2%) 39 (25%) 85 (23.9%)
Higher than diploma 71 (13.9%) 19 (12.2%) 52 (14.6%)

Area of residence, n (%) 560 0.22
Rural 157 (28.0%) 40 (24.2%) 117 (29.6%)
Urban 403 (72.0%) 125 (75.8%) 278 (70.4%)
Duration of diabetes, mean ± SD 469 8.01 (8.0) 7.4 (8.9) 8.3 (8.5) 0.33

Comorbidities, n (%)
History of hypertension 559 441 (78.9%) 122 (73.9%) 319 (81.0%) 0.07
History of previous CAD 515 220 (42.7%) 63 (42.0%) 157 (43.0%) 0.84
History of stroke 510 53 (10.4%) 23 (15.4%) 30 (8.3%) 0.02
History of pulmonary disease 506 94 (18.6%) 35 (23.6%) 59 (16.5%) 0.08
History of diabetic foot 485 76 (15.7%) 50 (14.9%) 26 (17.4%) 0.50

Routine treatment before admission, n (%)
Antidiabetic drugs 560 0.001
OADs 215 (38.4%) 45 (27.3%) 170 (43%)
Insulin 101 (18%) 28 (17%) 73 (18.5%)
Both OADs and insulin 48 (8.6%) 17 (10.3%) 31 (7.8%)

Beta-blocker 560 76 (13.6%) 15 (9.1%) 61 (15.4%) 0.06
ARBs/ACE inhibitors 560 249 (44.5%) 66 (40.0%) 183 (46.3%) 0.20
Statins 560 111 (19.8%) 21 (12.7%) 90 (22.8%) 0.007
Antiplatelet drugs 560 124 (22.1%) 31 (18.8%) 93 (23.5%) 0.26

Chest CT imaging, n (%) 423 0.31
Without involvement 105 (24.8%) 29 (24.4%) 76 (25.0%)
Crazy paving þ consolidation 148 (35.0%) 48 (40.3%) 100 (32.9%)
Other 170 (40.2%) 42 (35.3%) 128 (42.1%)

Clinical characteristics, n (%)
Dyspnoea 548 338 (70.8%) 108 (66.3%) 280 (72.7%) 0.15
Cough 538 278 (51.7%) 77 (48.4%) 201 (53.0%) 0.34
Fever 540 275 (50.9%) 90 (56.6%) 185 (48.6%) 9.09
Fatigue 542 255 (47.0%) 84 (52.5%) 171 (44.8%) 0.10
Gastrointestinal symptoms 539 207 (38.4%) 73 (45.9%) 134 (35.3%) 0.02
Cognitive impairment 541 83 (15.3%) 41 (25.8%) 42 (11.0%) <0.001
Anosmia/hyposmia/ageusia 534 76 (14.2%) 17 (10.8%) 59 (15.7%) 0.17

Vital signs on admission
SBP (mmHg), mean ± SD 560 137.8 (25.7) 132.2 (26.2) 140.2 (25.2) 0.001
DBP (mmHg), mean ± SD 559 81.8 (14.8) 78.8 (15.4) 83.1 (14.3) 0.002
Pulse (beats/min), mean ± SD 558 99.06 (18.4) 100.7 (19.1) 98.4 (18.1) 0.19
RR-breaths (per minute), median (IQR) 559 20.0 (18.0e25) 24.0 (20e28) 20.0 (18e24) <0.001
Temperature (�C), median (IQR) 557 37.0 (37.0e37.5) 37.2 (37e37.6) 37.0 (37e37.5) 0.15
SPO2 (%), median (IQR) 560 91.0 (85e95) 85.0 (72.5e91) 93.0 (88e96) <0.001

Admission plasma glucose (mg/dl), mean ± SD 559 231.4 (114.6) 231.8 (29.0) 231.2 (108.1) 0.95
White blood cell count (� 109/L), mean ± SD 560 8.86 (4.8) 9.82 (4.5) 8.46 (4.8) 0.002
Neutrophil count (%), median (IQR) 499 79.0 (70e86) 83.0 (76.5e88.0) 77.0 (69.7e84) <0.001
Lymphocyte count (%), median (IQR) 499 16.0 (10e24) 12.0 (8e19) 18.0 (12e26) <0.001
Haemoglobin (g/L), mean ± SD 560 119.0 (19) 118.0 (18.8) 119.0 (19) 0.34
Platelet count (� 109/L), mean ± SD 560 214.0 (94.8) 199.5 (90.0) 220.1 (96.1) 0.02
Prothrombin time (s), median (IQR) 283 13.2 (13e14.7) 13.7 (13e15.2) 13.0 (13e14.0) 0.77
Partial thromboplastin time (s), median (IQR) 283 32.0 (27e39) 32.0 (27.2e41) 31.8 (27e37) 0.82
HbA1c (%), median (IQR) 70 9.4 (6.9e10.3) 9.5 (6.4e10.3) 9.4 (7e10.4) 0.68
CRP (mg/L), mean ± SD 496 1.2 (0.4) 1.16 (0.37) 1.18 (0.38) 0.62
ESR (mm/h), median (IQR) 330 66.0 (41e93) 65.0 (41.5e94) 66.0 (41e92.5) 0.76
Albumin (g/dl), mean ± SD 343 3.59 (0.5) 3.39 (0.5) 3.7 (0.5) <0.001
LDH (U/L), median (IQR) 528 563.5 (426.2e777.0) 767.0 (537e995) 512.0 (406e672) <0.001
CPK, median (IQR) 528 150.0 (88e297.0) 201.5 (113.7e553.5) 131.0 (81e222) <0.001
Urea (mmol/L), median (IQR) 559 1.43 (1.03e2.45) 1.82 (1.25e3.14) 1.32 (0.92e2.07) <0.001
Creatinine (mmol/L), median (IQR) 559 106.1 (88.4e141.4) 114.9 (97.2e176.8) 97.2 (88.4e132.6) 0.001
eGFR (mL/min/1.73 m2), mean ± SD 559 57.47 (26) 51.0 (27.8) 59.3 (24.8) 0.001
Sodium (mEq/L), mean ± SD 558 136.3 (5.7) 136.2 (7.0) 136.37 (5.0) 0.73
Potassium (mEq/L), mean ± SD 558 4.48 (0.7) 4.6 (0.9) 4.4 (0.7) 0.01
AST (U/L), median (IQR) 305 38.0 (27e65.5) 48.0 (30e91) 54.2 (23.7e58.2) 0.001
ALT (U/L), median (IQR) 305 34.0 (21e56.5) 37.0 (22e73) 30.5 (20e56) 0.014
FPG (mg/dl), mean ± SD 560 250.5 (114.7) 282.2 (133.3) 237.3 (103.3) <0.001

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; OADs, oral antidiabetic drugs; ARB, angiotensin receptor blocker; ACE, angiotensin-
converting enzyme; CAD, coronary artery disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; RR, respiratory rate; CRP, C-reactive protein; ESR, erythro-
cyte sedimentation rate; LDH, lactate dehydrogenase; CPK, creatine phosphokinase; eGFR, estimated glomerular filtration rate (as calculated using the CKD Epidemiology
Collaboration equation); AST, aspartate aminotransferase; ALT, alanine aminotransferase; FPG, fasting plasma glucose.
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estimated using 1000 bootstrap resamples for every underlying
model. The difference between the original and the mean AUC of
the 1000 replicates was used as a correction factor and subtracted
from the original AUC. This bias-corrected AUC was used as a
measure for internal validation.

To evaluate the calibration, which shows agreement between
the observed (actual) outcomes and predictions, we used observed
to predicted ratios, the HosmereLemeshow goodness-of-fit test
and a calibration plot. The calibration plot shows predicted in-
hospital death probabilities (x-axis) against the observed out-
comes (y-axis) in deciles of the predicted probabilities. Using the
LOWESS (locally weighted scatter plot smoothing) line, we
smoothed the calibration plot. Perfect predictions are on the 45�

line (y ¼ x). Validation of the goodness-of-fit of each underlying
model was determined by the HosmereLemeshow test in deciles
based on the predicted risk. A non-significant test implied that the
observed outcome did not differ significantly from the predicted
mortality risk.

To encourage the integration of the prognostic model into
everyday clinical situations, the mathematical formula of the
prognostic algorithm obtained from logistic regression modelling
was also incorporated into a nomogram. The nomogram devel-
oped herein serves as a graphical representation of our prognostic
algorithm, incorporating significant prognostic factors as contin-
uous variables to predict the risk of in-hospital mortality from
COVID-19. Except for the variable selection, P < 0.05 was consid-
ered significant. Statistical analyses were performed with SPSS 22
(SPSS Inc., Chicago, IL, USA) and STATA 14 (StataCorp, college sta-
tion, TX, USA).

Results

Comparison between respondents and non-respondents indi-
cated no clinically important differences between these two
groups, with the exception that respondents reported a higher
frequency of angiotensin-converting enzyme (ACE)/angiotensin II
receptor blockers (ARB) use and a lower prevalence of cough and
gastrointestinal symptoms compared with non-respondents (see
Supplementary Table S1).

The study sample included 560 patients with diabetes
(men ¼ 291). Among them, 364 (65%) were receiving glucose-
lowering medication. The mean age of the total population was
61.8 (SD 13.4) years, and SARS-CoV-2 PCR testing was performed in
209 patients, with a positive result in 125 patients. The median
duration of hospital stay was 6 (IQR 3e11) days, whereby 232 pa-
tients were admitted to the intensive care unit (ICU) for the median
stay of 6 (IQR 3e11) days. In total, 165 in-hospital deaths were
recorded (men ¼ 93).

The baseline characteristics of patients who survived and those
who died are compared in Table 1. The prevalence of overweight,
obesity and CKD was 37.2%, 38.6% and 44.5%, respectively. A med-
ical history of hypertension, coronary artery disease (CAD), stroke
and pulmonary disease was observed in 78.9%, 42.7%, 10.4% and
18.6% of the participants, respectively. The mean level of plasma
glucose at the time of hospital admission was 231.4 (114.6) mg/dl,
and the level of HbA1c (only for 70 patients) was 9.4%. The most
common glucose-lowering medications were metformin, followed
by insulin, sulfonylurea and other oral glucose-lowering agents.
Moreover, ACE inhibitors and/or ARBs, beta-blockers, statins and
antiplatelet drugs were used by 44.5%, 13.6%, 19.8% and 22.1% of the
participants, respectively.

The most common signs of COVID-19 on admission were
dyspnoea, cough, fever, fatigue, gastrointestinal disorders, cogni-
tive impairment and anosmia, hyposmia and ageusia. Thoracic
computed tomography (CT) imaging was performed for all patients

at hospital admission and did not reveal any abnormality in 25% of
patients. Details of other results are shown in Table 1.

Patients who died compared with those who survived were
older, more likely to have a history of stroke, and present with
gastrointestinal symptoms and cognitive impairment. Moreover,
they were less likely to be taking metformin and statins. In-hospital
mortality wasmore likely in individuals who initially presented (i.e.
at hospital admission) with significantly lower systolic blood
pressure (SBP), diastolic blood pressure (DBP), oxygen saturation
(SpO2) and lower levels of lymphocytes, platelet, albumin and
eGFR, but higher levels of respiratory rate, WBC, neutrophils, LDH,
CPK, creatinine, potassium, AST, ALT and FPG compared with pa-
tients who survived (all P-values were <0.05).

Table 2 shows multivariate prediction models for in-hospital
mortality. In model 1, age (OR 1.02 [95% CI 1.00e1.04]) and a his-
tory of cognitive impairment (OR 3.17 [95% CI 1.77e5.68]) were
associated with a significantly higher risk of in-hospital mortality.
Moreover, prior use of OADs, beta-blockers and statins was asso-
ciated with significant 55%, 51% and 49% lower risks of mortality,
respectively. In model 2, age and history of cognitive impairment
were independently associated with a higher risk of mortality,
while the use of statins, beta-blockers and OADs, lower respiratory
rate (OR 1.07 [95% CI 1.00e1.14]) and higher oxygen saturation (OR
0.95 [95% CI 0.92e0.98]) were associated with a significantly lower
risk of mortality. Finally, in model 3, in addition to the significant
predictors of model 2, the use of insulin (OR 0.42 [95% CI
0.19e0.94]), platelet count (OR 0.99 [95% CI 0.99e1.00]), LDH (OR
1.002 [95% CI 1.001e1.003]), potassium (OR 2.02 [95% CI
1.33e3.08]) and each 10 mg/dl increase in FPG (OR 1.04 [95% CI
1.04e1.07]) were found to be independently associated with the
risk of death.

The values of discrimination power (AUC) of models were 0.75
(95% CI 0.70e0.80) for model 1, 0.80 (95% CI 0.74e0.82) for model 2,
and 0.86 (95% CI 0.83e0.90) for model 3. The corrected AUC for
model 3 was 0.82 (95% CI 0.79e0.89). Model 3 had the highest
discrimination power (Fig. 1).

The calibration plot indicated good calibration for the risk pre-
diction model within the data set (Fig. 2) and the
HosmereLemeshow goodness-of-fit test also showed good cali-

bration (bC ¼ 4:19, P ¼ 0.84).
Fig. 3 shows the nomogram of the final model (model 3). Ac-

cording to the nomogram as an example, a 45-year-old patient with
diabetes who presents at the emergency roomwith an SpO2 of 80%,
FPG of 210 mg/dl, LDH of 800 U/L, potassium of 5 mEq/L and platelet
count of 230 � 109/L, without a history of loss of consciousness and
who is not receiving statin, beta-blocker or OAD treatment gets the
score of (1.5 þ 1 þ1 þ 2 þ 3.5 þ 4 þ 3 þ 0 þ 1 þ1.2 þ 1 ¼19.2) and
will have a 95% probability of mortality.

Discussion

The current study was conducted in a large tertiary centre in the
North East of Iran during the first half of 2020. Our findings, among
560 patients with diabetes who were hospitalised for COVID-19,
showed a 30% in-hospital mortality rate following approximately
one week of hospitalisation. Ageing, cognitive impairment and
higher levels of LDH, potassium and FPG were found to be associ-
ated with an increased risk of death, while higher platelet levels
and oxygen saturation, as well as taking oral glucose-lowering
drugs, insulin, statins and beta-blockers, were significantly associ-
ated with a reduced risk of in-hospital mortality. We developed a
simple model with its nomogram that showed an excellent
discriminatory power for the prediction of mortality events among
patients with diabetes who had been hospitalised with COVID-19.
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Several studies6,8,22e25 have assessed the characteristics and
prognostic factors among the diabetic population with different
results (Supplementary Table S2). Two studies specifically focused
on patients with diabetes who were hospitalised for COVID-19.
First, the CORONADO study7 showed a 10.6% risk of death and
found several factors, including age, treated obstructive sleep
apnoea and microvascular and macrovascular complications, to be
independent predictors of death on day 7 (the current study
observed a higher risk of mortality, and the only common predictor
of death with our population was age). The other study among
patients with diabetes who were hospitalised with COVID-19 was
in the US6 and showed a mortality rate of 33.1%, which is compa-
rable with the results obtained in our study. Furthermore, the US
study showed that HbA1cwas not associatedwithmortality events,
while insulin treatment was a strong predictor of mortality. In the
current study, we found that a high level of plasma glucose at
hospital admission, as a proxy for the level of diabetes control,26

was significantly associated with an increased risk of mortality.
Moreover, in contrast to the study of Agarwal et al., we demon-
strated that a history of using OADs and insulin was significantly
associated with a lower risk of in-hospital mortality. Importantly,
according to a national study,27 despite some improvement in the
knowledge and screening of diabetes in Iran, 24.7% of patients with

diabetes were not aware of their disease. In addition, these newly
diagnosed patients exhibited a coronary heart disease (CHD) risk
comparable to patients without diabetes with a prior CHD event.28

Results of a systematic review and meta-analysis of 14 studies
showed that male sex, age, history of cardiovascular disease (CVD),
CKD, chronic obstructive pulmonary disease (COPD), high plasma
glucose at hospital admission and chronic insulin use were asso-
ciated with a high risk of death for patients with diabetes who also
had COVID-19.25

Among patients with diabetes, a few studies found no associa-
tion between statin use and poor outcome.7,22,25,29 Several
studies30,31 with larger sample sizes among patients without dia-
betes showed that previous statin use in patients hospitalised with
COVID-19 was associated with lower in-hospital mortality, which
might be related to the immunomodulatory action or by preventing
cardiovascular damage in addition to their lipid-lowering activity.32

These results are consistent with our study that also found a 63%
lower risk of death among patients who used statins, despite the
low number of lipid-lowering medication users in our study pop-
ulation. In another study, low statin use was also observed among
patients with diabetes in Iran.33 It is interesting that the current
study found that using beta-blockers was significantly associated
with a lower risk of in-hospital mortality. The results of other

Table 2
Multivariate prediction models of in-hospital mortality for patients with diabetes and COVID-19.

Characteristics Model 1 (N ¼ 498) Model 2 (N ¼ 534) Model 3 (N ¼ 456)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Prior to admission characteristics
Age 1.02 (1.00e1.04) 0.01 1.02 (1.00e1.04) 0.01 1.03 (1.01e1.05) 0.01
Gender 1.01 (0.65e1.56) 0.97
Area of residence 0.74 (0.45e1.19) 0.19
Dyspnoea 0.66 (0.42e1.04) 0.07
History of fever 1.53 (0.96e2.43) 0.07
Cognitive impairment 3.17 (1.77e5.68) <0.001 2.06 (1.16e3.66) 0.01 2.78 (1.35e5.71) 0.006
Fatigue 1.34 (0.85e2.13) 0.21
Gastrointestinal symptoms 1.56 (0.97e2.51) 0.06
Anosmia, hyposmia or ageusia 0.54 (0.28e1.04) 0.06
History of stroke 1.22 (0.60e2.49) 0.58
History of pulmonary disease 1.51 (0.88e2.58) 0.13
History of hypertension 0.63 (0.36e1.12) 0.12
Routine treatment before admission
OADs 0.45 (0.26e0.75) 0.003 0.55 (0.33e0.92) 0.02 0.38 (0.12e0.73) 0.04
Insulin 0.53 (0.28e1.01) 0.055 0.83 (0.45e1.52) 0.54 0.42 (0.19e0.94) 0.03
OADs and insulin 0.97 (0.45e2.09) 0.94 1.24 (0.57e2.71) 0.58 1.01 (0.38e2.70) 0.99
Beta-blocker 0.49 (0.24e0.99) 0.05 0.43 (0.20e0.89) 0.02 0.35 (0.14e0.88) 0.02
ARBs/ACE inhibitors 0.98 (0.57e1.69) 0.95
Statins 0.51 (0.28e0.93) 0.03 0.46 (0.24e0.86) 0.01 0.37 (0.17e0.82) 0.01
Vital signs on admission
SBP 0.99 (0.97e1.00) 0.06
DBP 1.007 (0.98e1.03) 0.52
Pulse 0.99 (0.98e1.00) 0.16
RR 1.07 (1.00e1.14) 0.04 1.06 (0.97e1.15) 0.18
Temperature 1.02 (0.80e1.45) 0.62
SPO2 0.95 (0.92e0.98) 0.001 0.95 (0.91e0.99) 0.01
Laboratory tests on admission
White blood cell count 0.98 (0.93e1.03) 0.48
Neutrophil count 0.99 (0.90e1.08) 0.80
Lymphocyte count 0.97 (0.87e1.07) 0.54
Platelet 0.99 (0.99e1.00) 0.002
LDH 1.002 (1.001e1.003) 0.00
Creatinine 1.07 (0.78e1.47) 0.68
eGFR 1.00 (0.98e1.01) 0.64
Potassium 2.02 (1.33e3.08) 0.001
FPG 1.04 (1.02e1.07) 0.001
AUC 0.76 (0.70e0.80) 0.80 (0.74e0.82) 0.86 (0.83e0.90)

Abbreviations: OADs, oral antidiabetic drugs; ARB, angiotensin receptor blocker; ACE, angiotensin-converting enzyme; SBP, systolic blood pressure; DBP, diastolic blood
pressure; RR, respiratory rate; LDH, lactate dehydrogenase; eGFR, estimated glomerular filtration rate (as calculated using the CKD Epidemiology Collaboration equation); FPG,
fasting plasma glucose; AUC, area under the receiver-operating characteristic curve; OR, odds ratio; CI, confidence interval.
The ORs correspond to each one-unit increase for continuous variables except for 10 mg/dL increase in FPG.
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studies among patients with diabetes who were infected with
COVID-19 were inconsistent; one study showed a 19% higher risk,
and another study found a 33% lower risk of mortality risk among
beta-blocker users, although both associations were non-

significant.7,22 According to different guidelines, using this group of
medications for patients with diabetes is limited to those with
acute coronary syndrome or who are experiencing heart failure
(HF).34 Systematic reviews revealed that using beta-blockers was

Fig. 1. Receiver-operating characteristic curve for the three models. Blue curve, model 1 (age, history of cognitive impairment, use of statins, beta-blockers and oral antidiabetic
drugs); red curve, model 2 (age, history of cognitive impairment, use of statins, beta-blockers and oral antidiabetic drugs, respiratory rate and oxygen saturation); and green curve,
model 3 (age, history of cognitive impairment, use of statins, beta-blockers, oral antidiabetic drugs, insulin, oxygen saturation, platelet count, lactate dehydrogenase, potassium and
fasting plasma glucose). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Deciles 1 2 3 4 5 6 7 8 9 10 

Observed risk 0.022 0.00 0.109 0.133 0.065 0.195 0.400 0.456 0.630 0.866 

Expected risk 0.014 0.035 0.064 0.106 0.152 0.216 0.309 0.441 0.644 0.893 

Ratio 1.55 0.0 1.69 1.26 0.43 0.90 1.29 1.03 0.98 0.97 

Fig. 2. Calibration curves for comparing actual and predicted in-hospital death probabilities according to model 3. The HosmereLemeshow test for goodness-of-fit (bC ¼ 4:19,
P ¼ 0.84).
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associated with improved outcomes among patients with HF,
regardless of the diabetes status.35 Hence, in the current study
population, with a prevalence of CVD >40%, we speculated that a
large number of patients had some degree of existing HF andwould
benefit from beta-blockers. Unfortunately, echocardiography was
not performed for most patients; hence, the ejection fraction data
were not available.

To the best of our knowledge, no study has investigated the
association between potassium level and COVID-19 mortality
among patients with diabetes; however, in studies conducted in the
general population, potassium was not associated with COVID-19
mortality risk36 or a higher risk37 of COVID-19 infection. In the
current study, each 1 mEq/L higher potassium level was associated
with a two-fold higher risk of in-hospital mortality. These findings
are in line with previous studies among ICU patients showing that
hyperkalaemia is an independent risk factor for death, even at a
moderate increase above the normal levels.38,39 Importantly, the
significant risk of a higher potassium level, which was found in the
current study, was independent of several important confounding
factors, including eGFR and ACE inhibitor/ARB use. However, pH
value is a strong confounder for potassium level as metabolic
acidosis can cause a potassium shift from the intracellular to the
extracellular space; unfortunately, we did not have data on pH
levels. The most important mechanism that is caused by hyper-
kalaemia is lowering of the resting membrane potential of the
myocardium, resulting in decreased myocardial cell conduction
velocity and increased rate of repolarisation.39

To date, only two studies conducted among Chinese and
Australian populations have presented prediction models for
mortality from COVID-19 among patients with diabetes.8,9 The
study among the Chinese population9 developed a model con-
taining predictor variables, including partial thromboplastin time
(PTT), urea nitrogen, WBC count and LDH, with an AUC of 0.836.
Moreover, the study in Australia8 showed that a score computed

from age, arterial occlusive disease, eGFR, CRP and AST levels at
hospital admission predicted in-hospital mortality with a C statistic
of 0.89 and good calibration. Our prediction model with 11 vari-
ables, including four non-expensive laboratory measures, yielded
similar excellent discriminatory power (0.86 [95% CI 0.83e0.90])
with acceptable calibration.

Strengths of the current study were the large sample size of
patients who were hospitalised for COVID-19 and a considerable
number of patients with diabetes, which, as discussed previously,
imposes a great burden of disease in Iran.10,15

The current findings need to be interpreted in light of the study
limitations. First, this study did not validate the model externally;
however, the model showed a reasonable internal validity as
examined by the bootstrapping method. Second, there were no
data on HbA1c; however, we adjusted for plasma glucose as a
surrogate of the HbA1c level.26 Third, a large number of patients
were probable cases of COVID-19, and the cases were not confirmed
with PCR. However, previous studies have shown that because of
difficulty in obtaining reliable nasopharyngeal swab specimens, the
timing of detection and limited detection capacity during the early
stages of the outbreak, false-negative results are often seen in the
PCRmethod.40 Moreover, CT imaging of the chest is a more reliable,
feasible and rapid method to diagnose and assess COVID-19
compared with RT-PCR, especially in epidemic regions such as
Iran.41e43 Fourth, we did not categorise patients as those with
previous diabetes and those who had increased blood glucose due
to COVID-19 infection, which might overestimate the number of
patients with diabetes. Finally, data regarding in-hospital treat-
ment were not included in our analysis.

In conclusion, approximately one-third of patients with diabetes
who were hospitalised for COVID-19 in this large referral centre
located in the North East of Iran died within 1 week of admission. A
simple and non-expensive risk score consisting of 11 variables,
including age, history of cognitive impairment, use of statins, OADs,

Fig. 3. Nomogram of covariates in model 3 for predicting in-hospital mortality among patients with diabetes who are hospitalised with COVID-19. Upon hospital admission, the risk
of mortality for a patient with diabetes can be calculated by computing the corresponding score of points for each of the nine clinical characteristics and then adding them together.
Looking at the bottom scale, the probability of in-hospital mortality corresponding to the calculated score can be calculated. LDH, lactate dehydrogenase; Prob, probability; O, oral
antidiabetic drugs; I, insulin; O&I, oral antidiabetic drugs and insulin; N, no antidiabetic drugs.
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insulin, beta-blockers, SpO2, platelet count, LDH, potassium and
FPG levels, demonstrated excellent prediction for in-hospital
mortality among patients with diabetes. This simple risk score
may help physicians in emergency departments to assess the
prognosis of patients with diabetes.
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Corrigenda

Corrigendum to ‘Impact of COVID-19 on birth rate trends in the Italian
Metropolitan Cities of Milan, Genoa and Turin’ [Public Health 198
(2021) 35e36]

A.F. De Rose, F. Ambrosini*, G. Mantica, C. Terrone
Department of Urology, Policlinico San Martino, Largo Rosanna Benzi, Genoa, Italy

The authors regret that an error was made in the data collection regarding the number of births in the city of Milan from November 2019
to January 2020. The original published paper reported this as 4187 births, but the correct figure is 2656 births. Thus the following cor-
rections are necessary:

Correction 1, abstract, results:
The sentence:
Birth rates in the cities of Milan, Genoa and Turin decreased by 55%, 12%, and 33%, respectively.
Should read:
Birth rates in the cities of Milan, Genoa, and Turin decreased by 12.4%, 12%, and 33%, respectively.
Correction 2, main text:
The passage:
FromNovember 2019 to January 2020, 1579 births were registered in the City of Turin, while, during the same period of the following year, 1043

were recorded; thus, 536 fewer births (33% decline). Similarly, in the City of Milan, 4187 and 2325 births were recorded from November 2019 to
January 2020 and during the same quarter of 2020e2021, respectively (55% % reduction).

Should read:
From November 2019 to January 2020, 1579 births were registered in the City of Turin, while, during the same period of the following

year, 1043 were recorded; thus, 536 fewer births (33% decline). Similarly, in the City of Milan, 2656 and 2325 births were recorded from
November 2019 to January 2020 and during the same quarter of 2020e2021, respectively (12.4% reduction).

DOI of original article: https://doi.org/10.1016/j.puhe.2021.06.026.
* Corresponding author. Department of Urology, Policlinico San Martino Hospital, University of Genoa, Largo Rosanna Benzi, 10, Genoa, 16132 Italy. Tel.: þ3480497079.

E-mail address: f.ambrosini1@gmail.com (F. Ambrosini).
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Correction 3, figure 1:
A corrected Fig. 1 follows
The authors would like to apologise for any inconvenience caused.

Fig. 1. Birth rates from November 2019 to January 2020 (before the COVID-19 pandemic) and during the same period of the following year (during the COVID-19 pandemic) in the
cities of Milan, Genoa, and Turin (Italy).
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Corrigenda

Corrigendum to ‘Risk perception and resource scarcity in food
procurement during the early outbreak of COVID-19’ [Public Health
195 (2021) 152e157]

Y. Wang a, X. Chen b, c, *, Y. Yang d, Y. Cui b, R. Xu c, e

a Department of Marketing and Management, State University of New York at Oswego, Oswego, NY, 13126, USA
b Department of Geography, University of Connecticut, Storrs, CT, 06269, USA
c Institute for Collaboration on Health, Intervention, and Policy (InCHIP), USA
d Department of Tourism and Hospitality Management, Temple University, Philadelphia, PA, 19122, USA
e Department of Allied Health Sciences, University of Connecticut, Storrs, CT, 06269, USA

Table 1
Demographics of survey participants.

Variable Subgroup N (Percentage)

Gender Male 1,359 (56.9%)
Non-male 1,029 (43.1%)

Age 18e24 156 (6.53%)
25e34 1,039 (43.51%)
35e44 595 (24.92%)
45e54 365 (15.28%)
55e64 177 (7.41%)
65 and above 56 (2.35%)

Ethnicity Caucasian 1,692 (70.85%)
African American 342 (14.32%)
Latino 129 (5.40%)
Asian 160 (6.70%)
Native American 37 (1.55%)
Other 28 (1.17%)

Educational
attainment

Finished middle school 8 (.34%)
Finished high school 201 (8.42%)
Some college 398 (16.67%)
Completed 2-year college 220 (9.21%)
Completed 4-year college 1,278 (53.52%)
Attended graduate school 283 (11.85%)

Employment Employed for wages 1,998 (83.67%)
Not employed for wages 390 (16.33%)

Food security status
(before-during the
pandemic)

Secureesecure 391 (16.37%)
Secure-insecure 438 (18.34%)
Insecure-secure 24 (1.01%)
Insecureeinsecure 1,535 (64.28%)

The authors regret the following errors in the originally pub-
lished version:

1. In Table 1, for the ‘food security status’, the ‘Secure - secure’
category should be ‘391, 16.37%.’

Here is the updated Table 1:

2. In Line 148, it is currently written as ‘Table 3 reveals the re-
lationships among the behavioral changes: the increase in in-store
safety perception …’

It should be ‘Line 148: Table 3 reveals the relationships among
the behavioural changes: the decrease in in-store safety percep-
tion …’

Here is the updated paragraph:
Table 3 reveals the relationships among the behavioural

changes: the decrease in in-store safety perception was associated
with both the decrease in shopping frequency (b ¼ .18, P < .01) and
the increase in food expenditure (b ¼ �7.00, P < .01). Also, people’s
food security status during the pandemic further impacted the
relationship between shopping frequency and food expenditure, as
shown by the interaction term (b ¼ �22.68, P < .01). This result
indicates that the mediation effects on food procurement differ
among people in different food security statuses.

The authors would like to apologise for any inconvenience
caused.

DOI of original article: https://doi.org/10.1016/j.puhe.2021.04.020.
* Corresponding author. Department of Geography, University of Connecticut,
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Original Research

COVID-19 and tobacco cessation: lessons from India
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a b s t r a c t

Objectives: The Government of India prohibited the sale of tobacco products during the COVID-19
lockdown to prevent the spread of the SARS-CoV-2 virus. This study assessed the tobacco cessation
behaviour and its predictors among adult tobacco users during the initial COVID-19 lockdown period in
India.
Methods: A cross-sectional study was conducted with 801 adult tobacco users (both smoking and
smokeless tobacco) in two urban metropolitan cities of India over a 2-month period (July to August
2020). The study assessed complete tobacco cessation and quit attempts during the lockdown period.
Logistic and negative binomial regression models were used to study the correlates of tobacco cessation
and quit attempts, respectively.
Results: In total, 90 (11.3%) tobacco users reported that they had quit using tobacco after the COVID-19
lockdown period. Overall, a median of two quit attempts (interquartile range 0e6) was made by to-
bacco users. Participants with good knowledge on the harmful effects of tobacco use and COVID-19 were
significantly more likely to quit tobacco use (odds ratio [OR] 2.2; 95% confidence interval [CI] 1.2e4.0)
and reported more quit attempts (incidence risk ratio 5.7; 95% CI 2.8e11.8) compared to those with poor
knowledge. Participants who had access to tobacco products were less likely to quit tobacco use
compared to those who had no access (OR 0.3; 95% CI 0.2e0.5].
Conclusions: Access restrictions and correct knowledge on the harmful effects of tobacco use and COVID-
19 can play an important role in creating a conducive environment for tobacco cessation among users.
© 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The COVID-19 pandemic has presented the world with un-
precedented challenges for the 21st century, in addition to excess
mortalities.1 Although there remains a lack of evidence to define
the risk of COVID-19 infection among tobacco users,2 these in-
dividuals are at an increased risk of adverse outcomes (i.e. death
and severity of COVID-19).3 Recent evidence suggests that smokers

have a higher likelihood of COVID-19 complications, including
mortality (odds ratio [OR] 1.91; 95% confidence interval [CI]
1.4e2.6).4 The act of tobacco smoking involves frequent contact
between the fingers and mouth and hence can potentially increase
the risk of COVID-19 infection.5 The use of smokeless tobacco (SLT)
products, such as gutkha, khaini, zarda, and paan (betel quid with
tobacco), induces salivation and hence increased spitting, which
may also increase the spread of the SARS-CoV-2 virus.6

Stringent tobacco control measures have been enforced by some
countries to help prevent the spread of COVID-19. Several countries
from the Eastern Mediterranean Region banned the use of water-
pipe in indoor and outdoor public places.7 Bangladesh suspended
the production, supply, marketing and sale of all kinds of tobacco

* Corresponding author. HRIDAY, B-5/94, Safdarjung Enclave, First Floor, New
Delhi, 110029, India. Tel.: þ919810056631.

E-mail address: monika@hriday-shan.org (M. Arora).

Contents lists available at ScienceDirect

Public Health

journal homepage: www.elsevier .com/locate/puhe

https://doi.org/10.1016/j.puhe.2021.11.010
0033-3506/© 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Public Health 202 (2022) 93e99

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:monika@hriday-shan.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2021.11.010&domain=pdf
www.sciencedirect.com/science/journal/00333506
http://www.elsevier.com/locate/puhe
https://doi.org/10.1016/j.puhe.2021.11.010
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.puhe.2021.11.010
https://doi.org/10.1016/j.puhe.2021.11.010


products;8 Botswana banned the import and sale of cigarettes and
other related products;9 South Africa restricted the sale of ciga-
rettes, snuff, hookah pipes and e-cigarettes to combat the risks
posed by the use of tobacco products during the pandemic.10 The
COVID-19 pandemic has provided an opportunity to study the
impact of policy environment on tobacco consumption habits of
users. A web-based survey in the United States, conducted during
the pandemic, showed that 22.9% of respondents attempted to quit
smoking cigarettes to reduce their risk of harm from COVID-19 and
one-third of respondents reported an increase in motivation to quit
tobacco during the pandemic period.11

India enforced a nationwide lockdown on 24 March 2020 to
prevent the spread of COVID-19.12 At the beginning of the lock-
down, different state governments issued warnings and advisories
against tobacco use and about its interwoven relationship with
COVID-19. Subsequently, the Indian Council of Medical Research13

and the Ministry of Health and Family Welfare, Government of
India, each issued advisories to prohibit the use and spitting of
tobacco.14,15 Many states in India also announced bans on tobacco
use under the troupe of the Indian Penal Code 1890, Cigarettes and
Other Tobacco Products Act 2003 and the Epidemic Diseases Act
1897.16 In addition, the Ministry of Home Affairs, Government of
India, prohibited the sale and use of gutkha and other tobacco
products in the country,17 which created a nationwide conducive
environment for tobacco control.

Previous evidence suggests that tobacco control policies, such as
restricting the availability or access to tobacco products, limit to-
bacco use.18,19 A study by Narotam et al.,20 with 650 participants
enrolled in a tobacco cessation counselling programme before the
lockdown, reported the positive impact of public health measures
on tobacco use behaviour. However, the study only included par-
ticipants who were already motivated and enrolled in a cessation
programme and did not assess the predictors of cessation and quit
attempts among other tobacco users. In this study, we aimed to
assess tobacco cessation behaviours and identify predictors of to-
bacco cessation and quit attempts among adult tobacco users
during the late COVID-19 lockdown period in India.

Methods

Study design, setting and participants

A cross-sectional study was conducted in two urban metropol-
itan cities of India (Delhi and Chennai) over a 2-month study period
(JulyeAugust 2020). Assuming a large (>1 million) target popula-
tion, a 50% outcome factor in the population, a 5% margin of error
and 95% CI, the minimum required sample size was estimated to be
384e400 in the general population. Therefore, a total sample size of
800 participants (approximately 400 from each city) was estimated
using open-source epidemiological statistics (OpenEpi).21 A list of
participants from an existing cohort (Centre for cArdiometabolic
Risk Reduction in South Asia),22 with a history of any form of to-
bacco use was prepared and individuals were invited to participate
in the present study. Participants aged 25 years or more (irre-
spective of their sex), using any form of tobacco, who spoke English,
Hindi or Tamil, and those who provided consent were enrolled in
the study. Tobacco users who had recently quit using tobacco (i.e. in
the previous 3 months from the date of survey [i.e. after the initial
lockdown]) or who had used tobacco in any form during the pre-
viousmonthwere also included in the study. Participants whowere
suffering from any severe illness, institutionalised, unable to
respond to the survey or not willing to provide or record verbal
consent were excluded from the study.

The objectives of the study were explained to the study partic-
ipants, and after obtaining informed consent, a telephone

questionnaire was administered. Prior ethical approval for research
involving human subjects for this study was obtained from the
Centre for Chronic Disease Control's Institutional Ethics Committee
(Reference #CCDC_IEC_04_2018).

Study tool

The questionnaire was translated, adapted and modified from
the STOP survey23 for the context of smoking and SLT use in India.
The survey tool has previously been used in a longitudinal study in
Pakistan to capture and compare tobacco use behaviour among
users before and during COVID-19.23 The survey was translated into
regional languages (i.e. Hindi [for participants in Delhi] and Tamil
[for participants in Chennai]). The survey included questions on
sociodemographic variables, knowledge of the adverse effects of
tobacco use during COVID-19, intentions to quit tobacco, number of
quit attempts and knowledge of tobacco control policies imple-
mented in India during the lockdown period. The questionnaire
was piloted on a subgroup of 20 respondents (from each city) and
was subsequently adapted before administering it to the study
population. A brief description of the study variables is provided in
the supplementary file (Table S1).

Data collection and management

Following the rules of social distancing, the questionnaire was
administered by telephone, and a standardised protocol was used
for data collection. Informed consent was sought from eligible
participants. Verbal consent was audio recorded following the
recent Indian Council of Medical Research's revised guidelines for
obtaining consent for biomedical and health research during the
COVID-19 pandemic.24 The questionnaire was then administered in
the language preferred by the participant (i.e. English, Hindi or
Tamil).

Data analyses

Descriptive statistics are presented as frequencies and per-
centages. The primary outcomes of the study were ‘cessation’ and
‘quit attempts’. Participants were asked the question, ‘What best
describes you?’ and those selecting the optione ‘I have stopped using
tobacco’ were categorised as 1 for cessation (otherwise, 0). Partic-
ipants were then asked the question, ‘How many attempts to stop
tobacco use have you made in the last 6 months?’, and the answers
were recorded as an integer. The ‘Quit attempts’ was treated as
discrete (count) data.

Univariate associations were analysed using Fisher's exact/Chi-
squared test as appropriate for categorical variables, whereas the
count variables were analysed usingManneWhitney/Wilcoxon test
and KruskaleWallis test as appropriate. A P value of <0.05 was
considered significant. Cross-tabulations between various socio-
demographic characteristics (e.g. gender, city, age, education,
employment status), knowledge on the harmful effects of tobacco
use and COVID-19, knowledge on legislative decisions (taken by
government on tobacco sales and consumption during the national
lockdown) and access to tobacco products during the lockdown
were studied. Responses to all questions assessing the knowledge
of participants were aggregated and thereafter scored anony-
mously. The correct responses were marked as 1 and incorrect as 0.
The maximum score for knowledge on the harmful effects and
knowledge on legislative decisions was 5, and the minimum score
was 0. The aggregate scores were further categorised as poor
(mean � 1 standard deviation [SD]), average (mean �1 SD to
mean þ1 SD) and good (mean þ1 SD).25
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Because of the overdispersion in the number of quit attempts, its
associations with various independent variables were studied us-
ing the negative binomial regression model,26 whereas the logistic
regression model was used to study the association of independent
variables with cessation. The results of the negative binomial
regression models and the logistic regression models are given in
incidence risk ratio (IRR) and ORwith 95% CI, respectively. Variables
with a P value <0.15 in the univariate analysis were retained in the
multivariate models.27 Data were analysed using STATA v.13.1
(StataCorp, LP, TX).

Results

Study participant characteristics

A total of 801 tobacco users participated in the survey, including
444 (55.4%) from Delhi and 357 (44.6%) from Chennai (Table 1). As
the survey was conducted via telephone, a disposition table28 is
used to explain the response rates. The gross response rate for the
study was 48.4%, the basic response rate was 85.3% and the
response rate calculated using the CASRO estimator was 60.9%. The
detailed disposition table and response rate calculations are pro-
vided in supplementary file (Tables S2 and S3). In total, 305 (38.1%)
participants were current cigarette smokers, 195 (24.3%) were bidi
smokers and 324 (40.4%) were SLT users. There were 90 (11.3%)
tobacco users who reported that they had stopped using tobacco at
the time of the survey after the lockdown measures were intro-
duced. Overall, a median of two quit attempts (interquartile range
[IQR] 0e6) was made by the tobacco users over the past 6 months.
The mean scores for knowledge on the harmful effects and
knowledge about legislative decisions in the study populationwere
2.1 (SD 1.9) and 2.7 (SD 2.1), respectively.

Most participants (90.1%) were men. In total, 56.3% of partici-
pants were in the 45e64 years age group, followed by 31.6% in the
25e44 years age group and 12.1% in the �65 years age group. More

than half of the participants were educated either up to high school
(39.4%) and intermediary school (31.1%). Most participants were
employed (81.1%), whereas the remaining were students (10.9%),
housewives (3.6%), retired (2.0%) or unemployed (2.2%; Table 1).

Univariate association of cessation and quit attempts with
sociodemographic variables

Cessation and quit attempts were significantly higher in females
(cessation 21.5%; number of quit attempts 6.5 [IQR 2e20]) than
males (cessation 10.2%; number of quit attempts 2 [IQR 0e5]). The
percentage of participants who quit was higher in Chennai (15.4%)
than Delhi (7.9%); however, the median number of quit attempts in
the past 6 months was higher in Delhi (2 [IQR 0e7]) than in
Chennai (1 [IQR 0e4]). Cessation and quit attempts were pre-
dominantly higher in housewives (cessation 27.6%; number of quit
attempts 12.5 [IQR 7.5e30]) compared with students, employed or
retired participants (Table 2).

Univariate association of cessation and quit attempts with
knowledge and access

In the univariate analysis, cessation was greater in participants
who had no access to tobacco products during the COVID-19 lock-
down (19.0%) compared with those who had access (7.8%). Quit
attempts were higher in daily bidi smokers (2 [IQR 0e7]) compared
with occasional smokers (0 [IQR 0e3]). Whereas in the case of SLT
users, quit attempts were higher in occasional SLT users (2 [IQR
0e10]) than in daily users (1 [IQR 0e4]). Quit attempts were pre-
dominantly higher in people with good knowledge of the harmful
effects of tobacco use during COVID-19 (4 [IQR 0e16]) than par-
ticipants with average (1 [IQR 0e4]) or poor knowledge (0 [IQR
0e3]). Similarly, quit attempts were also higher in participants with
good knowledge on legislative decisions (2 [IQR 0e7]) compared
with participants with either average (1 [IQR 0e5]) or poor
knowledge (0 [IQR 0e3]; Table 3).

Correlates of cessation and quit attempts

To further determine the correlates that are significantly asso-
ciated with cessation and quit attempts, logistic regression and
negative binomial regression models were used, respectively.
Table 4 shows the adjusted OR, IRR and 95% CI for cessation and quit
attempts. The final regression models included 797 and 328 par-
ticipants for cessation and quit attempts, respectively, with com-
plete cases across all variables.

Participants with good knowledge on the harmful effects of
tobacco use and COVID-19 were significantly more likely to cease
tobacco use than participants with poor knowledge (OR 2.2; 95% CI
1.2e4.0), whereas participants with average knowledge were 50%
less likely to cease tobacco use (OR 0.5; 95% CI 0.3e0.9).

Participants with good (OR 0.4; 95% CI 0.2e0.9) and average (OR
0.5; 95% CI 0.3e0.9) knowledge on legislative decisions were 60%
and 50%, respectively, more likely to cease tobacco use than those
with poor knowledge on legislative decisions.

Participants who had access to tobacco products were 70% less
likely to cease tobacco use (OR 0.3; 95% CI 0.2e0.5) compared with
those who had access to tobacco.

Quit attempts were significantly more likely to occur in partic-
ipants with average (IRR 1.9; 95% CI 1.0e3.4) and good (IRR 5.7; 95%
CI 2.8e11.8) knowledge on the harmful effects of tobacco use and
COVID-19 compared with participants with poor knowledge.
However, no significant associations for quit attempts were
observed among participants with average or good knowledge on
legislative decisions.

Table 1
Sociodemographic characteristics of the study population (N ¼ 801).

Sociodemographic characteristics n (%)

City (n ¼ 801)
Delhi 444 (55.4)
Chennai 357 (44.6)

Sex (n ¼ 801)
Male 722 (90.1)
Female 79 (9.9)

Age group (n ¼ 801)
25e44 years 253 (31.6)
45e64 years 451 (56.3)
�65 years 97 (12.1)

Education (n ¼ 801)
Illiterate 80 (9.9)
Professional degree/postgraduate 17 (2.1)
Graduate (BA/BSc/BCom/Diploma) 75 (9.4)
Secondary school intermediary 249 (31.1)
High school (class V to IX) 316 (39.4)
Primary school (up to Class IV) 64 (7.9)

Employment status (n ¼ 801)
Employed 650 (81.1)
Student 88 (10.9)
Housewife 29 (3.6)
Retired 16 (2.0)
Unemployed 18 (2.2)

Current cigarette smokers (n ¼ 801) 305 (38.1)
Current bidi smokers (n ¼ 798)a 195 (24.3)
Current SLT users (n ¼ 800)b 324 (40.4)

SLT, smokeless tobacco.
a Three missing responses for current bidi smokers.
b One missing response for current SLT users.
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Discussion

The COVID-19 pandemic provided a unique opportunity for the
promotion of tobacco control strategies, nationally as well as
globally.29,30 The tobacco control policies implemented to address
the spread of COVID-19, including restricting access to tobacco
products, led to favourable circumstances for tobacco cessation
among users.31 In the present study, 11.3% of tobacco users stopped
using tobacco during the lockdown. On average, two quit attempts
were made by tobacco users during the past six months. The per-
centage of people who ceased tobacco use was much lower than
reported in a previous study (51%) by Gupte et al.20 However, this
may be attributed to the fact that the population in the study by
Gupte et al. comprised of individuals who were already enrolled in
a tobacco cessation programme, thus were already motivated to
quit tobacco use. On the contrary, some studies from other coun-
tries have reported an increase in smoking during the pandemic
because of high levels of stress and boredom.32,33

Existing evidence suggests that there are low levels of knowl-
edge on the harmful effects of tobacco use and COVID-19.34,35 The
results of the present study also show low levels of knowledge on
the harmful effects of tobacco use and COVID-19 among study
participants during the lockdown period. Despite this, the results
suggest that participants with good knowledge on the harmful
effects of tobacco use and COVID-19 were more likely to cease to-
bacco use and make attempts to quit compared with those with
poor knowledge. These findings are consistent with those of a
previous study conducted in India20 and indicate that good
knowledge on the harmful effects of tobacco use and COVID-19
could discourage tobacco use among existing users. Moreover,

good knowledge on the legislative decisions also seemed to moti-
vate tobacco cessation among users.

Technology has played a vital role in enabling routine and pro-
fessional activities to continue during the pandemic.36 Hence,
cessation efforts (e.g. creating awareness of tobacco use during
COVID-19 and cessation services) via digital media (e.g. television,
internet and social media) can be useful.37,38 Information
Communication and Technology can help in propelling and
strengthening tobacco control policies.39 Informative advertising
(e.g. harmful effects of tobacco use during COVID-19, knowledge
about the National Quitline and m-cessation services) in local
languages and dialects can further motivate the cessation of to-
bacco use.29 These advertisements should be comprehensively in-
tegrated with other commonly used digital applications or social
media websites to create awareness among tobacco users.29

In the present study, cessation was more prevalent in tobacco
users who had no access to tobacco products (19.0%). In fact,
cessationwas 70% less likely among participants reporting access to
tobacco products. The national lockdown during the early months
of the COVID-19 pandemic curbed access to tobacco products and
may have encouraged abstinence from tobacco among existing
users. However, quitting tobacco is often associated with a high
relapse rate,40,41 and there is a high likelihood that users who re-
ported having ceased tobacco use during this period might subse-
quently relapse after the end of lockdown restrictions.
Implementing non-price-based tobacco control policies (e.g. to-
bacco use restrictions in working places, restriction on access to
tobacco products) is considered to be a highly cost-effective mea-
sure.42 Therefore, the ban on the sale of tobacco products and
spitting in public places, in addition to designating these acts as an

Table 2
Univariate association of cessation and quit attempts with sociodemographic characteristics.

Variables Cessationa Quit attemptsb

n (%) P value Median (IQR) P value

Overall 90 (11.3) 2 (0e6)
Gender 0.002* 0.001$

Male (n ¼ 718) 73 (10.2) 2 (0e5)
Female (n ¼ 79) 17 (21.5) 6.5 (2e20)

City 0.001* 0.024$

Chennai (n ¼ 357) 55 (15.4) 1 (0e4)
Delhi (n ¼ 440) 35 (7.9) 2 (0e7)

Age group 0.818 0.107
25e44 years (n ¼ 253) 26 (10.3) 2 (0e7)
45e64 years (n ¼ 447) 53 (11.9) 1 (0e5)
�65 years (n ¼ 97) 11 (11.3) 5 (0e4)

Education 0.162 0.531
Illiterate (n ¼ 80) 7 (8.7) 1 (0e10)
Professional degree/postgraduate (n ¼ 16) 5 (31.2) 4 (2e10)
Graduate (n ¼ 74) 7 (9.5) 2 (0e7)
Secondary/intermediary schools (n ¼ 248) 26 (10.5)
High school (n ¼ 315) 39 (12.4) 2 (0e5)
Primary schools (n ¼ 64) 6 (9.4) 0 (0e2)

Employment status 0.102 0.020&

Employed (n ¼ 648) 68 (10.5) 2 (0e5.5)
Student (n ¼ 86) 10 (11.6) 2 (0e6.5)
Housewife (n ¼ 29) 8 (27.6) 12.5 (7.5e30)
Retired (n ¼ 16) 2 (12.5) 1 (0e2)
Unemployed (n ¼ 18) 2 (11.3) 1 (0e3)

Bold P-values indicate significant association.
IQR, interquartile range.
*P value <0.05 using Chi-squared test.
$P value <0.05 using ManneWhitney Wilcoxon test.
&P value <0.05 using KruskaleWallis H test.

a 4 missing responses for cessation.
b Total 329 responses for quit attempts.
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offence with huge penalties for violations, should be considered a
public health strategy, both to overcome the COVID-19 pandemic
and for tobacco control in India.43,44 Continuation of the tobacco
ban can be justified, as the COVID-19 pandemic is far from over;
however, the restrictions laid down by the government (i.e. limiting
access to tobacco products) should be monitored closely. Restrict-
ing access to tobacco products requires multisectoral regulatory
policies and a whole-society approach so that users can be sup-
ported to quit and initial uptake can be prevented.

The COVID-19 pandemic provides a conducive policy environ-
ment to implement tobacco control strategies to reduce the pro-
duction as well as consumption of tobacco products. Implementing
demand-reduction strategies,45 such as the ban on tobacco use and
spitting in public places, and raising awareness of the harmful ef-
fects of tobacco use during COVID-19 can further strengthen to-
bacco control policies. Similarly, curtailing tobacco supply,45 by
limiting the access to products, can further help address both the
COVID-19 pandemic and tobacco epidemic. The results from this
study can be used to align population- and individual-level in-
terventions, including drawing on national-level change to
encourage greater participation in tobacco cessation programmes.
Sustained efforts may help substantially reduce tobacco use, with
the possibility of eliminating tobacco use in the future.

