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a b s t r a c t

Objectives: The role of overcrowded and multigenerational households as a risk factor for COVID-19
remains unmeasured. The objective of this study is to examine and quantify the association between
overcrowded and multigenerational households and COVID-19 in New York City (NYC).
Study design: Cohort study.
Methods: We conducted a Bayesian ecological time series analysis at the ZIP Code Tabulation Area (ZCTA)
level in NYC to assess whether ZCTAs with higher proportions of overcrowded (defined as the proportion
of the estimated number of housing units with more than one occupant per room) and multigenerational
households (defined as the estimated percentage of residences occupied by a grandparent and a
grandchild less than 18 years of age) were independently associated with higher suspected COVID-19
case rates (from NYC Department of Health Syndromic Surveillance data for March 1 to 30, 2020). Our
main measure was an adjusted incidence rate ratio (IRR) of suspected COVID-19 cases per 10,000 pop-
ulation. Our final model controlled for ZCTA-level sociodemographic factors (median income, poverty
status, White race, essential workers), the prevalence of clinical conditions related to COVID-19 severity
(obesity, hypertension, coronary heart disease, diabetes, asthma, smoking status, and chronic obstructive
pulmonary disease), and spatial clustering.
Results: 39,923 suspected COVID-19 cases were presented to emergency departments across 173 ZCTAs
in NYC. Adjusted COVID-19 case rates increased by 67% (IRR 1.67, 95% CI ¼ 1.12, 2.52) in ZCTAs in quartile
four (versus one) for percent overcrowdedness and increased by 77% (IRR 1.77, 95% CI ¼ 1.11, 2.79) in
quartile four (versus one) for percent living in multigenerational housing. Interaction between both
exposures was not significant (binteraction ¼ 0.99, 95% CI: 0.99e1.00).
Conclusions: Overcrowdedness and multigenerational housing are independent risk factors for suspected
COVID-19. In the early phase of the surge in COVID cases, social distancing measures that increase house-
bound populations may inadvertently but temporarily increase SARS-CoV-2 transmission risk and
COVID-19 disease in these populations.

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

Introduction

The COVID-19 pandemic has exposed striking health-related
disparities in minority populations in the United States. Studies
have highlighted disparities in COVID-19 testing, morbidity, and
mortality between non-Hispanic Whites, non-Hispanic Blacks, and

Hispanic Americans in both health care1,2 and community
settings.3e6 Existing well-described disparities in health status,
access to healthcare, and other social determinants may account for
these differences. Furthermore, a growing body of evidence sug-
gests that socio-economic factors (such as ‘essential worker’ status)
may play a major role in the risk of acquiring SARS-CoV-2 infection
and differential morbidity and mortality from COVID-19.1,3,4 To
date, however, the role of overcrowding and household composi-
tion on the transmission of SARS-CoV2 and diagnosis of COVID-19
remains poorly understood.
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The evolving science informing the transmission dynamics of
SARS-CoV2 suggests that both proximities to infected patients7,8

and concentration of inoculum9 may play an important role in
both acquisition of infection and subsequent severity of illness.10,11

In particular, individuals residing in overcrowded and multigener-
ational households may be at increased risk of developing more
severe forms of COVID-19,12 since these settings reduce personal
space and increase the risk of multiple exposures to a high inoc-
ulum of SARS-CoV-2 infection.11,13

In this study, we investigated whether ZIP code tabulation areas
(ZCTA) with a higher percentage of overcrowded or multigenera-
tional households represented independent risk factors for severe
COVID-19 after accounting for other area-level socio-economic,
clinical, and spatiotemporal factors. We defined severe COVID-19 as
patients presenting to the emergency department with suspected
COVID-19-like symptoms.

Methods

Study setting

We conducted a retrospective ZCTA-level time series analysis of
daily suspected emergency department-presenting COVID-19 cases
per 10,000 total population in each ZCTA in NYC in March 2020.
Beginning in late February 2020, NYC became the global epicenter
of the COVID-19 pandemic, with a first wave that crested in early
April 2020. We chose to limit our analysis to March 2020 because
we hypothesized that the role of multigenerational households and
household overcrowdedness would be greatest at the start of the
first wave of the COVID-19 pandemic in NYC both before and after
the imposition of social distancing measures.

Variables and data sources

The dependent variable was the daily count by ZCTA of sus-
pected COVID-19 cases presenting to one of the 53 hospital emer-
gency departments in NYC. These data were obtained from the NYC
Department of Health and Mental Hygiene (NYC DOHMH) Syn-
dromic Surveillance system, which contains suspected COVID-19
cases for 173 ZCTAs. Suspected COVID-19 cases were defined as
cases of pneumonia and influenza-like illness that appeared after
the 2019e20 influenza season had ended (based on laboratory
analysis, in February 2020).14 This study used surveillance-based
suspected cases rather than test-positive COVID-19 cases for two
reasons: first, there was potentially vast undertesting for COVID-19
early in the pandemic in New York City, and second, daily test-
positive COVID-19 case counts by residential ZCTA were not avail-
able. All data were obtained up to March 30, 2020.

The two exposure variables included jointly in the model were:
(1) the percentage of overcrowded housing by ZCTA, defined as the
estimated number of housing units with more than one occupant
per room, divided by the number of occupied housing units; and (2)
the percentage of multigenerational housing by ZCTA, defined as
the estimated percentage of residences occupied by a grandparent
and a grandchild less than 18 years of age. Both were obtained from
the American Community Survey 5-year 2018 estimates. Both ex-
posures were segmented into quartiles, with the first quartile
(representing the least overcrowded or lowest proportion of
multigenerational households) as reference.

Several socio-economic factors have been reported to be asso-
ciated with a greater risk of COVID-19 infection and severity. These
include factors related to lower socio-economic status such as
lower median income,1 minority status,2 lack of health insurance,5

population density,15,16 and an individual’s role as an essential
worker.17 To account for these associations in ecological analysis,

we controlled for ZCTA-level estimates of the total population,
percentage of patients living below the federal poverty line (FPL),
median income, population density (calculated as ZCTA population
divided by ZCTA area in square miles), percentage of White resi-
dents, and percentage of essential workers by ZCTA. The percentage
of essential workers by ZCTA was calculated by replicating a
method employed by the NYC Office of the Comptroller.17 The
proportion of essential workers in each ZCTA was identified from
service-oriented non-public roles using Census Industrial Classifi-
cation Codes in the following categories: (1) public transit workers;
(2) grocery, convenience, and drug store workers; (3) trucking,
warehouse, and postal service workers; (4) healthcare workers; (5)
childcare, homeless, food and family service workers; and 6)
building cleaning service workers.

The model also controlled for clinical factors identified by the
U.S. Centers for Disease Control and Prevention (CDC) that increase
the risk for developing more severe COVID-19 illness.18 ZCTA-level
data on COVID-19 disease clinical risk factors were obtained and
derived from the CDC 500 Cities dataset 2016e2017. These included
the percentage of obese adults (defined as body mass index
[BMI] � 30 kg/m2), percentage of adults who smoke, and per-
centage of adults with coronary heart disease, hypertension, dia-
betes, asthma, or chronic obstructive pulmonary disease (COPD).

In order to undertake descriptive and inferential spatial ana-
lyses, spatial shapefiles of NYC’s ZCTAs were downloaded and
derived from the New York City Department of City Planning.4

Statistical analysis

Visual depictions of the suspected severe COVID-19 cases by
ZCTA, percent of overcrowded households, and percent of multi-
generational households were created using QGIS software. We
used Moran’s I19 to formally assess spatial clustering of suspected
severe COVID-19 cases, for which the null hypothesis is that sus-
pected COVID-19 cases were randomly dispersed across the city.

To evaluate the average effect of household overcrowdedness
and multigenerational households on suspected COVID-19 cases
within each ZCTA, we first used a generalized linear model speci-
fying a Poisson distribution for the dependent variable (using
quasi-likelihood estimation to account for overdispersion) and
robust standard errors. The model included daily time fixed effects,
and suspected case counts by ZCTAwere interpolated to account for
the end-of-week variation in cases. All models used the population
of individuals residing in each ZCTA as the population offset, with
results interpreted as incidence rate ratios (IRR). To assess the
robustness of the percent overcrowdedness and percent multi-
generational households within each ZCTA as independent risk
factors, we added the aforementioned control variables, which re-
flected reported ZCTA-level socio-economic associations with
COVID-19 exposure and clinical risk of COVID-19 severity, to a
baseline model that consisted of an intercept term, the two expo-
sure variables, and time in days. Variance inflation factors (VIF)
were used to assess for multicollinearity, and covariates with
VIF > 10 were dropped sequentially. Furthermore, statistically, non-
significant models were also dropped. The variables dropped from
the final, adjusted analysis were population density, the prevalence
of chronic obstructive pulmonary disease, diabetes, and hyperten-
sion at the ZCTA-level.

Upon finding that there was significant spatial autocorrelation
in our dependent variable (Moran’s I: 0.456, P ¼ 0.001), we then fit
a Bayesian version of our quasi-Poisson model using the integrated
nested Laplace approximation (INLA) method, a computationally
efficient way of fittingmodels to data exhibiting spatial or temporal
structure. This method, described by Blangiardo et al.,20 models the
variation in the dependent variable using a spatially structured
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random effects term that accounts for local geographic influences
indicated by the Moran’s I. This random effects term follows a
conditional autoregressive model, meaning that the random vari-
ation in a ZCTA’s suspected COVID-19 case counts is modeled as the
mean of the random effect terms for the adjacent ZCTAs. The
temporal structure is accounted for in the model by both fixed and
random effects. The temporal random effect is modeled by a
randomwalk, which assumes that a ZCTA’s suspected case count at
time t in days is equal to the case count at time t-1 plus some
amount of random noise that is normally distributed with mean 0.

The final, fully adjusted model used the INLA method and
treated the number of suspected COVID-19 cases in each ZCTA as a
Poisson-distributed variable. The model consisted of a population
offset; the two exposure variables (percent of overcrowdedness by
ZCTA, and percent of multigenerational households by ZCTA);
ZCTA-level prevalence (defined as a percentage) of coronary heart
disease, obesity (defined as BMI� 30 kg/m2), and smoking; percent
white; percent below the FPL; the proportion of essential workers;
and median income (defined in 2018 dollars). Coefficient results in
the INLA model are presented with 95% Bayesian credible intervals.
We assessed whether there was effect modification between the
two exposures using an interaction term in the final fully adjusted
model; the interaction term was not significant (binteraction ¼ 0.99,
95% credible interval: 0.99e1.00). Model outputs for all preceding
models can be found in the Supplement.

The study protocol was approved by the [withheld for review]
Institutional Review Board. All analyses were conducted in GeoDa
version 1.16, QGIS version 3.16.2, and R version 4.0.3. Code to
reproduce the analyses is available at: https://github.com/sara-
venkatraman/NYC-Housing-COVID19.

Results

Descriptive statistics

There were 39,923 suspected severe COVID-19 cases across 173
ZCTAs in NYC between March 1 and March 30, 2020. Fig. 1 shows
the proportion of overcrowded and multigenerational households
in ZCTAs in NYC. The median proportion of overcrowded house-
holds by ZCTA was 5.06% (interquartile range [IQR] 4.68%), and the
median proportion of multigenerational households by ZCTA was
6.88% (IQR 5.96%). Three of the top five ZCTAs in terms of cumu-
lative suspected COVID-19 cases (11,368, 11,373, and 11,208 e all
found in the borough of Queens) were also in the top five ZCTAs in
terms of percentage of overcrowdedness. The five ZCTAs with the
highest proportion of multigenerational households were 11,411,
11,412, 11,419, 11,413, and 11,429 e also found in Queens (see Fig. 1).

Table 1 reports how, at a ZCTA-level, the prevalence of COVID-19
clinical risk factors and associated socio-economic factors vary
across quartiles of multigenerational households and overcrowded
households. Compared to the first quartile, suspected severe
COVID-19 cases rose almost four-fold in the fourth quartile of ZCTAs
with multigenerational households and almost six-fold for over-
crowded households. As the proportion of overcrowded house-
holds and multigenerational households rose by ZCTA in quartiles,
there was a consistent increase in the prevalence of diabetes and
smoking, as well as the proportion of residents living below the FPL,
while there was a consistent decline in the proportion of White
residents and median income.

Results from the multivariable models

Table 2 reports the results of the unadjusted and fully adjusted
analysis. Controlling for both COVID-19 clinical risk factors and
socio-economic characteristics, which may increase the risk of

COVID-19 exposure, ZCTAs in the fourth quartile of percent over-
crowdedness had a 67% increased risk of suspected severe COVID-
19 cases compared to the first quartile (IRR 1.67, 95%
CI ¼ 1.12e2.52). Similarly, ZCTAs found in the fourth quartile of
percent multigenerational households had a 77% increased risk of
suspected severe COVID-19 cases compared to the first quartile (IRR
1.77, 95% CI ¼ 1.11e2.79). Across both exposures, the case risk
increased for each quartile, as noted in Fig. 2A and B, which
compare the observed suspected severe COVID-19 case rates with
modeled rates.

Discussion

In this ecological analysis of COVID-19 in NYC in March 2020, we
found that ZCTAs with higher proportions of overcrowded and
multigenerational households were associated with increased rates
of suspected severe COVID-19 cases, after accounting for both
socio-economic factors, which may increase the risk of infection
with SARS-CoV-2 and clinical factors that may lead to more severe
COVID-19 disease.

While several studies describe the role overcrowdedness may
play as a risk factor for contracting COVID-19, this study is thefirst to
establish the independent relationship between overcrowded
households, multigenerational households, and suspected severe
COVID-19 diseasewhile adjusting for area-level socio-economic and
clinical characteristics. In a national dataset of county-level data,
Ahmad et al. found that counties with higher proportions of poorer
housing conditions (including overcrowding, high housing cost, or
incomplete kitchen or plumbing facilities) had up to 50% higher risk
of COVID-19 incidence in adjusted analyses.12 In NYC specifically,
Emeruwa et al. found overcrowded housing to be an independent
risk factor in a cohort of obstetric patients admitted for care during
the COVID-19 surge.12 On the other hand, the role of multigenera-
tional housing in the propagation of COVID-19 in the general pop-
ulation has been unclear. Anecdotal data exists,21e23 and the role of
multigenerational housing has been suggested in the media as a
potential accelerant in the spread of COVID-19, placing the elderly at
risk.24 However, no study to date has quantitatively examined this
potential risk factor. Since our analysis modeled both the pro-
portions of overcrowdedness and multigenerational households
simultaneously, our findings suggest that multigenerational
households are independently associated with higher rates of sus-
pected COVID-19 infection and that this risk is independent of and
roughly equivalent to that of overcrowding alone.

The results have notable scientific and clinical implications. First,
by demonstrating a relationship between COVID-19 case rates and
area-level measures of overcrowded and multigenerational hous-
ing, thesefindingsmaypartly illustrate socioecologicalmechanisms
that link observed inequities in COVID-19 related outcomeswith the
known biology of infectivity. Stark COVID-19-related racial/ethnic
differences in mortality and morbidity exist, and data suggest that
prehospitalization factors contribute to these differences.1,25

Although not addressed in our analysis, racial/ethnic differences in
residential crowdedness and multigenerational households may
play a role in COVID-19-related disparities in addition to that of
essential workers. Since racial/ethnic and socio-economic differ-
ences in multigenerational households exist, the association be-
tween multigenerational households and suspected COVID-19 case
rates in our analysismayhelp to explain related disparities in COVID
illness burden seen both in NYC and across the United States.26

Second, these results support recent developments in our un-
derstanding of the transmission dynamics of COVID-19. Our pri-
mary outcome, suspected severe COVID-19 cases defined as
influenza-like illness or pneumonia, was captured at emergency
departments throughout NYC. Although the health-seeking
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behavior of patients may have varied throughout the pandemic,
patients presenting to the emergency department during the initial
phases of the outbreak in NYC were likely to have had more severe
symptomatic COVID-19 infections, which has been shown to be
correlated to the concentration of inoculum received.10,11 These
results add credence to the biologically plausible hypothesis of an
association between transmission proximity, the density of inoc-
ulum, and COVID-19 severity.

Third, our model demonstrates that certain commonly reported
individual clinical and sociodemographic risk factors for COVID-19
hospitalization (e.g., presence of coronary heart disease,27

obesity,18,28 and minority status1) were not significantly associ-
ated with suspected COVID-19 cases at the area level. While the full
meaning of this finding is unclear, it suggests that area-level risks
that represent proximity in space, such as multigenerational
housing and overcrowded households, may play a more powerful
role in the spread of COVID-19 compared to individual clinical and
sociodemographic COVID-19 risk factors. However, this is specu-
lative, and further investigation is warranted, ideally using hierar-
chical models of City-wide data containing both individual clinical
and socio-economic risk factors together with area-level measures
which account for proximity in space.

Fourth, the location of the largest effects of overcrowdedness
and multigenerational households on suspected COVID-19 cases
reflects the on-the-ground reality of NYC’s initial COVID-19 wave.29

Although the study’s analysis was limited to the month of March, it
became clearer as NYC’s cases rose through that month into early
April that the boroughs of Queens and Brooklynwere inundated by

COVID-19 cases.30 This reality corresponds to the spatial relation-
ship between suspected severe COVID-19 cases and ZCTAs with
higher proportions of multigenerational and overcrowded housing
seen in our data.

Limitations

Our study has several limitations. First, our analysis employed
only area-level measures, which prevents making more generaliz-
able statements at an individual level. However, our results concur
with other studies that have employed area-level measures in their
analysis, adding weight to our findings.2,3

Second, our analysis relied on a city-wide surveillance system
tracking emergency room visits to determine suspected COVID-19
cases, which may not track with actual COVID-19 cases. There-
fore, our dataset was likely to exclude both asymptomatic COVID-
19 patients and those who chose not to present to emergency
rooms (e.g., present to primary care physicians or urgent care fa-
cilities), which may favor higher socio-economic groups with
health insurance. Nevertheless, these data have been used in prior
published reports to infer early COVID-19 case rates.14

Third, the surveillance data used may have included patients
with non-COVID 19 respiratory illnesses such as influenza, which
may have led to an overestimation of the effect of overcrowdedness
and multigenerational housing on COVID-19. However, analysis of
emergency room utilization31 and anecdotal reports32 suggest that
non-COVID-19 related patient volumes declined dramatically prior

Fig. 1. Distribution of New York City ZIP code tabulation area (ZCTA) by (a) suspected COVID-19 cases during March 1e30 2020; and (b) overcrowded housinga and (c) multi-
generational housingb in 2018. a Proportion of overcrowdedness defined as an estimated number of housing units with more than one occupant per room, divided by the number of
occupied housing units in each ZCTA, expressed as a percentage from 2018 American Community Survey 5-year estimates. b Proportion of multigenerational housing defined as
estimated percentage of residences occupied by grandparents and a grandchild less than 18 years of age in each ZCTA from the 2018 American Community Survey 5-year estimates.
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Table 2
Adjusted incidence rate ratios (IRR) of suspected COVID cases per 10,000 for quartiles of ZIP code tabulation area-level (ZCTA)a.

Unadjusted model Fully adjusted modele

IRR 95% CI IRR 95% CIg

Percent of overcrowded households, in quartilesb (ref: Quartile 1)
Quartile 2 1.56 1.47e1.65 1.45 1.13e1.87
Quartile 3 1.75 1.66e1.85 1.41 1.08e1.86
Quartile 4 2.05 1.92e2.18 1.67 1.12e2.52

Percent of multigenerational households, in quartilesc (ref: Quartile 1)
Quartile 2 1.19 1.12e1.26 1.48 1.05e2.07
Quartile 3 1.30 1.22e1.37 1.89 1.28e2.78
Quartile 4 1.59 1.49e1.69 1.77 1.11e2.79

COVID-19 clinical risk factors, by ZCTA
Prevalence of coronary heart disease 0.92 0.82e1.03
Prevalence of obesity (BMI � 30 kg/m2) 0.97 0.94e0.99
Prevalence of smoking 1.08 0.99e1.17

Socio-economic characteristics, by ZCTA
Percent white 0.99 0.99e1.00
Percent below Federal Poverty Level 0.97 0.95e0.99
Median income, USD 2018 0.99 0.99e0.99
Percent in defined essential worker roled 1.01 0.98e1.04

Time, in days 1.04 1.04e1.05 1.04 1.04e1.04
Spatiotemporal structure accounted for? No Yes
Model family Generalized linear model INLAf

a All covariates measured as percent at ZCTA-level; both models employ robust standard errors.
b Overcrowdedness defined as > 1 occupant per room in each household, derived from the 2018 American Community Survey 5-year estimates.
c Multigenerational households defined as the estimated number of residences occupied by a grandparent and a grandchild less than 18 years of age, derived from the 2018

American Community Survey 5-year estimates.
d Essential worker roles defined using service-oriented, non-public Census Industrial Codes derived from methods described elsewhere.18
e The fully adjusted model included percent of overcrowdedness and percent of multigenerational households simultaneously.
f INLA is integrated nested Laplace approximation method.
g 95% Bayesian credible intervals.

Table 1
ZIP code tabulation area (ZCTA)-level clinical and socio-economic characteristics by a proportion of multigenerational households and proportion of overcrowded households,
in quartiles.

Quartile cut-offs Proportion of Multigenerational
Householdsg, in quartiles

Proportion of Overcrowded
Householdsh, in quartiles

First Second Third Fourth First Second Third Fourth

0 to # 2.34% 2.34
to # 5.06%

5.06
to # 7.02%

7.02
to # 13.48%

0.58
to # 4.37%

4.37
to # 6.88%

6.88
to # 10.33%

10.3
to # 29.64%

Total suspected COVID-19 casesa, March 1e30,
2020

4006 8170 12,021 15,726 3665 8139 9893 18,226

ZCTA-level COVID-19 clinical factorsd, %
Prevalence of hypertension 21.44 27.64 29.43 31.34 24.41 28.75 29.22 28.98
Prevalence of diabetes 6.78 10.46 11.65 13.00 7.91 10.65 11.47 12.26
Prevalence of coronary heart disease 4.10 5.50 5.86 5.77 4.74 5.16 5.61 5.86
Prevalence of obesityb 16.44 23.35 26.03 29.51 18.89 25.60 25.03 26.99
Prevalence of chronic obstructive pulmonary

disease
3.82 5.59 6.31 6.07 4.57 5.43 5.83 6.18

Prevalence of smokingc 10.99 15.75 17.73 18.29 12.37 15.68 16.76 18.27
ZCTA-level socio-economic characteristicse

Proportion of White residents, % 71.93 51.28 42.84 21.07 71.17 43.36 36.90 33.83
Proportion below federal poverty line, % 11.03 18.88 21.45 25.36 10.06 16.60 21.17 27.12
Median income, USD 2018 104,795 63,886 55,564 50,816 100,086 72,101 58,120 46,150
Proportion of essential workersf, % 22.54 25.99 27.48 27.89 24.82 27.42 26.85 26.17

a Suspected COVID-19 cases defined as influenza-like illness and pneumonia cases taken from the New York City Department of Health and Mental Hygiene Syndromic
Surveillance.

b Obesity defined as body mass index �30 kg/m2.
c Smoking defined as residents �18 years who are currently smoking.
d Derived from Centers of Disease Control 500 Cities Project.
e Derived from 2018 American Community Survey 5-year estimates.
f Essential worker roles defined using service-oriented, non-public Census Industrial Codes derived from methods described elsewhere.18
g Multigenerational households defined as the estimated number of residences occupied by grandparents and a grandchild less than 18 years of age.
h Over-crowded households defined as an estimated number of housing units with more than one occupant per room, divided by the number of occupied housing units,

expressed as a percentage.
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to the March 2020 NYC COVID-19 wave due to both biological and
social factors.

Finally, case rates may not accurately reflect the remaining
population base of ZCTAs in NYC because of pandemic-related
flights.33 Analysis of cell-phone data and mail forwarding re-
quests comparing March 2 to May 1, 2020, has shown notable flight
from particular neighborhoods throughout the borough of Man-
hattan and those that abut the East River in the boroughs of
Brooklyn and Queens. This may have reduced the total population
at risk in our analysis and led to the underestimation of the
neighborhood-level effects observed in our analysis. However, the
neighborhoods that are the focus of this study were distinct from
those reported to have the majority of pandemic flights, likely
limiting the impact of this population shift on our results.

Public health implications

COVID-19 lockdown policies globally have centered on some
version of home quarantine and/or school closure, leading to
increased household ‘dwell time’. Though these policies have
proved effective in thewider context, the implications of adherence
to these measures for those living in close proximity to others, such
as in overcrowded housing, have not been well explored.34 Our
ecological analysis of the beginning of NYC’s spring COVID-19 wave
suggests that lockdown-related school and non-essential business
closures, which took place on March 13 and 23, 2020, were asso-
ciated with adverse consequences for individuals living in areas
characterized by high levels of household crowding and multi-
generational households. Such public health measures may have
amplified the household transmission of the SARS-CoV-2 virus and
potentiated the severity of resulting COVID-19 cases. Since these
housing characteristics follow racial/ethnic and socio-economic
divides, for example, disproportionately affecting minority groups
who serve as essential frontline workers, they may help explain
resulting disparities in COVID-19 incidence. Future studies should
seek to clarify this relationship to inform future public health
interventions.
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Celebrating Public Health lives

Celebrating public health lives: Rudolf Virchow
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On the occasion of the 200th birthday this year of the German
pathologist and politician Rudolf Virchow, it seems appropriate to
remember his pivotal role in promoting and improving public
health in the 19th century. In his lifetime, Virchow received na-
tional and global recognition for his contributions to medical sci-
ence, anthropology, and particularly public health and social
medicine. However, in the context of the current development of
ever more sophisticated molecular and imaging technologies, med-
icine premised on the biomedical model has gained ascendency,
and the social determinants of health and disease are afforded
less significance. In consequence, Virchow's name is recalled today,
if at all, as a founding father of cellular biomedicine rather than for
his role in social medicine and the public health movement.

Virchow's interest in public health was moulded by impressions
he gained of the devastating conditions during a relapsing fever
(‘famine fever’) epidemic in Upper Silesia. In 1848, as a young physi-
cian, Virchow was appointed to a commission tasked with investi-
gating this typhus epidemic and submitting recommendations for
its alleviation. In his uncompromising and scathing report, Virchow
concluded that the epidemic was more a social than a medical
problem because its effects were concentrated among poor peas-
ants rendered vulnerable to disease by malnutrition and bad hous-
ing.1 According to Virchow, the prevention of similar crises could be
achieved only through the improvement of living conditions and
the elimination of social inequality.1 He developed a commitment
to revolutionary social change and became a political activist,
fighting on the barricades in Berlin during the German revolution
of 1848.2

On the basis of his observations of the typhus epidemic in Upper
Silesia and outbreaks of tuberculosis in Berlin as well as the living
conditions of the population, Virchow developed a theory empha-
sising themajor contribution of social circumstances in the dissem-
ination of illness and the emergence of epidemics. He believed that
inadequate social conditions rendered people more susceptible to
other morbific causes, none of which would suffice in isolation to
produce an epidemic.3 Virchow linked disease, disability and pre-
mature death to the poor material conditions, such as nutrition,
clothing and housing, of the working class. He supported this
view by reference to the elevated morbidity and mortality rates

observed in working-class areas of European cities. Virchow's
studies on the social origins of illness led him to oppose the conser-
vative medical establishment in espousing social reform and
demanding political change as a solution to medical problems. He
took the view that ‘medicine is social science and politics nothing
but medicine on a grand scale’ and believed that the remit of med-
icine involved not merely the treatment of disease but also the
improvement of the health of entire populations.4 The attainment
of this goal required the focus of medicine to be placed on its social
as well as its biological underpinnings. Virchow therefore advo-
cated for changes in the material conditions of the poor and called
for a public health service with publicly owned and operated health
care facilities as well as a corps of medical experts and physician re-
formers, acquainted with epidemiological principles and able to
provide detailed studies of local conditions without undue defer-
ence to authority.5

Prevention was central to Virchow's concept of a public health
service, and he contributed widely to the field of preventive medi-
cine. For example, after his discovery of the pathophysiology of
trichinosis, Virchow led a campaign to establish compulsory meat
inspection in Germany. As an urban social reformer claiming that
sanitation was an integral part of the state's responsibilities,
Virchow successfully accomplished a sanitation reform and
designed an underground sewage disposal system in Berlin, which
set an example for similar policies in Germany and other countries.
As a liberal politician and an electedmember of the Prussian parlia-
ment for 40 years and of the German Reichstag for 13 years,
Virchow became an outspoken and impassioned advocate for the
public health movement and a continental European figurehead
for the movement. By the end of the 19th century, Virchow was
renowned worldwide. In 1873, as a young doctor, William Osler
spent several months with Virchow in Berlin and was profoundly
inspired by his views concerning not only pathology but also public
health.2

Virchow's fundamental goals were the founding of the practice
of medicine on the exact sciences and the improvement of health
through social and political action. The paradigm of cellular
biomedicine appears to be very successful in the prevention and
treatment of acute (e.g. infectious) diseases, which constituted
the major health problems in the 19th century and the first half
of the 20th century. Virchow's best known work, among his more
than 2000 publications, is his book ‘Cellular Pathology’, which is
based on his findings of altered cell structure in inflammation,
degeneration and tumour growth and presents the cell as the basic
unit of physiological and pathological processes.6 Virchow's de-
scriptions of cellular pathophysiology, together with the germ
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theory of Robert Koch and Louis Pasteur, contributed enormously to
the spectacular progress of medicine at that time.

However, as in Virchow's times, the critical role of socio-
economic factors in the spread and health effects of infectious dis-
eases can be seen in the current COVID-19 pandemic. Socio-
economic inequalities in the risk of infection and the severity of
the course of COVID-19 have been found, with socioeconomically
less privileged individuals being affected more severely.7 Lifestyle
factors likely to be involved in the prevention of COVID-19, such
as smoking, obesity and lack of physical exercise, are also known
to be linked to social status.8 Furthermore, present evidence shows
that the reductionist biomedical approach appears to be less effec-
tive in chronic (non-communicable) diseases, which, since the
1960s, have become primary health problems and the principal
cause of disability in high-income countries and increasingly also
in low-resource regions.9 Non-communicable diseases are charac-
terised by complex pathogenetic hosteenvironment interactions
involving social conditions and self-management, with multiple
approaches needed to control disease rather than a cure using
‘magic bullets’.10

In addressing the issue of political action for better health,
Virchow pronounced that improvements in social conditions can
prolong human life more rapidly and successfully than improve-
ments in medicine.2 Although public health statistics were rudi-
mentary in Virchow's time, his assertion was reaffirmed by
mortality data from the United States in the 1970s. These data sug-
gested that policies designed to improve the socio-economic condi-
tions of disadvantaged people may decrease death rates more
rapidly than progress in biomedical science.11 Health disparities
linked to socio-economic status have been found to have widened
in several countries.10 Although these trends could reflect unequal
access to medical care, findings from the United Kingdom have
shown that health disparities related to socio-economic status
were not eliminated by universal access to the National Health Ser-
vice.10 The limited significance of access to health care has also been
demonstrated by findings that job classification as a measure of
socio-economic status in Britain and the level of formal education
and non-completion of high school in the United States were better
predictors for the development of various diseases than biological
factors.10

Rudolf Virchow's main achievements include his characterisa-
tion of medicine as a social science as much as a biological science,
his promotion of public health and his contributions to biomedi-
cine. He can be remembered as a principal architect of the founda-
tions of scientific medicine, whose decisive and seminal studies
established the cell doctrine in pathology, which forms the scienti-
fic basis of today's prevailing biomedical model of disease. More
importantly, Virchow should be remembered as a social reformer
and public health activist, who described the large-scale social
forces shaping human health and giving rise to disease. He was
an early proponent of the idea of sociomedical causation and of a
biopsychosocial model of health and disease, which can provide a
more comprehensive framework for preventive medicine and pub-
lic health practice today. Therefore, the expensive search for magic

bullet cures needs to be complemented by sufficient funding for an
extensive investigation of the social determinants of health and of
their importance in public health policies.
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Objectives: COVID-19 pandemic affected majority of students worldwide because school closures were
one of the first and frequently taken measures in tackling epidemic. This study analyzed trends in COVID-
19 morbidity and mortality from the beginning of pandemic in Croatia, in relation to schools opening and
closing.
Study design: Retrospective data review.
Methods: Data on COVID-19 positive patients in Croatia from week 9 of 2020 to week 10 of 2021 in
Croatia were analyzed using joinpoint regression. Analysis also included hospitalizations and mortality
trends for age groups 26 to 65 and 66þ from week 30 of 2020.
Results: Schools opened in fall after the summer holidays in week 37. Joinpoint regression analysis
revealed a statistically significant increase in cumulative incidence rates of COVID-19 in all age groups
until 50th week, except in the 19e25 age group which saw an increase until 49th week. During the
period of increase, there were periods of moderate increases and rapid increases in incidence that were
present between 39/41 week and 43/44 week in all age groups except in those 0e6 years [from 40th till
43rd week in age groups 7e14 and 15e18, average percentage change (APC) ¼ 87.41, P ¼ 0.035, and
APC ¼ 83.47, P ¼ 0.013; from 39th till 43rd in 19e25, APC ¼ 91.90, P ¼ 0.002; from 40th till 44th in 26
e65, APC ¼ 74.79, P < 0.001; from 41st till 44th in 66þ, APC ¼ 81.95, P ¼ 0.004]. Steeper increase in
hospitalizations was seen in 40th week for age groups 26 to 65 (40th to 45th week APC ¼ 34.67,
P < 0.001) and 66þ (40th to 45th week APC ¼ 38.76, P < 0.001). Steeper increase in mortality started in
41st week for both age groups 26 to 65 and 66þ (41st to 46th week APC ¼ 59.59, P < 0.001 and 41st to
45th week APC ¼ 70.28, P < 0.001). Schools were closed for winter holidays in week 51. A steep decrease
occurred in week 50 for cases and in week 51 for mortality and hospitalizations. There was no significant
increase in hospitalizations and mortality after schools were re-opened in week 03 of 2021 (primary
schools) and week 07 (secondary schools).
Conclusion: COVID-19 morbidity and mortality trends in Croatia observed in fall 2020 in Croatia perhaps
cannot completely exclude potential association of school opening in all age groups. However, in winter
2021 effect was completely lacking and numbers were independent of schools’ dynamics. The observed
inconsistent pattern indicates that there were no association of school openings and COVID-19 morbidity
and mortality trends in Croatia and that other factors were leading to increasing and decreasing
numbers. This emphasizes the need to consider the introduction of other effective and less harmful
measures by stakeholders, or at least to use school closures as a last resort.

© 2021 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
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as a pandemic.1 In light of this pandemic researchers and policy
makers have been tasked to identify public safety measures to help
prevent the healthcare system from getting overwhelmed and
reduce the number of deaths while keeping in mind that COVID-19
spread and implementation of different measures, such as lock-
downs, will affect people's day-to-day lives and could lead to
disruption in daily activities.2,3 Over the course of this pandemic,
new data have been collected and analyzed, which policy makers
have to take into account and weigh the balance of risks to chil-
dren's health, well-being, learning, and development posed by
disease transmission versus not going to school.4 With limited in-
formation at the beginning of the pandemic many countries chose
to approach with caution and make the call to close schools rather
than encounter the detrimental effects of potentially over-
whelming the health care system. By mid-April 2020, 192 countries
had closed schools, affecting more than 90% of the world's student
population.5 However, as knowledge of the disease progresses,
clinical evidence has shown that children mainly have asymp-
tomatic or mild disease and they are also less likely to spread the
virus.6,7 Scientific evidence and perception is still not homogeneous
in regards to openings and closures of schools, and while some
studies revealed that school closures do not have an impact on the
incidence of coronavirus infection8 or that outbreaks are uncom-
mon in educational settings,9 and clustering are rare10 other papers
strongly criticized them.11 However, systematic reviews and meta-
analysis published in this area are suggesting that children are
unlikely to be the main drivers of the pandemic. Opening up
schools and kindergartens seems to be unlikely to impact COVID-19
mortality rates in older people12 or if there is an effect, the potential
harms of school closures are much higher.13 Furthermore, pub-
lished meta-analysis revealed that adolescents play a less pro-
nounced role than adults in transmission of SARS-CoV-2 at a
population level14 while a decision analytical model estimated that
school closures will lead to even more years of life lost through
reduced educational achievements.15

Croatia reported its first case on the 25 February 2020.16 As
part of the response to COVID-19 containment measures, the
Croatian government declared closure of schools throughout the
country, starting on 16 March 2020.17 As the situation improved
over the following month, educational institutions reopened for
younger children to be able to attend in-person classes, recom-
mendations needed to be made before this. The Croatian Institute
of Public Health (CIPH) issued guidelines and recommendations
for schools so that with the ease of restrictions children and staff
could come back to school with minimal risk.18 This document
was revised and updated throughout the course of the epidemic
with the last version being published before all children (primary
and secondary) were to return to school (24 August 2020). The
document is similar to WHO recommendations19 and included
general measures (hand hygiene, mask use, distancing, etc.) as
well as specifically detailed measures for school settings. Specific
measures were staggered arrival and departure times, limitations
in mixing cohorts creating ‘bubbles’, physical distancing mea-
sures which were defined as required anywhere possible (1.5 m
primary, 2 m secondary) and grades 1e4 primary were the only
students omitted from mandatory masks. Schools were offered,
by the Ministry of Education, three different types of models:20 A.
in-person learning; B. mixed form (primary grades 5e8 and sec-
ondary schools); C. remote learning (primary grades 5e8 and
secondary schools). At that time, over 90% of schools in Croatia
chose model A, which means that the majority of children
attended school through in-person learning. Models B or C are
applied when a student or teacher is positive for COVID-19 so the
entire class stays home. In addition, model C was applied as per
local decisions if the epidemiological situation requires this. This

model (i.e. mostly model Awith temporary use of models B or C as
necessary) was in place for more than three months, and, facing
the peak of the second wave at the beginning of December 2020,
school closures were again introduced for secondary and some
primary schools (upper grades) on December 14th, one week
before official school holidays in Croatia, i.e. mid-December. The
same week (December 14th) was the first week when the
epidemiological situation improved substantially. The improve-
ment continued in the following weeks and in mid-January 2021
primary schools resumed normally, while secondary schools were
online until the beginning of or mid-February, depending on the
situation in each county.

