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a b s t r a c t

Objectives: COVID-19 (SARS-CoV-2) pandemic has infected hundreds of millions and inflicted millions of
deaths around the globe. Fortunately, the introduction of COVID-19 vaccines provided a glimmer of hope
and a pathway to recovery. However, owing to misinformation being spread on social media and other
platforms, there has been a rise in vaccine hesitancy which can lead to a negative impact on vaccine
uptake in the population. The goal of this research is to introduce a novel machine learningebased
COVID-19 vaccine misinformation detection framework.
Study design: We collected and annotated COVID-19 vaccine tweets and trained machine learning al-
gorithms to classify vaccine misinformation.
Methods: More than 15,000 tweets were annotated as misinformation or general vaccine tweets using
reliable sources and validated by medical experts. The classification models explored were XGBoost,
LSTM, and BERT transformer model.
Results: The best classification performance was obtained using BERT, resulting in 0.98 F1-score on the
test set. The precision and recall scores were 0.97 and 0.98, respectively.
Conclusion: Machine learningebased models are effective in detecting misinformation regarding COVID-
19 vaccines on social media platforms.

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

Introduction

As of July 26, 2021, more than 194 million infections and more
than 4 million deaths are attributed to the SARS-CoV-2, commonly
referred to as the COVID-19 pandemic.1 Since the outbreak
emerged in Wuhan, Hubei province in China and spread world-
wide, lockdown measures and social distancing methods were
introduced in most parts of the globe. The impacts were significant
on various sectors including the economy,2 education,3 and the
mental health of the population.4 The emergence of various safe
and effective vaccines5 provided a potential solution by increasing
population immunity and rising as an effective method to control
the outbreak. Most vaccines authorization and distribution began
during December 2020.6

Despite the vaccine introduction, increasing hesitancy on
vaccine uptake can be observed among significant parts of the

population in various countries.7 The vaccine hesitancy can be
explained in part by the spread of misinformation regarding
vaccines that are spread in person.8 However, with wide social
media access and usage, the spread of vaccine misinformation can
be significantly increased, potentially leading to a further decline
in vaccine uptake. Misinformation can be spread on social media
by human users as well as social bots.9,10 Social bots are pro-
grammed to automatically spread false information in disguise.
Therefore, it is essential for algorithms to automatically detect the
content of the misinformation regardless of the source being a
human or a social bot. More specifically, the focus of this research
is on Twitter and detecting misinformation in tweets related to
vaccines. To the best of our knowledge, there are no existing
datasets for detecting vaccine misinformation tweets and this is
the first proposed approach on detecting COVID-19 vaccine
misinformation.

Machine learningebased algorithms have been widely and
effectively utilized for various COVID-19erelated applications
including screening, contact tracing, and forecasting.11 CoAID dataset
introduced by Cui and Lee12 contains misinformation related to
COVID-19. The authors utilized several machine learning models to
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classify fake news with the best performance of 0.58 F1-score being
obtained using a hierarchical attention networkebased model. A
COVID-19 vaccine misinformation tweets dataset was introduced by
Memon and Carley.13 This dataset characterizes both users who are
actively posting misinformation and those who are calling out
misinformation or spreading true information. It was concluded that
informed users tend to use more narratives in their tweets than
misinformed ones. The ReCOVery dataset proposed by Zhou et al.14

contains more than 2000 news articles and their credibility.
Furthermore, it also includes more than 140,000 tweets that reveal
the way these news articles are spread on Twitter. A F1-score of 0.83
was obtained for predicting reliable news and 0.67 was obtained for
predicting unreliable news using a neural network model. A billion-
scale COVID-19 Twitter dataset covering 268 countries with more
than 100 languages was collected by Abdul-Mageed et al.15 Two
predictive models were proposed for classifying whether a tweet
was related to the pandemic (COVID relevance) and detecting
whether a tweet was COVID-19 misinformation. The misinformation
detection models were trained using the aforementioned CoAID and
ReCOVery datasets, and combining them resulted in the best F1-
score of 0.92 using a bidirectional encoder representations from
transformers (BERT)-based model. Abdelminaam et al.16 combined
four existing datasets including CoAID and used several machine
learning algorithms to classify COVID-19 misinformation. The best
F1-score of 0.985 was obtained using a two-layer long short-term
memory (LSTM) network. The ArCOV19-Rumors dataset was pre-
sented by Haouari et al.17 to detect COVID-19 misinformation in
Arabic tweets. Two Arabic BERT-based models were used for classi-
fication, obtaining a highest F1-score of 0.74. A bilingual Arabic and
English dataset for detecting COVID-19 misleading tweets was pre-
sented in the study by Elhadad et al.18 Several machine learning
models were used to annotate the unlabeled tweets. However, the
authors did not quantify the evaluation of the predictive models.
Finally, a Chinese microblogging dataset for detecting COVID-19 fake