Strengths and limitations

The present study enrolled participants from an existing
cohort.22 Respondents were followed up during the COVID-19
pandemic to assess the impact of COVID-19 restrictions on to-
bacco use cessation and quit attempts. A previous study investi-
gated tobacco cessation behaviour during COVID-19 lockdown in
participants enrolled in a tobacco-cessation programme; thus, this

study population was already motivated to cease tobacco use.20

Participants in the present study were not premotivated to cease
tobacco use, and hence, their behaviour can be attributed to the
pandemic alone.

This study attempted to investigate cessation and quit attempts
among tobacco users during the COVID-19 crisis, but there are
limitations to this study. Cessation is generally defined as the
abstinence from tobacco use for a minimum period of 6e12
months. However, as this was a rapid study conducted over a 2-
month period (during the COVID lockdown period in India), pa-
tients who reported that they had stopped using tobacco
completely since the start of the lockdownwere considered to have
ceased tobacco use. The number of quit attempts was reported over
6 months; the survey was conducted in the months of July and
August, but the number of quit attempts could also include at-
temptsmade before the study period. This study presents estimates
based on a single study conducted in two large Indian cities (Delhi
and Chennai). Furthermore, the cohort was limited to urban areas
of the country and does not include tobacco users aged <25 years.
Therefore, the findings of the study cannot be generalised to all
tobacco users in India. Thus, we recommend that large population-
based interstate studies are used to further evaluate the effects of
restrictions in access to tobacco products on tobacco use cessation.

Conclusion

Measures enforced by the Government of India to reduce access
to tobacco products during the nationwide COVID-19 lockdown led
to a favourable environment for existing tobacco users to quit. This
highlights an opportunity to align communicable and non-
communicable disease responses during a public health crisis and
could provide lessons for future tobacco control efforts. The m-

Table 3
Univariate association of cessation and quit attempts with knowledge and accessibility of tobacco products.

Variables Cessationa Quit attemptsb

n (%) P value Median (IQR) P value

Overall 90 (11.3) 2 (0e6)
Cigarette smoking
Current daily cigarette smokers (n ¼ 220) NA 1 (0e5) 0.107
Current occasional smokers (n ¼ 85) NA 1 (0e5)
Non-smokers (n ¼ 496) NA 2 (0e7)

Bidi smokers 0.002**

Current daily bidi smokers (n ¼ 167) NA 2 (0e7)
Current occasional bidi smokers (n ¼ 28) NA 0 (0e3)
Non-smokers (n ¼ 603) 0 (0e10)

SLT users 0.000^

Current daily SLT users (n ¼ 266) NA 1 (0e4)
Current occasional SLT users (n ¼ 58) NA 2 (0e10)
Non-users (n ¼ 476) 5 (1e60)

Knowledge on the harmful effects
Poor (n ¼ 267) 41 (15.4) 0.000* 0 (0e3) 0.000^

Average (n ¼ 298) 16 (5.4) 1 (0e4)
Good (n ¼ 232) 33 (14.2) 4 (0e16)

Knowledge on legislative decisions
Poor (n ¼ 231) 45 (19.5) 0.000* 0 (0e3) 0.018^

Average (n ¼ 280) 25 (8.9) 1 (0e5)
Good (n ¼ 286) 20 (6.9) 2 (0e7)

Accessibility of tobacco products
Yes (n ¼ 550) 43 (7.8) 0.000* 2 (0e6) 0.649
No (n ¼ 47) 47 (19.0) 1 (0e4)

Bold P-values indicate significant association.
IQR, interquartile range; SLT, smokeless tobacco.
*P value <0.05 using Fisher's chi exact test.
**P value <0.05 using KruskaleWallis H test.

a Four missing responses for cessation.
b Total 329 responses for quit attempts.
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cessation, Quitline and in-person cessation services should be
provided proactively during this opportune time to encompass
more tobacco users and help encourage cessation and quit
attempts.

Author statements

Acknowledgements

The authors would like to acknowledge the data collection
teams fromHRIDAY, New Delhi and Chennai for participating in the
study. The authors would also like to acknowledge the CARRS team
for providing the list of participants and relevant information from
the last follow-up.

Ethical approval

Ethical approval for this study was obtained from the Centre for
Chronic Disease Control's Institutional Ethics Committee (Refer-
ence #CCDC_IEC_04_2018).

Funding

The activities and results presented in this article were sup-
ported by the following grants: the COVID-19 and Tobacco Project,

funded from the University of Edinburgh's Scottish Funding Council
Global Challenges Research Fund (GCRF) to the Tobacco Control
Capacity Programme (MR/P027946/2), supported by UK Research
and Innovation (UKRI) with funding from the Global Challenges
Research Fund.

Competing interests

None declared.

Authors’ contributions

M.A. and G.P.N. conceptualised the study. L.B. and M.A. secured
funding for the study. M.A., G.P.N. and N.J. adapted the study tool.
G.P.N., N.S. and N.J. facilitated the data collection and imple-
mentation of the study. N.S. and G.P.N. analysed the results, and all
the authors contributed to the interpretation of the findings. M.A.,
G.P.N., N.S. and N.J. drafted the article. S.M., D.P., D.M., L.B., K.S.R.,
M.K.A., V.M., N.T., K.M.V.N. and F.D. revised the article. All authors
approved the final article.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2021.11.010.

Table 4
Correlates of cessation and quit attempts.

Variables Cessation [OR (95% CI)]a n ¼ 797 Quit attempts [IRR (95% CI)]b n ¼ 328
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City
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Delhi 0.6 (0.3e1.1) 0.6 (0.3e1.1)

Age group
25e44 years NA Ref
45e64 years NA 0.9 (0.6e1.5)
�65 years NA 0.7 (0.2e2.1)

Employment status
Employed Ref Ref
Student 1.0 (0.4e2.4) 1.1 (0.3e3.5)
Housewife 1.9 (0.6e6.1) 0.9 (0.2e5.4)
Retired 1.5 (0.3e7.0) 0.2 (0.0e1.0)
Unemployed 0.8 (0.1e3.9) 0.3 (0.1e2.0)

Cigarette smokers
Non-users NA Ref
Current daily cigarette smokers NA 0.7 (0.3e1.8)
Current occasional smokers NA 0.7 (0.3e1.6)

Bidi smokers
Non-users NA Ref
Current daily bidi smokers NA 0.2 (0.1e0.6)
Current occasional bidi smokers NA 0.7 (0.2e2.2)

SLT users
Non-users NA Ref
Current daily SLT users NA 0.7 (0.2e1.7)
Current occasional SLT users NA 1.4 (0.4e4.5)

Knowledge on the harmful effects of tobacco use and COVID-19
Poor Ref Ref
Average 0.5 (0.3e1.0) 1.9 (1.0e3.4)
Good 2.2 (1.2e4.0) 5.7 (2.8e11.8)

Knowledge on legislative decisions
Poor Ref Ref
Average 0.5 (0.3e0.9) 1.5 (0.8e2.9)
Good 0.4 (0.2e0.9) 1.6 (0.7e3.6)

Overall access
No Ref NA
Yes 0.3 (0.2e0.5) NA

CI, confidence interval; IRR, incidence risk ratio; OR, odds ratio; Ref, reference; SLT, smokeless tobacco.
Bold values indicate significant association.

a Estimates derived using logistic regression. Variables with P values <0.15 in univariate analysis were included in the regression models.
b Estimates derived using negative binomial regression model. Variables with P values <0.15 in univariate analysis were included in the regression models.
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a b s t r a c t

Objectives: Among the few studies examining patterns of COVID-19 spread in border regions, findings are
highly varied and partially contradictory. This study presents empirical results on the spatial and temporal
dynamics of incidence in 10 European border regions. We identify geographical differences in incidence
between border regions and inland regions, and we provide a heuristic to characterise spillover effects.
Study design: Observational spatiotemporal analysis.
Methods: Using 14-day incidence rates (04/2020 to 25/2021) for border regions around Germany, we
delineate three pandemic ‘waves’ by the dates with the lowest recorded rates between peak incidence.
We mapped COVID-19 incidence data at the finest spatial scale available and compared border regions’
incidence rates and trends to their nationwide values. The observed spatial and temporal patterns are
then compared to the time and duration of border controls in the study area.
Results: We observed both symmetry and asymmetry of incidence rates within border pairs, varying by
country. Several asymmetrical border pairs feature temporal convergence, which is a plausible indicator
for spillover dynamics. We thus derived a border incidence typology to characterise (1) symmetric border
pairs, (2) asymmetric border pairs without spillover effects, and (3) asymmetric with spillover effects. In
all groups, border control measures were enacted but appear to have been effective only in certain cases.
Conclusions: The heuristic of border pairs provides a useful typology for highlighting combinations of
spillover effects and border controls. We conclude that border control measures may only be effective if
the timing and the combination with other non-pharmaceutical measures is appropriate.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Efforts to stem the interregional spread of SARS-CoV-2 rely
largely on carefully timed policies to reduce vector mobility.1

Border management has therefore been a highly visible and often
utilised form of non-pharmaceutical pandemic control following
the SARS-CoV-2 outbreak, despite the rather controversial and le-
gally complex nature of border policy.2e4

Very few studies have examined patterns of COVID-19 spread
and containment in and across border regions, with several notable
exceptions. Alizon et al.5 and Klatt6 conducted regional analyses of
COVID-19, providing some initial data, while Duvernet7 found that
border control measures do not show a clear impact in the German
context. Conversely, Hossain et al.8 postulate a positive effect in
mainland China. Scarpone et al.9 identified clusters of high COVID-

19 incidence rates in several of Germany’s border regions and
underscored the need for further research to directly examine the
role of borders and border controls in SARS-CoV-2 containment.

This report responds directly to this need for closer investigation
by providing initial results from our examination of border regions’
roles in the spatial and temporal dynamics of COVID-19, focussing
on Germany and its nine bordering countries. The objectives of this
study were to (i) identify geographical differences in incidence
rates between border regions and inland regions in the study area,
(ii) identify possible spill-over effects in border regions, and (iii)
conduct a preliminary examination of the spatiotemporal associa-
tion between border controls and COVID-19 incidence.

Methods

This analysis uses 14-day incidence rates (reported confirmed
cases per 100,000 inhabitants) fromweek 04/2020 to week 25/2021
for border regions in and around Germany. Datawere acquired from
open data sources at the European Centre for Disease Prevention and
Control and the Swiss Federal Office of Public Health. For several
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regions, data were only available beginning in week 18/2020. We
delineated three pandemic ‘waves’, differentiated by the dates with
lowest recorded rates between peak incidence in Germany and the
resultsweremappedandanalysed.Asearly-pandemicdatawereonly
available for Belgium, Germany, and France, we focus particularly on
waves 2 and 3, which feature complete data for all ten countries.

Our analysis uses COVID-19 incidence data at the finest spatial
scale for which data were available (NUTS3 in DE, CZ; NUTS2 in PL,
NL, CH, FR, DK, AT; NUTS1 in BE), and we compare their border
regions’ incidence rates to their nationwide values (NUTS0).
Administrative areas adjacent to a national border (including
NUTS3 regions with min. 25% of their area within a 25 km buffer
along the border, see Supplement S1) were selected and assigned a
categorical variable for pandemic wave and country. The border
regions’ incidence rates presented herein result from the non-
weighted averages of their subunits.

(Land) Border control measures were defined as official sus-
pensions of the Schengen agreement.10 The incidence rates and
border control measures were analysed on the level of border pairs.
The German-Czech border regionwas divided into two border pairs
due to large differences in the spatiotemporal patterns between the
CZ-Bavaria (BY) and CZ-Saxony (SN) regions. Bivariate linear
models were run to examine the strength of correlation for inci-
dence rates between border pairs.

Results

Many border pairs exhibit differences in their spatial and tem-
poral development (see Supplement S1). These results exhibit both
symmetry and asymmetry of incidence across border pairs. Several
asymmetrical border pairs feature temporal convergence, which is
a plausible indicator for spillover dynamics.

Based on the observed spatiotemporal patterns, we derived the
following border incidence typology, summarising both a/symmetry
and convergence/spill over. Four representative border pairs are
shown in Fig. 1, and all border pairs can be found in the appendix
(Supplement S2e7).

(1) Symmetric border pairs feature similar incidence rates and/
or congruent trends on both sides of the border. In these
instances, the border does not appear to inhibit infection
dynamics. The border pair DK-DE in the first wave is a typical
example featuring parallel temporal development (Fig. 1).

(2) Asymmetric border pairs without spillover effects exhibit
clear differences in their incidence rates and/or temporal
trends. Over time, the values do not converge, i.e., spillover
effects across the border appear unlikely. The BE-DE pair
during the second wave shows clearly contrasting trends (a
ten-fold difference, see Fig. 1). During this time, German
border regions feature similar patterns as the German inland
rates. As such, this asymmetry may indicate effective
containment inhibiting any spillover effects.

(3) Several border pairs are asymmetric with spillover effects,
showing clear differences in the level of incidence while
featuring temporal convergence. In these cases, a time lag
between the peak incidence rates and an incomplete
convergence are visible. The border pair CZ-BY during the
second wave illustrates this pattern, with the incidence in
Bavaria rising 8e9 weeks after the initial spike in the Czech
Republic. During this time, the incidence rates in the German
border region are notably higher than the national average,
suggesting a spillover effect in this region.

While the CZ-BY case displays moderate evidence of spill over,
the CZ-SN border pair during the second wave case features a much

stronger trend. The time lag is also approximately 8e9 weeks, but
the convergence effect is much stronger (Fig. 1). The temporal dy-
namics in this region may provide an indication of a recurrent ‘yo-
yo’ effect throughout the second and third waves. The incidence
rates in Saxony appear to be decoupled from the German average
values, which may provide further evidence of a spillover effect (in
contrast to Duvernet,7 but similar to Hossain et al.8).

For the asymmetric border pairs with spillover effects, bivariate
linear regressions indicated a high degree of correlation between
incidence rates on either side of the border. For example, in the
second wave, the CZ-SN pair exhibits a high degree of similarity
with an R-square value of 0.82 (P < 0.001), while CZ-BY has an R-
square of 0.666 (P < 0.001). Other border pairs featured a range
between 0.451 and 0.262 (P < 0.073). These preliminary results
provide evidence of a statistical dependence in all asymmetric
border pairs with spillover effects. Asymmetrical border pairs
without spillover effects do not feature correlation of rates.

All ten border pairs are therefore categorised by their a/symmetry
anddurationofbordercontrolmeasures.Among thosewithnoborder
controls (or brief controls lasting less than 14 days), PL-DE, CZ-BY, and
CZ-SN all exhibited asymmetry with spillover effects in the second
wave. For the CZ-SN border pair, the difference between the second
and third waves is strongly pronounced. In contrast, the border con-
trols throughout the third wave are coincident with a weaker degree
of symmetry. The remainingborderpairsduringwaves1and3didnot
exhibit observable cross-border spillover effects.

Among borders that experienced border-crossing restrictions of
14 days or longer, symmetrical spatiotemporal development was
observed in the first wave for DK-DE, PL-DE, and CZ-SN, and
recurrent symmetry for DK-DE in the third wave. Also, during the
third wave, CZ-SN and CZ-BY experienced border controls but still
exhibited clear spillover effects. Border controls in other regions
coincide with a lack of observable spill over, suggesting that the
border-crossing restrictions may have been effective.

A notable outlier was observed for the Belgian-German border.
During the peak incidence period of the second wave, no border
controls were enacted. Nevertheless, a high degree of asymmetry
suggests minimal or no spillover effects. In contrast, the third wave
was accompanied by border controls, corresponding with increas-
ingly asymmetrical development.

Discussion

Our preliminary results indicate that national borders may play a
role in explaining the observed patterns of COVID-19 incidence,
despite being within the Schengen Area. The outliers noted in our
observations suggest that border controls were not universally
effective for preventing spillover effects and that their effectiveness
may bemore closely related to the specific restrictions andmeans of
enforcement, underscoring the need for detailed case studies to
ascertain specifically the categories of measures that may be
effective.

While some borders exhibited strong cross-border spillover ef-
fects, others appear to have been effective at controlling the spread of
SARS-CoV-2. However, the ability to infer the effect of border controls
may be inhibited bymissing incidence data for certain regions in the
early phases of the pandemic, as well as different spatial resolutions,
i.e., that someregions report incidencebyNUTS2whilothers report at
the NUTS3 scale. Border control measures are one of many non-
pharmaceutical measures, such as lock-ins, compulsory masks, and
social distancing; the observed cross-border differences may reflect
policy differences in this regard. However, the complexity of the
observed patterns underscores the need for detailed examination of
specific border control measures and consideration of how multiple
non-pharmaceutical measures can be utilised.

T. Chilla, T. Große, S. Hippe et al. Public Health 202 (2022) 80e83

81



0

100

200

300

400

500

600

700

800

900

DK-DE 

Denmark Germany

Danish border regions German border regions

Border controls DE to DK Border controls DK to DE

0

200

400

600

800

1000

1200

1400

1600

1800

2000

CZ-BY 

Czech Republic Germany

Czech border regions Bavarian border regions

Border controls DE to CZ Border controls CZ to DE

0

500

1000

1500

2000

2500

3000

BE-DE 

Belgium Germany

Belgian border regions German border regions

Border controls DE to BE Border controls BE to DE

0

200

400

600

800

1000

1200

1400

1600

1800

2000

CZ-SN 

Czech Republic Germany

Czech border regions Saxon border regions

Border controls DE to CZ Border controls CZ to DE

Fig. 1. Timeline of incidence rates and border controls for four selected border pairs. Axes labeles: Y = Confirmed cases per 100,000 inhabitants, X = Week.

T. Chilla, T. Große, S. Hippe et al. Public Health 202 (2022) 80e83

82



Author statements

Acknowledgements

The authors wish to extend their thanks to all data providers
listed herein.

Ethical approval

This analysis only uses anonymised, open data at the aggregate
level and is therefore low-risk and not subject to ethics approvals at
the host institution.

Funding

This study did not receive any external funding. T.G. was sup-
ported by supplemental research funding provided by Friedrich-
Alexander-Universit€at Erlangen-Nürnberg. B.B.W. is supported by
the German Federal Ministry for Education and Research (BMBF).

Competing interests

The authors declare that they have no conflict of interest in the
submission and publication of this manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2021.11.006.

References

1. Flaxmann S, Mishra S, Gandy A, Unwin JT, Mellan TA, Coupland H, et al.
Estimating the effects of non-pharmaceutical interventions on COVID-19 in
Europe. Nature 2020;584:257e61. https://doi.org/10.1038/s41586-020-
2405-7.

2. Opiłowska E. The Covid-19 crisis: the end of a borderless Europe? Eur Soc
2021;23:589e600. https://doi.org/10.1080/14616696.2020.1833065.

3. Weber F, Wille C. Grenzgeographien der COVID-19-Pandemie. In: Weber F,
Wille C, Caesar B, Hollstegge J, editors. Geographien der Grenzen. R€aume e

Grenzen e Hybridit€aten. Wiesbaden: Springer VS; 2020. p. 191e223. https://
doi.org/10.1007/978-3-658-30950-3_9.

4. Zhu Z, Weber E, Strohsal T, Serhan D. Sustainable border control policy in the
COVID-19 pandemic: a math modeling study. Trav Med Infect Dis 2020;41:
102044. https://doi.org/10.1016/j.tmaid.2021.102044.

5. Alizon S, Haim-Boukobza S, Foulongne V, Verdurme L, Trombert-Paolantoni S,
Lecorche E. Rapid spread of the SARS-CoV-2 Delta variant in some French re-
gions. Euro Surveill 2021;26(28). pii¼2100573. https://doi.org/10.2807/1560-
7917.ES.2021.26.28.2100573.

6. Klatt M. What has happened to our cross-border regions? Corona, Unfamil-
iarity and transnational borderlander activism in the Danish-German border
region. In: Borders in Perspective, vol. 4; 2020. p. 43e7. https://doi.org/
10.25353/ubtr-xxxx-b825-a20b.

7. Duvernet C. Die Verbreitung von COVID-19 in Grenzregionen. Inf Rau-
mentwickl 2021;2:50e9. Available at: https://elibrary.steiner-verlag.de/
journal/izr/48/2.

8. Hossain MP, Junus A, Zhu X, Jia P, Wen TH, Pfeiffer D, et al. The effects of border
control and quarantine measures on the spread of COVID-19. Epidemics
2020;32:100397. https://doi.org/10.1016/j.epidem.2020.100397.

9. Scarpone C, Brinkmann ST, Große T, Sonnenwald D, Fuchs M, Walker BB.
A multimethod approach for county-scale geospatial analysis of emerging in-
fectious diseases: a cross-sectional case study of COVID-19 incidence in Ger-
many. Int J Health Geogr 2020;19:32. https://doi.org/10.1186/s12942-020-
00225-1.

10. European Commission (EC). Data from: member States' notifications of the
temporary reintroduction of border control at internal borders pursuant to Article
25 and 28 et seq. of the Schengen Borders Code. EC; June 13,2021. https://ec.
europa.eu/home-affairs/what-we-do/policies/borders-and-visas/schengen/
reintroduction-border-control_en.

T. Chilla, T. Große, S. Hippe et al. Public Health 202 (2022) 80e83

83

https://doi.org/10.1016/j.puhe.2021.11.006
https://doi.org/10.1038/s41586-020-2405-7
https://doi.org/10.1038/s41586-020-2405-7
https://doi.org/10.1080/14616696.2020.1833065
https://doi.org/10.1007/978-3-658-30950-3_9
https://doi.org/10.1007/978-3-658-30950-3_9
https://doi.org/10.1016/j.tmaid.2021.102044
https://doi.org/10.2807/1560-7917.ES.2021.26.28.2100573
https://doi.org/10.2807/1560-7917.ES.2021.26.28.2100573
https://doi.org/10.25353/ubtr-xxxx-b825-a20b
https://doi.org/10.25353/ubtr-xxxx-b825-a20b
https://elibrary.steiner-verlag.de/journal/izr/48/2
https://elibrary.steiner-verlag.de/journal/izr/48/2
https://doi.org/10.1016/j.epidem.2020.100397
https://doi.org/10.1186/s12942-020-00225-1
https://doi.org/10.1186/s12942-020-00225-1
https://ec.europa.eu/home-affairs/what-we-do/policies/borders-and-visas/schengen/reintroduction-border-control_en
https://ec.europa.eu/home-affairs/what-we-do/policies/borders-and-visas/schengen/reintroduction-border-control_en
https://ec.europa.eu/home-affairs/what-we-do/policies/borders-and-visas/schengen/reintroduction-border-control_en


Original Research

COVID-19 vaccination acceptability in the UK at the start of the
vaccination programme: a nationally representative cross-sectional
survey (CoVAccS e wave 2)

S.M. Sherman a, *, J. Sim b, M. Cutts a, H. Dasch c, d, R. Amlôt e, f, G.J. Rubin d, f,
N. Sevdalis c, d, L.E. Smith d, f

a Keele University, School of Psychology, UK
b Keele University, School of Medicine, UK
c King's College London, Centre for Implementation Science, UK
d King’s College London, Institute of Psychiatry, Psychology and Neuroscience, UK
e Public Health England, Behavioural Science Team, Emergency Response Department Science and Technology, UK
f NIHR Health Protection Research Unit in Emergency Preparedness and Response, UK

a r t i c l e i n f o

Article history:
Received 20 May 2021
Received in revised form
6 October 2021
Accepted 9 October 2021
Available online 18 October 2021

Keywords:
Hesitancy
Side effects
Beliefs
Attitudes
Barriers
Covid-19 vaccines

a b s t r a c t

Objectives: Investigate factors associated with the intention to have the COVID-19 vaccination following
initiation of the UK national vaccination programme.
Study design: An online cross-sectional survey completed by 1500 adults (13the15th January 2021).
Methods: Linear regression analyses were used to investigate associations between intention to be
vaccinated for COVID-19 and sociodemographic factors, previous influenza vaccination, attitudes and
beliefs about COVID-19 and COVID-19 vaccination and vaccination in general. Participants’ main reasons
for likely vaccination (non-)uptake were also solicited.
Results: 73.5% of participants (95% CI 71.2%, 75.7%) reported being likely to be vaccinated against COVID-
19, 17.3% (95% CI 15.4%, 19.3%) were unsure, and 9.3% (95% CI 7.9%, 10.8%) reported being unlikely to be
vaccinated. The full regression model explained 69.8% of the variance in intention. Intention was asso-
ciated with: having been/intending to be vaccinated for influenza last winter/this winter; stronger beliefs
about social acceptability of a COVID-19 vaccine; the perceived need for vaccination; adequacy of in-
formation about the vaccine; and weaker beliefs that the vaccine is unsafe. Beliefs that only those at
serious risk of illness should be vaccinated and that the vaccines are just a means for manufacturers to
make money were negatively associated with vaccination intention.
Conclusions: Most participants reported being likely to get the COVID-19 vaccination. COVID-19 vacci-
nation attitudes and beliefs are a crucial factor underpinning vaccine intention. Continued engagement
with the public with a focus on the importance and safety of vaccination is recommended.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

One year on from the emergence of COVID-19 in China in
December 2019, there have been more than 112 million cases of
COVID-19 and nearly 2.5 million deaths worldwide.1 While coun-
tries have implemented a variety of public health measures to try to
prevent the spread of the virus, scientists across the world have

worked on developing effective vaccines. On 2nd December 2020,
the United Kingdom (UK) became the first country to approve a
COVID-19 vaccine that had been through a large-scale trial,2 and on
8th December, the first dose of the Pfizer/BioNTech vaccine was
administered.3 This was swiftly followed by UK approval of the
Oxford/AstraZeneca vaccine on 30th December 2020 and the
Moderna vaccine on 8th January 2021. Given the severity of the
pandemic and associated clinical outcomes, it is imperative that
COVID-19 vaccination uptake is maximised so that, alongside
ongoing protective public health practices, the spread of infection
can be reduced.4 To achieve this, we need to understand the factors
that affect people's willingness to have a vaccine.
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The existing peer-reviewed research exploring the acceptability
of a COVID-19 vaccination was all conducted before a vaccine was
available,5e8 when details about the actual vaccine were still a
matter of speculation. For example, in a survey of 1500 UK adults
that we conducted in July 2020,5 64% of participants reported being
very likely to be vaccinated against COVID-19, 27%were unsure, and
9% reported being very unlikely to be vaccinated. Intention to be
vaccinated was associated with: more positive general COVID-19
vaccination beliefs and attitudes; weaker beliefs that the vaccina-
tion would cause side effects or be unsafe; greater perceived infor-
mation sufficiency to make an informed decision about COVID-19
vaccination; greater perceived risk of COVID-19 to others; older age;
and having been vaccinated for influenza the previous year. Studies
conducted before a vaccine was available provided useful data with
which to start planning communication strategies about vaccine
rollout.With national vaccination programmes currently underway
internationally, further research is needed to understand how
COVID-19 vaccine acceptance and factors affecting acceptance
might have changed now that vaccination has materialised.

Contextual factors such as news stories and media coverage also
influence vaccine acceptance.9 The approval of the COVID-19 vac-
cines and the rollout of the vaccination programme has been
accompanied by considerable press reporting of the differences
between the vaccines, including the type of technology used
(mRNA vs viral vector10), speculation about levels of efficacy
observed in clinical trials, and potential variation of effectiveness in
a public health context.11 Therewas coverage related to two doctors
in the United Kingdomwho had an allergic reaction to the vaccine12

and some controversy over the deviation from prior clinical trial
administration of the required 2 doses of each vaccine 3 weeks
apart so that they were administered 12 weeks apart,13 as well as
the potential to mix vaccine types.14 These issues may also have
influenced COVID-19 vaccine acceptance.

The aim of this study was to investigate associations between
COVID-19 vaccination intention and sociodemographic, psycho-
logical, and contextual factors in a demographically representative
sample of the UK adult population at the start of the COVID-19
vaccination programme rollout.

Methods

Design

We conducted an online cross-sectional survey (13th to 15th
January 2021) hosted on Qualtrics.

Participants

Participants (n ¼ 1500) were recruited through Prolific's online
research panel and were eligible for the study if they were aged
eighteen years or over, lived in the United Kingdom, and had not
completed our previous survey5 (n > 31,000 eligible participants).
Prolific set quotas based on UK census data to ensure respondents
were broadly representative of the UK population in terms of age,
sex and ethnicity. Of 1508 people who began the survey, 1503
completed it (99.7% completion rate). Three participants were
excluded from the sample as they did not meet quality control
checks (specifically, they failed to correctly answer two or more of
three attention check questions). Participants were paid £2 for a
completed survey.

Measures

Full survey materials are available online.15 Most items were the
same as those in the UK survey reported above,5 which was

conducted in July 2020 and consisted of items that were based on
previous literature.16e20 Some further items were added, and some
removed or amended to reflect the availability of specific COVID
vaccinations and the timing of the survey.

Personal and clinical characteristics

We asked participants to report their age, gender, ethnicity,
religion, highest educational or professional qualifications, current
working situation, and total household income. We also asked
participants what UK region they lived in, how many people lived
in their household, whether they or someone else in their
household (if applicable) had a long-standing illness, disability or
infirmity and, if so, whether they had received a letter from the
NHS recommending that they took extra precautions against
coronavirus (‘shielding’) or whether they had a chronic illness that
made them clinically vulnerable to serious illness from COVID-19.
We also asked whether they or anyone they lived with were
classified as obese or were pregnant and if they worked or vol-
unteered in roles considered critical to the COVID-19 response
(‘key worker’ roles).

Last, we asked participants whether they had been vaccinated
for seasonal influenza last winter and/or had (or intended to be)
this winter (yes/no).

Psychological and contextual factors

Participants were asked to what extent they thought ‘corona-
virus poses a risk to’ people in the United Kingdom and to them-
selves personally, on a five-point scale, from ‘no risk at all’ to ‘major
risk’. They were asked if they thought they ‘have had, or currently
have, coronavirus’. Participants could answer ‘I have definitely had
it or definitely have it now’, ‘I have probably had it or probably have
it now’, ‘I have probably not had it and probably don't have it now’,
and ‘I have definitely not had it and definitely don't have it now’.
They were also asked if they personally knew anyone who had had
COVID-19 (yes/no).

Further, we asked participants a series of eight questions about
their attitudes towards COVID-19. They were asked whether, as far
as they knew, they were in one of the groups that had so far been
offered the vaccine. Participants were then asked if they had been
vaccinated (yes, I've had one/two doses/no), and if they answered
yes, they were asked which vaccine they had received (Pfizer-Bio-
NTech/Oxford University-AstraZeneca). All participants were then
asked 21 questions about COVID-19 vaccination. Statements
measured theoretical constructs, including perceived susceptibility
to COVID-19, the severity of COVID-19, benefits of a COVID-19
vaccine, barriers to being vaccinated against COVID-19, ability to
be vaccinated (self-efficacy), subjective norms, behavioural control,
anticipated regret, knowledge, trust in the Government, and trust
in the NHS. These items also investigated concerns about com-
mercial profiteering and participants' beliefs about vaccination
allowing life to get back to ‘normal’ and having to follow social
distancing and other restrictions for COVID-19 if vaccinated. Par-
ticipants rated the statements on an eleven-point scale (0e10) from
‘strongly disagree’ to ‘strongly agree’. We adjusted the wording to
make the grammatical tense either retrospective for those who had
received the vaccine or prospective for those who had not. Partic-
ipants who had not yet received a vaccine were additionally asked
how likely they thought it was that theywould get side effects from
a coronavirus vaccine. We also asked participants if the coronavirus
vaccination had been recommended to them by a health care
professional and whether their employer did/would want them to
have the COVID-19 vaccination. The order of items was quasi-
randomised.
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Outcome measure

To measure vaccination intention, we asked participants who
had not yet been vaccinated to state how likely they would be to
have a COVID-19 vaccination ‘now that a coronavirus vaccination is
available’ on an eleven-point scale from ‘extremely unlikely’ (0) to
‘extremely likely’ (10).

We additionally asked participants to report the main reason
why they were likely or unlikely to have a coronavirus vaccination
in an open-text comment box.

Ethics

Ethical approval for this study was granted by Keele University's
Research Ethics Committee (reference: PS-200129).

Sample size

A target sample size of 1500 was chosen to provide a high ratio
of cases to estimated parameters in order to avoid overfitting and
loss of generalisability in the regression model.21

Analysis

To identify variables associated with an intention to have the
COVID-19 vaccination in thosewho had not yet been vaccinated, we
constructed a linear regression model. Ordinal and multinomial
predictors were converted to dummy variables. To aid interpreta-
tion of the model and to achieve a more parsimonious set of pre-
dictor variables, we ran principal component analyses22 on items
investigating beliefs and attitudes about a) COVID-19 and b) COVID-
19 vaccination. This resulted in a smaller number of new variables
(components) that are linear combinations of the original items
and represent different latent dimensions that underlie these
items. The components were generated separately for the items
relating to COVID-19 as an illness and those relating to COVID-19
vaccination, and the components were named in accordance with
the items that loaded most heavily upon them.

Variables entered into the regression model were selected a
priori based on their theoretical relevance; no variable selection
procedures were employed. Five groups of variables were included
in the model: personal and clinical characteristics; seasonal influ-
enza vaccination; general beliefs and attitudes relating to vacci-
nation; beliefs and attitudes relating to COVID-19 illness; and
beliefs and attitudes relating to COVID-19 vaccination. The per-
centage of variance in the outcome variable explained by each
predictor was calculated as the squared semipartial correlation for
a numerical or binary predictor and the change in R2 attributable to
a set of dummy variables.

As well as fitting the full model, we also added the groups of
variables as successive blocks in a hierarchical model to determine
the incremental increase in the adjusted R2 value as these groups of
variables were added to the model.

Due to the large number of predictors in the model, statistical
significance was set at P � .01 to control Type 1 errors, and 99%
confidence intervals (CIs) were correspondingly calculated for the
regression coefficients. Assumptions of the analysis were checked.
Analyses were conducted in SPSS 26.

To analyse open-ended responses for reasons why participants
were likely or unlikely to have a coronavirus vaccination, we con-
ducted a content analysis using an emergent coding approach,
whereby codes were identified from the data rather than a priori.23

Two authors (MC and HD) jointly coded a small sample of state-
ments to understand the scope of the data. They then each inde-
pendently coded sufficient responses that they achieved a run of 15

statements without encountering any new codes. At this point, they
compared the codes they had generated and discussed any dis-
crepancies. They then independently applied these codes to the rest
of the statements, after which they checked that they had applied
the same codes across the statements and discussed and resolved
any additional codes and any discrepancies. This process was first
applied to those participants who were uncertain about whether
they would have the vaccine, then to those who were unlikely
to have it, and finally to those participants who were likely to have
it.

Results

Participants were broadly representative of the UK population
(mean age 45.6 years, SD ¼ 15.6, range 18e86; 51% female; 85%
white ethnicity; Table 1, see Supplementary Materials 1 for further
breakdown). At the time of completing the survey, only 30 re-
spondents had received one or both doses of a coronavirus vaccine.

Descriptive statistics for items assessing psychological factors
are reported in Tables 2 and 3. These tables show that participants
wereworried about catching coronavirus and did not believe that it
would be a mild illness for them. Approximately three-quarters of
participants (76.7%) believed COVID-19 posed a moderate or higher
risk to them personally. It was also noteworthy that participants
reported considerably more trust in the NHS compared to the
Government regarding managing the pandemic.

Principal component analyses

Four components emerged from the principal component
analysis on beliefs and attitudes about COVID-19, accounting for
75% of the variance in original items, and five components emerged
from the principal component analysis investigating items related
to a COVID-19 vaccination, accounting for 68% of the variance in the
original items (see Supplementary Materials 2).

Vaccination intention

Participants' vaccination intention (in participants who had not
already received one or both doses) is presented in Fig. 1. Vacci-
nation intention exhibited a marked negative skew (mean ¼ 8.13,
standard deviation ¼ 2.96, median ¼ 10.00). In order to categorise
respondents in terms of their vaccination intention, we applied a
priori cut-points to the 0e10 scale (with scores of zero to two as
‘very unlikely’, three to seven as ‘uncertain’ and eight to ten as ‘very
likely’, as per our July 2020 survey [5]). On this basis, 9.3% (95% CI
7.9%, 10.8%) reported being very unlikely to be vaccinated (n¼ 136),
17.3% (95% CI 15.4%, 19.3%) reported being uncertain about their
likelihood of vaccination (n ¼ 254), and 73.5% (95% CI 71.2%, 75.7%)
reported being very likely to be vaccinated (n ¼ 1080).

The final model explained 69.8% of the variance in intention to
vaccinate (Table 4). Increased likelihood of being vaccinated for
COVID-19 was significantly associated with having been vaccinated
for influenza last or this winter (or intending to do so this winter),
and with all of the components derived from the items relating to
COVID-19 vaccination, other than ‘freedom from restrictions through
the vaccine’. Vaccination intention also showed a significant nega-
tive association with beliefs that only people who are at risk of
serious illness from coronavirus need to be vaccinated and that
widespread coronavirus vaccination is just a way to make money
for vaccine manufacturers.

The principal component that related to the necessity of vacci-
nation explained more variance in vaccination intention than any
other predictor in the statistical model, followed by the principal
components concerning social acceptance and safety of the vaccine.
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Other significant predictors only explained small percentages of
variance.

When the groups of variables were entered hierarchically as
blocks, we could infer the percentage of additional variance
explained by each block from the change in incremental adjusted
R2. Personal and clinical characteristics (block 1) alone explained
very little (8.8%) of the variance in intention to be vaccinated.When
previous influenza vaccination (block 2) was added, it explained an
additional 6.4% of the variance. Adding general vaccination beliefs
and attitudes (block 3) resulted in the largest increase in percentage
(25.1%) of explained variance (although in the full model, the pre-
dictors in this group were no longer significant). When beliefs and
attitudes about COVID-19 (block 4) were added to the model, they
explained 6.5% more of the variance in vaccination intention.
Adding positive beliefs and attitudes about a COVID-19 vaccination
(block 5) explained a further 23.0% of the variance. Each block
explained a statistically significant percentage of the variance
(P < .001 in each case).

Content analysis

Of the 1470 participants who had not yet received a vaccine and
were asked to give a reason for the score provided on the likelihood
of having the vaccination question, 1461 participants (99.4%) pro-
vided a response. Answers ranged from one word to 455 words
(mean ¼ 20.3, SD ¼ 20.6). The content analysis generated 102
unique codes. The codes were then further organised into themes,
and these, along with a frequency count of comments per theme,
are presented in Table 5. A breakdown of codes and themes is
provided in Supplementary Materials 3.

The two most frequently cited reasons to support the score
participants gave on the likelihood question related to protecting
themselves or others. These were primarily the reasons given by
participants who indicated they were likely to have the vaccine. In
comparison, the most frequently provided reasons provided by
participants who were uncertain or unlikely to have the vaccine
were related to safety concerns about the COVID-19 vaccine.

Discussion

The UK government has set a target of offering the first dose of a
COVID-19 vaccine to all adults in the United Kingdom by the end of
July 2021.24 In this study conducted in January 2021, three-quarters
of participants reported being very likely to have the vaccination.
This is higher than the 64% who reported being very likely to have
the vaccination in our study conducted in July 20205 and is
consistent with increases in vaccination intention reported else-
where. For example, in a recent (March 2021) YouGov poll in the
UK, 86% of respondents had either already been vaccinated or re-
ported that they would get the vaccine.25 Despite the relatively
high intention reported in our study and recent polling, we cannot
be complacent about uptake. News stories are emerging almost
every week about different variants of the virus, as well as issues
around differential uptake of individual vaccines across the
world,26 and it is important to understand the factors associated
with intention in order to maximise uptake and offset any adverse
media reporting, social media misinformation, and the like.

Our results indicate that greater intention to have the COVID-19
vaccination was associated with having been vaccinated for influ-
enza last or this winter or intending to be this winter. This is
consistent with our previous findings,5 as well as with findings
from the US27 and Europe.28 However, several of the COVID-19

Table 1
Participant characteristics.

Personal and clinical
characteristics

Level n (%)

Sex Male 728 (48.5)
Female 765 (51.0)
Other 6 (.1)
Prefer not to say 1 (.1)

Ethnicity White 1269 (84.6)
Black and minority ethnic 224 (14.9)
Prefer not to say 7 (.5)

Religion No religion 793 (52.9)
Christian 571 (38.1)
Other religion 114 (7.5)
Prefer not to say 22 (1.5)

Highest qualification Degree equivalent or higherc 817 (54.5)
Other or no qualifications 677 (45.1)
Prefer not to say 6 (.4)

Employment status Full-time 649 (43.3)
Part-time 269 (17.9)
Not working/other 572 (38.1)
Don't know 1 (.1)
Prefer not to say 9 (.6)

Key worker Yes 500 (33.3)
No 1000 (66.7)

Total household incomea Under £10,000 94 (6.3)
£10,000e£19,999 215 (14.3)
£20,000e£29,999 249 (16.6)
£30,000e£39,999b 236 (15.7)
£40,000e£49,999 179 (11.9)
£50,000e£74,999 261 (17.4)
£75,000 or over 161 (10.7)
Don't know 18 (1.2)
Prefer not to say 87 (5.8)

Region where respondent livesa East Midlands 127 (8.5)
East of England 111 (7.4)
London 205 (13.7)
North East 61 (4.1)
North West 176 (11.7)
Northern Ireland 27 (1.8)
Scotland 116 (7.7)
South East 239 (15.9)
South West 131 (8.7)
Wales 56 (3.7)
West Midlands 122 (8.1)
Yorkshire and the Humber 127 (8.5)
Prefer not to say 2 (.1)

Number of people in
householda

1 233 (15.5)
2b 587 (39.1)
3e4 563 (37.5)
5e6 105 (7.0)
7 or more 9 (.6)
Prefer not to say 3 (.2)

Extremely clinically vulnerable

e respondent

Yes 344 (22.9)
No 1156 (77.1)

Extremely clinically vulnerable

e other(s) in household

Yes 254 (16.9)
No 1010 (67.4)
Not applicable/prefer
not to say

236 (15.7)

Influenza vaccination last
winterd

Yes 457 (30.5)
No 1040 (69.3)
Don't know 1 (.1)
Prefer not to say 2 (.1)

Influenza vaccine this winterd Yes 581 (38.7)
No, but intend to 180 (12.0)
No, and don't intend to 723 (48.2)
Don't know 13 (.9)
Prefer not to say 3 (.2)

a Not included in regression model.
b Median category.
c Undergraduate (e.g. BA, BSc) or postgraduate (e.g. MA, MSc, PhD) degree or

other technical, professional or higher qualification.
d Combined into a single variable in the regression model.
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vaccination beliefs and attitudes explained a more substantial
proportion of the variance in vaccination intention. Intention was
associated with greater perceived social norms around COVID-19
vaccination and the greater perceived necessity of vaccination.
These items map onto theoretical constructs that have previously
been shown to influence the adoption of health behaviours: sub-
jective norms and perceived susceptibility.5 Previous studies
exploring vaccine intentions have also found high levels of positive
social norms favouring the vaccine29 and that intention is associ-
ated with increased levels of concern related to the risks of the
disease.28,30 We also found that lower intention was associated
with reduced belief in the safety of the vaccine, and this has been
found consistently across studies exploring COVID-19 vaccine in-
tentions7,8 and vaccine hesitancy.8 This was also reflected in the
content analysis of participants’ open-ended responses, in which
issues related to vaccine safety were the most frequently identified
reason for lower vaccination intention in the participants we clas-
sified as uncertain or very unlikely to have the vaccine. This is also
consistent with the free-text responses given in an English study
exploring vaccine acceptability conducted April to May 2020.7

Since there was less than a year between the genetic code of
COVID-19 being made public and the first COVID-19 vaccine being
approved, this belief is perhaps unsurprising. However, it does

make it essential that there is sufficient engagement with the
public's concerns and that good-quality and credible information
continues to be made available about the vaccine. This recom-
mendation is reinforced by the association in our data of perceived
adequacy of information about the vaccine to facilitate an informed
decision with vaccination intention. Since free-text responses
related to safety were the most frequent category of response from
uncertain responders, it is likely that any reporting of safety con-
cerns in the media may well shift the balance in favour of not being
vaccinated, as has been observed previously.31 The WHO guideline
for emergency risk communication makes the strong recommen-
dation that ‘Communication by authorities to the public should
include explicit information about uncertainties associated with
risks, events and interventions, and indicatewhat is known and not
known at a given time.’32 However, it is imperative that halting the
rollout of the vaccination programme because of unproven risks, as
seen in some European countries in March 2021,26 should be
avoided, as this is likely to damage uptake once vaccination is
restarted.

Vaccination intention in our study was also associated with a
weaker belief that only people who are at risk of serious illness
from coronavirus need to be vaccinated, and free-text responses
associated with protecting others were frequently given to explain

Table 2
Descriptive statistics for continuous items measuring beliefs and attitudes about COVID-19 and a COVID-19 vaccination and vaccination intention. Data are mean (standard
deviation) on a 0e10 numerical rating scale (0 ¼ strongly disagree, 10 ¼ strongly agree), except where indicated. Also shown is the principal component (as numbered in
Table 4) on which the items loaded most, for those items included in the principal components analysis (see Supplementary Materials 2).

Item Mean (SD) Related principal
componentb

Attitudes and beliefs
about COVID-19

I am worried about catching coronavirus 6.51 (2.82) 2
I believe that coronavirus would be a mild illness for me 4.44 (2.73) 2
Too much fuss is being made about the risk of coronavirusa 2.01 (2.63) 1
We are all responsible for reducing the spread of coronavirusa 9.23 (1.59) 1
I believe I am immune to coronavirusa 1.06 (1.91) 1
The coronavirus pandemic has had a big impact on my life 7.51 (2.33) 4
I trust the NHS to manage the coronavirus pandemic in the UK 7.39 (2.21) 3
I trust the Government to manage the coronavirus pandemic in the UK 3.99 (2.98) 3

Attitudes and beliefs about
a COVID-19 vaccination

How likely do you think it is that you would get side effects from a coronavirus vaccination
(0 ¼ very unlikely, 10 ¼ very likely)

4.01 (2.45) e

A coronavirus vaccination should be mandatory for everyone who is able to have it 6.27 (3.60) 6
Without a coronavirus vaccination, I am likely to catch coronavirus 6.45 (2.44) 6
Two doses of coronavirus vaccination will protect me against coronavirus 7.52 (2.22) 1
If I don't get the coronavirus vaccination and end up getting coronavirus, I will regret not getting
the vaccinationa

7.92 (3.04) 6

It would be very easy for me to have a coronavirus vaccinationa 7.81 (2.51) 1
The coronavirus vaccination could give me coronavirus 1.59 (2.17) 7
The way the coronavirus vaccines are being given in the UK goes against the manufacturers’
recommendations

4.89 (2.99) e

I might regret getting the coronavirus vaccination if I later experienced side effects from it 4.42 (3.18) 7
The coronavirus vaccination is too new for me to be confident about getting vaccinated 4.05 (3.28) 7
Most people will get a coronavirus vaccination 7.46 (1.75) 5
Other people like me will get a coronavirus vaccinationa 7.94 (2.20) 5
In general, vaccination is a good thinga 9.02 (1.72) e

I am afraid of needlesa 2.77 (3.31) e

If I were vaccinated, I think I would not need to follow social distancing and other restrictions for
coronavirus

2.60 (2.82) 9

I know enough about the coronavirus illness to make an informed decision about whether or not
to get vaccinated

7.73 (2.45) 8

I know enough about the coronavirus vaccine to make an informed decision about whether or
not to get vaccinated

6.79 (2.67) 8

Only people who are at risk of serious illness from coronavirus need to be vaccinated 2.39 (3.04) e

My family would approve of my having a coronavirus vaccinationa 8.58 (2.16) 5
My friends would approve of my having a coronavirus vaccinationa 8.33 (2.09) 5
Widespread coronavirus vaccination is just a way to make money for vaccine manufacturersa 2.05 (2.62) e

The coronavirus vaccine will allow us to get back to ‘normal’ 7.24 (2.32) 5
Vaccination intention Now that a coronavirus vaccination is available, how likely is it you will have one? (0 ¼ very

unlikely, 10 ¼ very likely)a
8.13 (2.96) e

a Skewed variables; mean values should be interpreted cautiously.
b 1¼ perceived severity of COVID-19; 2¼ individual vulnerability to COVID-19; 3¼ trust in COVID-19management; 4¼ impact of COVID-19 on one's life; 5¼ social norms;

6 ¼ the necessity of vaccination; 7 ¼ safety of the vaccine; 8 ¼ adequacy of information about the vaccine; 9 ¼ freedom from restrictions through the vaccine.
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intention to have the vaccine. Statements about protecting others
were only second in the content analysis to those relating to self-
protection, such as a perceived high personal risk of disease
severity, and this is consistent with previous research on COVID-
19 vaccine intentions.7 Since those individuals who are less
likely to vaccinate believe that only those at risk need to be
vaccinated, and those who are more likely to vaccinate favour
protecting others, as well as themselves, it may be that messaging
needs to be tailored to accommodate the possibility that empha-
sising the community benefits of vaccination may not motivate
hesitant individuals.

Several previous studies have found that various sociodemo-
graphic factors are associated with COVID-19 vaccine intention,
such as age,5,30 gender28,33 and ethnicity.7,33 We did not find this in
our study, and it is not entirely clear why that might be. The lack of
impact of ethnicity on intention is perhaps the most striking
absence, given both previous research and evidence from actual
uptake in the United Kingdom, which shows that a significantly
smaller proportion of ethnic minorities compared to white health
care workers have had the COVID-19 vaccine.34 We recruited a
demographically representative sample based on age, gender and
ethnicity. However, the relatively low number of participants from
ethnic minority backgrounds necessitated collapsing our data
across these categories, which may explain why ethnicity was not
associated with intention in our study. The lack of an association
with age is also unexpected, especially since by 19th September
2021, 73.9% of 18e24-year-olds had had at least one dose of the
vaccine compared to 98.3% of 75e79-year-olds.35 The age differ-
ence in actual uptake may in part be due to the way the vaccine was
rolled out to the population, with the vaccine being distributed first
to older age groups (25e29-year-olds first invited 6 months after
distribution to residents in care homes and those aged 80 years and
over).36 The percentage of participants in our samplewho indicated
they were very likely to have the vaccine (73.5%) was lower than
the percentage of the UK population who actually did (89.0% had
had one dose and 82.9% had two doses by 19th September 202135).
This may reflect the fact that our study was conducted when the
vaccine was first rolled out and was not yet available to most of our

participants. As the rollout gathered pace, subjective norms and
perceived susceptibility, both of which are shown to be important
determinants of vaccine willingness in our study, may well have
increased for older adults, with high uptake fuelling subjective
norms and the disparity in reported health outcomes for vaccinated
versus unvaccinated adults fuelling perceived susceptibility.
Furthermore, the UK government and NHS have been proactive in
providing mass vaccination centres, invitations, reminders, and
messaging. A recent study found that younger adults in the UK
demonstrated more vaccine hesitancy and resistance than older
adults,37 which may have prevented the same inflation in uptake
relative to the reported likelihood that we have seen in older adults.
Studies using appropriate sampling techniques are required to
capture and quantify uptake and associated attitudinal differences
across different population cohorts. As the vaccination is made
available to all those who want it, future research could also use-
fully focus on those who are uncertain or unlikely to be vaccinated.

Our regression model explained 70% of the variance in vacci-
nation intention, similar to the figure of 76% in our previous study5;
the remaining unexplained variance will represent predictors that
we did not measure and random measurement error. Given that
social science research in general,38 and public opinion surveys in
particular,39 do not characteristically yield high R2 values owing to
the likelymultiple and complex determinants of individuals' beliefs
and attitudes, we believe that our model demonstrates good
explanatory power.

Finally, the intention to have the COVID-19 vaccine was associ-
ated with a weaker belief that widespread coronavirus vaccination
is just a way to make money for vaccine manufacturers. This is
consistent with research from Hong Kong,40 in which higher levels
of trust in the vaccinemanufacturer were associatedwith increased
willingness to have the COVID-19 vaccine.

Limitations of this study include that wemeasured self-reported
intention rather than actual uptake. Intention is usually higher than
uptake; however, vaccine intention predicts vaccine uptake and so
acts as a useful proxy in the early stages of vaccination rollout. The
survey is cross-sectional, so we are unable to infer causality be-
tween attitudinal factors and intention. Although our sample was

Table 3
Descriptive statistics for categorical and ordinal items measuring beliefs, attitudes and behaviour relating to COVID-19 and a COVID-19 vaccination.

Item Level n (%)

To what extent do you think coronavirus poses a risk to people in the UK? No risk at all 6 (.4)
Minor risk 69 (4.6)
Moderate risk 197 (13.1)
Significant risk 568 (37.9)
Major risk 659 (43.9)
Don't know 1 (.1)

To what extent do you think coronavirus poses a risk to you personally? No risk at all 37 (2.5)
Minor risk 306 (20.4)
Moderate risk 539 (35.9)
Significant risk 424 (28.3)
Major risk 187 (12.5)
Don't know 7 (.5)

Do you believe you have had, or currently have, coronavirus? Definitely not 460 (30.7)
Probably not 621 (41.4)
Probably 164 (10.9)
Definitely 79 (5.3)
Don't know 175 (11.7)
Prefer not to say 1 (.1)

Do you personally know anyone (excluding yourself) who has had coronavirus? Yes 1153 (76.9)
No 336 (22.4)
Don't know 10 (.7)
Prefer not to say 1 (.1)

As far as you know, would your employer want you to have the coronavirus vaccination? Yes 572 (60.6)
No 59 (6.3)
Don't know 313 (33.2)
Not applicable 556
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broadly representative across the dimensions of age, sex, and
ethnicity, representativeness was not specifically sought in the
quota sampling for other dimensions such as location in the United
Kingdom or socio-economic status.