School closures are still one of the measures frequently sug-
gested and considered in Croatia and other countries despite its
detrimental effects to education and health. Therefore, evidence
regarding the potential impact of school closure policies in Croatia
could additionally add to the scientific evidence and support de-
cisions regarding school policy. The aim of this studywas to analyze
trends and potential change in COVID-19 incidence, hospitalization,
andmortality trends in Croatia that could be associated with school
closures and re-openings during the pandemic.

Methods

For the purpose of this study data were collected, combined,
and analyzed using several different data sources. Data from
clinical laboratories and primary health care providers were
collected using the Central Health Information System of the
Republic of Croatia (CEZIH). The Croatian Institute of Public
Health regularly collects data through the Croatian Health In-
surance Fund (CHIF), which operates the central segment of the
CEZIH system21 and uses it for the purposes of scientific and
expert analysis. Data regarding deceased COVID-19 patients
were collected directly via hospital reports which communicate
patients who died with or due to COVID-19. COVID-19 test re-
sults were obtained from clinical laboratories and included re-
sults of all individuals whose nasopharyngeal swab samples
were tested for SARS-CoV-2 (PCR) from the 25th of February
2020 (week 09 of 2020) to 14th of March 2021 (week 10 of
2021). Age specific rates were calculated using the estimation of
Croatian population at the end of 2019 according to the Croatian
Bureau of Statistics.

COVID-19 incidences were analyzed from week 09 of 2020, in
all age groups (0e66þ years). Hospitalization and mortality rates
were analyzed fromweek 30 of 2020 and only in adults (26e66þ
years). This was due to low hospitalization and mortality rates in
younger age groups and during the first COVID-19 epidemics
wave.

The joinpoint regression model defining joinpoints by per-
forming several permutation tests and using Monte Carlo methods
with Bonferroni correction was used to analyze changes in COVID-
19 incidence, hospitalization, and mortality rates.22 Analysis was
carried out using Joinpoint Statistical Software for analysis of
continuous linear trends with change points, i.e. joinpoints, version
4.6.0.0. Given the number of time periods, considered maximum
number of joinpoint was set at 5. Logarithmic transformation was
applied, with statistical significance for average percent changes
(APC) set at 0.5 level.

Ethical approval for this research was granted by CIPH Ethical
Committee.

For the purpose of clarity, we present a table with dates and
weeks of schools’ closures and openings and other major measures.

The table of schools closing and opening and other major
measures the timeline and study period is available as
supplementary material.
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Results

During the study period (25 February 2020 to 14 March
2021eweek 09 of 2020 through to end of week 10 2021), there
were 251,194 new positive cases of COVID-19, 1,431,342 persons
were tested, 28,004 hospitalized, and 5677 persons died. Total
crude incidence rates are presented in Fig. 1. The incidences ranged
from 0.00 to 6.17/1000.

Age specific incidence rates of COVID-19

Age specific incidence rates from the beginning to the end of
investigated period varied from0.00 to 0.53/1000 in 0e6 age group,
0.00 to 0.93/1000 in age group 7e14 years, 0.01 to 1.5/1000 in age
group 15e18 years, 0.02 to 1.01/1000 in age group 19e25 years,
0.00 to 1.32/1000 in age group 26e65 years, and 0.00 to 0.81/1000
in 66þ years age group revealing the up to 81-fold increase in rates
during the investigated period.

Joinpoint regression analysis revealed a statistically significant
increase in cumulative incidence rates in all age groups until 50th
week, except in the 19e25 age group which saw an increase until
49th week. However, during the period of increase, there were
periods of moderate increases and rapid increases in incidence that
were present between 39/41 week and 43/44 week in all age
groups except in those 0e6 years. In 49th week, a decrease was
observed in the 19e25 age group that was followed by a decrease of
rates in all other age groups in 50th week. While a decrease was
present in the majority of age groups in 2nd week of 2021, in age
group 7e14 an increase was noted and followed with significant
incidence increases in 15e18 and 26e65 age groups in 6th week of
2021. Significant average percent changes per week (APC) accord-
ing to age groups are presented in Fig. 2.

Mortality trends of COVID-19

Because of low numbers of deceased persons before the
beginning of second wave, mortality trends were analyzed from
30th week of 2020 and only for age groups 26e65 and 66þ.

Mortality 66þ increased significantly from weeks 30e51.
Schools were opened after the summer break in week 37. During
week 42, a steep increase in mortality of 66þ began and does not

slow down until week 45. In week 45 it slows down, but the in-
crease was still notable and lasted till week 51. During week 51, a
steep decrease began. The sameweek, week 51, schools were closed
due towinter holidays. Primary schools were re-opened for face-to-
face classes in week 03 and secondary schools in week 07; there
was no significant increase in mortality.

Mortality 26 to 65 increased significantly from weeks 30e46.
Schools were opened after the summer break during week 37. A
more noticeable increase occurred in week 46. Decrease began in
week 51. Schools were closed the same week because of winter
holidays. Therewas no significant increase after schools re-opening
(primary schools week 03, secondary schools week 07).

In more detail, age-specific mortality rates from the beginning
to the end of the investigated period varied from 0.00 to 0.01/1000
in 26e65 age group and 0.02 to 0.09/1000 in age group 66þ. In age
group 26e65 years between 30th and 41st week there was a sta-
tistically insignificant APC of 5.56 (P ¼ 0.351) after which a signif-
icant increase was observed until the beginning of the 51st week
(41st to 46th week APC ¼ 59.59, P < 0.001 and 46th to 51st week
APC ¼ 13.31, P ¼ 0.034). In the age group 66þ years, there was
significant increase until 51st week (30th to 41st APC ¼ 10.24,
P¼ 0.007 then 41st to 45thweek APC¼ 70.28, P < 0.001 and 45th to
51st week APC ¼ 15.05, P < 0.001). After 51st week significant
decrease in 26e65 and 66þ years age group was present
(APC¼�16.52, P < 0.001 and APC¼�16.50, P< 0.001 respectively).
Results are presented in Fig. 3A.

Hospitalization trends of COVID-19

Hospitalization trends were analyzed from 30th week of 2020
and only for age groups 26e65 and 66þ and are shown in Fig. 3.

Hospitalizations for 66þ increased significantly from week 30.
In week 37, schools were opened after the summer break. Steeper
increase is noticeable fromweek 40 to week 45. Further but slower
increase is noticeable till week 51. In week 51, a steep decrease is
noticeable. Schools were closed same week due to winter holidays,
week 51. There was no significant increase following primary and
secondary schools reopening in weeks 3 and 7, respectively.

Hospitalizations for 26 to 65 increase significantly from week
30. In week 37, schools were opened after the summer break. In
week 40, a more noticeable increase is noted. Decrease starts in

Fig. 1. Weekly COVID-19 incidences during study period.
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week 51. Schools were closed that same week, week 51. There was
no significant increase after primary and secondary schools
reopening on weeks 3 and 7, respectively.

In more detail, age-specific hospitalization rates from the
beginning to the end of investigated period varied from 0.02 to
0.08/1000 in 26e65 age group and 0.04 to 0.24/1000 in age group
66þ. In age group 26e65 years between 30th and 45th week, there
was statistically significant APC increase (30th to 40th week
APC ¼ 13.06, P < 0.001 and 40th to 45th week APC ¼ 34.67,
P < 0.001). Significant decrease starts at week 50 and lasts till week
6/2021 (APC ¼ �16.58, P < 0.001). In age group 66þ years between
30th and 45th week, there was statistically significant APC increase
(30th e 40th week APC ¼ 16.68, P < 0.001 and 40th to 45th week
APC ¼ 38.76, P < 0.001). Significant decrease starts at week 50 and
lasts till week 8/2021 (50th e 53rd week APC ¼ �15.30, P < 0.001).
Results are presented in Fig. 3B.

Discussion

In Croatia, in week 37 of the year 2020 schools opened in fall for
face-to-face classes following summer break. According to previ-
ously published estimations significant impact of school openings on
reproduction number and epidemiological dynamics should already
be seen after two weeks.23 Trend change in 39th week was observed
for age-specific 7-day cumulative incidence rates only in those
19e25 years while 7e14,15e18, and 26e65 years had trend changes
after 3 weeks and those 66þ after4 weeks. Hospitalization rates for
age groups 26 to 65 and 66þ increased significantly 3 weeks after
schools opening, and mortality rates increased more steeply 5 and 9
weeks after schools opening for groups 66þ and 26 to 65, respec-
tively. Our study did not observe any significant change in the
youngest age group, 0e6 years. Therefore, we can argue that the
beginning of the school year did not influence this age group at all.

The decrease in cases rates began in week 50 and in mortality
and hospitalization rates in week 51. The same week, week 51,
schools were closed for winter holidays. This shows that the rates
began to fall regardless of the schools closing because schools
closing could have not caused effect within same week and for
cases the decrease even began prior to schools closing. This
decrease in all indicators was noted 3 weeks after the new epide-
miological measures which included ban of public and private
gatherings, masks mandatory outdoors if distance between two
people is less than 1.5 m as well as indoors, limited number of
people in shops and public transportation, closure of coffee shops,
restaurants, sports activities, gyms, children's playrooms, and
foreign language schools.

Re-opening in mid-January 2021 (primary schools) and mid-
February 2021 (secondary schools) did not lead to a significant
increase in any of the indicators.

Regarding the increase in all indicators following opening in
week 37 because the effect was expected to occur earlier,19 it is hard
to speculate if the increase in rates could be associated with schools
opening for the beginning of the year. It is also very hard to estimate
the individual impact of school openings and closures as well as in
other studies, which came to such conclusions and observed that
the impact of other concurrent non-pharmaceutical interventions
could not be excluded.24 Measures embedded during the time
period this study covers, besides general epidemiological measures
and recommendations, included restrictions in bars and restau-
rants working hours and maximum capacity, mask use in all closed
places, official institutions, and public transportation as well as
restrictions of large gatherings and number of guests permitted at
weddings and other private events. In addition, some studies imply
there is seasonality in COVID-19 cases with increases being possible
in fall and peaking in winter.25 It is possible this is what happened
in Croatia. Had the schools opening affected the epidemics

Fig. 2. Significant average percent changes of COVID-19 incidences per week (APC) according to age groups.
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significantly, a rise in numbers would have happened in January
and February as well. However, it has not.

Previously published systematic reviews revealed that even if
there is an impact of school closures on tackling the epidemic, the
impact is smaller than in case of other social distancing in-
terventions,13 while other meta-analysis concluded that children
and adolescents play a less important role than adults in trans-
mission of SARS-CoV-2 at a population level.14 Furthermore, other
published analysis showed that summer closures did not have
significant effect on the SARS-CoV-2 transmission among children
or older generations. Studies also did not find any evidence that the
return to school increased infection rates among children or adults;
they observed an increased rate during the last weeks of summer
holidays.26 A technical review, published by the European Centre
for Disease Prevention and Control (ECDC), revealed that school
settings do not play a substantial role in transmission and school
closures should be used as a last resort because of the negative

physical, mental health, and educational impacts on children, as
well as the economic impact on society outweighing the benefits.27

Thus, taking into account our results, a previously published
study19 and the fact that during the 40th week seasonal changes
occur, bringing colder and rainier conditions, it is hard to distin-
guish the impact of school openings from the other potential
drivers of the sharp incidence increase in September and October
2020. However, even if that impact is not completely excluded, our
study showed a completely different pattern in January and
February 2021 when school began after winter holidays. After
winter holidays, an increase in incidence started before or simul-
taneously with the return of students to primary and secondary
schools in Croatia and did not show any changes in trend after two,
three or four weeks. In one county, secondary schools began at even
two weeks after the beginning of the incidence increase in the
corresponding age group at the national level. The trends observed
in January and February 2021 are in contradiction to previously

Fig. 3. Multiple joinpoint models of COVID-19 mortality (A) and hospitalization (B) rates by weeks for age groups 26 to 65 and 66þ.
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published results19 and trends observed in Croatia after the sum-
mer holidays in 2020; thus, any causality between school opening
and incidence increase seems to be unlikely.

Mortality trends were analyzed only in those above 26 years
because of low mortality rates in younger people and children. Our
study revealed an increase in mortality rates until 51st week, one
week after the decrease in incidence began. This was expected, as
well as the observed decrease in mortality until the end of analyzed
period, because mortality rates follow the incidence rates with a
delay of up to three weeks due to the natural course of the
disease.28

Our study investigated national data during the period of one
whole year and compared incidence andmortality rates in different
age groups providing better insight into incidence and mortality
patterns with special reference to the beginning of school following
holidays and face-to-face learning. However, there are also some
limitations to our study. Official surveillance was based on labora-
tory confirmed cases, and therefore a clinically diagnosed case
without laboratory confirmation was not included in the analysis.
Furthermore, testing policy and limitation of testing capacity may
have influenced confirmation to a different extent in different age
groups. We were also unable to distinguish the influence of schools
opening from other non-pharmaceutical interventions present
during the investigated period as well as influence of concomitant
seasonal changes and their influence on observed incidence trends.
There are also some restrictions regarding hospitalizations and
mortality data. While COVID-19 incidence data were analyzed from
week 09 of year 2020 and in all age groups, hospitalization and
mortality rates were analyzed from week 30 of 2020 and in adults
(26e66þ years) only. This was due to low hospitalization and
mortality rates in these age groups and during the first COVID-19
epidemics wave. To maintain sufficiently large numbers for anal-
ysis, we excluded population under 26 and period before week 30
of year 2020. Therefore, presented hospitalization and mortality
rates should not be seen as whole-population data and data that
refer to the whole period of epidemics but only second-wave adult-
population data. In addition, mortality data are preliminary data,
gathered from hospitals and not from official mortality certificates
with official confirmation about the person died due to COVID-19
infection. Same refers to hospitalizations data. This means that
there is a possibility that patients who were hospitalized or died
due to another reason, but just with COVID-19 positive test as an
incidental finding, are included in the current analysis.

There is no obvious pattern when it comes to increase in cases
and school openings. Thus, in conclusion, schools opening and an
aggravation of the epidemic in Croatia are very unlikely to have a
causal relationship, and these results need to be the basis for
further school policy and national health policy decision-making
during the pandemic. When reconsidering school closures, stake-
holders need to take into account results of published scientific
literature including those that revealed that there is more than 98%
probability that primary schools opening is associated with lower
total years of life lost than school closure13 due to reduced educa-
tional achievements. Schools closures are associated with inter-
rupted and deprived learning, confusion, and stress for teachers
and parents unprepared for distance learning, gaps in childcare due
to absent working parents and closed schools, social isolation, and
so on, and the effect is most pronounced in already marginalized
and vulnerable groups of students.29 Closures are also associated
with increases in child obesity,30 inactivity of children and mental
health of both parents and children,31 negative impacts on parents
working hours and lower income, negative impact on healthcare
workforce that could lead to excess in deaths,32 and many other
negative consequences.25 There are measures that can be imple-
mented with greater effect and less harm.9 Therefore, school

closures need to be reconsidered very carefully, each time handled
carefully as an enormous health and social threat, without an
impulsive reaction due to the worsening of COVID-19 numbers.

Author statements

Ethical approval

Ethical approval for this research was granted by CIPH Ethical
Committee.

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.2021.07.030.

References

1. WHO.WHO Director-General’s opening remarks at the Mission briefing on COVID-
19. 2020. https://www.who.int/dg/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19—11-march-2020.
[Accessed 25 September 2020].

2. Cruyt E, De Vriendt P, De Letter M, Vlerick P, Calders P, De Pauw R, et al.
Meaningful activities during COVID-19 lockdown and association with mental
health in Belgian adults. BMC Publ Health 2021 Mar 30;21(1):622. https://
doi.org/10.1186/s12889-021-10673-4.

3. Aquino E, Silveira I, Pescarini J, Aquino R, Souza-Filho J, Rocha A, et al. Medidas
de distanciamento social no controle da pandemia de COVID-19: potenciais
impactos e desafios no Brasil. Ciência Saúde Coletiva 2020;25(suppl 1):
2423e46.

4. Fantini MP, Reno C, Biserni GB, Savoia E, Lanari M. COVID-19 and the re-
opening of schools: a policy maker's dilemma. Ital J Pediatr 2020;46:79.
https://doi.org/10.1186/s13052-020-00844-1.

5. UNESCO. Education: from disruption to recovery. 2021. Available at: https://en.
unesco.org/covid19/educationresponse. [Accessed 8 April 2021].

6. Ludvigsson J. Systematic review of COVID-19 in children shows milder cases
and a better prognosis than adults. Acta Paediatr 2020;109(6):1088e95.

7. Macartney Kristine, Quinn Helen, Pillsbury Alexis, Koirala Archana, Deng Lucy,
Winkler Noni, et al. Transmission of SARS-CoV-2 in Australian educational
settings: a prospective cohort study. Lancet Child Adolesc Health 2020. https://
doi.org/10.1016/S2352-4642(20)30251-0.

8. Iwata K, Doi A, Miyakoshi C. Was school closure effective in mitigating coro-
navirus disease 2019 (COVID-19)? Time series analysis using Bayesian infer-
ence. Int J Infect Dis 2020 Oct;99:57e61. https://doi.org/10.1016/
j.ijid.2020.07.052. Epub 2020 Jul 31. PMID: 32745628.

9. Ismail SA, Saliba V, Lopez Bernal J, Ramsay ME, Ladhani SN. SARS-CoV-2
infection and transmission in educational settings: a prospective, cross-
sectional analysis of infection clusters and outbreaks in England. Lancet Infect
Dis 2020 Dec 8. https://doi.org/10.1016/S1473-3099(20)30882-3. S1473-
3099(20)30882-3. Epub ahead of print. PMID: 33306981.

10. Ulyte A, Radtke T, Abela IA, Haile SR, Berger C, Huber M, et al. Clustering and
longitudinal change in SARS-CoV-2 seroprevalence in school children in the
canton of Zurich, Switzerland: prospective cohort study of 55 schools. BMJ
2021 Mar 17;372. https://doi.org/10.1136/bmj.n616. n616. PMID: 33731327;
PMCID: PMC7966948.

11. Flasche S, Edmunds WJ. The role of schools and school-aged children in SARS-
CoV-2 transmission. Lancet Infect Dis 2020 Dec 8. https://doi.org/10.1016/
S1473-3099(20)30927-0. S1473-3099(20)30927-0. Epub ahead of print. PMID:
33306982.

12. Ludvigsson JF. Children are unlikely to be the main drivers of the COVID-19
pandemic - a systematic review. Acta Paediatr 2020 Aug;109(8):1525e30.
https://doi.org/10.1111/apa.15371. Epub 2020 Jun 17. PMID: 32430964;
PMCID: PMC7280674.

13. Viner RM, Russell SJ, Croker H, Packer J, Ward J, Stansfield C, et al. School
closure and management practices during coronavirus outbreaks including
COVID-19: a rapid systematic review. Lancet Child Adolesc Health 2020
May;4(5):397e404. https://doi.org/10.1016/S2352-4642(20)30095-X. Epub
2020 Apr 6. PMID: 32272089; PMCID: PMC7270629.

I.P. Simetin, M. Svajda, P. Ivanko et al. Public Health 198 (2021) 164e170

169

https://doi.org/10.1016/j.puhe.2021.07.030
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1186/s12889-021-10673-4
https://doi.org/10.1186/s12889-021-10673-4
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref3
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref3
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref3
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref3
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref3
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref3
https://doi.org/10.1186/s13052-020-00844-1
https://en.unesco.org/covid19/educationresponse
https://en.unesco.org/covid19/educationresponse
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref6
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref6
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref6
https://doi.org/10.1016/S2352-4642(20)30251-0
https://doi.org/10.1016/S2352-4642(20)30251-0
https://doi.org/10.1016/j.ijid.2020.07.052
https://doi.org/10.1016/j.ijid.2020.07.052
https://doi.org/10.1016/S1473-3099(20)30882-3
https://doi.org/10.1136/bmj.n616
https://doi.org/10.1016/S1473-3099(20)30927-0
https://doi.org/10.1016/S1473-3099(20)30927-0
https://doi.org/10.1111/apa.15371
https://doi.org/10.1016/S2352-4642(20)30095-X


14. Viner RM, Mytton OT, Bonell C, Melendez-Torres GJ, Ward J, Hudson L, et al.
Susceptibility to SARS-CoV-2 infection among children and adolescents
compared with adults: a systematic review and meta-analysis. JAMA Pediatr
2020 Sep 25:e204573. https://doi.org/10.1001/jamapediatrics.2020.4573. Epub
ahead of print. PMID: 32975552; PMCID: PMC7519436.

15. Christakis DA, Van Cleve W, Zimmerman FJ. Estimation of US children's
educational attainment and years of life lost associated with primary school
closures during the coronavirus disease 2019 pandemic. JAMA Netw Open 2020
Nov 2;3(11):e2028786. https://doi.org/10.1001/jama-
networkopen.2020.28786. PMID: 33180132; PMCID: PMC7662136.

16. Croatian Institute of Public Health. COVID-19 index-case report. [Source text in
Croatian] Available from: https://www.hzjz.hr/aktualnosti/covid-19-
priopcenje-prvog-slucaja/. [Accessed on November 20th 2020].

17. [Internet] Mjere Vlade Republike Hrvatske. koronavirus.hr; 2020 [cited 27
September 2020]. Available from: https://www.koronavirus.hr/vladine-mjere/
101.

18. Croatian Institute of Public Health. Upute za sprje�cavanje i suzbijanje epidemije
COVID-19 vezano za rad pred�skolskih ustanova, osnovnih i srednjih kola U
�Skolskoj Godini 2020/2021. Zagreb: Croatian Institute of Public Health; 2020.

19. World Health Organization. Considerations for school-related public health
measures in the context of COVID-19: annex to considerations in adjusting public
health and social measures in the context of COVID-19, 14 September 2020. World
Health Organization; 2020. WHO/2019-nCoV/Adjusting_PH_measures/
Schools/2020.2. [Accessed 30 September 2020].

20. https://mzo.gov.hr/UserDocsImages/dokumenti/Modeli%20i%20preporuke%
20za%20provedbu%20nastave%20u%202020-2021%20(29.8.2020).pdf.

21. Ministry of Health of the Republic of Croatia. Central health information system
of the republic of Croatia e system concept [source text in Croatian]. Available
from: http://www.cezih.hr/pzz/dokumentacija/01_00_CEZIH_koncept_sustava.
pdf [Accessed on 08 April 2021].

22. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med 2000;19:335e51
(correction: 2001;20:655).

23. You Li, Campbell Harry, Kulkarni Durga, Harpur Alice, Nundy Madhurima,
Wang Xin, et al. The temporal association of introducing and lifting non-

pharmaceutical interventions with the time-varying reproduction number
(R) of SARS-CoV-2: a modelling study across 131 countries. Lancet Infect Dis
October 22, 2020. https://doi.org/10.1016/S1473-3099(20)30785-4.

24. Auger KA, Shah SS, Richardson T, Hartley D, Hall M, Warniment A, et al. As-
sociation between statewide school closure and COVID-19 incidence and
mortality in the US. J Am Med Assoc 2020 Sep 1;324(9):859e70. https://doi.org/
10.1001/jama.2020.14348. PMID: 32745200; PMCID: PMC7391181.

25. Meroe C, Urban MC. Seasonality and uncertainty in global COVID-19 growth
rates. Proc Natl Acad Sci USA Nov 2020;117(44):27456e64. https://doi.org/
10.1073/pnas.2008590117.

26. von Bismarck-Osten Clara, Borusyak Kirill, Sch€onberg Uta. The role of schools in
transmission of the SARS-CoV-2 virus: quasi-experimental evidence from Ger-
many. CReAM Discussion Paper Series 2022. Centre for Research and Analysis
of Migration (CReAM), Department of Economics, University College London;
2020.

27. https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-in-chil-
dren-and-the-role-of-school-settings-in-transmission-first-update_1.pdf.

28. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet 2020 Mar 28;395(10229):1054e62. https://doi.org/
10.1016/S0140-6736(20)30566-3.

29. UNESCO. Adverse consequences of school closures. 2021. Available at: https://en.
unesco.org/covid19/educationresponse/consequences. [Accessed 8 April 2021].

30. Jenssen BP, Kelly MK, Powell M, Bouchelle Z, Mayne SL, Fiks AG. COVID-19 and
changes in child obesity. Pediatrics 2021 Mar 2:e2021050123. https://doi.org/
10.1542/peds.2021-050123. Epub ahead of print. PMID: 33653879.

31. Araújo LA, Veloso CF, Souza MC, Azevedo JMC, Tarro G. The potential impact of
the COVID-19 pandemic on child growth and development: a systematic re-
view. J Pediatr (Rio J). 2020 Sep 23. https://doi.org/10.1016/j.jped.2020.08.008.
S0021-7557(20)30209-6. Epub ahead of print. PMID: 32980318; PMCID:
PMC7510529.

32. Bayham J, Fenichel EP. Impact of school closures for COVID-19 on the US
health-care workforce and net mortality: a modelling study. Lancet Publ Health
2020 May;5(5):e271e8. https://doi.org/10.1016/S2468-2667(20)30082-7.
Epub 2020 Apr 3. PMID: 32251626; PMCID: PMC7270508.

I.P. Simetin, M. Svajda, P. Ivanko et al. Public Health 198 (2021) 164e170

170

https://doi.org/10.1001/jamapediatrics.2020.4573
https://doi.org/10.1001/jamanetworkopen.2020.28786
https://doi.org/10.1001/jamanetworkopen.2020.28786
https://www.hzjz.hr/aktualnosti/covid-19-priopcenje-prvog-slucaja/
https://www.hzjz.hr/aktualnosti/covid-19-priopcenje-prvog-slucaja/
https://www.koronavirus.hr/vladine-mjere/101
https://www.koronavirus.hr/vladine-mjere/101
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref18
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref18
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref18
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref18
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref18
http://WHO/2019-nCoV/Adjusting_PH_measures/Schools/2020.2
http://WHO/2019-nCoV/Adjusting_PH_measures/Schools/2020.2
https://mzo.gov.hr/UserDocsImages/dokumenti/Modeli%20i%20preporuke%20za%20provedbu%20nastave%20u%202020-2021%20(29.8.2020).pdf
https://mzo.gov.hr/UserDocsImages/dokumenti/Modeli%20i%20preporuke%20za%20provedbu%20nastave%20u%202020-2021%20(29.8.2020).pdf
http://www.cezih.hr/pzz/dokumentacija/01_00_CEZIH_koncept_sustava.pdf
http://www.cezih.hr/pzz/dokumentacija/01_00_CEZIH_koncept_sustava.pdf
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref22
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref22
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref22
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref22
https://doi.org/10.1016/S1473-3099(20)30785-4
https://doi.org/10.1001/jama.2020.14348
https://doi.org/10.1001/jama.2020.14348
https://doi.org/10.1073/pnas.2008590117
https://doi.org/10.1073/pnas.2008590117
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref26
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref26
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref26
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref26
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref26
http://refhub.elsevier.com/S0033-3506(21)00300-0/sref26
https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-in-children-and-the-role-of-school-settings-in-transmission-first-update_1.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-in-children-and-the-role-of-school-settings-in-transmission-first-update_1.pdf
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://en.unesco.org/covid19/educationresponse/consequences
https://en.unesco.org/covid19/educationresponse/consequences
https://doi.org/10.1542/peds.2021-050123
https://doi.org/10.1542/peds.2021-050123
https://doi.org/10.1016/j.jped.2020.08.008
https://doi.org/10.1016/S2468-2667(20)30082-7


Short Communication

Do members of the public think they should use lateral flow tests
(LFT) or polymerase chain reaction (PCR) tests when they have
COVID-19-like symptoms? The COVID-19 Rapid Survey of Adherence
to Interventions and Responses study
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a b s t r a c t

Objectives: This study aimed to investigate public use of lateral flow tests (LFT) and polymerase chain
reaction (PCR) tests when experiencing key COVID-19 symptoms.
Study design: In this study, data from two waves of a cross-sectional nationally representative online
survey (data collected 1 and 2 June, and 14 and 15 June 2021; n ¼ 3665 adults aged �18 years living in
England or Scotland) were used.
Methods: We report data investigating which type of test, if any, the public think Government guidance
asks people to use if they have COVID-19 symptoms. In people with key COVID-19 symptoms (high
temperature / fever; new, continuous cough; loss of sense of smell; loss of taste), we also describe the
uptake of testing, if any.
Results: Ten percent of respondents thought Government guidance stated that they should take an LFT if
symptomatic, whereas 18% of people thought that they should take a PCR test; 60% of people thought
they should take both types of test (12% did not select either option). In people who were symptomatic,
32% reported taking a test to confirm whether they had COVID-19. Of these, 53% reported taking a PCR
test and 44% reported taking an LFT.
Conclusions: Despite Government guidance stating that anyone with key COVID-19 symptoms should
complete a PCR test, a significant percentage of the population use LFT tests when symptomatic. Com-
munications should emphasise the superiority of, and need for, PCR tests in people with symptoms.
© 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/).

Since 18 May 2020, guidance in the United Kingdom has been
that people with a new onset cough, high temperature, or loss of
taste or smell should receive a polymerase chain reaction (PCR) test
for COVID-19.1 In addition, since 9 April 2021, everyone in the
United Kingdom has been able to access free, rapid lateral flow tests
(LFTs) for COVID-19 for use when asymptomatic.2 In England and

Scotland, it is recommended that all adults should use an LFT twice
a week, with any positive LFT results requiring a follow-up PCR test
to confirm infection. Although the results of all LFTs conducted at
home should be reported on a Government website, in practice, it is
believed that most LFTs go unreported.3 How LFTs should be
incorporated into efforts to combat the pandemic has been a source
of controversy, with arguments played out across academic jour-
nals and the national media.4,5 Often missing from this debate are
any data on how tests are used in practice. Many members of the
public are uncertain as to the difference between PCR tests and LFTs
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and, despite warnings from the Government and NHS that people
should ‘… not use a rapid lateral flow test if you have COVID-19
symptoms. Get a PCR test and self-isolate’,6 it is clear that some
people do indeed use LFTs to check their symptoms.

To assess current public usage of tests, we analysed data from
the CORSAIR study (COVID-19 Rapid Survey of Adherence to In-
terventions and Responses study). This is a series of nationally
representative (UK) cross-sectional surveys, conducted by BMG
data on behalf of the Department of Health and Social Care.7 This
work was conducted as part of service evaluation of the marketing
and communications run by the Department of Health and Social
Care and, following advice from King's College London Research
Ethics Subcommittee, was exempt from ethical approval. For this
study, we used a sample of 3665 adults aged �18 years living in
England or Scotland from two survey waves, collected 1 and 2 June,
and 14 and 15 June 2021.

Participants were asked what they thought Government advice
was if they had symptoms of COVID-19 (true/false statements).
Only 17.8% of people selected that they should take a PCR test, 10.0%
thought they should take an LFT, and 60.0% thought they should
take both types of test (Table 1). Twelve percent of people did not
select either option.

Among people who reported that they had developed a new,
continuous cough, high temperature / fever, or loss of sense of smell
or taste in the last 10 days (n ¼ 185), 31.9% (95% confidence interval
[CI] 25.1%e38.7%, n¼ 59) reported taking a test to confirmwhether
they had COVID-19. Of those, 52.5% (95% CI 39.4%e65.7 %, n ¼ 31/
59) reported taking a PCR test, and 44.1% (95% CI 31.0%e57.1%,
n ¼ 26/59) reported taking an LFT. Two people did not know what
type of test they took. We did not include a ‘both’ option for this
item.

Our findings suggest that intended and actual testing behav-
iours in the public are out of step with Government recommen-
dations. Our previous work has suggested that only 20% of people
with COVID-19-like symptoms requested a test for COVID-19 in the
United Kingdom,7 although among those who have reason to
believe they have been exposed to infection, this percentage is
likely to be higher.8 The easy accessibility of LFTs, 30 min turn-
around time, and lack of compulsion to formally register the test
with the Government (and hence self-isolate if the result is posi-
tive) probably make LFTs a more attractive option than PCR for
some people. What the net effect of this is on rates of transmission
is unclear. If LFTs are used instead of PCR by symptomatic people
who would otherwise have requested a PCR test, their lower
sensitivity reduces the chances of an accurate diagnosis.4 On the
other hand, if LFTs are used by people who would not otherwise
have sought a test, and a positive result leads to a reduction in
behaviours associated with transmission, then this would be a
beneficial outcome. The use of an LFT among symptomatic people
who have already requested a PCR test is unclear. At present,
adherence to self-isolation among peoplewho seek a PCR test tends
to be weakest in the period between symptom onset and receiving
a test result.9 If a positive LFT result during this period encourages
more people to self-isolate, this may reduce transmission.

Conversely, a false-negative result at this point may reduce
adherence in some, offsetting this impact, although the findings
from elsewhere suggest reduced adherence as a result of false
reassurance is relatively uncommon.10

Modelling is required to quantify the impact of testing behav-
iours. Until then, good communicationwith the public emphasising
the superiority of PCR tests when symptomatic remains important.

Author statements

Ethical approval

This work was conducted as part of service evaluation of the
marketing and communications run by the Department of Health
and Social Care and, following advice from King's College London
Research Ethics Subcommittee, was exempt from ethical
approval.

Funding

This work was funded by the National Institute for Health
Research (NIHR) Health Services and Delivery Research pro-
gramme. Surveys were commissioned and funded by the Depart-
ment of Health and Social Care (DHSC), with the authors providing
advice on the question design and selection. L.S., R.A., and G.J.R. are
supported by the National Institute for Health Research Health
Protection Research Unit (NIHR HPRU) in Emergency Preparedness
and Response, a partnership between Public Health England, King's
College London, and the University of East Anglia. R.A. is also sup-
ported by the NIHR HPRU in Behavioural Science and Evaluation, a
partnership between Public Health England and the University of
Bristol. HWWP receives funding from Public Health England and
NHS England. NTF is partly funded by a grant from the UK Ministry
of Defence. The views expressed are those of the authors and not
necessarily those of the NIHR, Public Health England, the Depart-
ment of Health and Social Care or the Ministry of Defence.

Role of the funding source

NIHR and DHSC had no role in analysis, decision to publish, or
preparation of the article. Preliminary results were made available
to DHSC and the UK's Scientific Advisory Group for Emergencies.

Competing of interests

All authors had financial support from NIHR for the submitted
work. R.A. is an employee of Public Health England; HWWP re-
ceives additional salary support from Public Health England and
NHS England; NTF is a participant of an independent group
advising NHS Digital on the release of patient data. All authors are
participants of the UK's Scientific Advisory Group for Emergencies
or its subgroups. There are no other financial relationships with any
organisations that might have an interest in the submitted work in

Table 1
Understanding of Government guidance on testing if you have symptoms of COVID-19.

The Government has issued advice on how people should help prevent the spread of coronavirus if they have symptoms. If you have
symptoms of coronavirus, you: (total n ¼ 3665)

Selected ‘true’, % (95% CI) N

Should take a rapid ‘lateral flow’ coronavirus test (results within 30 min) 10.0 (9.1e11.0) 368
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a b s t r a c t

Objectives: Ensuring access to care for all patientsdespecially those with life-threatening and chronic
conditionsdduring a pandemic is a challenge for all healthcare systems. During the COVID-19 pandemic,
many countries faced excess mortality partly attributed to disruptions in essential healthcare services
provision. This study aims to estimate the utilization of public primary care and hospital services during
the COVID-19 epidemic in Greece and its potential associationwith excess non-COVID-19 mortality in the
country.
Study design: This is an observational study.
Methods: A retrospective analysis of national secondary utilization and mortality data from multiple
official sources, covering the first nine months of the COVID-19 epidemic in Greece (February 26th to
November 30th, 2020), was carried out.
Results: Utilization rates of all public healthcare services during the first nine months of the epidemic
dropped significantly compared to the average utilization rates of the 2017e19 control period; hospital
admissions, hospital surgical procedures, and primary care visits dropped by 17.3% (95% CI: 6.6%e28.0%),
23.1% (95% CI: 7.3%e38.9%), and 24.8% (95% CI: 13.3%e36.3%) respectively. This underutilization of
essential public servicesdmainly due to supply restrictions such as suspension of outpatient care and
cancelation of elective surgeriesdis most probably related to the 3778 excess non-COVID-19 deaths
(representing 62% of all-cause excess deaths) that have been reported during the first 9 months of the
epidemic in the country.
Conclusions: Greece's healthcare system, deeply wounded by the 2008e18 recession and austerity, was
ill-resourced to cope with the challenges of the COVID-19 epidemic. Early and prolonged lockdowns have
kept COVID-19 infections and deaths at relatively low levels. However, this “success” seems to have been
accomplished at the expense of non-COVID-19 patients. It is important to acknowledge the “hidden
epidemic” of unmet non-COVID-19 needs and increased non-COVID-19 deaths in the country and ur-
gently strengthen public healthcare services to address it.