news was presented by Yang et al.19 Various deep learning models
were explored, and the best F1-score of 0.94 was obtained using the
TextCNN model.

More recently, several research works have focused on
analyzing tweets related to COVID-19 vaccines. Muric et al.20

presented a dataset containing tweets that indicate a strong
anti-vaccine stance. Descriptive analysis of the tweets as well as
geographical distribution of the tweets across the United States
(US) were presented. Similarly, Sharma et al.21 utilized tweets to
investigate any hidden coordinated efforts promoting misinfor-
mation about vaccines and obtain insights into conspiracy com-
munities. A dataset called Covaxxy22 containing one week of
vaccine tweets was introduced to perform a statistical analysis of
COVID-19 vaccine tweets. Moreover, the authors also introduced a
dashboard for visualizing the relationship between vaccine
adoption and US geolocated posts. Malagoli et al.23 focused on
vaccine sentiment on Twitter by analyzing vaccine-related tweets
collected between December 2020 and January 2021. The analysis
included the usage of emojis as well as the psycholinguistic
properties of these tweets. Finally, Hu et al.24 examined the public
sentiment of COVID-19 vaccines in the US by investigating the
spatiotemporal patterns of public perception and emotion at na-
tional and state levels. No predictive models were introduced by
the existing works in the context of the COVID-19 vaccine, and
therefore, the proposed work to the best of our knowledge is the
first to perform vaccine misinformation detection. Table 1 sum-
marizes the existing works in COVID-19 misinformation detection
and COVID-19 vaccineerelated tweet datasets.

Methods

This section describes the methodology of the proposed appli-
cation. The details of the implementation are presented next
chronologically.

Table 1
Existing works in COVID-19 misinformation and COVID-19 vaccine tweets.

Source Application Dataset Available
online

Prediction results

12 Misinformation dataset, analysis, and
classification

Social media and website misinformation
regarding COVID-19

✓ F1-score: 0.58 using hierarchical attention
networkebased model

13 Misinformation dataset and analysis Annotated COVID-19 misinformation
tweets

✓ N/A

14 Reliable and unreliable news dataset,
analysis, and prediction

News articles and their credibility level as
well as tweets related to their spread

✓ F1-scores: 0.83 and 0.67 for reliable and
unreliable news detection, respectively,
using neural networks

15 Large COVID-19 tweets dataset, analysis,
and classification

Tweets related to COVID-19 in more than
100 languages from 268 countries

✓ F1-score: 0.98 for COVID-relevant tweets
using the transformer-based masked
language model
F1-score: 0.92 for detecting misinformation
tweets using BERT-based model

16 COVID-19 misinformation detection Combination of various existing tweets
datasets related to COVID-19, disasters,
news, and gossip

✕ F1-score: 0.985 using LSTM

17 COVID-19 misinformation detection in
Arabic

Arabic tweets related to COVID-19 ✓ F1-score: 0.74 using MARABERT

18 COVID-19 misinformation detection in
English and Arabic

English and Arabic tweets related to COVID-
19

✓ Not presented

19 COVID-19 fake news detection in Chinese Chinese microblog posts from Weibo ✓ F1-score: 0.94 using TextCNN
20 COVID-19 anti-vaccine tweets dataset and

analysis
Tweets exhibiting anti-vaccine stance
collected using keywords

✓ N/A

21 COVID-19 anti-vaccine tweets analysis COVID-19 vaccine tweets collected using
keywords

✕ N/A

22 COVID-19 vaccine tweets analysis COVID-19 vaccine tweets collected using
keywords

✓ N/A

23 COVID-19 vaccine tweets sentiment
analysis

COVID-19 vaccine tweets collected using
keywords

✓ N/A

24 COVID-19 vaccine tweets sentiment
analysis

COVID-19 vaccine tweets collected using
keywords

✕ N/A
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Dataset collection

Twitter is one of the most popular social media platforms with
353 million active users, and more than 500 million tweets are
being posted every day.25 Twitter API allows the extraction of
public tweets including the tweet text, user information, retweets,
and mentions in JSON format. A Python library called Twarc was
utilized to access the Twitter API.