To our knowledge, this is the first peer-reviewed study investi-
gating the intention to receive a COVID-19 vaccination in a demo-
graphically representative sample of the UK population since the
COVID-19 vaccination rollout began in December 2020. Three-
quarters of our sample reported being very likely to have the

COVID-19 vaccination. However, since vaccine uptake may well be
lower than vaccine intention, it is important to understand the
factors associated with intention and to ensure that communica-
tion and engagement strategies related to the vaccination are
informed by those factors. Going forward, it is not yet known for
how long COVID-19 vaccines confer immunity or how effective they
will continue to be against emerging strains as the virus mutates
and, consequently, whether booster vaccines may be required.24 In
order to ensure the success of the current vaccination rollout and

Table 4
Results of the full linear regression model analysing associations with vaccination intention (adjusted R2 ¼ .698). Parameter estimates relate to the full model containing all
predictors. The unstandardised regression coefficients represent the change in likelihood of vaccination for a one-unit increase in the predictor variable (or, for dummy
variables, a shift from the reference category to the category concerned). The figures under ‘% variance explained’ represent the percentage of variance in the outcome variable
uniquely explained by the item (or set of dummy variables) concerned. The model was based on 1401 cases with complete data.

Predictor variable Level Standardised
coefficient

Unstandardised
coefficient

99% confidence
interval

P value % variance
explained

Block 1 e personal and clinical characteristics
Age Years .046 .008 e.001, .018 .023 .11
Sex (reference: female) Male e.024 e.135 e.364, .094 .129 .05
Ethnicity (reference: black and minority ethnic) White e.002 e.016 e.378, .346 .907 <.01
Religion (reference: none) .935 <.01

Christian .000 .003 e.249, .255
Other .006 .068 e.414, .549

Qualifications (reference: other) Degree equivalent
or higher

.028 .162 e.070, .393 .066 .07

Employment status (reference: not working/other) .336 .05
Part-time .014 .105 e.236, .446
Full-time e.014 e.080 e.356, .197

Key worker (reference: not key worker) Key worker e.003 e.018 e.280, .245 .863 <.01
Extremely clinically vulnerable e self (reference: no) Yes e.023 e.155 e.444, .134 .166 .04
Extremely clinically vulnerable e household member

(reference: no)
Yes e.022 e.173 e.474, .129 .140 .05

Block 2 e previous influenza vaccination
Did you/will you have a vaccination for influenza last/this

winter? (reference: no)
Yes .047 .270 .012, .528 .007a .14

Block 3 e general vaccination beliefs and attitudes
Vaccination is generally good (0e10) 0e10 scale .011 .018 e.079, .116 .627 .01
I am afraid of needles (0e10) 0e10 scale .016 .014 e.021, .049 .295 .02

Block 4 e beliefs and attitudes about COVID-19
Perceived risk of COVID-19 to people in the UK (reference:

major)
.822 .02

None/minor e.012 e.166 e.897, .565
Moderate .007 .063 e.380, .507
Significant .002 .015 e.261, .290

Perceived risk of COVID-19 to oneself (reference: major) .021 .21
None/minor .059 .407 e.190, 1.005
Moderate .082 .493 .036, .951
Significant .067 .429 .034, .824

Do you have/have you had COVID-19? (reference: probably/
definitely)

.288 .08
Probably not .028 .163 e.180, .586
Definitely not e.002 e.010 e.375, .355
Don't know .018 .164 e.283, .610

Do you know anybody who has had COVID-19? (reference:
no)

Yes .005 .032 e.246, .310 .764 .02

Component 1: perceived severity of COVID-19 e.028 e.083 e.257, .091 .219 .03
Component 2: individual vulnerability to COVID-19 e.045 e.130 e.308, .048 .060 .08
Component 3: trust in COVID-19 management e.005 e.015 e.144, .114 .766 <.01
Component 4: impact of COVID-19 on one's life e.011 e.031 e.156, .093 .513 .01

Block 5 e beliefs and attitudes about COVID-19 vaccination
Component 5: social norms .378 1.106 .954, 1.259 <.001a 7.55
Component 6: the necessity of vaccination .460 1.329 1.172, 1.487 <.001a 10.20
Component 7: safety of the vaccine .370 1.068 .923, 1.212 <.001a 7.83
Component 8: adequacy of information about the vaccine .148 .431 .308, .554 <.001a 1.76
Component 9: freedom from restrictions through the

vaccine
.015 .043 e.077, .164 .353 .02

The way the coronavirus vaccines are being given in the UK
goes against the manufacturers’ recommendations

.005 .005 e.035, .045 .751 <.01

Only people who are at risk of serious illness from
coronavirus need to be vaccinated

0e10 scale e.064 e.061 e.106, �.016 .001a .26

Widespread coronavirus vaccination is just a way to make
money for vaccine manufacturers

0e10 scale e.060 e.067 e.128, �.006 .004a .18

a p � .01.

S.M. Sherman, J. Sim, M. Cutts et al. Public Health 202 (2022) 1e9

7



any subsequent vaccination waves, our findings underline the
importance of ongoing clear communication informed by theo-
retical constructs related to COVID-19 vaccination beliefs and atti-
tudes, and the need for such communication to emphasise social
acceptance of the vaccination, the importance of vaccination to stop
the spread of COVID-19, even in the absence of underlying risk
factors, and the safety of the vaccination.
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Fig. 1. Perceived likelihood of having a vaccination (0 ¼ ‘extremely unlikely’ to 10 ¼ ‘extremely likely’). The figure also shows cut-points that we used to categorise respondents in
terms of their vaccination intention.

Table 5
Thematic categorisation of codes generated by content analysis of reasons for likelihood of having, or not having, the COVID-19 vaccination, including a breakdown by
likelihood of having the vaccination (likely, uncertain, likely). Themes are presented in descending order of overall frequency.

Theme name Illustrative code Number of comments per
theme (likely, uncertain, unlikely)

Self-protection (including health reasons) Perceived high personal risk of disease severity 675 (651, 22, 2)a

To protect others Protecting the wider community 667 (609, 54, 4)a

To end the pandemic and its negative impacts To end lockdown 345 (331, 14, 0)a

Confidence in vaccine and authority The vaccine is effective 317 (276, 39, 2)a

Safety concerns about the COVID-19 vaccine Concerns re quick development of the vaccine 226 (28, 110, 88)b

Concerns re details of vaccine (other than safety) Concerns re dose time scale 173 (22, 89, 62)b

Low risk/no personal need for vaccine Only high-risk groups need the vaccine 144 (25, 75, 44)b

Concern about health effects of COVID-19 Concerns re long term side effects of virus 77 (71, 6, 0)a

Other (miscellaneous) Currently no access due to visa status 67 (46, 13, 8)a

Precontemplation/not made decision Not offered yet 64 (12, 44, 8)b

Unspecified concerns about COVID-19 vaccine Anxiety re the vaccine 62 (0, 24, 38)b

To travel/move around more freely Wanting to visit family 55 (42, 13, 0)a

Specific health concerns about the COVID-19 vaccine Fertility concerns 39 (5, 19, 15)b

Avoid/delay having the vaccine by waiting Wanting others to test it first 36 (5, 25, 6)b

Lack of trust in authority Lack of trust in media transparency 33 (7, 7, 19)b

General vaccine concerns Fear of needles 30 (4, 8, 18)b

a Comments were made more frequently by those who were likely to vaccinate.
b Comments were made more frequently by those who were uncertain or unlikely to vaccinate.
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Editorial

COVID-19 vaccine dilemmas

What a difference a year makes. We have seen the emergence of
a novel zoonotic virus producing a global pandemic that has so far
caused more than 92 million infections and two million deaths
worldwide1 with no signs of abating, despite a plethora of non-
pharmacological measures deployed against it. But there is hope
e the wonders of modern vaccine science have seen the rapid
development of more than 68 vaccines worldwide, and around
ten have received emergency authorisation and use thus far.2

This has opened a new front in the struggle to control the
pandemic, offering the potential to achieve population immunity
through vaccination. Vaccination is far safer than the more hazard-
ous route of achieving population immunity through natural infec-
tion that carries a high risk of COVID-19 mortality and morbidity.
Early experience with the vaccine is positive when compared
directly with the effects of COVID-19 infection. For example, the
roll-out of the Pfizer-BioNTech vaccine in the US observed only 21
cases of anaphylaxis after administration of nearly two million first
doses of the vaccine, with no fatalities reported.3 This compares
favourably against the COVID-19 infection-to-fatality ratio, esti-
mated at around 1.15% in high-income countries.4 There is also a
significant morbidity risk with COVID-19, including the risk of
‘long COVID’, that is as yet poorly understood. UK estimates are
that around one in five persons infected with COVID-19 exhibit
symptoms for a period of 5 weeks or longer, and one in ten respon-
dents have symptoms for over 12 weeks.5 From a population health
perspective, there can be no rational reason for pursuing a popula-
tion immunity strategy through natural infection now.

The advent of COVID-19 vaccines, however, has also created di-
lemmas. In theUK, facedwith a rapidly spreading thirdwave of infec-
tions in December, partly driven by the emergence of a new variant
(SARS-CoV-2 B.1.1.7), the Government switched from delivering the
authorised two-dose schedule to prioritising first-dose coverage
and delaying the second dose from 3e4 weeks to 12 weeks. This
generated considerable uproar among primary care physicians
involved in the delivery of vaccinations for a variety of reasons,
including the turmoil and workload associated with having to con-
sent patients and rebook hundreds of thousands of appointments.

The first dose vs two-dose prioritisation saga is also an ethical
dilemma for clinicians. Clinicians typically strive to do their very
best for individual patients and see it as their moral duty to do
so. Giving two doses as per the vaccine authorisation and trial pro-
tocol could be seen as the ‘right’ thing to do. This approach has an
absolutist lens as well and could be perceived as a choice between
right vs wrong. Consequently, our natural tendency would be to
follow the vaccine trial protocols, medical licensing and manufac-
turers' instructions as there is a ‘certainty’ to this. Failure to do so
leads to an understandable concern that patients would be

receiving suboptimal protection and substandard care that is not
in line with best practice.

The counter perspective is the utilitarian view of the greatest
good for the greatest number. A single dose would save more lives.
Where resources are limited, there will be this trade-off. Prioritis-
ing two doses for some patients means denying others the protec-
tion that the first dose affords. Indeed, further analysis of the
vaccine trial data suggests that the first dose of the Pfizer-
BioNTech vaccine would afford patients around 89% protection 14
days after vaccination, and the second dose would only provide a
marginal gain to 95%.6

The utilitarian approach tends to align with the population
health approach as the perspective is of the welfare of groups of
people rather than individuals. This conflicts with the patient-
centric values that most clinicians have. Done right, the population
health approach saves lives. The issue with this approach is wemay
not always know who we have saved, and those saved are unlikely
to know they have been saved. It is easier to feel guilty for letting
down the patient you have seen who has to be told their second
dose has been delayed than the patient you have not yet seen
whose first dose has been delayed. The two-dose vaccine prioritisa-
tion approach, with the limited number of vaccines, means only
half the number of people getting vaccinated for the same number
of available vaccines. If viral infections are spreading slowly, there is
the luxury of time, and we can adopt the two-dose schedule for the
most vulnerable and let other patient groups wait. However, faced
with a worsening situation in the UK with a more transmissible vi-
rus, the only expedient option was to pursue a first dose prioritisa-
tion approach in the expectation that it would save more lives.

Theother concern raisedby thoseaverse to thefirst doseapproach
was that this could lead to more vaccine failure or potentially intro-
duce a selection pressure that favours mutant variants to emerge
resistant to the vaccine, i.e. vaccine escape. Reassuringly, the view
from immunology experts is that delaying the second dose by 8
weeks is unlikely to have a negative effect on the overall immune
response. Neither is such an approach anticipated to lead to any spe-
cific safety issues to arise for the individual.7 Indeed, it can also be
argued that higher numbers of infection increase the likelihood of
viralmutation, and consequently, efforts to reduce infectionnumbers
may be more important for averting the risk of vaccine escape.

Another vaccine dilemma that has emerged is the decision as to
who gets immunised first. The US and UK have both focused
initially on the older age groups owing to their risk of mortality.
Onemodelling study supports this approach and found that vaccine
prioritisation for the elderly saves the most lives.8 However,
although vaccinating the elderly may reduce the number of deaths
and hospital admissions, this age group accounts for only a small
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proportion of infections. Consequently, the impact on disease trans-
mission in the community may be limited.

Indonesia, on the other hand, has adopted a different approach
to mass COVID-19 vaccination, with a focus on working-age adults
instead of the elderly in an attempt to revive its economy.9 It is rec-
ognised that working-age adults generally mix more, and thus, this
approach could decrease community transmission faster. In turn,
this could provide a degree of protection to more vulnerable unvac-
cinated individuals. For now, it is unclear which approach will work
best, and it will be interesting to compare the impacts of the
different approaches on disease transmission and mortality in the
coming months. It should also be remembered that a ‘one-size-
fits-all’ approach rarely works as the social, political, economic
and health system contexts will differ between countries. What is
best for one country may not be best for another.

Finally, the arrival of COVID-19 vaccines has sparked a vaccine
race between countries to immunise their populations in the
hope it may restore some semblance of normality afterwards.
This race favours high-income countries, and there are real con-
cerns that vaccine nationalism could undermine cooperative efforts
to control the pandemic globally.10 This will create losers andwiden
global inequalities.

Mass vaccination in high-income countries does not necessarily
confer security as there remains the risk of reimportation of infec-
tions from lower income countries where the virus is endemic.11

There is also a moral dimension e is it right to vaccinate large
numbers of predominantly lower risk individuals in high-income
countries over other vulnerable individuals elsewhere? Indeed,
should vaccine access not be determined by need rather than na-
tional wealth and influence? This is perhaps why the COVAX initia-
tive is vital to ensuring equity of vaccine access.12

In an interconnected globalised world, all our fates are inter-
twined. Global solidarity is needed to protect our national health,
wealth and human rights. In essence, we are not safe until we are
all safe.
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Objectives: Studies that examined the growth during late childhood and early adolescence beyond 8
years of age are very limited. Further, most studies have used dichotomized classification of stunting,
thereby limiting the understanding of moderate stunting in childhood growth trajectory. We aimed to
examine the course of stunting from childhood to adolescence by undertaking robust analyses of the
Young Lives Survey (YLS) longitudinal data from India using multilevel categorization of stunting.
Study design: Retrospective cohort analysis was undertaken from YLS in India among 1827 children from
the younger cohort born in 2001e02 with complete follow-up data in all five rounds of YLS collected in
2002, 2006, 2009, 2013, and 2016.
Methods: A three-state multistate Markov model (not stunted, moderate, severe) was performed to
estimate annual transition probabilities, mean sojourn-time, and transition-specific risk factors.
Results: Between Round-one and Round-five, cross-sectional prevalence of severe stunting decreased
from 10.4% (95% confidence interval [CI]: 7.8%, 13.7%) to 5.3% (95% CI: 3.8%, 7.3%), while moderate
stunting increased from 19.9% (95% CI: 16.3%,23.9%) to 21.7% (95% CI: 18.4%, 24.9%). Mean Sojourn time
estimation indicated a relatively concise state for moderate stunting. The stunting trajectory had shown
gender differential where more faltering to severe stunting and lower recovery to the normal state was
observed among girls between 8 and 12 years and among boys between 12 and 15 years. Compared with
boys, girls had 40% excess likelihood (Hazard Ratio: 1.40; 95% CI 1.00 to 1.95) for moderate-to-severe
stunting transition and also had 19% excess likelihood (Hazard Ratio: 1.19; 95% CI 1.01 to 1.40) of
favorable transition (moderate-to-non-stunted).
Conclusions: The transition trajectory highlights preadolescence, especially among girls, as an additional
window of opportunity to ensure better nutrition in adolescent life. With a fifth of adolescents living in
India, study findings call for coordinated, multisectoral, age-appropriate, and gender-responsive
approach to take India closer to meeting SDG-2.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

India has a huge and persistent burden of malnutrition in chil-
dren.1 Despite India's impressive economic growth, the prevalence
of childhood stunting is still alarmingly high (38.4%) when
compared to other developing countries.2,3 Stunting, a sign of
chronic undernutrition, is defined as height-for-age more than two
standard deviations below (<-2SD) the WHO Child Growth

Standards median.3 At 46.6 million, India is home to the highest
number of stunted children in theworld, accounting for nearly one-
third of the global burden of under-five childhood stunting.2

Among the various recognized indicators of child nutritional sta-
tus, stunting is used widely to monitor public health and nutrition
program effectiveness and is prioritized as one of the six global
nutrition targets for catalyzing global change. Early childhood
stunting was associated with long-term adverse impacts on ado-
lescents, making them more susceptible to disease risk, poor
educational performance, and poverty in low-income countries as
they grow into adults.4e6 Thus, understanding the future course
and determinants of childhood stunting in India becomes critical

* Corresponding author. 212, Department of Epidemiology, Dr MVG Building,
NIMHANS, 560029, India. Tel.: þ91 9972419985; Fax: þ91 80 26564830.

E-mail address: sam_mmc1999@yahoo.co.in (S. Amudhan).

Contents lists available at ScienceDirect

Public Health

journal homepage: www.elsevier .com/locate/puhe

https://doi.org/10.1016/j.puhe.2021.10.010
0033-3506/© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Public Health 202 (2022) 18e25

mailto:sam_mmc1999@yahoo.co.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2021.10.010&domain=pdf
www.sciencedirect.com/science/journal/00333506
http://www.elsevier.com/locate/puhe
https://doi.org/10.1016/j.puhe.2021.10.010
https://doi.org/10.1016/j.puhe.2021.10.010
https://doi.org/10.1016/j.puhe.2021.10.010


for UN Sustainable Development Goals (SDGs) that targets at
eliminating malnutrition by 2030.

Previously, stunting during early childhood was often regarded
as irreversible, and childrenwith normal growth were assumed not
at-risk of being stunted later in life.7,8 This has led to excessive focus
on the first 1000 days with shift in focus from interventions outside
this period.9 Most of these conclusions were based on cross-
sectional data.10 There are relatively few studies that examined
childhood growth from a longitudinal perspective and notably only
a few studies from India that examined the child growth up to 8
years.10,11 These studies highlighted the potential for recovery and
incident stunting after first 1000 days. However, there are only a
few studies that examined the growth during late childhood and
early adolescence beyond 8 years of age.10,12

It has been highlighted that moderate stunting is associated
with a large proportion of nutrition-related complications than
severe stunting.13 Yet, most of the available studies from India have
combined moderate and severe stunting into a single cate-
gory.10,14,15 Consequently, there is a lack of evidence on the tem-
poral course of growth and the role of moderate stunting that
influences late childhood and adolescence in India. Given the lim-
itations of previous studies, we aimed to examine the course of
stunting (temporal change in prevalence, annual transition proba-
bilities, and determinants) from childhood to adolescence by un-
dertaking robust analyses of Young Lives longitudinal data from
India using multilevel categorization of stunting.

Methods

Data source

The data for the present retrospective cohort analysis were
drawn from all five rounds of the Young Lives Survey (YLS) in India.
YLS is an international panel study of children carried out over 15
years in four low-income and-middle-income countries, namely
Ethiopia, Peru, Vietnam, and India.16 In India, YLS was conducted in
the states of Andhra Pradesh and Telangana during the years 2002,
2006e2007, 2009 and 2013e14 and 2016e17.

Details of the YLS sampling procedure and data collection are
provided elsewhere.16 Briefly, YLS in India was undertaken in a
representative group of six districts from the former undivided
state of Andhra Pradesh. By using sentinel site methodology, 20
sentinel sites/mandals were chosen from the selected districts to
represent amixture of poor, non-poor, rural and urban sites. Among
the selected sentinel sites, households having a one-year-old child
(born in 2001e02) or an eight-year-old child (born in 1994e95)
were chosen randomly. The selection of households was made in
such a way that, from each sentinel site there were 100 and 50
households with a child for a cohort of 2001e02 and 1994e95
respectively.16 As the older cohort had a very high proportion of
missing data in round 4, only the younger cohort born in 2001e02
was included for the current study (Supplementary Fig. S1).

Outcome measures

The outcome of interest considered for the present study is
stunting. YLS measured supine length and height measurements to
the nearest millimeter for children aged one year and aged 5,8,12,
and 15 years, respectively, using standardized length and stadi-
ometers. Height-for-age z (HAZ) scores were then calculated using
the WHO Growth Standards (for children less than 5 years), and
WHO Growth References (for children aged over 5 years).17,18 Based
on HAZ scores, stunting was classified into three mutually exclusive
categories, namely not stunted (HAZ > �2), moderately stunted
(HAZ between �3 and �2), and severely stunted (HAZ < �3). This

multilevel categorization would enable a more nuanced assess-
ment of the effect of different grades of stunting.

Quality control

The fieldworkers were thoroughly trained in anthropometric
measurement and recording. The fieldworkers were monitored on
a day-to-day basis by supervisors using a strict protocol.16 Super-
visors also observed a proportion of interviews to check the
approach used by fieldworkers to ensure quality control. Data were
checked for any inconsistencies.

Covariates

The covariates for childhood stunting considered for the present
study included gender (Boy/Girl); place of residence (Rural/Urban);
Religion (Hindu/Others); social group (Scheduled caste/Scheduled
Tribe/Others); education of the mother (No formal Education/Upto
grade 5/More than grade 5), household size (Upto 4/More than 4)
and household wealth tertile (Poor/Middle/Rich). The household
wealth tertile was constructed from the household wealth index
available from the original data.19 Briefly, wealth index includes a
broad range of variables as markers of wealth and is computed as a
simple average of the three indices: housing quality, access to
services, and ownership of consumer durables. The value of the
wealth index range between 0 and 1, where a higher wealth index
indicates a higher socio-economic status.19 The gender, religion,
mother’s education at birth, and social group were considered as
time-independent covariates, while the place of residence, house-
hold size, and household wealth tertile were considered as time-
dependent covariates.

Statistical analyses

The background characteristics of study participants were
described using frequency and percentage distribution. The course
of stunting was assessed using cross-sectional prevalence (point
prevalence in each round), longitudinal prevalence (the mean
probability of being stunted across all rounds of the survey) and
annual transition probabilities, mean sojourn-time with 95% con-
fidence interval.15,20 The confidence interval of the cross-sectional
and longitudinal prevalence was adjusted for clustering effect at
sentinel level using the ‘svy’ command in Stata (version 16.0).
Further, annual transition probabilities (probability of transitioning
from one-stunting state to another in next one year), mean sojourn
time (average time spent at a particular state before transitioning to
adjacent state) of stunting and transition specific risk factors were
estimated through transition intensity matrix using a multistate
time-homogeneous continuous-time Markov model (Supplemen-
tary Appendix).21 A three-stunting state (not stunted, moderately
stunted, and severely stunted) was constructed for Markov model
with the underlying two-step transition (i.e. from the current state
to adjacent state) assumption where transitioning to the subse-
quent states depends only on the current state (Fig. 1). Using
Marshall and Jones (1995) method, the hazard ratio for each po-
tential risk factor was estimated for favorable transitions (Moder-
ately stunted to Not Stunted and Severely stunted to Moderately
stunted) and unfavorable transitions (not stunted to moderately
stunted and moderately stunted to severely stunted).22 The flexi-
bility of the model allowed for adjusting both time-varying and
time-independent factors. For the multistate Markov model, ‘msm’

R package was used.21 Further, the favorable and unfavorable
transitions across various rounds (proxy for age-group) were
assessed by constructing the alluvial plot using ‘easyalluvial’ and
‘ggplot2’ of R package.23,24 The 95% confidence interval were
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calculated using the normal approximation. The P-value of the
hazard ratio was estimated using the method proposed by Altman
and Bland.25e27

Results

The final sample included 1827 children from the younger
cohort with complete follow-up data on the outcome variable and
covariates in all 5 survey rounds. The final included sample
(n ¼ 1827) was comparable with the excluded sample (n ¼ 184) for
most of the sociodemographic characteristics except for the place
of residence and religion (Supplementary Table S1). The socio-
demographic characteristics of the final sample at the start and end
of the longitudinal survey are presented in Table 1. The majority of
the children in the sample were boys, and the boy-to-girl ratio
(1.18) was similar across rounds 1 and 5. About three-fourth of the
cohort were from rural regions, and about one-third belonged to
poorer wealth tertile. A significant rural to urban transition and a
decrease in household size were observed between rounds 1 and
Round 5. The cross-sectional prevalence of severe stunting

decreased from 10.45% [191/1827] (95% confidence interval [CI]:
7.8%, 13.7%) to 5.31% [97/1827] (95% CI: 3.8%, 7.3%), while moderate
stunting increased from 19.87% [363/1827] (95% CI: 16.3%,23.9%) to
21.73% [397/1827] (95% CI: 18.4%, 24.9%) between Round 1 and
Round 5. The mean probability (Longitudinal prevalence) of being
not stunted, moderately and severely stunted across all rounds of
survey were 70.1% (95% CI: 65.4%,74.3%), 23.45% (95% CI: 20.5%,
26.7%) and 6.50% (95% CI: 5.16%,8.2%) respectively.

The stunting trajectories for the cohort from ages 1 to 15 are
shown in Fig. 2 and supplementary Fig. S2-S7. Until age 15, 44.28%
[809/1827] (42.65% [421/987] in boys; 46.19% [388/840] in girls) of
the children remained not stunted at all time-points (bottom bar
without any transitions), 2.03% [37/1827] (2.23% [22/987] in boys;
1.78% [15/840] in girls) remained moderately stunted at all time-
points (middle bar without any transitions) and 0.88% [16/1827]
(1.11% [11/987] in boys; 0.60% [5/840] in girls) remained severely
stunted at all time-points (top bar without any transitions). Among
childrenwho were not stunted by age 1, 22.70% [289/1273] (23.26%
[154/662] in boys; 22.09% [135/611] in girls) had faltered between
ages 1 and 5, 4.88% [48/984] (4.92% [25/508] in boys; 4.83% [23/

1. Not Stunted 2. Moderately 

Stunted

3. Severely 

Stunted

Fig. 1. Transition model of various stunting states (“q” refers to “Transition Intensity”).

Table 1
Sociodemographic characteristics of study cohort at the beginning and end of the longitudinal survey.

Variables Categories Round 1 (2002e03) Round 5 (2016e17) c2 (P value)

Frequency (Percentage) Frequency (Percentage)

Sex Girl 840 (45.98) 840 (45.98) e

Boy 987 (54.02) 987 (54.02)
Place of residence Urban 446 (24.41) 546 (29.89) 13.84 (<0.001)

Rural 1381 (75.59) 1281 (70.11)
Religion Hindu 1604 (87.79) 1604 (87.79) e

Others 223 (12.21) 223 (12.21)
Social group Others 1224 (66.99) 1224 (66.99) e

SC/ST 603 (33.01) 603 (33.01)
Mothers' education at birth No education 1129 (61.79) 1129 (61.79) e

Up to grade-5 183 (10.02) 183 (10.02)
More than grade-5 515 (28.19) 515 (28.19)

Household size Up to 4 771 (42.20) 947 (51.83) 34.03 (<0.001)
5 or more 1056 (57.80) 880 (48.17)

Wealth Index Poor 604 (33.06) 619 (33.88) 0.49 (0.779)
Middle 606 (33.17) 587 (32.13)
Rich 617 (33.77) 621 (33.99)

Stunting Not stunted 1273 (69.68) 1333 (72.96) 33.58 (<0.001)
Moderately stunted 363 (19.87) 397 (21.73)
Severely stunted 191 (10.45) 97 (5.31)

Total 1827 (100) 1827 (100)

SC/ST denote Scheduled Caste/Scheduled Tribe (a proxy for socio-economically disadvantaged).
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476] in girls) had between ages 5 and 8, 8.07% [85/1053] (7.16% [39/
545] in boys; 9.06% [46/508] in girls) had between ages 8 and 12,
10.69% [111/1038] (10.85% [59/544] in boys; 10.53% [52/494] in
girls) had between ages 12 and 15. Among the children who were
not stunted at either age 1 or age 5, 4.88% [48/984] faltered be-
tween the ages of 5 and 8 (4.92% [25/508] in boys; 4.83% [23/476] in
girls), 5.99% [59/984] faltered between the ages of 8 and 12 (5.32%
[27/508] in boys; 6.72% [32/476] in girls), 6.91% [68/984] faltered
between the ages of 12 and 15 (6.89% [35/508] in boys; 6.93% [33/
476] in girls).

Among children who were stunted by age 1, 13.13% [26/198]
(13.16% [15/114] in boys; 13.10% [11/84] in girls) had faltered be-
tween ages 5 and 8, 17.53% [44/251] (11.19% [16/143] in boys;
25.93% [28/108] in girls) faltered between ages 8 and 12, 20.44%
[55/269] (19.88% [ 33/166] in boys; 21.36% [22/103] in girls) faltered
between ages 12 and 15. Among children who were stunted by age
1, 35.74% [198/554] (35.08% [114/325] in boys; 36.68% [84/229] in
girls) had recovered between ages 1 and 5, 22.19% [79/356] (20.85%
[44/211] in boys; 24.14% [35/145] in girls) had recovered between
ages 5 and 8, 20.46% [62/303] (21.43% [39/182] in boys; 19.01% [23/
121] in girls) had recovered between ages 8 and 12, 28.07% [80/285]
(24.53% [39/159] in boys; 32.54% [41/126] in girls) had recovered
between ages 12 and 15. Overall, the stunting trajectory had shown
gender differential where more faltering to severe stunting and
lower recovery to the normal state was observed among girls be-
tween 8 and 12 years and among boys between 12 and 15 years.

Overall, the mean sojourn-time derived from the transition in-
tensity matrix for not stunted, moderately stunted, and severely
stunted was 14.78 years (95% CI: 6.56, 35.83), 3.31 years (95% CI:
1.42, 6.48), and 6.47 years (95% CI: 1.40, 29.69), respectively, indi-
cating a relatively concise state for moderate stunting. Further
analysis of annual transition probabilities showed a higher ten-
dency for themoderately stunted state to shift toward a not stunted
state than the severely stunted state (Table 2). A similar trend was
observed across all covariates except in the 1e5 year age group.
Compared with their respective counterparts, being a girl child,
belonging to an urban area, non-SC/ST social group, richer wealth
tertile, and whose mother’s education at birth more than primary-
level had a higher annual probability for a favorable transition from
moderate to not stunted state. Notably, a girl child and a child
whose mother’s education at birth was more than primary-level
also had a higher annual probability for an unfavorable transition
from moderate to severely stunted state. For a non-stunted child,
being a girl, belonging to the urban area and SC/ST social group had
a higher annual probability for an unfavorable transition to the
moderately stunted state.

The risk factor analysis using the multistate Markov model
showed the child’s gender, place of residence, mother’s education
at birth, and household size as significant determinants for stunting
transitions (Table 3). Children of educated mothers (>primary
schooling) and children from a large household had a lesser like-
lihood of unfavorable transition from not stunted to moderately

Fig. 2. Alluvial plot showing transitions between stunting states for children from age 1 through age 15 (figures inside the bar represents percentage).
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stunted. Compared with boys, girl child had 40% excess likelihood
(Hazard Ratio: 1.40; 95% CI 1.00 to 1.95) for an unfavorable transi-
tion from moderately stunted to severely stunted and 19% excess
likelihood (Hazard Ratio: 1.19; 95% CI 1.01 to 1.40) for a favorable

transition from moderately stunted to not-stunted state. Children
from the rural area and children of mothers with no formal edu-
cation had a lesser likelihood for a favorable transition from
moderately stunted to not-stunted state.

Table 2
Annual transition probabilities for various sociodemographic factors.

Covariates Current State Transitioning state

Not Stunted Moderately stunted Severely stunted

Probability (95% CI) Probability (95% CI) Probability (95% CI)

Age Overall (1e15 years) Not stunted 0.94 (0.87e0.97) 0.06 (0.02e0.12) 0.00 (0.00e0.01)
Moderately stunted 0.20 (0.09e0.40) 0.75 (0.52e0.86) 0.05 (0.01e0.23)
Severely stunted 0.02 (0.00e0.08) 0.12 (0.03e0.47) 0.86 (0.46e0.97)

1e5 years Not stunted 0.80 (0.44e0.95) 0.13 (0.01e0.37) 0.08 (0.00e0.42)
Moderately stunted 0.19 (0.01e0.58) 0.30 (0.01e0.81) 0.51 (0.02e0.97)
Severely stunted 0.01 (0.00e0.10) 0.06 (0.00e0.26) 0.93 (0.65e1.00)

5e8 years Not stunted 0.99 (0.89e1.00) 0.01 (0.00e0.11) 0.00 (0.00e0.01)
Moderately stunted 0.41 (0.11e0.88) 0.57 (0.09e0.85) 0.02 (0.00e0.44)
Severely stunted 0.21 (0.01e0.76) 0.54 (0.02e0.83) 0.25 (0.00e0.97)

8e12 years Not stunted 0.99 (0.93e1.00) 0.02 (0.00e0.07) 0.00 (0.00e0.00)
Moderately stunted 0.07 (0.01e0.37) 0.93 (0.54e0.98) 0.01 (0.00e0.22)
Severely stunted 0.00 (0.00e0.05) 0.03 (0.00e0.68) 0.97 (0.25e1.00)

12e15 years Not stunted 0.96 (0.83e0.99) 0.04 (0.01e0.17) 0.00 (0.00e0.01)
Moderately stunted 0.11 (0.02e0.43) 0.88 (0.52e0.97) 0.01 (0.00e0.15)
Severely stunted 0.01 (0.00e0.15) 0.09 (0.00e0.89) 0.90 (0.03e1.00)

Gender Boy Not stunted 0.94 (0.87e0.97) 0.06 (0.03e0.12) 0.00 (0.00e0.02)
Moderately stunted 0.23 (0.11e0.43) 0.70 (0.46e0.83) 0.07 (0.01e0.29)
Severely stunted 0.02 (0.01e0.09) 0.15 (0.04e0.46) 0.83 (0.47e0.96)

Girl Not stunted 0.93 (0.86e0.97) 0.06 (0.03e0.13) 0.00 (0.00e0.02)
Moderately stunted 0.27 (0.14e0.50) 0.64 (0.37e0.79) 0.09 (0.02e0.33)
Severely stunted 0.03 (0.01e0.12) 0.18 (0.05e0.48) 0.79 (0.41e0.94)

Place of residence Urban Not stunted 0.93 (0.87e0.96) 0.07 (0.04e0.13) 0.00 (0.00e0.01)
Moderately stunted 0.14 (0.07e0.26) 0.82 (0.66e0.89) 0.04 (0.01e0.15)
Severely-stunted 0.01 (0.00e0.04) 0.14 (0.05e0.35) 0.85 (0.62e0.95)

Rural Not stunted 0.92 (0.87e0.96) 0.08 (0.04e0.13) 0.00 (0.00e0.01)
Moderately stunted 0.10 (0.06e0.17) 0.87 (0.78e0.92) 0.03 (0.01e0.10)
Severely stunted 0.01 (0.00e0.02) 0.15 (0.06e0.36) 0.85 (0.62e0.94)

Religion Hindu Not stunted 0.94 (0.89e0.97) 0.06 (0.03e0.11) 0.00 (0.00e0.01)
Moderately stunted 0.19 (0.10e0.34) 0.77 (0.59e0.87) 0.04 (0.01e0.17)
Severely stunted 0.02 (0.00e0.07) 0.16 (0.04e0.48) 0.82 (0.45e0.95)

Others Not stunted 0.94 (0.89e0.97) 0.06 (0.03e0.11) 0.00 (0.00e0.01)
Moderately stunted 0.17 (0.09e0.31) 0.79 (0.63e0.88) 0.04 (0.01e0.15)
Severely stunted 0.02 (0.01e0.09) 0.21 (0.06e0.58) 0.77 (0.35e0.94)

Social group SC/ST Not stunted 0.93 (0.86e0.97) 0.07 (0.03e0.13) 0.00 (0.00e0.01)
Moderately stunted 0.19 (0.09e0.36) 0.74 (0.52e0.86) 0.06 (0.01e0.25)
Severely stunted 0.01 (0.00e0.06) 0.10 (0.03e0.37) 0.88 (0.59e0.97)

Others Not stunted 0.94 (0.87e0.97) 0.06 (0.03e0.12) 0.00 (0.00e0.01)
Moderately stunted 0.20 (0.09e0.36) 0.75 (0.54e0.86) 0.06 (0.01e0.23)
Severely stunted 0.01 (0.00e0.06) 0.11 (0.03e0.40) 0.87 (0.53e0.97)

Mother's education at birth No formal education Not stunted 0.95 (0.90e0.98) 0.05 (0.02e0.10) 0.00 (0.00e0.01)
Moderately stunted 0.21 (0.10e0.40) 0.73 (0.52e0.85) 0.06 (0.01e0.23)
Severely stunted 0.02 (0.00e0.09) 0.14 (0.03e0.47) 0.84 (0.46e0.97)

Up to 5 Not stunted 0.95 (0.91e0.98) 0.04 (0.02e0.09) 0.00 (0.00e0.01)
Moderately stunted 0.22 (0.11e0.42) 0.72 (0.48e0.84) 0.06 (0.01e0.25)
Severely stunted 0.02 (0.01e0.09) 0.15 (0.04e0.44) 0.83 (0.48e0.96)

More than 5 Not stunted 0.96 (0.91e0.98) 0.04 (0.02e0.08) 0.00 (0.00e0.01)
Moderately stunted 0.24 (0.11e0.43) 0.70 (0.45e0.84) 0.07 (0.01e0.26)
Severely stunted 0.03 (0.01e0.10) 0.17 (0.04e0.47) 0.81 (0.44e0.95)

Household size Up to 4 Not stunted 0.95 (0.90e0.98) 0.05 (0.02e0.10) 0.00 (0.00e0.01)
Moderately stunted 0.20 (0.10e0.38) 0.75 (0.53e0.87) 0.05 (0.01e0.26)
Severely stunted 0.01 (0.00e0.06) 0.09 (0.02e0.39) 0.90 (0.56e0.98)

More than 4 Not stunted 0.96 (0.91e0.98) 0.04 (0.02e0.09) 0.00 (0.00e0.01)
Moderately stunted 0.21 (0.10e0.40) 0.75 (0.52e0.87) 0.05 (0.01e0.21)
Severely stunted 0.01 (0.00e0.04) 0.07 (0.02e0.27) 0.92 (0.70e0.98)

Wealth Index Poor Not stunted 0.95 (0.89e0.98) 0.05 (0.02e0.11) 0.00 (0.00e0.01)
Moderately stunted 0.21 (0.10e0.39) 0.75 (0.53e0.86) 0.05 (0.01e0.19)
Severely stunted 0.02 (0.00e0.08) 0.14 (0.04e0.46) 0.84 (0.46e0.96)

Middle Not stunted 0.95 (0.91e0.98) 0.05 (0.02e0.09) 0.00 (0.00e0.01)
Moderately stunted 0.21 (0.10e0.40) 0.75 (0.55e0.86) 0.04 (0.01e0.16)
Severely stunted 0.02 (0.01e0.09) 0.17 (0.04e0.48) 0.81 (0.45e0.95)

Rich Not stunted 0.96 (0.91e0.98) 0.04 (0.02e0.08) 0.00 (0.00e0.01)
Moderately stunted 0.22 (0.11e0.40) 0.75 (0.56e0.86) 0.04 (0.01e0.13)
Severely stunted 0.03 (0.01e0.10) 0.19 (0.06e0.53) 0.78 (0.38e0.93)

SC/ST denote Scheduled Caste/Scheduled Tribe (a proxy for socio-economically disadvantaged). CI, confidence interval.
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Discussion

The present study provides several contributions to child and
adolescent malnutrition in India by investigating the course of
childhood stunting using YLS longitudinal data. To the best of our
knowledge, this is the first study to provide comprehensive
analysis and transition probabilities of stunting for Indian children
using a time-homogeneous continuous-time multistate Markov
transition model. In emphasizing the importance of adolescent
nutrition, this longitudinal analysis had found considerable tran-
sitions across stunting categories throughout childhood and had
provided useful insights to promote child growth beyond 1000
days. The study highlighted the vulnerability of moderately
stunted under-5 children and girl children (especially aged 8e12
years) for more faltering than recovery. These findings have policy
and programmatic implications for strengthening nutrition in-
terventions for children and adolescents in India.

The longitudinal prevalence of 29.95% reported for stunting in
the current study falls under the higher threshold of public health
significance.28 Within the complex growth trajectories of both
growth recovery and faltering, the study did not find a substantial
girl disadvantage for recovery at various time points till 8 years of
age. With gender inequities continuing to exist in India, further
examination is required to explore the possible role of an inherent
biological difference to cope or possible survivor bias (where the
surviving girl child are better cared) to support this finding.14,29 At
the same time, the study also documented a more faltering than
recovery for girl children between 8 and 12 years. This crucial
finding emphasizes 8e12 years as another critical period of
growth, especially for girl children in India. Although an increased
need from the early entry of puberty for girl child during this
period can be attributed, further research is required to under-
stand the contextual factors like gender discrimination, gender
disparity, and intrahousehold discrimination that made those
needs unmet for an adolescent girl child in India.30e32

In contrast to severe stunting, moderate stunting is associated
with a larger proportion of nutrition-related deaths.13 Mean
sojourn-time and annual transition probabilities estimated from
the current study had shown moderately stunted state as a
concise state with more tendency for recovery than faltering in all
age-groups except in 1e5 years. This would imply a need for dif-
ferential policy and programmatic approaches to address mod-
erate and severe stunting in India, especially in under-5
children.33 Longitudinal prevalence of 23.45% for moderate
stunting across the age groups further emphasizes a need for
integrating periodic monitoring of nutritional status (to differen-
tiate severe and moderate stunting) into the ongoing nutrition
programs and strengthening its scope beyond under-5 children to
reduce the burden of malnutrition in India.33

Further, the stunting trajectory had shown gender differential
where more faltering to severe stunting and lower recovery to the
normal state was observed among girls between 8 and 12 years
and among boys between 12 and 15 years. Although this finding
could be explained by differential entry into puberty, exploring
life stages beyond the first 1000 days, especially preadolescence as
another window of opportunity to prevent malnutrition in
adolescence, has been emphasized.34 The risk analysis had shown
moderately stunted girl child to have a higher risk for faltering
than recovery as compared with the boy child. Without seeking to
undermine the interventions for severe stunting, this highlights
moderately stunted girl children as a highly vulnerable group
emphasizing the need for a gender-responsive approach to pro-
moting favorable growth transition among girl children.

The factors that contribute to stunting and its course are
multiple and interlinked at household, socioeconomic andTa
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environmental level.7 The study found a child’s gender, place of
residence, mother’s education at birth, and household size as sig-
nificant determinants for stunting transitions. With the simulta-
neous influence of different risk factors at various levels and their
linkages, an integrated multilevel approach has been emphasized
to address the determinants of undernutrition.35,36 However, it is
important to note that the coverage of adolescent nutrition in-
terventions have remained low and uneven in India.37 Thus,
strengthening and expanding the integratedmultilevel approach to
cover preadolescence and adolescence would be crucial to
achieving the goals set by the National Nutrition Mission.38

The study has several strengths. First, the study had used a time-
homogeneous continuous-time Markov model over the standard
multistate model to adjust for irregularities in the follow-up data
and lack of information on the exact time of transition in the
dataset. Second, the study used data from a relatively large cohort
of children in India who were followed longitudinally from birth to
age 15. There are very few child cohorts in Indiawhowere followed
from birth into adolescence. Third, the loss to followup is relatively
low for the younger cohort. This enables the study findings to be
more valid internally for the given context. Fourth, the study used
height (stunting) as an outcome measure, which is measured
objectively in contrast to other measures like food intake, dietary
diversity, etc., that are often reported by caregivers. Also, height is
often regarded as a more acceptable measure to investigate gender
differences in child nutrition, especially in the absence of objective
measures of food consumption and other intrahousehold allocation
of resources.39 Further, stunting was preferred over the other
outcome variables of malnutrition (viz. wasting, BMI for age) due to
their limitations of the operational definition and utility across
various age groups.18

The study has the following limitations. The study used data
from YLS, which surveyed children in the state of Andhra Pradesh
(later split into Andhra Pradesh and Telangana) and hence may not
be nationally representative. Despite this, the sample covered a
diversity of children in terms of wealth, consumption, health,
nutrition, and education similar to national datasets and thus was
more robust for understanding longitudinal dynamics of stunting
across the life course of children.16 The study did not use change in
z-scores of attained heights (DHAZ), which would have better re-
flected a dynamic assessment of growth.40 However, it is important
to note that the dynamic range of growth related to pathology
might not be actually linear. Further, it was widely acknowledged
that the categorization of HAZ scores used in the current study had
more relevance for public health surveillance and policy decisions.
We could not explore several risk factors like infections, immuni-
zations, birth order, micronutrient deficiencies, siblings' gender
composition as these were neither complete nor were captured
during the survey. Although it was found that birth order and
siblings' gender composition do not influence children’s height, the
effects of other determinants remain unknown.41

Conclusion

This comprehensive analysis from India had found preadoles-
cence as an additional critical window for nutritional intervention
to influence policy for promoting better nutrition within the
complex growth trajectory. Further, the gender differentials for
faltering and recovery re-emphasize the importance of strength-
ening gender-responsive approaches in the National Nutrition
Strategy of India to tackle malnutrition. Children in India receive

several nutrition services through various programs. Differential
approach for identification and management of moderate and se-
vere stunting although periodic monitoring of nutritional status in
such programs thus becomes crucial to prevent undernutrition
across the life cycle. With a fifth of adolescents living in India, a
coordinated, multisectoral, age-appropriate and gender-responsive
approach is required to take India closer to meeting SDG-2.
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Objectives: The aim of this study was to investigate how early-life exposure to famine affected the
development of overweight, general obesity and abdominal obesity in Chinese adults.
Study design: This study was a 22-year cohort study.
Methods: Data were derived from the China Health and Nutrition Survey, which is a national prospective
cohort study. All participants born between 1949 and 1966 were potentially eligible. Height, weight and
waist circumference (WC) were measured by trained healthcare workers. Height and weight were used
to calculate body mass index, which was used to define general obesity and WC was used to define
abdominal obesity. Exposure to famine was defined using the birth date as follows: no exposure (par-
ticipants born between 1962 and 1966); fetal exposure (participants born between 1959 and 1961); early
childhood exposure (participants born between 1956 and 1958); mid-childhood exposure (participants
born between 1953 and 1955); and late childhood exposure (participants born between 1949 and 1952).
Results: In total, 6957 participants were included in this study. Results indicate that exposure to famine
was linked to a lower risk of being overweight. Exposure to famine in mid-childhood decreased the risk
of general obesity in both males (hazard ratio [HR] 0.485, 95% confidence interval [CI] 0.292e0.807
[P ¼ 0.005]) and females (HR 0.426, 95% CI 0.256e0.709 [P ¼ 0.001]). Exposure to famine during any
period of childhood decreased the risk of abdominal obesity (P < 0.001).
Conclusions: Exposure to famine in early childhood decreased the risk of overweight and abdominal
obesity in adulthood; however, exposure to famine only had a weak role in the development of general
obesity.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Obesity is an important public health problem worldwide
because of the adverse effects it has on chronic diseases.1e7 As the
economy grows and living standards improve rapidly, overweight
and general obesity are becoming an even greater problem. In 2010,
overweight and general obesity accounted for approximately 3.8%
of disability-adjusted life years, 3.4 million deaths and 3.9% of years
of life lost globally.8 Moreover, 40.5% and 57.0% of US adults suffered
from general and abdominal obesity in 2016.9 In recent decades, the
prevalence of obesity increased from 12.6% in 1980 to 30.5% in

2015.10 The prevalence of abdominal obesity among adults in
worldwide reached 47.34% in 2011;11 therefore, obesity is a major
public health issue in China.

Major natural and social events in early life can have adverse
effects on health outcomes in adulthood, especially on chronic
diseases.12 The Critical Period Hypothesis suggests that the envi-
ronment in fetal life has a lifelong impact on body constitution.13

The Fetal Origins Hypothesis suggests that undernutrition in fetal
life has an adverse effect on health outcomes in adulthood.14e16

Some studies have reported the associations of famine with the
risks of overweight,17 general obesity16,18 and abdominal obesity.19

However, the conclusions are controversial and most studies failed
to consider the influence of early childhood age and location.20 As
the Chinese Famine was a period between 1959 and 1961, in-
dividuals who had been exposed to famine were older than unex-
posed participants; thus, making it difficult to distinguish the effect
of famine exposure from the effect of aging. In addition, the severity
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of famine varied in different areas. Therefore, age and famine
severity are the key confounding factors and should be adjusted for
in the study results.

Given the epidemic of obesity in China and the long-term
impact of the Chinese Famine, properly determining the associa-
tion of exposure to famine with the risk of obesity would identify
famine survivors who may benefit from targeted obesity manage-
ment and also provide evidence for essential nutrition intake in
early life.

This study was designed to examine the associations of expo-
sure to famine in early life with the development of overweight,
general and abdominal obesity in adulthood among Chinese adults.

Methods

Study design and population

Data analyzed in this study were derived from the China Health
and Nutrition Survey (CHNS) conducted from 1989 to 2011, which
aimed to monitor the health and nutritional status of the popula-
tion in China. The first wave of the CHNS was conducted in 1989
and subsequently in 1991, 1993, 1997, 2000, 2004, 2006, 2009 and
2011. A multistage, random cluster process was used to select a
study sample from nine provinces, which were randomly selected
from 31 provinces in China. Counties or neighborhoods in the tar-
geted provinces were stratified by income (low, middle and high) to
randomly select four counties or neighborhoods in each province.
Then, villages and townships within the targeted counties and
neighborhoods were randomly selected. The detailed selection
process has been described elsewhere.21 Since the targeted prov-
inces were representative in geography, economic development,
public resources, and health indicators, the study sample was
representative of the Chinese population. All individuals born be-
tween 1949 and 1966 were potentially eligible for inclusion in the
study unless they had missing or abnormal data.

Overweight, general and abdominal obesity

Height, weight and waist circumference (WC) were measured
by trained healthcare workers or members of the CHNS following
standardized protocols. Participants were requested to remove
their shoes and wear lightweight clothing to complete measure-
ments of height and weight using a portable stadiometer and a
calibrated beam scale, respectively. A non-elastic tape was used to
measure WC in a horizontal plane. The detailed measurements of
height, weight, and WC have been described in a previous
publication.11

Individuals with a body mass index (BMI) �23 kg/m2 to
<27.5 kg/m2 were identified as overweight, and those with a BMI
�27.5 kg/m2 were identified as having general obesity.22 Males
with a WC � 90 cm or females with a WC � 80 cm were identified
as having abdominal obesity.23

Definition of famine exposure

The Chinese Famine occurred from 1959 to 1961; thus, the
period of famine exposure was defined as being between 1959 and
1961.24 According to a previous study, famine exposure was
defined using birth dates as follows: individuals born between
January 1, 1962 and June 31, 1966 were considered to have ‘no
exposure’; those born between January 1, 1959 and December 31,
1961 were considered to have ‘fetal exposure’; those born be-
tween January 1, 1956 and December 31, 1958 were considered to
have ‘early childhood exposure’; those born between January 1,
1953 and December 31, 1955 were considered to have ‘mid-

childhood exposure’; and those born between January 1, 1949 and
December 31, 1952 were considered to have ‘late childhood
exposure’.25

The Chinese Famine led to increased mortality rates, which
varied across different provinces; thus, the excess death rate (EDR)
was used to assess famine severity in different regions in this study.
EDR was calculated as the percentage change of the difference
between the highest mortality rate during the Chinese Famine from
1959 to 1961 and the average mortality rate from 1956 to 1958,
divided by the average mortality rate from 1956 to 1958. If an EDR
of any area was �100%, it was considered as an area that experi-
enced severe famine; otherwise, it was considered as an area that
experienced less severe famine.

Covariates

Data on sex (male or female), ethnicity (Han or others), famine
severity (severe or less severe) and living areas (rural or urban)
were collected using a valid questionnaire. Smoking status was
identified using a question: “Do you smoke cigarettes now
(including hand-rolled or device-rolled)?” An answer of ‘no’ was
considered as no smoking and ‘yes’ was considered as smoking.
Similarly, alcohol consumption was identified using a question:
“Did you drink beer or any other alcoholic beverage?” An answer of
‘no’ was considered as no alcohol consumption and ‘yes’ was
considered as alcohol consumption. All participants were asked
questions regarding physical activities, which included six activity
types: (1) martial arts; (2) gymnastics, dancing and acrobatics; (3)
track and field and swimming; (4) soccer, basketball and tennis; (5)
badminton and volleyball; and (6) other (e.g. ping pong, Tai Chi,
etc.). Individuals participating in at least one of these activities were
considered to be physically active. Gross family incomewas divided
into low or high, using a median of 20,000 RMB.