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

Introduction

The COVID-19 pandemic poses enormous challenges on health
systems around theworld, testing their preparedness in controlling
the spread of the epidemic and managing its social and health
consequences in a constantly changing environment. As far as
healthcare services are concerned, this “dynamic preparedness”
challenge entails their ability to manage COVID-19 morbidity

effectively while ensuring unobstructed access to essential health
services for all non-COVID-19 patients.1

Keeping the appropriate balance among restrictive measures
for controlling the epidemic, shifting and scaling up healthcare
resources for treating COVID-19 patients, and sustaining essen-
tial healthcare services for all other patients are complex tasks.
During the pandemic, most countries have been reporting
serious disruptions in the delivery of services and low utiliza-
tion rates of even essential healthcare services,2 such as emer-
gency department attendances and all-medical hospital
admissions.3,4

These sharp declines in healthcare services utilization have
been interpreted in various ways. Some researchers suggest that
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such declines may reflect the lower incidence of certain diseases
during the pandemic, such as respiratory infections and car-
diovascular events due to reduced air pollution and behavioral
changes (more exercise, home-prepared meals) related to stay-
at-home orders, and fewer injuries from work and traffic acci-
dents related to social isolation measures such as lockdowns.4

Others suggest that the observed declines in services utiliza-
tion can be explained as the result of supply restrictions (e.g.
cancelation of elective care, repurposing of essential services
like intensive care units (ICU) to COVID-19 ones, and redeploy-
ment of health workers to COVID-19 clinics) and increased
barriers to access (e.g. patients not presenting to outpatient care
due to fear of infection, explicit instructions for patients to avoid
face-to-face clinical care, patients' difficulties in traveling to
healthcare facilities using public transport, and financial barriers
that hinder access to care). These problems may lead to delayed
or inadequate treatment of conditions that might result in
excess non-COVID-19 mortality.1e4

COVID-19 epidemic and public health and healthcare response
in Greece

The COVID-19 epidemic in Greece started on February 26, 2020,
with imported cases initially from Italy and later from Israel. The
early introduction of social distancing measures in early March
and the timely introduction of a general stay-at-home order
(lockdown) quickly resulted in the control of the first epidemic
wave of COVID-19, keeping infected, hospitalized cases and related
deaths at relatively low levels compared to other EU countries.5

After 42 days of lockdown, restrictive measures were gradually
withdrawn starting with the lifting of the stay-at-home order on
May 4, 2020, and the full restoration of cross-country mobility
(opening for travel and tourism) on July 1, 2020. The second
epidemic wave in Greece started in early August and slowly
escalated to an exponential increase in ICU cases and COVID-19
related deaths all through November and early December. In
response to this second severe epidemic wave, public health au-
thorities introduced a second nationwide lockdown on November
7, 2020.

The Greek healthcare system was heavily impacted by the
2008e2018 recession and the neoliberal Economic Adjustment
Programme that the country implemented as part of its loan
agreement with the “Troika”, a coalition of the International
Monetary Fund, European Commission, and European Central
Bank.6 Being ill-prepared and poorly resourced, the Greek public
healthcare system responded to the ongoing epidemic crisis by
ceasing most of its regular activities and redirecting available re-
sources to COVID-19 treatment in order to avoid being over-
whelmed by the sudden increase in the demand for care.5 During
the first epidemic wave on March 11, 2020, 10 days before the first
lockdown, elective surgeries and outpatient departments in public
hospitals treating patients with chronic diseases were suspended,
surgical departments and ICUs were repurposed for treating
COVID-19 patients, primary care centers downsized their clinical
activities due to the lack of guidelines and personal protective
equipment, and primary healthcare workers were redeployed to
NHS hospitals.5 These supply restrictions for non-COVID-19 pa-
tients were partly counterbalanced by the introduction of tele-
medicine and e-prescription services in early April and publicly
reimbursed referrals of non-COVID-19 hospitalized patients from
public hospitals to private clinics. Disruptions in public clinical
services were restored eventually in June. During the second
epidemic wave, on October 9, 27 days before the second general
lockdown, the above supply restrictions were gradually
reintroduced.

Utilization of public healthcare services and excess mortality
in Greece

From January to November 2020, Greece experienced 74 days of
lockdown and almost 120 days of full or partial suspension of public
elective care services.

During these 9 months, according to nationwide aggregated
data from the Greek Ministry of Health, utilization of essential
public hospital services reduced significantly compared to the
average respective period of 2017e19. All-medical admissions in
public hospitals dropped by 17.3% (95% CI: 6.6%e28.0%), visits to
emergency and non-emergency public hospital departments
declined by 30.4% (95% CI: 18.2%e42.7%) and 33.3% (95% CI: 16.0%e
50.5%) respectively, while 23.1% (95% CI: 7.3%e38.9%) fewer surgical
procedures were carried out in public hospitals compared to the
control period (Fig. 1A, Supplementary Table S1).

It is estimated that approximately 3.9 million outpatient visits,
253 thousand admissions, and 108 thousand surgical procedures
have been missed in Greek public hospitals during the pandemic,
compared to the expected ones based on the pre-COVID-19 trends
(Supplementary Table S1).

These significant declines in hospital services utilization were
not counterbalanced by the increased use of primary care services;
visits to public primary care centers dropped by 24.8% (95% CI:
13.3%e36.3%) between January and November 2020 compared to
the control period (Fig. 1A, Supplementary Table S1).

The most significant declines in public health services utilization
(e.g. up to 81% reduction for non-emergency visits and65%decline for
surgeries) took place between MarcheMay and OctobereNovember
2020, periods that coincide with the cessation of elective services in
public hospitals and the introduction of social isolation measures
(Fig. 1A).

In Greece, according to weekly official data from the Hellenic
Statistical Authority, 6100 more deaths have been reported during
the period February 26 to November 29, 2020, compared to the
expected deaths based on the average respective period of
2015e2019 (Fig. 1B, Supplementary Table S2). In other words, the
observed all-cause deaths during the first two epidemic waves in
the country increased by 6.8% compared to the expected ones.

Of these excess deaths, 62% (3779 deaths) are not directly
related to COVID-19 infection. Themajority of non-COVID-19 excess
deaths (61.0%; 2305 deaths) occurred betweenMay 6 and October 6
(ISO weeks 19e41 in Fig. 1B).

Discussion

Excess mortality has been reported in several countries during
the pandemic. For example, during the first epidemic wave, Italy
and England were reporting excess deaths, 20% and 25% of which
respectively could not be directly attributed to COVID-19 infec-
tion.7,8 Excess non-COVID-19 deaths typically can either be related
to underreporting of COVID-19 deaths (especially if observed dur-
ing COVID-19 resurgences) and/or inadequatemanagement of non-
COVID-19 diseases.

In Greece, excess non-COVID-19 deaths represent the majority
(62%) of excess mortality reported during the first nine months of
the epidemic in the country. Most of these excess non-COVID-19
deaths took place during summer and autumndbetween the two
epidemic waves in the countrydwhen levels of SARS-CoV-2 spread
in the community were very low, suggesting that they cannot be
attributed to the under-certification of COVID-19 deaths.

In contrast, the sharp nationwide declines in the utilization of
essential public hospital and primary care services reported in this
study suggest that excess non-COVID-19 deaths in Greece are most
probably related to the inadequate treatment of chronic or life-
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threatening conditions. Earlier studies from Greece, using small
samples, have reported serious disruptions in the provision of
critical care, in line with this hypothesis. For example, studies from
Greek public hospitals and specific public hospital departments
have reported significant drops in cardiac surgical procedures9 and
significant drops in emergency department visits for patients with
critical conditions such as cancer, confirmed or suspected hemor-
rhage, and acute cardiovascular events.10

Future research (when data on causes of mortality become
available) will shed more light on the origin of the observed excess
mortality in Greece. However, this early evidence suggests that the
majority of excess deaths in the country are most probably asso-
ciated with the underutilization of public healthcare services dur-
ing the epidemic mainly due to supply restrictions and accessibility
barriers.

Greece's health response to the COVID-19 epidemic has often
been presented as a “success story”. However, these early findings

demonstrate how an ill-resourced health system, after years of
austerity, can lose balance while coping with a public health threat,
sacrificing access to essential health services for chronic patients
that mostly depend on them in order to cope with the epidemic.
Acknowledging this “hidden epidemic” of unmet non-COVID-19
healthcare needs and consequent excess deaths is of vital impor-
tance and urgency. Strengthening public hospital services provision
and scaling up primary healthcare are necessary prerequisites for
ensuring safe and unobstructed access to care for all patients,
including those with non-COVID-19 related conditions.
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Fig. 1. (A) Public healthcare services utilization in Greece (Jan 1eNov 30, 2020), compared to the average respective time period of 2017e19 (B) Excess deaths in Greece (ISO weeks
9e48; Feb 22eNov 29, 2020), compared to the average respective time period of 2015e2019. Notes and Sources: (A) Authors' calculations are based on monthly aggregated data
from all public hospitals and public primary care centers in Greece, as reported by the Greek Ministry of Health. Data were grouped by the type of facility (hospital vs primary care)
and the type of service (emergency or non-emergency hospital visits, hospital admissions and surgical procedures, and total primary care visits), and utilization rates were
calculated for each month from January until November 2020. The control period covers the average monthly utilization rates during the period 2017e19. (B) Authors' calculations
are based on weekly data of all-cause deaths as reported by the Hellenic Statistical Authority and daily data of COVID-19 deaths as reported by the National Public Health
Organisation in Greece. Excess non-COVID-19 deaths were calculated by extracting COVID-19 deaths from total all-cause excess deaths. The control period covers the average
weekly all-cause deaths during the period 2015e19.
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a b s t r a c t

Objectives: Working from home where possible is important in reducing the spread of COVID-19. In early
2021, a quarter of people in England who believed they could work entirely from home reported
attending their workplace. To inform interventions to reduce this, this study examined associated factors.
Study design: Data from the ongoing COVID-19 Rapid Survey of Adherence to Interventions and Re-
sponses survey series of nationally representative samples of people in the UK aged 16þ years in January
eFebruary 2021 were used.
Methods: The study sample was 1422 respondents who reported that they could work completely from
home. The outcome measure was self-reported workplace attendance at least once during the preceding
week. Factors of interest were analysed in three blocks: 1) sociodemographic variables, 2) variables
relating to respondents’ circumstances and 3) psychological variables.
Results: 26.8% (95% confidence interval [CI] ¼ 24.5%e29.1%) of respondents reported having attended
their workplace at least once in the preceding week. Sociodemographic variables and living circum-
stances significantly independently predicted non-essential workplace attendance: male gender (odds
ratio [OR] ¼ 1.85, 95% CI ¼ 1.33e2.58); dependent children in the household (OR ¼ 1.65, 95% CI ¼ 1.17
e2.32); financial hardship (OR ¼ 1.14, 95% CI ¼ 1.08e1.21); lower socio-economic grade (C2DE; OR ¼
1.65, 95% CI ¼ 1.19e2.53); working in sectors such as health or social care (OR ¼ 4.18, 95% CI ¼ 2.56
e6.81), education and childcare (OR ¼ 2.45, 95% CI ¼ 1.45e4.14) and key public service (OR ¼ 3.78, 95%
CI ¼ 1.83e7.81) and having been vaccinated (OR ¼ 2.08, 95% CI ¼ 1.33e3.24).
Conclusions: Non-essential workplace attendance in the UK in early 2021 during the COVID-19 pandemic
was significantly independently associated with a range of sociodemographic variables and personal
circumstances. Having been vaccinated, financial hardship, socio-economic grade C2DE, having a
dependent child at home and working in certain key sectors were associated with higher likelihood of
workplace attendance.
© 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

Workplaces have been identified as settings for the spread of
COVID-19,1,2 with outbreaks and clusters being reported in a variety
of occupational settings in the UK and Europe.3 Factors associated
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with workplace outbreaks have been found to include occupations
associated with low socio-economic status, workers in essential
settings who cannot work from home and workplaces without
robust ‘COVID-19esafe’ policies and procedures.1 Understanding
the factors that contribute to people attending the workplace when
they do not need to will inform interventions to reduce this
practice.

In the UK, national lockdown restrictions were interspersed
with regional tiered restrictions to reduce the nature and extent of
interpersonal contacts that lead to infectious disease transmission.
These restrictions have taken various forms and have had varied
effects, with stringent restrictions shown to outperform more
relaxed restrictions in terms of their impact on behaviour, hospi-
talisations and deaths.4 It is therefore likely that contact between
people in workplaces contributes to transmission within work-
places and betweenworkplaces and homes.5 Indeed, 40% of people
testing positive for COVID-19 reported prior workplace or educa-
tion activity, and the emergence of clusters has been interpreted to
be the result of widespread failure to control risks of airborne and
surface transmission in workplaces.6,7

In many cases, attending the workplace is not essential, either
because workers can be furloughed or because people can work
from home. However, in the lockdown in early 2021, the third
lockdown in England, the Office for National Statistics reported that
48% of working-age adults had travelled towork at least once in the
past seven days,8 compared with 37% in the first lockdown in May
2020.9 This may have been associated with more furlough requests
having been turned down.10

Concern has been raised that many people who are attending
work at present do not need to do so and could instead work from
home.11 The UK COVID-19 Rapid Survey of Adherence to In-
terventions and Responses [CORSAIR] national survey of 2000
people found that in February 2021, 35% of those who could work
fromhome had been out towork at least once in the previous week,
with 12% at least five times.12 A national poll of nearly 1000 em-
ployees commissioned by the Trades Union Congress (TUC) and
conducted by YouGov found that 19% of those still working were
going into offices or other workplaces for part or all of their
working week despite being able to work from home.13 The main
reason given was pressure from employers (40%).

There may be many factors influencing workplace attendance
when homeworking is possible. These may include factors relating
to sociodemographic characteristics such as age, gender and ethnic
group. For example, young people may perceive themselves to be
less at risk from COVID-19 and therefore are more likely to attend
their workplace. Second, they may include factors relating to peo-
ple's circumstances, for example, the type of job that they do or
their living circumstances. For example, people may feel pressure
from their employer to attend the workplace or worried about
losing their job if they work from home, or they may be able to
work from home but not have adequate equipment to make this
easy. And third, theymay include factors relating to knowledge and
attitudes, for example, being less concerned about the harmfulness
of COVID-19 after vaccination.

Uptake of vaccination has been high in the UK, unlike in some
other countries.14 The rollout of the vaccination programme in the
UK has raised concerns that it may create a sense of reassurance
about getting, being harmed by and spreading COVID-19 and that
this may lead to more risky behaviours.15 This concern arose from
evidence of risk compensation and reduced protective behaviours
after vaccination from other programmes,16,17 in addition to the UK
survey finding that 29% of respondents said that they would adhere
less strictly than before vaccination18 and 22% said they believed
that those who had been vaccinated should not be subject to any
more coronavirus restrictions.19 Real-world data have shown spikes

in infection rates in the nine days after vaccination in both Israel20

and the UK,21 with some suggesting that this may reflect more risky
behaviours after vaccination.22

Understanding factors influencing non-essential workplace
attendance during a critical period in the COVID-19 pandemic in
the UK could provide useful information to inform interventions
aimed at reducing it. This study aimed to examine factors associ-
ated with attending the workplace amongst those who could work
entirely from home. To do this, we analysed data from the CORSAIR
study, designed to collect information during the pandemic to help
inform policies and interventions.23 This is an ongoing series of
surveys carried out weekly or fortnightly with nationally repre-
sentative samples of UK-based adults. Questions are added in
specific waves to address issues of concern at that time.

The variables of interest were analysed according to a model
whereby the sociodemographic factors may be expected to have
their effect through, and be supplemented by, situational factors
which may, in turn, have their effect through and be supplemented
by psychological factors. In practice, because it is not possible to
measure all the potential predictors of unnecessary workplace
attendance with sufficient accuracy, the more distal factors may
independently predict attendance, operating through more prox-
imal factors that have not been measured or have not been
measured with sufficient precision.

The research question addressed by this study was which vari-
ables independently predict non-essential workplace attendance in
terms of 1) sociodemographic factors only, 2) sociodemographic
factors, personal circumstances and situational factors and 3)
sociodemographic factors, personal circumstances and psycholog-
ical factors?

Methods

Design

The study used data from an ongoing series of cross-sectional
online surveys, conducted by BMG Research, a Market Research
Society Company Partner, on behalf of the Department of Health
and Social Care. The survey began in January 2020 and has
continued into 2021 either weekly or fortnightly. Further details are
described in the study by Smith et al.23 Three waves of the survey
were used in which a question about working from home was
included: 25e26 January 2021, 8e9 February 2021 and 22e23
February 2021 (waves 42, 43 and 44). Because of the need for rapid
turnaround for data collection during a rapidly evolving crisis, the
surveys used standard opinion polling methods including non-
probability sampling, an approach common within market
research, political polling and social science. Quota samples aim to
minimise bias by filling predetermined targets so that the social
and demographic characteristics of the participants match the
national population. As such, participants who belong to a quota
that has already been met are prevented from completing the
survey. Therefore, response rate is not a useful indicator of response
bias in quota samples.

Setting

United Kingdom.

Participants

The sample included those who said they could fully work at
home, recruited from two specialist online panel providers,
Respondi and Savanta.23 Participants were eligible for the study if
theywere aged 16 years or older and lived in the UK. If a respondent
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completed the survey, they were unable to participate in the
following three waves. Quotas were applied based on age and
gender (combined) and reflected targets based on data from the
Office for National Statistics.24 Therefore, the sociodemographic
characteristics of participants in each survey wave were broadly
similar to those in the UK general population. Participants were
reimbursed in points which could be redeemed in cash, gift
vouchers or charitable donations (up to 70p per survey). The total
sample from the three survey waves was 6033, of whom 3271 re-
ported that they were in work. Of these, 1422 reported that they
could fully work at home, and this formed the sample for the
present study.

Measures

For the outcome measure, participants were asked to ‘Please
enter the number of times you have been out of your home in the
last seven days, for each of the following reasons’with ‘to go out to
work’ listed as one of the reasons. Responses were dichotomised
into any workplace attendance (1) versus none (0). Because the
sample had reported that they could work fully at home, we have
taken this as a measure of non-essential workplace attendance.

Potential predictor variables were 1) sociodemographic vari-
ables (gender, age, educational level, ethnic group,25 English not as
first language, Government Office Region in England plus Scotland,
Wales and Northern Ireland, survey wave), 2) variables relating to
the respondents’ circumstances (marital status, living alone, having
a dependent child in the household, employment status, manual
occupation of main earner [socio-economic grade C2DE26], working
in one of a number of potentially risky types of workplace, Index of
Multiple Deprivation in quartiles,27 COVID-19erelated financial
hardship, having a chronic illness that heightens risk of severe
illness from COVID-19, having a household member who has a
chronic illness, having been vaccinated) and 3) psychological vari-
ables (worry about COVID-19, perceived risk to self from COVID-19,
believing that one has had COVID-19, belief that government in-
formation on COVID-19 is biased and willingness to leave home if
they had symptoms). Full details of all the measures are provided in
the Supplementary file.

The categories used in the question onwork sector were chosen
to identify those who work in a key occupational sector. People
were asked to ‘indicate if youwork in any of the following sectors or
roles? Please include any voluntary work’. This categorisation may
thus not represent a person's main employment.

Ethics

This work was conducted as part of service evaluation of the
marketing and communications run by the Department of Health
and Social Care and so did not require ethical approval.

Patient and public involvement

Lay members served on the advisory group for the project that
developed our prototype survey material; this included three
rounds of qualitative testing. Owing to the rapid nature of this
research, the public was not involved in the further development of
the materials during the COVID-19 pandemic.

Power

The sample size of approximately 1400 (depending on the
analysis) provided >90% power to detect an odds ratio (OR) rep-
resenting a ‘small’ effect size (f2 ¼ 0.02) with 2-tailed alpha of 0.05

in a multivariable regression with 24 potential predictor variables
entered together.

Analysis

The sample was weighted by age, gender and Government Of-
fice Region to match the UK population aged 16þ years. The full
weighted sample size was 1428. Missing values were excluded on
an analysis-by-analysis basis leading to smaller sample sizes in
some cases. Frequencies and percentages were calculated for
prevalence, and multivariable logistic regressions were undertaken
to determine associations between the primary outcome and pre-
dictor variables.

First, all predictor variables in Block 1 (sociodemographic vari-
ables) were entered. Then, variables from Block 2 (respondents’
circumstances) were added to the model. Then, variables from
Block 3 (psychological variables) were added.

The analyses plan was not preregistered, and so the analyses
should be considered exploratory.

Results

Of a weighted sample of 1428, 26.7% (n ¼ 382, 95% confidence
interval [CI] ¼ 24.5e29.1) attended the workplace in the preceding
seven days. Table 1 shows the characteristics of the sample, overall
and by attendance at their workplace.

Table 2 shows the results of the multivariable logistic regression
analysis in the three blocks. In the first block, age, gender, ethnic
group and educational level were predictive of workplace atten-
dance. With the addition of the second block, age and educational
level were no longer significant predictors of workplace atten-
dance, while having dependent children at home, socio-economic
grade C2DE, financial hardship, having been vaccinated and work-
ing in a certain sectors (health and social care, education and
childcare, key public services, food and essential goods, public
safety and security and transport) were associated with higher
likelihood of workplace attendance. Working part-time or being
self-employed was associated with lower likelihood of workplace
attendance. None of the psychological variables included were
significantly associated with workplace attendance.

Discussion

A substantial percentage of the UK population were attending
their workplace in early 2021 even though they reported being able
to work fully from home, contrary to UK Government guidance.28

Our estimate (27%) is similar to that reported by another survey
also conducted in January to February 2021, which found that 31% of
working adults were working on business premises.29 This suggests
that there may be scope for reducing transmission by reducing the
prevalence of this behaviour. Having been vaccinated, financial
hardship, socio-economic grade C2DE, having a dependent child at
home and working in certain key sectors were associated with
higher likelihood of workplace attendance. Women were less likely
to attend the workplace than men. These findings showing that
different sociodemographic groups have been affected very differ-
ently by the pandemic, even within occupational groups such as
scientists, are consistent with findings beyond the UK.30,31 Several of
the predictors of workplace attendance could reflect targets for in-
terventions aimed at reducing COVID-19 transmission.

The association between financial hardship and workplace
attendance could mean that people who are struggling to meet
their living costs feel greater pressure to attend than others. This
may reflect a more precarious working environment, and there is
evidence of employer pressure playing a role. The TUC has said that
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Table 1
Participant characteristics and comparison of those attending and not attending their workplace.

Variable Attended workplacea

% (n)
Did not attend workplacea

% (n)
Allb,c

% (n)

Block 1: sociodemographic variables
Wave, % (n)
Wave 1 (25e26 January 2021) 25.7 (132) 74.3 (382) 36.0 (514)
Wave 2 (8e9 February 2021) 25.1 (114) 74.9 (341) 31.9 (455)
Wave 3 (22e23 February 2021) 29.5 (135) 70.5 (323) 32.1 (458)

Region, % (n)
East Midlands 25.8 (24) 74.2 (69) 6.5 (93)
East of England 22.1 (30) 77.9 (106) 9.5 (136)
London 37.2 (108) 62.8 (182) 20.3 (290)
North East 29.4 (15) 70.6 (36) 3.6 (51)
North West 28.4 (42) 71.6 (106) 10.4 (148)
Northern Ireland 26.5 (9) 73.5 (25) 2.4 (34)
Scotland 20.6 (27) 79.4 (104) 9.2 (131)
South East 15.5 (26) 84.5 (142) 11.8 (168)
South West 21.7 (20) 78.3 (72) 6.4 (92)
Wales 26.8 (15) 73.2 (41) 3.9 (56)
West Midlands 28.8 (38) 71.2 (94) 9.2 (132)
Yorks & Humber 27.6 (27) 72.4 (71) 6.9 (98)

Gender, % (n)d

Female 19.8 (125) 80.2 (505) 44.2 (630)
Male 32.2 (256) 67.8 (538) 55.8 (794)

Age, mean (SD)d 36.5 (11.6) 42.1 (13.1) 40.6 (13.0)
Educational level, % (n)
Non-degree level 26.5 (177) 73.5 (492) 46.8 (669)
Degree level 27.0 (205) 73.0 (554) 53.2 (759)

Ethnic group, % (n)d

White British 24.0 (271) 76.0 (856) 79.2 (1127)
White ethnic minorities 35.2 (37) 64.8 (68) 7.4 (105)
Ethnic minorities (excluding White minorities) 38.2 (73) 61.8 (118) 13.4 (191)

Language, % (n)
English as 1st language 25.8 (327) 74.2 (941) 88.7 (1268)
English not as 1st language 34.2 (55) 65.8 (106) 11.3 (161)

Block 2: Personal circumstances
Marital status, % (n)
Not married/partnered 24.9 (120) 75.1 (362) 33.9 (482)
Married/partnered 27.4 (258) 72.6 (682) 66.1 (940)

Living social status, % (n)
Live with other(s) 27.3 (327) 72.8 (873) 84.0 (1200)
Live alone 24.0 (55) 76.0 (174) 16.0 (229)

Children at home, % (n)d

No dependent children 18.2 (140) 81.8 (628) 53.8 (768)
Dependent children 36.7 (242) 63.3 (418) 46.2 (660)

Employment status, % (n)d

Full-time 29.0 (339) 71.0 (828) 81.7 (1167)
Part-time 15.5 (24) 84.5 (131) 10.9 (155)
Self-employed 17.9 (19) 82.1 (87) 7.4 (106)

Socio-economic grade, % (n)d

Non-manual occupation 21.7 (234) 78.3 (846) 76.5 (1080)
Manual occupation 43.4 (144) 56.6 (188) 23.5 (332)

Work sector, % (n)d

Other 15.4 (103) 84.6 (564) 46.7 (667)
Health & social care 53.0 (105) 47.0 (93) 13.9 (198)
Education & childcare 33.6 (45) 66.4 (89) 9.4 (134)
Key public service 43.3 (26) 56.7 (34) 4.2 (60)
Local & national govt 18.6 (18) 81.4 (79) 6.8 (97)
Food & essential goods 37.0 (20) 63.0 (34) 3.8 (54)
Public safety & security 44.0 (11) 56.0 (14) 1.7 (25)
Transport 38.1 (16) 61.9 (26) 2.9 (42)
Utilities, comms & finance 25.0 (38) 75.0 (114) 10.6 (152)

Index of multiple deprivation, % (n)
1st quartile (lowest) 21.1 (62) 78.9 (232) 20.6 (294)
2nd quartile 23.1 (83) 76.9 (277) 25.2 (360)
3rd quartile 24.2 (93) 75.8 (291) 26.9 (384)
4th quartile (highest) 37.1 (145) 62.9 (246) 27.4 (391)
Financial hardship, mean (SD, n) 9.50 (3.01, 371) 7.75 (2.92, 1016) 8.21 (3.05, 1387)

Chronic illness of self, % (n)
No chronic illness 25.5 (306) 74.5 (894) 85.5 (1200)
Chronic illness 34.5 (70) 65.5 (133) 14.5 (203)
Chronic illness of household member, % (n)
No chronic illness 26.8 (330) 73.2 (903) 87.9 (1233)
Chronic illness 27.1 (46) 72.9 (124) 12.1 (170)

Vaccination status, % (n)d

Not been vaccinated 23.1 (277) 76.9 (921) 84.0 (1198)

(continued on next page)
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people who could work from home should not be pressured to
attend workplaces, nor should they be given the option of doing so
voluntarily.10 Increasing job security and reducing employer pres-
sure could be addressed by government regulation. Greater finan-
cial and practical support for those asked to isolate could reduce
those going out to work: findings from the CORSAIR study show
that more than half of those even with symptoms are not isolating
for the full period, and going out to work is one of the reasons
given.22 In terms of the association with the presence of a depen-
dent child in the household, it is notable that this exists even after
adjusting for multiple financial variables within the data set.23 We
note that the mental health of parents was affected by the first
lockdown in the UK,32 which is consistent with other findings.33

One explanation may be that some parents attend work partly in
order to reduce distress within the household. Another may be that
although they can work at home when children are at school, they
cannot do so easily when children are at home.

In April 2020, believing one had already had COVID-19 was
shown to be associated with perceptions of immunity against the
virus and reduced adherence to several protective behaviours in
one UK sample.34 Although we did not observe an association be-
tween perceptions of prior infection and attending work, our
findings of a positive association between reports of having been
vaccinated and workplace attendance suggests that perceptions of
immunity arising from the vaccine are now playing a similar role.
Although the rollout of the vaccination programme in the UK has
been rapid and is widely considered a success, there have been
reported gaps in the provision of verbal and accessible written in-
formation explaining that immunity would take three weeks to
build up, would be partial and it was possible that people could
continue to be infectious, especially before the second dose. The
absence of this information may be associated with a recent in-
crease in self-reported breaches of current lockdown restrictions
amongst older adults who were among the first to be vaccinated,
where 41% of those older than 80 years reported having met
someone outside of their household and support bubble less than 3
weeks after vaccination.35 A month or so into the programme, NHS
England has provided scripts, posters and an animation for use
alongside the vaccination programme.36 Hopefully, this will go
some way to reducing the increased risky behaviours that can
follow vaccination.

Increased workplace attendance in certain sectors suggests that
these sectors may be considered for targeted interventions. In the
case of health and social care, education and childcare and some
other sectors, it could be that the fact that many front-line workers
in these sectors need to attend theworkplace leading to a culture in

which other workers feel compelled to do so even if this is not
necessary, something that may also have wider implications for
attendance while sick.33 Personal communication suggests that
another key reason for health and social care employees who could
work at home not to do so is the lack of adequate digital technology
for their work. This merits further examination.

In the UK, the Government's roadmap out of our third lockdown
specifies a sequence of changes, starting with the reopening of
schools and progressing to the removal of all legal limits on social
contact. The need to proceed slowly through these changes has
been emphasised repeatedly. Ensuring that a large number of
people who canwork from home do so is one key measure that can
be taken to keep control of the pandemic as restrictions are eased.
Given the importance of schools remaining open and the predicted
increased transmission from children being at school,37 it is
imperative that other measures are taken to keep COVID-19 under
control. Providing a large number of peoplewith themeans towork
at home when this is possible is one such measure, especially
because this would reduce people interacting both in workplaces
and on transport.

The limitations of our study include the following: 1) it relies on
self-report which may cause reporting bias, particularly concerning
whether work can be completed entirely from homee it is possible
that although our respondents reported that they believed they
could work from home, we do not know the circumstances of their
employment to know whether this reflects the requirements of
their role, 2) use of an online sample which, even though has been
weighted to match major demographic features of the UK popu-
lation, may nevertheless not be fully representative, 3) collinearity
among predictors and 4) possible omission of other relevant vari-
ables. In relation to the latter point, research on broader contextual
factors such as values and political orientations would provide
another layer of understanding for the current findings.38,39

Conclusions

Non-essential workplace attendance in the UK in early 2021
during the COVID-19 pandemic was substantial and significantly
independently associated with a wide range of sociodemographic
variables and personal circumstances. Having been vaccinated,
financial hardship, manual occupational group, having a dependent
child at home and working in certain key sectors were associated
with higher likelihood of workplace attendance. These findings
could inform government, employer-led and other interventions
aimed at reducing non-essential workplace attendance in the
future.

Table 1 (continued )

Variable Attended workplacea

% (n)
Did not attend workplacea

% (n)
Allb,c

% (n)

Been vaccinated 45.4 (104) 54.6 (125) 16.0 (229)
Block 3: Psychological variables
Worried about COVID-19, mean (SD, n) 2.35 (1.14, 382) 2.46 (1.10, 1046) 2.43 (1.11, 1428)
Risk of COVID-19 to self, mean (SD, n) 3.23 (1.20, 380) 3.15 (1.10, 1034) 3.19 (1.13, 1414)
Believe Gov info is biased, mean (SD, n)d 2.62 (1.14, 382) 2.92 (1.23, 1046) 2.84 (1.21, 1428)

Believe had COVID-19, % (n)d

Not had COVID-19 or do not know 24.0 (264) 76.0 (836) 77.0 (1100)
Had COVID-19 36.0 (118) 64.0 (210) 23.0 (328)

Willing to leave home if with symptoms, % (n)d

Not willing 19.1 (160) 80.9 (677) 65.2 (837)
Willing 30.4 (136) 69.6 (311) 34.8 (447)

SD, standard deviation.
a Percentages sum to 100 across ‘Attended workplace’ and ‘Did not attend workplace’.
b Percentages sum to 100 down level of predictor variable.
c Sample sizes vary because of missing values and rounding of weighted totals.
d Workplace attendance differs across values of predictor variable P < 0.001 by c2 test for percentages or analysis of variance for means.
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Table 2
Factors associated with attending the workplace at least once in the previous 7 days using multivariable logistic regression.a

Predictor Block 1 (odds ratio, 95% CI) Block 2 (odds ratio, 95% CI) Block 3 (odds ratio, 95% CI)

Block 1: sociodemographic variables
Wave
Wave 1 (Ref)
Wave 2 0.95, 0.66e1.35 0.89, 0.61e1.31 0.90, 0.61e1.33
Wave 3 1.35, 0.97e1.88 1.13, 0.78e1.63 1.18, 0.81e1.71

Region
East Midlands (Ref)
East of England 0.69, 0.33e1.45 0.62, 0.28e1.41 0.61, 0.27e1.39
London 1.10, 0.58e2.09 0.96, 0.48e1.94 0.95, 0.47e1.93
North East 1.25, 0.53e2.95 1.24, 0.49e3.18 1.28, 0.50e3.29
North West 1.14, 0.57e2.28 1.04, 0.49e2.23 1.02, 0.47e2.22
Northern Ireland 1.37, 0.51e3.69 1.09, 0.37e3.25 1.01, 0.33e3.05
Scotland 0.71, 0.34e1.47 0.72, 0.32e1.58 0.71, 0.32e1.57
South East 0.58, 0.29e1.19 0.56, 0.25e1.23 0.55, 0.25e1.22
South West 0.95, 0.44e2.02 0.73, 0.31e1.71 0.74, 0.31e1.75
Wales 1.22, 0.52e2.86 1.29, 0.51e3.27 1.32, 0.52e3.35
West Midlands 0.96, 0.48e1.93 0.77, 0.36e1.67 0.74, 0.34e1.61
Yorks & Humber 1.02, 0.47e2.19 0.96, 0.41e2.22 0.93, 0.40e2.19

Gender
Male (Ref)
Female 1.89, 1.42e2.53 1.83, 1.32e2.54 1.85, 1.33e2.58

Ageb 0.97, 0.96e0.99 0.99, 0.98e1.01 0.99, 0.98e1.01
Educational level
Non-degree level (Ref)
Degree level 0.70, 0.52e0.94 0.78, 0.56e1.09 0.76, 0.54e1.07

Ethnic group
White British (Ref)
White ethnic minorities 1.75, 0.91e3.35 2.36, 1.15e4.83 2.39, 1.16e4.91
Ethnic minorities (excluding White minorities) 1.68, 1.09e2.60 1.49, 0.92e2.41 1.49, 0.92e2.42

Language
English as 1st language (Ref)
English not as 1st language 0.78, 0.45e1.37 0.66, 0.36e1.24 0.69, 0.37e1.29

Block 2: Personal circumstances
Marital status e

Not married/partnered (Ref)
Married/partnered 1.20, 0.79e1.83 1.20, 0.79e1.83

Living social status e

Live with other(s) (Ref)
Live alone 0.83, 0.48e1.43 0.82, 0.47e1.43

Dependent children e

No dependent children (Ref)
Dependent children 1.60, 1.14e2.24 1.65, 1.17e2.32

Employment status e

Full-time (ref)
Part-time 0.40, 0.21e0.73 0.38, 0.20e0.70
Self-employed 0.43, 0.21e0.87 0.43, 0.21e0.89

Socio-economic grade
Non-manual occupation (Ref)
Manual occupation 1.75, 1.20e2.54 1.74, 1.19e2.53

Work sector e

Other (Ref)
Health & social care 4.26, 2.63e6.90 4.18, 2.56e6.81
Education & childcare 2.35, 1.40e3.94 2.45, 1.45e4.14
Key public service 3.50, 1.70e7.20 3.78, 1.83e7.81
Local & national govt 1.06, 0.51e2.22 1.07, 0.51e2.23
Food & essential goods 2.56, 1.20e5.48 2.51, 1.17e5.37
Public safety & security 3.60, 1.29e10.1 3.90, 1.39e11.0
Transport 2.60, 1.18e5.72 2.60, 1.17e5.77
Utilities, comms & finance 1.48, 0.89e2.45 1.45, 0.87e2.42

Index of multiple deprivation e

1st quartile (Ref)
2nd quartile 0.97, 0.61e1.54 0.98, 0.62e1.56
3rd quartile 0.98, 0.62e1.56 0.99, 0.63e1.58
4th quartile 1.02, 0.63e1.65 1.10, 0.62e1.64

COVID-19erelated financial hardship (15-point score) e 1.13, 1.07e1.20 1.14, 1.08e1.21
Chronic illness of self e

No chronic illness (Ref)
Chronic illness 0.61, 0.37e1.02 0.62, 0.37e1.02

Chronic illness of household member e

No chronic illness (Ref)
Chronic illness 1.15, 0.70e1.86 1.14, 0.70e1.86

Vaccination status
Not been vaccinated (Ref)
Been vaccinated 2.01, 1.29e3.11 2.08, 1.33e3.24

(continued on next page)
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a b s t r a c t

Objectives: This study aims to examine the reported prevalence of sufficient physical activity among
adults in Arab countries and to determine the use of validated instruments for assessing physical activity.
Study design: This is a systematic literature review.
Methods: This review follows recommendations outlined in the Meta-Analysis of Observational Studies
in Epidemiology guidelines. The protocol for this study was preregistered with PROSPERO. Cross-
sectional, cohort and intervention studies with a minimum of 300 adults aged �18 years assessing
physical activity using a questionnaire or other self-report measure in the Arabic language were iden-
tified from seven electronic databases (MEDLINE, Embase, Cochrane Database of Systematic Reviews,
CINAHL, PsycINFO, SPORTDiscu and PubMed). Databases were searched from 1st January 2008 to 17th
September 2018. Descriptive analysis was performed using frequency and percentages. The prevalence of
physical activity was calculated as the average prevalence for the reported percentages from the studies
with similar tools.
Results: Fifty studies involving 298,242 participants were included in this review. The mean (range)
sample size was 5964.8.1 (323e197,681). Data were collected from participants in 16 of the 22 Arab
countries. Great variation exists across the studies in determining whether adults were sufficiently active
or not. Twenty studies reported usable data from the Global Physical Activity Questionnaire and the
International Physical Activity Questionnaire (moderate & high categories). In these studies, prevalence
of physical activity ranged from 34.2 to 96.9%. It was not possible to compare the other studies owing to
variation in instruments used to assess physical activity and in the case definition used for ‘physically
active’.
Conclusions: This study highlights the need for wider reporting of physical activity and the adoption of
valid and reliable instruments to support the development of evidence-informed policy and programmes
at both country and regional level. International tools need to be correctly validated, or context-specific
tools must be developed to accurately measure physical activity.
© 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

Physical activity (PA) has a profound effect on health. TheWorld
Health Organization (WHO) has determined that physical inactivity
is the fourth leading global risk for mortality, responsible for raising
the risk of non-communicable diseases (NCDs) and affecting
countries across all income groups.1 It is estimated that worldwide
physical inactivity causes 6% of the burden of disease from coronary

heart disease, 7% of type 2 diabetes, 10% of breast cancer and 10% of
colon cancer.2

While globally more than one-third of adults are estimated to
not accumulate sufficient PA to meet public health guidelines,3

there are large differences between regions. The highest preva-
lence of inactivity is seen in the Eastern Mediterranean Region
(43.2%) and the Americas (43.3%).3 The aforementioned burden of
NCDs associated with physical inactivity in the Eastern Mediterra-
nean Region is 8% of coronary heart diseases, 10% of type 2 diabetes,
14% of breast cancer and 14% of colon cancer.2 However, life ex-
pectancy in the region has increased from 51 years of age in 1970 to

* Corresponding author. University of Limerick, Limerick, V94 T9PX, Ireland.
E-mail address: elaine.murtagh@ul.ie (E. Murtagh).