To obtain the relevant tweets about COVID-19 vaccines, we
followed the approach in some of the existing works in the litera-
ture and collected the tweets using keywords. The following key-
words (case insensitive) were used: ‘vaccine,’ ‘pfizer,’ ‘moderna,’
‘astrazeneca,’ ‘sputnik,’ and ‘sinopharm.’ Additionally, we only
considered tweets in the English language. Replies to tweets,
retweets, and quote tweets were not considered. Overall, the
vaccine-related tweets from December 1, 2020, until July 31, 2021,
were collected. In total, 15,465,687 tweets were collected.

Fig. 1 illustrates the total number of tweets per month from
December 2020 until July 2021. As vaccines started gaining
approval for administration during December 2020, we notice a
high volume of tweets with people sharing their initial sentiments
regarding the vaccine. In the next couple of months, there is a
natural decline as the topic becomes outdated. However, the vol-
ume of tweets goes up again from March 2021 and reaches a peak
during April 2021. During this time, the rate of vaccination was
going up particularly in the UK and the USwhere a large percentage
of Twitter users are from. This led to many expressing their feelings
after receiving their vaccines.

Data annotation

In supervised learning, a labeled dataset is required before model
training. Because no existing labeled dataset is available for vaccine
misinformation,manual annotation of tweetswas performed. Unlike
the single verification approach by many existing works, we used an
additional validation step by medical experts. To label the misin-
formation, some common myths regarding the COVID-19 vaccines
were obtained from reliable sources including Public Health,26

Healthline,27 the Centers for Disease Control and Prevention
(CDC),28 and the University of Missouri Health Care.29 This approach
is similar to several of the existing works in misinformation

detection including the studies by Cui and Lee12 and Elhadad et al.18

Some of the common myths and misinformation include ‘The vac-
cine can alter DNA,’ ‘The vaccine can cause infertility,’ ‘The vaccine
contains dangerous toxins,’ and ‘The vaccine contains tracking de-
vice.’ In this process, tweets containing this commonmisinformation
were manually read and labeled/flagged. This ensured the context of
the tweets was considered and tweets that were sarcastic and hu-
morous were not included as misinformation. Tweets other than
these common myths were considered not misinformation and
included general opinions regarding the vaccine, official news, and
appointment details of vaccination centers. Finally, once the dataset
was accurately annotated using verified sources, we invited medical
experts in public health to validate the annotation process. This
approach helped in ensuring the manual annotation of data was
accurate and the quality of the dataset was of high standard.

Consequently, a total of 15,073 tweets were labeled, 5751 of
which weremisinformation and 9322 were general vaccine-related
tweets. Word clouds are a simple but effective tool for text visu-
alization. They are created by collecting words in a corpus and
presenting them in different sizes. The larger and bolder a word
appears, the more frequent and relevant is its presence in the
corpus. Figs. 2 and 3 illustrate the world cloud for misinformation
and general tweets, respectively. The vaccine misinformation
tweets include several conspiracy terms such as ‘gene therapy,’
‘untested vaccine,’ and ‘depopulation.’ Meanwhile, the general
vaccine tweets include terms related to people sharing their vac-
cine experience including ‘first dose’ and ‘grateful.’

Data preprocessing

Preprocessing the contents of the tweets is significant for efficient
model training. First, external links, punctuations, and text inbrackets
were removed. All text contents were also converted to lower case.
Commonwords suchas ‘the,’ ‘and,’ ‘in,’ and ‘for,’ are referred to as stop
words. Removing these low-information words that provide little
contextual information can reduce the complexity of training. To
perform this step,NLTK30 library inPythonwasutilized. Stemming is a
commonpreprocessing step that reduces derivationally linked forms
of a word to a common base form. For example, both ‘walking’ and
‘walked’will be converted to the stem ‘walk.’ In this step, snowball31

stemmer from the NLTK library was used.