Statistical analyses

Means ± standard deviations (SDs) and frequencies (percent-
ages) were used to describe the distributions of continuous and
categorical variables, respectively. Comparisons across different
famine exposure groups in all baseline characteristics were con-
ducted using analysis of variance and chi-square tests for contin-
uous and categorical variables, respectively. Cox regression,
meeting the proportional hazards assumption, was employed to
obtain hazard ratios (HRs) and 95% confidence intervals (CIs) for the
relationships between famine exposure and the risk of overweight,
general obesity and abdominal obesity. Furthermore, age, sex,
ethnicity, smoking, alcohol consumption, gross family income,
physical activity, famine severity and living area at baseline, as well
as death status, were adjusted for in the results. WC was further
adjusted to examine the independent effects of famine on over-
weight and general obesity. Similarly, BMI was additionally
adjusted to analyze the association of famine exposure with
abdominal obesity. The associations of famine exposure with age at
onset of overweight, general obesity and abdominal obesity were
analyzed using linear regression analyses. The conceptual diagram
is presented in Fig. 1. SAS 9.4 (SAS Institute Inc., Cary, NC, USA.) was
used to conduct all analyses, and a two-tailed P � 0.05 indicated
statistical significance.

Results

Baseline characteristics

In total, 6957participantswere included in this study. Theaverage
age, BMI and WC were 36.94 ± 8.17 years, 22.33 ± 2.90 kg/m2 and
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80.92 ± 9.62 cm, respectively. The median follow-up period was 43
person-years. Study participant characteristics at baseline across the
five famine exposure cohorts are shown in Table 1. Significant dif-
ferences were observed in age (P < 0.001), BMI (P < 0.001), WC
(P < 0.001), gross family income (P ¼ 0.023), general obesity
(P < 0.001) and abdominal obesity (P < 0.001) across all five famine
exposure cohorts.

Association of exposure to famine in early life with overweight in
adulthood

In the total sample, exposure to famine in early life was asso-
ciated with a lower risk of being overweight (all P < 0.001). The
results for males and females are consistent with those of the total
population. In areas of both ‘less severe famine’ and ‘severe famine’,
famine exposure decreased the risk of overweight (Table 2).
Furthermore, exposure to famine in any period of childhood was

linked to a lower risk of overweight in rural and urban areas (see
Supplemental Fig. S1).

Association of exposure to famine in early life with general obesity in
adulthood

Exposure to famine in mid-childhood and late childhood
decreased the risk of general obesity (HR 0.449, 95% CI 0.315e0.640
[P < 0.001] and HR 0.571; 95% CI 0.387e0.841 [P ¼ 0.005],
respectively). There were inverse associations of exposure to
famine inmid-childhoodwith general obesity inmales and females
(HR 0.485, 95% CI 0.292e0.807 [P ¼ 0.005] and HR 0.426, 95% CI
0.256e0.709 [P ¼ 0.001], respectively) (Table 2). In rural areas, only
famine exposure in mid-childhood decreased the risk of general
obesity (HR 0.466, 95% CI 0.284e0.764 [P ¼ 0.003]). In urban areas,
there were inverse associations of exposure to famine in mid-
childhood and late childhood with general obesity (HR 0.445, 95%

Fig. 1. The conceptual diagram of this study. BMI, body mass index; WC, waist circumference.
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CI 0.266e0.743 [P ¼ 0.002] and HR 0.514, 95% CI 0.289e0.915
[P ¼ 0.024], respectively) (Supplemental Fig. S2).

Association of exposure to famine in early life with abdominal
obesity in adulthood

There were inverse associations of exposure to famine in any
period of childhood with abdominal obesity in the total sample
(fetal life ¼ HR 0.654, 95% CI 0.579e0.738 [P < 0.001]; early
childhood ¼ HR 0.489, 95% CI 0.434e0.550 [P < 0.001]; mid-
childhood ¼ HR 0.374, 95% CI 0.330e0.425 [P < 0.001]; and late
childhood ¼ HR 0.274, 95% CI 0.239e0.315 [P < 0.001]). When the
results were stratified by sex and famine severity, they were
comparable with those of the total sample (Table 2). Similarly,
exposure to famine in any period of childhood decreased the risk of
abdominal obesity in rural and urban areas (Supplemental Fig. S3).

Associations of exposure to famine in early life with age at onset of
overweight, general, and abdominal obesity

Table 3 shows that exposure to famine in early, mid-childhood
and late childhood delayed the age at onset of overweight in the
total sample (P ¼ 0.004, b ¼ 0.651; P < 0.001, b ¼ 0.972; and
P < 0.001, b ¼ 1.594, respectively). With the exception of the fetal
lifetime period, exposure to famine at any other early stage of life
delayed the age at onset of general obesity. In the total sample and
subgroups, exposure to famine in any period of childhood delayed
the age at onset of abdominal obesity.

Discussion

Data from the CHNS were used to examine the associations of
exposure to the Chinese Famine with overweight, general and
abdominal obesity in the Chinese population. Results showed that
exposure to famine was linked to lower risks of overweight and
abdominal obesity. However, there was no significant relationship
between famine exposure and general obesity. In addition, expo-
sure to famine delayed the age at onset of overweight and
abdominal obesity.

Previous investigations were limited to cross-sectional studies.
However, the present study was based on a prospective cohort and
corrected for the confounding factors of age and famine severity. As
a result, unlike previous studies, this study showed that exposure to
famine was linked to lower risks of overweight and abdominal
obesity, especially in males in the Chinese population. These results
are in line with several studies reporting that males who were
exposed to famine in the last trimester of gestation or the imme-
diate postnatal period were less likely to experience obesity than
those who were not exposed to famine.26,27 These results may
indicate that food intake in childhood considerably impacts obesity
in adulthood and that starvation may reduce the risk of obesity.28 It
was well known that undernutrition in early life has far-reaching
consequences on health outcomes in later life.29,30 Famine-related
studies using data from the Dutch and Ukrainian famines were
conducted to develop the origins hypothesis.31,32 A previous study
by Schulz showed that individuals who had been exposed to famine
during late gestation had a lower rate of obesity than those who

Table 1
Participant characteristics at baseline.

Variables Famine exposure P-Value

No exposure Fetal life Early childhood Mid-childhood Late childhood

Age (years)a 30.88 ± 6.47 34.52 ± 6.53 37.47 ± 6.71 40.30 ± 6.57 43.73 ± 6.60 <0.001
BMI (kg/m2)a 22.01 ± 2.84 22.44 ± 2.98 22.36 ± 2.83 22.38 ± 2.73 22.66 ± 3.10 <0.001
WC (cm)a 79.75 ± 9.37 80.62 ± 10.09 80.77 ± 9.43 81.62 ± 9.31 82.38 ± 9.91 <0.001
Sexb 0.886
Male 1038 (49.45) 424 (47.91) 599 (49.06) 626 (48.27) 723 (49.69)
Female 1061 (50.55) 461 (52.09) 622 (50.94) 671 (51.73) 732 (50.31)

Smokingb 0.180
No 1201 (61.18) 505 (59.62) 711 (59.85) 770 (60.53) 815 (57.07)
Yes 762 (38.82) 342 (40.38) 477 (40.15) 502 (39.47) 613 (42.93)

Alcohol consumptionb 0.224
No 999 (50.97) 441 (52.07) 597 (50.29) 603 (47.41) 710 (49.72)
Yes 961 (49.03) 406 (47.93) 590 (49.71) 669 (52.59) 718 (50.28)

Ethnicityb 0.056
Han 1771 (84.37) 749 (84.63) 1055 (86.40) 1075 (82.88) 1201 (82.54)
Other 328 (15.63) 136 (15.37) 166 (13.60) 222 (17.12) 254 (17.46)

Physical activityb 0.645
No 1991 (94.85) 837 (94.58) 1148 (94.02) 1215 (93.68) 1375 (94.50)
Yes 108 (5.15) 48 (5.42) 73 (5.98) 82 (6.32) 80 (5.50)

Gross income familyb 0.023
Low 1034 (49.26) 429 (48.47) 644 (52.74) 690 (53.20) 774 (53.20)
High 1065 (50.74) 456 (51.53) 577 (47.26) 607 (46.80) 681 (46.80)

Famine severityb 0.375
Less severe 635 (30.25) 298 (33.67) 392 (32.10) 422 (32.54) 469 (32.23)
Severe 1464 (69.75) 587 (66.33) 829 (67.90) 875 (67.46) 986 (67.77)

Regionb 0.169
Urban 785 (37.40) 369 (41.69) 472 (38.66) 510 (39.32) 590 (40.55)
Rural 1314 (62.60) 516 (58.31) 749 (61.34) 787 (60.68) 865 (59.45)

Obesityb <0.001
Normal 1464 (69.75) 561 (63.39) 784 (64.21) 834 (64.30) 861 (59.18)
Overweight 542 (25.82) 266 (30.06) 375 (30.71) 405 (31.23) 486 (33.40)
General obesity 93 (4.43) 58 (6.55) 62 (5.08) 58 (4.47) 108 (7.42)

Abdominal obesityb <0.001
Normal 1334 (78.10) 55 5 (72.93) 778 (74.31) 816 (73.12) 863 (67.11)
Abdominal obesity 374 (21.90) 206 (27.07) 269 (25.69) 300 (26.88) 423 (32.89)

a These variables were analyzed by analysis of variance. Results presented as mean ± SD.
b These variables were analyzed by Chi-square test. Results presented as n (%).
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Table 2
Associations of exposure to famine with risk of overweight and general and abdominal obesity.

Famine exposure Overweight General obesity Abdominal obesity

P-Value HR 95% CI P-Value HR 95% CI P-Value HR 95% CI

Total (N ¼ 6957)
No exposure Ref Ref Ref Ref Ref Ref Ref Ref Ref
Fetal life <0.001 0.737 0.629e0.863 0.561 0.914 0.674e1.238 <0.001 0.654 0.579e0.738
Early childhood <0.001 0.667 0.568e0.782 0.101 0.766 0.557e1.053 <0.001 0.489 0.434e0.550
Mid-childhood <0.001 0.534 0.451e0.631 <0.001 0.449 0.315e0.640 <0.001 0.374 0.330e0.425
Late childhood <0.001 0.455 0.376e0.551 0.005 0.571 0.387e0.841 <0.001 0.274 0.239e0.315

Males (n ¼ 3410)
No exposure Ref Ref Ref Ref Ref Ref Ref Ref Ref
Fetal life 0.007 0.742 0.597e0.922 0.483 0.862 0.570e1.304 <0.001 0.622 0.506e0.764
Early childhood <0.001 0.533 0.422e0.672 0.051 0.626 0.391e1.002 <0.001 0.421 0.341e0.519
Mid-childhood <0.001 0.440 0.345e0.561 0.005 0.485 0.292e0.807 <0.001 0.316 0.253e0.395
Late childhood <0.001 0.407 0.308e0.538 0.071 0.589 0.331e1.046 <0.001 0.181 0.140e0.233

Females (n ¼ 3547)
No exposure Ref Ref Ref Ref Ref Ref Ref Ref Ref
Fetal life 0.004 0.711 0.564e0.896 0.903 1.029 0.652e1.624 <0.001 0.677 0.581e0.788
Early childhood 0.094 0.827 0.662e1.033 0.925 0.979 0.624e1.535 <0.001 0.542 0.469e0.627
Mid-childhood <0.001 0.646 0.511e0.817 0.001 0.426 0.256e0.709 <0.001 0.403 0.345e0.470
Late childhood <0.001 0.499 0.383e0.651 0.067 0.603 0.351e1.037 <0.001 0.335 0.283e0.397

Less severe famine (n ¼ 2216)
No exposure Ref Ref Ref Ref Ref Ref Ref Ref Ref
Fetal life 0.003 0.707 0.563e0.887 0.840 1.045 0.682e1.600 <0.001 0.685 0.561e0.835
Early childhood <0.001 0.664 0.532e0.829 0.280 0.779 0.496e1.225 <0.001 0.485 0.400e0.588
Mid-childhood <0.001 0.564 0.442e0.721 0.016 0.538 0.324e0.892 <0.001 0.407 0.330e0.501
Late childhood <0.001 0.424 0.321e0.560 0.023 0.515 0.290e0.911 <0.001 0.306 0.242e0.387

Severe famine (n ¼ 4741)
No exposure Ref Ref Ref Ref Ref Ref Ref Ref Ref
Fetal life 0.005 0.724 0.578e0.907 0.255 0.772 0.494e1.206 <0.001 0.634 0.543e0.740
Early childhood <0.001 0.637 0.505e0.803 0.151 0.714 0.451e1.131 <0.001 0.488 0.420e0.567
Mid-childhood <0.001 0.492 0.388e0.623 <0.001 0.349 0.208e0.585 <0.001 0.351 0.300e0.412
Late childhood <0.001 0.454 0.347e0.594 0.051 0.579 0.334e1.002 <0.001 0.255 0.214e0.304

CI, confidence interval; HR, hazard ratio.
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had not been exposed to famine,33 which was consistent with the
conclusions of the current study. Animal experiments found that
maternal dietary manipulation could lead to a shortened lifespan
and obesity in offspring.34e36 In this study, the parents of partici-
pants in the ‘no exposure’ famine group inevitably experienced
famine prior to reproduction; therefore, their offspring were more
likely to develop obesity than their counterparts. In contrast, some
studies found that exposure to famine in fetal life was linked to an
increased risk of obesity, which differed from the findings of this
study.16,37 Lumey et al. reviewed human studies on the relationship
between acute exposure to prenatal famine and adult physical and
mental health, which included most famines from the 19th and
20th centuries.38 This review found that exposure to famine in fetal
life promoted the development of obesity. However, the definitions
used within each study were inconsistent, which was the main bias
affecting the conclusion. Furthermore, whether the confounding
effect of age had been corrected for was not mentioned; thus, the
results of this review require further examination.

According to the Darwin theory of ‘survival of the fittest’, the
Chinese Famine discussed in this study might have acted as a filter,
eliminating comparatively frail individuals and retaining strong
individuals.39 Therefore, famine survivors might be expected to be
healthier and might be less likely to develop overweight, general

obesity, or abdominal obesity. However, selection bias might exist
due to competing risks. The decedent data from the famine were
not collected and could not be used to correct for competing risks;
thus, National death registry data should be used to examine this
bias in future research.

In terms of public health, this study provides evidence for the
prevention of obesity. As this study suggests, nutrition status in
early life is associated with overweight and abdominal obesity, but
not general obesity. Therefore, physicians should pay attention to
the nutritional state of pregnant women and the birth weight of
offspring in order to prevent obesity in the offspring in adulthood.
Obesity interventions are especially important at present because
the prevalence of general and abdominal obesity is continuously
increasing. In addition, this study indicates that it is necessary to
explore the mechanism of how nutrition status in early life impacts
the development of obesity in later life.

Strengths and limitations

This is a representative and long-term follow-up cohort study;
thus, the results are accurate and fully reflect the true effect of
famine exposure on obesity. In this study, age was used as the time
scale in Cox regression models; therefore, the confounding effect of

Table 3
Associations of exposure to famine with the age at onset of overweight and general and abdominal obesity.

Famine exposure Overweight General obesity Abdominal obesity

b P-Value b P-Value b P-Value

Total (n ¼ 6957)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life 0.160 0.484 0.088 0.870 1.488 <0.001
Early childhood 0.651 0.004 1.389 0.011 2.594 <0.001
Mid-childhood 0.972 <0.001 1.978 0.001 3.354 <0.001
Late childhood 1.594 <0.001 2.494 <0.001 4.613 <0.001

Males (n ¼ 3410)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life 0.507 0.108 0.396 0.577 1.471 <0.001
Early childhood 1.251 <0.001 1.663 0.032 3.306 <0.001
Mid-childhood 1.395 <0.001 1.107 0.175 4.186 <0.001
Late childhood 1.788 <0.001 2.807 0.002 6.001 <0.001

Females (n ¼ 3547)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life �0.277 0.409 �0.128 0.876 1.557 <0.001
Early childhood 0.061 0.847 1.356 0.080 2.232 <0.001
Mid-childhood 0.526 0.119 3.302 <0.001 2.951 <0.001
Late childhood 1.342 <0.001 2.571 0.005 3.939 <0.001

Rural (n ¼ 2726)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life 0.323 0.279 0.596 0.385 1.384 0.001
Early childhood 0.539 0.085 1.304 0.072 2.398 <0.001
Mid-childhood 0.667 0.033 1.715 0.029 2.705 <0.001
Late childhood 1.211 0.001 1.198 0.136 4.526 <0.001

Urban (n ¼ 4231)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life 0.140 0.684 �0.308 0.706 1.581 <0.001
Early childhood 0.711 0.032 1.567 0.055 2.687 <0.001
Mid-childhood 1.228 0.001 2.224 0.014 3.706 <0.001
Late childhood 1.946 <0.001 4.349 <0.001 4.578 <0.001

Less severe famine (n ¼ 2216)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life 0.404 0.208 0.639 0.403 0.758 0.054
Early childhood 1.209 <0.001 1.429 0.081 2.479 <0.001
Mid-childhood 1.501 <0.001 1.610 0.070 3.096 <0.001
Late childhood 2.058 <0.001 2.957 0.002 4.027 <0.001

Severe famine (n ¼ 4741)
No exposure Ref Ref Ref Ref Ref Ref
Fetal life �0.001 0.997 �0.708 0.350 1.981 <0.001
Early childhood 0.155 0.639 1.610 0.028 2.630 <0.001
Mid-childhood 0.608 0.073 2.688 0.001 3.570 <0.001
Late childhood 1.267 0.001 2.778 0.002 4.981 <0.001
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age was considerably reduced. Moreover, the relationship between
exposure to famine and the age of onset of obesity further verified
the protective effect of famine exposure. Therefore, the results of
this study were valid and convincing.

However, some limitations should be noted. First, it is difficult to
identify the exact datewhen the Chinese Famine started and ended,
and therefore, theremight bemisclassification bias in the definition
of famine exposure cohorts. Second, because of the lack of specific
dietary intakes in the CHNS, obesity-related nutrition was not
adjusted for in the results. Third, WC data were not collected before
the 1993 wave; thus, the sample size for general obesity differed
from that for abdominal obesity. Fourth, some data were not
collected in the CHNS, such as mortality data caused by the famine;
therefore, there might be unmeasured confounder bias.

Conclusions

Study participants who were exposed to famine were less likely
to develop overweight and abdominal obesity compared with in-
dividuals who did not experience famine. The protective effects of
famine exposure were most obvious for overweight in males and
abdominal obesity in bothmales and females. In addition, exposure
to famine postponed the age at onset of overweight and abdominal
obesity. However, exposure to famine only had a weak role in the
development of general obesity.
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a b s t r a c t

Objectives: There is growing evidence of an association between social participation and improved
physical and mental health among older individuals. The aims of this study were to explore the rela-
tionship between self-reported participation in groups, clubs, or organizations and all-cause mortality
among older adults and examine the role of physical activity as a potential modifier of the health effects
of social participation.
Study design: EPIC-Norfolk is a prospective cohort study that recruited 25,639 individuals between the
ages of 40 and 79 in Norfolk County, England. This study involved a retrospective analysis of 8623
participants who had returned for the third health check between 2004 and 2011.
Methods: Participants were categorized into those who reported participating socially and those who did
not and were stratified by involvement in 0, 1, or 2 or more groups. Cox Proportional Hazards models
were constructed to compare all-cause mortality between the groups. Stratum-specific hazard ratios
were calculated by physical activity level to assess for effect modification.
Results: Of the participants, 861 (9.98%) died during the follow-up period. After adjustment for con-
founding, social participation was associated with lower all-cause mortality (HR 0.84, 95% CI 0.73e0.97).
Involvement in 2 or more groups was associated with lower all-cause mortality (hazard ratio [HR] 0.83,
95% confidence interval [CI] 0.70e0.97), but the association was not statistically significant for people
involved in only 1 group (HR 0.86, 95% CI 0.73e1.03). Physical activity appeared to modify the effect of
social participation on mortality.
Conclusions: This study’s findings provide evidence of an association between social participation and
lower all-cause mortality for older adults. They also suggest that the effect of social participation on
health is greater for people who are more physically active. Population-level interventions to facilitate
social participation may contribute to improving health and wellbeing among older individuals.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

In Bowling Alone: The Collapse and Revival of American Commu-
nity, Putnam suggests that forms of social capital such as partici-
pation in community groups may improve health through
providing tangible assistance, reinforcing health norms, and

reducing stress.1 Critics of social capital as a topic of research point
to the term’s ambiguity2 and its reliance on proxy measures for
individual exposure.

Psychosocial aspects of health inequalities entered mainstream
epidemiology in the 1980swhen theWhitehall II study revealed that
lower social standing was a significant risk factor for poor health.3

There is growing evidence of differences in social participation as a
driver of health inequalities. A 2019 meta-review of 20 systematic
reviews foundgoodevidence in supportof the concept that structural
social capital, which includes social participation, predicts better
mental and physical health, but also highlighted several systematic
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reviews that showed non-significant or negative associations be-
tween social capital and health outcomes.4 Heterogeneity of results
likely owes to differences in demographic makeup and social dy-
namics among study populations. A 2017 systematic review of 44
studies by Villalonga-Olives and Kawachi explored contexts inwhich
social capital was associated with harmful health behaviors and
worsemental and physical health outcomes, such as increased levels
of smoking and drinking among Japanese youth with higher partic-
ipation in extracurricular activities.5

Another factor that varies across studies is how researchers
address confounding and interaction. Physical activity, for example, is
well supported in the literature as protective against mortality.6

Research also suggests that physical activity and social participation
share a reciprocal relationship, positively reinforcing one anoth-
er.7e13 Adjustment for physical activity as a confounder could un-
derestimate the effect of social participation; however, researchers
should endeavor to account for the role of physical activity and its
potential influence on the health effects of social participation.

The primary aim of the present study was to explore the rela-
tionship between social participation and all-cause mortality in the
United Kingdom, using longitudinalmodels. The secondary aimwas
to assess the potential role of physical activity as a modifier of the
effects of social participation.Althoughmanystudieshaveexamined
associations between social participation and long-term health
outcomes, fewstudies have researched potential interrelated effects
of social participation and physical activity on mortality.

If social participation has the potential to reduce mortality and
chronic disease burden, investment in neighborhood-level re-
sources that promote social capital could serve as an effective
method of reducing health inequalities in communities. Such in-
terventions could have an important effect on older people, who
are at higher risk of social isolation or disability.

Methods

Study population and setting

The European Prospective Investigation of Cancer (EPIC) is a 10-
country cohort study designed to examine social and environ-
mental determinants of health, with detailed methods published
elsewhere.14 This analysis focuses on the EPIC-Norfolk cohort, one
of the UK sites of the study. As nearly all residents in the United
Kingdom are registeredwith a general practitioner, general practice
lists effectively serve as population registers. Between 1993 and
1997, 25,639 participants aged 40e79 were recruited via general
practices to receive examinations over the follow-up period.

The present study uses data from the Third Health Check (3HC),
conducted between 2006 and 2011. In the 3HC, 18,380 men and
women between ages 48 and 92 were contacted, of whom 8623
(47%) were examined.15 All participants completed a detailed self-
administered health and lifestyle questionnaire and attended a
local clinic for a physical examination.

EPIC-Norfolk was carried out following the principles of the
Declaration of Helsinki and the Research Governance Framework
for Health and Social Care. The study was approved by the Norfolk
Local Research Ethics Committee (05/Q0101/191) and East Norfolk
and Waveney NHS Research Governance Committee (2005EC07L).
All participants gave written, informed consent.

A health examination was carried out by trained nurses
following standard operating protocols. Height and weight were
measured with participants dressed in light clothing and shoes
removed. A stadiometer was used to measure height to the nearest
0.1 cm (cm), and the Tanita body composition analyzer model TBF
300s (Chasmors Ltd, London) was used to measure weight to the
nearest 100 g.

Participants were also sent two questionnaires. The first ques-
tionnaire covered demographic, lifestyle, health, and wellness
factors, and the second included social factors.16,17 Deaths, causes,
and dates through the follow-up end date of March 31, 2016, were
obtained through death certificates obtained using linkage to NHS
Digital. Participants in the dataset remained anonymous.

Explanatory variables

Continuous variables included age and body mass index (BMI).
Townsend deprivation index scores, measures of the areas’ relative
material deprivation based on unemployment, non-car ownership,
non-home ownership, and household overcrowding, were grouped
into quartiles to account for the distribution’s right skew.18 Smoking
was recorded as current, former or never, and alcohol consumption
was recorded as units consumed in the past week using the amount
of beer, wine, spirits and fortified wine consumed to estimate units.
Educational attainment was classified into less than O-level, up to
and including O-Level, up to and including A-Level, university de-
gree, or postgraduate qualifications according to the highest quali-
fication achieved. Social class was recorded as professional, manager,
skilled non-manual, skilled manual, semi-skilled and non-skilled,
using the Registrar General’s occupation-based classification sys-
tem. Participants described their physical activity as one of four
levels: inactive, moderately inactive, moderately active, or active.

The dataset presented several potential measures for individual
social capital. Group membership was chosen as the explanatory
variable because it served as a generalizable individual-level
measure of a community-level resource.19

Social participation

The EPIC-Norfolk Health Questionnaire asked participants if
they regularly joined in the activities of a list of organizations.20

Social participation was classified based on self-reported re-
sponses across thirteen social activities: (1) political parties, (2)
trade unions, (3) environmental groups, (4) parenteteacher asso-
ciations, (5) residents’ associations, (6) classes, (7) charity groups,
(8) groups for elderly people, (9) youth groups, (10) women’s
groups, (11) social clubs, (12) sports clubs, and (13) other group or
organization. A final option was available stating, ‘No, I don't
regularly join in any of the activities of these organizations’.20 Data
on social participation were dichotomized comparing participants
who reported participation in at least one group and did not check
the final option, to those who did not report group participation
and/or selected the final option.20 An additional variable was
generated that stratified participants who participated socially into
those who were involved in one group and those who were
involved in two or more groups.

Physical activity was treated as a potential effect modifier be-
tween social participation and mortality. This approach was
informed by the Social Ecological Model21e23 and Barton and
Grant’s ‘health map’.24

Statistical analysis

The time-to-event analysis explored the effects of social
participation on long-term health outcomes. Data were analyzed
using STATA 14 and 15 (Statacorp, Texas). Means, proportions, and
standard deviations were calculated.

Associations between potential confounders and explanatory
variables of interest were examined using Analysis of variance and
chi-square tests. Associations between social participation, number
of groups joined, other variables of interest, and all-cause mortality
were measured via Cox Proportional Hazards regression. Potential
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confounders were added in a stepwise fashion, and goodness of fit
was determined using Likelihood Ratio Tests comparing models
with and without the additional variables. Adjustment for con-
founding by Townsend deprivation quartile or education level did
not improve the models’ goodness of fit, and these variables were
not included in the fully adjusted models. Final models, which
adjusted for age, gender, smoking status, and BMI, were con-
structed for both social participation and the number of groups
joined. Physical activity, gender, education level, and Townsend
deprivation quartile were tested for effect modification using Cox
Proportional Hazards models with interaction terms.

Results

There were 8623 participants in the sample, with women
comprising 55% (n ¼ 4762) of the study population. Over 99% of
participants were of European descent.25 Although those who
attended 3HC tended to beyounger and have a higher socioeconomic
position (SEP) compared to those who did not, the sample still rep-
resentedawide rangeof socioeconomic characteristics.14 The average
follow-up period for participants was 7.3 years. Of the 8623 partici-
pants, 861 (9.98%) died during the follow-up period [Table 1].

Women, non-smokers, people with lower BMI, higher levels of
education, thosewho lived inwealthier neighborhoods andworked
in non-manual occupations were more likely to participate socially
[Table 2].

After adjusting for age, gender, smoking status, and BMI, the
hazard ratio (HR) for all-cause mortality among those who partic-
ipated socially was 0.84 (95% confidence interval [CI]: 0.73e0.97)
(see Table 3). The hazard ratio of all-cause mortality among par-
ticipants who were involved in one group was 0.86 (95% CI:
0.73e1.03), and 0.83 (95% CI: 0.70e0.97) among those who were
involved in two or more groups [Table 4].

Physical activity appeared to modify the effect of social partici-
pation on all-cause mortality. The association between social
participation and lowermortality was strongest among peoplewho
reported being physically active (HR 0.66; 95% CI 0.39e1.11). The
effect size decreased for people who reported being moderately
active (HR 1.00; 95% CI 0.65e1.54) or moderately inactive (HR 0.84;
95% CI 0.58e1.21). Sex, education level, and Townsend deprivation
index score did not modify the effect of social participation on all-
cause mortality.

Discussion

Main findings of this study

Our findings suggest that a relationship may exist between so-
cial participation and lower all-cause mortality. While the impacts
of social participation on health are unlikely to be universal across
different settings, in this cohort, participants who reported that
they participated socially at baseline had lower hazard rates of
mortality compared to those who did not report that they partici-
pated socially. Associations remained after adjustment for con-
founding factors, including age, BMI, and smoking.

There was some evidence that a greater quantity of social
participation was associated with lower all-cause mortality: partic-
ipants who reported involvement in two ormore groups had a lower
rate of mortality than participants who were members of only one
group or no groups. This finding was inconclusive; however, as the
sample size was not large enough to determine whether mortality
differed betweenparticipants involved in one group and participants
whowere notmembers of any group. It is not immediately clearwhy
participants who were members of two or more social groups
exhibited lower mortality rates than participants who were

members of only one group. Higher levels of social participationmay
improve individuals’ abilities to access community resources and
create more opportunities for positive health behaviors. It may in-
crease the amount of time individuals spend outside the home and
promote more active lifestyles. Equally, the quantity of social
participation could be a proxy for an unmeasured variable that
represents an underlying difference between people who join mul-
tiple groups and people who join just one or no groups. Additional
research will be needed to further examine potential relationships
between the quantity of social capital and health outcomes.

In this sample, associations between social participation and
lowermortality were strongest among participants whoweremore
physically active. This observation supports the notion that social
participation and physical activity may mutually reinforce one
another. Forms of social participation that promote physical activity
may influence health to a greater degree than forms that do not
motivate more active lifestyles. Future studies may investigate how
forms of social participation may differ among people with
different levels of physical activity.

What is already known on this topic

This study contributes to the growing body of literature on the
potential long-term health effects of social capital and social
participation. A systematic review of 60 studies by Uphoff et al.

Table 1
EPIC-Norfolk Cohort sample baseline characteristics at the 3rd Health Check
(n ¼ 8623).

Variable Level (n ¼ 8623)

Mean (SD)

Age (years) 68.7 (8,1)
Body mass index (kg/m2) 26.8 (4.3)

% (n)

Sex Female 55.2 4762
Male 44.8 3861

Smoking status Current 4.4 372
Former 46.0 3909
Never 49.6 4220

Townsend
deprivation quartile

1 (least deprived) 25.2 2163
2 24.2 2083
3 25.6 2202
4 (most deprived) 25.0 2153

Social class Professional 8.8 750
Manager 41.1 3511
Skilled non-manual 16.1 1376
Skilled manual 20.5 1753
Semi-skilled 11.2 954
Non-skilled 2.3 199

Education level None/Primary only 26.3 2269
O-level 11.9 1026
A-level 44.2 3810
Degree 17.6 1516

Participates in
social groups?

No 37.7 3254
Yes 62.3 5369

Number of
groups joined

0 37.7 3254
1 26.0 2244
2 or more 36.2 3125

Self-rated health Excellent 7.6 638
Very good 35.1 2959
Good 41.4 3493
Fair 14.3 1209
Poor 1.7 139

Physical activity Inactive 37.3 3170
Moderately inactive 29.0 2467
Moderately active 17.8 1509
Active 15.9 1355

Alive or deceased
at end of
follow-up period

Alive 90.0 7762
Deceased 10.0 861
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found evidence of social capital as a buffer against negative health
effects due to socioeconomic inequality.27 A review of 14 studies by
Choi et al., in contrast, reported no evidence of an association be-
tween several forms of social capital and all-causemortality, CVD or
cancer.28 Both reviews noted a lack of high-quality studies,
however.

Comparing weighted survey data across 39 US states, Kawachi
et al. noted an association between group membership and lower
all-cause and coronary heart disease mortality.29 Controlling for
demographic factors only, a 2016 study found social participation to
be associated with reduced mortality risk.30 In addition, several
European studies found evidence of civic and social participation
protecting against CVD risk factors.31e33 Conversely, a longitudinal
study on social participation and coronary heart disease found no
association after adjusting for physical activity and self-rated
health.34

Several studies have examined the relationships between
quantity of group membership and positive health behaviors35 and
outcomes. A 2016 matched cohort study by Steffens et al. found
that, among older individuals in England, those who remained
active in two or more social groups after retirement had a lower
risk of death over the next 6 years compared to those who were
active in one or no groups after retirement.36 Other studies have
found associations between multiple community groups mem-
bership and subjective well-being, as well as improved mental
health.37e39

In a 2012 study, Kanamori et al. compared the incidence of
functional disability among four groups from a cohort of older
people in Japan: active participants in sports clubs, passive partic-
ipants in sports clubs, people who exercise alone, and sedentary
individuals.40 The authors found that, while active participants had
the lowest incidence of disability, there was no significant differ-
ence in the incidence of disability between passive participants and

people who exercised alone after adjusting for confounders. Such
findings suggest that involvement in a sports club is beneficial for
one’s health not only because it promotes physical activity but also
because it facilitates social participation.

Future studies may help determine whether a causal relation-
ship exists between social participation and long-term health
outcomes. Kawachi and other epidemiologists theorize that forms
of social capital like social participation influence health through
three pathways: (1) ‘social contagion’, the spread of norms and
health behaviors; (2) ‘informal social control’, the ability of a
community to maintain order and sanction deviant behavior; and
(3) ‘collective efficacy’, a group’s mobilizing potential for taking
collective action.41 The first pathway may help explain how par-
ticipants in the EPIC-Norfolk benefited from social participation:
regular contact with peers through social groups may promote
positive health behaviors such as physical activity and decrease
social isolation.

What this study adds

The present study had the advantage of analyzing a large pro-
spective cohort followed for over a decade, as well as obtaining data
on numerous exposure measures. The longitudinal design reduced
bias from reverse causality. The large sample size in this study
reduced the likelihood that results were due to random error.

Although many studies on social capital and health have
adjusted for physical activity as a confounder or did not include
physical activity in the analysis, few studies have explored the
potential interaction between social capital and physical activity.
Our findings suggest that physical activity may modify the effect of
social participation on health outcomes, although further statistical
analysis such as employing causal inference models would provide

Table 2
Comparison of sociodemographic characteristics of EPIC-Norfolk participants based on social participation status and number of groups joined.

N ¼ 8623 Social Participation Measure

Social Participation Number of Groups

No Yes P-value 0 1 2þ P-value

(n ¼ 3254) (n ¼ 5369) (n ¼ 3254) (n ¼ 2244) (n ¼ 2473)

mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)

Age 68.5 (8.3) 68.8 (8.0) 0.10 68.5 (8.3) 68.2 (8.1) 69.3 (7.8) <0.01
Body Mass Index (kg/m2) 27.1 (4.4) 26.7 (4.3) <0.01 27.1 (4.4) 26.7 (4.3) 26.7 (4.3) <0.01

% (n) % (n) % (n) % (n) % (n)

Smoking Status <0.01 <0.01
Current 55.7 (207) 44.3 (165) 55.7 (207) 23.9 (89) 20.4 (76)
Former 39.5 (1544) 60.5 (2365) 39.5 (1544) 26.8 (1047) 33.7 (1318)
Never 32.7 (1381) 67.3 (2839) 32.7 (1381) 26.3 (1108) 41.0 (1731)

Townsend Deprivation Quartile <0.01 <0.01
1 (least deprived) 35.1 (759) 64.9 (1404) 35.1 (759) 28.2 (610) 36.7 (794)
2 36.1 (751) 64.0 (1332) 36.1 (751) 26.9 (560) 37.1 (772)
3 40.0 (880) 60.0 (1322) 40.0 (880) 24.7 (626) 35.3 (778)
4 (most deprived) 40.0 (859) 60.0 (1294) 40.0 (859) 24.3 (168) 35.8 (770)

Education level <0.01 <0.01
None/Primary only 51.3 (1165) 48.7 (1104) 51.3 (1165) 26.3 (597) 22.3 (507)
O-levels 38.2 (392) 61.8 (634) 38.2 (392) 29.1 (299) 32.7 (335)
A-levels 35.4 (1350) 64.6 (2460) 35.4 (1350) 26.4 (1004) 38.2 (1456)
Degree 22.8 (345) 77.2 (1171) 22.8 (345) 22.7 (344) 54.6 (827)

Gender <0.01 <0.01
Men 42.6 (1643) 57.5 (2218) 42.6 (1643) 28.0 (1080) 29.5 (1138)
Women 33.8 (1611) 66.2 (3151) 33.8 (1611) 24.4 (1164) 41.7 (1987)

Physical Activity <0.01 <0.01
Inactive 48.2 (1529) 51.8 (1641) 48.2 (1529) 24.9 (789) 26.9 (852)
Moderately inactive 30.6 (756) 69.4 (1711) 30.6 (756) 25.3 (625) 44.0 (1086)
Moderately active 30.6 (462) 69.4 (1047) 30.6 (462) 28.2 (426) 41.2 (621)
Active 28.4 (385) 71.6 (970) 28.4 (385) 29.8 (404) 41.8 (566)
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stronger support for a reciprocal relationship between physical
activity and social participation.

This study also adds to the emerging literature on multiple
group membership and health outcomes among older individuals,
supporting the findings of other studies that have shown

associations between involvement in multiple social groups and
lower mortality.

Our findings support the concept that social opportunities are
important for older individuals’ health and well-being. The UK’s
National Health Service (NHS) has developed guidelines for ‘social
prescribing’, where patients with multiple morbidities are referred
to local community groups and agencies for practical assistance and
emotional support.42

As community-level resources are important ingredients for
social participation, interventions to increase and improve access to
it may benefit from a population-level approach. Local authorities
may consider expanding infrastructure that facilitates community
members’ access to existing social groups, clubs, and organizations,
such as subsidized or free transportation or meeting spaces.

Limitations of this study

This study was limited in its assessment of the impact of phys-
ical activity on health outcomes both independently and as a po-
tential modifier of the effects of social participation. As social
participation and physical activity were measured at the same time
in this cohort, it was not possible to empirically evaluate whether a
causal relationship existed between these two variables.

Another limitation of this study was the lack of stratification
between individuals who participated in exercise-related social
groups, such as sports clubs, and those who only participated in
non-exercise groups. As participants were randomly recruited from
general practices, only individuals who were healthy or cognitively
capable enough were likely to attend baseline and follow-up ex-
aminations, leading to potential healthy volunteer bias.14 Loss to
follow-up over the different stages of EPIC-Norfolk was an addi-
tional limitation. If participants who had poorer health and/or
demonstrated lower social participation were more likely to drop
out of the study, their absence in the analysis could lead to an
underestimation of effect; however, all participants were flagged
for mortality using national databases. Similar trends in missing
values for the variables smoking status, physical activity, and self-
rated health may have impacted the observed relationships be-
tween smoking, social capital, and health behaviors. Recall biasmay
also have occurred when participants were asked to complete
mailed questionnaires, particularly when reporting past behaviors,
experiences, or emotions.

Furthermore, the choice of group membership as the explana-
tory variable of interest had some potential for bias. The question of
whether participants regularly joined social group activities was
open to interpretation: ‘regularly’ could mean once a year for some
participants and once aweek for others. The dataset did not contain
a variable for frequency of social participation, so group

Table 4
Cox proportional hazards models: rates of all-cause mortality in people who participate socially in groups compared to people who do not participate socially, and further
stratifying results by involvement in 1 or 2þ groups, with calculated likelihood ratios (LR) comparing goodness of fit to previous model.

Level Age and gender adjusted Age, gender and area
deprivation adjusted

Age, gender and
education level adjusted

Age, gender, smoking
status and BMI adjusted

HR (95%CI) LR HR (95%CI) LR HR (95%CI) LR HR (95%CI) LR

Hazard ratio of all-cause mortality in
people who participate socially at
baseline (N ¼ 8623)

0.81 (0.71, 0.93) 0.04 0.81 (0.71, 0.93) 0.19 0.81 (0.71, 0.93) 0.93 0.84 (0.73e0.97) 0.03

Hazard ratio of all-cause mortality in
people who report participating in 1,
or 2þ groups compared to people
who do not participate in groups
(N ¼ 8623)

1 group 0.83 (0.56, 0.98) <0.01 0.84 (0.70e0.99) 0.19 0.83 (0.70e0.99) 0.94 0.86 (0.73e1.03) 0.03
2 or more
groups

0.80 (0.68, 0.93) 0.80 (0.68e0.93) 0.80 (0.68e0.93) 0.83 (0.70e0.97)

CI, confidence interval; HR, hazard ratio.

Table 3
Results from univariable analysis exploring the associations between explanatory
variables and all-cause mortality.

N ¼ 8623 Hazard Ratio (SE) P-value 95% CI

Age 1.13 (0.005) <0.01 1.12e1.14
Body Mass Index (kg/m2) 1.01 (0.008) 0.06 1.00e1.03
Smoking Status
Current e

Former 1.13 (0.18) 0.43 0.83e1.56
Never 0.70 (0.12) 0.03 0.51e0.97

Townsend Deprivation Quartile
1 (Least deprived) e

2 1.01 (0.10) 0.91 0.84e1.23
3 1.05 (0.10) 0.61 0.87e1.26
4 (Most deprived) 0.92 (0.09) 0.40 0.76e1.12

Education Level
No qualifications e

O-level 0.58 (0.07) <0.01 0.45e0.75
A-level 0.76 (0.06) <0.01 0.65e0.89
Degree 0.72 (0.07) <0.01 0.58e0.88

Gender
Men e

Women 0.57 (0.04) <0.01 0.50e0.66
Social Class
Professional e

Manager 1.29 (0.18) 0.06 0.99e1.70
Skilled non-manual 1.33 (0.20) 0.06 0.99e1.79
Skilled manual 1.05 (0.16) 0.73 0.78e1.42
Semi-skilled 1.04 (0.17) 0.82 0.75e1.44
Non-skilled 1.35 (0.33) 0.21 0.84e2.17

Physical Activity Status
Inactive e

Moderately inactive 0.45 (0.04) <0.001 0.38e0.54
Moderately active 0.49 (0.05) <0.001 0.40e0.60
Active 0.43 (0.03) <0.01 0.37e0.49

Self-Rated Health
Good/fair/poor e

Excellent/very good 0.42 (0.03) <0.01 0.35e0.49
Participates in Social Groups
No e

Yes 0.79 (0.05) <0.01 0.69e0.91
Number of Groups Joined
0 e

1 0.78 (0.07) <0.01 0.65e0.92
2 or more 0.81 (0.06) 0.01 0.69e0.94

Participates in a sports group
No e

Yes 0.55 (0.05) <0.01 0.45e0.66

CI, confidence interval.
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membership was used as an imperfect alternative to capture par-
ticipants’ quantity of social participation.

Residual confounding may also impact the observed effects of
social participation on health. As participants recruited were
middle-aged at baseline, the study did not obtain data on many
early-life experiences that affect both individuals’ social capital and
their health outcomes, such as adverse childhood experiences or
childhood illnesses. Similarly, the study did not obtain data on
disabilities or functional limitations, which are more prevalent in
older populations and may limit individuals’ opportunities for so-
cial participation. As we did not incorporate these variables in the
analysis, the effect size may be overestimated.

Conclusion

In summary, this epidemiological study on the effects of social
participation on all-cause mortality is encapsulated within a large,
ongoing cohort study of a mostly white British population. Those
who participated in a social group, club, or organization were more
likely to be women, more highly educated, and in non-manual
professions. This study provides evidence in support of an associ-
ation between social participation and reduced all-cause mortality
and suggests that membership in two or more groups may
demonstrate an even stronger relationship with lower mortality.
Associations between social participation and lowermortality were
strongest among people who were physically active.
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a b s t r a c t

Objectives: Chronic obstructive pulmonary disease (COPD) is one of the most common lower respiratory
chronic diseases. The aim of this study was to analyze the COPD mortality trends in Croatia for the period
2010e2019 and to identify possible changes and differences by age group and gender.
Study design and methods: In data analysis were included COPD death cases for the period 2010e2019
defined as ICD-10 code J44.0 e J44.9. Mortality data were obtained from the Croatian Institute of Public
Health based on death certificates. To model temporal changes in mortality rates joinpoint regression
analysis was carried out.
Results: The number of COPD deaths increased in men from 878 in 2010 to 1083 in 2019 and in women
from 520 in 2010 to 737 in 2019. Over the 10-year period, there was a stable age-standardized COPD
mortality rate among men and statistically significant increasing age-standardized COPD mortality rate
among women at the national level.
Conclusions: The findings show a narrowing of the gender gap of COPD mortality. Observed higher COPD
mortality rates with age in both men and women confirm previous data and imply that the number of
COPD deaths will continue to increase in the future. The healthcare system should focus on the
improvement of the quality of care and investment in health promotion and prevention programs aimed
at reducing risk factors for COPD, especially tobacco smoking, as well as raising awareness and knowl-
edge about COPD as a chronic disease.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Chronic obstructive pulmonary disease, or COPD, is one of the
most common lower respiratory chronic diseases. The character-
istics of COPD are progressive airflow blockage and breathing-
related problems like shortness of breath. Although COPD has
mainly negative effects on lung function, significant systemic re-
percussions have also been recognized.1 COPD induces system
inflammation through increased plasma levels of proinflammatory
cytokines and increased circulating inflammatory cells, and can
lead to other health complications like coronary artery disease,
endothelial dysfunction, depression, altered autonomic nervous
system,2e4 so it has been recognized as multisystem disorder.5,6

Although COPD is described as a ‘preventable and treatable
disease’, it is still a global health epidemic with high morbidity and
mortality.7,8,9,10 Data from World Health Organisation put COPD as

third leading cause of death worldwide,11 with an estimated 3.17
million deaths in 2015, which represents 5% of all deaths.12 The GBD
studies estimated 251 million cases of COPD in the world in 2016.9

Furthermore it is estimated that 4 million people die prematurely
from chronic respiratory diseases every year.13 In The European
Union (EU) respiratory diseases are the cause of death in about
600,000 people every year, with more than a half of them from
cancer and COPD.14 According to the data from the Institute for
Health Metrics and Evaluation, in 2019 COPD was the sixth leading
cause of death in Croatia causing 13.2% of all deaths.15

Tobacco exposure, i.e. active or passive smoking, is one of the
main risk factors for COPD, but other factors have also been
determined (exposure to occupational chemical substances, indoor
and outdoor air pollution, genetics, health in early life, previous
respiratory infections, nutrition, gender, and socioeconomic sta-
tus).14,16e29 A large part of the world’s population is exposed to
external risk factors for chronic respiratory diseases. Nearly 2.7
billion people in the world rely on biomass, coal or kerosene for
cooking,30 91% of the world population is exposed to levels of air
pollution aboveWHOAir Quality Guidelines limits,31,32 and in 2015,
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the age-standardized prevalence of daily smoking worldwide was
25.0% in men and 5.4% in women.33

As worldwide, the problem of smoking is present in Croatia, as
well as the age-standardized prevalence of daily smoking in 2015 in
Croatia was 30.4% in men and 25.9% in women.33

Data about prevalence and mortality from COPD have long
noted gender differences, with higher rates among men.12,29

However, it seems that the gender gap is narrowing.34 Further,
epidemiological data show an increase in COPDmortality with age,
especially after age 45.29 Therefore, due to high tobacco smoking
rates and population aging in many countries, it can be expected
that the burden from COPD would increase even more.12

As many external risk factors have an impact on development
and mortality from COPD, valuable data come from analysis at the
national level. These analyses are recognized as key markers of the
situation of the disease that may help in organizing and improving
the overburdened healthcare system.35

The aim of this study was to analyze the COPD mortality trends
in Croatia for the period 2010e2019 and to identify possible
changes and differences by age group and gender.

Methods

Mortality data for the period 2010e2019 were obtained from
the Croatian Institute of Public Health based on death certificates.
In data analysis were included COPD death cases defined as ICD-10
code J44.0 e J44.9.36 For calculating crude rates, we used the esti-
mated population in the middle of the year from the Croatian Bu-
reau of Statistics for years 2010e2019.37 Age-standardized
mortality rates (ASR) of COPD mortality in Croatia were calcu-
lated for each gender, 10-year age group (from 40 years above) and
for all ages by the direct standardization method, using the revised
EU Standard Population (based on the EU and EFTA 2011e30 pop-
ulation projections) as a reference.38 These were expressed as rates
per 100,000 persons.

To model temporal changes in mortality rates, we carried out
joinpoint regression analysis using the Joinpoint Regression Soft-
ware (Version 4.8.0.1) from the Surveillance Research Program of
the US National Cancer Institute.39 The aim of the approach is to fit
the rates of events into the simplest model possible, starting with
the model with zero joinpoints. Using theMonte Carlo Permutation
method possible, significant joinpoints (breakpoints that would
improve the fitness of the model) are identified with a statistical
significance set at P < 0.05.

For quantifying the trend (for the period between two joinpoints
or the beginning and the end of series), a log-linear model with
annual percent change (APC, the estimated annual change in rate
from one joinpoint to the next in percentage) is calculated with its
corresponding 95% confidence intervals (CI).

Statistically significant increase/decrease was considered if the
APC was different than zero with P < 0.05 and CI not including zero.
All statistical tests were two sided.

Results

From 2010 to 2019, there were overall 16,560 COPD death cases
in Croatia, 9987 males and 6573 females. The number of deaths
ranged from 878 to 1083 annually for men and from 520 to 773 for
women. Below age 40, there were only 12 reported COPD death
cases in Croatia in the 10-year period.

In both men and women, age group 80þ years old, with 8726
deaths, had the highest number of deaths among the analyzed 10-
year age groups (from 40 years above). This age group contributed
to 52.7% of all deaths from COPD (45.9% among men and 63%

among women) at the national level in the 10-year period analyzed
in the study.

Mortality trend analysis e all ages, by gender

Over the 10-year period, there was a stable (not statistically
significant decrease) age-standardized COPD mortality rate among
men and statistically significant increasing age-standardized COPD
mortality rate among women at the national level.

The number of COPD deaths increased in men from 878 in 2010
to 1083 in 2019 and in women from 520 in 2010 to 737 in 2019
(Table 1).

COPD age-standardized mortality trend showed a non-
significant decrease for men, with APC -0.24% (95% CI, �1.6% to
1.1%) and a significant increase for women, with APC of 2.93% (95%
CI, 0.4% to 5.5%). No joinpoints were identified (Fig. 1).

Mortality trend analysis - 10-year age groups, by gender

In five analyzed 10-year age groups (40e49, 50e59, 60e69,
70e79, 80þ) ASR from COPD, for both men and women, there were
no joinpoints identified (Fig. 2).

For men age-group 40e49, 50e59, and 70e79, there was a non-
significant decreasing age-standardized COPD mortality rate trend.
APC for the age group 40e49 was �2.27% (95% CI, �10.2% to 6.4%),
for the age group 50e59 was �1.70% (95% CI, �5.2% to 1.9%). A
statistically significant decrease by joinpoint analysis was found
pointed for men age group 70e79, with APC e1.31% (95% CI, �2.6%
to �0.0%); however, as confidence interval includes zero, we
consider it non-significant.

In age groups 60e69 and 80þ, COPD mortality trend showed a
non-significant increase for men, with APC 2.10% for age group
60e69 and 0.33% for age group 80þ (95% CI, �0.5% to 4.7%
and �1.5% to 2.2% respectively) (Fig. 2).

For women only age group 50e59 showed decreasing but non-
significant COPDmortality trend, with APC -0.43% (95% CI,�4.0% to
3.2%). In age groups 40e49 and 70e79, COPD mortality trend
showed a non-significant increase for women, with APC 2.50% for
age group 40e49 and 1.27% for age group 70e79 (95% CI, and�1.1%
to 3.7% respectively). Significant increasing COPD mortality trend
among women at the national level was found for age groups
60e69 and 80þ, with APC 5.06% for the age group 60e69 and 3.48%
for the age group 80þ (95% CI, 0.9% to 9.4% and 0.7% to 6.3%
respectively) (Fig. 2).

Table 1
COPD mortality in Croatian men and women, 2010e2019.