Contents lists available at ScienceDirect

Public Health

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

https://doi.org/10.1016/j.puhe.2021.07.010
0033-3506/© 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/).

Public Health 198 (2021) 129e140

http://creativecommons.org/licenses/by/4.0/
mailto:elaine.murtagh@ul.ie
http://crossmark.crossref.org/dialog/?doi=10.1016/j.puhe.2021.07.010&domain=pdf
www.sciencedirect.com/science/journal/00333506
http://www.elsevier.com/locate/puhe
https://doi.org/10.1016/j.puhe.2021.07.010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.puhe.2021.07.010
https://doi.org/10.1016/j.puhe.2021.07.010


almost 70 years in 2016; the rapid rise in NCDs has been described
as alarming.4 The Arabworld and GreaterMiddle Eastern region are
forecasted to experience a further rise in preventable deaths due to
NCDs if no serious action is taken.5

Promoting PA will form a key role in preventing and treating
NCDs,6 and this requires an understanding of the challenges asso-
ciated with this task across regions. The WHO has set a target of a
15% relative reduction in the global prevalence of physical inactivity
in adults and adolescents by 2030.6 This is supported by an earlier
call to action by the WHO Regional Office for the Easter Mediter-
ranean.7 Alongside commonly cited barriers to PA globally, specific
issues experienced by those living in Arab countries have been
identified. Physical obstacles (e.g., hot weather, unfriendly built
environment) and low value placed on PA (e.g., car culture, physical
exertion associated with lower status occupations, parental pref-
erences) translate into low interest and motivation to engage in
PA.8 That said, socially and culturally congruent interventions to
promote PA in Arab countries are increasing.9 A thorough grasp of
current levels of PA and ongoing monitoring and surveillance is
essential if gains in population-level PA are to be realised. The
aforementioned global action plan encourages countries to
strengthen reporting of physical inactivity.6

Recent years have seen a rise in the number of studies exam-
ining the prevalence of PA in Arab countries across the Middle East
and North Africa. A synthesis of studies across countries and an
evaluation of the instruments used to attain prevalence estimates
are warranted. Thus, the present systematic review sought to (1)
examine the reported prevalence of sufficient PA among adults in
Arab countries and (2) determine the use of validated instruments
for assessing PA.

Methods

This systematic review follows recommendations outlined in
the Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) guidelines.10 The protocol for this review was preregis-
tered with PROSPERO (International prospective register of sys-
tematic reviews).11

Search strategy

We searched the following electronic databases: MEDLINE,
Embase, Cochrane Database of Systematic Reviews, CINAHL, Psy-
cINFO, SPORTDiscus and PubMed. Keywords used for the search
included the following: PA, exercise survey, questionnaire, Arab.
Search syntax, e.g., explosion, was used when necessary. The full
search strategy is provided in Appendix 1. Databases were searched
from 1st January 2008 to 17th September 2018.

Study selection

Studies identified through the electronic searches were uploa-
ded to the online software Covidence.12 Titles and abstracts of
studies were screened independently by two review authors (AS,
EM). The full texts of studies not excluded at initial screening were
then retrieved. Manual searches were carried out, and emails were
sent to corresponding authors to retrieve full texts where neces-
sary. Full texts were independently assessed for eligibility by two
authors (AS, EM, RM, NA), with disagreements resolved through
consensus. Multiple publications from the same study were
collated, and the earliest report was used as the primary reference.

In brief, we included studies with a minimum of 300 partici-
pants that assessed PA using a questionnaire or other self-report
measure in the Arabic language and in adults aged 18 years or
older. Articles published in languages other than Arabic and English

were excluded. An Arab country was defined as a member of the
Arab League. Full inclusion criteria are displayed in Table 1.

Outcomes

Our primary outcome of interest was prevalence of PA (%). We
were also particularly interested in the tool used to assess PA and
whether the tool used was validated in Arabic.

Data extraction

Data were extracted using a standardised template piloted and
agreed upon by the review team. Data were extracted by all
members of the research team. Extracted information included
study setting, study population, participant demographics, baseline
characteristics, study methodology, recruitment and study
completion rates, PA outcomes and times of measurement, mea-
surement tool used, definition of PA/inactivity, prevalence of PA and
information for assessment of the risk of bias. For PA outcomes, we
recorded the definition and summary data for each group (mean
prevalence with standard deviation). Inter-rater reliability was
evaluated by cross-checking five sets of data imputed by each
member of the research team.

Risk of bias

We assessed risk of bias using the tool to assess the risk of bias in
prevalence studies developed by Hoy and Brooks.13 Two review
authors independently made judgements (RM, AS), and a third
reviewer independently resolved disagreements (EM). The tool
uses 10 items to assess four domains of bias: selection bias (3
items), non-response bias (1 item), measurement bias (5 items) and
bias related to the analysis (1 item). The judgement options are (i)
low risk or (ii) high risk. If there is insufficient information in the
article to permit a judgement, then the assessor is required to
choose ‘high risk’. We deemed trials with low risk of bias for all of
the 10 items as low overall risk. Low risk of bias indicates that
further research is very unlikely to change our confidence in the
estimate.

Data synthesis and analysis

Descriptive analysis was performed using frequency and per-
centages. The prevalence of PA was calculated as the average
prevalence for the reported percentages from the studies with
similar tools. Original data were not obtained from the authors.

Table 1
Eligibility criteria.

Population Inclusion: adults aged 18þ years, Arab country (Algeria,
Bahrain, Comoros, Djibouti, Egypt, Iraq, Jordan, Kuwait,
Lebanon, Libya, Mauritania, Morocco, Oman, Palestine, Qatar,
Saudi Arabia, Somalia, Sudan, Syria, Tunisia, United Arab
Emirates and Yemen)
Exclusion: children and youth (<18 years), participants
recruited as a patient through a hospital or clinic

Outcome Prevalence of physical activity
Instrument Assessment of physical activity using a questionnaire in Arabic

or other self-report tools in Arabic
Study design Inclusion: cross-sectional, cohort and intervention studies with

minimum 300 participants
Exclusion: studies with sample size <300

Other limits Inclusion: Full-text articles in the English or Arabic language
Exclusion: abstracts or conference papers
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Results

In total, 2919 search hits were identified for consideration
(Fig. 1). Of all, 1735 article titles and abstracts were screened. We
identified 261 full-text articles to review, and this led to 55 articles
(based on 50 unique studies) for inclusion. Five studies had asso-
ciated publications14e18, two articles each.19e23 The characteristics
of included studies are outlined in Table 2.

Study design and setting

All studies collected cross-sectional data; however, several
studies represent one point in time in ongoing surveillance ef-
forts. The most popular study setting was at universities (18
studies). Other settings included households (15 studies),
healthcare facilities (10 studies), shopping centres (4 studies),
miscellaneous workplaces (3 studies), community centres (1
study) and military sites (1 study). Four studies collected data
from multiple settings.

Participants

The 50 included studies involved 298,242 participants. The
mean sample size was 5964.8 (range, 323e197,681). Only three
studies had more than 10,000 participants.16,18,24 The mean age of
all participants was not reported in 24 studies. In the 26 that did
provide mean age, the average across studies was 31.1 ± 9.9 years
(range, 18.9e52.0). All eligible samples comprised adults; although
one study included adolescents older than 15 years, their data were
not included in the analysis in this review.25 Most of the studies
include both females and males (mean, 55.7% female). Six studies

included only female participants,15,26e30 and two studies included
only male participants.31,32

Data were collected from participants in 16 countries (Bahrain,
Comoros, Egypt, Jordan, Kingdom of Saudi Arabia [KSA], Kuwait,
Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Sudan, Syria,
Tunisia and United Arab Emirates) of the 22 countries considered to
be Arab Countries. Three studies included data frommore than one
country.33e35 The majority of study samples were from KSA
(n ¼ 18), followed by Qatar (n ¼ 5), Lebanon (n ¼ 4), Oman (n ¼ 4)
and Jordan (n¼ 3). None of the included studies reported data from
Algeria, Djibouti, Iraq, Mauritania, Somalia or Yemen.

Assessment of physical activity

Seven studies used the Global Physical Activity Questionnaire
(GPAQ) to assess PA.14,26,27,36e39 A further four studies reported that
their data collection was part of the WHO STEPwise surveillance
tool,18,40e42 and this incorporates the GPAQ. Two studies used the
International Physical Activity Questionnaire (IPAQ),25,43 six studies
used the IPAQ short form33,44e48 and one further study used an
adapted version of the IPAQ short form.49 Two studies used the
Arab Teen Lifestyle Study Questionnaire.15,28 A variety of other in-
struments including the Kuwait National Nutrition Surveillance
System survey16 and the Youth Risk Behavior Surveillance survey
were used.31 Nineteen studies did not specify the name of the in-
strument used.

Great variation exists across the studies in determining whether
adults were sufficiently active or not. Tables 3 and 4 provide details
of the PA categories reported and the definition used to determine
if someonewas defined as being physically active. Some studies did
not clearly define ‘physically active’.50,51 Others determined that

Fig. 1. PRISMA flow diagram.
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Table 2
Characteristics of included studies.

Study Country Study setting Main descriptor of study
population

Sample
recruited

Mean age Methods of data collection

Ahmed 201216 &
Ahmed 201321

Kuwait Healthcare facility Kuwaitis going for required
government health evaluations

23,732 NR NR

Alarjan 201558 Jordan Healthcare facility Doctors, pharmacists, nurses,
lab techs and x ray specialist in
one public and private hospital
in Jordan

748 NR NR

Albache 201017 &
Al Ali 201122

Syria Household Aleppo residents 1168 44.7 House survey administered by trained
interviewers

Al-Baghli 200824 Saudi Arabia Healthcare facility Eastern Providence Saudi
Arabia residents

197,681 NR Face-to-face interview using a
structured questionnaire by Arabic-
speaking trained teams

Albawardi 201628 Saudi Arabia Worksite Female Saudi nationals working
in an office in Riyadh, Saudi
Arabia

420 31.7 Self-administered questionnaire

Al-Drees 201671 Saudi Arabia University College of Medicine, KSU,
Riyadh, KSA

409 21.33 Self-administered questionnaire

Alfhaid 201772 Saudi Arabia University Health science students 450 22.34 Self-administered questionnaire
Al-Kadi 201850 Saudi Arabia University Random sample of general

population and students in
Unaizah City in KSA

646 30.13 NR

Alkhathami 201773 Saudi Arabia Shopping centre,
university, school,
social media

Saudi Arabian adults 2043 NR Self-administered questionnaire

Al-Nakeeb 201574 Qatar University Young adults at Qatar
University

732 NR Self-report questionnaire,
administered face-to-face by the
researchers

Al-Qahtani 201651 Saudi Arabia University Saudi medical students 566 21.33 Self-administered questionnaire
Al Riyami 201075 Oman Household Elderly Omanis 2027 NR Community-based household survey
Al-Tannir 200952 Lebanon Shopping centre Lebanese adults 346 NR Self-reported questionnaire
Al-Tannir 201734 Saudi Arabia Healthcare facility Nurses 412 NR Self-administered questionnaires
Al Thani 201526 Qatar Household Qatari women of childbearing

age
747 31 Household face-to-face interview

Al Thani 201642 Qatar Household Qatari women of childbearing
age

418 30.89 Household face-to-face interview

Al-Thani 201627 Qatar Household Qatari citizens 2496 NR Household survey
Amin 201114 &

Amin 201219
Saudi Arabia Healthcare facility Adult Saudis 2316 32.7 Nurse-administered questionnaire

Amin 201738 Egypt University Medical students at Cairo
University

519 21.6 Self-administered questionnaire

Ammouri 200876 Jordan Healthcare facility,
community centre

Jordanian adults 349 34.4 Face-to-face interview

Ansari 201631 Saudi Arabia University Students in Majmaah
University

340 NR Self-administered questionnaire

Bawadi 201146 Jordan Healthcare facility Adults in Jordan 340 NR Interviewer-administered
questionnaire

Brocato 201553 Saudi Arabia Shopping centre Saudi general population 2686 NR Self-administered questionnaire
Bull 200945 Saudi Arabia Household Saudi adults aged 18e65 years 988 NR Telephone interview
Chamieh 201548 Lebanon Household Adults in Lebanon 2697 NR Interviewer-administered

questionnaire
Donnelly 201843 Qatar University,

healthcare facility
Arab adults aged 18 years and
older

1606 NR Interviewer-administered
questionnaire

El Ansari 201455 Libya University University students 1567 20.9 Self-administered questionnaire
El Ansari 201456 Egypt University University students 3271 18.9 Self-administered questionnaire
El Ansari 201735 Palestine University University students 1428 NR Self-administered questionnaire
El Rhazi 201177 Morocco Household Moroccan adults 2891 NR Interviewer-administered

questionnaire
Gharaibeh 201247 Jordan University University students at Jordan

University of Science and
Technology

348 20.7 Self-administered questionnaire

Hashim 201378 United Arab
Emirates

Healthcare facility Dentists living in the UAE 733 38.1 Structured questionnaire

Horaib 201318 & Al-
Dahi 201323

Saudi Arabia Military Military personnel in KSA 10,229 NR Self-administered questionnaire

Kalaf 201630 Saudi Arabia Shopping centre,
university, worksite

Female Saudi nationals 833 NR Interviewer-administered
questionnaire

Khalaf 201315 &
Khalaf 201520

Saudi Arabia University Female university students 663 20.4 Self-reported questionnaire

Khalil 201739 Sudan Community Community-based adults living
in Khartoum city, Sudan

323 35.5 Self-administered questionnaire

Mabry 201237 Oman Household Omani men and women aged
20 years or older residing in Sur
city

1373 36.4 Household survey, face-to-face
interviews

Mabry 201640 Oman Household Omani adults 4717 NR Household survey

E. Murtagh, A. Shalash, R. Martin et al. Public Health 198 (2021) 129e140

132



adults were physically active if they participated in any type of
exercise during the week.34,52,53 The threshold of �5 days/week
moderate exercise for at least 30 min or �3 days/week vigorous
exercise for at least 20 min54 was used in four studies.35,55e57

Risk of bias

The risk-of-bias judgements for each study are shown in Fig. 2.
Nine studies (18%) were judged to have low risk of bias for all
domains.23,25e27,36,40,44,48,49 Approximately one-third of studies
were judged to have high risk of bias for the sampling frame (not a
close representation of the target population) and for random se-
lection. Nineteen studies (38%) were judged to have high risk of bias
for non-response bias (the response rate was <75%, and analysis
was not undertaken to compare characteristics between re-
sponders and non-responders). All studies were at low risk of bias
for internal validity in relation to collecting data directly from the
subjects (as opposed to a proxy). Eighteen studies (36%) did not use,
or did not report, an instrument to assess PA that had previously
been tested to show acceptable reliability and validity.

Prevalence of PA

Prevalence of PA in the 20 studies that reported useable data
from the GPAQ and IPAQ (moderate and high category) ranged from
34.2%33 to 96.9%33 (Table 3). In 12 of the 20 GPAQ/IPAQ studies, PA
prevalence was �60%.14,25e27,36,39,40,42,44e46,48 It is not possible to
directly compare the 30 other studies owing to the variety in the
instruments used to assess PA and in the case definition used for
‘physically active’. In these studies, prevalence of PA ranged from
8.7% in males (”3 days planned PA per week’)58 to 87% in males (”3
or more days of vigorous activities a week for at least 20 min per
day, 5 or more days of moderate-intensity activities a week for at
least 30 min per day, 5 or more days of any combination of mod-
erate, or vigorous-intensity activities a week’).57 Findings from

individual studies are summarised in Table 4. It was challenging to
synthesise data disaggregated by gender because this was not al-
ways reported across studies. Furthermore, the age range within
studies varied. However, it was clear from the available data that
gender differences in PAwere evident. Sixteen of the 20 studies that
used the GPAQ or IPAQ reported including both females and males
(Table 3). The within-study percentage difference in prevalence of
PA between males and females ranged from 5.7% in the study by
Amin et al.14,19 with Saudi adults aged 18e64 years to 16% in the
study by Amin et al.38 that included medical students aged 19e23
years.

Discussion

In this review, we aimed to examine the reported prevalence of
sufficient PA among adults in Arab countries and determine the
extent to which validated instruments for assessing PA were used.
Twenty studies reported usable data from the GPAQ and IPAQ
(moderate & high categories). In these studies, prevalence of PA
ranged from 34.2 to 96.9%. Within-study gender difference in PA
ranged from 5.714,19 to 16%.38 It was not possible to compare the
other studies owing to variation in instruments used to assess PA
and in the case definition used for ‘physically active’. In addition,
more than one-third of studies did not report whether the instru-
ment used to measure PA was valid and reliable. These shortcom-
ings in the available data greatly influence the extent to which our
research questions can be answered with certainty.

Although several of our included studies used the IPAQ and/or
GPAQ, the results of PAwere reported differently and hence pooling
the results to estimate an overall prevalence of PAwas not possible.
In addition, several studies did not adopt and report the standard
IPAQ/GPAQ scoring protocols. We contacted several authors to
request more detailed data to run the meta-analysis, but we
received minimal response. We have roughly estimated an overall
prevalence from studies using similar tools. The estimate was

Table 2 (continued )

Study Country Study setting Main descriptor of study
population

Sample
recruited

Mean age Methods of data collection

Mabry 201736 Oman Household Omani adults 2977 NR Household survey, face-to-face
interviews

Mandil 201641 Saudi Arabia Healthcare facility Physicians aged 24e65 years in
4 Riyadh hospitals, Saudi Arabia

360 33.11 Self-administered questionnaire

Merom 201257 Palestine Research centre Palestinians and Israelis aged
25e74 years living in East and
West Jerusalem

971 52 Face-to-face interviews by trained
interviewers

Moradi-Lakeh
201625

Saudi Arabia Household Saudi youths aged 15e24 years
(extracted data: 20e24)

1113 NR Interviewer-administered household
survey

Musaiger 201579 Bahrain University University students in Bahrain 642 20.1 Self-reported questionnaire
Musharrafieh

200880
Lebanon University University students in Lebanon 2013 21 Interviewed and self-administered

questionnaire
Najdi 201149 Morocco Household Moroccan adults >18 years 2613 41.4 Household interview by trained

interviewers
Sibai 201344 Lebanon Household Lebanese adults aged >25 years 2195 45 Household survey
Sonia 201632 Tunisia Worksite Male manufacturing factory

employees
1099 33.8 Questionnaire, via interview or self-

report
Stefanopoulou

201429
United Arab
Emirates

N/R Perimenopausal and
postmenopausal women in the
UAE aged 45e55 years: general
university academic and
administrative staff and
students' parents (parents of
medical and non-medical staff)

372 49.84 Women completed questionnaires
with researchers' support

Stubbs 201733 Tunisia, United
Arab Emirates and
Comoros

Household Adults 8221 NR Face-to-face and telephone interviews
conducted by trained interviewers

Torchyan 201681 Saudi Arabia University Undergraduate medical
students

408 NR Self-administered questionnaire

NR ¼ not reported.
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broadly similar to the reported estimate from global surveillance of
WHO regions;3 however, it does not align with the worsening
epidemiological profile of the Arab countries, with very high rates
of obesity and diabetes.59 It has been suggested that the quantity
and quality of research on NCDs in the Arab world does not reflect
the disease burden, with a widening disparity between higher- and
lower-income countries.60 Our review identifiedmany studies with
small sample sizes and a focus on specific population subgroups,
and not as a national initiative that aims to establish NCDs risk
factors surveillance system including PA. It is unfortunate that most
of the identified studies focussing on PA are small scale. Wider
reporting of PA and adoption of valid and reliable instruments
would support the development of evidence-informed policy and
programmes at both country and regional level.

The development of the IPAQ was to allow multicountry
comparable estimates of PA and to help build population sur-
veillance systems.61 We started this review with the hypothesis
that the IPAQ and GPAQ tools were not widely validated in Arab
countries and the questions used are context specific. This review
has identified a large proportion of studies which used the IPAQ
and GPAQ without any reference to their validation e whether by

the researcher or in another Arab country or setting. Craig et al.62

report the validity of the IPAQ across 12 countries. The study
included countries from the developed world including the US,
Canada, Europe, Japan and Australia and the developing world
including South Africa and Guatemala.62 Arab countries were
missing from this study. It was not until 2018 that the Arabic
version of the long IPAQ was cross-culturally adapted and vali-
dated.63 We are not aware of any published studies that report the
validity of the Arabic version of the short IPAQ. It is therefore
likely that the studies included in this review have used a trans-
lated version of the IPAQ that have not been validated in context
considering language and cultural meaning. The GPAQ question-
naire, on the other hand, has been validated in both the developed
and developing countries64 including two Arab countries, KSA65

and the United Arab Emirates.66 The GPAQ is a modified version
of the IPAQ with the aim to enhance the IPAQ use in cross-cultural
settings.

The WHO encourages countries to establish NCD surveillance
systems at the population level using the STEPwise approach to
surveillance (STEPS), and the GPAQ contributes to the PA surveil-
lance part.67 This supports the focus on surveillance noted in the

Table 3
Prevalence of physical activity in studies using the GPAQ or IPAQ.

Study Country % Male Age range Study dates Sample size Instrument PA categories Prevalence (%)

Al Thani 201526 Qatar 0 18e45 2012 747 GPAQ Moderate and high PA level 44.2
Al-Thani 201627 Qatar 42.2 18e64 2012 2496 GPAQ Average (600e3000 MET-min/

week) and high (�3000 MET-min/
week)

51.1

Mabry 201736 Oman 50.1 18-NR 2008 2977 GPAQ Active 45.1
Mabry 201237 Oman 44.3 20-NR 2006 1373 GPAQ Work PA: >315 MET-min/day 61.3

Transport PA: >105 MET-min/day 31.1
Leisure PA: > 315 MET-min/day 23.6

Amin 201738 Egypt 51.3 19e23 2015 519 GPAQ Sufficiently active: Participants who
met the LTPA recommendations
meeting the minimum
recommendations of 30 min of
moderate to vigorous-intensity
LTPA or a total of 150 min/week of
moderate vigorous intensity/week

64.8

Khalil 201739 Sudan 52.9 18-NR n/r 323 GPAQ Physically active 46.2
Amin 201114 & Amin 201219 KSA 55.6 18e46 NR 2316 GPAQ Arabic Sufficiently active 52
Horaib 201318 & Al-Dahi 201323 KSA NR <30-50 2009e2011 10,229 WHO STEPwise Practice physical activity at least

30 min daily
69.2

Mabry 201640 Oman 51.1 18-NR 2008 2977 WHO STEPwise Physically active individuals were
those who engaged in at least
150 min of moderate physical
activity per week (minimum total
600 MET-min/week)

Males: 54.2
Females: 41.6

Mandil 201641 KSA 61.7 24e65 2013e2014 360 WHO STEPwise Participation in PA (engagement in
any vigorous or moderate-intensity
PA)

63.1

Al Thani 201642 Qatar 0 18e45 2012 418 WHO STEPwise
(Arabic)

Moderate þ high PA 45.8

Donnelly 201843 Qatar 50.1 NR 2013e2015 1606 IPAQ Moderate þ high PA 77.5
Moradi-Lakeh 201625 KSA 44.2 20e24 2013 1113 IPAQ Moderate þ vigorous PA 36.9
Sibai 201344 Lebanon 46.4 25-NR 2008e2009 2195 IPAQ short form Moderate þ HEPA 53.3
Bull 200945 KSA 65.4 NR 2003 988 IPAQ short form Moderate þ high PA 60
Bawadi 201146 Jordan 49.4 18e70 2007 340 IPAQ short form Moderate þ high 49.7
Stubbs 201733 Comoros NR 18-NR 2002e2004 1836 IPAQ short form Moderate þ high PA 96.9

Tunisia 5202 34.2
UAE 1183 49.1

Gharaibeh 201247 Jordan 39 18e23 2009 348 IPAQ short form
(Arabic version)

Moderate þ high PA 86.7

Najdi 201149 Morocco 51.9 26.2e56.6 2008 2613 IPAQ short form Moderate þ high PA 83.4
Chamieh 201548 Lebanon 46.8 20-NR May 2008

eApril 2009
2608 IPAQ short form Moderate þ high PA 54.4

NR¼ not reported; IPAQ¼ International Physical Activity Questionnaire; GPAQ¼ Global Physical Activity Questionnaire; LTPA¼ leisure time physical activity; HEPA ¼ health
enhancing physical activity.
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Table 4
Prevalence of physical activity in studies using other instruments.a

Study Country % Male Mean
age

Study dates Sample
recruited

Tool used to measure PA Definition of being physically active PA prevalence
(%)

Ahmed 201216 &
Ahmed 201321

Kuwait 45.96 NR 2003e2009 23,732 Question in the Kuwait National
Nutrition Surveillance System

Deliberate non-work-related exercise outside
the home such as walking, running, cycling or
swimming

30.3

Alarjan 201558 Jordan 38.1 NR NR 748 Survey developed by researchers 3 days planned physical activity per week 11.6% F and
8.7% M

Albache 201017 & Al Ali
201122

Syria 47.7 44.7 2006 1168 Interviewer-administrated
questionnaire

Regular physical activity (>once a week) 18

Al-Baghli 200824 Saudi Arabia 51.2 NR Aug 2004eFeb 2005 197,681 Face-to-face interview using a
structured questionnaire

Moderate PA (exercising �3 hrs/wk cycling/
walking/other activities that need
effort) þ strenuous PA (exercising �5 hrs/wk,
jogging, swimming)

20.8

Albawardi 201628 Saudi Arabia 0 31.7 NR 420 Modified from the Arab Teens Lifestyle
Study (ATLS)

Moderate (600e2999 MET-min/week) and high
PA (�1500 MET-min/week vigorous PA or
�3000 MET-min/week moderate/vigorous PA)

47.9

Al-Drees 201671 Saudi Arabia 50.1 21.33 Academic year 2012e2013 409 Questionnaire formed after literature
review

Physical activity at least 30 min daily 47.2

Alfhaid 201772 Saudi Arabia 82.2 22.34 November 25, 2014 to May
3, 2015.

450 Adapted from the study “lifestyle
practice among Malaysian university
students"

Exercising regularly 37.6

Al-Kadi 201850 Saudi Arabia 31.3 30.13 March 2013eMarch 2014 646 Lipid Research Clinics questionnaire No clear definition was given 37
Alkhathami 201773 Saudi Arabia NR NR Nov.eDec 2016 2043 Questionnaire about the characteristics,

behaviours, risk factors and lifestyle of
the participant related to gastro-
oesophageal reflux disease

Regular physical activity �30 min more than
three times a week

13.9

Al-Nakeeb 201574 Qatar 43.7 NR NR 732 NR >1680 MET-min per week (60 min � 7 days � 4
METs)

29.6

Al-Qahtani 201651 Saudi Arabia 59.3 21.33 2012e2013 academic year 566 NR NR Females 20,
males 35

Al Riyami 201075 Oman 48.4 NR 2005 2027 NR Levels of physical activity based on daily chores
and walking, with the cut-off set at 30-min
exercise per day

49.4

Al-Tannir 200952 Lebanon 51.2 NR April 2007eMay 2007 346 Questionnaire Regularly practice any type of PA 55
Al-Tannir 201734 Saudi Arabia 45.6 NR 2014 412 Questionnaire formed after literature

review
Asked if they performed physical activity and
type of physical activity, duration and
availability of physical activity facilities

Female 64.3,
male 67.4

Ammouri 200876 Jordan 48 34.4 NR 349 The Health Promotion Lifestyle Profile II
(HPLPII)

Physical activity includes regular participation
in light, moderate and/or vigorous activity. It
could be planned or incidentally as a part of
daily life or leisure activity

27.5

Ansari 201631 Saudi Arabia 100 NR February to March 2015 340 Youth Risk Behavior Surveillance At least 150 min of moderate to intensity
physical activity such as walking, cycling or
sports, three or more times a week

33.6

Brocato 201553 Saudi Arabia 50 NR June 2011eMay 2012 2686 N/R Participants answering ‘yes’ to any exercise
were considered physically active, while
participants selecting ‘no activity’ were
considered physically inactive

35.5

El Ansari 201455 Libya 33.8 20.9 2008e2009 1567 Frequency & duration questionnaire �5 days/week moderate exercise for at least
30min or�3 days/week vigorous exercise for at
least 20 min

28.5

El Ansari 201456 Egypt 47.5 18.9 2009e2010 3271 Health and well-being questionnaire �5 days/week moderate exercise for at least
30min or�3 days/week vigorous exercise for at
least 20 min

48

El Ansari 201735 Palestine 41.4 NR 2013 1428 Frequency & duration questionnaire 32.1

(continued on next page)
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Table 4 (continued )

Study Country % Male Mean
age

Study dates Sample
recruited

Tool used to measure PA Definition of being physically active PA prevalence
(%)

�5 days/week moderate exercise for at least
30min or�3 days/week vigorous exercise for at
least 20 min

El Rhazi 201177 Morocco 49.5 NR May 2008 2891 Detailed frequency questionnaire At least 30 min of physical activity per day 61.3
Hashim 201378 United Arab

Emirates
61 38.1 NR 733 N/R Exercise regularly 39

Kalaf 201630 Saudi Arabia 0 NR 2012e2014 833 Structured questionnaire �40 min of activity per week (>2 weekly
exercise sessions of at least 20 min each).

26

Khalaf 201315 & Khalaf
201520

Saudi Arabia 0 20.4 2010 663 Arab Teen Lifestyle Study questionnaire Moderately active (611$57e1389$63 MET-min/
week) þ high active (�1389$63 MET-min/
week)

66.7

Merom 201257 Palestine 53.3 52 2004 to 2008 971 Multi-Ethnic Study of Atherosclerosis
(MESA) questionnaire, which was
adapted from the Cross-Cultural
Activity Participation Study (CAPS), was
used

A person who met the following criteria was
considered adequately active: 3 or more days of
vigorous activities a week for at least 20min per
day, 5 or more days of moderate-intensity
activities a week for at least 30 min per day or 5
or more days of any combination of moderate-
or vigorous-intensity activities a week.

Female 73,
male 87

Musaiger 201579 Bahrain 14 20.1 NR 642 Questionnaire Practicing physical activity daily 19.6
Musharrafieh 200880 Lebanon 40.6 21 FebeJune 2001 2013 Interview and self-administered

anonymous questionnaire
Physical exercise was classified into ‘No’ (0.5 h
per week) and ‘Yes’ (>0.5 h per week)

26.4

Sonia 201632 Tunisia 100 33.8 2009 1099 Pretested questionnaire in Arabic Practice physical activity 30 min or more per
day, 5 days per week

31.8

Stefanopoulou 201429 United Arab
Emirates

0 49.84 Winter (DeceMar)
and Summer (MayeSept)
months, no year stated

372 NR Exercise 2e7 times/week 11

Torchyan 201681 Saudi Arabia 45.3 NR NR 408 An adapted 4-level Saltin-Grimby
Physical Activity Level Scale (SGPALS)
instrument to measure the participants'
self-reported leisure-time physical
activity (PA)

Regular physical activity and training
(moderate PA, MPA): Spending time on heavy
gardening, running and swimming and playing
tennis, badminton, calisthenics and similar
activities, for at least 2e3 h/week 4. Regular
hard physical training for competition sports
(vigorous PA, VPA): Spending time in running,
horseback riding, boxing, swimming, soccer,
European handball, etc. several times per week.

22.2

NR ¼ not reported; IPAQ ¼ International Physical Activity Questionnaire; GPAQ ¼ Global Physical Activity Questionnaire.
a Studies not using the GPAQ or IPAQ.
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Fig. 2. Risk-of-bias judgements.
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earlier mentioned WHO Global Action Plan on Physical Activity
2018e20,130.6 The STEPS survey was conducted in 14 Arab coun-
tries in the EasternMediterranean region and three countries in the
African region,68 with the first conducted in 2003 and the most
recent one in 2018. Some countries conducted several rounds of the
survey. Our study has identified only four studies that reported
using this STEPS survey instrument. The small number of publica-
tions compared with the number of surveys conducted is worri-
some, especially with the high cost of these national surveillance
programmes. Capacity building for young researchers in statistical
analysis and scientific writingmight be needed tomaximise the use
of such rich data.

Research implications

There is a need for methodologically better designed and re-
ported studies so that issues in relation to risk of bias can be
addressed. Our findings highlight several instances where even
when standard instruments were used for data collection, data
analysis and reporting did not follow the standard protocol.
Adoption of standardised, validated tools and scoring protocols are
essential to enable data pooling and comparative analysis. We have
identified specific Arab countries, e.g., Algeria, Djibouti, Iraq,
Mauritania, Somalia and Yemen, where no articles reporting PA
prevalence were found. This reflects the disparity in research in
high- and low-income countries. Furthermore, representative
samples are required to be able to monitor trends and identify
population variations with confidence. For example, it would be
helpful to identify any disparities in PA prevalence among charac-
teristics that stratify health opportunities and outcomes, as out-
lined in the PROGRESS framework (place of residence, race/
ethnicity/culture/language, occupation, gender/sex, religion, edu-
cation, socioeconomic status, social capital).69 Finally, an exami-
nation of domain-specific physical acidity is warranted, given
observations of a regional trend to higher car use and sedentary
occupations.70

Study strengths and limitations

Although we could not conduct a meta-analysis to estimate
the prevalence of PA in the Arab world in this study, we
managed to identify several issues related to PA tool validation
and use. We hope that this review will guide researchers inter-
ested in PA research to work together to correctly validate the
international tools, support the current ones, or put together a
context-specific tool that can accurately measure PA. We
acknowledge several limitations in this study. We have limited
the review to adults aged 18 years and older and excluded
younger groups. The review was limited to peer-reviewed pub-
lished articles and excluded the grey literature. Data synthesis
was limited by the variation in instruments used to assess PA.
Furthermore, there was great variability among studies in terms
of how sufficient PA e or meeting PA guidelines e was defined.
Finally, all the data reported are self-reported and it is possible
that this may underestimate or overestimate prevalence of PA.