Fig. 1. Number of vaccine tweets by month.
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Models architecture and implementation

Machine learning enables computer systems to learn from
experience using data, without requiring explicit programming.
Feature extraction is required to identify relevant features in the
dataset before training the models. However, this process is labor-
intensive and predictive performance depends to a large extent on
the quality of feature engineering. Deep learning32 models on the
other hand can automatically learn the necessary and useful input
features and optimize them. Nevertheless, the computational
complexity is higher, and consequently, a much longer training
time is required. To provide a more comparative evaluation, three
models were explored belonging to different categories of machine
learning models. From the traditional machine learning, XGBoost
was utilized; from the deep learning models, LSTM was utilized;
and from the transformer models, BERT was utilized. A description
of the models and their implementation are presented next.

XGBoost33 is considered one of the most competitive and
frequently used traditional machine learning models. It is a type of
ensemble learning model that uses multiple decision trees which
reduces overfitting and maintains complexity at the same time.
Term frequency-inverse document frequency (tf-idf) was used to
identify the most relevant features. Tf-idf computes values for each
word in the corpus by the inverse proportion of the frequency of
the word in a specific document to the percentage of documents

the word appears in the study by Ramos et al.34 XGBoost library in
Python was used for this implementation.

LSTM35 is a popular deep learning architecture for text and
sequential data. These networks are composed of cyclic connec-
tions as well as specialized memory cells for storing the temporal
state of the network.36 Glove,37 a popular unsupervised approach
for obtaining vector representations of words, was used with the
LSTM network. The obtained word embeddings using Glove
represent the semantic similarity between words in a corpus by
transforming the words into an n-dimensional space. After the
embedding layer, a Bidirectional LSTM layer with 45 units was used
followed by a GlobalMaxPool1D. Next, two dense layers of 128 and
32 units, respectively, with ReLU activation38 were used. A dropout
layer39 with 0.5 rate was used after all the previous three layers.
Finally, the classification layer consisted of a sigmoid activation, and
the model was optimized using Adam optimizer40 on binary cross-
entropy loss. The implementation was done in Python using Keras.

The last approach utilized the transformer-basedBERTmodel. The
unconventional training approach used in BERT by looking at a text
sequence from both directions provides a comprehensive sense of
language context. BERT is pretrainedon a large corpus of English texts
fromWikipedia and BookCorpus. In this work, the bert-large-uncased
versionwasused. It consists of 24 layers (1024hiddendimensions),16
attention heads, and a total of 340M parameters.41 Transformers42 li-
brary in Pythonwas used to implement this approach.

Fig. 3. Word cloud visualization for general vaccine-related tweets.

Fig. 2. Word cloud visualization for vaccine misinformation tweets.
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Overfitting is considered a major obstacle in training machine
learning algorithms. When a specific model performs outstand-
ingly well during the training phase, by using unnecessary input
features, but fails to make generalized predictions on the test set, it
is ‘overfitting’ to the training dataset. To avoid the overfitting
problem for the two deep learning models, dropout technique was
used. Also, training and validation accuracy curves were monitored
to ensure no overfitting occurred during training.

The research framework for COVID-19 vaccine misinformation
classification is summarized in Fig. 4. The COVID-19
vaccineerelated tweets were first collected and then annotated
for misinformation or regular tweets using reliable sources. After
necessary preprocessing and feature extraction, machine learning
and deep learning models were trained to classify vaccine misin-
formation. Finally, the performance of the models was evaluated on
the test set.

Classification algorithms can be evaluated using several metrics
including accuracy, precision, recall, and F1-score, as defined in the
following equations.(1e4) 43

Accuracy ¼ TP þ TN
TP þ TN þ FP þ FN

(1)

Precision ¼ TP
TP þ FP

(2)

RecallðTPRÞ ¼ TP
FN þ TP

(3)

F1 Score ¼ 2 * Precision * TPR
Precisionþ TPR

(4)

Results

The results from the XGBoost model as well as the two deep
learning models are presented next. All models were first trained
and validated on 75% of the dataset and then evaluated on the
remaining 25% of the dataset.