Year Men Women

Na Crude rate ASRb Na Crude rate ASRb

2010 878 41.19 68.43 520 22.75 23.12
2011 944 45.73 70.60 549 24.82 23.46
2012 941 45.71 69.97 591 20.46 19.86
2013 977 48.18 79.93 627 28.48 25.73
2014 1019 49.81 73.44 631 28.78 25.66
2015 1083 53.39 74.85 760 34.94 30.37
2016 964 47.85 67.13 684 31.67 27.00
2017 1051 52.81 71.63 773 36.22 29.83
2018 1047 53.01 68.81 701 33.18 26.74
2019 1083 54.96 70.29 737 35.19 27.54

a N e number of deaths.
b ASR e age-standardized mortality rate per 100,000 (using revised European

standard population).
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Discussion

This study gave a systematic overview of COPD mortality in
Croatia, considering the most important confounding factors -
gender and age. Throughout 2010e2019 in Croatia, gender differ-
ences in COPD mortality rates were found regardless of age. COPD
mortality rates among men remained stable, while among women
have increased, especially for ages 60e69 and 80þ. On the other
hand, a study about COPD mortality rates throughout 1995e2017
showed increased rates among Croatian men, likewise in Czechian
men, while rates in Hungary remained stable (since 2005) and in
the other European countries, like Italy, Spain, Lithuania, or Finland
they were declining.40 Found narrowing of the gender gap in our
study is in line with previous results in which age-specific rates
were analyzed. Further, observed convergence between mortality
trends among men and womenwas previously reported in Europe,
mostly in high-income countries.41 As Croatia went through tran-
sition and development, becoming EUmember in 2013 and a high-
income country in 2018, this may be a partial explanation for
changes in COPD mortality trend among Croatian men.

The results of this study showed increased COPD mortality in
women. This can be due to the increase of the prevalence of COPD
in women as the increasing burden of COPD in women has been
noted in many countries, i.e. Denmark, England.42,43

However, COPD is still considered a disease that primarily affects
men. Because that women are at greater risk than men of undiag-
nosed COPD or misdiagnosed COPD with asthma.44e47

As a result, COPD may be well advanced before adequate
treatment starts, which increases the risk of complications and
lowers the quality of life.

Increased COPD mortality rates among Croatian women could
also be explained by an increase in the prevalence of cigarette
smoking among women.48 Given the reduction in gender differ-
ences when it comes to this risky behavior among adolescents, an
increase in mortality from COPD in women can be expected in the

future.49,50 Some studies found no difference between men and
women of the same smoking habits and risk for development of the
COPD51 but some indicate a possible greater susceptibility of
women to the harmful effects of smoking on the lungs.52

To facilitate early recognition of COPD in women, primary care
physicians and other health professionals should be aware of
gender differences in the presentation of COPD (e.g. younger age,
lower BMI, greater risk for lung impairment, and severe dyspnea for
the same level of smoke exposure, and lower socioeconomic status
in women in comparison to men).53e55

Since our results showed that COPD mortality rates among men
in comparison to women remained higher (even more than dou-
ble), despite the marked convergence, this confirms that men are
still at a higher risk of dying from COPD.

Thus, further aims for raising awareness of COPD and health
literacy should be focused on both men and women. Health lit-
eracy is recognized as an important factor in the prevention and
control of non-communicable diseases. It includes access to
health services, understanding, appraising, and ability to
remember and apply information about health.56,57 Health liter-
acy has been shown to impact overall health and the use of
screening, so patients with lower health literacy present in later
stages of the disease, have difficulties in understanding their
treatment, which results with lower adherence to medical regi-
mens and higher risk for being hospitalized. Regarding COPD,
although it is a disease with high prevalence, studies show there
is still poor knowledge of the general population about the dis-
ease and its symptoms.58,59 Therefore, there is a need for in-
terventions aimed at raising public awareness of COPD, and they
have been shown to have a positive impact.60 This positive effect
go beyond mentioned use of screening and treatment adherence
but also there has been found a positive effect on willingness to
quit smoking. Korean study in smoking cessation program
showed that after being informed about COPD, their willingness
to quit smoking increased.61

Fig. 1. Joinpoint analysis for COPDmortality in Croatia, by gender, 2010e2019. Circles (upper line) emen; triangles (lower line) - women; ASR e age-standardized mortality rate per
100,000 (using revised European standard population).
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Further, observed higher COPD mortality rates with age in both
men and women confirm previous data and imply that the number
of COPD deaths will continue to increase in the future.12,40 As it was
previously found, even with declining COPD mortality rates, the
number of COPD deaths has actually been increasing in the ma-
jority of the studied countries. Several factors have been recog-
nized. One of the main factors is population ageing.38 Also, with
urbanization, more people are exposed to outdoor air pollution that
is a risk factor for COPD development,51,62 changes in the mortality
of other causes such as from cardiovascular disease and acute
infection could ‘spill over’ to COPD mortality.63

The low rate of influenza vaccination among the elderly may
also be one of the factors as influenza vaccination has been
recognized as an important tool for reducing the number of exac-
erbations, risk of serious illness, and death in patients with COPD.64

Despite the fact that in Croatia people over 65, as well as those with
chronic diseases are provided with free influenza vaccination the
prevalence rate of vaccinated among the elderly is low.65 According
to the EUROSTAT in 2018 Croatia had one of the lowest prevalence
of people over 65 years old that were vaccinated against influ-
enza.66 Data from a study conducted in Vukovarsko-Srijemska
county in Croatia showed that more than half of the respondents
over the age 65 are not vaccinated against influenza regularly every
year, and the vast majority of respondents do not want to be
vaccinated in the future.67

Strengths and limitations

One of the main strengths of this study is that the analysis was
conducted based on national COPD mortality data. Mortality data

and statistics provide one of the most quality and reliable health
data. In Croatia the Tenth Revision of the International Classifica-
tion of Diseases (ICD-10) rules for determining and coding the
underlying cause of death and has been applied since 1995. Since
2012, the Second Edition of the ICD-10 revision has been in force.
Also, in line with the recommendations of theWHO and EUROSTAT
updates of the ICD-10 revision have been applied since 2004 in
order to improve the quality and harmonization of mortality sta-
tistics data.68

Nevertheless, interpretation of the results should bemadewhile
considering several limitations. Because the comorbidity diagnoses
such as cancer, cerebrovascular disease, or diabetes are often cho-
sen as the cause of death, although the deceased person also suf-
fered from COPD, recorded COPD mortality may deviate from the
actual.69e73 In addition, unrecognized and undiagnosed COPD in
deceased persons or insufficient availability of medical records of
the deceased person are also possible reasons for not listing COPD
as a cause of death.72 Therefore, reported COPD mortality rates are
likely underestimated. For assessing, more accurately, the real
contribution of COPD on mortality, future studies may include
contributing causes of death mentioned on the death certificates
into the analysis.40

Conclusion

This study showed stable COPD mortality rates among men in
Croatia and an increase among women, especially for ages 60e69
and 80þ. To better understand this change future research should
expand analysis and compare national trends with those at the
European level.

Fig. 2. Joinpoint analysis for COPD mortality in Croatia, by 10-year age groups and gender, 2010e2019. Circles (upper line) e men; triangles (lower line) - women; ASR e age-
standardized mortality rate per 100,000 (using revised European standard population).
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Mortality indicators are recognized as one of the most valuable
for planning and organization of the healthcare system and policies
(i.e. assessing the health status of the population, creating health
policies, evaluating national health programs, and for regional and
international comparisons). Knowing that andwith COPDmortality
data that indicates that COPD burden will continue to increase in
the future, the healthcare system should focus on improvement of
the quality of care. Increasing the number of health professionals in
prevention, diagnosis, treatment, and rehabilitation would reduce
the risk of developing COPD, respectively, reduce the time interval
to final diagnosis so that treatment can begin early. This is espe-
cially important for the improvement of diagnosing COPD in
women. Health professionals should have in mind that women
with symptoms of COPD are at higher risk for misdiagnosed COPD
with asthma than menwith symptoms of COPD. This would reduce
mortality and improve the quality of life of patients.

Since COPD is a preventable and treatable disease but still not
curable, the primary prevention of COPD remains the most
important public health tool. At a population level, further invest-
ment in health promotion and prevention programs aimed at
reducing risk factors for COPD, especially tobacco smoking, as well
as raising awareness and knowledge about COPD as a chronic dis-
ease is needed.
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a b s t r a c t

Objective: To combat the widespread transmission of COVID-19, many countries, including the United
Kingdom, have imposed nationwide lockdowns. Little is known about how these public health safety
measures affect pregnant mothers and their offspring. This study aimed to explore the impact of COVID-
19 public health safety measures on births in Scotland.
Study design: Cross-sectional study.
Methods: Using routinely collected health data on pregnancy and birth in Scotland, this study compares
all births (N ¼ 7342) between 24th March and May 2020 with births in the same period in 2018
(N ¼ 8323) to investigate the potential negative impact of public health safety measures introduced in
Scotland in spring 2020. Birth outcomes were compared using Mann-Whitney-U tests and chi-square
tests.
Results: Mothers giving birth during the pandemic tended to combine breastfeeding and formula-
feeding rather than exclusively breastfeed or exclusively formula-feed, stayed in hospital for fewer
days, and more often had an epidural or a spinal anaesthetic compared to women giving birth in 2018.
Conclusion: Overall, results suggest little impact of public health safety measures on birth outcomes.
Further research is needed to explore the longer-term impacts of being born in the pandemic on both
maternal mental health and child development.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Coronavirus disease 2019 (COVID-19) is spreading rapidly
around the globe after its first identification in Wuhan, China, in
December of 2019. In response, many countries, including the
United Kingdom, have imposed nationwide lockdowns to combat
the widespread transmission of COVID-19. In Scotland, the first
Covid-19 cases were reported on 1st March 2020, and a strict
lockdown was put in place on 24th March. These public health
safety measures have had wide ranging effects on everyone, but
certain groups, such as pregnant women, might be particularly
vulnerable to changes in social contacts and care provisions.1,2

Pregnant women were ordered to stay at home and self-isolate,
partners were only allowed in hospital for the last stages of la-
bour and were not allowed any visitors during their hospital stay.
The lessening of parental choice reduced social and formal

support, and poorer maternal health compared to prepandemic
life may have adverse effects on maternal and neonatal wellbeing.
Social-distancing has been shown to lead to an increase in mental
health difficulties in the general population1 and specifically in
pregnant women.2,3 Compared to pre-COVID-19 pregnancy co-
horts, women expecting a child during the COVID-19 pandemic in
the UK suffer from substantially elevated psychological distress,
with 57% reporting clinically relevant symptoms of anxiety, 37%
reporting clinically relevant symptoms of depression, and 68%
reporting elevated pregnancy-related anxiety.3 Public health
safety measures have further led to a marked rise in domestic
violence incidents in the United Kingdom as is reflected in a 49%
increase in calls to the national domestic abuse helpline run by
the charity Refuge,4 with pregnant women being of particularly
high risk to experience violence also under normal circum-
stances.5 As has been shown in prepandemic studies, domestic
violence and elevated levels of depression or anxiety in preg-
nancy are risk factors for adverse maternal and neonatal
outcomes.6
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These findings, taken together, highlight the need to investigate
the impact of nationwide public health safety measures on preg-
nancy and birth. This study gives some preliminary evidence on the
impact of public health safety measures on 7342 births in Scotland
betweenMarch andMay 2020 using routinely collected health data
on pregnancy and birth in Scotland.

The study population comprised 7219 women giving birth to
7342 children (7096 singletons, 246multiples) in Scotland between
24th March and 31st May 2020, as well as a control group of 8185
women giving birth to 8323 children (8043 singletons, 280 multi-
ples) between March and May 2018. Harmonised routine health
data on pregnancy and birth was provided by Public Health Scot-
land. In particular, obstetric records from the Scottish Morbidity
Records (SMR02) were matched with Scottish Birth Records (SBR)
and COVID-19 test results from the Electronic Communication of
Surveillance in Scotland (ECOSS). Eight womenwere excluded from
analyses as they tested positive for COVID-19 (198 women were
tested). While sample sizes for COVID-19 positive women did not
allow for further analyses, the data suggested that none of the
women or babies had any particularly negative outcome. One
important caveat that has to be kept in mind when interpreting the
findings of this study is that the cohorts were recruited in two
different years. Thus, they may have potentially been exposed to
different non-Covid-19 related factors such as changes in health
care provisions, which could have influenced the results presented
here.

A variety of maternal and infant outcomes were analysed: in-
duction of labour (yes, no), mode of delivery (unassisted vaginal
delivery, planned caesarean section, emergency caesarean section,
other (e.g. use of forceps)), analgesia during labour (none, gas and
air, opioids, epidural, spinal anaesthetic, general anaesthetics,
other), birth outcome (live birth, stillbirth, infant death),
Appearance, Pulse, Grimace, Activity, and Respiration (APGAR)
score (low ¼ 0e3, moderately abnormal ¼ 4e6,
reassuring ¼ 7e107), age of gestation, birth weight, length of
hospital stay, and feeding method on discharge (breastfeeding,
formula, mixed feeding, other). Data were analysed using
ManneWhitney U tests for continuous outcomes and chi-square
tests of independence for nominal outcomes. If the chi-square
test was significant (a < 0.05), posthoc tests (Fisher’s exact tests)
were conducted to examine all possible comparisons. These were
additionally corrected for multiple comparisons using Bonferroni
adjustment.

Descriptive Statistics are given in Table 1. ManneWhitney U
tests showed significant results for length of hospital stay with
women in 2020 leaving the hospital around 6 hours earlier than
women in 2018 (Z ¼ 9.75, P < .001). There were no significant
differences in birth weight (Z ¼ 0.75, P ¼ .454), or age of gestation
(Z ¼ �0.69, P ¼ .488). Chi-squared tests showed no significant
differences in APGAR scores (c2(2) ¼ 1.28, P ¼ .527), mode of de-
livery (c2(3) ¼ 5.53, P ¼ .137), induction of labour (c2(1) ¼ 0.08,
P ¼ .783) and birth outcomes (c2(2) ¼ 0.60, P ¼ .740), however,
there were significant differences in feeding methods on discharge
(c2(3) ¼ 14.70, P ¼ .033) and analgesia during labour and delivery
(c2(6) ¼ 64.56, P < .001). Posthoc tests revealed that women were
more likely to combine breastfeeding with formula-feeding (13.2%
in 2018 vs 14.8% in 2020) than to exclusively breastfeed (43.4% in
2018 vs 42.9% in 2020, P¼ 0.011, Padj¼ .069) or exclusively formula-
feed (42.8% in 2018 vs 41.8% in 2020, P¼ 0.006, Padj ¼ .038) Women
in 2020 were also more likely to require spinal anaesthetics (29.1%
in 2018 vs 33.1% in 2020) compared to using no pain relief air
(P¼ 0.011, Padj ¼ .226), gas and air ( P¼ 0.001, Padj < .001) or opioids
(P < 0.001, Padj < .001), as well as more likely to have an epidural

(17.6% in 2018 vs 19.9% in 2020) compared to using gas and air
(P < 0.001, Padj < .001) or opioids (P < 0.001, Padj < .001).

Overall, results suggest that the public health safety measures
implemented in response to the COVID-19 pandemic have had
relatively little impact on maternal and neonatal outcomes in
Scotland. In line with findings from American hospitals,8 women
giving birth in a Scottish hospital during the pandemic tended to
leave maternity wards slightly faster than women who gave birth
in the same months of 2018. This reduction in hospital stay
duration is likely the result of policy modifications that were
implemented to protect women, as well as hospital staff, against
COVID-19 infections. Birth partners having to leave the hospital
right after delivery and limited visitor numbers likely prompted
women to go home as soon as possible. There has been some
concern that a reduction in hospital stays could lead to increases
in the rate of adverse neonatal and maternal outcomes. However,
in agreement with other studies looking at the impact of reducing
hospital stay durations, our results do not support these
concerns.8

Women giving birth during the COVID-19 pandemic in Scotland
were further found to bemore likely to combine breastfeeding with
formula-feeding rather than to exclusively breastfeed or exclusively
formula-feed. There has been some evidence from British hospitals
that women giving birth during the pandemic were more likely to
exclusively breastfeed than prepandemic cohorts.9 This has been
attributed to women having more time for themselves and their
new-born as they had more help from their partners once home
and fewer visitors. There has, however, also been some evidence
that women were less likely to continue breastfeeding long term
due to a reduction of face-to-face services for breastfeeding sup-
port.10 The increase in mixed feeding that was found in the current
study could, however, also be the result of a more general change in
feeding practises that is unrelated to the pandemic. For instance, it
is possible that more hospitals are now encouraging mothers to
supplement breastfeeding with bottle-feeding to counteract infant
weight loss, which otherwise puts a lot of pressure on women who
may struggle with producing enough breastmilk to exclusively
breastfeed. This is, however, purely speculative, and further
research is needed to investigate general trends in infant feeding
practices.

Results further indicated that women giving birth between
March and May 2020 more often had an epidural or received spinal
anaesthetics than women giving birth in the same period in 2018.
One potential reason for this finding is that birth partners were
restricted to just one person who often was only allowed into the
labour ward once the expectant mumwas already in active labour.
This could have resulted in women having reduced pain tolerance
in active labour as they were left to cope with the pain of early
labour without a supportive birth partner present. Another po-
tential reason for this finding is that during COVID-19, an increased
number of consultants and anaesthetic staff were present to pro-
vide care for women thatmay have presentedwith COVID-19. Thus,
this could have made it easier for women to receive an epidural or
spinal anaesthetic. However, it is also possible that epidurals and
spinal anaesthetics are gaining in popularity independently of the
COVID-19 pandemic.

In conclusion, the findings of the current study suggest that
public health safety measures implemented in Scotland as a
response to the COVID-19 pandemic had a limited impact on
maternal and neonatal outcomes. While these findings are reas-
suring, future research is needed to gain better insights into the
impact of COVID-19 and associated public health safety measures
on maternal and child health.
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Table 1
Descriptive Statistics.

Continuous Variables

Cohort 2018 Cohort 2020 Overall

M Median SD Range M Median SD Range M Median SD Range P

Maternal Age 30.02 30 5.60 14e53 30.34 31 5.49 15e53 30.17 30 5.55 14e53 <.001
Length of Hospital
Stay (days)

2.56 2 2.38 0e38 2.29 2 2.50 0e84 2.43 2 .2.44 0e84 <.001

Birth weight 3318.19 3360 608.24 610e5640 3325.73 3374 603.70 620e6000 3321.73 3368 606.11 610e6000 .454
Age of Gestation 38.74 39 2.17 21e44 38.76 39 2.18 22e42 38.75 39 2.17 21e44 .488

Categorical Variables

Category Cohort 2018 Cohort 2020 Overall Relative Risk Ratio P

N % N % N %

Number of Births Singleton 8043 96.6 7096 96.6 15139 96.7 Reference Group .998
Multiples 280 3.3 246 3.4 526 3.3 1.00 (0.99e1.01)

Sex Male 4218 50.7 3703 50.4 7921 50.6 Reference Group .734
Female 4079 49.3 3638 49.6 7735 49.4 1.01 (0.98e1.04)

Mode of Delivery Unassisted Vaginal 4344 52.5 3788 51.6 8132 52.3 Reference Group .137
Planned C-Section 1367 16.5 1288 17.5 2655 17.0 1.02 (0.99e1.04)
Emergency C-Section 1488 18.0 1363 18.6 2851 18.3 1.01 (0.99e1.04)
Other (e.g. Forceps) 1079 13.0 901 12.3 1980 12.7 0.99 (0.97e1.01)

Induction of Labour No 5541 67.4 4910 67.2 10451 67.3 Reference Group .783
Yes 2678 32.6 2398 32.8 5075 32.7 1.00 (0.98e1.03)

Birth Outcome Alive 8273 99.5 7292 99.4 15565 99.4 Reference Group .740
Stillbirth 10 0.1 9 0.1 19 0.1 1.00 (1.00e1.00)
Infant Death 36 0.4 38 0.5 74 0.5 1.00 (1.00e1.00)

APGAR Score 0e3 39 0.5 31 0.4 70 0.5 Reference Group .527
4e6 144 1.8 112 1.6 256 1.7 0.98 (0.65e1.49)
7e10 7959 97.8 7063 98.0 15022 97.9 1.11 (0.69e1.78)

Method of Feeding
at Discharge

Breastfed 3505 43.4 3066 42.9 6571 43.2 Reference Group .033
Formula-fed 3452 42.8 2990 41.8 6442 42.3 1.00 (0.96e1.03)
Mixed 1066 13.2 1059 14.8 2125 14.0 1.03 (1.01e1.06)
Other 54 0.6 33 0.5 78 0.5 1.00 (0.99e1.01)

Analgesia during
Labour and Delivery

None 328 4.7 285 4.3 613 4.5 Reference Group <.001
Epidural 1230 17.6 1324 19.9 2554 18.7 1.19 (1.03e1.37)
Opioids 1129 16.2 852 12.8 2981 14.5 0.90 (0.78e1.03)
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Spinal Anaesthetics 2032 29.1 2204 33.1 4236 31.1 1.21 (1.05e1.41)
Other 168 2.7 167 2.5 353 2.6 1.05 (0.95e1.15)

Note. Relative Risk Ratios are given in comparison to the reference group, e.g., breastfed vs formula-fed and breastfed vs mixed with higher/lower ratios indicating that an
outcome was more/less likely in the 2020 cohort than in the 2018 cohort, P-values are based on ManneWhitney U tests for continuous variables and on chi-square tests for
categorical variables.
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a b s t r a c t

Objectives: Evaluation of the incidence of infectious diseases after natural disasters can help develop
healthcare policies. This study provides a global review of the most prevalent infectious diseases
observed after earthquakes.
Study design: A systematic review and meta-analysis were performed.
Methods: A systematic review was performed on electronic databases, including PubMed, Scopus and
Web of Science, up to March 2020 (with no time limitations). Studies addressing earthquakes and in-
fectious diseases were collected based on specified inclusion and exclusion criteria. Subsequently, the
quality of the studies was assessed by the Newcastle-Ottawa scale (NOS). Data analyses were carried out
on six subgroups under five different disease categories using comprehensive meta-analysis software.
Results: In total, 24 studies qualified for the systematic review and 18 were included in the meta-
analysis. The incidences of gastrointestinal infections, dermal infections, respiratory infections, central
nervous system infections and other infectious diseases were as follows: odds ratio (OR) 163.4 (95%
confidence interval [CI]: 31.0e858.1), OR 84.5 (95% CI: 27.1e262.8), OR 9.9 (95% CI: 3.5e27.7), OR 0.5 (95%
CI: 0.2e1.1) and OR 4.4 (95% CI: 1.9e9.9) cases per 100,000 people, respectively. The association between
the incidences of infectious diseases before and after earthquakes was significant, namely, 1.561 (95% CI:
1.244e1.957) with a P-value <0.001.
Conclusions: The results show an increase in the prevalence of infectious diseases after earthquakes.
Governments should take essential measures to be better prepared for such unpredictable catastrophes.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Earthquakes occur throughout the world with considerable
annual frequency. However, only a small number of earthquakes are
sufficiently strong to be felt and cause damage. Earthquakes occur at
focal depths of 700 km under the earth's crust and show a sharp
decrease in destructive strength with increasing distance from the
epicentre.1 Earthquakes are among the most frequent natural

disasters andwere responsible for approximately 1.87million deaths
in the20th century.2 Based on theNational Comorbidity Survey,18.9%
of men and 15.2% of women reported a lifetime experience of a nat-
ural disaster.3 Natural disasters may result in the outbreak of infec-
tious diseases as a result of extensive population displacement.
Natural disasters can also increase the risk factors for disease trans-
mission, such as variation in the environment, human conditions and
susceptibility to pathogens.4 People who live in affected areas are
usually forced to change their lifestyles because of scarce water
availability and deficiency of food supplies. In addition, natural di-
sasters impact medical treatment through the loss of medicines,
damage to hospitals andhealthcare facilities, and reduced emergency
capacity. Such situations worsen the physical and mental health
conditions of injured individuals.5e8 Standard medical resources in
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impacted regionsmay not be able to respond effectively to the crisis;
therefore, leading organisations must provide the necessary medical
equipment and supplies, which requires planning, in addition to a
profound understanding of diseases and risk of infections.9e11

To identify post-earthquake infectious disease outbreaks and
risk factors of earthquake-related injuries, disabilities and traumas
in different populations, a comprehensive search was carried out
on the related literature. Such studies are necessary to examine the
probable risk factors, such as climate changes, geographic regions
and other circumstances that exacerbate the incidence of different
infectious diseases. However, no systematic reviews and meta-
analyses that specifically addressed post-earthquake infectious
diseases were found. This systematic review and meta-analysis
provide a clear global insight into the incidences of earthquake-
related infectious diseases. In addition, this study classifies dis-
eases and suggests potential areas where more consideration and
increased public attention are needed to reduce the risk of these
diseases and their corresponding complications.

Methods

Literature search

A systematic review of peer-reviewed, English-language articles
was performed by searching indexed electronic databases,
including PubMed, Scopus and Web of Science. Two reviewers
separately searched the articles published up to March 2020 (with
no time limitations), providing information on earthquakes, infec-
tious diseases and their incidences. Google and Google Scholar
were also used as sources of grey literature. Moreover, the refer-
ences of all included articles were manually searched.

The search algorithms were developed based on the syntax of
each database regarding infectious diseases, epidemiology, inci-
dence and earthquakes.

Inclusion and exclusion criteria

Observational studies on the incidence of infectious diseases
before and after earthquakes were included. Articles about irrele-
vant types of disasters, non-English articles, reviews, books, theses,
letters to editors, unstructured papers, proceeding papers and
dissertations were excluded. Articles that did not provide infor-
mation on the incidence of infectious diseases and the total pop-
ulation and articles with unavailable full-text were also omitted
from the review process.

Study selection and screening

Three authors (FB, MT and ZS) searched the databases based on
the given search strategy. All original studies were retrieved,
combined and exported into EndNote X7 software (Thomson
Reuters, New York, NY, USA). Duplicated articles were removed.
According to the inclusion and exclusion criteria, three in-
vestigators (SN, FB and ZS) independently screened the title, ab-
stract and text of all articles. Two reviewers (FB and SN) evaluated
any inconsistencies in the final selected articles. Finally, 24 articles
were selected for the study (Fig. 1).

Quality assessment and data extraction

Two independent researchers used the Newcastle-Ottawa Scale
(NOS)12 to evaluate the quality of selected studies in terms of se-
lection, comparability and outcome.13 The NOS scores ranged from
0 to 10, with 0e3 indicating poor quality, 4e6 indicating interme-
diate quality and >7 signifying high quality.13

The data extraction form was designed based on similar review
studies found in the initial search. Three researchers gathered and
summarised the information as shown in Table 1. The extracted pa-
rameterswere as follows: (i) publication details (last name of the first
author, publicationyear and study design); (ii) general characteristics
of the earthquake (country, the epicentre and earthquake year); and
(iii) details of the infectious diseases (age range of those infected,
infectious diseases and incidence of diseases before and after the
earthquake). Infectious diseases were classified into four categories:
respiratory, gastrointestinal and hepatic, CNS and dermal.

Data analyses

Data from each study were analysed under seven different
subgroups using comprehensive meta-analysis software, version
3.3.070 (Biostat, Englewood, NJ, USA). Heterogeneity was measured
by the inconsistency index (I2). A random-effect model was per-
formed for I2 >75%. The final datawere summarised as frequencies,
odds ratios (ORs) and 95% confidence intervals (CIs). The publica-
tion bias was assessed by Egger's test and the Trim and Fill method.

Results

Search and selection process

According to the literature search strategies, 1461, 434 and 380
articles were found in Scopus, PubMed and Web of Science,
respectively. Moreover, 220 publications were added by searching
Google Scholar and reviewing the reference lists of the relevant
studies. After removing duplicates and investigating inclusion and
exclusion criteria, 1667 publications were excluded. Full texts of the
remaining studies (n ¼ 257) were assessed. Subsequently, 24
studies were included in the systematic review and 18were eligible
for meta-analysis (Fig. 1 , PRISMA flow chart).

Study characteristics

The majority of studies were cross-sectional (n ¼ 16), followed
by retrospective studies (n ¼ 3), descriptive follow-ups (n ¼ 2),
epidemiological investigations (n ¼ 2) and a one-time series
investigation (n ¼ 1). Studies were published between 1982 and
2017. All publications scored >5 in the quality assessment. Studies
related to the Great East Japan earthquake were the most frequent
(n ¼ 6). Respiratory infections were investigated most frequently
(n ¼ 13), and acute respiratory infection was the most common
disease to be reviewed. Some studies compared the incidences of
pre- and post-earthquake infectious diseases and patient numbers
(n ¼ 7), whereas other studies only assessed the post-earthquake
situation. The total aggregated sample size of eligible studies for
meta-analysis was 18 (Table 1 and Fig.1). Further information about
demographic data is available in Supplementary Table1.

Meta-analysis

In total, 18 studies were included in the six-subgroup analysis
(Table 2).

Disease categories
Five different disease categories were analysed. The highest inci-

dencewas for gastrointestinal and hepatic infection,with 163.4 cases
per 100,000people (95%CI: 31.0e858.1). Supplementary Figure 1 The
second highest was for dermal infection, with 84.5 cases per 100,000
people (95% CI: 27.1e262.8), Supplementary Figure 2 followed by
respiratory infection with 9.9 cases per 100,000 people (95% CI:
3.5e27.7). SupplementaryFigure3The fourthwasCNS infection,with

S. Najafi, A. Akahavan Rezayat, S.F. Beyzaei et al. Public Health 202 (2022) 131e138

132



0.5 cases per 100,000 people (95% CI: 0.2e1.1) Supplementary Figure
4 and ‘other diseases’ had an incidence rate of 4.4 (95% CI: 1.9e9.9)
casesper100,000people. SupplementaryFigure5Theassessmentsof
gastrointestinal and hepatic infection, dermal infection, respiratory
infection, CNS infection and ‘other diseases’were included in 8, 9, 22,
7 and 20 studies, respectively.

The Egger's test and Trim and Fill methods indicated publica-
tion bias for respiratory infections (Egger test, P < 0.001) and
demonstrated no significant publication bias for other disease
groups (Supplementary Table2).

Gastrointestinal and hepatic infections:
This category was divided into two leading diseases: viral hep-

atitis that occurred with an incidence of 456.6 cases per 100,000
people (95% CI: 118.5e1743.4) and diarrhoea with 56.8 cases per
100,000 people (95% CI: 5.6e572.3). Results on the incidence of
post-earthquake gastrointestinal and hepatic infections were re-
ported from Asia and Europe.

Dermal infections
Cutaneous leishmaniasis was the most frequently reported

dermal infection, with 471.7 cases per 100,000 people (95% CI:
142.8e1546.6). One-third of the reported cases in Asia occurred in
the Iran earthquake (2003).

Respiratory infections
Acute respiratory infectionwas themost common disease in this

category, with an incidence of 328.5 cases per 100,000 people (95%
CI: 133.3e807.2). Valley fever (in the US), pneumonia, pertussis and
tuberculosis scored the subsequent ranks, respectively. In terms of
the earthquake time and continent analysis, most results were re-
ported in America, Asia and Europe.

CNS infections
Meningococcal meningitis was themost common CNS infection,

with an incidence of 0.4 cases per 100,000 people (95% CI: 0.1e1.4).

Other infections
Typhoid fever, malaria, HIV and German measles are uncate-

gorised diseases that were abundant in America, Europe and Asia.

Pre-earthquake and post-earthquake
Data from seven articles, considering 14 different infectious

diseases, were evaluated both before and after earthquakes. The
association between the incidences of infectious diseases before
and after the earthquakes was significant with an OR of 1.561 (95%
CI: 1.244e1.957) and a P-value of <0.001 (Table 3 and Fig. 2).
Furthermore, dermal infections showed significant differences

Fig. 1. PRISMA flow diagram.
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Table 1
Characteristic data of the included studies.

First Author City or county or province,
country

Disease
category

Disease Incidence of disease
from 1 year before the
earthquake (cases/
100,000)

Incidence of disease
until 1 year after the
earthquake (cases/
100,000)

Aflatoonian Nezamshahr County, Iran DI Anthroponotic cutaneous
leishmaniasis

1208.51

Alexander35 Naples, Italy RI Diphtheria 0.08(2)

RI Pertussis 0.2(2)

GI & HI Viral hepatitis 56.9(2)

CNSI Meningococcal meningitis 0.1(2)

OI Typhoid fever 14.9(2)

OI German measles 0.2(2)

OI Paratyphoid 9.15(2)

Region of Basilicata, Italy RI Pertussis 3.2(2)

GI & HI Viral hepatitis 45.9(2)

CNSI Meningococcal meningitis 1.9(2)

OI Typhoid fever 16.2(2)

OI German measles 8.4(2)

Region of Campania, Italy RI Pertussis 0.7(2)

GI & HI Viral hepatitis 53.5(2)

CNSI Meningococcal meningitis 1(2)

OI Typhoid fever 18.2(2)

OI German measles 0.3(2)

Ayoagi14 Ishinomaki, Kesennuma
and Sendai, Japan

RI Tuberculosis 0.14(3) 0(4)

RI Acute respiratory infections 0.28(3) 0.55(4)

RI Influenza and pneumonia 0.47(3) 3.68(4)

GI & HI Intestinal infectious disease 0.2(3) 0.28(4)

CNSI Tetanus 0(3) 0.11(4)

CNSI Viral infections of the CNS 0.07(3) 0(4)

DI Erysipelas 0.07(3) 0(4)

DI Viral infections characterised
by skin and mucous membrane
lesions

0(3) 0.17(4)

OI Human Immunodeficiency
Virus

0.07(3) 0(4)

OI Infectious arthropathies 0.07(3) 0.06(4)

OI Urinary tract infection 0.14(3) 0.33(4)

Daito Kesennuma City, Japan RI Pneumonia 481.33(5) 340.40(6)

Fakoorziba Zarin dasht, Iran DI Cutaneous leishmaniasis 491 864
Darab, Iran DI Cutaneous leishmaniasis 225 218
Fars, Iran DI Cutaneous leishmaniasis 105 117

Feng Ludian, China OI Malaria 0(7)

Yongshan, China OI Malaria 0(7)

Jinggu, China OI Malaria 0.013(8) 0.003(7)

Furusawa36 Titiana, Solomon Islands OI Malaria 546.44(9)

Tapurai, Solomon Islands OI Malaria 854.7(9)

Mondo, Solomon Islands OI Malaria 586.51(9)

Olive, Solomon Islands OI Malaria 821.91(9)

Greco37 Southern Italy, the
epicentre was located in
Southern Campania, Italy

RI Pertussis 0.53(10)

GI & HI Diarrhoea with fever 5.14(10)

CNSI Meningococcal meningitis 0.77(10)

OI Typhoid fever 1.7(10)

Jonaidi Jafari38 Bam, Iran RI Respiratory infection 7120(11)

RI Tuberculosis 12(11)

GI & HI Diarrhoea 820(11)

CNSI Acute flaccid paralysis 0(11)

DI Anthrax 0(11)

DI Cutaneous leishmaniasis 75(11)

OI Acute icterus 3(11)

Kamigaki Yamamoto, Japan RI Acute respiratory infection 5801.1(12)

Karmakar39 Kashmir, Pakistan RI Acute respiratory infection 3295.38(13)

GI & HI Acute diarrhoeal disease 2743.07(13)

Kawano Oukaidou, Oukuma, Japan RI Acute respiratory infection 16880(14)

GI & HI Acute gastroenteritis 2370(14)

Kawano Ishinomaki, Japan RI Acute respiratory infection 54(15),35(16)

Khan40 North of Pakistan, Pakistan GI & HI Hepatitis C Virus 3265.3(17), 5517.24(18)

OI Human Immunodeficiency
Virus

0(17)

Matsuoka41 Kobe, Japan RI Pneumonia 28.4(19)

Ashiya, Japan RI Pneumonia 9.2(19)

Nishinomiya, Japan RI Pneumonia 15.3(19)

Amagasaki, Japan RI Pneumonia 2.8(19)

Itami, Japan RI Pneumonia 1.1(19)
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Table 1 (continued )

First Author City or county or province,
country

Disease
category

Disease Incidence of disease
from 1 year before the
earthquake (cases/
100,000)

Incidence of disease
until 1 year after the
earthquake (cases/
100,000)

Takarazuka, Japan RI Pneumonia 1.5(19)

Kawanishi, Japan RI Pneumonia 8.4(19)

Awaji, Japan RI Pneumonia 0.6(19)

Ortiz42 Coast of Ecuador, Ecuador OI Zika virus 3.57(20) 56.92(21)

Salazar43 Bohol, Philippines OI Infectious disease 696(23)

Sharifi Bam, Iran DI Anthroponotic cutaneous
leishmaniasis

5252

Schneider44 Ventura County, USA RI Valley fever 30(24)

Simi Valley, USA RI Valley fever 114(24)

Tohma45 Tohoku, Japan RI Influenza 0.089(25)

Townes L�eogâne and Jacmel, Haiti OI Malaria 116.11(26)

Vasquez Manabí, Ecuador OI Zika virus 0.94(27) 10.15(28)

Zhang Longnan City, China CNSI Japanese encephalitis 1.25 1.36
DI Kala-azar 4.04 4.4

RI: respiratory infections, GI & HI: gastrointestinal and hepatic infections, DI: dermal infections, CNSI: central nervous system infections and OI: other infections.
1- Incidence of the disease from1978 to1980.
2- Incidence of the disease 3 months after the earthquake.
3- Incidence of the disease in the same month before the earthquake.
4- Incidence of the disease one month after the earthquake.
5- Incidence of the disease among adults over 18 years.
6- Incidence of the disease among adults over 18 years, in 109 days after the disaster.
7- Incidence of the disease 9 months after the earthquake.
8- Incidence of the disease 9 months before the earthquake.
9- Incidence of the disease 2 years after the earthquake.
10- Incidence of the disease about 6 months after the earthquake.
11- Incidence rate of the disease one month after the earthquake.
12- Incidence of the disease 20 days after the earthquake.
13- Incidence of the disease after about 2 months.
14- Incidence of the disease among evacuees in shelters per week in 21 days after the earthquake.
15- Cases per day in crowded shelters until 21 days after the earthquake.
16- Cases per day in a non-crowded shelter until 21 days after the earthquake.
17- Incidence of the disease 2 months after the earthquake.
18- Incidence of the disease 11 months after the earthquake.
19- Incidence of the disease 15 days after the earthquake.
20- Incidence of the disease 18 weeks before the earthquake.
21- Incidence of the disease 18 weeks after the earthquake.
22- Cases per epi-week.
23- Incidence of the disease 150 days after the earthquake.
24- Incidence of the disease 51 days after the earthquake.
25- Incidence of the disease about 2 months after the earthquake.
26- Incidence of the disease about 1 month after the earthquake.
27- Incidence of the disease 104 days before the earthquake.
28- Incidence of the disease 98 days after the earthquake.
29- Incidence of the disease from1978 to1980.
30- Incidence of the disease 3 months after the earthquake.
31- Incidence of the disease in the same month before the earthquake.
32- Incidence of the disease one month after the earthquake.
33- Incidence of the disease among adults over 18 years.
34- Incidence of the disease among adults over 18 years, in 109 days after the disaster.
35- Incidence of the disease 9 months after the earthquake.
36- Incidence of the disease 9 months before the earthquake.
37- Incidence of the disease 2 years after the earthquake.
38- Incidence of the disease about 6 months after the earthquake.
39- Incidence rate of the disease one month after the earthquake.
40- Incidence of the disease 20 days after the earthquake.
41- Incidence of the disease after about 2 months.
42- Incidence of the disease among evacuees in shelters per week in 21 days after the earthquake.
43- Cases per day in crowded shelters until 21 days after the earthquake.
44- Cases per day in a non-crowded shelter until 21 days after the earthquake.
45- Incidence of the disease 2 months after the earthquake.
46- Incidence of the disease 11 months after the earthquake.
47- Incidence of the disease 15 days after the earthquake.
48- Incidence of the disease 18 weeks before the earthquake.
49- Incidence of the disease 18 weeks after the earthquake.
50- Cases per epi-week.
51- Incidence of the disease 150 days after the earthquake.
52- Incidence of the disease 51 days after the earthquake.
53- Incidence of the disease about 2 months after the earthquake.
54- Incidence of the disease about 1 month after the earthquake.
55- Incidence of the disease 104 days before the earthquake.
56- Incidence of the disease 98 days after the earthquake.
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following earthquakes with an OR of 1.272 (95% CI: 1.007e1.607)
and a P-value of 0.044.14e18

Discussion

This study aimed to investigate the prevalence of infectious
diseases after earthquakes around the world. The results show that
the overall incidence of infectious diseases increased following an
earthquake. The results also indicate that gastrointestinal, dermal
and respiratory infections are the most common post-earthquake
infectious diseases. The timing and power of an earthquake, its
region, the presence of nearby seas and the occurrence of other
subsequent natural disasters can play essential roles in the
outbreak of infectious diseases.19,20

As illustrated, gastrointestinal and hepatic infections were the
most prevalent disease category. This is typically due to the inac-
cessibility of safe drinking water, poor hygiene practices and over-

crowding living conditions due to displacement and populated
sheltering.21

The majority of dermal infections were leishmaniasis, which is
an important vector-borne disease.22 This observation may be
explained by the fact that earthquakes cause damages to buildings,
and residents may have to stay outdoors, increasing their suscep-
tibility to insect bites.16,18 Earthquakes can also change animal and
vector habitats.18 Cutaneous leishmaniasis can impact all age
groups, but it has beenmostly observed in children, probably due to
their immature acquired immunity.16,22,23

Respiratory infections were another prevalent disease category.
Possible explanations for increased respiratory infections could be
the lack of appropriate water and personal hygiene, malnutrition,
insufficient health services and crowded shelters leading to close
contact between individuals.9,24e26 Freezing temperatures and lack
of standard heating equipment could be a prominent cause of post-
earthquake pneumonia outbreaks.15

Table 3
Pre- and post-earthquake disease incidence analysis.

Subgroup Number of Studies Odds Ratio Lower Limit Upper Limit Z-value P-value

Respiratory 4 1.321 0.346 5.046 0.407 0.684
GIT 1 1.235 0.698 2.184 0.725 0.468
Dermal 5 1.272 1.007 1.607 2.014 0.044
CNS 2 1.598 0.404 6.325 0.668 0.504
Others 2 4.110 0.625 27.036 1.471 0.141
Total 14 1.561 1.244 1.957 3.852 0.000

CNS, central nervous system and GIT, gastrointestinal.

Table 2
Meta-analysis of the incidence of infectious diseases in 18 studies. The analysis was conducted based on two subgroups1: prevalent diseases in each disease category2 and
distribution in continents for each disease category.

Disease Category Subgroup Number of Studies Event Rate (Cases/100,000) Lower Limit (Cases/100,000) Upper Limit (Cases/100,000) P-value

Prevalent diseases

Respiratory Acute respiratory infection 3 328.5 133.3 807.2 0.000
Tuberculosis 2 0.7 0.0 258.6 0.000
Pneumonia 10 7.0 2.1 22.8 0.000
Pertussis 3 0.7 0.2 3.1 0.000
Valley fever 2 58.7 16.1 214.1 0.000
Others 2 23.1 0.0 93476.2 0.137
Total 22 9.9 3.5 27.7 0.000

GIT Viral hepatitis 4 456.6 118.5 1743.4 <0.001
Diarrhoea & GIT infections 4 56.8 5.6 572.3 0.000
Total 8 163.4 31.0 858.1 0.000

CNS Meningococcal meningitis 4 0.4 0.1 1.4 0.000
Others 3 0.5 0.1 2.9 0.000
Total 7 0.5 0.2 1.1 0.000

Dermal Cutaneous leishmaniasis 6 471.7 142.8 1546.6 0.000
Others 3 0.5 0.0 1.1 <0.001
Total 9 84.5 27.1 262.8 0.000

Others Malaria 8 6.2 0.3 131.0 <0.001
German measles 2 1.4 0.0 53.0 0.000
Typhoid fever 3 7.4 1.9 29.9 0.000
HIV 2 1.6 0.0 4393.4 0.007
Others 5 2.2 0.9 5.2 0.000
Total 20 4.4 1.9 9.9 0.000

Continent

Respiratory Asia 16 17.5 6.0 51.3 0.000
Europe 4 0.5 0.1 1.9 0.000
America 2 58.7 16.1 214.1 0.000

GIT Asia 5 519.5 171.1 1566.4 0.000
Europe 3 24.2 5.1 113.7 0.000

CNS Asia 4 0.3 0.0 1.8 0.000
Europe 3 0.7 0.2 2.1 0.000

Dermal Asia 9 84.5 27.1 262.8 0.000
Others Asia 8 0.1 0.0 0.8 0.000

Europe 10 26.7 12.3 57.9 0.000
America 2 34.4 3.2 373.6 0.000

CNS, central nervous system and GIT, gastrointestinal.
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In the current study, within the CNS infectious disease category,
the prevalences of Japanese encephalitis and viral infections of the
CNS were not significantly different before and after earthquakes.
Tetanus could be a potential health threat following injury, as
observed after the Great East Japan earthquake.14

Among uncategorised infections, malaria and the Zika virus
were the most reported diseases. Malaria and Zika virus are
vector-borne diseases. Earthquakes can change the habitats of
animals and vectors.27 Living outdoors,28 crowding of infected and
susceptible hosts, damaged health infrastructure, ceasing health
programmes and weakened immune systems due to the stressful
conditions are among the risk factors of vector-borne disease
transmission.17,27

According to disease prevention programmes, reinforcement
of health surveillance systems, practising guidelines for man-
aging information on specific diseases and increasing the
awareness of high-risk populations about communicable dis-
eases and the prerequisites for quick referral to a health facility
are highly essential.29,30 Emergency resource forecasting is one
of the mechanisms to increase disaster preparedness. In addition,
in countries with the potential threat of disasters, providing fully
operational field hospitals, constructing durable buildings and
providing effective and efficient healthcare services for vulner-
able individuals in the probable forthcoming disasters are crit-
ical.31,32 Food safety is also crucial for disease prevention in
natural disasters.

Vector control interventions, based on the local context and
epidemiology of diseases, are essential for the prevention of
vector-borne diseases. For example, indoor residual spraying for
malaria, insecticide-treated nets and traps for tsetse flies could
be highly beneficial.33 The public sector, academics and private
organisations should continuously cooperate to resource
and fund programmes to provide up-to-date education and
training.34

Similar to other studies, the current review has some limitations.
First, the information from most evaluated articles in this field was

outdated, or the patient'smedical historywas incomplete orwas not
available. In addition, the number of published articles was inade-
quate compared to the number of earthquakes and their corre-
sponding problems. Another noticeable limitation was that only a
limited number of investigations compared pre-earthquake and
post-earthquake incidences of infectious diseases. Therefore, the
increase in infectious diseases cannot be precisely assigned to the
disaster. On the other hand, the total population of patients and
people involved in natural disasters should also be considered.Most
articles narrowed their population to a specific community, such as
patients referred to a hospital or living within a particular region. In
addition, each study only considered a few diseases in their in-
vestigations, and the data of some common infectious diseaseswere
not available. Thus, the results of this study are limited to the
aforementioned infections. As natural disasters occurred indifferent
areas under different climatic conditions, the results cannot be
applied to the global general population, resulting in difficulties in
interpretation. Further investigations are required to determine the
effects of season and weather on the onset of infectious diseases
following earthquakes.

In conclusion, the results of this study show an increase in the
incidence of infectious diseases after earthquakes. Gastrointestinal,
dermal and respiratory infections were among the most frequently
reported diseases. It is recommended that governments have
appropriate plans for preventing infectious disease outbreaks both
before and after natural disasters. These strategies may include
providing vaccination and sufficient emergency healthcare services
before the catastrophes, and adequate shelters, clean water, suffi-
cient food supplies and reliable healthcare systems immediately
after natural disasters.
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Fig. 2. The Forest plot of comparison of pre-earthquake infections incidence (Favours A) vs post-earthquake infections incidence (Favours B); the last line demonstrates the overall
incidence and 95% confidence interval (CI). CNS, central nervous system and GIT, gastrointestinal.
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a b s t r a c t

Objectives: Along with mistrust toward politics and journalism, the pandemic is amplifying mistrust in
healthcare. To explore trust in key professionals among the Italian population, we focused on perceived
change in trust during the pandemic.
Study design: Nationwide online cross-sectional survey (called COCOS).
Methods: COCOS was conducted in Italy in two periods: the end of the first lockdown (T1: AprileMay
2020) and the end of 2020 (T2: NovembereDecember 2020). Descriptive analyses and multivariable
logistic regressions were performed (sample size ¼ 2673).
Results: Trust in healthcare workers (HCWs) was reduced in 1.5% of participants (T1) and 2.8% (T2).
Trust in scientists/researchers was reduced in 5.8% (T1) and 7.6% (T2). Trust in politicians was reduced
in 37.6% (T1) and 52.3% (T2). Trust in journalists was reduced in 41.7% (T1) and 48.3% (T2). Consid-
ering multivariable models, participants of the second period, participants who were HCWs, partici-
pants with anxiety symptoms, and those experiencing economic struggle due to the pandemic had
a higher likelihood of having a reduced trust. The period had the strongest association with reduced
trust.
Conclusions: We argue that a central role might be played by the pandemic fatigue. We suggest leading
figures should be more aware of the relationship between communication and trust. The pandemic is a
real-world experiment in reshaping mediated communication and, although social media play an
important role, other approaches might be successful. As a notable part of the population is trusting
politicians and media less and less, Italian key professionals should implement initiatives to reinvigorate
public support.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Already before the pandemic, decreasing trends in trust in
governments and media had been identified worldwide, thus
causing concerns for potential economic and political impacts.1

Such crisis of trust grew even more in the context of the
pandemic, including in countries where the overall attitude of
people toward their government’s decisions was positive.1 Along
with mistrust toward politics and journalism, the pandemic is also
amplifying mistrust in health care,2 which might lead to avoid-
ance of health care services3 and potential damages for public
health. To explore trust in key figures among the Italian adult
population and its evolution across the pandemic, we focused on

perceived change in trust as part of the Covid Collateral Impacts
(COCOS) project.4

Methods

COCOS was a nationwide online cross-sectional survey con-
ducted in two periods: the end of the first lockdown (AprileMay
2020)4 and the end of 2020 (NovembereDecember 2020), when
restrictions were more relaxed. The Ethics Committee of the Uni-
versity of Torino approved the protocol and written informed
consent was obtained from all participants. The online question-
naire was distributed through social networks (mainly Facebook
and Twitter) from the institutional pages of the School of Public
Health (University of Torino). Participants were recruited by con-
venience, and participation was voluntary and without compen-
sation. Inclusion criteria were having 18 years or more and living in
Italy.
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The questionnaires used in the two periods had identical items,
thus allowing to compare the data. However, the questionnaire
used in the second period was shorter and included fewer sections
with the aim of gaining more participation. The questionnaire used
in the first period of observation is fully described in previous pa-
pers from COCOS data.3,4 The questionnaire distributed in the
second period included three sections. The first section was about
sociodemographic characteristics, such as age, gender, nationality,
marital status, education level, economic situation related to the
pandemic, job, and health condition. The second part collected
information about opinion and behaviors, e.g. trust and time spent
on the Internet. Last, mental health and access to health care during
the pandemic were investigated. We used the Generalized Anxiety
Disorder 2-item (GAD-2) to screen for symptoms of anxiety, and we
used the threshold of �3 as it provides the highest sensitivity/
specificity balance for the GAD-2 in recognizing generalized anxi-
ety disorder.5

Specifically, the present short communication focuses on the
items about trust. In both periods, participants were asked if their
level of trust in healthcare workers (HCWs), scientists/researchers,
politicians, technical-scientific consultants of the government
(TSCs), and journalists was unchanged/increased/reduced due to
the pandemic. We think that the unprecedented situation and the
uncertainties that accompany the pandemic may contribute to the
rise of mistrust, along with conspiracies, misinformation, and
ineffective communication by authorities.1 Thus, our hypothesis
was that trust in all key professionals was reduced in both periods,
similar to the crisis of trust recorded in other contexts during the
pandemic.1,2

Statistical analysis

Descriptive analyses of the level of trust in the above-mentioned
professionals were performed, stratifying by the period of obser-
vation. Then, for each professional category, trust was dichoto-
mized in reduced versus unchanged/increased (outcome: reduced
trust). Multivariable logistic regression models were performed
primarily to explore if the period of observation had a significant
association with the outcome. In addition to the period of obser-
vation, the models were adjusted for: age, gender, education level,
being an HCW, experiencing economic struggle due to the
pandemic, GAD-2 score�3, increased time spent on the Internet
during the pandemic, having a chronic disease, and having a
member of the family who is an HCW. Results were expressed as
adjusted Odds Ratio (adjOR) and 95% Confidence Interval (CI).

SPSS (v27) was used, and a two-tailed P-value < 0.05 was
considered significant. Missing values were excluded.