Conclusions

In studies reporting data collected from the GPAQ and IPAQ,
prevalence of PA ranged from 34.2 to 96.9%. High levels of vari-
ability among studies regarding the use of valid and reliable in-
struments, the definition of sufficient PA adopted and the scoring
protocols used greatly influence the extent to which our research
questions can be answered with certainty. Adoption of stand-
ardised tools to measure PA will enhance the evidence base and

provide periodic and robust data that could inform policy at the
country and region level.
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Letter to the Editor

Plato's ship of state on the Philippine militarized approach against the
COVID-19: a (negative) consequence of representative democracy in
public health

Over the last fifteen months since March 2020, the Philippine
government adopted a militarized approach in its fight against
the COVID-19 pandemic whose council is predominantly a group
of former military officers.1 The executive branch reasoned that
the country needs trained men and women in the art of warfare
since the health crisis is a battle against an unseen enemy e the
coronavirus.2 In a recent correspondence of the journal, the author
argued that this type of wartime strategy is used to evade the lack
of public health preparedness which distracts from an appropriate
understanding of the problem and the right actions required.3

Some experts lamented about the Philippine militaristic approach
by which officials ended up berating and accusing Filipinos as the
cause for the spread of the virus.4 Consequently, several groups
and political representatives call for the replacement with and
appointment of medical experts to ensure a comprehensive medi-
cal and scientific response.4e6

The Philippine health case scenario can be linked to poor gover-
nance and democracy in the country. Constitutionally recognized as
representative democracy, President Duterte was elected with his
promise of (radical) change. Notwithstanding the government's
infrastructure achievements,7 the COVID-19 response generates
toomany controversies including corruption8 andmilitary designa-
tion. Moving away from medical and socioethical perspectives on
COVID-19, the author of this letter believed that a philosophical ac-
count can be a significant contribution in examining the country's
issue. In Plato's ‘ship of state’ analogy in The Republic,9 he compared
the state with the ship in a storm where a crowd of ignorant and
incompetent figures competes for the ship's helm while asserting
navigational skills although none of them possess. Based on Plato's
ship-analogy, people in a democracy are represented by the ship's
captain and the crews are the democratic politicians. From a polit-
ical philosophy lens, the analogy highlights the value and signifi-
cance of the expertise and education of a country's leader about
justice, morality, law, economy, management, and others. Plato
also maintains that ordinary people should not automatically be
qualified in running the country because of their ignorance
and tendency to elect politicians who can deceive them with un-
truthful talk.10

In the Philippines, such a philosophical argument is best illus-
trated with the recent statement of the president regarding his po-
sition on the West Philippine Sea during the 2016 election
campaign period describing it as a mere joke.11 In the context of
the health crisis, although former military generals are just appoin-
tees of the president and not elected by the people, the whole

framework still provides important two-fold insights into the pres-
ident-citizens relationship on public health. On the one hand, the
president was elected for democratic representation of people's
will and proper political functioning. On the other hand, the presi-
dent appointed ex-military officials who, in the government's view,
will and can effectively cater the general health well-being of Fili-
pinos. Nonetheless, political decisions for national interest should
not just be based on the personal trust and prior competencies of
selected government personnel in their field. It is not an uncom-
mon achievement if former military generals exhibit competence
in works as it is a necessary condition of their profession but not
an essential function. Therefore, professional expertise and compe-
tence are duties, not virtues and supererogatory. Further, adher-
ence to the militaristic approach of the government, thus,
commits “Professional Expertise Substitution Fallacy” e the
attempt to justify the work substitution and/or non-selection of
needed experts to the problem through the work accomplishments
and expertise of chosen professionals despite the lack of profes-
sional training and knowledge relative to the issue.

Furthermore, while the Filipino people elected the president
with majority votes, they do not have direct responsibility for
the appointment of military council members. However, the
absence of Filipinos' activeness in resisting and questioning this
political decision heightens the failure of the government to
address the health crisis. In the age of a pandemic, collective ef-
forts and collaboration are not the only keys to solve the problem.
Critical and constructive criticisms are necessitous to identify the
defects of the government approach. Nevertheless, the govern-
ment's political allies and supporters together with political op-
positions, religious leaders, and private individuals must engage
in fault or error identification. People should learn to educate
themselves in knowing their political representatives without
an immediate acceptance of the latter's politicking and public
speeches. A matured citizenry aims for a stable, secured, and
healthy society devoid of blind and extreme political ideologies
and conformity.

Additionally, even with Plato's philosophical endorsement of
philosopher-kings, Philippine political officials can still perform
better public services if they take into account at least the two
following major conditions: a) the suffering and living circum-
stances of the people and b) application and adaptation of relevant
skills and knowledge related to the specific problem. Irrespective of
the government's consistent invocation of the logistics competence
of former military generals in securing the COVID-19 vaccines, it is
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clear that other skills and aids are necessary from medical experts.
Likewise, rather than exclusively resorting to available vaccines, the
governmentmust see the need to address the pandemic and its cor-
responding implications via mass testing, enhanced contact
tracing, food supplies distribution, mental health services or psy-
chological counseling, and so on which requires the crucial partic-
ipation of specialists under the medical and nutrition services and
their allied disciplines.

The existence of the COVID-19 crisis is a great opportunity to re-
form the government's performance. Yet it is irrational and illogical
to depend and wait for devastating challenges before any changes
and improvements are implemented.
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a b s t r a c t

Objectives: This study aimed to investigate how meeting international recommendations for screen time
(<2 h/day), moderate-to-vigorous physical activity (MVPA; at least 60 min/day) and sleep (8e10 h/night),
as well as media multitasking (MMI) as a form of screen time, impact academic achievement in early
adolescence.
Study design: A prospective design was used, where self-report measures were collected during the
spring semester and academic achievement at the end of the school year.
Methods: A total of 1208 grade 3 middle school students (Mage ¼ 13.55 years, SDage ¼ 0.60) in 37 Swiss
schools filled out a paper-and-pencil questionnaire including measures of screen time (covering
watching television, playing video games, Internet use, smartphone use and social media use), MMI,
sleep time and time for MVPA. To evaluate academic achievement, end-term grades were provided by
the collaborating education administration for Italian, Maths, Science, History, Geography, Music and
Visual arts.
Results: After adjustment for covariates, such as gender, socio-economic status, body mass index and
stressful life events, multivariate linear mixed-effect models, nesting participants in schools, showed that
meeting recommendations for screen time (B ¼ 0.12, b ¼ 0.105, P < 0.001) and MVPA (B ¼ 0.09, b ¼ 0.09,
P ¼ 0.001), but not sleep (B ¼ 0.05, P ¼ 0.087), were associated with higher academic achievement.
Considering the number of recommendations met, meeting all three recommendations improved aca-
demic achievement the most (B ¼ 0.24, b ¼ 0.21, P < 0.001), followed by meeting the guidelines for
screen time þ MVPA (B ¼ 0.20, b ¼ 0.15, P < 0.001) and for screen time þ sleep (B ¼ 0.21, b ¼ 0.13,
P < 0.001). In the fully adjusted model, multitasking with two or more media was related to a worse
academic achievement.
Conclusions: Screen time (including MMI), sleep and MVPA impact academic achievement in adoles-
cence; hence, governmental organisations and schools should raise awareness about the positive and
negative effects of following or not recommendations for MVPA, sleep and screen time among adoles-
cents and their parents. In addition, support should be provided to promote sufficient sleep and MVPA
while limiting overall screen time and parallel device use.
© 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

Academic achievement is essential for mastering diverse
developmental goals. It has been related to higher subjective
well-being1 and career adaptability.2 Conversely, lower levels
of cognitive performance in childhood and adolescence predict
diminished well-being, including more frequent psychological

disorders3 and higher risk for health-related issues and mortality
later in life.4

Different daily behaviours can affect cognitive development in
adolescence, such as screen time, moderate-to-vigorous physical
activity (MVPA) and sleep. The impact of screen time on children's
and adolescents' well-being, including academic achievement, is a
subject of growing concern. In Switzerland, in 2020, Swiss ado-
lescents spent, on average, almost 2 h and 44 min on the Internet
and 3 h and 47 min on the smartphone during a typical weekday.
This time augmented, respectively, to nearly 4 and 5 h during a
typical weekend day, partly because of the ongoing COVID-19
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pandemic.5 Previous studies showed that screen time (here defined
as the total amount of time spent using a smartphone, social media,
Internet, television or video games) is related to poorer learning
outcomes and augmented risk of premature cognitive decline,6

already at early developmental stages.7,8

According to the ‘time displacement hypothesis’,9 screen time
interferes with activities such as MVPA and sleep, which are
beneficial for academic achievement. Indeed, screen time (espe-
cially when �2 h/day10) is a sedentary behaviour that takes away
valuable time for MVPA11 and augments the risk of overweight and
obesity in children and adolescents. Screen time also interferes
with sleep by delaying bedtime, interrupting sleep due to incoming
notifications and reducing sleep quality due to the continued
emotional arousal from screen time before sleep,12,13 leading to
daytime sleepiness and lower academic achievement.14,15 In a
prospective cohort study, the use of electronic devices before
bedtime, especially the use of the smartphone, social media and
video games, reduced the academic attainment of adolescents,15 in
part by augmenting daytime sleepiness.

Furthermore, the ubiquity of media devices in adolescents' lives
has led to a substantial increase in media multitasking, commonly
defined as either concurrently engaging in two or more media ac-
tivities or using media during offline activities (e.g. while doing
homework).9 Previous research highlighted that media multi-
tasking correlates with adverse outcomes, including limited
cognitive control capacities and lower academic achievement.16

According to the ‘scattered attention hypothesis’,9 adolescents
who frequentlymultitask on severalmedia havemore difficulties in
filtering relevant information from their environment due to scat-
tered attention developed during parallel media exposure. Thus,
they are more easily distracted in online and offline contexts, with
negative consequences for their cognitive processes.

On the contrary, MVPA has been shown to be positively asso-
ciated with academic achievement.17 Evidence suggests that MVPA
elicits brain plasticity; hence, it is especially beneficial for cognitive
functioning, including reaction time, attention, memory, inhibition,
as well as multiple domains of academic performance and brain
plasticity.18 A meta-analysis examining the association between
MVPA and eight cognitive categories in 4- to 18-year-old subjects
found that MVPA was positively associated with better functioning
in all domains.19 Another review found that aerobic exercise was
positively associated with cognition and academic achievement in
children aged <19 years.20 Interestingly, moderate-to-vigorous
bursts of PA have been found to foster cognitive functions and
mental health more than low-intensity PA.21 In addition, longitu-
dinal findings highlighted that physical fitness in adolescence
predicts cognitive performance in young adulthood22 as well as
later in life.23

From a biological point of view, the benefits of MVPA include
increased expression of molecules (e.g. brain-derived neurotrophic
factor) in brain regions important for memory and cognition,
increased cerebral blood flow and metabolism, better neurotrans-
mitter regulation, enhanced connectivity between brain regions
and modulation of genes’ expression.18 This makes MVPA a crucial
component of brain resilience.24

Sleep is another pivotal factor in learning and brain develop-
ment. In youth, inadequate sleep has been associated with negative
health outcomes, including somatic and psychosocial health (e.g.
increased body mass index [BMI], overweight and obesity, cardio-
vascular risk, somatic complaints, fatigue, depression, anxiety,
inattention, more frequent risk-taking behaviours [e.g. substance
use], as well as low academic performance).25 Shorter sleep time
and poor sleep quality and without being consistent in sleep and
wake across the week are related to lower grades.26 On the other
hand, good sleep quality and quantity proved to be positively

associated with general cognition and academic achievement. A
meta-analysis reported that longer sleep duration is related to
increased intelligence quotient and verbal skills in children aged
6e13 years.27 The role of sleep in learning can be well understood
for its implications in memory consolidation, during which mem-
ory traces are reactivated, analysed and included in long-term
memory.28

Given the evidence of the impact of screen time, MVPA and
sleep on cognitive well-being, different national and international
guidelines were formulated. According to the World Health Orga-
nisation and the Federal Office of Sport,29 children and adolescents
aged between 5 and 17 years should carry out at least 60 min of
MVPA daily.4 In addition, adolescents between 14 and 17 years
should sleep from 8 to 10 h per night, uninterruptedly, as stated by
the National Sleep Foundation30 Finally, recreational screen time
should be limited to no more than 2 h per day.31 Given that many of
these guidelines are very recent yet heavily promoted, research is
needed to investigate if they are actually met and, if so, what effects
they have on academic achievement.

A previous study with US children aged between 8 and 11
years32 found that participants who met all three recommenda-
tions, or at least the screen time recommendation or both the
screen time and the sleep recommendations, performed better in
psychometric tasks assessing global cognition. Another study33

with Australian students from grades 12 to 17 years found that
meeting recommendations for screen time and/or sleep time was
associated with better academic performance in high school stu-
dents, whereas the strongest association in middle school partici-
pants was reported for those who followed all three guidelines. No
study, to date, has replicated these findings in the European context
and considered media multitasking as an additional risk factor of
academic achievement.

Study aims

The present study aims to investigate (1) how many Swiss stu-
dents aged 13e14 years meet the (inter)national recommendations
for screen time, MVPA and sleep; (2) whether meeting none, one,
two or all three guidelines predicts better academic achievement;
and (3) the role of media multitasking, as an additional measure of
screen time that may impact attention and cognition. The study
furthermore considers stressful life events as covariates beyond
sociodemographic characteristics.

Methods

Study design

The present study used data from the fifth wave of the ongoing
longitudinal MEDIATICINO2.0 study, following up students born in
2004/2005 from childhood to adolescence in Italian-speaking
Switzerland The study combines students' questionnaire data with
end-term school grades obtained from the regional education
administration and matched by a unique identifier.

In autumn 2013, all public elementary schools in Italian-
speaking Switzerland were invited to participate in the study.
Based on this opt-in technique, 39 of 79 schools agreed. Within
these schools, 60 grade 4 classes comprised 1083 students were
randomly selected. No inclusion or exclusion criteria were speci-
fied. In autumn 2015, when the cohort entered middle school, 409
additional students were randomly sampled within schools to
compensate for sampling attrition and to ensure that the study
sample sufficiently represented all school districts within the
region.
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Study participation was voluntary. Parents received a letter
before their children entered the cohort, informing them about the
research, its aims and procedure. They were also informed about
the possibility that students could opt-out anytime by simply not
completing the questionnaire without any consequences for their
evaluation at school. As the anonymity of the students was fully
guaranteed, the regional education administration approved the
study.

The fifth wave of the MEDIATICINO2.0 study was in 2018 when
1419 questionnaires were distributed among grade 3 middle school
students in 37 schools. Of these,1374 (97%) were returned, of which
27 were blank, and 117 included more than 15% of missing data in
the variables of interest. Twenty-two participants were excluded as
they reported outlier values (defined as z-scores > ±3.5).

Measures

Screen time
Screen time includes estimates for five different activities during

recreational time (i.e. time spent watching television, playing video
games, using the Internet, using a smartphone and social media
activities). Students were asked to indicate how much time they
spend on each activity on a typical school day and on a weekend
day. For each question, students estimated their daily media use on
a scale with nine-time interval: 0 ‘never’, 1 ‘up to 0.5 h’, 2 ‘between
0.5 and 1 h’, 3 ‘between 1 and 1.5 h’, 4 ‘between 1.5 and 2 h’, 5
‘between 2 and 3 h’, 6 ‘between 3 and 4 h’, 7 ‘between 4 and 5 h’ and
8 ‘5 or more hours’. Daily recreational time for each activity was
calculated by weighting the interval midpoint for weekdays and
weekend days: ([sum of weekday screen time � 5] þ [sum of
weekend day screen time � 2])/7. A total measure of screen time in
hours was then obtained by taking aweighted average of all screen-
related activities.

Sleep time
Sleep time was calculated from students' self-report on when

theywent to bed the day before and when they got up on the day of
questionnaire completion. As questionnaires were completed at
school, ‘the day before’ measured sleep time before a school day.
Considering that our sample falls in an age range between 13 and 14
years, we decided to use the cut-off value of 8 h 30 min for meeting
the recommendation (as a midpoint of the recommendation of
8e10 h for 14-to-17 year-olds and 9e11 h for 11-to-13 year-olds).

Moderate-to-vigorous physical activity
MVPA was measured by asking students to indicate on the

abovementioned nine-time interval scale how much time, on a
typical school day, they spend doing sports.

Media Multitasking Index
A Media Multitasking Index (MMI) was calculated by asking

participants how frequently they engaged in a specific media ac-
tivity (i.e. watching TV, using the Internet, sending messages and
playing video games) with another simultaneous media activity.34

The response categories ranged from 1 ‘never’ to 4 ‘very often’.
The MMI was then calculated for each activity following Ophir's
equation.34 The MMI indicates the number of additional media an
individual is using while using a primary medium.

Academic achievement
Academic achievement was evaluated based on end-term

grades in Italian, Maths, Science, History, Geography, Music and
Visual arts provided by the regional educational administration. A
minimum of 4 is required to pass, whereas the maximum is 6. All

grades were pulled together to obtain a general end-term grades
score.

Stressful life events
Stressful life events were measured asking participants if one of

the following seven events happened in the last year: parents'
divorce, a parent with a new partner, a parent's loss of his/her job, a
family member who deceased or had severe disease, the worsening
of a significant relationship (e.g. with a parent, a teacher, or a
friend) or any other negative and significant life event.

Body mass index
BMI was calculated from the reported weight and height. BMI

categories were created using the following cut-offs: �3rd
percentile ‘underweight’, >3rd and �75th percentile ‘normal
weight’, >75th and �97th percentile ‘overweight’ and >97th
percentile ‘obese’.

Sociodemographic covariates included gender, coded as
0 ¼ male and 1 ¼ female, and socio-economic status (SES),
measured by asking participants to rate the financial situation of
their family from 0 ‘definitely not wealthy’ to 4 ‘definitely wealthy’.

Statistical analyses

As data collectionwas organised at the school level, participant-
level associations between self-report predictor variables and ac-
ademic achievement were fitted using multivariate linear mixed-
effects (random intercepts) models, nesting participants' grades
within schools (N ¼ 37). Using multilevel modelling allows esti-
mation of the variance between students within the same school
and the variance between schools separately. At the first step
(Model 1), we tested the model, including only the random in-
tercepts and the covariates. In Model 2, we included participants'
screen time, MVPA and sleep recommendations coded as 0 ‘not
met’ and 1 ‘met’. Finally, in Model 3, we tested the effect of meeting
one recommendation (screen time or sleep or MVPA) versus two
recommendations (screen time þ sleep, screen time þ MVPA and
MVPA þ sleep) versus all three recommendations, compared with
none met (reference level). The MMI was added as a categorical
variable ranging from 0 (‘no multitasking’) to 4 (‘multitasking with
four different activities’) in Model 2 and Model 3 as an additional
measure of screen time. In all models, parameter estimates were
calculated with a maximum likelihood algorithm, using the ‘lme4’
package in R software.

Results

Sample characteristics

The analytical sample included 1208 students (Mage ¼ 13.55
years, SD ¼ 0.60), of which 628 (52%) were female and 874 (72.4%)
reported to have a good to very good SES. A total of 288 (23.9%)
were either overweight or obese. More than half (n ¼ 349 [53.7%])
reported at least one stressful life event. The average end-term
grade was 4.78 (SD ¼ 0.52). Most students reported to multitask
with one (n ¼ 429 [35.5%]), two (n ¼ 459 [38%]), three (n ¼ 136
[11.3%]) and four (n ¼ 30 [2.5%]) additional media. An overview of
the sample characteristics is reported in Table 1.

A Bayesian regression imputation method and a predictive
mean matching model were used to impute missing values. All
continuous variables were normally distributed with skewness and
kurtosis <±1.
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Recommendations met

Among all students, 905 (74.9%) spent less than 2 h/day on
screens, 601 (49.8%) slept for at least 8 h 30 min per night and 813
(67.3%) exercised for at least 60 min per day (see Table 2). With
regard to the number of recommendations met, 90 (7.5%) did not
meet any of the recommendations, 134 (11.1%) reported doing at
least 60 min of MVPA per day, 28 (2.3%) reported sleeping for at
least 8 h 30min,140 (11.6%) reported spending nomore than 2 h on
screens and 247 (20.4%) reported following the guidelines for
MVPA þ screen time, 52 (4.3%) for MVPA þ sleep and 153 (12.7%)
for sleep þ screen time. The remaining 364 students (30.1%) met all
three recommendations (see Fig. 1).

Main analyses

The baselinemodel (Model 1; see Table 3) explained 13.5% of the
variance in academic achievement. Being female, having a better
SES, having experienced two or more stressful life events and
having a higher BMI were all significant predictors of academic

achievement. Compared with Model 1, both Models 2 and 3
explained a significant additional proportion of variance. In Model
2 (R2 ¼ 0.182), spending <2 h/day on the screens predicted better
academic achievement (B¼ 0.12, P < .001), followed by doing PA for
at least 60 min/day (B ¼ 0.09, P ¼ 0.001). In addition, multitasking
with two or more other media activities negatively predicted aca-
demic achievement in an increasing way (BMMI(2) ¼ �0.13,
P¼ 0.006; BMMI(3)¼�0.16, P¼ 0.006; BMMI(4)¼�0.18, P¼ 0.029). In
Model 3 (R2 ¼ 0.192), meeting only one recommendation did not
predict academic achievement. However, meeting 2, specifically
MVPA þ screen time and sleep þ screen time, significantly pre-
dicted better academic achievement at the end of the school year
(B ¼ 0.20, P < 0.001 and B ¼ 0.21, P ¼ 0.001, respectively). Meeting
all three recommendations was the best predictor of academic
achievement (B ¼ 0.24, P < 0.001). Again, multitasking with two or
more media activities predicted worse academic achievement
(BMMI(2) ¼ �0.11, P ¼ 0.012; BMMI(3) ¼ �0.15, P ¼ 0.012;
BMMI(4) ¼ �0.20, P ¼ 0.035).

Discussion

Academic achievement has been related to (un)healthy behav-
iours in adolescence. This has led to the formulation of recom-
mendations for screen time, MVPA and sleep, with the aim to
promote a healthy lifestyle and development from an early age. The
results of the present study, on a Swiss cohort of middle school
students aged 13e14 years, adds to those from previous studies in
other cultural contexts.32,33 More precisely, the study found that
the majority of adolescents met the recommendations for screen
time and MVPA, but only half of them met the recommendations
for sleep. In particular, meeting at least two of the three recom-
mendations leads to better outcomes, especially if the recom-
mendation involved screen time. Although it should be kept in
mind that the data for this study stem from adolescents' self-report,
prone to estimation bias, this result is in line with similar studies
based on children's and adolescents' self-report:32,33 long and
frequent media use may have detrimental effects on attention,
memory, impulse control and, consequentially, academic perfor-
mance. Spending no more than 2 h per day in front of screens,
sleeping the recommended amount of 8 h and 30 min and exer-
cising at least 1 h per day was associated with better academic
achievement. Following the notion of the ‘displacement’ hypothe-
sis,9 this demonstrates that reduced screen time should be
substituted with more time for sleep and/or MVPA to be beneficial
for academic achievements as the latter two activities enhance
brain plasticity18 and memory consolidation.28

Furthermore, the present study found that multitasking with
two or more media activities leads to worse academic achieve-
ment; hence, media multitasking should also be considered as an
additional measure of screen time in future research investigating
academic achievement. Digital technologies, especially the

Table 1
Sample characteristics (N ¼ 1208).

Variable n (%) Mean (SD)

Sex
Boys 580 (48%)
Girls 628 (52%)

Age (years) 13.55 (0.60)
Socio-economic status (SES) 2.85 (0.74)
Not at all good 3 (0.2%)
Not good 45 (3.7%)
Adequate 286 (23.7%)
Good 668 (55.3%)
Very good 206 (17.1%)

BMI (kg/m2) 19.25 (2.68)
Underweight 59 (4.9%)
Normal weight 861 (71.3%)
Overweight 252 (20.9%)
Obese 36 (3%)

Stressful life events
None 559 (46.3%)
One 331 (27.4%)
Two or more 318 (26.3%)

Grades (total) 4.78 (0.52)
Italian 4.69 (0.64)
Maths 4.45 (0.76)
Science 4.79 (0.66)
Visual arts 5.19 (0.49)

Media Multitasking Index (MMI)
No multitasking 154 (12.7%)
With 1 other media 429 (35.5%)
With 2 other media 459 (38%)
With 3 other media 136 (11.3%)
With 4 other media 30 (2.5%)

BMI, body mass index.

Table 2
Average time spent on each behaviour and proportion of students meeting the recommendations.

Behaviour Time spent [Mhours (SDhours)] Recommendation Number of participants meeting the recommendation (%)

Screen time (total) 1 h 30 min (0 h 58 min) <2 h/day 905 (74.9%)
Video games 0 h 53 min (1 h 10 min) 1048((86.8%)
Smartphone 1 h 57 min (1 h 26 min) 432 (35.8%)
Social media 1 h 26 min (1 h 21 min) 935 (77.4%)
Television 1 h 11 min (1 h 3 min) 1037 (85.8%)
Internet 2 h 4 min (1 h 25 min) 727 (60.2%)

Sleep 8 h 17 min (1 h 1 min) 8 h 30 min/night 601 (49.8%)
MVPA 1 h 45 min (0 h 58 min) �1 h/day 813 (67.3%)

MVPA, moderate-to-vigorous physical activity.
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smartphone, provide quick and easy gratifications. Adolescents are
more willing to use them (simultaneously) to seek short gratifica-
tions, particularly when the first, ongoing task is not gratifying
enough. According to the ‘scattered attention’ hypothesis, the par-
allel use of different media devices impact the capabilities of
functioning, reasoning and remembering information in the offline
context (e.g. classroom and homework),35 with negative conse-
quences for academic achievement. It is likely that adolescents who
engage in media multitasking (i.e. parallel use of two or more
media devices) also engage in multitasking where devices are used
while doing other offline activities (such as homework). Limited

screen time may not only reduce the interfering effects of screens
before bed or while doing homework (e.g. multitasking) but could
also substitute them with cognitively engaging and educating ac-
tivities, such as reading, including in-person social interactions,
promoting a healthier lifestyle.

In addition to past studies, the present study also considered
sociodemographic characteristics, BMI and stressful life events as
potential confounders. Being female and having a better socio-
economic background significantly increased academic achieve-
ment, while being overweight and experiencing stressful life events
were related to decreased academic achievement. Previous studies

Fig. 1. Recommendations met by all participants (in percentage). PA, physical activity.

Table 3
Hierarchical regression analyses predicting academic achievement.

Predictors Model 1 Model 2 Model 3

B (95% CI) P B (95% CI) b P B (95% CI) b P

Intercept 4.50 (4.37 to 4.64) <0.001 4.37 (4.20 to 0.53) <0.001 4.39 (4.22 to 4.57) <0.001
Gender (female) 0.24 (0.19 to 0.30) <0.001 0.28 (0.22 to 0.33) 0.26 <0.001 0.27 (0.22 to 0.33) 0.26 <0.001
SES 0.08 (0.04 to 0.12) <0.001 0.07 (0.03 to 0.10) 0.09 <0.001 0.07 (0.03 to 10) 0.09 <0.001
Stress events (¼1) �0.00 (�0.07 to 0.07) 0.997 0.02 (�0.04 to 0.09) 0.02 0.510 0.02 (�0.04 to 0.08) 0.02 0.488
Stress events (≥ 2) �0.12 (�0.19 to �0.05) <0.001 �0.06 (�0.13 to 0.01) �0.05 0.070 �0.07 (�0.13 to 0.00) �0.05 0.061
BMI (underweight) �0.03 (�0.02 to 0.09) 0.638 �0.08 (�0.20 to 0.05) �0.03 0.229 �0.08 (�0.20 to 0.05) �0.03 0.224
BMI (overweight) �0.10 (�0.17 to �0.03) 0.004 �0.07 (�0.14 to �0.01) ¡0.05 0.032 �0.08 (�0.15 to �0.01) ¡0.06 0.023
BMI (obese) �0.18 (�0.34 to �0.02) 0.029 �0.11 (�0.27 to 0.05) �0.03 0.172 �0.11 (�0.27 to 0.05) �0.03 0.193
Recommendations met (ref ¼ 0 “not met”)
Screen time (<2 h/day) 0.13 (0.06 to 0.20) 0.105 <0.001
MVPA (≥60 min/day) 0.10 (0.04 to 0.16) 0.09 <0.001
Sleep (�8 h 30 m/night) 0.05 (�0.01 to 0.10) 0.04 0.104
MMI (ref ¼ “0”)
With 1 other media 0.02 (�0.07 to 0.10) 0.01 0.717 0.02 (�0.06 to 0.11) 0.02 0.601
With 2 other media �0.13 (�0.21 to �0.03) �0.12 0.006 �0.11 (�0.20 to �02) ¡0.11 0.012
With 3 other media �0.16 (�0.28 to �0.04) �0.09 0.006 �0.15 (�0.27 to �03) ¡0.09 0.012
With 4 other media �0.23 (�0.42 to �0.04) �0.06 0.019 �0.20 (�0.39 to �01) ¡0.06 0.035
Recommendations met (ref ¼ “none”)
MVPA only 0.11 (�0.01 to 0.24) 0.06 0.090
Sleep only �0.13 (�0.33 to 0.07) �0.04 0.200
Screen time only 0.02 (�0.10 to 0.15) 0.02 0.704
MVPA þ screen time 0.20 (0.08 to 0.32) 0.15 <0.001
MVPA þ sleep 0.04 (�0.13 to 0.19) 0.01 0.670
Sleep þ screen time 0.20 (0.07 to 0.33) 0.13 0.001
All met 0.24 (0.13 to 0.36) 0.21 <0.001
Explained variance
R2 0.135 0.182 0.192
R2 change (ref: Model 1) <0.001 <0.001

CI, confidence interval; BMI, body mass index; MVPA, moderate-to-vigorous physical activity; SES, socio-economic status.
Results of the hierarchical regression analyses: Model 1 includes covariates only; Model 2 includes if a recommendation is met and multitasking as additional predictors;
Model 3 includes more information about the combination of recommendations met and multitasking as additional predictors.
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already underlined that factors promoting a sedentary lifestyle,
including overweight, are not beneficial for cognitive develop-
ment.32 However, future studies should also consider the additional
effect of stressful life events: during the developmental years, the
brain is still very plastic and thus able to recover from traumatic
events when adolescents are guided appropriately. For example,
the negative influence of stress may be mitigated by a healthy
lifestyle and social support.36

Beyond the specific context of academic achievement, the re-
sults of this study are also in line with other studies focusing on
mental health,37 internalising and externalising problem behav-
iours38 and psychosocial health.39 In a systematic review of 13
studies,37 meeting the recommendations for screen time and sleep
was associated with mental health (especially lower levels of
depressive symptoms), although this association was stronger than
the one with meeting the recommendations for MVPA. In addition,
meeting recommendations for screen time and sleep, but not
MVPA, was associated with a diminished prevalence of internal-
ising and externalising symptoms.38 Sleep duration and screen
time were strongly associated with social behaviour and psycho-
social health.39 In addition, sleep disturbance has been related to
higher levels of both internalising and externalising psychopa-
thology in adolescents.40 However, more studies on the role of
meeting recommendations of (un)healthy behaviours on youth
well-being are needed, and future research should consider the
differential effects of guidelines on cognitive, physical and psy-
chological well-being, making use of longitudinal data.

Some limitations to this study should be acknowledged. First,
self-report data are at risk of recall and estimation bias, especially
when different reference periods (e.g. ‘weekday’, ‘weekend day’,
‘typical day’ and ‘yesterday’) are used, which cannot be controlled
for in the analyses. Second, although self-report measures were
collected in spring and end-term grades in summer, at the end of
the school year, this study offers only limited possibilities to
conclude on causality. Hence, longitudinal data should be included
in the future to replicate our results. Third, the present study only
considered school grades as an indicator of academic achievement,
but grading can be biased by teacher characteristics. Standard
assessment tools would overcome this bias and generate results
that are also more easily comparable across countries.
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Letter to the Editor

Same threat, different substrate: protecting vulnerable health systems
from digital viral pandemics

COVID-19 is not the first viral pandemic to devastate health sys-
tems in the twenty-first century. In May 2017, the WannaCry ran-
somware infected more than 230,000 computers in at least 150
countries and prevented access to critical digital systems in the
UK's National Health Service (NHS).1 Although WannaCry was a
relatively unsophisticated attack that did not specifically target
the NHS, the incident reveals the degree to which healthcare digi-
talisation renders these systems vulnerable to incapacitating cyber-
threats and thereby presents substantial dangers to public health
on a global scale.

It is widely acknowledged that health and well-being can be
reliably enhanced by the implementation and scaling of digital
technologies and that the uptake of digital health into nationwide
health systems can accelerate progress towards the Sustainable
Development Goals.2 As such, ensuring the adequate cybersecur-
ity of these technologies is paramount to the protection of digital-
ising health systems that incorporate growing numbers of
network-connected medical devices and vast stores of sensitive
data, which are otherwise susceptible to attack, exploitation and
unintentional loss.3

Patient data may be stolen, deleted or corrupted in cyberat-
tacks,4 such as the 2018 attack on the SingHealth database and
the 2014 attack on US health insurance company Anthem, in which
cybercriminals illegally accessed the personal information of 1.5
million Singaporeans and 80 million Americans, respectively.5,6

Simultaneously, the growing network of interconnected medical
devices, including hospital-based equipment and implantable sen-
sors, can be hacked, manipulated or entirely disconnected, with
potentially devastating consequences for patient privacy and
safety.7 Beyond health systems, the increasing sophistication and
technical ability of individual, group-based and state-sponsored
cyberadversaries is regularly demonstrated through attacks on
financial industries, social media networks and even nuclear power
plants. The deployment of such formidable digital weaponry on
inadequately protected health systems would have catastrophic
implications for millions of patients. Despite this, cybersecurity in
these systems remains chronically underfunded, rendering them
vulnerably exposed to unacceptable degrees of reputational, finan-
cial and patient safety risk.4

Concurrently, the COVID-19 pandemic has revealed the indis-
pensable nature of digital technology in modern-day health sys-
tems, public health organisations and research institutions
globally. The collection, synthesis, processing, storage and distribu-
tion of sensitive patient data has proven to be fundamental to dy-
namic epidemiological and health protection responses, including
symptomatology data, biological test results and geolocated

contact tracing. The primary care records of millions of people
have been used to identify those patients most clinically vulnerable
to viral infection, to undertake population-wide observational
research8 and to coordinate the age-prioritised roll-out of mass
vaccination programmes. Finally, the clinical management of
infected individuals has used virtual care platforms, digital moni-
toring systems and machine learning algorithms to inform clinical
decision-making, guide resource allocation and provide clinical
care for large volumes of patients.9

Although offering plentiful advantages to the functioning of
public health organisations and healthcare services, the complete
dependence on digital technologies of the global response to
COVID-19 exposes this reliance as a critical vulnerability in
modern-day health systems and underscores the urgent need to
safeguard these systems with adequate cybersecurity. Despite
this, the long-term underinvestment of digital health system resil-
ience is likely to intensify in the coming months as countries divert
scarce resources to combating the social, economic and immediate
health impacts of the ongoing pandemic. In an environment of
rapid health system digitalisation and increasing cybercriminal
capability, such deepening neglect of infrastructure protection
would render these critical systems intolerably exposed.

The global decision to overlook biological pandemic prepared-
ness has brought chaos and misery on an unprecedented scale dur-
ing the COVID-19 pandemic. Although the substrate is different, the
same failure to prepare for a digital viral pandemic could bring
about even greater disruption to vulnerable health systems that
increasingly depend on digital technologies. To mitigate this threat
to global public health, significant commitments are urgently
required to bolster health system cybersecurity andworldwide dig-
ital health resilience.
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a b s t r a c t

Objectives: In 2015, the South African government implemented the national health promotion policy
(NHPP), intending to reduce stillbirth and maternal mortality. This study was designed to quantify the
impact of the NHPP on stillbirth and maternal mortality in both the South African population and
immigrant citizens.
Study design: This was a panel analysis using secondary data issued by Statistic South Africa-Vital
Statistics.
Methods: The author exploited the changes in smoking status that the NHPP exerted between 2015 and
2017. The author then builds credible control and treatment groups based on smoking status for both
groups. Women who quitted smoking post-NHPP implementation were considered as the treatment
group. Women who persisted with smoking post-NHPP implementation were classified as the control
group. The author then used a Two-stage Least Squared Model to quantify the impact of the NHPP on
stillbirth and maternal mortality in both the South African and immigrant populations.
Results: The model shows that NHPP averts stillbirths by 8.36% in the South African population residing
in the urban areas and by 2.84% in the rural segments of the country. NHPP averts South African maternal
mortalities by 20.88% in urban areas and by 15.60% in the rural segments of the country.Regarding the
immigrant population, the model shows that NHPP averts immigrant's stillbirths by 7.61% in the urban
areas and by 2.79% in the rural segments of the country. In addition, NHPP averts immigrant maternal
mortalities by 19.22% in the urban areas and by 13.04% in the rural segments of the country.
Conclusions: NHPP reduces stillbirth and maternal mortality outcomes slightly biased toward the South
African population. These inequalities reflect immigrant's lack of response to the NHPP framework and
inadequate access to the South African health system.
© 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

There is an ongoing debate about the relevance of health
promotion policies in averting mortalities.1e3 Some authors argue
that health promotion policies are critical to improving health
outcomes4 e a view supported by the World Health Organiza-
tion.5 These papers support the idea that health promotion pol-
icies are essential to avert maternal deaths and stillbirths.
However, other authors argue that there is no significant evidence

that health promotion yields significant improvement in health
outcomes.6 These inconsistencies invite more novel ideas to re-
evaluate the health promotion policies' impact on public health
outcomes.