Performance comparison

The training time for XGBoost as expected was much quicker
than the other two deep learning models. The training accuracy
obtained was 96.9%, and the accuracy on the test set was 95.6%. The
precision, recall, and F1-score on the test were 0.96, 0.95, and 0.95,
respectively. Fig. 5 presents the confusion matrix on the test set

Fig. 4. Research framework. tf-idf, term frequency-inverse document frequency.

Fig. 5. Confusion matrix on the test set using XGBoost.
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using XGBoost. The majority of the error (84%) resulted from
misinformation being classified as otherwise, whereas very few of
the non-misinformation tweets were wrongly classified.

The LSTM model was trained for six iterations with 20% of
the data from the training set used for validation. Fig. 6 displays
the training and validation accuracy curves. Because both the
curves are very close to each other, there is no indication of
overfitting.

The maximum training accuracy using LSTM was 99%, and the
accuracy on the test set was 96%. The precision, recall, and F1-score
on the test were 0.97, 0.96, and 0.96, respectively. Overall, therewas
a slight improvement compared with XGBoost. The confusion
matrix on the test set using this approach is presented in Fig. 7.
Compared with XGBoost, there was a decrease in misinformation
being misclassified (68%). However, more non-misinformation
tweets were being classified as misinformation.

Fig. 6. Training and validation accuracies using LSTM.

Fig. 7. Confusion matrix on the test set using LSTM.

Fig. 8. Training and validation accuracies using BERT.
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Finally, we used the pretrained BERT transformer model for
classification. It was trained for three iterations with a 20% vali-
dation set taken from a subset of the training set. The training and
validation accuracy curve is plotted in Fig. 8. No overfitting is
apparent in this approach as well.

The maximum training accuracy using BERT was 99%, and the
accuracy on the test set was 98%. The precision, recall, and F1-score
on the test were 0.97, 0.98, and 0.98, respectively. The performance
using BERT was superior compared with the previous two models.
Fig. 9 displays the confusion matrix on the test set using BERT.
Compared with the previous twomodels, BERT provides the lowest
error rate (43%) on misclassifying the misinformation tweets, but it
has a higher error rate in misclassifying the non-misinformation
tweets.

Discussion

In the previous section, the effectiveness of all the models in
vaccine misinformation detection was discussed. Consistent with
the literature, superior performance was obtained using the deep
learning models compared with XGBoost for a relatively larger
training set. BERT is recommended for this application because it
was able to predict most of the misinformation.

Table 2 presents a performance comparison between the
existing works in COVID-19 misinformation classification and the
proposed work. The results reported in this study are consistent
with those reported in the previous literature. The focus of this
work was specifically on classifying vaccine-related misinforma-
tion, unlike the existing works which focused on general COVID-19
misinformation. However, by making the dataset used in the pro-
posed work publicly available, we encourage the research com-
munity to experiment with other models and approaches.

There are several implications of the proposed application that
are not limited to the following: 1) the dataset and models pre-
sented in this work can be used by social media sites effectively to

limit the spread of misinformation, 2) it would also facilitate the
detection of social bots spreading vaccine misinformation, 3) the
dataset can also be thoroughly analyzed to identify patterns of
misinformation and their spread over the time, and 4) this study
will raise awareness regarding the misinformation about vaccines
in social media and also will trigger further research in this area. A
limitation of this study is that statistical analysis was not presented.
As the focus of this study was on detecting misinformation, an in-
depth analysis of the vaccine misinformation tweets was not
performed.

As future work, it would be interesting to experiment the
combination of general COVID-19 misinformation with vaccine
misinformation. Moreover, a further performance enhancement is
possible by using extracted tweetelevel features including the
number of capital letters, links, and emojis. Similarly, account-
level features such as follower count, tweet count, retweets can
potentially provide useful information to the models. Furthermore,
sentiment analysis in the English language on COVID-19 vaccines
can be performed using the large COVID-19 vaccine dataset. This
would reveal the public perception of vaccines and how they
evolved over the months. Also, the focus of this study was on
English tweets, but researchers are encouraged to extend this
study to multilingual tweets related to COVID-19 vaccines. The use
of hashtags can provide insights into the general behavior of social
media users,44 and this could be utilized for future research.
Finally, it is also worth investigating vaccine-related misinforma-
tion on social media platforms other than Twitter as well as blog
posts.
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a b s t r a c t