Results

A total of 2747 individuals answered the questionnaire. How-
ever, 74 questionnaires (2.7%) were excluded from all analyses since
70 participants lived outside Italy and 4 participants were aged less
than 18 years. Thus, the final sample consisted of 2673 participants
(first period ¼ 1515; second period ¼ 1158). Females accounted for
66.8% and the mean age was 44 years (SD ¼ 15). Table 1 shows the
main findings. The lowest reductions in trust were reported toward
HCWs and scientists/researchers, while the greatest reductions
were shown toward politicians and journalists. Specifically, trust in
HCWs was reduced in 1.5% of the sample in the first period and in
2.8% in the second; trust in scientists/researchers was reduced in
5.8% in the first period and in 7.6% in the second. Trust in politicians
was reduced in 37.6% in the first period and in 52.3% in the second;
trust in TSCs was reduced in 23.7% in the first period and in 35.5% in
the second; trust in journalists was reduced in 41.7% in the first

period and 48.3% in the second. An increased trust was reported by
over 27% regarding HCWs and scientists/researchers in both the
periods (with a maximum of 43% in the first period for HCWs),
while trust in the other categories was increased in less than 10%
(with a maximum of 9.3% in the first period for TSCs). On average,
across all the categories of professionals, 22.0% (first period) and
29.6% (second period) of people selected ‘reduced trust’, 59.9% (first
period) and 53.3% (second period) selected ‘unchanged trust’, and
18.1% (first period) and 17.0% (second period) selected ‘increased
trust’.

In considering multivariable models, participants of the second
period were significantly more likely to report a reduced trust in all
the professionals, except for scientists/researchers (P ¼ 0.112). It is
worth noting that participants who were HCWs had a higher
likelihood of having a reduced trust in politicians and journalists.
Similarly, a reduced trust was more likely among participants with
anxiety symptoms (for politicians, journalists, TSCs) and those
experiencing economic struggle due to the pandemic (for HCWs,
politicians, and TSCs). Most often, the period of observation had the
strongest association with reduced trust compared with the other
variables.

Discussion

As expected,1 COCOS highlighted a substantially decreased trust
in politics and journalism professionals, while the reduction of trust
in purely scientific figures was remarkably lower. Particularly, the
decline in trust was significantly higher at the end of 2020. Inter-
estingly, another Italian study showed a steady level of trust toward
authorities and considering the beginning of the lockdown and the
period right after the lockdown.6 This could suggest that trust
might be not dependent on restrictive measures, but the duration
of the pandemic and its long-term correlatesmay largely contribute
to trust fluctuations and the public opinion may change promptly.
Accordingly, a scoping review concluded that trust is not stable
over time; however, no longitudinal studies explored such vari-
ability and the determinants should be further investigated.7 We
argue that a central role might be played by the pandemic fatigue
i.e. ‘demotivation to follow recommended protective behaviors,
emerging gradually over time’, which is likely to increase as people
go through the personal, social and economic repercussions of re-
strictions.8 In light of this, our results about the lower trust
perceived by HCWs, people with anxiety and with economic
struggle appear clear: citizens who are bearing a high burden due
to the pandemic per se and its restrictions might be no longer able
to balance and understand the risk of the disease and the measures
that must be implemented to tackle COVID-19. Our findings are in
line with the conclusions of Barrafrem and colleagues, which
showed that the trust in governmental institutions during the
pandemic had an important impact on the general well-being and
mental health of the population, especially through the mediation
of financial well-being.9

The present study had some limitations, such as convenience
sampling and the cross-sectional design. In addition, considering
the online distribution, no data about individuals who refused to
participate were registered, and no refusal rate was available. Last,
some of the significant CIs of our multivariable models were very
close to 1.00 (especially for the relationships with age), thusmaking
it difficult to infer the statistical significance of certain results,
which can be interpreted only in a cautious and explorative way.
However, to our knowledge, it was one of the first studies exploring
trust among the general Italian population in two different
pandemic periods.

We suggest that leading figures should be more aware of the
relationship between communication and trust. The pandemic has
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been a real-world experiment in reshaping mediated communi-
cation1 and, although social media play an important role in po-
litical influence, other approaches might be more successful. Teufel
and colleagues have interestingly explored the example of Angela
Merkel: concurrent with the German Chancellor’s speech, they
reported a higher level of trust in governmental policies and a
reduction of anxiety and depression among the German popula-
tion.10 Therefore, as a notable part of the population is trusting
politicians and media less and less, Italian key professionals should
immediately implement initiatives and policies aiming to rein-
vigorate public support.
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Table 1
Perceived change in trust in key figures during the pandemic: descriptive analysis and multivariable logistic regression models from the COCOS project (Italy, 2020).

Trust in healthcare
workers

Trust in scientists and
researchers

Trust in politicians Trust in technical-
scientific consultants of
the government

Trust in journalists

1st
period
n ¼ 1515
%

2nd
period
n ¼ 1158
%

1st
period
n ¼ 1515
%

2nd
period
n ¼ 1158
%

1st
period
n ¼ 1515
%

2nd
period
n ¼ 1158
%

1st
period
n ¼ 1515
%

2nd
period
n ¼ 1158
%

1st
period
n ¼ 1515
%

2nd
period
n ¼ 1158
%

Descriptive analysis
Unchanged 55.1 54.3 67.2 61.4 54.0 43.8 67.0 57.1 56.3 50.0
Increased 43.4 41.2 27.0 31.0 8.4 3.9 9.3 7.5 2.0 1.7
Reduced 1.5 2.8 5.8 7.6 37.6 52.3 23.7 35.5 41.7 48.3

Multivariable model
(outcome: reduced trust)a

adjOR 95% CI adjOR 95% CI adjOR 95% CI adjOR 95% CI adjOR 95% CI

Female 1.23 0.69e2.19 0.61 0.44e0.86b 1.00 0.83e1.19 0.91 0.75e1.10 0.79 0.67e0.95c

Age 1.02 1.0003e1.04c 1.03 1.02e1.04a 1.01 1.005e1.02b 1.02 1.01e1.03a 0.99 0.98e0.996b

Second Period 4.66 2.61e8.32a 1.33 0.94e1.88 1.74 1.46e2.08a 1.68 1.39e2.03a 1.25 1.05e1.49b

Having at least a bachelor’s
degree

2.13 1.21e3.76b 1.00 0.7e1.43 0.68 0.57e0.81a 0.70 0.58e0.84a 1.00 0.84e1.19

Healthcare worker 1.13 0.64e2.02 1.23 0.82e1.85 1.36 1.11e1.67b 1.24 0.99e1.54 1.33 1.09e1.62b

Economic struggle due to the
pandemic

2.53 1.51e4.24a 1.39 0.97e1.98 1.39 1.15e1.67b 1.36 1.11e1.66b 1.07 0.89e1.29

GAD-2 score �3
(cut-off for the screening of GAD)

1.38 0.78e2.43 1.28 0.87e1.89 1.48 1.21e1.79a 1.52 1.23e1.87a 1.35 1.11e1.63b

n ¼ sample size.
1st period: from April 19th to May 3rd 2020.
2nd period: from November 29th to December 27th 2020.
P-value: P < 0.001a, P < 0.010b, P < 0.050c.
Abbreviations: adjOR adjusted Odds Ratio; CI Confidence Interval; GAD Generalized Anxiety Disorder; GAD-2 Generalized Anxiety Disorder 2-item.
In bold: P < 0.050.

a The models were also adjusted for increased time spent on the Internet during the pandemic; having a chronic disease; having a member of the family who is a healthcare
worker. No significant associations with these variables were revealed.
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a b s t r a c t

Objectives: The COVID-19 pandemic has spread throughout the world, including Cyprus, Iceland and
Malta. Considering the small population sizes of these three island countries, it was anticipated that
COVID-19 would be adequately contained and mortality would be low. This study aims to compare and
contrast COVID-19 mortality with mortality from all causes and common non-communicable diseases
(NCDs) over 8 months between these three islands.
Methods: Data were obtained from the Ministry of Health websites and COVID dashboards from Cyprus,
Iceland and Malta. The case-to-fatality ratio (CFR) and years of life lost (YLLs) were calculated. Com-
parisons were made between the reported cases, deaths, CFR, YLLs, swabbing rates, restrictions and
mitigation measures.
Results: Low COVID-19 case numbers and mortality rates were observed during the first wave and
transition period in Cyprus, Iceland and Malta. The second wave saw a drastic increase in the number of
confirmed cases and mortality rates, especially for Malta, with high CFR and YLLs. Similar restrictions and
measures were evident across the three island countries. Results show that COVID-19 mortality was
generally lower than mortality from NCDs.
Conclusions: The study highlights that small geographical and population size, along with similar
restrictive measures, did not appear to have an advantage against the spread and mortality rate of
COVID-19, especially during the second wave. Population density, an ageing population and social be-
haviours may play a role in the burden of COVID-19. It is recommended that a country-specific syndemic
approach is used to deal with the local COVID-19 spread based on the population's characteristics, be-
haviours and the presence of other pre-existing epidemics.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

The COVID-19 pandemic spread across the European continent
in early 2020, affecting every country in Europe, including the
islands of Cyprus, Iceland and Malta. The Republic of Cyprus and
Malta are situated within the Mediterranean Sea, while Iceland is
situated between the North Atlantic and Arctic oceans. The three
islands share similar population characteristics, including a total
population of <1 million (Cyprus 875,900; Malta 514,564 and
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Iceland 364,134) and similar life expectancy among males (Cyprus
78.5 years; Malta 78.9 years and Iceland 79.8 years).

Of these three countries, Iceland reported the first COVID-19
case on the 28th February 2020, followed by Malta (7th March
2020) and Cyprus (9th March 2020).1 Similar to other countries,
their governments implemented a number of restrictions to curb
the viral spread during the first wave, and these were subsequently
reintroduced in late summer when the second wave prevailed.1 It
was hypothesised that the small geographical and population sizes
of these three islands would be an advantage, in addition to the
implementation of COVID-19measures, to curb the viral spread and
keep the mortality rate low. This study aims to compare and
contrast COVID-19 mortality with mortality from all causes and
common non-communicable diseases (NCDs) over 8 months
(March to November 2020) between the three small islands of
Cyprus, Iceland and Malta.

Methods

Data were obtained from the Ministry of Health websites and
COVID-19 dashboards from Cyprus, Iceland and Malta, in addition
to local published studies. Comparisons were made between the
reported cases, deaths, swabbing rates, restrictions and mitigation
strategies. No distinction was made between individuals dying
‘with’ COVID-19 and individuals dying ‘due to’ COVID-19 as a result
of lack of such data from Iceland and Malta.

The reported COVID-19epositive cases and deaths were sub-
divided into three phases: (1) the first wave (6th March to 7th
May); (2) the transitional period (8th May to 13th August) and (3)
the second wave (14th August to 30th November). The case-to-
fatality ratio (CFR) for each COVID-19 phase was calculated by
subdividing the confirmed number of positive cases by the
confirmed number of deaths and then multiplying by 100.2

Years of life lost (YLLs) is a metric used in population health to
measure the number of years lost due to premature death from a
particular cause. This metric is calculated by identifying the num-
ber of deaths in an age group and multiplying it by a standard life
expectancy for that particular age group. The World Health Orga-
nization life expectancy age group tables for each country were
used for this analysis.3 The number of deaths by age groups and
gender was obtained from the COVID-19 dashboards of each island.
The COVID-19 YLLs for each island (Cyprus, Iceland andMalta) were
compared with the YLLs of common NCDs (cardiovascular disease,
stroke, chronic respiratory disease, diabetes mellitus) and road
traffic injuries, as reported by the Global Burden of Disease for the
year 2019.4

Results

Covid-19 situation in Cyprus, Iceland and Malta

From the onset of the pandemic until the end of November
2020, Cyprus reported 10,583 COVID-19epositive cases (1206 per
100,000), Iceland reported 5027 positive cases (1381 per 100,000)
andMalta reported 9877 positive cases (1919 per 100,000).5e7 Over
the study period of 8 months, the daily average number of new
COVID-19 cases was 223 for Cyprus,14 for Iceland and 117 forMalta.
During the first wave (MarcheMay 2020), Iceland reported the
highest number of positive cases, as shown in Fig.1. However, of the
three islands, Malta entered the second wave earlier and reported
the highest number of positive cases.1,8 In mid-October, Cyprus
reported a spike in cases, exceeding the number of positive cases
reported by Iceland and Malta (Fig. 1). Concurrently, the polymer-
ase chain reaction (PCR) COVID-19 swabbing test rate increased
over time across the three islands (Fig. 2), with Cyprus reaching

70,714.35 per 100,000 PCR swabs by the end of November, while
Iceland recorded 107,478.84 per 100,000 and Malta 83,542.54 per
100,000.5e7

COVID-19 mortality in Cyprus, Iceland and Malta

A synergistic relationship between the number of COVID-
19epositive cases and the mortality rate was expected as a result of
the high infectivity rate and morbidity related to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). Of these three
islands, Malta reported the highest rate of COVID-19mortality since
the onset of the pandemic with 27.31 per 100,000 population,
followed by Iceland with 7.14 per 100,000 population and Cyprus
with 6.39 per 100,000 population. On subdividing the 8-month
study period of the pandemic into three phases, as shown in
Fig. 3, it can be seen that the islands experienced a higher mortality
rate during the second wave, which coincides with higher com-
munity spread and identified cases. All three islands reported the
spread of COVID-19 within nursing homes, especially during the
second wave.6,8,9 Indeed, Iceland reported extensive COVID-19
spread among the geriatric department of Landakot hospital, as
well as within nursing homes and a rehabilitation centre.10

CFR was measured to assess the impact of the pandemic on the
mortality of the population. Interestingly, even though the second
wave showed a higher mortality rate for all three islands, the CFR
for Malta exceeded those of the other islands. Indeed, on assessing
mortality from COVID-19 as a fraction of the reported all-cause
mortality for 2019 for each country, mortality from COVID-19
represented 3.73% of all-cause mortality in Malta, 1.23% in Iceland
and 0.64% in Cyprus.4

As shown in Fig. 4, when stratification was performed by age
and gender, the highest morality occurrences were seen inmen and
the elderly (>85 years) across the three islands.

COVID-19 mortality vs mortality from common NCDs and injuries

NCDs have been reported to be responsible for a substantial
burden of disease, including increases in years-lived with disability
(YLDs) and YLLs.11 Comparisons were made between COVID-19 and
common NCDs mortality (per 100,000 population) and YLLs among
the populations of Cyprus, Iceland and Malta, as shown in Table 1.
COVID-19 mortality and YLLs were calculated for the study period
of 8 months, whereas NCD and injury mortality and YLLs were
calculated for the year 2019. However, it is still evident that COVID-
19 has resulted in a substantial burden for each of the three island
countries, especially Malta. In fact, in Malta, COVID-19 had a higher
mortality rate (per 100,000) than road traffic accidents and dia-
betes mellitus. A similar picture was observed in Iceland; however,
in Cyprus, COVID-19 appeared to have a lower disease burden than
common NCDs and injuries (until the end of the study period
[November 2020]).

COVID-19 mortality and restrictive measures

The first wave of COVID-19 resulted in the implementation of a
number of extreme restrictive measures, including closure of air-
ports and ports (Cyprus and Malta); closure of non-essential retail,
bars, restaurants, schools and restricting the number of people in
one gathering (Cyprus, Iceland and Malta). Cyprus also restricted
free movement of the population to only a daily trip.1 These mea-
sures appear to have been effective as the number of COVID-19
cases and mortality rate remained low (Figs. 1 and 3). Indeed, this
led to the slow easing of restrictive measures, while keeping the
case numbers and mortality low.1 However, by mid-August, COVID-
19 case numbers began to increase again all over Europe, including
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across the three islands. A distinct spike in COVID-19epositive
cases was observed in Malta compared with Cyprus and Iceland,
especially after the reopening of schools towards the end of
September and beginning of October, with a consequential high
mortality rate (Fig. 3). A stepwise control restriction was reintro-
duced, including a reduction in the number of people attending
gatherings, compulsory mask wearing indoors and outdoors and
restrictions in non-essential services. Supplement Table S1 pro-
vides a list of the different restrictions and measures implemented
at the onset of the second wave by Cyprus, Iceland and Malta.
Although restrictions were put in place, a substantial mortality rate
was still evident, especially for Malta and later on for Cyprus.

Discussion

Small islands are considered to be at an advantage when con-
trolling infectious diseases owing to their small population and
geographical sizes. In small islands, containment measures at a
population level are anticipated to be easier to implement, thus

more efficiently limiting the viral spread than larger countries. The
absence of land borders further enabled the successful imple-
mentation of containment measures. These advantages played a
role during the first wave of COVID-19 and the transition period,
where Cyprus, Iceland and Malta had relatively low numbers of
COVID-19epositive cases and subsequently low mortality rates
when compared with larger neighbouring countries.1,12e14 Of these
three small islands, Malta was predominantly in a better contain-
ment scenario (not mortality), albeit with their similar restrictions
and measures.1,15

However, hasty relaxation of restrictions and opening of the
airport and ports, in addition to the organisation of large mass
events led to the downfall of the stable COVID-19 situation inMalta,
giving rise to the second wave.8 Cyprus and Iceland also experi-
enced an increase in COVID-19epositive cases around late summer
time. However, a steeper incline in cases along with spikes in
mortality occurred in Malta. This study showed that, similar to
other countries, these small islands showed a higher mortality
among the elderly population, particularly among men.16 Despite

Fig. 1. COVID-19epositive cases: 7-day moving average for Cyprus, Iceland and Malta between March and November 2020.5e7

Fig. 2. COVID-19 average PCR swabbing rate for Cyprus, Iceland and Malta between March and November 2020.5e7 PCR, polymerase chain reaction.
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similar reintroduction of restrictions at the onset of the second
wave in the three islands, the COVID-19 burden in Malta pre-
dominated with a higher CFR than that in Cyprus and Iceland. Such
CFR differences have been attributed to differences in patient
characteristics, prevalence of diagnostic testing and healthcare

system availability.17 However, Cyprus and Malta have been re-
ported to have similar patient metabolic characteristics and
healthcare system preparedness for COVID-19.1,18e19

The PCR testing strategy in Cyprus, Iceland and Malta has been
very similar.1 However, Iceland reported the highest prevalence of

Fig. 3. COVID-19 mortality cases and CFR in Cyprus, Iceland and Malta between March and November 2020. CFR, case-to-fatality ratio.

Fig. 4. COVID-19 mortality by age groups and gender in Cyprus, Iceland and Malta between March and November 2020.

Table 1
Comparison between COVID-19 and common non-communicable disease mortality (per 100,000) and YLLs in Cyprus, Iceland and Malta.a

Mortality causes Cyprus Iceland Malta

Mortality per 100,000 YLLs Mortality per 100,000 YLLs Mortality per 100,000 YLLs

COVID-19b 6.39 684.33 7.14 273.40 27.40 1558.80
Cardiovascular disease 355.34 48,033.21 198.75 9200.09 289.77 20,557.96
Stroke 85.11 10,176.77 40.76 1774.29 63.96 4281.98
Chronic respiratory disease 61.78 7417.58 30.43 1502.00 30.56 2282.47
Diabetes mellitus 56.00 7086.12 7.13 392.40 23.98 1889.28
Road traffic injuries 15.27 5705.54 3.11 486.51 2.89 649.42

YLLs, years of life lost.
a Mortality per 100,000 and YLLs based on the Global Burden of Disease Study 2019 (excl. COVID-19).
b Mortality over 8 months (March to November 2020).
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testing rate, followed by Malta and Cyprus. Furthermore, a spread
within nursing homes was reported in all islands,6,8,9 which has
been anticipated to have detrimental impacts on these elderly
populations with subsequential high mortality.20 Indeed, the ma-
jority of COVID-19 mortality was among the elderly population in
Cyprus, Iceland and Malta.

Considering the similar COVID-19 public health approaches,
small populations and geographical aspects shared by Cyprus,
Iceland and Malta, the results of this study indicate that other
predisposing factors might be contributing to the discrepancy in
mortality rates in Malta. Potential factors are a higher ageing
population in Malta than Cyprus and Iceland,4,21 thus increasing
susceptibility to COVID-19 morbidity and mortality.22 Another po-
tential factor could be the social behaviours and attitudes of the
populations. The population density of each country may have had
an effect on the containment measures and viral spread. Malta's
population density is much higher (1380 individuals per km2) than
that of Cyprus (3.31 individuals per km2) and Iceland (131 in-
dividuals per km2). In fact, countries with low population densities,
such as Finland and Norway, have exhibited superior viral
containment, which has also been influenced by the timely
implementation of measures and compliance and trust within the
population.23

Notwithstanding the negative COVID-19 pandemic implications
on the mortality rate, mental health and well-being, along with the
burden on the healthcare systems and economy, the COVID-19
mortality burden (for 8 months) only contributed to a small pro-
portion of the all-cause mortality in Cyprus, Iceland and Malta.
Furthermore, the COVID-19 mortality burden was substantially
lower than mortality from common NCDs and injuries (with some
exceptions). Of note, individuals with NCDs who had COVID-19
were more likely to experience severe infection, leading to higher
morbidity and mortality.24 However, it appeared that the burden of
COVID-19mortality did not exceed the typical annual NCDs burden.
This highlights the importance of implementing a syndemic
approach, where healthcare systems and policies target both
COVID-19 and NCDs simultaneously.25

A number of limitations need to be acknowledged for this study.
COVID-19 data and analyses were limited to the available data from
online sources, such as dashboards, platforms and other ministerial
sites. Mortality data identifying individuals dying ‘with’ COVID-19
as opposed to dying ‘due to’ COVID-19 were available for Cyprus,
but not for Iceland and Malta. Furthermore, it is expected that a
proportion of COVID-19 mortality has been unreported, as in-
dividuals may die without officially being identified as COVID-19
positive. This may impact the analyses and conclusions of this
study. Another limitation is the lack of data on confounding factors
that might have had an impact on mortality rates. All-cause mor-
tality, mortality attributed to NCDs and YLLs were reported for the
year 2019, while the COVID-19 mortality and YLLs were calculated
based on a period of 8 months. These comparisons provide a gen-
eral overview of the effect of COVID-19 within the study period.
However, conclusive comparisons could not be achieved, especially
as the pandemic is ongoing and variables, including the rate of
spread, restriction measures and epidemiological data, rapidly
change.

Conclusion

The spread of the COVID-19 pandemic exhibits no boundaries
and has affected all countries across the world, including the small
islands of Cyprus, Iceland and Malta. The present study highlights
that small geographical and population sizes, along with similar
restrictive public health measures, did not have an advantage
against the viral spread and mortality rate, especially during the

second wave in Malta. Population density, an ageing population
and social behaviours may play a role in the burden of COVID-19.
However, the COVID-19 burden appeared to have less impact
than common NCDs and injuries on the population. It is therefore
recommended that a country-specific syndemic approach should
be implemented to mitigate the local spread of COVID-19, taking
into account population characteristics, behaviours and other pre-
existing epidemics.

Author statements

Acknowledgements

The authors would like to thank Ms Margarita Kyriakou, Press
Officer of the Ministry of Health, for the provision and validation of
the provided data for Cyprus.

Ethical approval

Not required.

Funding

None declared.

Competing interests

None declared.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2021.03.025.

References

1. Cuschieri S, Pallari E, Hatziyiann A, Sigurvinsdottir R, Sigfusdottir ID,
Sigurðard�ottir �AK. Dealing with COVID-19 in small European island states:
Cyprus, Iceland and Malta. Early Hum Dev 2020 Nov 12:105261 [Internet].
[cited 2020 Nov 22]. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
33213965.

2. World Health Organization (WHO). Estimating mortality from COVID-19. Sci
Brief 2020.

3. Global Health Observatory data repository. Life tables by country [Internet].
World Health Organization (WHO). World Health Organization; 2018 [cited
2020 Dec 12]. Available from: https://apps.who.int/gho/data/view.main.
LT62060?lang¼en.

4. Institute for Health Metrics and Evaluation (IHME). Global health data exchange.
2019. Seattle.

5. University of Cyprus. COVID-19 spread in cyprus [Internet]. University of Cyprus
Research and Innovation Center of Excellence; 2020 [cited 2020 Sep 22].
Available from: https://covid19.ucy.ac.cy/.

6. The Directorate of Health. The department of civil protection and emergency
management. COVID-19 in Iceland [Internet]. 2020 [cited 2020 Sep 23]. Avail-
able from: https://www.covid.is/data.

7. COVID-19 Public Health Response Team - Ministry for Health. COVID-19 data
management system. 2020.

8. Cuschieri S, Balzan M, Gauci C, Aguis S, Grech V. Mass events trigger Malta's
second peak after initial successful pandemic suppression. J Community Health
2020 Sep 16:1e8 [Internet]. [cited 2020 Sep 17]. Available from: http://link.
springer.com/10.1007/s10900-020-00925-6.

9. Financial Mirror. COVID19: 35 people test positive at Limassol nursing home -
Financial Mirror [Internet]. Financial Mirror; 2020 [cited 2020 Dec 11]. Avail-
able from: https://www.financialmirror.com/2020/11/02/covid19-35-people-
test-positive-at-limassol-nursing-home/.

10. Hafstao V. Cluster of COVID-19 infections puts landspítali on high alert - Iceland
Monitor [Internet]. Iceland Monitor; 2020 [cited 2020 Dec 30]. Available from:
https://icelandmonitor.mbl.is/news/news/2020/10/26/cluster_of_covid_19_
infections_puts_landspitali_on_/.

11. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global
burden of 369 diseases and injuries in 204 countries and territories,
1990e2019: a systematic analysis for the Global Burden of Disease Study 2019.
Lancet 2020 Oct 17;396(10258):1204e22 [Internet]. [cited 2020 Nov 22].

S. Cuschieri, E. Pallari, A. Hatziyianni et al. Public Health 202 (2022) 52e57

56

https://doi.org/10.1016/j.puhe.2021.03.025
http://www.ncbi.nlm.nih.gov/pubmed/33213965
http://www.ncbi.nlm.nih.gov/pubmed/33213965
http://refhub.elsevier.com/S0033-3506(21)00135-9/sref2
http://refhub.elsevier.com/S0033-3506(21)00135-9/sref2
https://apps.who.int/gho/data/view.main.LT62060?lang=en
https://apps.who.int/gho/data/view.main.LT62060?lang=en
https://apps.who.int/gho/data/view.main.LT62060?lang=en
http://refhub.elsevier.com/S0033-3506(21)00135-9/sref4
http://refhub.elsevier.com/S0033-3506(21)00135-9/sref4
https://covid19.ucy.ac.cy/
https://www.covid.is/data
http://refhub.elsevier.com/S0033-3506(21)00135-9/sref7
http://refhub.elsevier.com/S0033-3506(21)00135-9/sref7
http://link.springer.com/10.1007/s10900-020-00925-6
http://link.springer.com/10.1007/s10900-020-00925-6
https://www.financialmirror.com/2020/11/02/covid19-35-people-test-positive-at-limassol-nursing-home/
https://www.financialmirror.com/2020/11/02/covid19-35-people-test-positive-at-limassol-nursing-home/
https://icelandmonitor.mbl.is/news/news/2020/10/26/cluster_of_covid_19_infections_puts_landspitali_on_/
https://icelandmonitor.mbl.is/news/news/2020/10/26/cluster_of_covid_19_infections_puts_landspitali_on_/


Available from: https://www.thelancet.com/journals/lancet/article/PIIS0140-
6736(20)30925-9/fulltext.

12. Remuzzi A, Remuzzi G. COVID-19 and Italy: what next? Lancet (London, En-
gland) 2020 Apr 11;395(10231):1225e8 [Internet]. [cited 2020 Jul 25]. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/32178769.

13. Nurchis MC, Pascucci D, Sapienza M, Villani L, D'Ambrosio F, Castrini F, et al.
Impact of the burden of COVID-19 in Italy: results of disability-adjusted life
years (DALYs) and productivity loss. Int J Environ Res Public Health 2020;17(12)
[Internet]. [cited 2020 Sep 18]. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/32545827.

14. Flynn D, Moloney E, Bhattarai N, Scott J, Breckons M, Avery L, et al. COVID-19
pandemic in the United Kingdom. Health Policy Technol 2020 Dec 1;9(4):
673e91 [Internet]. [cited 2020 Dec 14]. Available from: https://www.
sciencedirect.com/science/article/pii/S2211883720300757.

15. Cuschieri S. COVID-19 panic, solidarity and equitydthe Malta exemplary
experience. J Public Health (Bangkok) 2020 May 30:1e6 [Internet]. [cited 2020
Jun 3]. Available from: http://link.springer.com/10.1007/s10389-020-01308-w.

16. Islam N, Khunti K, Dambha-Miller H, Kawachi I, Marmot M. COVID-19 mor-
tality: a complex interplay of sex, gender and ethnicity. Eur J Public Health 2020
Oct 1;30(5):847e8 [Internet]. [cited 2020 Oct 10]. Available from: https://
academic.oup.com/eurpub/article/30/5/847/5879989.

17. Kang S-J, Jung SI. Age-related morbidity and mortality among patients with
COVID-19. Infect Chemother 2020 Jun 1;52(2):154 [Internet]. [cited 2020Dec 14].
Available from: https://icjournal.org/DOIx.php?id¼10.3947/ic.2020.52.2.154.

18. Cuschieri S, Falzon C, Janulova L, Aguis S, Busuttil W, Psaila N, et al. Malta's only
acute public hospital service during COVID-19: a diary of events from the first

wave to transition phase. Int J Qual Health Care 2021;33(1). mzaa138, https://
doi.org/10.1093/intqhc/mzaa138.

19. Cuschieri S, Pallari E, Terzic N, Alkerwi A, Sigurðard�ottir �AK. Mapping the
burden of diabetes in five small countries in Europe and setting the agenda for
health policy and strategic action. Health Res Policy Sys 2021;19:43. https://doi.
org/10.1186/s12961-020-00665-y.

20. Signorelli C, Odone A. Age-specific COVID-19 case-fatality rate: no evi-
dence of changes over time. Int J Public Health. [cited 2020 Dec 14];65:
1435e6. Available from: https://doi.org/10.1007/s00038-020-01486-0.

21. Institute for Health Metrics and Evaluation (IHME). Malta profile [Internet].
Seattle, WA: IHME, University of Washington; 2019 [cited 2020 Feb 15].
Available from: http://www.healthdata.org/malta.

22. De Larochelambert Q, Marc A, Antero J, Le Bourg E, Toussaint J-F. Covid-19
mortality: a matter of vulnerability among nations facing limited margins of
adaptation. Front Public Health 2020 Nov 19;8:782 [Internet]. [cited 2020 Dec
14]. Available from: https://www.frontiersin.org/articles/10.3389/fpubh.2020.
604339/full.

23. Organisation for Economic Co-operation and Development (OECD). Health at a
glance: Europe 2020 state of health in the EU cycle. 2020 [Internet]. [cited 2020
Dec 15]. Available from: https://doi.org/10.1787/82129230-en.

24. Cuschieri S, Grech V. At risk population for COVID-19: Multimorbidity char-
acteristics of European Small Island State. Public Health 2021;192:33e6 .
https://doi.org/10.1016/j.puhe.2020.12.012.

25. Horton R. Offline: COVID-19 is not a pandemic (London, England) [Internet]
Lancet 2020 Sep 26;396(10255):874. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/32979964. [Accessed 14 November 2020].

S. Cuschieri, E. Pallari, A. Hatziyianni et al. Public Health 202 (2022) 52e57

57

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30925-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30925-9/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/32178769
http://www.ncbi.nlm.nih.gov/pubmed/32545827
http://www.ncbi.nlm.nih.gov/pubmed/32545827
https://www.sciencedirect.com/science/article/pii/S2211883720300757
https://www.sciencedirect.com/science/article/pii/S2211883720300757
http://link.springer.com/10.1007/s10389-020-01308-w
https://academic.oup.com/eurpub/article/30/5/847/5879989
https://academic.oup.com/eurpub/article/30/5/847/5879989
https://icjournal.org/DOIx.php?id=10.3947/ic.2020.52.2.154
https://icjournal.org/DOIx.php?id=10.3947/ic.2020.52.2.154
https://doi.org/10.1093/intqhc/mzaa138
https://doi.org/10.1093/intqhc/mzaa138
https://doi.org/10.1186/s12961-020-00665-y
https://doi.org/10.1186/s12961-020-00665-y
https://doi.org/10.1007/s00038-020-01486-0
http://www.healthdata.org/malta
https://www.frontiersin.org/articles/10.3389/fpubh.2020.604339/full
https://www.frontiersin.org/articles/10.3389/fpubh.2020.604339/full
https://doi.org/10.1787/82129230-en
https://doi.org/10.1016/j.puhe.2020.12.012


Original Research

NFI, a clinical scoring tool for predicting non-alcoholic fatty liver in the
Chinese population

M. Zhao a, b, Y. Hu c, C. Shi d, K. Wang e, J. Li c, J. Song c, C. Huo c, Y. Xi b, S. Bu b, Q. Huang c, *

a Department of Medical Services, The Affiliated Hospital of Medical School of Ningbo University, 315000, Ningbo, China
b Diabetes Research Center, School of Medicine, Ningbo University, 315211 Ningbo, China
c Department of Endocrinology, Changhai Hospital, Second Military Medical University, 200433 Shanghai, China
d Cixi Institute of Biomedical Engineering, Ningbo Institute of Industrial Technology, Chinese Academy of Sciences, 315201 Ningbo, China
e College of Science and Technology, Ningbo University, 315211 Ningbo, China

a r t i c l e i n f o

Article history:
Received 15 May 2021
Received in revised form
23 September 2021
Accepted 26 October 2021
Available online 4 December 2021

Keywords:
Non-alcoholic fatty liver disease
Predictive model
Validation

a b s t r a c t

Objectives: Accurate assessment of early non-alcoholic fatty liver disease (NAFLD) is important to reduce
the possible complications. The purpose of the present study was to develop a simple algorithm for the
screening of NAFLD in the Chinese population based on routine anthropometric data and laboratory tests.
Study design: This is a cross-sectional design.
Methods: The subjects (1145) underwent routine physical examinations. The variables in the NAFLD
index (NFI) were obtained by a stepwise multiple logistic regression analysis on 1000 bootstrap samples.
The area under the receiver-operating characteristic (AUROC) was used to evaluate the accuracy of the
NFI.
Results: Multivariate analysis showed that body mass index, fasting blood glucose, ratio of alanine
aminotransferase to aspartate aminotransferase, and triglyceride were included in the final equation. The
AUROC of the NFI was 0.919 (95% confidence interval ¼ 0.901e0.937). An NFI of <31.0 excluded the
possibility of NAFLD with a sensitivity of 96.9%, and at a value of >36.0, the NFI could detect NAFLD with a
specificity of 98.9%.
Conclusions: NFI was a cost-effective NAFLD-screening model, which had a high accuracy for predicting
NAFLD at early stages in the Chinese population.

© 2021 Published by Elsevier Ltd on behalf of The Royal Society for Public Health.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a chronic condition
characterized by hepatic steatosis in the absence of excessive
alcohol use or other specific damage factors.1 It represented a
spectrum of chronic liver disease ranging from simple fatty liver
(steatosis) to non-alcoholic steatohepatitis (NASH) and even
cirrhosis.2,3 Many studies suggest that NAFLD is a result of
improved living standards, increased dietary fat, and unhealthy
lifestyle and that the increased prevalence of NAFLD is in parallel
with that of excessive body mass index (BMI), visceral obesity, in-
sulin resistance (IR), type 2 diabetes mellitus, and metabolic syn-
drome (MetS).4e9 Obesity is a major public health problem around

the world.10,11 Zhang et al.12 found that the prevalence of being
overweight and obese was 15.2% and 11.7%, respectively, in Jiangsu
Province, China. Their results were similar to other studies in
China,13,14 and those results suggested that obesity was a social
problem that could not be ignored. Additionally, obesity is a risk
factor of NAFLD. A recent meta-analysis indicated that the preva-
lence of NAFLD in children from general population studies and
from studies based on child obesity clinics was 7.6% (95% confi-
dence interval [CI] ¼ 5.5e10.3%) and 34.2% (95% CI ¼ 27.8e41.2%),
respectively.15 Therefore, it was necessary to develop a prediction
model to diagnose NAFLD at an early stage in young people.

A large amount of evidence has indicated that NAFLD can lead to
severe liver damage in a short period of time; non-alcoholic stea-
tohepatitis may develop in 30% of patients with NAFLD, fibrosis
in approximately 25%, cirrhosis in 10e20%, and hepatocellular
carcinoma in 4%.16,17 According to statistics, the global prevalence of
NAFLD is 25%, with the highest prevalence in the Middle East and
South America and the fibrosis progression proportion and the
mean annual rate of progression in NASH being 40.76% and 9%. The
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prevalences of NAFLD in the United States and Europe are 30% and
28%, respectively.18 In China, the prevalence of NAFLD has been
estimated to be approximately 20% in the general adult popula-
tion.19 In parts of China with more obese people, the prevalence of
NAFLD is up to 51%.20 Plenty of evidence has indicated that NAFLD
can aggravate the progression of cardiovascular diseases and
chronic kidney disease.21e23 In addition, the high prevalence of
NAFLD has resulted in an increased incidence of NAFLD-related
complications, all-cause mortality, and healthcare costs and
declining health-related quality of life.24

Most individuals with NAFLD do not have specific symptoms,
especially at the early stage, which limits prevention and detection
of NAFLD.25 Liver biopsy is regarded as the golden standard for
diagnosing NAFLD, but it is an invasive procedure; furthermore, it
only samples a small portion of the liver, which may result in
sampling error.26,27 Imaging modalities such as ultrasonography
(US), computed tomography (CT), and magnetic resonance imaging
(MRI) have been used as alternatives to screen early-stage NAFLD
patients. However, these methods are also not cost-effective, and
most early-stage NAFLD patients are virtually asymptomatic.
Therefore, several non-invasive scoring systems based on simple
clinical or laboratory indices have been developed to identify early-
stage fibrosis in patients with NAFLD and other liver diseases. The
fatty liver index (FLI) was established by Bedogni et al.28 and is an
algorithm based on BMI, waist circumference (WC), triglycerides
(TG), and gamma-glutamyl-transferase (GGT) for the prediction of
fatty liver in the general population. The FLI has a high accuracy and
has been validated in several different populations.25,29e31 Other
models, for instance, hepatic steatosis index (HIS),32 BARD score,33

and ZJU index,34 are also useful for screening NAFLD. However,
because most of these predictive models are based on non-Asians,
some parameters may not be suitable for the Chinese population.

Therefore, the purpose of the present study was to develop a
simple algorithm for the screening of NAFLD based on routine
anthropometric data and laboratory tests and to compare the accuracy
of this NAFLD-screening model with previously published models.

Methods

Study participants

The participants were recruited from individuals who had a
routine physical examination at the Health Care Center of Changhai
Hospital, Shanghai, between 1 October 2012 and 30 November
2012. Participants with the following situations were excluded:
excessive alcohol use (>140 g/week in males and >70 g/week in
females), presence of hepatitis B surface antigen (HBsAg) or anti-
hepatitis C virus antibody (anti-HCV), medications known to pre-
cipitate fatty liver (such as amiodarone or tamoxifen) during the
previous 6 months, and liver diseases caused due to other reasons.
A total of 1145 participants aged between 21 and 83 years were
included in the final analysis.

This study was approved by the Ethics Committee of Changhai
Hospital. All procedures were in accordance with the ethical stan-
dards of the Helsinki Declaration and all participants provided
written informed consent.

Anthropometric and clinical measurements

Anthropometric measurements included height and weight.
The subjects were requested to empty their bladder, stand upright,
and look straight ahead in barefoot and minimal clothing. The
height and weight were measured to the nearest millimeter and
kilogram, respectively. BMI was calculated as the ratio of weight to
the square of height (kg/m2). Each measurement was completed by

two trained investigators, with one investigator taking the mea-
surement and the other recording the reading. Blood pressure was
measured three times with 5-minute intervals in a sitting position.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured and the mean values from the three measurements
were used for further analysis.

All of the participantswere requested to fast overnight for at least
10 h, and then venous blood was collected for biochemical tests.
Fasting blood glucose (FBG), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), GGT, and serum uric acid (UA) were
measured by standard bioassay methods using an automatic
biochemistry analyzer (Roche Modular E170, Basel, Switzerland).
Total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C)
were assayed enzymatically using a RocheMODULARDPP automatic
biochemistry analyzer. The levels of fasting insulin (FINS) and fasting
C peptide (FCP) were determined by radioimmunoassay (Jiuding
Biological Engineering Co., Tianjin, China). The following equation
was used for the homeostasismodel assessment of insulin resistance
(HOMA-IR): HOMA-IR ¼ [FINS (uUI/ml) � FPG (mmol/L)]/22.5.35

Ultrasonography (US) diagnostic criteria for NAFLD

The hepatic US method was used to diagnose NAFLD according
to the following criteria: diffuse increased echogenicity of liver
tissues in the near field as compared to the kidney and spleen, and
gradual attenuation of liver echogenicity in the far-field; intra-
hepatic duct structure not clear; enlarged liver with blunted edge
angle; and the echo of the right hepatic lobe envelope and the
diaphragmatic display not clear or incomplete.36,37

Statistical analysis

Continuous variables were tested for normality and presented
as means ± standard deviations if normally distributed or median
(interquartile range) if they were skewed distributions. Categorical
variables were presented as proportions. For the univariate anal-
ysis, Student's t-test or the ManneWhitney U-test was used to
compare the continuous variables, and the Chi-squared test or
Fisher's exact test was used to compare the categorical variables.

Variables that were statistically significant with the area under
the receiver-operating characteristic (AUROC) > 0.6 in the univar-
iate analysis were added to the multiple logistic regression on 1000
bootstrap samples (the probabilities to enter was 0.05 and the
probabilities to remove was 0.10) to identify the predictors of the
presence of NAFLD. Before performing the multiple logistic
regression, to obtain a linear logit, some candidate variables un-
derwent a natural logarithm (loge) transformation. Based on the
final result of themultiple logistic regression, a predictivemodel for
NAFLD was established. The goodness of fit of the model was
evaluated using the HosmereLemeshow statistic and the accuracy
was assessed by the AUROC, sensitivity, specificity, positive likeli-
hood ratio (LRþ), negative likelihood ratio (LR-), positive predictive
values (PPV), and negative predictive values (NPV).

All analyses were performed using SPSS version 19.0 (Chicago,
IL, USA) and R version 12.0 (College Station, Texas, USA). Two-tailed
tests were used and a P-value < 0.05 was considered statistically
significant.

Results

Characteristics of the study participants

Among the 1145 subjects who were enrolled in this study, 549
(47.95%) were male, and their mean age (standard deviation) was
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44.53 (12.69) years. The NAFLD detection rate by ultrasonography
examination was 48.03% of all participants. Among them, male sub-
jects had a significantly higher rate of NAFLD detection rate than fe-
male subjects (62.66% vs 34.56%, c2 ¼ 90.369, P < 0.001). The
detection rate of NAFLD in both male and female had a tendency to
increasewith age (Fig.1). The demographic and laboratory features of
all subjects are provided in Table 1. According to the univariate anal-
ysis, incomparisonwithsubjectswithnoNAFLD,patientswithNAFLD
were older (P < 0.001), were more likely to be male (P < 0.001), and
hadhigherSBPandDBP,higher levelsof FBG,ALT,AST,GGT,UA,TC, TG,
LDL, FINS, and FCP, but significantly lower HDL levels.

Derivation of a new index for NAFLD

The univariate analysis revealed that all of the variables were
significantly different between the case and control groups. Sub-
sequently, these variables were included in a multiple logistic
regression analysis. However, significant interactions and multi-
collinearities were detected between FBG, FINS, HOMA-IR, and FCP;
between ALT, AST, and ALT/AST; and between TC, TG, HDL-C, and
LDL-C. To avoid these interactions and multicollinearities, we
incorporated the variables with the highest odds ratios (OR) into
the further stepwise logistic regression. Finally, the results sug-
gested that BMI, FBG, ALT/AST, and TG were the independent fac-
tors of the presence of NAFLD after adjusting the interactions and
multicollinearities between variables (Table 2).

In the multiple logistic regression model, we used these
four predictors to calculate the probabilities of NAFLD. It was
calculated as (e0.731*BMIþ0.599*FBGþ2.393*TGþ1.052*ALT/AST e 24.218)/(1þ
e0.731*BMIþ0.599*FBGþ2.393*TGþ1.052*ALT/AST e 24.218). To simplify this
equation, we utilized the exponents and changed themultiplicative
factors into approximate integers. In addition, to adjust the differ-
ence of BMI between male and female subjects, we added two
points to female. As a result, we derived a simple equation, which
we named the NFI:

NFI ¼ BMI ðkg=m2Þ þ FBG ðmmol=LÞ þ 3� TG ðmmol=LÞ
þ ALT ðIU=LÞ=AST ðIU=LÞ ðþ2; if femaleÞ

Comparison of diagnostic accuracy

To compare the diagnostic accuracy of the NFI and previous
models, ROC curves were generated (Fig. 2). The NFI had the best
diagnostic accuracy for NAFLD, with the AUROC at 0.919 (95%
CI ¼ 0.901e0.937), followed by the ZJU index (AUROC: 0.908, 95%
CI ¼ 0.889e0.926), HSI (AUROC: 0.862, 95% CI ¼ 0.840e0.884), and

BARD score (AUROC: 0.722, 95% CI ¼ 0.693e0.751). The cut-off
point, sensitivity, specificity, LRþ, and LR- of each test are shown
in Table 3. The BARD score had the highest sensitivity of 86.0% and
NFI had the highest specificity of 97.6%.

Validation of the NFI

Themedian value of the NFI in the participants was 33.86 (range
25.42e58.49). For males and females, the AUROCs were 0.960 (95%
CI ¼ 0.944e0.976) and 0.889 (95% CI ¼ 0.855e0.923), respectively.
An NFI of <31.0 excluded the possibility of NAFLD with a sensitivity
of 96.9% (95% CI ¼ 95.0e98.1), and an NPV of 89.9% (84.0e93.8). At
a value of >36.0, the NFI could detect NAFLD with a specificity of
98.9% (97.7e99.6) and a positive predictive value of 98.6%
(96.7e99.4) (Table 4). Using these cut-off values, 168 subjects
(14.7%) had no NAFLD (NFI <31.0) and 416 subjects (36.3%) had
NAFLD (NFI >36.0), while 561 subjects (49%) could not be classified
(31.0 � NFI �36.0).

Discussion

The present study constructed a predictive model of NAFLD by
using BMI and the results of routinely performed laboratory tests.
In addition, we also validated the performance via comparing it
with some previous models.

Large numbers of patients with NAFLD were asymptomatic or
had only upper abdominal pain or fatigue before cirrhosis. Only

Fig. 1. The NAFLD detection rate of all participants stratified by age and gender.

Table 1
Characteristics of the study participants with and without non-alcoholic fatty liver
disease (NAFLD).

Variables Total No NAFLD NAFLD P

Gender
(male, %)

549 (47.95) 205 (34.45) 344 (62.55) <0.001

Age (years) 44.53 ± 12.69 40.68 ± 11.74 48.69 ± 12.37 <0.001
BMI (kg/m2) 23.96 ± 2.86 22.19 ± 1.29 25.87 ± 2.87 <0.001
SBP (mm Hg) 121.04 ± 17.40 113.85 ± 13.21 128.83 ± 18.03 <0.001
DBP (mm Hg) 73.29 ± 11.47 68.75 ± 8.91 78.19 ± 11.90 <0.001
FBG (mmol/L) 5.34 ± 0.80 5.09 ± 0.40 5.60 ± 1.01 <0.001
ALT (U/L) 19.40 ± 8.77 15.84 ± 7.81 23.24 ± 8.11 <0.001
AST (U/L) 19.52 ± 5.12 18.21 ± 5.08 20.93 ± 4.77 <0.001
ALT/AST ratio 0.98 ± 0.33 0.87 ± 0.31 1.11 ± 0.32 <0.001
GGT (U/L) 23.92 ± 19.11 16.08 ± 9.17 32.41 ± 23.04 <0.001
UA (umol/L) 317.84 ± 84.70 272.64 ± 52.07 366.75 ± 86.05 <0.001
TC (mmol/L) 4.54 ± 0.78 4.23 ± 0.52 4.88 ± 0.87 <0.001
TG (mmol/L) 1.37 ± 0.98 0.90 ± 0.28 1.89 ± 1.18 <0.001
HDL (mmol/L) 1.32 ± 0.30 1.45 ± 0.25 1.18 ± 0.28 <0.001
LDL (mmol/L) 2.82 ± 0.73 2.51 ± 0.48 3.14 ± 0.80 <0.001
FINS (uIU/mL) 18.87 ± 9.34 13.71 ± 6.60 24.45 ± 8.64 <0.001
FCP (ng/ml) 2.84 ± 1.33 2.17 ± 0.92 3.58 ± 1.33 <0.001
HOMA-IR 4.57 ± 2.65 3.10 ± 1.52 6.16 ± 2.69 <0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; FBG, fasting blood glucose; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma-glutamyl-transferase; UA, uric acid; TC,
total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; FINS, fasting insulin; FCP, fasting C peptide;
HOMA-IR, homeostasis model assessment of insulin resistance.

Table 2
Variables included in the non-alcoholic fatter liver index.

Variables Odds ratio (OR) 95% CI for OR P

BMI 2.160 1.906e2.447 <0.001
FBG 1.938 1.329e2.825 <0.001
ALT/AST 2.810 1.570e5.030 <0.001
TG 12.024 7.257e19.924 <0.001

Abbreviations: BMI, body mass index; FBG, fasting blood glucose; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TG, triglyceride.
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when the liver function or the imaging test was abnormal would
people seek medical help. Although liver biopsy is regarded as the
golden standard, it is accompanied by the risk of serious compli-
cations such as internal bleeding, bile leakage, and hematoma and
infection, which limited its clinical application and was not the
preferred method for NAFLD screening or diagnostic evaluation.
Therefore, US, CT, or MRI-based methods are the main diagnostic
tools for fatty liver.38 Shear wave elastography (SWE) is an
ultrasound-based technique, which has been applied to charac-
terize liver fibrosis.39 A recent meta-analysis demonstrated that
SWE and MRI had a high diagnostic accuracy for staging fibrosis in
NAFLD patients, with the summary sensitivity and specificity of
SWE and MRI for detecting advanced fibrosis (AF) being 0.90 and
0.93, and 0.84 and 0.90, respectively, and the summary AUROC
values using SWE and MRI for diagnosing AF were 0.95 and 0.96,
respectively.40 The results were consistent with those reported by
Hamaguchi et al.,41 who established a screening model of NAFLD
with ultrasound imaging. Nevertheless, the drawbacks of imaging
diagnosis are the high cost and inconvenience, so it is not suitable
for large-scale population screening.

The FLI incorporates the results of biochemical tests and
anthropometric data to predict steatosis.28 It has been widely used
to predict early-stage fatty liver and has been validated in many
cohorts from different ethnic populations and countries.30,31,42

However, WHO has proposed different cut-off values of BMI for
the Asian populations from those for Western populations.43 Yang
et al.25 reported that, when they used lower cut-off values of FLI
than those used by Bedogni et al.,28 the FLI could accurately identify
ultrasonographic fatty liver in a large-scale population in Taiwan.
Similar to the FLI, the BARD score33 and HSI32 are both simple and

non-invasive models to predict fatty liver in Western populations,
and they may not be suitable for the Chinese.

The AUROC of the NFI was 0.919 (95% CI ¼ 0.901e0.937), which
was higher than that of the BARD score, HIS, and FLI in our par-
ticipants. Furthermore, we found that the NFI had a better diag-
nostic accuracy than the ZJU index, and the AUROC of the ZJU index
was 0.908 (95% CI ¼ 0.889e0.926). When we analyzed the detec-
tion rate in participants of different age groups stratified by gender,
the detection rate of NAFLD in males was nearly twice that of fe-
males below 50 years old, but the gap narrowed with the increase
of age. Over 60 years old, the detection rate of NAFLD in females
was nearly the same as in males, and similar results have been
shown in another study.44

In this study, three components of MetS (BMI, FBG, and TG)
were in the predictive model, suggesting that there is a close
relationship between MetS and NAFLD. A growing body of evi-
dence has demonstrated that the above-mentioned components
of MetS are risk factors of NAFLD, and the larger the number of
the above-mentioned components a patient has, the greater the
effect on NAFLD.45,46 A possible mechanism may be that IR plays a
key role in the occurrence of these two diseases.47 In individuals
with MetS, IR may cause the storage and decomposition of lipids
in the liver and promote fatty acid transportation from adipose
tissues into the liver, leading to the synthesis of TG and secretion
of very low-density lipoprotein in the liver, which result in fatty
liver.48

Our study was conducted to detect NAFLD in a large Chinese
population with standardized demographic, anthropometric, and
laboratory measures. Our findings suggest that the NFI is accurate
and can be used for the effective prediction of the presence of
NAFLD. However, our study has some limitations. First, the study
was a cross-sectional study and we did not match the participants
for age or gender, so potential bias may exist and affect the results.
Second, all the patients with NAFLD were diagnosed by US instead
of liver biopsy. Third, factors such as physical activity and medical
history were not included in this study, which may affect the BMI,
FPG, and TG level in our study and result in bias in the final
equation.

Table 3
A comparison of the area under the receiver-operating characteristic curves (AUROC) of each test for diagnosing non-alcoholic fatty liver disease (NAFLD).