In 2015e2019, responding to the World Health Organisation5

recommendations, the South African government implemented
the national health promotion policy (NHPP) to reduce maternal
and child mortality rates.7 Key to this policy strategy was the
mobilization of disadvantaged communities to take ownership of
their health.7 So far, no study has assessed the impact of NHPP on
maternal mortality and stillbirth in South Africa. Furthermore, in-
ternational evidence shows that public health programs often
impact differently on different population groups.8e10 Currently,
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there is no comparative analysis of NHPP impacts concentrating on
various population groups in South Africa. This paper is design to
fill these gaps.

Previous studies on health promotion policies suggested that
health promotion programs might be a good investment for the
health system.11e15 For example, in 2018, a group of authors
published a review of prior research on health promotion pro-
grams and found a positive return on investment on such health
promotion interventions.16 However, as the authors noted in that
review article, much of the prior literature was limited by the lack
of robust samples from low- and medium-income countries
(LMICs).

There is a need to advance the health promotion literature with
a perspective from LMICs, considering that health promotion pro-
grams have been underfunded in LMICs, especially in Africa.17e19

Furthermore, the current South African literature does not appear
to have analyzed how health promotion policies improve immi-
grant's maternal mortality and stillbirth, despite immigrants being
the most vulnerable groups,20,21 which are often neglected in
health services and policy coverage debates.

Currently, South Africa experiences a relatively high influx of
immigrants, mainly from other African countries. The female
population of immigrants is significantly growing. According to the
UN statistics, there were 4.2 million immigrants in South Africa in
2017,22 which constituted approximately 7.2% of the entire popu-
lation. Of this group, more than 2 million were women immigrants
from under-resourced backgrounds compared with South African
women.

Given this evident socio-economic inequality between South
African women and immigrant women, it was essential to
quantify any possible differences between domestic and im-
migrant's maternal mortality and stillbirth arising from NHPP
impact to assist the achievement of the universal declaration of
human rights,23,24 so that no one is left behind from govern-
ment interventions. Therefore, this study is designed to quan-
tify the impact of the NHPP on stillbirth and maternal
mortality from 2015 to 2017 in the South African population.
In addition, the study also quantifies the impact of NHPP on
immigrant's stillbirth and immigrant's maternal mortality
outcomes.

History of NHPP

The NHPP originated in 2015 from cooperative efforts among
private donors, the government department of health, academia,
and non-governmental organizations, which brought preventive
services at the community level to support public health outcomes.
The NHPP was implemented from 2015 to 2019 using various
methods, such as home visits done by community health promoters
to support the adoption of NHPP recommendations. Other imple-
mentation methods included education programs offered at public
health facilities targeting pregnant women and various media
marketing adverts to promote the ideas of preventive services to
avert maternal mortality, stillbirth, and other non-communicable
diseases. These methods were mainly communicated in English
tomobilize the country to take ownership of their health, especially
in low-income communities.

The services of NHPP included educational programs for inte-
grated management of childhood illnesses, breastfeeding, healthy
eating programs, immunization campaigns, prevention of violence
against women and children, prevention of substance abuse, and
tobacco consumption. So far, the NHPP has succeeded in reducing
the percentage of the smoking populationwith an average of 67% in
the low-income communities of South Africa (see Figure 1 in the
Appendix).

In light of the declining smoking population driven by NHPP
interventions, the present study seeks to answer the following
questions: (1) What impacts does NHPP exert on the South African
population's stillbirth and maternal mortality? (2) Are there
regional and educational differences in the impact of NHPP on
stillbirth and maternal mortality outcomes? (3) Is the NHPP having
positive effects on immigrant's stillbirth and immigrant's maternal
mortality outcomes? This article explores findings that demon-
strate the potential of the NHPP to improve maternal health.

Methods

The author uses the Vital Statistics panel data provided by Sta-
tistic South Africa (Stats-SA) from 2015 to 2017. The Vital Statistics
data were released in 2019 and are collected annually on approxi-
mately one million individuals, covering leading causes of deaths
for South Africans and citizens of other nationalities residing in
South Africa. The Vital Statistics database sampling procedure in-
volves explicit stratification by province and within each province
by urban and non-urban areas.

Household causes of deaths are drawn under this stratification.
Individual characteristics presented in each household unit include
the deceased's age, cause of death, the pregnant status of the
deceased, gender, education level, job occupation, smoking status
of the deceased, smoking status of the remaining next of kin, na-
tionality status, and other general socio-economic status variables.
The survey general structure questions for a binary response. For
example, households are asked the smoking status of the deceased.
The general reply is either yes, the deceased was smoking, or no,
the deceased was not smoking. The paper used this binary variable
to quantify the changes in stillbirth and maternal mortality out-
comes in individuals who accepted NHPP recommendations and
quitted smoking vs those who resisted NHPP efforts and persisted
with smoking.

In this analysis, the author exploited the changes in smoking
status that the NHPP exerted in the South African and immigrant
population groups between 2015 and 2017. The author then builds
credible control and treatment groups based on smoking status for
both groups. Individual women who quitted smoking post-NHPP
implementation were considered as the treatment group. Individ-
ual women who persisted with smoking post-NHPP implementa-
tion were classified as the control group.

The author used the strategy described by Mostert and Vall 25,26

to quantify the impact of the NHPP on stillbirth and maternal
mortality in both the South African population and immigrants
citizens. In addition, sine smoking is known to be associated with
increased stillbirth and maternal mortality risk; the author
compared the outcomes by smoking status.

Hence, the author opted to analyze these results in individuals
whose smoking status was disclosed to prevent hidden biases.
Furthermore, NHPP mainly covered low-income communities.
Therefore, the analysis only focuses on households whose job oc-
cupations paid <900 US$ per month to prevent any confounding
factors (e.g. agricultural and fishery workers, elementary occupa-
tions workers, clerical support workers, plant operators, etc.).

The author did not directly compare households who persisted
in smoking to those not smoking, as these two groups of house-
holds can be different in many additional dimensions that can have
direct impacts on stillbirth and maternal mortality outcomes (e.g.
differences in income, proximity to health institutions, and social
status of the household).

For these reasons, the author did not opt for ordinary least
squares (OLS) model estimation because of the possibility of having
inflated coefficients.25,26 Instead, the author opted for a 2SLS model
presented below:
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In the first equation, Y is one of the outcomes for individual at
age ɑ, and ‘~NHPP’ is the predicted benefit from the national
health promotion policy proxied by no smoking. The regression
includes age fixed effects (which capture age differences that can
influence maternal mortality and stillbirth outcomes), education
fixed effects (which capture the family education dynamics
which can influence mortality outcomes), place of death fixed
effects (which capture the deaths recorded at home and in
healthcare facilities), year fixed effects (which capture the year
and seasonality effects which may influence mortality outcomes),
race fixed effects (which capture for racial differences that can
influence mortality outcomes), and a dummy for female (for the
regressions in which the study estimate effects for both males
and females).

In the second equation (which corresponds to the first stage
regression), participation in the NHPP program is estimated as a
function of the treatment dummy variable, which identifies the
individuals who responded positively and maintained a no-
smoking lifestyle. Thus, in all model estimations, the study needs
two assumptions to be fulfilled: first, probability of being treated,
and this will be corroborated by the F-test of the first stage equa-
tion; and second, the exclusion restriction needs to hold, that is, the
instrument should not influence the primary outcome directly
through any channel other than treatment.

This assumption means that differences in stillbirth and
maternal mortality outcomes between the treated and control
groups can only be because of NHPP's influence in reducing
smoking. Thus, there is no reason to believe that the treatment
group should have better stillbirth and maternal mortality out-
comes than the control group observed in the same regions.
Furthermore, no other South Africa event explains any difference
in stillbirth and maternal mortality outcomes that would affect
only the treatment group but not the control group. Thus, the
paper is confident that the exclusion restriction is satisfied,
meaning NHPP can explain these changes in Figure 2 of the
Appendix.

Results

Descriptive analysis

Table 1 presents the exact difference between the treatment and
control groups. First, individuals who persisted with smoking recor-
ded a higher probability of stillbirth and maternal mortality than
those who accepted the NHPP interventions and stopped smoking.

Results of two-way 2SLS model

The tables present a comparative picture of how NHPP in-
terventions that drove down smoking also averted stillbirth and
maternal mortality. When analyzing the 2SLS model estimations'
results, the paper noted that the first stage regression's F-statistic
is very large, pointing toward the instrument's strong validity
(see Table 2). Furthermore, stillbirths were reduced by 0.13 per-
centage points in the urban regions. The mean of stillbirth is 1.61
in this region. Therefore, NHPP reduces the rate of stillbirth by
8.36%.

Similarly, stillbirth was reduced by 0.87 percentage points in
rural settings. On the other hand, the mean for stillbirth is 2.60 for
these regions; therefore, NHPP reduces the stillbirth rate by 2.84%.
This estimation shows that the NHPP did not appear to have as
great an impact on the rural population as on the urban one.

The study then next examines whether NHPP positively impacts
the maternal mortality outcomes, considering that it positively
impacts stillbirth. The paper found in Table 3 that NHPP reduces
maternal mortality in both urban and rural populations. NHPP re-
duces maternal mortality by 0.10 percentage points, implying a
20.88% improvement in the urban population. Once again, the
NHPP impact was lower in improving maternal deaths in the rural
population. Indeed, living conditions are key determinants of
maternal healthcare utilization,27 which could explain these
results.

The author examined education-based differences of NHPP's
impact on maternal mortality outcomes and repeated the same
regressions only for the educated individuals (Grade 12 and other
tertiary qualifications) and only for the least educated individuals
(Below Grade 12 completion). Table 4 shows that NHPP improves
maternal mortality more for the educated population. For example,
in the treatment group, maternal deaths were reduced by 21.75%
for the educated population and 14.80% for the least educated
population.

Table 1
Descriptive statistics.

Treated Control

Benefiting from NHPP 99.9% 0.0%
Female 51.1% 51.3%
In rich provinces 53.0% 53.4%
Reported stillbirth 1.3% 3.1%
Reported maternal mortality 3.4% 7.1%
Reported foreign nationals 14.2% 13.1%
Observations 125,751 120,820

NHPP, national health promotion policy.
Source: Own elaboration with data from Stats-SA vital statistics 2015e2017.

Table 2
2SLS estimation of the impact of NHPP on stillbirth.

2SLS Urban Rural

Stillbirth

NHPP �0.0013a �0.0087a

(0.0002) (0.0001)
Age fix effect Yes Yes
Year fix effect Yes Yes
Gender fix effect Yes Yes
Race fix effect Yes Yes
Place of death fix effect Yes Yes
Mean for stillbirth 0.0161 0.0260
Observations 12,049 10,594
F-stat 1st SLS 89.4101 78.2741

Note: The results are from a 2SLS model. In the first stage equation, the dependent
variable is the probability of being treated with NHPP. Simultaneously, the instru-
ment is a dummy variable equal to 1 for individuals who responded to NHPP and
maintained a no-smoking lifestyle and 0 for individuals who avoided the NHPP
recommendation and persisted with smoking. In the second stage regression, the
dependent variable is a dummy variable of ‘stillbirth’. Both regressions include age,
year, gender, race, and place of death fixed effects. Source: Vital statistics provided
by Statistic South Africa from 2015 to 2017. NHPP, national health promotion policy.

a Significant P value at <0.05. Coefficients in brackets represent standard errors.

Ya
i ¼ a1 þ b1 � NHPPivþ AgeFE þ jEducation� FE þ qPlaceFE þ rYearFE þ xRacei þ sFemalei

NHPPai ¼ a2 þ b2Treat
a
i þ AgeFE þ jEducation� FE þ qPlaceFE þ rYearFE þ xRacei þ sFemalei

(1)
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Table 5 shows that the NHPP appeared to reduce stillbirth and
maternal mortality rates among the immigrant population. How-
ever, the impact of NHPP is lower in reducing immigrant's stillbirth
and maternal mortality compared with the South African citizens.

Discussion

The NHPP appears to play a positive role in advancing public
health outcomes. The study also finds that the impact of NHPP is
more robust for the urban population than for the rural population.
These results are consistent with findings reported in Brazil.28

The study also analyses differences in the impact of NHPP for the
educated and least educated population in South Africa. NHPP
improves maternal mortality outcomes to a more considerable
extent in the educated segment of the population. These results are
consistent with findings from Canada,29 Ireland,30 and other in-
ternational studies,31 where education was found to play a signif-
icant role in advancing public health outcomes.

Health policies in South Africa tend to perpetuate skewed
inequality between educated and less educated populations
because the English language is preferred over other local lan-
guages. The less educated people, especially in rural areas, are less
fluent in English, resulting in meek improvement in public health
outcomes.

Hence, the NHPP does not improve stillbirths and maternal
deaths equally for all groups, and this inequality of impact has
significant implications for the further implementation of NHPP.
This paper endorses the strengthening of NHPP to make its
utilization practical for both rural and urban areas and educated
and less educated groups. More diversification of the NHPP
language programs will go a long way in reducing the current
inequalities.

Finally, the paper also analyses the impact of the NHPP on the
immigrant population. More specifically, the paper finds a robust
improvement in stillbirth and maternal deaths in immigrants who
responded to NHPP interventions. However, the slightly lower co-
efficient in the immigrant population group reflects the existing
health disparities between the South Africans and immigrants.
These results are similar to findings reported in Taiwan.32 Health
promotion programs and preventive care utilization in Taiwanwere
relatively low among immigrants citizens compared with the lo-
cals, resulting in lower health outcomes for the immigrants.

Limitations

The paper acknowledges that the current binary variables do not
capture all epidemiological outcomes linked to these women
considering that Stats-SA vital statistics is still missing maternal
deaths data for 2018 and 2019. Furthermore, there is no advance
information on the determinates of stillbirths and maternal deaths
in the Vital Statistics panel data. Thus, the author interprets the
results as evidence of substantial improvement in stillbirth and
maternal mortality outcomes attributed to NHPP while not
capturing other qualitative changes that may further explain these
health outcomes. For example, stillbirth can also be driven by

Table 3
2SLS estimation of the impact of NHPP on maternal mortality.

2SLS Urban Rural

Maternal mortality

NHPP �0.0010a �0.0087a

(0.0002) (0.0001)
Age fix effect Yes Yes
Year fix effect Yes Yes
Education fix effect Yes Yes
Race fix effect Yes Yes
Place of death fix effect Yes Yes
Mean for maternal mortality 0.0481 0.0560
Observations 126,565 106,630
F-stat 1st SLS 119.9601 104.2201

Note: The results are from a 2SLS model. In the first stage equation, the dependent
variable is the probability of being treated with NHPP. Simultaneously, the instru-
ment is a dummy variable equal to 1 for individuals who responded to NHPP and
maintained a no-smoking lifestyle and 0 for individuals who avoided the NHPP
recommendation and persisted with smoking. In the second stage regression, the
dependent variable is a dummy variable of ‘maternal mortality’. Both regressions
include age, year, education, race, and place of death fixed effects. Source: Vital
statistics provided by Statistic South Africa from 2015 to 2017. NHPP, national
health promotion policy.

a Significant P value at <0.05. Coefficients in brackets represent standard errors.

Table 4
2SLS estimation of the impact of NHPP on maternal mortality by education level.

2SLS Educated Least educated

Maternal mortality

NHPP �0.0109a �0.0080a

(0.0005) (0.0011)
Age fix effect Yes Yes
Year fix effect Yes Yes
Race fix effect Yes Yes
Place of death fix effect Yes Yes
Mean for maternal mortality 0.0501 0.0541
Observations 116,561 116,634
F-stat 1stSLS 117.9601 109.2201

Note: The results are from a 2SLS model. In the first stage equation, the dependent
variable is the probability of being treated with NHPP. Simultaneously, the instru-
ment is a dummy variable equal to 1 for individuals who responded to NHPP and
maintained a no-smoking lifestyle and 0 for individuals who avoided the NHPP
recommendation and persisted with smoking. In the second stage regression, the
dependent variable is a dummy variable of ‘maternal mortality’. Both regressions
include age, year, race and place of death fixed effects. Source: Vital statistics pro-
vided by Statistic South Africa from 2015 to 2017. NHPP, national health promotion
policy.

a Significant P value at <0.05. Coefficients in brackets represent standard errors.

Table 5
2SLS estimation of the impact of NHPP on maternal mortality and stillbirth of
immigrant citizens.

2SLS Urban Rural

Maternal mortality

NHPP �0.0106a �0.0077a

(0.0012) (0.0020)
Age fix effect Yes Yes
Year fix effect Yes Yes
Education fix effect Yes Yes
Race fix effect Yes Yes
Place of death fix effect Yes Yes
Mean for maternal mortality 0.0551 0.0590
Observations 9849 8948
F-stat 1st SLS 91.3601 87.5501

Stillbirth

�0.0010a �0.0008a

(0.0002) (0.0001)
Age fix effect Yes Yes
Year fix effect Yes Yes
Gender fix effect Yes Yes
Race fix effect Yes Yes
Place of death fix effect Yes Yes
Mean for stillbirth 0.0131 0.0290
Observations 6049 5942
F-stat 1st SLS 73.7501 69.4721

NHPP, national health promotion policy.
a Significant P value at <0.05. Coefficients in brackets represent standard errors.

Source: Vital statistics provided by Statistic South Africa from 2015 to 2017.
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unrecognized intrauterine growth.33 Unfortunately, the Vital Sta-
tistics panel data do not contain such information, which should
have been controlled in the analysis. Nevertheless, the paper be-
lieves such omission will not significantly influence the current
estimation considering that smoking is still the primary driver of
stillbirth and maternal mortality.2

In summary, NHPP plays a crucial role in advancing women's
and children's health outcomes. For example, the policy improves
stillbirth and maternal mortality for both South Africans and
immigrant nationals.

Author statements

Acknowledgements

This research is part of a collaboration project designed to
investigate policies which support the engineering of resilient
health systems in developing countries.

Ethical approval

Our institution does not require ethical approval for this type of
study.

Funding

The author is grateful for the financial support received from the
University of Twente.

Competing interests

None declared.

Availability of data and materials

The data that support the findings of this study are available
from STATSA on reasonable request.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2021.07.009.

References

1. Madsen W. History in health: health promotions underexplored tool for
change. Publ Health 2018;154:118e22.

2. Knight-Agarwal C, Mellor D, Georgousopoulos. Maternal body mass index,
smoking status and small for gestational age: an Australian retrospective
cohort study. Publ Health 2020;185:381e5.

3. Orme J, de Viggiani N, Naidoo J, Knight T. Missed opportunities? Locating health
promotion within multidisciplinary public health. Publ Health 2007;121:
414e9.

4. Barnes D, Hanson C, Novilla L, Magnusson B, Crandall A, Bradford G. Family-
centered health promotion: perspectives for engaging families and achieving
better health outcomes. Inquiry 2020. https://doi.org/10.1177/00469580
20923537.

5. WHO recommendations on health promotion interventions for maternal and
newborn health. WHO library; 2015. 978 92 4 150874 2.

6. Song Z, Baicker K. Effect of a workplace wellness program on employee health
and economic outcomes: a randomized clinical trial. J Am Med Assoc
2019;321(15):1491e501.

7. The national health promotion policy and strategy 2015-2019. Department of
health, republic of South Africa. Available at: https://health-e.org.za/2015/10/
01/policy-the-national-health-promotion-policy-and-strategy-2015-2019/
.(Last accessed 2021/02/12).

8. Thomson K, Bambra C, McNamara C, et al. The effects of public health policies
on population health and health inequalities in European welfare states: pro-
tocol for an umbrella review. Syst Rev 2016;57. https://doi.org/10.1186/
s13643-016-0235-3.

9. Diego S, Smith M, Upshur R. Disadvantaging the disadvantaged: when public
health policies and practices negatively affect marginalized populations. Can J
Public Health 2013;11:e410e2.

10. Board on Population Health and Public Health Practice. Committee on
community-based solutions to promote health equity in the United States. In:
Baciu A, Negussie Y, Geller A, et al., editors. Communities in action: pathways to
health equity. Washington (DC): National Academies Press (US); 2017; Jan 11.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK425844/.

11. Nickel S, Süß W, Lorentz C, Trojan A. Long-term evaluation of community
health promotion: using the capacity building as an intermediate outcome
measure. Publ Health 2018;15:9e15.

12. Van den Broucke S. Why health promotion matters to the COVID-19 pandemic,
and vice versa. Health Promot Int 2020;35:181e6.

13. WHO. Regional action plan on health promotion in the sustainable development
goals: 2018-2030. Manila, Philippines: World Health Organization Regional
Office for the Western Pacific; 2017. Licence: CC BY-NC-SA 3.0 IGO.

14. Ng M, Yousuf B, Bigelow L, Van Eerd D. Effectiveness of health promotion
programs for truck drivers: a systematic review. Health Educ J 2015;74(3):
270e86.

15. Sanjiv K, Preetha G. Health promotion: an effective tool for global health. Indian
J Community Med 2012;37:5e12.

16. Lee M, Lee H, Kim Y, Kim J, Cho M, Jang J, Jang H. Mobile App-based health
promotion programs: a systematic review of the literature. Int J Environ Res
Publ Health 2018;15(12):2838.

17. Anugwom E. Health promotion and its challenges to public health delivery
system in Africa. Intech 2020;1. https://doi.org/10.5772/intechopen.91859.

18. Howze E, Auld E, Woodhouse D, Gershick J, Livingood W. Building health
promotion capacity in developing countries: strategies from 60 years of
experience in the United States. Health Educ Behav 2009;36(3):464e75.

19. Bayarsaikhan D, Muiser J. Financing health promotion. WHO publication; 2007.
https://www.who.int/health_financing/documents/dp_e_07_4-health_promo-
tion.pdf.

20. White J, Levin J, Rispel L. Migrants' perceptions of health system responsive-
ness and satisfaction with health workers in a South African Province. Glob
Health Action 2020;13:1.

21. Freedman J, Crankshaw T, Mutambara V. Sexual and reproductive health of
asylum-seeking and refugee women in South Africa: understanding the de-
terminants of vulnerability. Sex Reprod Health Matters 2020;28:1.

22. United Nations. International migrant stock: the 2017 revision. UN publication;
2017. Available at: https://www.un.org/en/development/desa/population/
migration/data/estimates2/estimates17.asp.

23. Ooms G, Keygnaert I, Hammonds R. The right to health: from citizen's right to
human right (and back). Publ Health 2019;722:99e104.

24. Chinkin C. Health and human rights. Publ Health 2006;120:52e9.
25. Mostert C, Vall J. The long-run educational and spillover effects of uncondi-

tional transfers: evidence from South Africa. Econ Hum Biol 2020;1:100817.
26. Mostert C. The impact of the school feeding programme on the education and

health outcomes of South African children. Child Youth Serv Rev 2021;126:
106029.

27. Iacoella F, Tirivayi N. Determinants of maternal healthcare utilization among
married adolescents: evidence from 13 Sub-Saharan African countries. Publ
Health 2019;(177):1e9.

28. Silveira -Filho A, Moyses S, Silveira A, Moyses Ignacio S. Assessing the potential
effectiveness of oral health promotion strategies in primary health care in
Brazil. Publ Health 2017;147:47e50.

29. Dilmaghani M. The causal effects of education on health over the life course:
evidence from Canada. Publ Health 2020;(186):170e7.

30. Higgins C, Lavin T, Metcalfe O. Health impacts of education a review. Published
by the Institute of Public Health in Ireland; 2008. 978-0-9559598-1-3.

31. Robert A, Benedict I. Truman. Education improves public health and promotes
health equity. Int J Health Serv 2015;45(4):657e78.

32. Lu C, Hsu Y, Su W. Urban-rural disparity of preventive healthcare utilization
among children under the universal health insurance coverage in Taiwan: a
national birth cohort analysis. Publ Health 2020;(182):102e9.

33. Gardosi J, Giddings S, Buller S. Preventing stillbirths through improved ante-
natal recognition of pregnancies at risk due to fetal growth restriction. Publ
Health 2014;128:698e702.

C.M. Mostert Public Health 198 (2021) 118e122

122

http://refhub.elsevier.com/S0033-3506(21)00272-9/sref1
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref1
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref1
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref2
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref2
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref2
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref2
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref3
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref3
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref3
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref3
https://doi.org/10.1177/0046958020923537
https://doi.org/10.1177/0046958020923537
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref5
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref5
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref6
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref6
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref6
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref6
https://health-e.org.za/2015/10/01/policy-the-national-health-promotion-policy-and-strategy-2015-2019/
https://health-e.org.za/2015/10/01/policy-the-national-health-promotion-policy-and-strategy-2015-2019/
https://doi.org/10.1186/s13643-016-0235-3
https://doi.org/10.1186/s13643-016-0235-3
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref9
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref9
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref9
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref9
https://www.ncbi.nlm.nih.gov/books/NBK425844/
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref11
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref11
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref11
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref11
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref11
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref12
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref12
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref12
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref13
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref13
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref13
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref14
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref14
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref14
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref14
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref15
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref15
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref15
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref16
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref16
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref16
https://doi.org/10.5772/intechopen.91859
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref18
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref18
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref18
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref18
https://www.who.int/health_financing/documents/dp_e_07_4-health_promotion.pdf
https://www.who.int/health_financing/documents/dp_e_07_4-health_promotion.pdf
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref20
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref20
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref20
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref21
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref21
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref21
https://www.un.org/en/development/desa/population/migration/data/estimates2/estimates17.asp
https://www.un.org/en/development/desa/population/migration/data/estimates2/estimates17.asp
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref23
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref23
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref23
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref24
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref24
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref25
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref25
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref26
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref26
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref26
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref27
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref27
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref27
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref27
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref28
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref28
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref28
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref28
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref29
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref29
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref29
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref30
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref30
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref31
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref31
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref31
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref32
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref32
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref32
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref32
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref33
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref33
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref33
http://refhub.elsevier.com/S0033-3506(21)00272-9/sref33


Original Research

The real-life impact of vaccination on COVID-19 mortality in Europe
and Israel

Katarzyna Jabło�nska a, *, Samuel Aball�ea b, Mondher Toumi c

a Creativ-Ceutical, Ul. Przemysłowa 12, Krak�ow, 30-701, Poland
b Creativ-Ceutical, Westblaak 90, Rotterdam, 3012KM, the Netherlands
c Faculty of Medicine, Public Health Department, Aix-Marseille University, 27 Boulevard Jean Moulin, Marseille, 13005, France

a r t i c l e i n f o

Article history:
Received 26 May 2021
Received in revised form
14 July 2021
Accepted 26 July 2021
Available online 3 September 2021

Keywords:
COVID-19 mortality
SARS-CoV-2 variants
B.1.1.7 variant
VOC
Vaccination
Mobility

a b s t r a c t

Objectives: This study aimed at estimating the real-life impact of vaccination on COVID-19 mortality,
with adjustment for SARS-CoV-2 variants spread and other factors across Europe and Israel.
Study design: Time series analysis.
Methods: Time series analysis of the daily number of COVID-19 deaths was performed using non-linear
Poisson mixed regression models. Variables such as variants’ frequency, demographics, climate, health,
and mobility characteristics of thirty-two countries between January 2020 and April 2021 were
considered as potentially relevant adjustment factors.
Results: The analysis revealed that vaccination efficacy in terms of protection against deaths was 72%,
with a lower reduction of the number of deaths for B.1.1.7 vs non-B.1.1.7 variants (70% and 78%,
respectively). Other factors significantly related to mortality were arrivals at airports, mobility change
from the prepandemic level, and temperature.
Conclusions: Our study confirms a strong effectiveness of COVID-19 vaccination based on real-life public
data, although lower than expected from clinical trials. This suggests the absence of indirect protection
for non-vaccinated individuals. Results also show that vaccination effectiveness against mortality asso-
ciated with the B.1.1.7 variant is slightly lower than that with other variants. Lastly, this analysis confirms
the role of mobility reduction, within and between countries, as an effective way to reduce COVID-19
mortality and suggests the possibility of seasonal variations in COVID-19 incidence.

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

Introduction

The pandemic of the coronavirus infectious disease 2019
(COVID-19) is continuously evolving, driven by the spread of new
variants of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). During the second half of 2020 and early 2021, a variety of
new SARS-CoV-2 variants emerged. EU2 variant (mutation S:447N),
first observed in July 2020 in Western Europe, was found to be
capable of increasing virus infectivity.1,2 Then, several variants of
concern (VOCs) have been identified, including B.1.1.7 developed
first in the UK in September 2020,3 B.1.351 in South Africa in
December 2020,4 P.1 in Brazil in January 2021,5 and the ‘Indian’
variant B.1.617 reported first in Maharashtra in January 2021.6 The

disease mortality has been increased in these countries after new
variants were developed.7e10 An increased risk of transmissibility,
hospitalization, and death associated with the B.1.1.7 variant was
reported by a number of authors.8,11e16 The B.1.351 variant was
found to have an increased transmissibility and immune escape17

and was estimated to be 50% more transmissible than pre-existing
variants.18 Higher incidence of COVID-19 cases in younger age
groups was observed in the Amazonas state, suggesting changes in
pathogenicity of the P.1 variant.19 Preliminaryfindings suggest also a
significant increase in case fatality rate in young and middle-aged
population for the P.1 mutant.20 The region of Maharashtra, where
the B.1.617 variant emerged, experienced a significant rise in daily
infection rate after the new variant appeared.10

To control the SARS-CoV-2 spread, a number of different vac-
cines have been developed and analyzed in clinical trials, including
eight vaccines having emergency use or conditional marketing
authorizations worldwide or across regions, as of May 2021.21 The
worldwide vaccination campaign started in December 2020 aiming
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to provide herd immunity across societies. The threshold for
COVID-19 ‘herd immunity’ was placed between 60 and 70% of the
population gaining immunity through vaccinations or past disease
exposure; however, scientists warn that herd immunity is unlikely
to be achieved owing to factors such as vaccine hesitancy and the
spread of new variants.22,23 Israel was far ahead of other countries
in terms of the proportion of vaccinated inhabitants, exceeding 62%
at the end of April 2021, with the UK reaching 50% and the USA 42%
at the same time.24

Results of clinical trials on vaccine efficacy revealed that Pfizer-
BioNTech had 95% efficacy at preventing symptomatic COVID-19
infection in people without prior infection.25 Efficacy of 94.1%
was reported for Moderna,26 70.4% for Oxford-AstraZeneca,27 66.5%
for Johnson & Johnson,28 and 96.4% for Novavax,29 with the latter
being still under the investigation before authorization. For the
prevention against a severe disease course, Pfizer, Moderna,
AstraZeneca, and Novavax reported a 100% efficacy, whereas 84%
was observed for Johnson & Johnson; however, the latter was
tested on a broader range of countries, including the USA, South
Africa, and Brazil, after the new VOCs spread.

Clinical evidence suggests that newly developed virus variants
may affect the protective efficacy of both naturally acquired im-
munity and vaccinations. Studies on neutralization of convalescent
sera against distinct strains showed that VOCs were harder to
neutralize than the original strain, an early Wuhan-related strain of
SARS-CoV-2. Neutralization titers against the B.1.1.7 variant showed
a threefold reduction,30 a 3.4-fold reduction was observed for the
P.1 variant,31 and a 13.3-fold reduction for the B.1.531 variant.32

Johnson & Johnson vaccine was found to have 64% efficacy
against infection in South Africa and 68% in Brazil after the spread
of B.1.135 and P.1 variants, whereas the efficacy against severe-
critical disease was 82% and 88% in both countries.28 Late March
2021, AstraZeneca was observed as having 70.4% efficacy against
the B.1.1.7 variant;33 however, the vaccine did not protect as well
against the B.1.351 variant.34 For Novavax, the initial evidence
suggests 86.3% efficacy against the B.1.1.7 variant35 and 49.4%
against the B.1.351 variant.36 Early May 2021, Pfizer vaccine was
found to be 87% effective against infection with the B.1.1.7 variant
and 72% against B.1.351 variant, whereas 97.4% efficacy against se-
vere disease course was observed for any of these mutations.37 On
the other hand, Wang et al.38 observed a reduced neutralization of
Moderna and Pfizer vaccine-immune sera against the B.1.351
variant (12.4-fold for Moderna; 10.3-fold for Pfizer), but no signif-
icant impact was observed for the B.1.1.7 variant. Next, a 3.8- to 4.8-
fold reduced neutralization of Moderna vaccine was observed
against the P.1 variant.31 Preliminary evidence suggests a significant
drop in neutralization of B.1.617 compared with other variants,
including B.1.1.7 and P.1, with sera of Indian's vaccine, Covaxine.10

The other concern is the probability of reinfection after recovery
or vaccination. Hansen et al.39 observed an 80.5% protection against
reinfection in a population-level observational study on Danish
patients previously tested positive for SARS-CoV-2; however, the
study was performed before VOCs spread. The probability of rein-
fection after vaccination is also a big concern. As reported by the US
Centers for Disease Control and Prevention (CDC), there were
around 9200 infections among vaccinated inhabitants among 95
million of those who have already been vaccinated in the USA
(0.01%) as of 26 April 2021.40 Despite these optimistic preliminary
data, experts alarm that additional data are needed to assess the
potential impact of VOCs on future vaccine efficacy.41 Considering
all the concerns associated with new VOC spread, the real vacci-
nation effectiveness becomes hard to assess and judge but can be
expected to decrease over time. Also, it is likely that vaccination
may favor the emergence of new variants by selection of new,
better fitted mutants. Some scientists suggest that, similarly as for

seasonal flu vaccines, COVID-19 vaccines will need to be redesigned
or even updated periodically to protect against new variants.42,43

Vaccination efficacy and distinct variants spread are the only
two factors among numerous other variables affecting COVID-19
infection and death rates across the world. A variety of potential
predictors were assessed in the literature, including demographic
characteristics, mobility and social-distancing measures, environ-
mental and climate variables, as well as health characteristics.44e53

This study aims at estimating the real-life impact of vaccination
on COVID-19 mortality based on publicly available data from
Europe and Israel, using time series analysis with non-linear mixed
regression models. Variants frequency, including B.1.1.7 and other
variants, as well as country-specific demographic and meteoro-
logical characteristics, health indicators, and mobility factors were
considered as potentially relevant adjustment factors. Results of the
current study should inform policy decision-makers, scientists, and
the general public about the role of vaccination and social-
distancing strategies in controlling the COVID-19 pandemic in the
face of new VOCs spread.

Methods

Data collection

A total of 32 countries were considered in the analysis, including
European countries and Israel. The daily number of COVID-19
deaths was the primary outcome of interest. Values were
smoothed using 7-day moving average, divided by the number of
inhabitants of a given country and reported as daily numbers of
deaths per 1 million inhabitants.

The main explanatory variables of interest were proportion of
vaccinated inhabitants (vaccination coverage), as well as average
proportions of SARS-CoV-2 variants calculated across strains
forming 12 Nextstrain clades. The focus was on 20A (EU2), 20E
(EU1), and 20I (B.1.1.7) variants, with the two formers being
dominant in Europe during the summer 2020 and the latter VOC
beingmost frequent early 2021. Other time-varying covariates were
maximum daily temperature, mean daily wind speed, the number
of arrivals at two biggest airports of a country, and change in
mobility from the prepandemic level (considering the average
across retail/recreation, transit stations, and groceries/pharmacies).
Additional fixed covariates were proportion of population aged 65
years or older, prevalence of diabetes, and rate of cardiovascular
deaths.

Data on COVID-19 deaths and vaccination were obtained from
Our World in Data on 15 April 2021.24 Metadata on SARS-CoV-2
virus variants (clades) identified up to mid-April 2021 were
downloaded from the Nextstrain platform.54e56 We assumed that if
a strain was observed on a given date, it could be observed in a
range of ±14 days from the observation date. Because the datawere
not reported daily, linear interpolation was used to impute missing
observations, assuming zeros a month before the first and after the
last (if up to 1March 2021) reported occurrence of a variant. Finally,
data were smoothed with the use of 14-day moving average.

Countries’ characteristics were obtained from Our World in
Data, Eurostat, the National Centers for Environmental Information,
Aviation Intelligence Portal, and Google COVID-19 Community
Mobility Reports.24,57e60 Data on arrival flights and mobility were
smoothed using 7-day moving average.

Statistical analysis

Regression analysis was used to investigate the association be-
tween COVID-19 mortality and daily reported time-varying vari-
ables and fixed covariates.
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The primary analysis of the daily number of COVID-19 deaths
was performed with the use of non-linear Poisson mixed model
with random country-level intercept and mobility effect. The
considered period was from the date of the first reported death in
Europe, 29 January 2020, up to 15 April 2021.

Owing to the presence of autocorrelations, and to consider the
fact that the number of infections on a given day is dependent on
the number of infectious cases in the population over previous days
which translates into the respective number of deaths, the model
was adjusted for the logarithm of the daily number of COVID-19
deaths reported 7 days earlier. To capture the fact that increasing
or decreasing trends in COVID-19 mortality over time are generally
stable over several weeks or months, the logarithm of quotient of
COVID-19 deaths 7 days before divided by deaths 14 days before the
actual date was added as a covariate. All other time-varying vari-
ables were considered with a 21-day lag, to account for the virus
incubation period, assuming 7 days from contact to symptoms
onset, and a delay between symptoms onset and death due to the
disease, assuming another 14 days. In addition, heterogeneity be-
tween countries was considered with random intercepts and
mobility effects varying between countries.

Assuming M indicates mortality with vaccination coverage ‘c’,
Mo is the mortality without vaccination, and ‘VE’ represents the
vaccine efficacy, we have:

M¼M0,ð1� c ,VEÞ:
After applying the logarithmic transformation and considering a

set of covariates x1;…; xk and random effects u0; u1;…;un on
intercept and selected x1; …; xn, this equation was extended as
shown in the following to specify the non-linear model:

LogðEðMÞÞ¼b0 þ Logðð1� c , VEÞÞþ
b1x1 þ…þbkxk þu0 þu1x1 þ…þ unxn:

For the exploratory analysis, vaccine efficacy against B.1.1.7 and
non-B.1.1.7 variants was analyzed using a similar approach.
Assuming that there are two classes of virus variants with known
proportions equaled p1 and p2, the vaccine efficacy could be
considered as the average efficacy weighted by variants
proportions:

VE¼ p1,VE1 þ p2,VE2:

The formula for the non-linear model is then as follows:

LogðEðMÞÞ¼b0 þ Logðð1� c , ðp1 ,VE1 þp2 ,VE2ÞÞÞþ
b1x1 þ…þbkxk þu0 þu1x1 þ…þ unxn:

Additionally, three scenarios were tested as sensitivity analyses,
varying either the time to symptoms onset or the time between
symptoms onset and death. A detailed methodology is presented in
Supplementary Materials.

A P-value lower than 0.05 was considered as statistically sig-
nificant. Akaike's information criterion (AIC) was provided to
inform about models' fit statistic. Analyses were performed using
SAS, version 9.4, software.

Results

Descriptive statistics

Descriptive statistics of outcomes and covariates across 32
countries included in the analysis, for the period between January
2020 and April 2021, are presented in Table 1. Mean proportions of
SARS-CoV-2 variants, EU2, EU1, and B.1.1.7, for each country are

presented in Fig. 1. Until mid-April 2021, the variant EU2 was the
most frequently spread for vast majority of countries, except Israel
and the UK for which B.1.1.7 wasmore frequent, as well as Spain and
Lithuania with EU1 being more commonly observed.

Primary analysis

Analysis of the non-linear Poisson mixed model of the number
of COVID-19 deaths revealed that the effect of vaccination effec-
tiveness against mortality was assessed as significant and equaled
to 0.720 (P < 0.001; Table 2). Other covariates that were found
significant in the model were temperature (�0.005, P < 0.001),
arrivals at airports (0.709, P < 0.001), and mobility change from the
prepandemic level (0.753, P < 0.001). Variables used to account for
autocorrelation and minimize the effect of trend were assessed as
significant (Log of the number of daily COVID-19 deaths 7 days
before: 0.926, P < 0.001; Log of the number of COVID-19 deaths 7
days before/14 days before: 0.158, P < 0.010). The random intercept
variance was statistically significant, which indicated significant
unexplained variability between countries (0.014, P ¼ 0.023).

Exploratory analysis

Results of the analysis of the exploratory model revealed
numerically lower vaccine effectiveness against B.1.1.7 than against
non-B.1.1.7 variants, although the difference was not statistically
significant (0.697, P ¼ 0.002 and 0.778, P ¼ 0.049, respectively;
Table 3). The same set of covariates was found significant in the
exploratorymodel as in the primary analysis: temperature (�0.005,
P < 0.001), arrivals at airports (0.703, P < 0.001), and mobility
change from the prepandemic level (0.753, P < 0.001). Variables
used to account for autocorrelation andminimize the effect of trend
were assessed as significant (Log of the number of daily COVID-19
deaths 7 days before: 0.926, P < 0.001; Log of the number of
COVID-19 deaths 7 days before/14 days before: 0.158, P < 0.010), as
was the variance for random intercept (0.013, P ¼ 0.025).

Sensitivity analysis

Sensitivity analyses yielded overall vaccination effectiveness
estimates against mortality between 0.60 and 0.72 (Fig. 2).
Regarding vaccination effectiveness associated with variants, two
out of three scenarios provided consistent results with the main
analysis, i.e., a trend towards lower effectiveness against the B.1.1.7
variant, and the opposite trend was observed in the remaining
scenario (Fig. 2). Detailed results are provided in Supplementary
Materials.

Discussion

In this study, we investigated the association between daily
mortality due to COVID-19 and vaccination coverage, proportions of
SARS-CoV-2 variants, and additional factors, such as demographics,
health, mobility, and meteorological variables, analyzing country-
level data across Europe and Israel. Results of the analysis suggest
that vaccination effectiveness against deaths is equal to 72% and
that it is slightly lower against the B.1.1.7 variant than against non-
B.1.1.7 variants (difference not statistically significant). These find-
ings suggest lower effectiveness against death than reported effi-
cacy against severe or critical disease course in clinical trials of
vaccines (84e100%).25e29

This lower-than-expected effectiveness might be explained by
the difference in considered populations: clinical trials included
restrictive populations, and our study covers general populations,
irrespective of age, concomitant therapies, medical condition, and
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general condition. In particular, vaccinated people in real life are
older on average than subjects enrolled in clinical trials (12.2% aged
�55 years in the AstraZeneca trial; 24.7% aged �65 years in the
Moderna trial; 33.5% aged�60 years in the Johnson& Johnson trial;
42.3% aged �55 years in the Pfizer trial). However, our results
suggesting lower protection against the B.1.1.7 variant are consis-
tent with reported data so far from in vivo experiments and
patient-level studies, providing an external validation of these
findings. Laboratory evidence revealed a slight reduction in
neutralization against the B.1.1.7 variant comparedwith the original
strain. Neutralization titers against this VOC were threefold lower
when analyzing convalescent sera and 3.3-fold and 2.5-fold lower
for Pfizer and AstraZeneca vaccinees, respectively.30 Real-world
studies on the B.1.1.7 VOC suggested that it caused increased

mortality compared with non-B.1.1.7 variants,15,61 which, therefore,
might not have been contained with similar effectiveness by
vaccination. Our results evoke the question of variants evading
vaccine antibodies in the future and the need to adapt such vaccine
for each new season, which was earlier suggested by experts.42,43

While the utilization of individual-level data, collected in real-
world setting, could provide more precise estimates of vaccine
effectiveness, the use of aggregate data at country level also has a
major advantage: the vaccination impact estimated in this analysis
should capture the indirect protection provided by vaccination. If
the vaccine protects against infection, the number of infectious
cases would decrease as more people are vaccinated. The lower
number of infectious cases in the population would lead to a
reduced probability for susceptible individuals to get in contact

Table 1
Descriptive statistics of outcomes and covariates across 32 countries (January 2020eApril 2021).

Variable N Mean Standard deviation Median Lower quartile Upper quartile Minimum Maximum

Number of daily COVID-19 deaths 13,229 3.355 4.618 1.159 0.206 4.933 0 28.770
Proportion of vaccinated inhabitants 13,181 0.018 0.058 0 0 0 0 0.616
Proportion of 20A (EU2) variant 13,106 0.349 0.250 0.313 0.154 0.509 0 1.000
Proportion of 20E (EU1) variant 12,754 0.090 0.159 0 0 0.114 0 0.741
Proportion of 20I (B.1.1.7) variant 13,099 0.124 0.256 0 0 0.065 0 1.000
Max daily temperature 13,008 15.597 9.347 15.833 8.750 22.389 �17.111 43.111
Mean daily wind speed 13,010 6.227 3.353 5.600 3.700 8.100 0.100 25.800
Arrivals at two biggest airports 12,748 140.609 195.648 66.429 27.714 177.929 1.857 1780.143
Mobility change from prepandemica 12,918 �0.217 0.170 �0.201 �0.322 �0.091 �0.792 0.199
Proportion of inhabitants aged �65 years 13,229 0.184 0.025 0.190 0.168 0.198 0.117 0.230
Diabetes prevalence 13,229 0.062 0.019 0.058 0.048 0.072 0.033 0.101
Cardiovascular death rate 13,229 2.037 1.124 1.535 1.148 2.783 0.861 5.398

a Average mobility change from prepandemic level calculated across retail/recreation, transit stations, and groceries/pharmacies [0.01]. Descriptive statistics were calcu-
lated for 32 countries based on daily data between 29 January 2020 and 15 April 2021.

Fig. 1. Mean SARS-CoV-2 variants proportions across countries, between January 2020 and April 2021. Mean proportions of variants were calculated based on daily data on variants
proportions across observed strains used to form Nextstrain clades (variants), between 29 January 2020 and 15 April 2021.
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with infectious cases, thus leading to a reduction in incidence
among all people, including non-vaccinated people. This indirect
protection can be captured when comparing different populations
with different rates of vaccination coverage, but could not be
captured when comparing vaccinated and non-vaccinated in-
dividuals from the same population. Interestingly, the fact that our
estimated vaccine effectiveness is relatively low compared with
vaccine efficacy reported in clinical trials suggests that there is no
or little indirect protection provided by vaccination. This could
indicate that the vaccine protects against disease but not against
infection or that vaccinated groups of population are not those that
contribute to the propagation of the virus.

A positive relationship between the number of arrivals at air-
ports and mortality has been observed in this analysis, similarly as
between mobility change and mortality. It suggests that both
increased long-distance travel and increased mobility are strong
predictors of growth in the daily number of COVID-19 deaths. These
findings highlight the role of mobility reduction, both within and
between countries, as an effective way to reduce COVID-19 mor-
tality, especially when new virus variants spread across the world.
Our results are in line with previous study by Jabło�nska et al.50

suggesting that countries with lower reduction in mobility at the
beginning of the pandemic experienced a higher COVID-19 daily
deaths peak. The role of social distancing was also underlined by

Table 2
Results of the non-linear Poisson mixed model of the number of daily COVID-19 deaths.

Variable Estimate Standard error P value

Intercept 0.467 0.202 0.028
Logarithm of the number of daily COVID-19 deaths 7 days beforea 0.926 0.007 <0.001
Logarithm of the number of COVID-19 deaths 7 days before/14 days before 0.158 0.015 <0.001
Proportion of 20A (EU2) variantb 0.012 0.036 0.746
Proportion of 20E (EU1) variantb �0.032 0.046 0.501
Proportion of 20I (B.1.1.7) variantb 0.059 0.033 0.084
Max daily temperatureb �0.005 0.001 <0.001
Mean daily wind speedb �0.002 0.002 0.351
Arrivals at two biggest airports [in thousands]b 0.709 0.085 <0.001
Mobility change from prepandemicb,d 0.753 0.064 <0.001
Proportion of inhabitants aged �65 yearsc �1.238 0.930 0.193
Diabetes prevalencec 0.544 1.293 0.677
Cardiovascular death ratec 0.023 0.023 0.322
Vaccination effectivenessb 0.720 0.132 <0.001
Variance for RE on intercept 0.014 0.006 0.023
Variance for RE on mobility 0.036 0.023 0.126

AIC ¼ 30,184.
Abbreviations: AIC ¼ Akaike's information criterion; mln ¼ million; RE ¼ random effects.
Non-linear Poisson mixed model of the daily number of COVID-19 deaths per 1 mln inhabitants, with country-specific random effects on intercept and mobility. Daily data for
32 countries were included, from 29 January 2020 to 15 April 2021. Assumed time to symptoms onset is 7 days; assumed time between symptoms onset and death is 14 days.

a Time-varying variable with a 7-days lag.
b Time-varying variable with a 21-days lag.
c Fixed variable.
d Average mobility change from prepandemic level calculated across retail/recreation, transit stations, and groceries/pharmacies [0.01].

Table 3
Results of the non-linear Poisson mixed model of the number of daily COVID-19 deaths with interactions between variants proportions and vaccination effectiveness.

Variable Estimate Standard error P value

Intercept 0.409 0.204 0.054
Logarithm of the number of daily COVID-19 deaths 7 days beforea 0.926 0.007 <0.001
Logarithm of the number of COVID-19 deaths 7 days before/14 days before 0.158 0.015 <0.001
Proportion of 20A (EU2) variantb 0.012 0.036 0.747
Proportion of 20E (EU1) variantb �0.034 0.047 0.467
Proportion of 20I (B.1.1.7) variantb 0.059 0.033 0.085
Max daily temperatureb �0.005 0.001 <0.001
Mean daily wind speedb �0.002 0.002 0.346
Arrivals at two biggest airports [in thousands]b 0.703 0.085 <0.001
Mobility change from prepandemicb,d 0.753 0.064 <0.001
Proportion of inhabitants aged �65 yearsc �0.805 0.925 0.391
Diabetes prevalencec 0.124 1.285 0.924
Cardiovascular death ratec 0.025 0.023 0.278
Vaccination effectiveness against 20I (B.1.1.7)b 0.697 0.201 0.002
Vaccination effectiveness against variants other than 20I (B.1.1.7)b 0.778 0.379 0.049
Variance for RE on intercept 0.013 0.006 0.025
Variance for RE on mobility 0.035 0.023 0.132

AIC ¼ 30,186.
Abbreviations: AIC ¼ Akaike's information criterion; mln ¼ million; RE ¼ random effects.
Non-linear Poisson mixed model of the daily number of COVID-19 deaths per 1 mln inhabitants, with country-specific random effects on intercept and mobility, including
interactions between variants proportions and vaccination effectiveness. Daily data for 32 countries were included, from 29 January 2020 to 15 April 2021. Assumed time to
symptoms onset is 7 days; assumed time between symptoms onset and death is 14 days.

a Time-varying variable with a 7-days lag.
b Time-varying variable with a 21-days lag.
c Fixed variable.
d Average mobility change from prepandemic level calculated across retail/recreation, transit stations, and groceries/pharmacies [0.01].
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Badr et al.62 who observed a significant impact of mobility on
COVID-19 transmission in the USA.

The daily temperature was found as a significant predictor of
COVID-19 mortality in this study, with increasing temperature
associated with the reduction in the number of deaths. Kerr et al.63

found no consensus on the impact of meteorological factors on
COVID-19 spread in their literature review; however, they sug-
gested existence of environmental sensitivity of COVID-19, but not
as significant as non-pharmaceutical interventions and human
behavior. Several authors underlined that disease seasonality may
exist,64e67 including Liu et al.66 who found that COVID-19 infection
andmortality rates were higher in colder climates and that the cold
season caused an increase in total infections, while the warm sea-
son contributed to the opposite effect. Because our analysis covered
a full annual cycle of COVID-19, our result suggests the possibility of
seasonal variations in COVID-19 incidence. Such seasonality has
been well established in temperate climate for other respiratory
viruses.68,69

Limitations

Our study has several limitations. First, our analysis was con-
ducted on a country-level basis to estimate the vaccination efficacy,
which should be seen as a less precise method than analysis of
individual-level data, as previously noted. However, given the
range of included countries, our results shed light on the problem of
vaccination effectiveness from a broader perspective and investi-
gate the effect of vaccination across societies, considering vari-
ability of vaccination coverage through time and between
countries. Second, the quality of data on variants distribution varied
between countries andwas low for some of them; therefore, results

of the exploratory analysis should be treated with cautious. To limit
bias and avoid fluctuations, we used methods of interpolation and
smoothing. Countries with limited data were excluded. Third, the
set of covariates used in themultivariate analysis can be assessed as
non-exhaustive. We decided to consider factors that were previ-
ously assessed as significantly impacting the risk of severe illness or
mortality from COVID-19 in the literature.44e53 Also, the significant
random intercept observed in our models reflects unexplained
between-countries variability resulting from the omission of
influential variables. It was previously shown, for example, that
COVID-19 mortality may be influenced by economic factors, which
were not considered in this analysis.46 Finally, we were not able to
consider other new SARS-CoV-2 VOCs, except B.1.1.7, in the current
analysis, which was due to their limited spread in Europe as of April
2021. It rises a need for further research on this topic in the future.

Conclusions

This study confirms a strong effectiveness of COVID-19 vacci-
nation based on real-life public data, in terms of protection against
deaths being around 72%, although it appears to be slightly lower
than could be expected from clinical trial results. This suggests the
absence of indirect protection for non-vaccinated individuals. Re-
sults also suggest that vaccination effectiveness against mortality
associated with the B.1.1.7 variant is high but slightly lower than
other variants (70% and 78%, respectively). Finally, this analysis
confirms the role of mobility reduction, both within and between
countries, as an effective way to reduce COVID-19 mortality and
supports the possibility of seasonal variations in COVID-19
incidence.

Fig. 2. Estimates of the vaccination effectiveness against mortality emain analysis and sensitivity analyses results. Abbreviations: 95% CI ¼ 95% Confidence Interval. Assumptions of
the analyses: Main analysis: time to onset ¼ 7 days, time between symptoms onset and death ¼ 14 days. Sensitivity analysis 1: time to onset ¼ 14 days, time between symptoms
onset and death ¼ 14 days. Sensitivity analysis 2: time to onset ¼ 14 days, time between symptoms onset and death ¼ 7 days. Sensitivity analysis 3: time to onset ¼ 7 days, time
between symptoms onset and death ¼ 7 days.
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a b s t r a c t

Objective: The acceleration of population aging has brought an unprecedented impact on China's health
system. This study is designed to examine the association between depressive symptoms and activity of
daily living disability among the elderly in China.
Study design: This is a cross-sectional study.
Methods: Data were drawn from the China Health and Retirement Longitudinal Study (CHARLS). The 10-
item Center for Epidemiologic StudieseDepression (CES-D) scale was used to access depressive symp-
toms, and physical function was assessed by the Activity of Daily Living (ADL) scale. Multivariate logistic
regression was used to assess the association between depressive symptoms and ADL among the elderly.
Results: Based on a sample of 5863 elderly people over 60 years old, our results showed that 1999 elderly
people are with depressive symptoms, accounting for 34.1%. The mean score of ADL among the elderly
with depressive symptoms (20.65 ± 7.14) was much higher than that in those without depressive
symptoms (17.40 ± 4.87). After controlling potential confounders, multivariate logistic regression showed
that ADL and its specific domains including personal care, transfer, medical care, household, and man-
aging money were associated with depressive symptoms.
Conclusion: This cross-sectional study provides evidence of the association between depressive symp-
toms and ADL disability among the Chinese elderly. As a result, prevention or reduction of ADL disability
may have a positive effect on the medical care of the elderly with depressive symptoms.
© 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

Depression is one of the most common mental health disorders
in the elderly, affecting about 7% of the elderly worldwide.1,2

Depression has become a major health problem with significant
global disease burden;3,4 it accounts for 12.1% of the total years
lived with a disability and 4.5% of the total disability-adjusted life
years (DALYs) globally.5 To date, although the pathogenesis of
depression is still unclear, scientific studies have investigated the
association between depression in the elderly and social support,6

suicidal tendencies,7 and obesity and chronic medical conditions.8

With China's aging population, the disease burden of depression

not only affects the quality of life of millions of people but also
brings heavy social loads through long-term medical and nursing
services.9,10 As China has the largest elderly population globally, the
challenge of depressive symptoms in the elderly should be given
sufficient attention.

The ADL disability is also a common phenomenon among the
elderly; the most widely used measurements of daily life disability
are the Activity of Daily Living (ADL) scale. As a disease affected by
socioeconomic and cultural factors,11 the association between
depressive symptoms and ADL may be heterogeneous for different
countries. Moreover, old age disability takes multiple forms and
varies greatly in the degree of functional loss, and different di-
mensions in disability may differ in their relevance to the loss of
independence. Although findings have not been entirely consistent,
many studies have shown that ADL disability is associated with
depressive symptoms.12e14 Most of these studies only examine the
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most extreme levels of dysfunction, and studies on more specific
domains or functions are not sufficient. Hence, a broader range of
disability statuses needs to be studied. So far, most of them have
been conducted in western or other high-income countries. How-
ever, few studies pay attention to the relationship between them in
China. Most of the available evidence comes from studies con-
ducted by the elderly in local areas or medical institutions. Current
knowledge about the relationship between depressive symptoms
and ADL in the Chinese population is very limited.

A better understanding of the association between depressive
symptoms and ADL among the elderly will help in the design of
more targeted and appropriate interventions. To do so, we have the
following specific objectives. Firstly, we will draw profiles of
depressive symptoms and ADL among the elderly using data from
the China Health and Retirement Longitudinal Study (CHARLS).
Second, we will explore the association between depressive
symptoms and ADL and its specific domains. This study may
broaden our understanding of the relationship between depressive
symptoms and ADL in the Chinese elderly and support relevant
policy-making.

Methods

Design and study population

The data were based on the third wave of the CHARLS in 2015, a
national representative survey on community-based population,
conducted by the National School of Development in China (China
Center for Economic Research) at Peking University. The CHARLS
utilized a multi-stage stratified probability-proportional-to-size
sampling technique to select participants. The primary sampling
units were administrative villages in rural areas and neighborhoods
in urban areas. A more detailed CHARLS survey design has been
described elsewhere.15 The CHARLS data can be accessed through
its official website (charls.ccer.edu.cn/en).

In this study, participants were excluded if they (1) were
younger than 60 years old; (2) lacked ADL data; (3) lacked 10-item
Center for Epidemiologic Studies Depression (CESD-10) data; and
(4) lacked values in main variables. A total of 20,453 participants
completed the CHARLS in 2015, 11,383 participants less than 60
years old were excluded, 1684 participants lacking CESD-10 data
were excluded, 1464 participants lacking ADL data were excluded,
and 59 participants lacking values in main variables were excluded.
Then 5863 of them were included in our analysis.

Depressive symptoms assessment

The 10-item Center for Epidemiologic Studies Depression
(CESD) scale was used to screen depressive symptoms, the scale
was presented in the supplementary material. Participants were
asked about the number of days they experienced every item
during the previous week. Each item was rated on a four-point
Likert scale: 0 (rarely or none of the time; less than 1 day), 1
(some of the time; 1e2 days), 2 (much or a moderate amount of the
time; 3e4 days), or 3 (most or all of the time; 5e7 days). The total
score ranges from 0 to 30, with a lower score indicating a lower
level of depressive symptoms. Previous studies show that a cut-off
point of 10 had reasonable levels of sensitivity and specificity in the
Chinese elderly.16,17 In our study, a subject who had a CESD-10 score
of more than 10 was defined as having depressive symptoms.

Covariates

Our covariates included sex, age, marital status, education level,
residence, health insurance, smoking, drinking, physical exercise,

social activities, number of chronic conditions, and self-rated
health. Sex was divided into male and female. Age was divided
into three groups: 60-, 70-, 80-. Marital status was divided into two
groups: married, others (merged with single, divorced, and wid-
owed). Education level was divided into four groups: illiterate,
primary, middle, and college or higher. Residence was divided into
rural and urban. Health insurance status was categorized into two
groups: yes and no. Smoking and drinking statuses were catego-
rized as current, never, and former. Physical exercise status was
divided into two groups: yes and no. Participation in social activ-
ities in the last month was divided into two groups: yes and no. The
number of chronic conditions for each respondent was categorized
as none, 1, 2, and �3 (chronic diseases included hypertension,
diabetes, heart disease, stroke, renal disease, arthritis, tuberculosis,
and respiratory and liver diseases). Self-rated health was divided
into three groups: good, fair, and bad.

ADL assessment

This study is based on the ADL scale to assess physical function.
It was a scale with 14 items that refers to peoples' basic ADL and
instrumental ADL.18,19 Each answer was divided into four levels,
and the four response options were 1 ¼ ‘No, I do not have any
difficulty’, 2 ¼ ‘I have difficulty but still can do it’, 3 ¼ ‘Yes, I have
difficulty and need help’, and 4 ¼ ‘I cannot do it’. The higher the
score, the worse performance of the elderly in the ADL. Disability
was classified as none, mild, and severe (i.e. disabled in 0, 1e2, or
�3 ADLs, respectively20). The ADL scale has been used in research in
China and abroad and has shown good reliability and validity.21

Besides, 14 items are divided into 5 dimensions: personal care,
transfer, household activities, managing money, and medical
care.22 The specific explanation was as follows: (1) personal care: 6
items including dressing, bathing, eating, getting into or out of bed,
using the toilet, and controlling urination and defecation; (2)
transfer: two items including walking and climbing stairs; (3)
medical care: one item refers to taking medications; (4) household
activities: four items including doing household chores, cooking,
shopping, and making phone calls; and (5) managing money: one
item refers to paying bills or managing assets.

Data analysis

Descriptive statistic methods were used to analyze the charac-
teristics of the study subjects. Chi-squared test or variance analysis
was used to compare the difference in categorical and continuous
variables.We used univariate analysis to check the factors associated
with depressive symptoms. Then, we used depressive symptoms as
the dependent variable and ADL as the independent variable, and
multivariate logistic regression was used to assess the association
between depressive symptoms and ADL among the elderly. The data
were analyzed using SPSS version 16.0 (SPSS, Chicago, Illinois, USA).
The level of significance was set at P-values <0.05.

Results

Basic information of the participants

Table 1 provides the baseline characteristics of the study par-
ticipants. Among the 5863 older adults, there were 1999 older
adults with depressive symptoms, accounting for 34.1%. Generally
speaking, the majority of the older adults were female (54.9%), at
the age of 60- (62.8%), married (79.2%), with illiterate education
level (53.9%), residence in the rural (79.4%), never smoking (59.1%),
never drinking (55.5%), with no physical exercise (50.7%), with no
social activities (50.2%), with no non-communicable chronic
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disease (42.1%), and with bad self-rated health (60.1%). Sex
(P < 0.001), age (P ¼ 0.006), marital status (P < 0.001), education
(P < 0.001), residence (P < 0.001), health insurance (P ¼ 0.022),
smoking (P < 0.001), drinking (P < 0.001), social activities
(P ¼ 0.022), and self-rated health (P < 0.001) were significantly
different in participants with and without depressive symptoms.

ADL and its specific domain scores of different age groups

Table 2 shows the ADL and its specific domain scores by age
group; higher age group had higher ADL and domain scores among
the elderly, and the differences were statistically significant
(P < 0.05). As shown in Fig. 1, we found the ADL disability level
increased with age in the elderly.

The association between depressive symptoms and ADL

The association between depressive symptoms and specific
domains of ADL has been described in detail. As shown in Table 3,

the mean scores of ADL in those with depressive symptoms and
those without depressive symptoms were 20.65 ± 7.14 and
17.40 ± 4.87, respectively. Both ADL and its specific domains had a
significant positive association with depressive symptoms, even
after adjusting for sex, age, marital status, education, residence,
non-communicable chronic disease, and self-rated health.

As shown in Table 4, we used two sets (model 1 and model 2e6)
of logistic regression models to examine the associations between
depressive symptoms and ADL and its specific domains. In model 1,
we used the total score of ADL to analyze the association with
depressive symptoms. We found that sex, age, marital status, ed-
ucation, residence, and self-rated health may be associated with
depressive symptoms, and the result also showed that ADL was still
significantly positively associated with depressive symptoms. In
model 2 to model 6, we included the five domains of ADL into the
logistic regression analysis model separately, and all domains of
ADL were found to have a significant independent positive associ-
ation with depressive symptoms, with the odds ratios (ORs) as
follows: personal care (OR¼ 1.21; 95% confidence interval [CI]: 1.17,

Table 1
Comparison of sample characteristics between depressive and non-depressive in the elderly.

Characteristics Total Depressive Non-depressive P

n % n % n %

Observations 5863 100 1999 34.1 3864 65.9
Sex <0.001
Male 2647 45.1 709 26.79 1938 73.21
Female 3216 54.9 1290 40.11 1926 59.89

Age 0.006
60e 3681 62.8 1305 35.45 2376 64.55
70e 1794 30.6 583 32.50 1211 67.50
80e 388 6.6 111 28.61 277 71.39

Marital status <0.001
Married 4653 79.2 1513 32.59 3130 67.41
Othersa 1220 20.8 486 39.84 734 60.16

Educationb <0.001
Illiterate 3160 53.9 1242 39.30 1918 60.70
Primary 2142 36.5 620 28.94 1522 71.06
Middle 433 7.4 117 27.02 316 72.98
College or higher 128 2.2 20 15.63 108 84.38

Residence <0.001
Rural 4653 79.4 1697 36.47 2956 63.53
Urban 1210 20.6 302 24.96 908 75.04

Health insurance 0.022
Yes 5327 90.9 1792 33.64 3535 66.36
No 536 9.1 207 38.62 329 61.38

Smoking <0.001
Current 1804 30.8 533 29.61 1267 70.39
Never 3467 59.1 1294 37.32 2173 62.68
Former 592 10.1 171 28.89 421 71.11

Drinking <0.001
Current 1418 24.2 385 27.15 1033 72.85
Never 3255 55.5 1195 36.71 2060 63.29
Former 1190 20.3 419 35.21 771 64.79

Physical exercise 0.783
Yes 2890 49.3 980 33.91 1910 66.09
No 2973 50.7 1019 34.28 1954 65.72

Social activities 0.022
Yes 2920 49.8 954 32.67 1966 67.33
No 2943 50.2 1045 35.51 1898 64.49

NCDc 0.082
None 2470 42.1 802 32.47 1668 67.53
1 1474 25.1 514 34.87 960 65.13
2 960 16.4 329 34.27 631 65.73
�3 959 16.4 354 36.91 605 63.09

Self-rated health <0.001
Good 627 10.7 115 18.37 511 81.63
Fair 1711 29.2 456 26.65 1255 73.35
Bad 3525 60.1 1427 40.48 2098 59.52

a Merged with single, divorced, and widowed.
b Primary: primary school and junior high school; Middle: high school, technical secondary school, vocational school; College or higher: some college, junior college, college

or higher.
c NCD: non-communicable chronic disease.
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1.24), transfer (OR ¼ 1.19; 95% CI: 1.15, 1.22), medical care
(OR ¼ 1.15; 95% CI: 1.13, 1.18), household (OR ¼ 1.69; 95% CI: 1.48,
1.92), and managing money (OR ¼ 1.41; 95% CI: 1.32, 1.51).

Discussion

The association between depressive symptoms and ADL and its
domains among the elderly was investigated explicitly in our study.
When we adjusted for possible confounders, the positive associa-
tions between depressive symptoms and ADL and its domains
including personal care, transfer, medical care, household activities,
and managing money remained though the strength of association
was reduced. This study may provide evidence of the association
between ADL and depressive symptoms among the Chinese elderly.
Specifically, this study has the following valuable findings.

This study used the CESD-10 with a cut-off score of 10, and the
result showed that the prevalence of depressive symptoms was
34.1% among the Chinese elderly. We found that the prevalence of
depressive symptoms among the elderly in our study was higher
than that reported inmost countries and regions such as the United
States (23.97%),23 South Korea (16.08%),24 Singapore (7.8%),25 Sri
Lanka (27.8%),26 and Taiwan (18.9%).27 However, due to different
cultural backgrounds, environment and application measures, and

methodological differences (including the screening scale used and
the cut-off point adopted), the prevalence of depressive symptoms
varies greatly, and cross-country comparisons should carefully
consider various conditions. The findings also show that the older
the elderly, the more likely they would experience ADL disabilities,
which is consistent with previous studies.28e30 To prevent the
harmful effects on mood status, the elderly with ADL disability
need physical rehabilitation and psychological intervention in
healthcare and community service.

Several cross-sectional studies have examined the association
between depressive symptoms and ADL, and our findings further
confirm this result.31,32 The results from Japan demonstrated that
ADL disability was associated with depressive symptoms in the
elderly and that living circumstances and marital status do not
affect the association.33 A national survey from the United Kingdom
found a strong association between ADL and depression and a
possible cumulative effect.34 Further cohort studies have analyzed
the causal relationship between depressive symptoms and ADL
disability, and many previous studies have suggested that ADL
disability is a risk factor for depressive symptoms.12,35,36 In China, a
longitudinal study in a community of Beijing suggested that ADL
disability might have the potential to increase the risk of depressive
symptoms of older and their spouses.37 Besides, a 10-year longi-
tudinal study in the Taiwan region found that ADL was a risk factor
for depressive symptoms.13 In a 9-year longitudinal study in the
United States, usingmonthly assessments of disability and repeated
assessments of depression, researchers confirmed that ADL was a
significant risk factor for depression in older adults.14 The stress
theory provides a possible perspective on the causes of the effects
of ADL on depressive symptoms. ADL disability can be conceptu-
alized as a state of stress, and continuous challenges in managing
the necessary instrumental and social activities may damage
mental health and increase the risk of depressive symptoms.38e40

Thus, the state of disability may make a person feel hopeless or
worthless due to the loss of independence as a vital identity, which
often leads to a negative assessment of its meaning.41 In addition, it
has been suggested that ADL disability and depression might share
hormonal and metabolic pathways: depression has been linked

Table 2
ADL and its specific domains among the elderly of different age groups.

Domains of ADL Age in years (M ± SD) F P

60- 70- 80-

ADL 17.79 ± 5.29 19.35 ± 6.45 21.41 ± 7.77 93.561 <0.001
Personal care 7.87 ± 2.01 8.17 ± 2.39 8.41 ± 2.73 18.971 <0.001
Transfer 3.41 ± 1.71 3.94 ± 2.00 4.46 ± 2.17 90.488 <0.001
Medical care 1.10 ± 0.43 1.10 ± 0.44 1.16 ± 0.56 3.719 0.024
Household activities 5.25 ± 2.32 5.98 ± 2.93 7.17 ± 3.70 120.574 <0.001
Managing money 1.29 ± 0.79 1.33 ± 0.86 1.38 ± 0.82 3.505 0.030

ADL, Activity of Daily Living.

Fig. 1. ADL in elderly people of different age group. ADL, Activity of Daily Living.

Table 3
Comparisons of ADL in the elderly with and without depressive symptoms.

Domains of ADL Depressive symptoms Unadjusted OR (95%CI) Adjusted ORa (95%CI)

Yes (M ± SD) No (M ± SD)

ADL 20.65 ± 7.14 17.40 ± 4.87 1.10 (1.09, 1.11)*** 1.09 (1.07, 1.10)***
Personal care 8.66 ± 2.82 7.65 ± 1.68 1.25 (1.21, 1.28)*** 1.21 (1.17, 1.25)***
Transfer 4.15 ± 2.01 3.82 ± 1.73 1.24 (1.21, 1.28)*** 1.19 (1.15, 1.23)***
Medical care 1.19 ± 0.59 1.06 ± 0.33 1.89 (1.67, 2.14)*** 1.70 (1.50, 1.93)***
Household activities 6.38 ± 3.14 5.19 ± 2.31 1.17 (1.15, 1.20)*** 1.15 (1.13, 1.18)***
Managing money 1.50 ± 1.01 1.20 ± 0.69 1.52 (1.42, 1.62)*** 1.42 (1.33, 1.51)***

*P < 0.05,**P < 0.01, ***P < 0.001.
a Adjusted for sex, age, marital status, education, residence, non-communicable chronic disease, and self-rated health.

ADL, Activity of Daily Living; CI, confidence interval; OR, odds ratio.
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with high levels of cortisol,42 but it has been hypothesized that
physical activity could modulate these levels possibly due to
upregulation of the glucocorticoid receptors.43 Although previous
studies found that ADL disability was associated with depressive
symptoms, most studies on the relationship between ADL and
depressive symptoms only examine the most extreme levels of
dysfunction, and studies on ADLmore specific domains or functions
are not sufficient.

Our study found a significant positive association between
depressive symptoms and ADL among the elderly, which was
consistent with previous studies. Whenwe controlled for the factors
of sex, age, marital status, education, residence, number of chronic
conditions, and self-rated health, the associations between depres-
sive symptoms and ADL and its domains remained though the
strength of association was reduced. This finding may indicate a
potential association between depressive symptoms andADL among

Table 4
Association of depressive symptoms and ADL and its domains among the elderly.