Test AUROC (95% CI) Cut-off point Sensitivity (%) Specificity (%) LRþ LR-

BARD score 0.722 (0.693e0.751) 0.500 86.0 48.9 1.683 0.286
ZJU index 0.908 (0.889e0.926) 34.775 78.0 94.5 14.182 0.233
HSI 0.862 (0.840e0.884) 32.945 75.3 85.2 5.088 0.290
NFI 0.919 (0.901e0.937) 35.465 78.5 97.6 32.708 0.220

Abbreviations: AUROC, area under the receiver-operating characteristic curve; LRþ, positive likelihood ratio; LR-, negative likelihood ratio.
The BARD score was a weighted sum (BMI �28 ¼ 1 point, AST/ALT >0.8 ¼ 2 points, diabetes ¼ 1 point).
The ZJU index was calculated as follows: BMI (kg/m2) þ FPG (mmol/L) þ TG (mmol/L) þ 3 � ALT (IU/L)/AST (IU/L) ratio (þ2, female).
HSI was calculated as follows: 8 � ALT (IU/L)/AST (IU/L) þ BMI (kg/m2) (þ2, if DM; þ2, female).

Fig. 2. AUROC of the BARD score, ZJU index, HSI, and NFI for prediction of non-
alcoholic fatty liver disease. AUROC, area under the receiver-operating characteristic
curve.

Table 4
Predictive values for NFI in the study population.

Variables Low cut-off point
(<31.0)

Intermediate
(31.0e36.0)

High cut-off point
(>36.0)

Total, n (%) 168 (14.7%) 561 (49%) 416 (36.3%)
NAFLD, n (%) 17 (10.1%) 123 (21.9%) 410 (98.6%)
Sensitivity 96.9% (95.0e98.1) 75.6% (72.1e79.2)
Specificity 25.4% (22.0e29.1) 98.9% (97.7e99.6)
LRþ 1.299 (1.236e1.364) 75.230 (33.890e167.00)
LR- 0.122 (0.076e0.196) 0.243 (0.211e0.282)
PPV e 98.6% (96.7e99.4)
NPV 89.9% (84.0e93.8) e

Interpretation Absence of NAFLD Presence of NAFLD

Abbreviations: LRþ, positive likelihood ratio; LR-, negative likelihood ratio; PPV,
positive predictive value; NPV, negative predictive value.
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Conclusion

In conclusion, we created a cost-effective NAFLD-screening
model, named NFI, which showed a high accuracy for predicting
NAFLD at early stages in a Chinese population. Moreover, it was
easy to employ as BMI, FBG, TG, ALT, and AST were routine mea-
surements in clinical practice. In our study, an NFI of <31.0 was
ruled out and an NFI of >36.0 ruled in NAFLD with a higher diag-
nostic value. We hope that this could be directed toward high-risk
groups identified by this model to help them change unhealthy
dietary habits and lifestyles.
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a b s t r a c t

Objectives: The closure of schools to prevent the spread of COVID-19 prompted concerns of deteriorating
lifestyle behaviours, mental health, and wellbeing of children, particularly those in socioeconomically
disadvantaged settings. We assessed changes in lifestyle behaviours (physical activity, screen time, eating
habits and bed/wake-up times), mental health and wellbeing during the first lockdown in Spring 2020 as
perceived by school children from disadvantaged settings, and examined determinants of these changes.
Study design: Cross-sectional study.
Methods: We surveyed 1095 grade 4 to 6 students (age 9e12 years) from 20 schools in socioeconomically
disadvantaged communities in northern Canada. Students reported on changes in lifestyle behaviours,
mental health and wellbeing during the lockdown. Determinants of these perceived changes were
examined in multivariable regression models.
Results: A majority of students reported declines in physical activity, having late bed/wake-up times, and
modest improvements in mental health and wellbeing. Many students reported increases rather than
decreases in screen time and snacking. Positive attitudes toward being active, eating healthy, going to
sleep on time and being healthy were strongly associated with maintaining healthy lifestyle behaviours
during the lockdown. Positive attitudes toward active and healthy living and healthy lifestyle behaviours
were associated with maintaining positive mental health and wellbeing during the lockdown.
Conclusions: The considerable changes in lifestyle behaviors, superimposed on the pre-existing burden
of unhealthy lifestyle behaviours, put this generation of children at increased risk for future chronic
disease. Findings call for effective health promotion of active and healthy lifestyles to benefit both
physical and mental health.
© 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The COVID-19 pandemic, declared by the World Health Orga-
nization on March 11, 2020,1 resulted in the implementation of
drastic public health measures that affected large populations of
school-aged children.2,3 While effective at reducing the viral
spread, these measures prompted concerns regarding children's

lifestyle behaviours (physical activity, screen time, eating habits
and sleep patterns) and mental health and wellbeing.4

Healthy lifestyles, mental health and wellbeing are essential for
physical, social and emotional development of children.5 Unhealthy
lifestyles and psychological problems at a young age may be diffi-
cult to reverse and will track into adulthood,6e9 thereby predis-
posing children to a range of chronic diseases and mental illness
later in life.10 A recent survey of Canadian parents revealed that
only 4.8% of children (5e11 years) and 0.6% of adolescents (12e17
years old) adhered to physical activity and sedentary behaviour
recommendations during the early pandemic period, although
71.1% were meeting sleep recommendations.11 In addition, some
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emerging studies suggest, albeit not consistently, that mental
health declined among children during the first COVID-19
lockdown.12e14

The health and wellbeing of socioeconomically disadvantaged
children during the pandemic is of particular concern.15 The prev-
alence of poor lifestyles and mental illness is already high among
these children, and studies report on low adherence to lifestyle
recommendations during the lockdown in socioeconomically
disadvantaged settings.16 In addition, the pandemic-caused
stressors (household food insecurity, parental job loss,17 disrup-
tive family dynamics18) may disproportionally affect the physical
andmental health of vulnerable children. To date, existing evidence
has come predominantly from online surveys in convenience
samples of parents rather than children, and children's perspec-
tives on their lifestyle behaviours, mental health and wellbeing
have not yet been heard. Among elementary school children
residing in socioeconomically disadvantages communities, we (1)
examined the perceived changes in lifestyle behaviours, mental
health and wellbeing and (2) assessed the role of attitudes toward
active and healthy living and other determinants of these changes.

Methods

During in-person learning in NovembereDecember 2020 and
JanuaryeFebruary 2021, we invited 1340 students in grades 4 to 6
from 20 schools located in British Columbia, Alberta, Manitoba, and
Northwest Territories to participate in the survey. All 20 schools are
part of the Alberta Project Promoting healthy Living for Everyone
(APPLE) in Schools project e an innovative, internationally recog-
nized, not-for-profit health promotion program targeting children
from socioeconomically disadvantaged communities. Grounded in
a Comprehensive School Health approach, the program promotes
healthy lifestyle behaviours, mental health and wellbeing by
transforming the school's culture to “make the healthy choice the
easy choice”.19,20

Data were collected in school during regular class time, with
research assistants prompting the survey questions projected on the
whiteboard through Zoom. A total of 1095 students completed the
survey, with the participation rate of 81.6%. The Health Research
Ethics Board of the University of Alberta (Pro00061528) and partici-
pating school boards approved all the procedures.

As part of the pandemic response in Canada, in-school learning
in all participating schools (among others) was suspended mid-
March 2020. Although school buildings were closed, online
learning continued for the duration of the 2019/2020 school year.
Grade K-6 students were permitted to attend in-person classes
when the participating schools re-opened in September 2020 with
enhanced public health measures in place (e.g. cohorting, masking,
physical distancing)21e23 and an early and extended Christmas
break.

Students were asked to compare their activity levels during the
Spring 2020 lockdown with their activity levels before this lock-
down with respect to 24 common physical activities derived from
the PAQ-C.24 Response categories were adapted to reflect changes
in activity levels, as perceived by the students, during the COVID-19
lockdown. Response categories (Less than/About the same/More
than before schools got closed) were assigned a score of ‘-1’, ‘0’ and
‘1’, averaged and dichotomized using ‘0’ as the cut-off value, with
lower values indicating less physical activity during the lockdown,
and ‘0’ and above more physical activity. The same response cate-
gories were provided for the questions about perceived changes in
time spent playing video games and using a cellphone, and in the
number of meals and snacks. With respect to sleep, students re-
ported their wake-up time and bedtime on weekdays. In accor-
dance with the Canadian 24-h Movement Guidelines for children

and youth,25 we coded responses for weekday wake-up time after
10:00 am or bedtime after 11:00 pm as having late bed/wake-up
times. The surveys included 11 questions related to mental health
and wellbeing (details described in our previous work26), with
response categories adapted to capture perceived changes during
the lockdown (More/About the same/Less than before schools got
closed). The response categories were assigned a score of ‘-1’, ‘0’
and ‘1’ for positively stated items and reverse coded for negatively
stated items. The cumulative score was created and dichotomized
using ‘0’ as the cut-off value, with values above ‘0’ representing
better mental health and wellbeing, and between ‘-12’ and ‘0’ (in-
clusive) worse mental health and wellbeing during the lockdown.

Attitudes toward active and healthy living were assessed by a
series of questions: “How much do you care about being healthy?
Being physically active? Eating healthy foods? Going to sleep on
time?” The response categories were ‘very much’, ‘quite a lot’, ‘a
little bit’, and ‘not at all.’We considered these attitudes as potential
determinants of changes in lifestyle behaviours, mental health and
wellbeing based on their utility to help prioritize future prevention
intervention efforts. Given existing differences in lifestyle behav-
iours by gender, grade,27 race/ethnicity, and socioeconomical sta-
tus,28 we considered the student's gender (girl, boy), grade level (4,
5, 6), languages spoken (English only, English and Indigenous lan-
guage(s), and English and other language(s)), region of residence
(rural, small population centre, medium, and large population
centre29) as potential confounders. In addition, we adjusted for
social and material deprivation indices that were derived from
Canada Census 2016 data based on postal codes of APPLE Schools
included in the analysis (detailed description of and procedures for
calculating these indices can be found elsewhere30). Higher quin-
tiles for both indices indicate more deprived areas.31,32 Finally, we
considered the length of time since school reopening in September
2020 (<3 months, �3 months) as a confounder to account for the
possibility that student's lifestyle behaviours and mental health
and wellbeing three or more months after reopening could have
returned to the pre-pandemic levels.

Statistical analyses

First, multivariable logistic regression models were used to
examine the association of the attitudes toward being healthy with
perceived changes in physical activity, playing video games, cell-
phone use, maintaining and adopting good meal and snack rou-
tines, not having late bed/wake-up times, and maintaining positive
mental health and wellbeing while adjusting for potential con-
founders. Gender-stratified exploratory factor analysis with vari-
max (orthogonal) rotation was employed to extract latent factors
that maximized the explained variance. After examination of the
scree plot and based on the Kaiser criterion (i.e. eigenvalue >1),
three clusters were identified separately for girls and boys to reflect
gender differences in clustering of the responses (Table S1). Factor
scores were then calculated for each of the clusters using the Bar-
tlett's test of sphericity,33 dichotomized and considered as out-
comes in the multivariable logistic regression models. Before
analyses, missing values were imputed for lifestyle behaviors and
mental health and wellbeing based on ‘multivariate imputation by
chain equation (MICE)’.34 Approximately 80% of students provided
responses to each of the 20 questions (11 questions on mental
health and wellbeing, five on screen time, two on eating habits, and
two on sleep), and 90% completed at least 19 of the items. Data from
31 students who did not respond to 10 or more of the 20 questions
were excluded from analyses. Fixed effects regression modeling
was applied instead of mixed effects models since the intra-class
correlation was below 0.02 for all models.35 In addition, we
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considered changes in lifestyle behaviours as potential correlates of
changes in mental health and wellbeing.

Results

Table 1 shows the characteristics of the 1095 participants and
their schools. There were more girls (n ¼ 557) than boys (n ¼ 538)
and more grade 6 (n ¼ 400) relative to grade 4 (n ¼ 312) and 5
(n ¼ 383) students participating. Twenty percent of students re-
ported speaking one or more Indigenous languages and 11%
speaking another language in addition to English. In terms of stu-
dents' attitudes toward active and healthy living, the majority of
girls and boys cared ‘very much’ or ‘quite a lot’ about being healthy,
physically active and eating healthy, although less than half re-
ported they cared about good sleep.

About two-thirds of girls and boys (62% and 64%, respectively)
recalled their physical activity levels to be lower during the lock-
down than before the lockdown (Fig. 1). Almost two-thirds of boys
(64%) reported they spent more time playing video games during
the lockdown, whereas about one-quarter (24%) reported this to be
about the same and 12% spent less time playing video games during
the lockdown. Almost half the girls (46%) and more than a third of
boys (38%) reported using a cellphone more, 23% and 27% of girls
and boys reported using it less than before, and the rest of the

students reported no change. Almost half of girls (48%) and 37% of
boys reported snacking more than 14% and 16% of girls and boys
who reported snacking less during the lockdown. Sixty-eight
percent of girls and 67% of boys reported late bed/wake-up times
(Fig. 1).

While 44% and 31% of girls and boys perceived, on average, their
mental health and wellbeing to be worse, the majority perceived
their mental health andwellbeing to be better during the lockdown
(Fig. 1). However, responses to the individual questions were mixed
(Fig. 2). For example, 35% of girls and 27% of boys indicated they felt
lonely more often compared to 33% and 41% of girls and boys who
felt lonely less often during the lockdown than before the schools
got closed. Thirty-two percent of students reported feeling lonely
the same as before the lockdown. Almost half of girls (48%) and 36%
of boys indicated they were more bored than 22% and 33% of girls
and boys reporting they were less bored during the lockdown than
before the schools got closed. At the same time, most of girls (47%)
and boys (58%) reported enjoying their time at home more than
before the lockdown, while the rest enjoyed their time at home less
and about the same (Fig. 2).

Students who cared about being physically active were more
likely to report no increases in time playing video games and
using a cellphone and were more likely to maintain positive
mental health (Table 2). Similarly, those who cared about eating

Table 1
Characteristics of students and schools that participated in the study, Canada, 2020/21.

Student Characteristics Girls (n ¼ 557) Boys (n ¼ 538) Total (n ¼ 1095)

n (%) n (%) n (%)

Grade Level
Grade 4 161 (29) 151 (28) 312 (28)
Grade 5 180 (32) 203 (38) 383 (35)
Grade 6 216 (39) 184 (34) 400 (37)

Attitudes toward being healthy
Carea about being healthy 486 (87) 460 (85) 926 (86)
Carea about being physically active 429 (77) 409 (76) 838 (77)
Carea about eating healthy 416 (75) 376 (69) 792 (72)
Carea about good sleep 268 (49) 235 (44) 503 (46)

Language(s) spoken
English only 387 (69) 374 (70) 761 (69)
English and Indigenous 109 (20) 110 (20) 219 (20)
English and other 61 (11) 54 (10) 115 (11)

School characteristics Schools (n ¼ 20) Students (n ¼ 1095)

n (%) n (%)

Time since reopening
�3 months 13 (65) 672 (61)
>3 months 7 (35) 423 (39)

Region of residenceb

Rural 8 (40) 165 (15)
Small PC 7 (35) 583 (53)
Medium PC 2 (10) 188 (17)
Large PC 3 (15) 159 (15)

Material deprivation quintile
1 (least deprived) 2 (10) 66 (6)
2 4 (20) 222 (20)
3 5 (25) 447 (41)
4 5 (25) 291 (27)
5 (most deprived) 4 (20) 69 (6)

Social deprivation quintile
1 (least deprived) 5 (25) 224 (20)
2 6 (30) 402 (37)
3 4 (20) 197 (18)
4 3 (15) 164 (15)
5 (most deprived) 2 (10) 108 (10)

PC: population centre.
a Percent of students who responded ‘very much’ or ‘quite a lot’.
b Rural refers to a community with <1000 population, small PC to 1000e29,999 population, medium PC to 30,000e99,999, large PC refers to population of 100,000 or

more.29
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healthy were more likely to report no increases in snacking during
the lockdown and were likely to consume same amount or fewer
snacks, while those who cared about their sleep and being healthy
were less likely to report late bed/wake-up times during the
lockdown. Gender-stratified associations are presented in
Tables S2 and S3.

Tables 3 and 4 report on the associations of changes in lifestyle
behaviours with changes in mental health and wellbeing in girls
and boys, respectively. Girls who were more physically active dur-
ing than before the lockdown were less likely to experience
‘internalizing and functioning problems, tiredness and loneliness’
and more likely to have a ‘positive outlook on future and time
during lockdown’ relative to those who were less physically active
(Table 3). In girls, spending less or the same amount of time playing
video games was associatedwith a higher likelihood ofmaintaining

positive mental health and wellbeing during the lockdown and
being bored and lonely. In addition, having more meals was asso-
ciated with having a ‘positive outlook on future and time during the
lockdown’. Similar to girls, boys who were physically active during
the lockdownweremore likely to have a ‘positive outlook on future
and time during the lockdown’. Boys who reported having more
meals and fewer snacks were more likely to experience positive
mental health and wellbeing during the lockdown (Table 4).

Discussion

The present study reported on changes in the lifestyle behav-
iours and mental health and wellbeing, as perceived by elementary
schooleaged children living in socioeconomically disadvantaged
communities, during the Spring 2020 COVID-19 lockdown.
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Fig. 1. Changes in physical activity, time playing video games, time using the cellphones, meal and snack frequency, bed/wake-up times, and mental health and wellbeing during vs
before the lockdown.
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Fig. 2. Changes in mental health and wellbeing during vs before the lockdown.
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Children reported to be less physically active, to spend more time
playing video games (boys) and using cellphones (girls), and to
snack more. The majority of students reported having late bed or
wake-up times on weekdays during the lockdown. In contrast, the
majority of students found their mental health and wellbeing to be
better during the lockdown. Moreover, positive attitudes toward
being active, eating healthy, going to sleep on time and being
healthy were strongly associated with maintaining healthy lifestyle
behaviours during the lockdown. Last, positive attitudes were also
associated with maintaining positive mental health and wellbeing
during the lockdown.

Several studies reported on a considerable disengagement in
physical activity during the lockdown.36e40 While this appears true
for most of our respondents, it is noteworthy that changes for the
better were reported by more than one-third of girls and boys. In a
study of lifestyle behaviours in Irish adolescents (12e18 years old)
during the first lockdown,41 20% and 30% of students reported

exercising more and about the same, respectively, than 50% exer-
cising less than pre-pandemic. The majority of boys and girls re-
ported an increase in time playing video games and using
cellphones, respectively. The decrease in physical activity combined
with an increase in screen time is concerning. However, in the
context of the pandemic where physical distancing is paramount,
and multiple and repeat lockdowns are enforced; sedentary activ-
ities that involve peer/social interaction might have favourable ef-
fects on emotional wellbeing because students might use video
gaming to connect with peers.42 Health promotion messages
should seek a balance between encouraging active lifestyles while
affording children the opportunities for social interaction through
online mediums, particularly those that encourage physical activity
(e.g. exergaming).

Participants reported snacking more during the lockdown,
which is consistent with emerging literature.43,44 Despite the
substantial increase in the consumption of processed foods since

Table 2
Associationsa of attitudes toward active and healthy livingwith changes in physical activity, sedentary behaviours, healthy eating, sleep, mental health and wellbeing during vs
before the lockdown, Canada, 2020/21.

More physical
activity (vs
less)

Same/less time
playing video games
(vs more)

Same/less time
on cell phone
(vs more)

Same/more
meals (vs less)

Same/fewer
snacks (vs more)

No late bed/wake-up
times (vs late)

Better mental
health and
wellbeing
(vs worse)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Care about being healthy
A little/not at all Ref Ref Ref Ref Ref Ref Ref
Very much/quite a lot 1.12 (0.72, 1.78) 1.20 (0.77, 1.87) 0.94 (0.61, 1.42) 1.39 (0.70, 2.65) 0.83 (0.53, 1.28) 1.69 (1.13, 2.51) 1.13 (0.71, 1.79)

Care about being active
A little/not at all Ref Ref Ref Ref
Very much/quite a lot 1.18 (0.83, 1.68) 2.12 (1.5, 3.00) 1.86 (1.35, 2.59) 1.39 (1.06, 1.82)

Care about eating healthy
A little/not at all Ref Ref Ref
Very much/quite a lot 0.67 (0.39, 1.12) 1.44 (1.05, 1.98) 1.29 (0.91, 1.81)

Care about good sleep
A little/not at all Ref Ref
Very much/quite a lot 2.15 (1.63, 2.84) 0.85 (0.60, 1.19)

OR: odds ratio; 95% CI: 95% confidence interval; Ref: reference category.
a All estimates are adjusted for the student characteristics (gender, grade level, language(s) spoken) and school/community characteristics (social deprivation, material

deprivation, region of residence, and time since reopening of schools).

Table 3
Associations of changes in lifestyle behaviours with changes in mental health and wellbeing and its subgrouping during vs before the lockdown among girls, Canada, 2020/21.

Better mental health
and wellbeing
(vs worse)

Internalizing and functioning
problems, tired
and lonely (vs not)

Positive outlook
(vs not)

Bored and lonely
(vs not)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Physical activity
Less than before Ref Ref Ref Ref
More than before 0.66 (0.45, 0.97) 0.52 (0.36, 0.76) 1.69 (1.13, 2.55) 0.81 (0.55, 1.18)

Video games
Less than/same as before 1.61 (1.09, 2.37) 1.25 (0.85, 1.83) 1.16 (0.78, 1.72) 1.54 (1.04, 2.27)
More than before Ref Ref Ref Ref

Cellphone use
Less than/same as before 1.18 (0.8, 1.73) 1.01 (0.69, 1.47) 1.47 (0.99, 2.18) 1.86 (1.27, 2.73)
More than before Ref Ref Ref Ref

Number of meals
Less than/same as before Ref Ref Ref Ref
More than before 1.66 (0.93, 2.99) 1.02 (0.57, 1.81) 1.78 (1, 3.18) 1.42 (0.79, 2.58)

Number of snacks
Less than/same as before 1.32 (0.9, 1.94) 1.3 (0.89, 1.89) 1.19 (0.81, 1.77) 1.06 (0.72, 1.54)
More than before Ref Ref Ref Ref

Late bed/wake-up times
No Ref Ref Ref Ref
Yes 0.74 (0.5, 1.09) 0.77 (0.52, 1.14) 0.83 (0.56, 1.24) 0.67 (0.45, 0.99)

OR: odds ratio; 95% CI: 95% confidence interval; Ref: reference category.
All estimates are adjusted for the following student characteristics (grade level, language(s) spoken) and school/community characteristics (social deprivation, material
deprivation, region of residence, and time since reopening of schools).
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the start of the pandemic,45 there are also reports that many fam-
ilies used the lockdown as an opportunity to steer their eating
habits toward healthier options.46 This underlines the importance
of the health promotion initiatives focusing on healthy eating
habits in the family setting.

Our findings of late bed/wake-up times during the lockdown are
consistent with emerging literature,47 but are not necessarily
alarming. Most schools provided flexible school hours during the
lockdown, and a shift toward later bedtime among children was
shown to be accompanied by longer sleep duration, improved sleep
quality and less daytime sleepiness during the lockdown.48

Adopting a flexible school time schedule during the lockdown
may help ensure children meet the recommended number of hours
of sleep.49

Evidence on the impact of the COVID-19 pandemic on mental
health and wellbeing in children is equivocal, and our study also
reports mixed findings. While some children reported their mental
health and wellbeing to worsen during the lockdown, most stu-
dents reported positive changes. These results are seemingly not
consistent with studies showing modest adverse impact of the
pandemic on children and youth's mental health and well-
being.50,51 For example, in a survey of 166 grade 4 students in South
Korea, Choi et al.52 reported an increase in stress levels along with
unchanged life satisfaction, underscoring the importance of high
quality parentechild relationship in supporting children's mental
health and wellbeing during the pandemic. Cultural and contextual
factors, such as resiliency in small communities in Canada,53,54 may
also underlie the findings in the current study. All participating
schools are part of the APPLE Schools program that takes a
Comprehensive School Health approach to promoting healthy
lifestyle behaviours and mental wellness. Pre-pandemic research
had shown that this program was effective in increasing physical
activity levels,55e57 reducing screen time, improving vegetables
and fruit consumption, and preventing excess body weight.58 AP-
PLE Schools continued the delivery of their programming when
school buildings were closed, connecting directly with students
and parents, sharing resource/activities promoting healthy lifestyle,
distributing exercise equipment, providing healthy food hampers,

offering online activities (e.g. guided meditations), support from
mental health therapists, among others. These activities could have
helped students to weather the adverse effects of the lockdown,
particularly on mental health and wellbeing given the emphasis of
the APPLE Schools programming on promotion of mental health
and wellbeing. Moreover, APPLE Schools programming also targets
the attitudes of students. In this study, we revealed that students
with positive attitudes toward active and healthy living, were more
likely tomaintain healthy lifestyle behaviors andmental health and
wellbeing.

Most of the emerging literature on lifestyle behaviours and
mental health and wellbeing of children is based on parental re-
ports, while our study gathered information directly from students.
Grade 4 to 6 students have appropriate literacy level to complete
surveys andmay be better at responding to questions on changes in
lifestyle behaviours and mental health and wellbeing than their
parents.59 Another strength of this study is a very high response
rate achieved by providing flexibility to teachers in scheduling the
survey administration and coordinating on the day when most of
the students were available. However, there are several limitations,
including the cross-sectional design of the study. Longitudinal
studies are required to study long-term health impacts that might
result from the negative lifestyle changes associated with the
pandemic-related public health measures.60 Particular attention
should be paid to socioeconomically disadvantaged groups and
communities because the pandemic has exacerbated pre-existing
inequalities, with evidence emerging that a range of adversities
(e.g. financial burden, access to basic necessities) are maintained
over time.61 In addition, the surveys were administered several
months after the lockdown, which may have affected participants’
recall of the changes in lifestyle behaviours and mental health and
wellbeing.

Conclusion

This study in the general population of elementary schooleaged
children from socioeconomically disadvantaged communities
demonstrated considerable changes in physical activity, screen

Table 4
Associations of changes in lifestyle behaviours with changes in mental health and wellbeing and its subgrouping during vs before the lockdown among boys, Canada, 2020/21.

Better mental
health and
wellbeing (vs
worse)

Bored, tired and
lonely (vs not)

Internalizing and
functioning problems
(vs not)

Positive outlook
(vs not)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Physical activity
Less than before Ref Ref Ref Ref
More than before 1.18 (0.77, 1.82) 1.05 (0.71, 1.54) 0.69 (0.47, 1.02) 2.06 (1.39, 3.06)

Video games
Less than/same as before 0.82 (0.53, 1.27) 0.86 (0.57, 1.29) 1.04 (0.7, 1.56) 0.65 (0.43, 0.97)
More than before Ref Ref Ref Ref

Cellphone use
Less than/same as before 1.2 (0.78, 1.85) 1.2 (0.81, 1.78) 1.08 (0.73, 1.59) 0.8 (0.54, 1.19)
More than before Ref Ref Ref Ref

Number of meals
Less than/same as before Ref Ref Ref Ref
More than before 1.92 (1.08, 3.39) 1.38 (0.8, 2.39) 1.11 (0.64, 1.92) 0.9 (0.52, 1.57)

Number of snacks
Less than/same as before 1.83 (1.2, 2.78) 1.31 (0.9, 1.92) 1.22 (0.83, 1.78) 1.08 (0.73, 1.59)
More than before Ref Ref Ref Ref

Late bed/wake-up times
No Ref Ref Ref Ref
Yes 1.44 (0.93, 2.26) 1.16 (0.78, 1.73) 1.04 (0.71, 1.55) 1.11 (0.75, 1.66)

OR: odds ratio; 95% CI: 95% confidence interval; Ref: reference category.
All estimates are adjusted for the following student characteristics (grade level, language(s) spoken) and school/community characteristics (social deprivation, material
deprivation, region of residence, and time since reopening of schools).

K. Maximova, M.K.A. Khan, J. Dabravolskaj et al. Public Health 202 (2022) 35e42

40



time, eating habits and bed/wake-up times, albeit modest changes
in mental health and wellbeing. Considering multiple and repeat
lockdowns and the negative changes in lifestyles observed in this
study population despite the ongoing APPLE Schools programming,
investments in health promotion are critical to avoid a cascade of
negative health consequences in the decades ahead.
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a b s t r a c t

Objectives: Local authorities in Scotland are required to produce a Local Development Plan (LDP), which
allocates sites for development and sets policies to guide decisions on planning applications. As part of
this, local authorities must undertake a Strategic Environmental Assessment (SEA). This is a structured
assessment of likely environmental impacts, which includes human health. This study explores how SEA
practitioners and SEA consultation authorities consider health.
Study design: Qualitative study design using eight in-depth semi-structured interviews.
Methods: Individual interviews were carried out with SEA practitioners from six local authority areas in
Scotland and two SEA consultation authorities. Interviews were recorded, transcribed and analysed
thematically.
Results: Respondents articulated a broad perspective on health, but this was not reflected in SEA practice.
Barriers to considering health more fully in SEA included low confidence in assessing health, limited
partnership working with public health professionals and the lack of a consultation authority able to
cover all aspects of health. Respondents valued partnership work between public health and planning
professionals.
Conclusion: This study suggests recent work in Scotland to increase understanding of the role of spatial
planning to influence health has been successful. However, further work is required to expand this to
include links between spatial planning and health inequalities. SEA in Scotland does not currently
support holistic consideration of health and health inequalities. Strong partnership working between
public health and other sectors can increase understanding of links with health and create healthy
places.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Spatial planning policy influences health because characteristics
of the places where people live, work, grow and age affect their
health and wellbeing. COVID-19 has highlighted further the
importance of local environments to communities' wellbeing,
including mental health impacts. In Scotland, public health and
planning professionals increasingly recognise these links. The
Public Health Priorities include ‘A Scotland where we live in
vibrant, healthy and safe places and communities’.1 The Scottish
National Planning Framework 4 (NPF4) Position Statement states
‘NPF4 will be redesigned to support the population's health and
wellbeing and address longstanding health inequalities’.2

The relationship between place and health acts through multiple
pathways. The Place Standard identifies fourteen dimensions,
which are features of a place that affect health and may be
influenced by spatial plans.3 The Place Standard supports the
engagement of communities to increase understanding of how a
place affects their health.

All local authorities in Scotland must produce a Local Develop-
ment Plan (LDP). This allocates sites for development and sets
policies to guide planning decisions. A mandatory part of LDP
development is Strategic Environmental Assessment (SEA), a
structured assessment of likely environmental impacts. The Envi-
ronmental Assessment (Scotland) Act 20054 establishes the issues
to be considered in SEA, including human health.

The World Health Organisation advocates encompassing health
impact assessments (HIA) within SEAs to ensure the full range of
health determinants is considered.5 Conversely, SEA guidance
focuses narrowly on physical determinants. The Scottish
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Environmental Protection Agency (SEPA) scrutinises human health
in SEAs in Scotland. Its guidance directs assessors to consider
‘environmentally related health issues such as exposure to traffic
noise or air pollutants’.6 One of us (MD) reviewed Scottish SEAs,
including 15 SEAs of spatial plans, finding variation in the health
impacts considered and little assessment of differential impacts.7

Reviews in other settings similarly report that ‘health’ in SEAs
focus narrowly on air, water and soil quality, as well as noise, with
only a fewconsideringdifferential impacts andhealth inequalities.8,9

Most previous studies have been documentary reviews.
Little is currently known about the perspectives of SEA practi-

tioners on including health in SEAs. We took a qualitative approach
to explore the views of practitioners involved in SEA of LDPs in
Scottish local authorities. Using qualitative semi-structured in-
terviews, we explored the views of eight practitioners involved in
the SEA of LDPs in Scottish local authorities. They were Planning
Officers in six local authorities who had led SEAs of their author-
ities' LDPs and SEA managers in two Consultation Authorities who
scrutinised SEA reports. We identified four main themes: (1) Broad
concept of health and place (2) Narrow scope of health in SEA (3)
Barriers to considering health in SEA (4) Strategies to improve
health in SEA. Table 1 presents example quotes by theme.

Broad concept of health and place

All respondents described an understanding of health encom-
passing physical and mental wellbeing. They emphasised the
breadth of this understanding, often using the words ‘broad’ or
‘wide’ and described multiple influences on health. Local authority
respondents reported that their LDPs reflected this broad
understanding and were designed to improve health. One inter-
viewee described achieving this through working with health
partners to embed health in planning.

Respondents noted recent increases in recognition of broad
links between health and place. Five of the six local authority
respondents described using the Place Standard to assess the
quality of local places and links to health, which may have
contributed to this. Several respondents identified poverty as a

health determinant, but there was less recognition of how planning
could influence health inequalities.

Narrow scope of health in SEA

Contrasting with their own broad understanding of health,
most participants reported a narrower scope of health within SEA,
including environmental hazards and greenspace but not mental or
social wellbeing. None of the respondents reported consideration
of differential impacts, although SEAs may include inequalities data
in the baseline report. Health was viewed as subjective and less
tangible than other issues assessed in SEA.

Several respondents reported frustrationwith SEA, saying it was
cumbersome and did not add value to their planning process. They
described LDPs as contributing to health improvement, reflecting
good planning practice and Scottish Government policies. However,
SEA did not enhance these opportunities.

There was one discrepant account from LA2, the only local
authority respondent who was a dedicated SEA officer without a
spatial planning background. LA2 argued that the whole purpose
of SEA was to protect people's health through environmental
improvements. Interestingly though, LA2 also recognised that SEA
practice often excluded consideration of ‘softer’ health issues and
suggested that involvement of health professionals could help
address this.

Barriers to considering health in SEA

Challenges in assessing health in SEAs included confidence and
expertise of SEA practitioners. Some mentioned loss of dedicated
SEA officers due to savings. Most practitioners reported lacking
confidence in assessing health issues. There were difficulties in
engaging with NHS colleagues in SEA, although some had engaged
with health colleagues in developing the LDP itself. Several
respondents identified a lack of relevant health data or expertise to
understand and use health data meaningfully. Finally, they identi-
fied a lack of independent scrutiny of health within SEAs. Each
consultation authority scrutinises SEAs in relation to their area of

Table 1
Interviewee quotes by theme.

Theme Quote Intervieweea

1) Broad concept of health and place ‘I suppose within planning there's been a real kind of raising of awareness in the last 4 or 5 years, of the
role that planning has in terms of creating places but it's also how that physical environment links quite
dramatically with people's health … access to health services … active travel e walking, cycling
opportunities, how a new development is going to affect the number of cars on the road, then that feeds
into air quality. So, I think in my time here I have seen a real kind of, almost a change in mindset, that
planning's not just the physical environment it actually affects peoples physical and mental health as
well.’

LA4

2) Narrow scope of health in SEA ‘When I put my SEA hat on that just narrows everything right down.. our [LDP] objective in terms of
health is provide a suitable range of housing and employment opportunities, improve the health and
living environment of people and communities, so they are really quite broad. Then the [SEA] questions
are … how will it affect people in terms of noise or smells etc and do they have access to cycling and
walking routes, open spaces and green spaces.’

LA4

(Discrepant account) ‘The fundamental environmental thing for SEA is people and their health, and that's why in most things
we do in terms of SEA, that is always top consideration, is people and health. As no matter what
environmental consideration you look at in terms of SEA, it all comes back to the impact on or effect it
would have on people, and their health and their wellbeing … like the green thread.’

LA2

3) Barriers to considering health in SEA ‘They struggle to find out what is relevant health information in the context of the plan they are preparing
so there is a big challenge there. They couldn't find information, even when they did have information
they didn't really know what to do with it.’

CA1

4) Strategies to improve health in SEA ‘I think [health] guidance would only be useful if you had, if the health agenda was picked upmore clearly
in one of the consultation authority's roles… unless you have someone in a position to pick up that aspect
of SEA it's probably going to sit on the shelf somewhere.’

CA2

‘[in workshops]… everyone talks to each other about all the different things and how it impacts. So now
when we do environmental work here, people aren't sitting in silos doing their own thing, it tends to be
more joined up.’

LA2

a LA indicates a Local Authority interviewee, and CA indicates a Consultation Authority interviewee.
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expertise and may identify some impacts relevant to health, but
they cannot assess health overall.

Strategies to improve coverage of health in SEA

Several respondents proposed specific guidance or a template to
identify health issues in SEA. This could build on tools used in
health impact assessments adapted for SEA. However, others
argued for amore integrated, streamlined approach. Some reflected
on whether the Place Standard could be used in SEA, though there
were some concerns that it was too ‘subjective’. Several reported
positive experiences using it for local neighbourhoods but felt it
would be less useful at a higher scale.

Respondents agreed that health would be more fully covered in
SEA if there were a consultation authority able to scrutinise the full
range of health issues, although most were pessimistic about
identifying a suitable authority to take on this role.

Several respondents identified potential benefits of greater
partnership work with health colleagues. LA2, who expressed the
most enthusiasm for SEA and its potential to improve health, was
the only practitioner who reported good involvement of NHS
colleagues in SEA. This involved workshops at the scoping stage of
SEA.

Embedding health in planning e the way forward

The accounts from SEA practitioners reported within this paper
demonstrate their understanding of health, as well as their per-
ceptions of SEA. Practitioners in our study were familiar with the
Place Standard, whichmay have contributed to their understanding
of links between health and spatial planning. This did not transfer,
however, to a greater understanding of links with health in-
equalities. Further work should raise awareness of the equity
impacts of planning.

The WHO has long advocated the inclusion of health within
SEA,5 but SEA remains narrowly focused on environmental risks,
despite repeated arguments for change. The structure of SEA also
provides a poor framework to assess differential impacts and health
inequalities. This highlights a glaring question. Should public health
professionals abandon efforts to influence SEA and instead engage
with planning, and other sectors, in other ways? This could involve
separate health impact assessments, tools like the Place Standard,
shared data, evidence and further training. Public Health has scarce
resources, with increased capacity constraints following COVID-19,
so it must focus efforts inways that are most likely to be influential.
However, increased understanding of health among spatial plan-
ners in Scotland may not be replicated in other sectors, in settings
where SEA guidance is less restrictive, or among the private sector
consultants who complete many SEAs. As a mandatory assessment
that is intended to include health, SEA should be viewed as a key
opportunity to improve the health impact of plans and policies in
many sectors. Doing this requires us to challenge guidance
restricting the scope of health.6 Recent international guidance may
help to support this.10

Our findings highlight the important role of SEA consultation
authorities in directing the scope and scrutinising SEAs. Re-
spondents reported that Scotland lacks a consultation authority
able to take a broad overview of health determinants in SEAs. Public
Health Scotland is a newly established organisation covering all the

domains of public health and could take on this role, but would
need dedicated resources and legislative support to do so.

Finally, our findings highlight the benefits of a strong partner-
ship. The accounts suggest the Place Standard, developed as a
partnership between public health and planning, has broadened
the understanding of health among planners. Respondents also
reported benefits from involving public health colleagues, either in
LDP development or less commonly in the SEA. The health in all
policies approach involves public health professionals building
working relationships with colleagues to influence plans and pol-
icies. This can involve working together on SEA or through other
processes. Either way, partnerships and public health engagement
in planning are a powerful way to create a common understanding
of opportunities for health and contribute to healthier policies in
planning and other sectors.
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a b s t r a c t

Objectives: This study intended to compare the effectiveness of thematic maps with that of tabular data
in comprehension and memory of risk magnitudes, with Zika virus (ZIKV) disease outbreaks in the
United States as the subject matter. The study also aimed to examine the effects of data presentation
format and past occurrence information on risk perception and risk avoidance intention.
Study design: This study used an experiment.
Methods: Each participant was randomly assigned to view ZIKV disease 2017 incidence data presented in
one of the three formats: a choropleth map, a graduated-circle map, and a table, after which they
answered questions about comprehension and memory of risk magnitudes. Each participant was then
randomly assigned to view or not to view incidence data of the previous occurrence of ZIKV outbreaks in
2016, after which they answered questions about risk perception and risk avoidance intention.
Results: The results revealed the effectiveness of thematic maps over tabular data in comprehension, risk
perception, and risk avoidance intention. Compared to tabular data, the choropleth map led to a better
comprehension of relative risk magnitudes, the graduated-circle map led to higher risk perception, and
both thematic maps led to greater risk avoidance intention. In contrast, tabular data led to better
recognition of absolute risk magnitudes than both thematic maps. In addition, past occurrence infor-
mation enhanced risk perception and risk avoidance intention.
Conclusions: The findings reveal the importance of data presentation format in comprehension and
memory of risk magnitudes. This can be attributed to the cognitive match between the information
emphasized in the presentation and that required by the tasks. The findings also suggest that data
presentation format and past occurrence information are important judgmental heuristics that help to
form risk perception and risk avoidance intention.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

Introduction

Using geographic data visualization to convey disease outbreak
data, which could go back as early as Dr. John Snow's mapping of
the 1854 London cholera outbreak,1 has become more common in
recent years due to the development of computer technology. With

ZIKV disease outbreaks in the United States as the subject matter,
this study intended to compare the effectiveness of two types of
thematic mapsdchoropleth maps and graduated-circle mapsd-
with that of tabular data in comprehension and memory of risk
magnitudes. This study also aimed to examine the impact of data
presentation format and past occurrence information on risk
perception and risk avoidance intention. The findings provided
implications of how best to present data to effectively communi-
cate disease outbreak information to the public.
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Literature review

The effects of data presentation format on comprehension and
memory of risk magnitudes

Tables have been conventionally used to display the incidence of
a disease or the number of new cases of a disease.2 In recent years,
thematic maps have been increasingly used to visualize disease
outbreak data. Two of the commonly used maps are choropleth
maps that symbolize data with color shading and graduated-circle
maps that symbolize data with proportional circles.1,3,4

The effectiveness of the data presentation format has been
examined by measures such as comprehension and memory of
health risk information.5,6 Comprehension can be assessed by the
subjective easiness of understanding the information presented.6

Memory is assessed by recognition and recall.7 Recognition is
about recognizing a previously encountered stimulus. The recall
involves retrieving information despite the absence of a stim-
ulus,7,8 which includes cued recall with cues and free recall
without cues. Generally, recognition is the easiest, and free recall
is the hardest.8,9

In health risk research, there has been a distinction between
absolute and relative risk magnitudes.5,10,11 Absolute risk magni-
tudes are measured by extracting discrete data values,12,13 whereas
relative risk magnitudes are gauged by making comparisons and
perceiving relationships in the data.1,3,14,15 According to the cogni-
tive fit theory, a match compared to a mismatch between infor-
mation emphasized in the presentation and that required by a task
enhances task performance.12,16e18 Thematic maps, which
emphasize geographic patterns in the data, tend to facilitate tasks
assessing relative risk magnitudes. Therefore, we predicted that
thematic maps would lead to greater comprehension and better
free recall of relative risk magnitudes than tabular data.

Hypotheses 1. (H1): Participants presented with thematic maps
will find it easier to (a) understand the condition of ZIKV disease
outbreaks in the United States, and (b) understand the difference in
the ZIKV disease outbreaks by state and territory than participants
presented with tabular data.

Hypothesis 2. (H2): Participants presented with thematic maps
will have better free recall of high-risk states and territories with
the greatest number of ZIKV disease cases than participants pre-
sented with tabular data.

Tables, which emphasize discrete data values, tend to enhance
tasks assessing absolute risk magnitudes. Therefore, we predicted
that tabular data would lead to better recognition of absolute risk
magnitudes than thematic maps.

Hypothesis 3. (H3): Participants presented with tabular data will
have better recognition of (a) the number of ZIKV disease cases for
the state or territory they primarily lived in and (b) the number of
ZIKV disease cases for the most visited states, than participants
presented with thematic maps.

The effects of data presentation format and past occurrence
information on risk perception and risk avoidance intention

Judgmental heuristics such as information presentation and
availability help people to form risk perception and make decisions
under uncertainty.12,19 Prior research has shown that graphical
compared to numerical presentation increases risk avoidance.5,20

One rationale is that graphical presentation heightens the cogni-
tive impression of riskiness.21 Geographic data visualization adds a

geospatial context to the data and allows for the quick and joint
investigation of statistical and geographic patterns in data.3,15 Thus,
we predicted that thematic maps would result in greater risk
perception and risk avoidance intention than tabular data.

Hypothesis 4. (H4): Participants presented with thematic maps
will perceive ZIKV as posing more of a threat to themselves than
participants presented with tabular data.

Hypothesis 5. (H5): Participants presented with thematic maps
will be more likely to (a) take steps to reduce the risk posed by the
ZIKV and (b) avoid travel to high-risk areas for ZIKV transmission
than participants presented with tabular data.

Information about the relevant occurrence of health risks has
been shown to increase risk perception.21,22 Information about the
previous occurrence of ZIKV disease outbreaks may enhance its
salience, thus functioning as a mental shortcut for risk judgment.20

We collected data during the peak summer season of the spread of
ZIKV in 2017 with the uncertainty of what the scale would finally
be. As ZIKV outbreaks were notifiable in the United States in the
previous year 2016,23 additional presentation of incidence data
from 2016 may increase risk perception and risk avoidance inten-
tion in the year 2017. Thus, we predicted that past occurrence in-
formation would facilitate risk perception and risk avoidance
intention.

Hypothesis 6. (H6): Past occurrence information will enhance
risk perception.

Hypothesis 7. (H7): Past occurrence informationwill enhance the
intention to (a) take steps to reduce the risk posed by the ZIKV and
(b) avoid travel to high-risk areas for ZIKV transmission.

Methods

Participants

Participants were recruited using the Amazon Mechanical Turk
(MTurk) online service in August 2017. Participants were at least 18
years old to participate in the study. Other criteria were: (1) The
participant was in the United States; (2) The participant's Human
Intelligence Task (HIT) approval rate for all requesters' HITs was
greater than 95 out of 100; and (3) The number of HITs approved
was greater than 100. A HIT is a task created by a requester for a
participant to complete on MTurk.24

Stimuli

We created the stimuli based on the Centers for Disease Control
and Prevention's (CDC) data of ZIKV disease cases in the United
States.23 Choropleth maps and graduated-circle maps were created
using Tableau, and the tables were created using Microsoft Word.
The CDC classified the numbers of cases into six ordinal classes: (1)
0, (2) 1e11, (3) 12e22, (4) 23e49, (5) 50e100, and (6) > or ¼ 101.
Prior research suggests that an effective classification for thematic
maps is to define four to six classes.25 Accordingly, we adopted the
CDC's classification for the stimuli. Choropleth maps use a single-
hue sequential shading scheme to represent ordinal classes by
the spatial unit of states or territories with darker shading repre-
senting higher incidence, whereas graduated-circle maps use a
range of circles with larger circles representing higher inci-
dence.3,26 Also, the color blue was chosen for the thematic maps to
avoid eliciting emotional responses.25 Please see Fig. 1 for the
stimuli.
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Procedure

Using the Qualtrics survey platform, each participant was
randomly assigned to view the ZIKV disease incidence data in the
United States from January 1, 2017, to August 2, 2017, presented in
one of the three formats: a choroplethmap, a graduated-circlemap,
or a table, after which, they answered questions assessing
comprehension and memory. Each participant was then randomly
assigned to view or not to view the ZIKV disease incidence data in
the United States from January 1, 2016, to December 31, 2016. Those
who viewed the 2016 data viewed it in the same format as they
viewed the 2017 data. Next, all participants answered questions

about risk perception and risk avoidance intention. Finally, partic-
ipants answered basic demographic questions.

Measures

Comprehension of risk magnitudes
Comprehension of risk magnitudes was assessed in two aspects:

(1) comprehension of the condition of outbreaks in the United
States and (2) comprehension of the difference in outbreaks by
state and territory. Comprehension of the condition of outbreaks in
the United States was measured by a statement adapted from the
previous research:5,12 ‘The informationmakes it easy to understand

Fig. 1. Data presentation of ZIKV disease outbreaks.
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the condition of Zika virus disease outbreaks in the US.’ Compre-
hension of difference in outbreaks by state and territory was
measured by two statements adapted from prior research:10 ‘The
information makes it easy to understand which states and terri-
tories had the greatest number of Zika virus disease cases,’ and ‘The
information makes it easy to compare the number of Zika virus
disease cases by state and territory.’ Ratings on the two statements
were averaged into an index (Cronbach's alpha ¼ .81). Answers
were rated using a five-point Likert scale from ‘strongly disagree’ to
‘strongly agree’.

Free recall of relative risk magnitudes
Free recall requires retrieval of information in any order.8

Consistent with prior research that involved data comparison for
spatial tasks of recall,12 participants were asked to recall and write
down in any order four states and three territories that ‘had re-
ported the greatest number of Zika virus disease cases’. We coded
each correct answer as 1 point. Participants' scores were calculated
based on the number of points they received. As they were asked to
write down a total of seven high-risk states and territories, the
range of the scores was from 0 to 7.

Recognition of absolute risk magnitudes
Previous research often assessed recognition using a forced-

choice recognition test, which requires recognizing information
previously presented by choosing among a finite number of alter-
natives.8 Following the convention, participants were asked to
select the response option that best described the absolute risk
magnitude in the state or territory they primarily lived in, as well as
in the five most-visited states in the United States, which were
California, Florida, Nevada, Texas, and New York.27 The response
options for absolute risk magnitudes, which were consistent with
the data value classes in the stimuli, were: (1) 0, (2) 1e11, (3)
12e22, (4) 23e49, (5) 50e100, and (6) > or ¼ 101. We scored cor-
rectness based on how correct the answers were. A correct answer
received 6 points. One point was deducted for one class away from
the correct answer. Thus, the least correct answer, which could be
five classes away from the correct one, received 1 point. For
recognition of risk magnitudes of the five most visited states, a
mean correctness score was calculated.

Risk perception
Risk perception was measured by two statements adapted from

earlier research,28 which assessed the extent to which participants
thought ‘the Zika virus posed a threat to themselves,’ and ‘the Zika
virus posed a threat to the general public in the US.’ Answers were
rated using a five-point Likert scale from ‘not at all’ to ‘a great deal’.
Ratings on the two statements were averaged into an index
(Cronbach’s alpha ¼ .78).

Risk avoidance intention
Participants rated on a five-point Likert scale from ‘not at all’ to

‘a great deal’ the extent to which they should (1) ‘take steps to
reduce the risk posed by Zika virus,’ and (2) ‘avoid travel to high-
risk areas for Zika virus transmission,’ which were preventive
measures suggested by CDC.23

Control variables
Prior knowledge, interest, and relevance were treated as control

variables. Before viewing the stimuli, participants rated on a five-
point Likert scale from ‘not at all’ to ‘a great deal’ the extent to
which: (1) they had heard about Zika virus, (2) theywere interested
in information about Zika virus, and (3) Zika virus was relevant to
them. The statements were adapted from prior research.28

Demographics
Participants were asked general demographic questions,

including age, sex, race and ethnicity, and education.

Data analysis

The univariate analysis of variance (ANOVA) was used to assess
the effects of data presentation format on comprehension and
memory. It was also used to examine the effects of data presenta-
tion format and prior occurrence information on risk perception
and risk avoidance intention. Fisher's Least Significant Difference
(LSD) was used for posthoc pairwise comparisons. In all the ana-
lyses, prior knowledge, interest, and relevance were treated as
control variables.

Results

Participants

A total of 300 participants with an average age of 39 completed
the study. A majority of the participants (180 or 60%) were female;
119 or 39.67% were male; and 1 or 0.33% was other. A majority of
the participants (214 or 71.33%) were White; 29 or 9.67% were
Black; 16 or 5.33% were Hispanic; 26 or 8.67% were Asian; 1 or
0.33% was Native American; 2 or 0.67% were other, and 12 or 4.00%
reported two races. A majority of the participants (126 or 42%) had
bachelor's degrees; 60 or 20% had some college without a degree;
41 or 13.67% had associate degrees; 41 or 13.67% had master's de-
grees; 23 or 7.67% had high school degrees; 4 or 1.33% had
doctorate degrees; 3 or 1.00% had professional degrees; and 2 or
0.07% had less than a high school diploma.

Before viewing the stimuli, the extent to which participants had
heard about the ZIKV averaged 3.52 (SD ¼ .86); that they were
interested in information about ZIKV averaged 3.27 (SD¼ 1.03); and
that ZIKV was relevant to them averaged 2.78 (SD ¼ 1.12).

Effects of data presentation format on comprehension and memory

Table 1 illustrates the descriptive information and statistics
about the effects of data presentation format on comprehension
and memory.

Data presentation affected the easiness to understand the con-
dition of ZIKV disease outbreaks in the United States, F (2,
294) ¼ 3.359, P ¼ .036, h2 ¼ .022. Fisher's LSD posthoc pairwise
comparisons indicated the advantage of the choropleth map over
the table (P ¼ .011), but there was no difference between the
graduated-circle map and the table. Data presentation also differ-
entiated the easiness to understand the difference in risk magni-
tudes by state and territory, F (2, 294) ¼ 7.701, P ¼ .001, h2 ¼ .050.
The choropleth map outperformed the table (P ¼ .032), but there
was no difference between the graduated-circle map and the table.
H1 was partially supported, as the choropleth map, but not the
graduated-circle map, was easier for risk comprehension than the
table.

H2 predicted the superiority of thematic maps over tabular data
in free recall of high-risk states and territories. H2 was not
supported.