Characteristics Model 1d Model 2e Model 3e Model 4e Model 5e Model 6e

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Sex
Male 1.0 1.0 1.0 1.0 1.0 1.0
Female 1.72 (1.44, 2.05)*** 1.75 (1.47, 2.08)*** 1.70 (1.42, 2.02)*** 1.76 (1.48, 2.10)*** 1.75 (1.47, 2.08)*** 1.76 (1.48, 2.09)***

Age in years
60e 1.0 1.0 1.0 1.0 1.0 1.0
70e 0.78 (0.67, 0.88)*** 0.83 (0.73, 0.94)** 0.80 (0.70, 0.91)** 0.79 (0.69, 0.90)*** 0.88 (0.78, 1.00)*** 0.86 (0.76, 0.98)*
80e 0.49 (0.38, 0.64) *** 0.61 (0.47, 0.79)*** 0.57 (0.44, 0.73)*** 0.51 (0.39, 0.67)*** 0.67 (0.52, 0.86)*** 0.66 (0.51, 0.85)**

Marital status
Married 1.0 1.0 1.0 1.0 1.0 1.0
Othersa 1.23 (1.07, 1.43)*** 1.26 (1.09, 1.45)** 1.24 (1.08, 1.43)** 1.23 (1.07, 1.42)** 1.24 (1.08, 1.43)** 1.29 (1.12, 1.49)***

Education b

Illiterate 1.0 1.0 1.0 1.0 1.0 1.0
Primary 0.83 (0.73, 0.95)** 0.78 (0.68, 0.89)*** 0.79 (0.69, 0.90)*** 0.83 (0.73, 0.95)** 0.77 (0.68, 0.88)*** 0.80 (0.70, 0.91)***
Middle 0.88 (0.69, 1.13) 0.82 (0.64, 1.05) 0.83 (0.65, 1.06) 0.88 (0.69, 1.13) 0.80 (0.62, 1.02) 0.83 (0.65, 1.06)
College or higher 0.55 (0.33, 0.91)* 0.48 (0.29, 0.80)** 0.51 (0.31, 0.84)** 0.53 (0.32, 0.87)** 0.47 (0.28, 0.78)*** 0.49 (0.30, 0.81)**

Residence
Rural 1.0 1.0 1.0 1.0 1.0 1.0
Urban 0.76 (0.65, 0.89)** 0.74 (0.63, 0.87)*** 0.75 (0.64, 0.87)*** 0.74 (0.63, 0.87)*** 0.72 (0.61, 0.84)*** 0.73 (0.62, 0.85)***

Health insurance
Yes 1.0 1.0 1.0 1.0 1.0 1.0
No 0.91 (0.74, 1.10) 0.90 (0.74, 1.10) 0.86 (0.71, 1.05) 0.89 (0.76, 1.07) 0.88 (0.73, 1.07) 0.86 (0.71, 1.05)

Smoking
Current 1.0 1.0 1.0 1.0 1.0 1.0
Never 0.90 (0.76, 1.07) 0.91 (0.76, 1.08) 0.92 (0.77, 1.09) 0.90 (0.76, 1.07) 0.91 (0.76, 1.07) 0.91 (0.76, 1.07)
Former 0.93 (0.74, 1.16) 0.94 (0.76, 1.17) 0.94 (0.76, 1.17) 0.94 (0.76, 1.17) 0.98 (0.79, 1.22) 1.00 (0.81, 1.24)

Drinking
Current 1.0 1.0 1.0 1.0 1.0 1.0
Never 1.06 (0.90, 1.24) 1.12 (0.95, 1.31) 1.05 (0.90, 1.23) 1.07 (0.91, 1.25) 1.12 (0.96, 1.32) 1.10 (0.94, 1.29)
Former 1.20 (1.00, 1.43)* 1.25 (1.05, 1.50)* 1.24 (1.04, 1.48)* 1.22 (1.02, 1.46)* 1.30 (1.09, 1.55)** 1.27 (1.07, 1.52)**

Physical exercise
Yes 1.0 1.0 1.0 1.0 1.0 1.0
No 1.04 (0.93, 1.17) 1.03 (0.93, 1.16) 1.05 (0.93, 1.17) 1.04 (0.93, 1.16) 1.04 (0.93, 1.16) 1.00 (0.89, 1.12)

Social activities
Yes 1.0 1.0 1.0 1.0 1.0 1.0
No 0.93 (0.83, 1.04) 0.98 (0.87, 1.10) 0.98 (0.88, 1.10) 0.95 (0.85, 1.07) 1.02 (0.91, 1.15) 1.02 (0.91, 1.15)

NCDc

None 1.0 1.0 1.0 1.0 1.0 1.0
1 1.09 (0.94, 1.26) 1.08 (0.94, 1.25) 1.63 (1.29, 2.06) 1.10 (0.96, 1.27) 1.09 (0.95, 1.26) 1.10 (0.95, 1.27)
2 1.01 (0.86, 1.20) 1.01 (0.85, 1.19) 1.03 (0.87, 1.22) 1.03 (0.87, 1.22) 1.03 (0.88, 1.21) 1.01 (0.85, 1.19)
�3 1.10 (0.93, 1.30) 1.10 (0.94, 1.30) 1.11 (0.94, 1.31) 1.12 (0.95, 1.33) 1.12 (0.95, 1.31) 1.14 (0.97, 1.34)

Self-rated health
Good 1.0 1.0 1.0 1.0 1.0 1.0
Fair 1.60 (1.26, 2.02)*** 1.64 (1.30, 2.08)*** 1.63 (1.29, 2.06)*** 1.64 (1.29, 2.07)*** 1.66 (1.31, 2.10)*** 1.70 (1.35, 2.15)***
Bad 2.48 (1.99, 3.09)*** 2.66 (2.13, 3.31)*** 2.66 (2.13, 3.32)*** 2.72 (2.19, 3.39)*** 2.95 (2.37, 3.67)*** 2.94 (2.36, 3.66)***

ADL 1.09 (1.07, 1.10)***
Personal care 1.21 (1.17, 1.24)***
Transfer 1.19 (1.15, 1.22)***
Medical care 1.15 (1.13, 1.18)***
Household activities 1.69 (1.48, 1.92)***
Managing money 1.41 (1.32, 1.51)***
Constant 0.054*** 0.049*** 0.127*** 0.101*** 0.110*** 0.127***

*P < 0.05, **P < 0.01, ***P < 0.001.
a Merged with single, divorced, and widowed.
b Primary: primary school and junior high school; Middle: high school, technical secondary school, vocational school; College or higher: some college, junior college, college

or higher.
c NCD: non-communicable chronic disease.
d Model 1:We used the total score of ADL to analyze the association with depressive symptoms. Adjusted for sex, age, marital status, education, residence, health insurance,

smoking, drinking, physical exercise, social activities, NCD, self-rated health.
e Models 2-6: We separately included each of the five domains of ADL, including personal care, transfer, medical care, family, and managing money, in a logistic regression

analysis model to analyze the relationship with depressive symptoms. Adjusted for Model 1 covariates.
ADL, Activity of Daily Living; CI, confidence interval; OR, odds ratio.
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the elderly. Then, we used a multivariate logistic regression model
for further analysis. When we controlled for health insurance,
smoking, drinking, physical exercise, and social activities, the asso-
ciation between depressive symptoms and ADL and its domains
remained significant. The result confirmed that ADL was a signifi-
cant correlate of depressive symptoms among the Chinese elderly.

We also analyzed in detail the association between ADL-specific
domain and depressive symptoms. Disability in personal care was
found to be associated with depressive symptoms. Older adults
have a low ability to do daily activities at home and need long-term
care from family members or other people. Long-term care may
cause tension between the elderly and caregivers, which directly
affects the establishment and maintenance of the elderly's social
network. It leads to the emergence of depressive symptoms; these
factors interacted and undermined each other, leading to a vicious
cycle of worsening conditions for the elderly.44 On the other hand,
disability in personal care of the elderly may lead to negative bias
formed by negative thoughts and judgments; the elderly may be at
increased risk of depressive symptoms due to coping with stress
during their health decline.

Besides, our study found that the transfer was related to
depressive symptoms among the elderly. The transfer emphasizes
necessary abilities such as walking and climbing stairs. Typically,
when older adults have disability in transfer, it will affect the eld-
erly's contact with the outside world and affect emotions, resulting
in the sense of helplessness; this helplessness may eventually lead
to depressive symptoms.45,46 Moreover, these older adults were
susceptible to social exclusions such as discrimination,47 and the
elderly will suffer frommental health deterioration due to failure to
fulfill social roles, identity recognition, or social participation
behaviors.48,49

We found that disability in household activities was associ-
ated with depressive symptoms. On the one hand, both new and
prolonged disabilities may severely disrupt the physical func-
tions of daily activities and responsibilities, leading to the loss of
independence and productivity. Besides, the ADL disabled
elderly would consider themselves as a burden to other family
members, which may arouse feelings of despair and
hopelessness.

We also found the association between ADL and depressive
symptoms in the domains of medical care and managing money.
Medical care and managing money of ADL highlight the loss of
control in critical areas rather than purely limitations in physical
activities. Generally speaking, compared with other instrumental
activities, the skills of financial management and budgeting are
acquired later in life; lack of any of their abilities will lead to the
disorder of the older people's daily life. Managing money enables
seniors to be financially independent and have a sense of security.
The good financial management of the elderly can mitigate
poverty-related stress to a certain extent and obtain better medical
resources and quality of life.50

This study has several limitations that should bementioned. First
of all, this study obtained the information of the study subject
through a questionnaire, and information bias might be introduced
during the respondent's self-report. For example, the ADL and CESD-
10 scales are self-report-based screening tools rather than clinical
diagnostic measures, which may deviate from the actual situation.
Secondly, this study is a cross-sectional design, caution should be
taken when interpreting the findings, and it may be difficult to
confirm the causal relationships of depressive symptoms and their
determinants. Thirdly, although we controlled for a range of cova-
riates in the analysis, the influence of unknown factors cannot be
ruled out in this study. Besides, among the participants included in
this study, a total of 12 were taking antidepressants and 17 were
taking tranquilizers or sleeping pills. The effect of medication use on

the results should be carefully considered, which may lead to some
bias. Finally, some of the CESD-10 and ADL data in this study were
unavoidably missing, and a potential underestimation of the asso-
ciation between depressive symptoms and ADL may exist due to the
exclusion of missing data.

Conclusion

This cross-sectional study provides evidence of the association
between depressive symptoms and ADL among the Chinese elderly,
and it suggests that depressive symptoms were significantly posi-
tive associations with ADL and its special domains including per-
sonal care, transfer, medical care, household activities, and
managing money. As a result, prevention or reduction of ADL
disability may have a positive effect on the medical care of the
elderly with depressive symptoms.
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a b s t r a c t

Objectives: At the end of 2019, an acute infectious pneumonia (coronavirus disease 2019 [COVID-19])
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) began in Wuhan, China, and
subsequently spread around the world starting a pandemic. Globally, to date, there have been >118
million confirmed cases, including >2 million deaths. In this context, it has been shown that the psy-
chological impact of the pandemic is important and that it can be associated with an increase in internet
searches related to fear, anxiety, depression, as well as protective behaviours, health knowledge and even
maladaptive behaviours.
Study design: This is a systematic review.
Methods: This review aims to collect, analyse and synthesise available evidence on novel data streams for
surveillance purposes and/or their potential for capturing the public reaction to epidemic outbreaks,
particularly focusing on mental health effects and emotions.
Results: At the end of the screening process, 19 articles were included in this systematic review. Our
results show that the COVID-19 pandemic had a great impact on internet searches for mental health of
entire populations, which manifests itself in a significant increase of depressed, anxious and stressed
internet users’ emotions.
Conclusions: Novel data streams can support public health experts and policymakers in establishing
priorities and setting up long-term strategies to mitigate symptoms and tackle mental health disorders.

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

Introduction

From November to December 2019, the acute infectious pneu-
monia, termed COVID-19 (coronavirus disease 2019), which is
caused by a new highly contagious and pathogenic respiratory
coronavirus (severe acute respiratory syndrome coronavirus 2
[SARS-CoV-2]), began in China and subsequently spread causing a
global pandemic.1 To date, approximately 1 year after the World
Health Organization (WHO) first declared the COVID-19 epidemic a
pandemic,2 >118 million cases and >2 million deaths have been
recorded.3 The world is facing a complex crisis not only from a

health perspective but also from a social and economic point of
view.4

According to Brooks et al., the psychological impact of the
pandemic has been moderate to severe, with 17% of adults
reporting moderate-to-severe depressive symptoms, 29%
moderate-to-severe anxiety symptoms and 8% moderate-to-severe
stress levels.5 This was mainly due to isolation or quarantine
measures, the scarce possibility of social interactions and the
interruption of work for many with consequent economic loss.5

Children and adolescents have also experienced profound life
changes characterised by emotional isolation and intensive use of
the internet, whichmay increase vulnerability to anxiety, stress and
suicidal ideas or exacerbate self-inflicted violence.6

The perception of threat associated with a global pandemic may
generate fear and lead to negative emotional reactions; fear, in turn,
motivates people to initiate behavioural changes and improve their
health knowledge.7,8 Traditional and social media also tend to
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report on cases of infection and mortality, while rarely mentioning
cases of recovery, thereby, facilitating the spread of fear and quickly
generating anxiety or distress.9 To reduce these effects, the WHO
has advised the public to focus less on COVID-19 news, since
watching, reading or hearing news about COVID-19 has been
shown to exacerbate fear.10 This is particularly important as a large
amount of news (and fake news) is available to the general public
who may not always have the appropriate knowledge to under-
stand scientific updates (infodemic).11,12 Hossain et al.13 also show
that, despite demographic and social differences, the epidemio-
logical distribution of mental health problems (due to the
pandemic and associated factors) has been heterogeneously
distributed across the general public, as well as among COVID-19
patients and healthcare professionals. This suggests that there is
an ongoing psychiatric epidemic parallel to the COVID-19
pandemic, which requires immediate intervention from the pub-
lic health community.14,15

In this context, it is necessary to understand how people cope
with the pandemic. Internet searches could help answer this
question since the internet represents a primary channel for finding
health-related information.16 It has been shown that a rise in
COVID-19 cases can be associated with a surge in internet searches
related to fear, anxiety, depression, as well as protective behaviours,
health knowledge and even maladaptive behaviours.17

The digital era has given rise to new data sources and large
amounts of data also known as Big Data; according to De Mauro
et al., “[Big Data] represent resources/assets of an informative na-
ture characterised by such a high volume, speed and variety as to
require technology and analytical methods specific for its trans-
formation into value”.18 The use of Big Data in scientific research is
destined to grow and become increasingly present in daily
healthcare practice.19 Within Big Data, we can include the novel
data streams, which are identified as those data whose “content is
initiated directly by the user (patient) themselves”.20 Research
studies, which are often limited to certain categories of patients,
could expand their targets, including several different population
subgroups, while the analyses conducted on Big Data could make
health care even more personalised at the same time. The magni-
tude of data available on patients with the same comorbidities and
specific rare diseases could facilitate the creation of ad hoc
individual-level therapeutic plans in the future.19

This review aims to collect, analyse and synthesise available
evidence on novel data streams for surveillance purposes and/or
their potential for capturing the public reaction to epidemic out-
breaks, particularly focusing on mental health effects and negative
emotions. Indeed, previous research shows that nowadays any
mediatic event produces a social reaction on the internet, which, in
turn, generates a large volume of data, that can be collected and
analysed in order to answer health-related questions and
issues.21e23 For this review, we considered the COVID-19 pandemic
as the mediatic event; subsequently, the general public reaction
generated a novel data stream, which has been analysed in order to
identify any potential impact on mental health.

Methods

The Cochrane Collaboration24 and the Meta-analysis Of Obser-
vational Studies in Epidemiology (MOOSE) guidelines25 were fol-
lowed in order to conduct the current systematic review. The
Preferred Reporting Items for Systematic Reviews and Meta-Ana-
lyses26 guidelines27 were used to report the process and results.
The structured literature search was conducted on PubMed/Med-
line and Scopus on 17th February 2021, combining free text words
and medical subject headings (MeSH). Keywords were combined

using Boolean operators AND and OR. No time filter was applied.
The full search strategy is available in Supplementary Table S1.

Inclusion/exclusion criteria

In order to be considered eligible, articles had to meet the
following inclusion criteria: (i) article written in English; (ii)
reporting original data; (iii) focusing on mental health; (iv) during
the COVID-19 pandemic; and (v) addressing the usage of non-
conventional data approaches in capturing public reaction to
COVID-19 epidemic outbreaks, particularly focusing on adverse
mental health effects and emotions. Exclusion criteria were as
follows: (i) no original data (i.e. a review, opinion, book chapter,
commentary or letter); (ii) article not published in English; (iii) full
text not available; (iv) focusing on mental health but not during the
COVID-19 pandemic; and (v) assessing outcomes not related to
mental health.

Articles were firstly screened based on title and abstract and
then assessed in full text. Both article screening phases and data
extraction were conducted independently by two authors (VG and
OES). Full texts were downloaded only for potentially eligible
studies. Data extraction was conducted only for those articles that
met all the inclusion criteria and was performed using a pre-
defined and pre-piloted spreadsheet elaborated in Microsoft
Excel® for Windows. Extracted data included author and year, data
source, type of mental health outcome assessed in the study, study
period, country where the study was conducted, study aims, key-
words used to perform the search, type of analysis conducted and
main results. Any disagreement in data extraction was resolved
through discussion among the two authors; if any disagreement
persisted, a third author was consulted (SP).

Results

Literature search

A total of 113 papers were retrieved on PubMed and 436 on
Scopus. Of these 549 articles, 62 were duplicates and immediately
removed, leaving a final sample of 487 unique papers. After pre-
liminary screening, based on the title and abstract, 462 articles
were removed for the following reasons: unrelated topic (n ¼ 411),
review (n¼ 25), protocol study (n¼ 17) and article not published in
English (n¼ 9). Out of 25 eligible articles, six articles were removed
after full-text assessment because of the following reasons: two
articles did not specifically report mental health data;28,29 one
article was a feasibility study;30 one study referred to pre-COVID-19
times;31 one article, although using smartphone app usage data, did
not correlate depressive symptoms and anxiety (self-reported
symptoms) with app data, but with COVID-19 news;32 and, the last
article using passive mobile monitoring platforms, assessed the
behavioural changes (i.e. time spent at home) among subjects with
psychiatric disorders.33 Fig. 1 depicts the flow diagram reporting
the selection process. At the end of the screening process,19 articles
were included in the systematic review.34e52

Characteristics of included studies

Among the 19 retrieved articles, 15 used a single-data source,
whereas four used a combination of two or more data sets. In
particular, Twitter was the source most frequently used alone
(n ¼ 4),36,46,51,52 and in combination (n ¼ 3) with YouTube and a
forum,37 Geographic information system (GIS)39 and Weibo.47

Google Trends was the second most frequently used data source
(n ¼ 6);38,41,43,44,48,49 one study investigated Weibo40 data and
another investigated Baidu34 data alone. Forums and chats were
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both used alone (n¼ 3)35,42,45 and in combinationwith other social
networks.37

Regarding the country where the studies were conducted, four
were internationally based,41e43,52 whereas the rest were carried
out in a single country. Specifically, the US was the most frequently
explored country (n ¼ 5),36,38,39,46,50 followed by China
(n ¼ 3)34,40,47 (including one study that compared data between
Wuhan [China] and the Lombardy region [Italy]),47 India
(n ¼ 3),44,48,49 Australia,35,51 Canada45 and Spain.37

The mental health outcomes assessed were frequently general
mental or emotional health, or a combination of selected mental
health symptoms (e.g. depression, anxiety, suicide ideation, sleep
disturbance, fear and stress), while only three articles focused on a
specific mental health disorder (one study focused on stress,39 one
on eating disorders45 and one on depression51).

Almost all included studies performed an analysis of the
internet activity content/sentiment in order to explore the predic-
tive value of these searches in forecasting mental health disorders.
Some studies assessed how online searches changed throughout
the pandemic,37,38,47,49 whereas, six articles assessed the associa-
tion between COVID-19 cases or deaths and internet search volume
related to mental health.39,41,43,44,48,51

All included articles found a significant association with at least
one of the explored mental health disorders/symptoms; however,
three studies found conflicting results for specific mental health
outcomes. In particular, the study conducted using data from Baidu
(China) found a significant association between the COVID-19
pandemic and panic and fear, but failed to detect an association

with depression, sadness and obsessive-compulsive disorders.34 An
international study performed on Google Trends found an associ-
ation between insomnia and COVID-19 deaths, but not with
depression and suicidal thoughts.41 Lastly, even an international
(24 countries) study found a significant association between
COVID-19 cases and deaths and suicide and depression, but no
associationwith insomnia.43 These differencesmay be explained by
considering the different countries and the length of the study
period. Characteristics of included studies and main results are
provided in Table 1.

Discussion

Results of our systematic review revealed that the COVID-19
pandemic has significantly impacted internet searches on mental
health of entire populations. Indeed, in almost all included articles,
a statistically significant increase in negative (seen as depressed,
anxious and stressed) internet and social network users’ emotions
was recorded. These data were confirmed both by associating the
number of COVID-19 cases or deaths with internet search volume
for specific keywords, as well as by content and sentiment analysis
of posts published on social networks. This phenomenon was
confirmed in all studied countries, including in those articles where
several countries were studied together.

It is interesting to note the parallels drawn by Su et al.,47 who
assessed the psychological states of social network users (Twitter
and Weibo) in Lombardy (Italy) and Wuhan (China), the two re-
gions first affected by SARS-CoV-2. Chinese users significantly

Fig. 1. Flow diagram of the study-selection process.
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Table 1
Characteristics and the main results of included studies (reported in alphabetical order of first author).

First author,
year
(Reference)

Data Source Mental
Health
outcome

Study period Country Study aims Keywords Analysis Main results

Chen,
202034

Baidu Depression,
anxiety,
sleeping
problem,
obsessive-
compulsive
disorder

24 Jan to 22 Feb, 2020 China To understand
psychological
public reaction to
the COVID-19
pandemic

Depressed, sad, panic,
fear, insomnia, obsessive-
compulsive disorder,
psychological counselling

Non-
parametric
Mann
eWhitney U
test

Internet search for panic/
fear and psychological
counselling were more
frequent in 2020 than in
2019 (P < 0.05),
depressed/sad and
obsessive-compulsive
disorder were the
opposite (P < 0.05). No
differences for insomnia.

Chivers,
202035

“New mum
forum” in
Google (831
posts)

Distress,
despair

27 Jan to 12 May,
2020

Australia To examine the
public discourse in
the context of
COVID-19
pandemic

COVID, corona, pandemic Thematic
analysis,
sentiment
analysis and
word
frequency
calculations

Distress related to
external high risk; despair
for lack of social and
family support. Half of the
posts have a negative
sentiment. The most
frequent word was worry
(and similar).

Guntuku,
202036

Twitter Stress,
anxiety and
loneliness

Jan to May 2020 vs
the same period in
2019

US To analyse the
content of tweets
with a specific
focus on mental
health during the
COVID-19
pandemic

Sentiment, stress,
anxiety, loneliness and
COVID-19-related
symptoms

Pre-trained
data-driven
machine
learning
models

Stress, anxiety and
loneliness were more
frequent in 2020
(P < 0.001), whereas
sentiment was lower in
2020 (P < 0.001).

Iglesias-
S�anchez,
202037

Twitter,
YouTube,
Instagram,
official press
websites and
Internet
forums
(80,091
posts)

Emotional
health

Mar to May 2020,
split in three stages
(characterised by
enforcement of
containment
measures of the first
two, and mitigation
of the last one)

Spain To understand
emotional health
during the COVID-
19 confinement
time

Anger, fear, joy, sadness,
disgust and uncertainty

Content
analysis

Anger, fear, sadness and
uncertainty were
statistically significantly
different throughout the
three studied periods, but
not joy and disgust.

Jacobson,
202038

Google
Trends

Mental health
symptoms

16e23 Mar 2020
(stay-at-home orders
in 11 states)

US To examine if
COVID-19-
containment
measures
produced changes
in mental health
symptoms

Anxiety, depression,
obsessive-compulsive
disorder, hopeless, angry,
afraid, apathy, worthless,
worried, restless,
irritable, tense, scattered,
tired, avoiding,
procrastinate, insomnia,
suicidal, suicide

Generalised
additive
mixed models

Topics related to anxiety,
negative thoughts about
oneself and the future,
sleep disturbances, and
suicidal ideation
increased prior to stay-at-
home orders.

Li, 202039 Twitter and
GIS
(Geographic
Information
System)

Stress
symptoms

Jan to Apr 2020 US To detect COVID-
19 related stress
symptoms at a
spatiotemporal
scale

Patient Health
Questionnaire lexicon

Machine
learning

Stress-related tweets
rapidly increased from
March 8th until April 5th
when the number of
COVID-19 cases started to
decrease.

Li, 202040 Weibo Psychological
traits

13e26 Jan, 2020 China To explore the
predictive value of
Weibo in
forecasting mental
health

Words of positive
emotion, negative
emotion, anxiety, anger,
health, leisure, family,
friend, money, death and
religion

Sentiment
analysis

Between 20 and 26
January, negative
emotional indicators of
psychological traits
increased in anxiety,
depression, and
indignation, while
positive emotional
indicators decreased.

Lin, 202041 Google
Trends

Insomnia,
depression,
and suicide

20 Mar to 19 Apr,
2020

International To explore the
predictive value of
Google Trends in
forecasting mental
distress

Insomnia, depression,
suicide

Mathematical
model

Iran, Spain, US and Italy
were the countries with
the highest insomnia
research volume. COVID-
19 death numbers were
associated with days at
higher insomnia searches,
but not for depression and
suicide.

Low, 202042 Reddit
Mental
Health
Dataset

General
mental health

1 Jan to 20 Apr, 2020 International To assess changes
in the natural
language of public
commentary

Lexicon built on
Linguistic Inquiry and
Word Count

Machine
learning

Attention-deficit/
hyperactivity disorder,
eating disorders and
anxiety showed the

(continued on next page)
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Table 1 (continued )

First author,
year
(Reference)

Data Source Mental
Health
outcome

Study period Country Study aims Keywords Analysis Main results

posted to mental
health support
groups on the
Reddit website

largest sum of change in
negative semantic
features during the
pandemic. Anxiety
emerged as a general
theme across Reddit.

Misiak,
202043

Google
Trends

General
mental health

18 Feb to 13 Apr,
2020

International
(24
countries)

To assess if COVID-
19 cases and death
are associated with
mental health-
related internet
search volume

Suicide, depression,
anxiety, insomnia

Spearman
rank
correlation

Suicide and depression
were both associated with
COVID-19 deaths and
cases, anxiety was only
associated with deaths
and insomnia was not
associated with cases
neither deaths.

Rana,
202044

Google
Trends

Mental health
indicators

4 Mar to 25 Jul, 2020 India To estimate the
correlation
between COVID-19
cases and internet
search

Suicide, autism, anxiety,
depression, dementia

Pearson
correlation

Suicide, anxiety,
depression and dementia
were highly correlated
with the number of daily
infectious cases.

Richardson,
202045

National
Eating
Disorder
Information
Centre
instant chat
service

Eating
disorders

1 Mar to 30 Apr, 2020 Canada To describe the
impact of the
COVID-19
pandemic on help-
seeking behaviours

Over-eating/binge eating,
over-exercising, dieting/
restriction, weight
preoccupation,
perfectionism, purging,
anxiety, and depression

Content
analysis

The number of contacts
during the pandemic
period was significantly
higher compared to the
two previous years. Eating
disorder symptoms,
anxiety, and depression
were higher in 2020.
Content analysis detected
four themes: 1) lack of
access to treatment, 2)
worsening of symptoms,
3) feeling out of control
and 4) need for support.

Saha,
202046

Twitter
(59,096,694
tweets in
2020
compared
with
40,875,185
in 2019)

Anxiety,
depression,
stress,
suicidal
ideation and
emotional
support

24 Mar to 24 May,
2020

US To study the
temporal and
linguistic changes
in symptomatic
mental health
expressions during
the COVID-19
pandemic

Classification based on
Diagnostic and Statistical
Manual of Mental
Disorders, 5th Edition

Machine
learning

Anxiety tweets showed
the most significant
increase in 2020
compared to 2019,
followed by suicidal
ideation, depression and
stress, with a steady
decline during the study
period.

Su, 202047 Twitter
(3,650,380
tweets) and
Weibo

Psychological
states

23 Feb to 21 Mar,
2020 (Twitter); 9 Jan
to 5 Feb, 2020
(Weibo)

Wuhan
(China) and
Lombardy
(Italy) region

To examine and
compare the
impact of COVID-
19 lockdown on
individuals'
psychological
states in China and
Italy

Language Inquiry and
Word Count dictionary

Psychometric
analysis

In Weibo posts, (China)
users increased the use of
first-person plural
pronoun, religion, social,
negative emotion and
home significantly after
the lockdown. Twitter
(Italy) users increased the
wording discrepancy and
home and decreased
anxiety.

Talbot,
202152

Twitter (192
tweets)

Mental health
of pregnant
women

1 Mar to 31 May,
2020

International
mostly from
US and UK

To characterise the
content of an
international
sample of tweets
related to
pregnancy and
mental health

Several keywords related
to COVID-19, pregnancy
and mental health

Sentiment
and thematic
analysis

Individual and company
tweets had the same
negative tonality. Among
the individual tweets,
stress about being
isolated, depressive
symptoms and sleep
difficulties were the most
frequent. Among the
tweets from companies,
stress and depressive
symptoms that pregnant
women may experience
during the pandemic, as
well as the services
offered were the most
frequent.

Uvais,
202048

Google
Trends

General
mental health

12 Mar to 13 Jun,
2020

India To explore the
association of
internet search

Depression, anxiety,
insomnia, suicide

Spearman
rank
correlation

COVID-19 cases and
deaths in India were
significantly associated
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increased the use of first-person plural pronouns, religion, social,
negative emotion and home after the lockdown. Italian users
increased the use of the words ‘discrepancy’ and ‘home’ while
searching less frequently for anxiety. These results show how the
same event can impact differently on communities based on cul-
tural and societal aspects. Despite the posts' common negative and
fearful content, the wording between cultures differed, at least
partially.

Moreover, it should be considered that, in the e-health era, the
diffusion of information by the internet and social media is faster
than ever before, even surpassing the velocity of spread of a highly
infectious virus such as SARS-CoV-2. Furthermore, information is
not always correct or validated, promoting the spread of misleading
or incorrect facts on unfiltered internet platforms, which include all
major social networks (i.e. Facebook, Twitter, YouTube and several
others).

In addition, it is important to note that the COVID-19 pandemic
is sustained by an infection with a completely novel and still
partially unknown virus.53,54 This characteristic highly impacts
several aspects. Firstly, due to the unknown nature of the virus,
even trustworthy sources made mistakes in communication at the
beginning of the epidemic, fuelling confusion and a hyperreactive
information search among the general public.11 Secondly, the lack
of appropriate therapies and preventive measures (such as vac-
cines) during the first year of the pandemic incited a sense of
powerlessness and fear in the population, which, in turn, drove the
search for information and fuelled a widespread sense of stress,
uncertainty, anxiety and depression.55 Moreover, in pandemic
times, social deprivation or lack of a well-structured communica-
tion of information may strengthen prejudice and stigma towards
vulnerable individuals, which, in turn, reinforces a sense of despair,
loneliness, depression and anxiety.15 Also, the implementation of
containment measures, such as social distancing, national lock-
downs and absence from the workplace, may have pushed people

to spend a lot of time on the internet, not only to search for infor-
mation but also to connect with friends and relatives.56

All of these human behaviours generate a significant amount of
data on numerous different platforms (Big Data and novel data
streams), which contribute to a newly emerging research field
aimed at supporting traditional surveillance systems (especially for
infectious diseases)22,57,58 and at understanding human behav-
iours,21,23 with the aim of guiding public health decisions.59,60

Systematically collecting and examining health-related data
generated by these new sources might carry the potential to un-
derstand, investigate and interpret events relevant for public health
purposes.61 Several cross-sectional studies, based on online surveys
administered to convenience samples, have been published
throughout 2020, without any information on the real general-
isability and representativeness of results.62e69 In contrast, these
novel data streams might reduce several biases typical of surveys,
such as social desirability and recall bias, as well as improving the
above-mentioned representativeness of the sample, since thou-
sands or millions of users’ data can be analysed together. Moreover,
Big Data and novel data streams reduce the time lag between
traditional epidemiological data collection and data analysis, as
well as the data entry burden and potential errors that can occur
with traditional epidemiological systems. Furthermore, novel data
streams and Big Data can improve spatial resolution and forecast
unanticipated outcomes of interest (such as the current study
looking at the mental health impacts of the pandemic), especially
for outcomes not routinely surveyed.20 Big data and novel data
streams can help to better understand many disease transmission/
process aspects that are not usually captured by traditional sur-
veillance systems. Last, but not least, Big Data and novel data
streams are important for improving data dissemination.20

Results of this systematic review are extremely relevant because
they offer an overview of the general public's psychological reac-
tion to the COVID-19 outbreak, showing how fear, anxiety, stress,

Table 1 (continued )

First author,
year
(Reference)

Data Source Mental
Health
outcome

Study period Country Study aims Keywords Analysis Main results

volume and
COVID-19 cases

with searches for
depression, anxiety and
suicide. Moreover, suicide
and depression were the
most frequently searched
terms.

Uvais,
202049

Google
Trends

General
mental health

26 Jan to 24 May,
2020

India To understand the
changes in patient
interest in
psychiatric search
terms during the
lockdown

Depression, anxiety,
suicide

T-test Depression, anxiety, and
suicide search increased
from the pre-lockdown to
the lockdown period.

Zhang,
202050

Google
Search and
YouTube

Depression
and anxiety

Jan 2020 vs May 2020 US To explore the
predictive value of
YouTube and
Google Trends for
forecasting
depression and
anxiety

Not available Machine
learning

PHQ-9 and GAD-7 scores
increased during the
study period. Some
internet behaviours such
as late-night online
activity, short YouTube
intervals between videos
and videos containing
anxiety and sadness
keywords were associated
with scores increment.

Zhou,
202051

Twitter
(94,707,264
tweets)

Depression 1 Jan to 22 May, 2020 Australia To explore the
predictive value of
Twitter in
forecasting
depression

Classification based on
Diagnostic and Statistical
Manual of Mental
Disorders, 5th Edition

Mathematical
model

Depression level
increased following the
increasing COVID-19
cases and reinforcement
of government
containment measures.

GIS, Geographic information system; GAD-7, General Anxiety Disorder-7; PHQ-9, Patient Health Questionnaire-9.
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suicidal thoughts and depression are strongly associated with the
pandemic. Previous systematic reviews on cross-sectional studies
assessing the mental health status of the general public during the
COVID-19 pandemic showed that the prevalence of depression
increased from 7.2% to 14.6e48.3% during the pandemic.70 More-
over, in addition to the previously established risk factors for
depression, such as female gender, presence of chronic/psychiatric
illnesses and unemployment, frequent exposure to news concern-
ing COVID-19 was identified as one of the most important risk
factors for depression during the pandemic.70

In light of the disease burden already caused by mental disor-
ders,71 and considering the prolonged exposure to this stressful
pandemic event, we might expect long-term psychological conse-
quences. This is especially true considering that, during the
pandemic, many healthcare activities have been postponed72 or
substituted by telemedicine.73 Indeed, telemedicine offers a great
opportunity to deliver mental health services remotely, without
borders, on a large scale and in a safe way.73,74 However, tele-
medicine, in certain cases, has shown some limitations.5 Even if
telemedicine is a more readily accessible option, overcoming the
problems related to physical accessibility to services (e.g. remote
location, lack of transportation or funds, stigma associated with
seeking treatment and physical mobility-related health issues),75

not all patients have the necessary technology, even just a simple
internet line, to be able to use telemedicine services, and some
individuals may not have the skills to use these tools.76 From this
perspective, there is a risk that a service designed to reach a large
number of people creates inequalities in the population, with the
possibility of ‘leaving behind’ some already disadvantaged groups,
such as the poorest, the elderly or those who live in disadvantaged
social contexts.77

Moreover, evidence has found that during the COVID-19
pandemic, a reduced number of mental health services has coin-
cided with an increased mental health burden, potentially indi-
cating an escalating number of untreated individuals with mental
health problems.78

We should be aware of the above-mentioned elements in
planning future healthcare services. From this perspective, Big Data
and novel data streams can support public health experts and
policymakers in establishing priorities and setting up long-term
strategies to mitigate the symptoms and tackle mental health dis-
orders, with the final aim of facilitating the implementation of
future preventive interventions.

Strengths and limitations

Before generalising the results of the current systematic review,
some limitations need to be taken into account. Firstly, we limited
our search to articles published in English. This might have reduced
the total number of potentially eligible studies; however, since
English is the most commonly used language in the scientific
community, we believe this did not significantly affect our results.
Secondly, some authors divided their analyses across several short
papers, multiplying the evidence volume but reducing the quality
of their discussion and the interpretation of results. Lastly, internet
search spikes and contents of tweets may be influenced by different
triggers, such as the increased number of cases, increased attention
given by mass media or as a reaction to the containment measures
adopted by governments, making it difficult to precisely identify a
causeeeffect association. In light of this, it is not possible to
differentiate between the mental health effects of fear of the virus
itself from the containment measures adopted, neither to differ-
entiate between negative feelings and diagnosis of mental health
disorders. However, previous cross-sectional studies conducted
during the pandemic confirmed a variable increase in the

prevalence of depression, anxiety and stress in the general
population.70,72,79,80

Despite the above-mentioned limitations, our review has some
important strengths. Firstly, this is a systematic and extensive re-
view offering an exhaustive overview of available evidence on Big
Data and mental health during the COVID-19 pandemic. With this
overview, we not only synthesised and analysed results obtained by
each included study but also provided a picture of the data sources
used, the aims of the original studies, as well as the types of ana-
lyses performed. Secondly, our search strategy was developed
considering several keywords, including both MeSH and free text
terms. Lastly, as far as we know, this is the first systematic review
addressing the usage of non-conventional data approaches in
capturing public reaction to the ongoing COVID-19 pandemic,
particularly focusing on mental health and emotions.

Conclusions

To conclude, the results of this systematic review found a sta-
tistically significant increase in searches for information about
mental health issues by the general public throughout the COVID-
19 pandemic. This was observed in both single- and multi-
country studies, which analysed data in up to 24 different na-
tional contexts. Themost-searched-for terms included anxiety, fear,
suicide, depression, despaired, stress, solitude and loneliness.
While some papers aimed to examine how online expressions of
mental health changed throughout the pandemic, others specif-
ically investigated whether containment measures or COVID-19
cases and deaths were associated with mental health internet
search volumes. Internet searches and users’ behaviour on social
networks generated a large amount of data (Big Data) and novel
data streams that were used by numerous researchers all over the
world. Results obtained from these analyses might prove extremely
useful in informing policymakers and health authorities on the
implementation of healthcare services and policies, with a focus
beyond treating COVID-19 patients, to also provide care to those
affected by direct and indirect mental health consequences.
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