Data presentation affected recognition of ZIKV disease incidence
counts for the state or territory participants primarily lived in, F (2,
294) ¼ 8.530, P < .001, h2 ¼ .055, with the table outperforming both
the choropleth map (P ¼ .015) and the graduated-circle map
(P < .001). Data presentation also affected recognition of ZIKV dis-
ease incidence counts of the five most-visited states, F (2,
294)¼ 31.970, P < .001, h2¼ .179; with the table outperforming both
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the choropleth map (P < .001) and the graduated-circle map
(P < .001). H3 was supported.

Effects of data presentation format and past occurrence information
on risk perception and risk avoidance intention

Table 2 reveals the descriptive information and statistics about
the effects of data presentation format and past occurrence infor-
mation on risk perception.

Data presentation affected risk perception, F (2, 291) ¼ 5.133,
P¼ .006, h2¼ .034. The superiority of the graduated-circlemap over
the table was significant (P ¼ .002), but not that of the choropleth
map over the table. H4 was partially supported, as the graduated-
circle map, but not the choropleth map, led to greater risk
perception than the table.

Participants presented with incidence data of the past occur-
rence of ZIKV outbreaks regarded ZIKV as posing more of a threat, F
(1, 291) ¼ 13.598, P < .001, h2 ¼ .045. H6 was supported.

Table 3 shows the descriptive information and statistics about
the effects of data presentation format and past occurrence infor-
mation on risk avoidance intention.

Data presentation affected the intention to take steps to reduce
the risk posed by ZIKV, F (2, 291) ¼ 7.156, P ¼ .001, h2 ¼ .047. Both
the choropleth map and the graduated-circle map outperformed
the table with P ¼ .002 and P ¼ .001 respectively. Also, data pre-
sentation differentiated the intention to avoid travel to high-risk
areas for ZIKV transmission, F (2, 291) ¼ 5.601, P ¼ .004, h2 ¼ .037.
Both the choropleth map and the graduated-circle map out-
performed the table with P¼ .003 and P ¼ .005 respectively. H5 was
supported.

H7 predicted that prior occurrence information would increase
risk avoidance intention. Participants presented with past occur-
rence information were more likely to take steps to reduce the risk
posed by ZIKV, F (1, 291) ¼ 7.637, P ¼ .006, h2 ¼ .026; but not to
avoid travel to high-risk areas for ZIKV transmission. H7 was

partially supported, as prior occurrence information increased the
intention to take preventive steps generally, but not to avoid travel
to high-risk areas.

There was no interaction effect between data presentation
format and past occurrence information on risk perception and risk
avoidance intention.

Discussion

The first purpose of this studywas to examine the impact of data
presentation format on comprehension and memory of risk mag-
nitudes. According to the cognitive fit theory, thematic maps
emphasize geographic patterns in the data and thus tend to facil-
itate spatial oriented tasks involving comparison of risk
magnitudes.1,3,12,14,15 The findings revealed the advantage of the
choropleth map, but not the graduated-circle map, over the table in
both comprehension measures: the easiness to understand the
condition of ZIKV disease outbreaks in the United States and the
difference in the ZIKV disease outbreaks by state and territory. The
findings suggest that the two types of thematic maps vary in their
impact on comprehension. There are several plausible factors
worth investigating. For example, the appearance of thematic maps
is affected by arbitrary choices to categorize ordinal classes. Also,
viewers' ability to associate symbolizations with ordinal classes
may affect comprehension.3

In comparison, tabular data emphasize discrete data values and
thus tend to enhance symbolic orientated tasks that involve
extracting specific data values.12,13 As predicted, the results
revealed the superiority of tabular data over both thematic maps on
both recognition tasks: correctness in memorizing the ZIKV inci-
dence counts of the participant's primary residential state or ter-
ritory and those of the five most-visited states.

As to free recall of relative risk magnitudes, there was no main
effect of the data presentation format. It is worth noting that the
average correctness score for free recall was 5.34 (SD ¼ 1.58) out of

Table 1
Effects of data presentation format on comprehension and memory.

Dependent Variables Choropleth Map Graduated-circle map Tabular data F df P Partial eta squared

Mean (SD) Mean (SD) Mean (SD)

Comprehension
Easy to understand the condition

of ZIKV disease outbreaks in the US
4.25 (.71) 4.13 (.75) 4.01 (.90) 3.359 2,294 .036 .022

Easy to understand the difference of
risk magnitudes by state and territory

4.29 (.67) 3.85 (.94) 4.05 (.91) 7.701 2,294 .001 .050

Memory
Free recall of high-risk states and territories 5.21 (1.55) 5.31 (1.73) 5.54 (1.45) .739 2,294 n.s.
Recognition of ZIKV disease incidence counts

for the state or territory participants
primarily lived in

5.52 (.78) 5.31 (.82) 5.77 (.73) 8.530 2,294 < .001 .055

Recognition of ZIKV disease incidence
counts in the five most visited states

5.10 (.63) 4.86 (.67) 5.55 (.51) 31.970 2,294 < .001 .179

Table 2
Effects of data presentation format and past occurrence information on risk perception.

Main effects Risk perception

Mean (SD) F df P Partial eta squared

Data presentation 5.133 2,291 .006 .034
Choropleth map 2.66 (1.05)
Graduated-circle map 2.94 (.89)
Tabular data 2.63 (.98)

Past occurrence information 13.598 1,291 <.001 .045
Yes 2.87 (1.05)
No 2.60 (.91)
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7, which indicated good performance, although free recall could be
the hardest retrieval task.8,9 A couple of factors may have contrib-
uted to the good performance. First, ZIKV tended to spread faster in
the states with larger populations and warmer weather, which may
affect the free recall regardless of the data presentation format.
Second, the three territories were grouped together and separated
from the states in the data presentation, which may make them
much easier to be memorized.

The second purpose of this study was to examine the impact of
data presentation format and past occurrence information on risk
perception and risk avoidance intention. Like other graphical pre-
sentations,5,20 both thematic maps led to greater risk avoidance
intention than did tabular data. One plausible rationale is that
graphical presentation heightens the cognitive impression of risk-
iness.21 In addition, past occurrence information enhanced risk
perception. It also increased the intention to take steps to reduce
the risk posed by ZIKV but not to avoid travel to high-risk areas for
ZIKV transmission. It is plausible that additional information is
needed to enhance intention to avoid travel to high-risk areas.

Implications for health risk communication

The choice of data presentation format depends on the goals of
health risk communication. The choropleth map is most effective
in enhancing comprehension of risk magnitudes, whereas the
graduated-circle map is most effective in increasing risk percep-
tion. Both thematic maps are better than tabular data in the
forming of risk avoidance intention. In comparison, tabular data is
more effective than thematic maps in recognition of risk magni-
tudes of certain spatial units. Finally, adding past occurrence in-
formation will help to increase risk perception and risk avoidance
intention.

Limitations and future studies

This study has several limitations. The sample was limited to
Amazon MTurk online workers. The second limitation was that a
single statement was used to measure the dependent variable of
comprehension of the condition of outbreaks in the United States.
Although single-item measures are arguably adequate for simple
constructs, more pertinent statements could be used in future
studies for plausibly higher validity.29 Also, single-item scales were
used to measure control variables. Future studies could use multi-
item scales for probably high validity. Third, among the three
data presentation formats, the graduated-circle map was the least
effective in comprehension and recognition. It would be interesting
for future research to examine if any characteristic of the
graduated-circle map can provide explanations. Finally, inconsis-
tent with the prediction, there was no advantage of thematic maps
over the table in free recall of relative risk magnitudes. This could
be due to the characteristics of high-risk states regardless of data

presentation and the prominence of high-risk territories in the data
presentated. It is worth further investigation.

Conclusions

The findings suggest the importance of data presentation format
in comprehension and memory of risk magnitudes. The results
indicate the superiority of the choropleth map over the table in
comprehension of risk magnitudes and that of tabular data over
both thematic maps in recognition of absolute risk magnitudes.
This could be attributed to the cognitive match between the in-
formation emphasized in the presentation and that required by the
tasks. The findings also suggest that data presentation format and
past occurrence information are important judgmental heuristics
that help to form risk perception and risk avoidance intention.
There was an advantage of the graduated-circle map over the table
in the forming of risk perception and that of both thematic maps
over the table in the forming of risk avoidance intention. In addi-
tion, past occurrence information enhanced risk perception and
risk avoidance intention.
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a b s t r a c t

Objectives: Focusing on policy discourse in the United Kingdom, we examine the chain of causation that
is characteristic of the ways in which the concepts of avoidability and inappropriateness are defined and
used in these contexts. With a particular focus on diabetes complications, we aim to elucidate the way in
which avoidable admission to hospital is conceptualised, measured, and applied to policy development
and implementation and build a more inclusive model of identification as a basis for further research in
this area.
Study design: Discourse analysis was used in combination with a scoping review.
Methods: We searched the online databases of the UK Houses of Parliament Hansard, Official reports of
the Northern Ireland Assembly and transcripts of the Scottish Parliament in October 2021. We also
conducted an electronic search in October 2021 on MEDLINE, PubMed, Google Scholar, EMBASE, CINAHL
and The Cochrane Library to review the available literature. In addition, an analysis of policies in place in
Scotland, England and Northern Ireland relating to urgent diabetes care was conducted.
Results: ‘Avoidable’ and ‘inappropriate’ hospital admissions are categories used in health policy and
practice internationally as ways of identifying targets for interventions intending to reduce the burden of
care. Diabetes mellitus is a chronic condition that is often seen as a costly and avoidable use of health
care services and so is a frequent target of such policies.
Avoidable admission is interpreted as having a very long chain of causation. The assumption is that
people requiring unscheduled hospital admission could have taken steps to prevent the onset of dia-
betes, or associated complications, arising in the first place. Definitions focus on primary and secondary
prevention and largely place responsibility on the individual and their behaviour rather than on struc-
tural or social factors. Inadequate or inappropriate care prehospital or in the emergency department is
seldom considered as a potential cause of avoidable admissions. Procedural definitions of avoidable
admission are proposed whereby health care professionals and people living with diabetes collaborate to
identify avoidable admissions in clinical audit rather than using statistical rates of avoidable admission
within isolation in policy development and implementation.
Conclusions: Avoidability and inappropriateness are characteristics of cases in which conduct of the
individual or attendant health care professionals was a proximate cause of hospital admission, and but
for such conduct, admission could have been avoided. This process of definition seeks to provide a basis
for contextualised and considered evaluation of where there are problems in care and where there are
reasonable opportunities for prevention.
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an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

* Corresponding author. Tel.: þ07507913846.
E-mail address: Benjamin.ClubbsColdron@uhi.ac.uk (B. Clubbs Coldron).

Contents lists available at ScienceDirect

Public Health

journal homepage: www.elsevier .com/locate/puhe

https://doi.org/10.1016/j.puhe.2021.11.004
0033-3506/Crown Copyright © 2021 Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Public Health 202 (2022) 66e73

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Benjamin.ClubbsColdron@uhi.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2021.11.004&domain=pdf
www.sciencedirect.com/science/journal/00333506
http://www.elsevier.com/locate/puhe
https://doi.org/10.1016/j.puhe.2021.11.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.puhe.2021.11.004
https://doi.org/10.1016/j.puhe.2021.11.004


Introduction

Diabetes Mellitus, and in particular type 2 diabetes (T2D), is an
international public health issue. It presents a significant challenge
to governments, clinicians and individuals self-managing the con-
dition. It is estimated that worldwide roughly 463 million adults
were living with diabetes in 2019 and that by 2045 this will rise to
700 million, according to the International Diabetes Federation.1

Reducing so-called ‘avoidable’ and ‘inappropriate’ admissions is
a priority for the NHS (National Health Service) in the United
Kingdom, as well as for health care systems across the globe.2

Diabetes-related unscheduled care admissions are frequently
assumed to be avoidable and/or inappropriate in statistical anal-
ysis.3 Better self-management, empowered patients and increas-
ingly sophisticated and personalised clinical decision making in
theory has the potential to reduce demand and expenditure on
services by ensuring avoidable conditions are prevented.4,5 Public
health initiatives to improve diet and exercise routines, education,
reductions in socioeconomic disadvantage, integration, and
increased accessibility of services (primary prevention measures)
can reduce the risk of Type 2 diabetes (T2D) developing in the first
place.6 Intensive lifestyle modification and improved self-
management (secondary prevention measures) can also reduce
the risk of developing diabetes complications for people with both
Type 1 diabetes (T1D) and T2D.7

Public health initiatives to prevent the onset and complications of
diabetes vary internationally but generally focus on prevention
through lifestyle change. Across Europe, the U.S., China, Australia,
Japan and India, people considered high risk of developing T2D are
targeted with education on diet and exercise, and this has been
shown to significantly reduce progression to T2D in awide variety of
settings.8e14 In the USA, Canada, Chile, the UK and New Zealand
individuals in lower-risk tiers are targeted via risk counselling and
whole population strategies (e.g. socioeconomic policies aiming to
reduce poverty, healthy food promotion and environmental/systems
changes).15e22 Population-level policies, systems, and environmental
approaches, along with lifestyle intervention for those at high risk,
are likely to be the best way to achieve the greatest level of impact.23

Avoidability and inappropriateness are not synonymous, and
the distinction between the two is important as it provides a basis
for identifying, targeting, and designing interventions and policy
initiatives to reduce admission for people with diabetes. In addi-
tion, interventions must be evidence-based and carefully tailored
for specific contexts in order to be effective.24,25 Evidence about
what is effective in reducing avoidable admissions is mixed and
inconclusive, and misconceptions about what and what is not
avoidable can lead to naïve or unrealistic expectations of what
might be achieved.25

Based on the political discourse around diabetes policy in the
United Kingdom, a variety of problematic assumptions appear to
underly initiatives aiming to reduce avoidable admissions. For
instance, policy makers aiming to reduce hospital admissions
appear to assume that there is an optimum level of admission or
referral to hospital and that fewer admissions or referrals indicates
an improvement in health care delivery and efficiency.25 Only a
small number of primary care trusts (PCTs) in England have suc-
cessfully reduced overall unscheduled hospital admissions despite
numerous initiatives.26 The rate of avoidable admission also varies
considerably across different studies.25,27

For example, the 2013 Urgent and Emergency Care Review for
England stated that ‘40% could have been helped just as well closer
to home’28 (p. 19). By contrast, the NHS England Next Steps on the
Five-Year Forward View suggests that ‘between 1.36% and 2.73% of
people presenting at A&E could be diverted away from hospital’29

(p. 14). NHS Digital suggest that ‘16.1% of ED attendances

occurring between April 2015 and December 2017 were ‘non-ur-
gent’.30 The Nuffield Trust identify Ambulatory care sensitive con-
ditions and urgent care sensitive conditions combined as
comprising 3.38% of admissions between 2019 and 2020.31 This
variation may be a result of random fluctuations, contextual factors
and different ways of conceptualising and measuring avoid-
ability.32,33 This means evaluation and comparison are problematic
when based on crude statistical rates of avoidable admission.
Clinical audit, with extensive input from service users, may bring
meaning to crude rates of avoidable admission and allow in-
terventions to be better targeted.9

Methods

A discourse analysis was conducted on political debates in the
UK Houses of Parliament, The Scottish Parliament and the Northern
Ireland Assembly. We searched UK Parliamentary Scottish Parlia-
ment and Northern Ireland Assembly Hansard from 2000 to 2021.
Keywords included ‘Avoidable Admission’; ‘Inappropriate admis-
sion’; ‘Hospital’ ‘unscheduled admission’ and ‘Diabetes’. We only
excluded extracts that were deemed after an initial review to
mention these topics incidentally rather than it being a central
topic of discussion. This was based on the principles of discourse
analysis outlined by Lupton.34 A total of 137 extracts from these
debates were subjected to discourse analysis and organised into
themes. Extracts were included on the basis that they related to
reducing avoidable, preventable or inappropriate hospital admis-
sions in diabetes-related cases.

Policy analysis was conducted on the most recent diabetes-
related policy documents from the United Kingdom and Scotland,
also based on the above inclusion criteria. In addition, we under-
took a scoping review to determine the depth of the literature
around definitions and usage of avoidability and inappropriateness
in relation to hospital admission to provide a detailed overview of
the ways that these terms are used, to whom they are applied,
where andwhen, as well as the potential benefits and limitations in
terms of developing effective policy.35

An electronic search was conducted in October 2021 on MED-
LINE, PubMed, Google Scholar, EMBASE, CINAHL and The Cochrane
Library to review the available literature.We searched the titles and
abstracts of papers, and the time period covered was from 2000 to
2021. Thirty articles from across the globe that examined the
discourse of avoidability, measurement of avoidable admissions,
policy development and implementationwere included (see Fig. 1).
Keywords included ‘Avoidable Admission’; ‘Inappropriate admis-
sion’; ‘Hospital’ ‘Unscheduled admission’ and ‘Diabetes’. This
research did not require ethical approval.

Results

Defining avoidable and inappropriate admissions

The verb ‘avoid’, means to escape, evade, prevent, or obviate.
Historically, the term ‘avoidable’ has been used in a pejorative
sense. Historically the term was often used to attribute causality
and blame when someone failed to avoid a given outcome.36 An
associated concept is ‘inappropriateness’, which refers to some-
thing that is unsuitable to the particular case; ‘unfitting,
improper’.37 It has been used to distinguish between desirable or
undesirable behaviours based on the pragmatics of a given context.
Although the concepts of inappropriateness and avoidability have
some overlap and are frequently used interchangeably in the
discourse on diabetes-related hospital admissions, there are some
important differences that require explanation.
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A case of diabetes-related hospital admission may, in theory, be
avoidable in the sense that events in the chain of causation leading
to hospital admission may have been preventable. With hindsight,
it is almost always possible to identify an act or omission that
contributed to hospitalisation, and it could have been avoided. In
law, this is called a novus actus intervenes, or an intervening act that
breaks the chain. However, the mere possibility of an intervening
act (e.g. in public health, education, primary care, prehospital or
emergency departments) does not necessarily render the eventual
hospitalisation inappropriate. In the presenting circumstances of a
medical emergency, it is, of course, appropriate and necessary that
lifesaving care in the hospital setting is provided. Appropriateness
is thus a contextualised concept that depends on the way decisions
are made by HCPs in the agony of the moment. It is an evaluation of
whether decisions leading to hospitalisation were reasonable.
Conversely, avoidability merely depends on the possibility of
breaking the chain of causation and does not necessarily ask
whether avoidance was feasible in situ (Fig. 2).

Although an avoidable admission is not necessarily inappro-
priate, an inappropriate admission may, by definition, be avoidable.
If hospitalisation is not required e perhaps because suitable
treatment can be provided in the community or primary care e

then the admission could be prevented by diversion to the appro-
priate services.24

Objectivised measures of appropriateness and avoidability

Objectivised methods of defining avoidable admissions come in
two forms: checklist definitions based on a set of standardised
criteria and definitions based on professional opinion and/or expert
panels. Checklist models were initially developed in the USA to
decide the hospital admissions that were appropriate for insurers
to fund. An initial function of the language of appropriateness was
to distinguish between deserving from undeserving service users.
Checklist models are standardised lists of criteria, which indicate a
set of symptoms or circumstances that necessitate hospital
admission. Criteria usually relate to the severity of an individual’s
condition and the type and intensity of services provided.24

Prevalent checklist models are the AEP (Appropriateness Eval-
uation Protocol), the ISD-A (Intensity-Severity-Discharge Review
System with Adult Criteria) and MCAP (Managed Care Appropri-
ateness Protocol. A term used frequently in UK policy and academic
discourse is Ambulatory Care Sensitive Conditions (ACSCs),
denoting conditions that can be treated effectively in primary care.
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Fig. 1. Defining Avoidable and Inappropriate Hospital Admissions: A scoping review e PRISMA Flow diagram.
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Admissions for ACSCs are often assumed in statistical models to
refer to avoidable admissions.2 Checklist models produce easily
quantifiable results and can help public health professionals and
policy makers in evaluating and comparing services. The Appro-
priateness Evaluation Protocol (AEP) proposes admission criteria
based only on physiological and laboratory parameters. However,
the AEP has been found to be a poor predictor of mortality in all age
groups. Researchers have advised that it not be used to evaluate the
appropriateness of admissions.38

Another model used in the USA is the NYU algorithm40 that
assigns the probability that an ICD-9 diagnosis code associatedwith
an Emergency Department visit falls into one of four categories:

1) a non-emergency (NE);
2) an emergency (defined as a problem requiring contact with the

medical systemwithin 12 h) treatable in an office visit (primary
care treatable (PCT));

3) an emergency not treatable in an office visit but preventable or
avoidable (EPA) and

4) an emergency that is not preventable or avoidable (ENPA).

The NYU algorithm excludes uncommon diagnoses and treats
mental health and substance abuse diagnoses separately.39 This
model has been independently validated using hospitalisations and
deaths as outcomemeasures, so it appears relatively robust. Ballard
et al. found that because the NYU algorithm utilizes existing clinical
data rather than time-intensive chart review, it can be easily
applied in different times and settings at relatively low cost.39 A
similar model could be useful in evaluating and comparing avoid-
able admission rates between hospitals in the UK context rather
than relying on ACSCs. However, the NYU Emergency department
visit classifier, by the developer’s own admission, is not appropriate
for determining avoidable and inappropriate admissions in a way
that might suggest appropriate changes in social, or primary and
secondary health care delivery at the local or individual level.39

Checklist criteria combinedwith the use of algorithms are useful
in constructing statistical estimates of the number of preventable
hospital admissions in the UK and other jurisdictions for compar-
ison and evaluation of performance. Diabetes complications are a
prime example of some of the weaknesses of this approach. In re-
ports produced by the Nuffield Trust,3 avoidable admission rates for
people with diabetes in the UK are built from the sum of three
indicators: admissions for short-term diabetes complications; ad-
missions for long-term diabetes complications; admissions for
uncontrolled diabetes without complications.

The rate of avoidable admission for people with diabetes is
defined as the number of hospital admissions with a primary
diagnosis of diabetes, among people aged 15 years and over, per
100,000 population. The Information Service Division (ISD) of NHS
Scotland, in presenting statistical analysis, similarly defines prac-
tically all hospital admissions for people with diabetes as avoid-
able.40 The ISD explain that this is because routine monitoring,
dietary modification and regular exercise can reduce the need for
hospitalisation.40 This methodology is based a problematic
assumption that personal choices are the main driver of avoidable
admissions. A more detailed classification system that does n’ rely
on lumping all diabetes complications into the category of avoid-
able, for example, based upon the NYU Categories, would perhaps
be more useful (See Fig. 3).

Political discourse

The discourse that frames the classification of all diabetes-
related hospital admissions as avoidable in the UK generally fo-
cuses on the ways in which risk of diabetes-related complications
could be reduced by the person themselves through individual
behavioural change. This places almost all responsibility for hos-
pitalisation on the individual and does little to inform for positive
change in clinical practise or health care delivery at the local and
individual level. For this kind of change, more detailed auditing of
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individual and local cases appears necessary alongside something
like the NYU Algorithm to identify drivers of avoidable admissions
at a more granular level and to improve care for particular chronic
conditions such as diabetes.

The fact that the risk of diabetes complications can be reduced
by improvements in lifestyle, including adherence to therapy and
diet, is seen as sufficient to define all diabetes-related admissions as
avoidable. This is a blanket generalisation that may not reflect the
experience of people with diabetes. In some circumstances and for
some individuals, it is not reasonable to expect them to change
their way of life and the environments in which they live may not
be exercise friendly or they may find it difficult to access healthy
and nutritious food. The expectation that a person diagnosed with
diabetes should increase their daily exercise, adapt their diet and
frequently monitor and manage their glucose levels is often unre-
alistic in the absence of public health initiatives and involves as-
sumptions about costs and benefits that may not take sufficient
account of the individual’s conception of the good life. In addition,
reducing health risks does not necessarily provide a guarantee of a
life free of diabetes-related complications.

This discourse shifts focus away from public health, primary and
secondary care, and accessibility towards individual behaviour.
These assumptions are embedded at the root level of the data and
statistics and so are objectivised and become incontestable at the
stage of political debate and policy development. We can contrast
the way diabetes-related and smoking-related admissions are
treated. Smoking-related conditions are not included en masse in
the ISD avoidable admissions rate (COPD) even though smoking
cessation can significantly reduce the risk. The logic of personal
responsibility is inconsistently applied, indicating a special
contempt for people with T2D in particular.

Using a statistical rate of avoidable admissions, based on
checklist criteria, as an objective comparator between health pro-
viders is dubious because data recording and coding practices vary
considerably within the UK. For example, coding of diabetes as a
principal diagnosis versus a secondary diagnosis varies between
Northern Ireland, England and Scotland, making direct compari-
sons difficult. Even within England, the comparison between re-
gions is questionable.26 The north of England, for instance, has
higher avoidable admission rates even adjusted for deprivation

(IMD); therefore, it is possible the variation is due to other factors
such as disparities in primary, community and secondary care
provision, health service accessibility or the wider determinants of
health not included in the IMD.

Reported rates of avoidable admission, based on current defi-
nitions, may be difficult to compare between trusts or hospitals as
institutions recording of cases involving diabetes complications are
not necessarily recorded as such. Neither do such measures take
account of differences in disease prevalence, local services, or cul-
ture.11,26 The ISD-A and NYU algorithm, for example, do not
consider the fact that there may be no other option in the local area
for the individual except hospital.19 In addition, the AEP is often
amended and adjusted in practice, which means that assessments
are unreliable.26,41e43

This is not to say that statistical methods of measuring avoid-
able and inappropriate admissions should not be used. It is that
they are not very effective tools in evaluating local services or
clinical practice in constructive ways. It is suggested that more
detailed, local and individual audits of clinical practice in areas
such as diabetes care could be a vital addition to existingmeasures
of avoidable admissions. User-led definition and audit of avoid-
able cases may offer invaluable insights, and this should also
factor into policy and practice looking to reduce avoidable
admissions.24

In applying definitions of avoidability, professionals exercise
subjective judgement as to whether a given admission is appro-
priate or not. Checklists and algorithms appear to be helpful as a
rough outline of relevant considerations; however, they also
objectify the outcomes of such judgements and can even embed
prejudice about people with conditions such as diabetes. Appro-
priateness of a given admission depends onwhen the AEP or ISD-A
are applied to each person’s case and by whom.24,44 The NYU
method, although appearing to be more objective by the applica-
tion of computerised algorithms, uses only clinical data, and this
assumes that a wealth of information about individual and local
circumstances from a service user perspective is irrelevant.

The method of defining avoidability through assessment by al-
gorithms, experts and professionals is an exercise of judgement
based on disciplinary knowledge, opinion, and experience. Classi-
fication may also be conducted by trained researchers. In both

Fig. 3. NYU Algorithm adapted for use in the NHS System.
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procedures, the expertise and experience of people with diabetes
themselves are not required.11 This indicates that direct experience
of diabetes is not adequately recognised as a useful or legitimate
contribution to the process of definition.

Only two previous studies have included service users in
assessing the avoidability and appropriateness of hospital admis-
sion.24,32 These studies indicate that the term inappropriate, as
applied to admissions, carries several negative connotations that
service users are reluctant to apply.

For people with T2D, improved diet, lifestyle, and glucose con-
trol, usually at an early stage, can be associated with remission and
a significant reduction the risk to health and wellbeing.45 However,
such measures cannot eliminate the risk of complications arising
nor render diabetes-related hospital admission an impossibility.
Therefore, a proportion of diabetes-related admissions must be
necessary and appropriate. This means that statistics on avoidable
admissions that include all diabetes-related hospital admissions
are misleading without greater input of service users onwhat leads
them through the hospital doors. Despite this, the policy discourse
continues to place responsibility for diabetes-related hospital
admission on people with diabetes themselves. This can frame the
problem of overstretched services as within the power of in-
dividuals to change and beyond the scope of governmental re-
sponsibility. This has implications for both policy and the way in
which admissions are viewed and dealt with by HCPs. It could also
influence behaviour in the uptake of services.

Constructing the use of unscheduled care services by people
with diabetes as problematic and ‘inappropriate’ in almost all cases
could paradoxically create a culture in which patients are discour-
aged from seeking help when they need it to avoid judgement,
resulting in more serious and preventable complications reaching
crisis point. Greater efficiency (shorter stays in hospital for each
admitted patient) may lead to more ‘inefficiency’ (greater number
of avoidable emergency admissions).24

The expertise and experience of people using services due to
diabetic complications are crucial to understanding the context in
which unscheduled admissions occur and developing appropriate
reforms to reduce avoidable admissions however they are
defined.46 This is particularly important at a time when law and
policy emphasize a commitment to person-centred care and
‘nothing about me without me’.47 More inclusive and democratic
epistemologies expand the range of evidence and data on which
our knowledge draws and can thus provide a more holistic, long-
term view of the factors that contribute to hospital admissions.
The inclusion of perspectives of people with direct experience will
help to build a more comprehensive picture of how best to respond
to the interests and perspectives of people with diabetes where
prevention is possible, reasonable and desirable in light of
competing priorities.11

Discussion

There is limited evidence on the effectiveness of interventions
aimed at reducing unplanned admissions in diabetes cases to date.
Interventions have generally been focused on different stages along
the patient journey, from preventive management of people at high
risk of admission, through to services that manage acute diabetic
complications without resorting to hospital admission.48 In-
terventions often focus on individual patients and seek to develop
capabilities for self-management.49 This reflects a long view of
causation of admission, with the privilege of hindsight and without
an intimate understanding of surrounding circumstances of the
person.

For researchers, HCPs and policymakers, avoidable admissions
are usually based on the idea that people with diabetes could have

taken steps to prevent the disease and associated complications
arising in the first place.50 It is helpful to visualise this as a chain of
causation that is cut in different ways according to diverse per-
spectives (see Fig. 1).

Defining avoidability in diabetes-related cases and persons with
other chronic health conditions is a judgement call onwhich events
are relevant in the chain of causation leading to admission (see
Fig. 1). An exclusively medical perspective can mean that a person’s
unique circumstances and context are inadequately considered,
and thus relevant knowledge is excluded from the decision-making
process. A procedural definition of avoidability for use in clinical
audit that incorporates both HCP and service user perspectives is
proposed as an alternative to the statistical comparison of rates of
avoidable admissions. The criterion for avoidable admissions is
based on a test for causation in medical negligence cases. It is a
procedure for reaching a considered judgement and not an objec-
tive test.

To identify a case of hospitalisation as avoidable or inappro-
priate, it should pass a version of the ‘but for’ and Bolam/Bolitho
tests in law.51,52 This allows a considered approach to the question
of causation and provides service users with an opportunity to
contribute to the narrative of their admissions:

1. Avoidable hospital admissions can broadly be identified where:
a. Admission would not have occurred if the policymakers,

HCPs and/or service users had taken all reasonable steps to
ensure prevention, diagnosis, and management in the com-
munity and;

b. Unscheduled hospital admission directly followed (i.e. it is a
proximate cause of admission rather than far removed down
the chain of causation e see Fig. 1).

2. Inappropriate admissions may be identified where
a. Decisions were made in social, primary, secondary, pre-

hospital and/or emergency services that other reasonable
clinicians would regard as unsuitable to the patient’s needs
and circumstance and;

b. Unscheduled hospital admission directly followed.

The test may, in practice, still be vulnerable to the tendency to
place undue emphasis on HCP perspectives in determining what
‘skilled’ or ‘preventative’ practices are. Frequently the voice of
clinical expertise can become dominant. If the knowledge of those
with direct experience could be accorded equal value as clinical
expertise, and if both HCPs and service uses are equally represented
in the retrospective classification of cases, then the interests and
perspectives of all relevant stakeholders can be given due consid-
eration. This should be a measure that is undertaken in addition to
the use of something like the NYU algorithm and could be used to
define some of the key indicators such as ‘non-emergency’ ‘primary
care treatable’ and ‘avoidable/inappropriate’ (see Fig. 3). An issue
with the methods proposed is that they could produce outcomes
that are not amenable to straightforward statistical analysis. They
could also be viewed as inefficient. However, they may prove their
worth in coconstructing best practices that can improve the
avoidance of hospital admission in local contexts andmay be useful
in providing more detailed comparisons between different ap-
proaches. In this way, it may be very useful in both developing
policies and clinical commissioning, as well as tailoring policy to
localities and communities.

Conclusions

In policy and practice, avoidability and inappropriateness have
become so familiar that they are not seen as a way of ‘ordering’, but
as an ‘order inherent in the phenomena’.26 Here, we have
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attempted to set aside the taken-for-granted definitions of these
concepts and examine alternative and, we suggest, potentially
more productive practices of categorisation.

Objective comparisons between services based on avoidable or
inappropriate admissions remains an ideal rather than a reality.
Rather, avoidability in the policy discourse appears to be used to
frame the treatment of people with chronic conditions in hospitals
as an unnecessary distribution of resources.

Although there may have been a degree of selection bias in the
materials analysed, it appears that in a wide variety of political
discourses, the focus on diabetes, as a particular contributor to
avoidable admission rates. This reflects a tacit assumption that
diabetes complications are primarily caused by individual lifestyle
choices. This can function to exclude the legitimate knowledge of
people with both T1D and T2D and justify the rationing of services.
This is highlighted by a more beneficent approach to policy and
practice vis-�a-vis people, and in particular, children with T1D who
tend to be viewed more as random victims of a disease. Even in
these cases, a lack of glycaemic control is often seen as a culpable
reason for unnecessary admissions.

If the use of unscheduled care services by people with diabetes
is unilaterally defined as ‘problematic and inappropriate’ in almost
all cases, we could discourage people from seeking help when they
need it, resulting in more serious and preventable complications
reaching crisis point. Ensuring that people seek help and that there
is the capacity to deal with early intervention is crucial. Timely
access to and the response of services is important not only in
diabetes but other conditions too. Using a model similar to the NYU
algorithm to identify problematic hospital admission rates in
combination with a more intensive auditing procedure based on
collaborative definitions of avoidability and inappropriateness as
modelled above could be more useful in improving service provi-
sion and preventing avoidable hospitalisation in chronic conditions
such as diabetes.
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a b s t r a c t

Objectives: The Hamilton Depression Rating Scale (HDRS) is one of the most frequently used depression
assessment scales. In Tunisia, psychiatrists commonly use this scale in a Tunisian dialect. However, to the
best of our knowledge, this scale has never been validated in Tunisia. This study aims to investigate the
reliability and the validity of the HDRS among Tunisian patients who have been hospitalised for a suicide
attempt. A secondary objective is to describe the sociodemographic characteristics of the study
population.
Study design: This is a cross-sectional study performed in the emergency department.
Methods: Patients who were hospitalised for a suicide attempt were eligible for inclusion in this study.
The Tunisian version of the HDRS was developed using a forward-backward translation procedure.
Psychometric properties of the Tunisian version of the HDRS were tested, including (i) construct validity
with a confirmatory one-factor analysis; (ii) internal validity with Pearson correlations and Cronbach
alpha coefficients; and (iii) external validity by correlations with the Patient Health Quality-9 (PHQ-9)
scale. We used the Receiver-Operating Characteristic (ROC) curve to analyse the correlation between the
total HDRS score and the presence of depression according to the PHQ-9.
Results: In total, 101 participants were enrolled in this study. The principal component analysis (PCA)
type factor analysis with varimax rotation found a highegrade correlation between HDRS individual
items and the total score. The total variance, explained by five factors, was 64.4%. Cronbach’s stand-
ardised alpha coefficient was 0.86 for the overall scale. Correlations between the total HDRS score and
the PHQ-9 score, and its various items, were significant. The ROC curve analysis showed good sensitivity
(80.8%) and specificity (91.1%).
Conclusion: The Tunisian version of the HDRS is an acceptable instrument to screen depression in in-
dividuals who have attempted suicide.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

According to the World Health Organisation (WHO), depressive
disorders constitute one of the leading causes of disability.1 Each
year, depression affects approximately 5% of the population
worldwide.2 Suicide is a major public health problem and is the
second leading cause of death in people aged 15e29 years.3 In
Tunisia, there has been an increase in suicides following the

revolution in 2011.4 Considering the associations between depres-
sion and suicide, the diagnosis and treatment of depression is
especially important in suicide prevention programmes.5,6

The assessment of depression is part of the routine care in
clinical practice. The instruments used for the assessment should
be clinically meaningful, reliable, valid and sensitive to the target
population.7 The ideal instrument should, therefore, encompass all
aspects of the psychometric assessment and be valid for all cul-
tures, ages, sexes, socio-economic and linguistic backgrounds.8 The
instrument must be applicable in different contexts to allow com-
parisons between multiple groups within one country and across
countries.8* Corresponding author. Tel.: þ216 58 12 76 93.
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The Hamilton Depression Rating Scale (HDRS), published in
1960, is one of the most frequently used depression assessment
scales, helping to determine the severity of a depressive state, re-
sponses to treatments and also aiding diagnosis of depression.9

Since its publication, it has become the gold standard for the
assessment of depression.10 However, the HDRS is not a diagnostic
instrument.11

Many versions of the HDRS exist, including the original version,
with 21 items9 (Hamilton, 1960), and one with 17 items (Hamilton,
1967), which has been translated and validated in the french
version consists of 3 factors,12 Turkish13 Lebanese14 and Chinese.15

The Lebanese version consists of four factors, explaining 58.8% of
the total variance.14 The Chinese version consists of five factors,
accounting for 52.4% of the total variance.15 The Turkish version
consists of six factors, explaining 61.3% of the total variance.13

In Tunisia, psychiatrists commonly use the HDRS scale in a
Tunisian dialect; however, this scale has never been appropriately
validated in Tunisia. Therefore, this study aims to investigate the
reliability and validity of the HDRS among Tunisian patients who
were hospitalised for a suicide attempt.

Methods

Clinical setting

This cross-sectional study was performed between July and
October 2019 in the emergency department (ED) of the university
hospital Habib Bourguiba, in Sfax, Tunisia. Informed consent was
obtained after explanations about the aim and methods of the
study. Patients had the right to accept or refuse participation in the
study.

Inclusion criteria

This study was carried out with patients who were hospitalised
in the ED for a suicide attempt. The emergency physician evaluated
the patient’s vital signs, the need for gastric decontamination, the
need for blood tests, antidotes or other required treatments. When
surveillance in the ED was no longer necessary (i.e. clinical stabi-
lisation), the patient’s eligibility to participate in this study was
assessed. Patients with a life-threatening condition, those aged <18
years and those with difficulty communicating were not included
in the study. Patients with a previous history of schizophrenia were
also excluded.

Ethical approval

An agreement between the respective heads of the ED and
department of Psychiatry ‘A’ was established. The names of the
participants were not mentioned in any form. The cross-
institutional review board considered this analysis to be exempt
from ethical review. Patients admitted to the ED following a suicide
attempt had their medical records prospectively documented.
Following clinical stabilisation and before discharge, a psychiatric
assessment was performed by psychiatrists of the university hos-
pital Hedi Chaker Sfax. One trained investigator conducted all the
interviews.

Procedures and assessment measurements

The 17-item HDRS questionnaire was used in the Tunisian dia-
lect (see supplementary material) and consisted of two parts. The
first section included sociodemographic characteristics (i.e. age,
gender, education level, marital status, economic income, medical
condition and family history of mental health disorder). The second

part of the questionnaire was composed of the HDRS scale
questions.

HDRS scale
The HDRS rating scale includes 17 items. Eight items are scored

by a 5-point Likert scale (0 ¼ absent to 4 ¼ severe). Nine items are
scored from 0 to 2. The total score is performed by the sum of the
items’ scores. According to this scale, the depression severity is
classified into four categories: no depression (score 0e9), mild
depression (score 10e13), mild-to-moderate depression (score
14e17) and moderate-to-severe depression (score >17). The total
HDRS score ranged from 0 to 52 points.

Translation of HDRS
The HDRS was translated from French to the Tunisian dialect

through a translation and back-translation process. A bilingual
Tunisian translator created the translation from French into the
Tunisian dialect. Then, this version was translated back into French
by a bilingual translator whowas fluent in Arabic and French. Upon
completion of this process, an expert panel (including five psychi-
atrists, one psychologist and one biostatistics specialist) compared
the two HDRS translations, focussing on the adequacy of the
Tunisian version in terms of the socio-cultural context of the items.

Before testing
Before the testing step, we submitted an experimental version of

the scale to a 20-subject sample who were randomly selected and
had similar characteristics to the target population (meeting the
same eligibility criteria).16e20

Sampling

The sample calculation was based on previous studies.18,21,22 A
minimum ‘statement/subject’ ratio of 1e5 was necessary to vali-
date these new versions; with a sample above 100 subjects.18,21,22

According to this estimation, to have a 90% power with a 5%
margin of error, the current study had to include at least 85
participants.

Statistical analyses

Data reported in the text and tables indicate the
mean ± standard deviation for numeric variables and percentages
or ranges for categorical variables. To compare dichotomous vari-
ables, we used the Pearson Chi-square test. The significance level
was a two-sided P < 0.05 for all tests. For the validation process, we
analysed the psychometric properties of the Tunisian version,
including construct validity, internal structural validity and
external validity.

Construct validity
For confirming the HDRS construct validity in our sample, a

principal component analysis (PCA) analysis was launched for the
HDRS items. After the extracted factorswere found to be significantly
correlated, a varimax rotation was used. The KaisereMeyereOlkin
measure of sampling adequacy and Bartlett’s test of sphericity were
used. Factors with Eigenvalues higher than 0.8 were retained in the
model.

Internal validity
This was assessed by Cronbach’s alpha coefficient.18,23,24 To

confirm consistency, a coefficient of at least 0.7 was expected
(Cronbach & Meehl, 1955).20,23,25 It is recommended that deletion
of any of the items should not increase Cronbach’s alpha coefficient.
Floor and ceiling effects were reported to assess the distribution of
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the responses. The rate of floor and ceiling effects were calculated
as the proportion of individuals who obtained the lowest (‘never or
not at all’) and the highest (‘very often or verymuch’) scores for any
of the items.26

External validity
We used the Patient Health Quality-9 (PHQ-9) score to explore

the external structure validity of the Tunisian version of the HDRS
score. We used Spearman’s coefficients.

This external validator (PHQ-9 scale) is a self-administered
screening scale. It was developed by Kroenke et al. from the
depression module of the Primary Care Evaluation of Mental Dis-
orders (PRIMED).27 It has been validated in its English and Tunisian
versions28 and consists of 9 items derived from the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-4)
classification to assess depression. According to PHQ-9, the diag-
nosis is as follows: no depression (0e10), mild depression (10e14),
moderate depression (15e19) and severe depression (PHQ-9 score
>20).

The Receiver-Operating Characteristic (ROC) curve was used to
analyse the correlation between the total HDRS score and the
presence of depression according to the PHQ-9. The area under
the ROC curve was estimated by the method of Hanley and
McNeill.29

Results

Study population characteristics

This study enrolled 101 participants from 111 patients whowere
hospitalised for a suicide attempt in the ED. Ten patients were not
included because they were aged <18 years. All of the eligible pa-
tients were included (i.e. no patients met any exclusion criteria).
Table 1 details the sociodemographic and clinical characteristics of
the participants. The mean age of the study population was

30.9 ± 11.61 years. Most of the participants were female (69.3%),
single (51.5%), had a good socio-economic level (76.2%) and a low
level of education (85.1%). Approximately half (53.5%) of the
patients who were hospitalised for a suicide attempt lived in an
urban area.

The median PHQ-9 score was 11.8 (ranging between 0 and 27).
According to this scale, the majority of participants had some form
of depression: mild (n ¼ 17; 16.8%), moderate (n ¼ 17; 16.8%) and
severe depression (n ¼ 20; 19.8%).

The median HDRS score was 14.9. According to this scale, 44.5%
of participants had depression (n ¼ 45). Moderate-to-severe
depression was observed in 19.8% of patients (n ¼ 20).

Psychometric validity

Internal validity
(1) Internal structure validity: All the items in the questionnaire

had a representation index >0.5. These variables were able to
explain 58.88% of the variance in this model. A Kaiser-Meyer-Olkin
measure of sampling adequacy of 0.839 was found, with a signifi-
cant Bartlett’s test of sphericity (P < 0.001). By using a rotated
component matrix, these variables could be combined into five
factors. The total variance explained by five factors was 64.4%
(Table 2). (2) Internal consistency reliability: Cronbach’s stand-
ardised alpha coefficient was 0.86 for the overall scale. All the items
correlated greater than 0.5 (Table 3).

External validity
(1) External structure validity: Significant correlations were

found between the total HDRS score and the PHQ-9 score (0.80;
P < 0.0001) and between the HDRS score and the various items of
PHQ-9 (P < 0.0001 for each item). These results showed that PHQ-
9 items Q2, Q4, Q7, Q8, Q9, and Q10 could predict a high HDRS
score.

The ROC curve of the HDRS scale, comparing patients with
depression based on HDRS and PHQ9 scales, is shown in Fig. 1.
The optimal score was 13.5 according to the ROC curve analysis
(Fig. 1). The sensitivity and specificity were good at this cut-off
point (80.8% and 91.1%, respectively). The area under the curve
was high: 0.93 [0.88e0.97] CI; P < 0.001.

Table 1
Sociodemographic and clinical features of the participants (n ¼ 101).

Characteristic Value

Sex [n (%)]
Males 31 (30.7)
Females 70 (69.3)

Age in years [mean ± SD] 30.9 ± 11.6
Marital status [n (%)]
Single 52 (51.5)
Married 38 (37.6)
Divorced 10 (9.9)
Widowed 1 (1.0)

Economic income [n (%)]
Good (medium to high) 77 (76.2)
Low 24 (23.8)

Education level [n (%)]
Illiterate 6 (5.9)
Primary 32 (31.7)
Secondary 54 (53.5)
University 9 (8.9)

Living area [n (%)]
Urban 54 (53.5)
Rural 47 (46.5)

Medical condition [n (%)]
Past medical illness 33 (32.7)
Past mental health illness 32 (31.7)
Family history of mental health disorder 18 (17.8)

Suicidal attempt mechanism [n (%)]
Intoxication 95 (94.0)
Phlebotomy 4 (4.0)
Hanging 1 (1.0)
Drowning 1 (1.0)

Table 2
Varimax rotated matrix of the HDRS.

Item number Loading factor

Factor 1
Loss of weight 16 0.820
Somatic symptoms (gastrointestinal) 12 0.750
Genital symptoms 14 0.697
Somatic symptoms general 13 0.680
Anxiety somatic 11 0.561
Insomnia early 4 0.522
Anxiety-psychic 10 0.499

Factor 2
Retardation 8 0.763
Insomnia late 6 0.666
Depressed mood 1 0.643
Insomnia middle 5 0.642
Work and interest 7 0.627
Feelings of guilt 2 0.564

Factor 3
Suicide 3 0.820
Agitation 9 0.528

Factor 4
Hypochondriasis 15 0.825

Factor 5
Insight 17 0.852

HDRS, Hamilton Depression Rating Scale.
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Discussion

The main objective of this study was to validate the Tunisian
dialect version of the HDRS for assessing depression in the
context of patients who had attempted suicide. The study results
provide initial evidence supporting the reliability and validity of
the scale as a screening instrument for Tunisian patients who
are hospitalised for a suicide attempt. Depressive disorders,
whether isolated or occurring as part of a recurrent mood
disorder, were the first diagnosis associated with suicide and
suicide attempt.2,30e32 The HDRS scale, in Turkish, Chinese and
Lebanese versions, has been validated in samples of patients
with depression.13e15

Furthermore, the HDRS scale is significantly correlated with the
number of suicide attempts,33 which explains the choice of our

study population (i.e. patients who were hospitalised for a suicide
attempt).

Summary of the main descriptive results of the study population

In this study, the majority of participants were female (69.3%),
single (51.5%), had a good socio-economic status (76.2%) and a low
education level (85.1%). Approximately half (53.5%) of the patients
lived in an urban area. The current findings are similar to those of
previously published studies.34,35 There is a current trend for
increased suicidal behaviour among young and single individuals,
which is related to their psychological immaturity and/or vulner-
ability34,36 and lack of social and/or familial support.35,37

The demographic and socio-economic characteristics of in-
dividuals attempting suicide are different to those who die as a
result of suicide.36,38-41 Women and individuals with low socio-
economic status make more suicide attempts, while men and
those living in rural areas are more likely to die of suicide.42 This
phenomenon is named the ‘gender paradox’ in suicide.23,27,28

A lack of economic independence could be associated with a
higher risk of suicidal behaviour. This is, in part, explained by
frustration, leading to interpersonal conflicts and psychological
difficulties.34,43 Similar to other findings, the relationship between
a low level of education and suicide attempt was highlighted in the
current study.34,35 A low number of schooling years is regularly
associated with low intelligence levels. This may lead to increasing
relationship difficulties, which may weaken the individual’s bal-
ance and defences and increase the risk of suicide.34

In the current study, themean score of PHQ-9was 11.8. Based on
the cut-off scores of PHQ-9, most of the participants had depres-
sion: 36.6% had moderate-to-severe depression. Many studies
related that suicide attempts are commonly associated with
depression.30,44,45 Ghachem et al.46 demonstrated that patients
with depression have a 30-fold increased risk of suicidal acts
compared with individuals without depression.

Psychometric validity

In this study, wewere able to validate the Tunisian version of the
HDRS. The current results show the reliability and validity of the
proposed scale as a screening instrument for patients who have
been hospitalised for a suicide attempt in Tunisia. This version of
the HDRS scale demonstrated good psychometric properties, with
excellent internal consistency for the scale and can, therefore, be
used for the assessment of patients who have been hospitalised for
a suicide attempt in Tunisia.

Internal validity

In this study, we performed a PCA-type factor analysis with
varimax rotation, which allows a suitable representation of the
factorial weights. This analysis also expresses the strength or the
weakness of correlations of the items.47 Internal structure validity
analyses demonstrated highegrade correlation levels between
HDRS individual items and total score.

The total variance illustrated by the five components was 64.4%,
which is an acceptable rate.48 The five components represented the
majority of items. Our results are similar to previous studies. The
total variance explained by six factors in the Turkish version was
61.3%,13 in the Lebanese version by four factors was 58.9%,14 and in
the Chinese version by five factors was 52.4%.15

Internal consistency reliability: In our study, Cronbach’s alpha
coefficient was 0.86, which suggests good reliability and internal
consistency. Our findings are similar to the Lebanese results and are
better than Turkish and Chinese versions13e15 (Table 4). Thus, we

Table 3
Cronbach’s alpha of the different items with the total HDRS score.

Item Cronbach’s alpha coefficient

1 0.891
2 0.866
3 0.772
4 0.813
5 0.794
6 0.912
7 0.898
8 0.903
9 0.718
10 0.961
11 0.964
12 0.901
13 0.909
14 0.911
15 0.862
16 0.939
17 0.794

HDRS, Hamilton Depression Rating Scale.

Fig. 1. ROC curve for the relationship between the total HDRS score and the presence
of depression, according to PHQ-9. Area under the curve 0.93; Sensitivity: 0.83;
Specificity: 0.91; P < 0.0001. HDRS, Hamilton Depression Rating Scale; PHQ-9, Patient
Health Quality-9; ROC, Receiver-Operating Characteristic.
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conclude that the Tunisian dialect version of the HDRS has
adequate psychometric properties.49

External validity

External structure validity: In this current study, the correlation
between the HDRS scale and PHQ-9 (which had already been
validated in the Tunisian dialect28) was tested. The correlation
between the total scores was high. The correlation between the
HDRS score and the PHQ-9 items was also high. In the Chinese and
Turkish studies, the external structural validity of HDRS was
demonstrated through significant correlations with the Global
Assessment Scale (GAS) [P < 0.001]15 and the Clinical Global
Impression scale (CGI) [P < 0.0001], and the Beck Depression In-
ventory (BDI) [P < 0.005],13 respectively.

Results of the current study confirm that the proposed Tuni-
sian version of the HDRS is robust and competently assesses
depression in patients who have been hospitalised for a suicide
attempt.

Finally, the estimated cut-off (13.5) found by ROC curve analysis
had good sensitivity (80.8%) and specificity (91.1%). In addition, the
properties of the current scale seem to be superior to those of other
studies.14

Strengths and limitations

The proposed version of the HDRS scale in the Tunisian dialect is
simple, understandable, reliable, and shows good external and in-
ternal validity. The size of our study population was a strength of
the current study because it was comparable to recommendations
in the literature.

However, several limitations should be highlighted when
interpreting these results. First, this study included data from only
one centre; thus, there is the possibility of selection bias. There is a
unique dialect in Tunisia, but it would be interesting to test this
version of the HDRS in different regions. Second, the study popu-
lationwas among patients hospitalised for a suicide attempt. Future
validations in different groups of patients should be conducted
before generalising these results. Last, the inter-rater reliability
analysis was not performed in the present study.

Despite these limitations, this study will be of interest to phy-
sicians and is a base for future studies exploring the proposed
Tunisian version of HDRS in the screening of depression. This study
will improve the process for the assessment of depression, which is
becoming a major public health problem.

Conclusions

In summary, the Tunisian version of the HDRS is an acceptable
instrument to screen for depression in patients attempting suicide.
This version of the HDRS has good psychometric properties, reli-
ability and internal validity. This study also shows high rates of
depression in patients who are hospitalised for a suicide attempt.
Further studies should be conducted to generalise these results in
different populations.
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