Objectives: Countries throughout the world are experiencing COVID-19 viral load in their populations,
leading to potential transmission and infectivity of asymptomatic COVID-19 cases. The current systematic
review and meta-analysis aims to investigate the role of asymptomatic infection and transmission re-
ported in family clusters, adults, children and health care workers, globally.
Study design: Systematic review and meta-analysis.
Methods: An online literature search of PubMed, Google Scholar, medRixv and BioRixv was performed
using standard Boolean operators and included studies published up to 17 August 2021. For the sys-
tematic review, case reports, short communications and retrospective studies were included to ensure
sufficient asymptomatic COVID-19 transmission data were reported. For the quantitative synthesis
(meta-analysis), participant data from a collection of cohort studies focusing on groups of familial
clusters, adults, children and health care workers were included. Inconsistency among studies was
assessed using I2 statistics. The data synthesis was computed using the STATA 16.0 software.
Results: This study showed asymptomatic transmission among familial clusters, adults, children and
health care workers of 15.72%, 29.48%, 24.09% and 0%, respectively. Overall, asymptomatic transmission
was 24.51% (95% confidence interval [CI]: 14.38, 36.02) among all studied population groups, with a
heterogeneity of I2 ¼ 95.30% (P < 0.001). No heterogeneity was seen in the population subgroups of
children and health care workers. The risk of bias in all included studies was assessed using the New-
castle Ottawa Scale.
Conclusions: For minimising the spread of COVID-19 within the community, this study found that
following the screening of asymptomatic cases and their close contacts for chest CT scan (for symp-
tomatic patients), even after negative nucleic acid testing, it is essential to perform a rigorous epide-
miological history, early isolation, social distancing and an increased quarantine period (a minimum of 14
e28 days). This systematic review and meta-analysis supports the notion of asymptomatic COVID-19
infection and person-to-person transmission and suggests that this is dependent on the varying viral
incubation period among individuals. Children, especially those of school age (i.e. <18 years), need to be
monitored carefully and follow mitigation strategies (e.g. social distancing, hand hygiene, wearing face
masks) to prevent asymptomatic community transmission of COVID-19.

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

Introduction

Symptomatic COVID-19 viral infection is a significant risk factor
for transmission of the disease within the general public. The major

signs of COVID-19 infection include fever, dyspnoea, a dry cough and
diarrhoea; these symptoms are reported to last up to 14 days, with a
median incubationperiodof 9e12days. Aerosol transmissions occur
through sneezing or coughing and are reported to be the primary
route of person-to-person infection.1 However, simulation studies
have also observed asymptomatic COVID-19 person-to-person
transmission.2 Polymerase chain reaction (PCR)-based assays are
recommended in managing asymptomatic transmission of the vi-
rus.3Heet al. reported thefirst case of asymptomatic transmissionof
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COVID-19 on 21 February 2020.4 Asymptomatic infection was re-
ported as ‘hidden coronavirus infections’ (‘infections’ or ‘covert
coronavirus infections’).5 The COVID-19 prevention and control
protocol (6th edition) states that asymptomatic COVID-19 cases
should remain in quarantine for 14 days and that they should have
two negative nucleic acid tests before being discharged.Worldwide,
interest in asymptomatic COVID-19 infections and their trans-
mission potential had increased.6 In China, around 86% of asymp-
tomatic COVID-19 transmission was undocumented before travel
restrictions were introduced.6

To date, asymptomatic COVID-19 cases have been reported
among family clusters,7e12 pregnant women,13,14 adults,15e24 chil-
dren,1,25,26 health care workers27e29 and travellers.30e34 Consid-
ering the potential transmission of asymptomatic COVID-19 within
the community, this study aimed to collate data from the general
population, as well as vulnerable groups from different back-
grounds, and perform a meta-analysis. Previous studies have re-
ported the proportion of COVID-19 infections attributable to
asymptomatic transmission to be around 20%, with some variation
depending on the population group. In this study, a meta-analysis
was performed that considered different population groups.

Methods

Study design

A systematic review and meta-analysis were performed.

Data sources and search strategy

For the systematic review andmeta- analysis PRISMA guidelines
were followed.35,36 The following Boolean operators were used to
search the PubMed database, Google scholar, medRxiv and BioRixv:
‘asymptomatic transmission’, ‘((COVID-19) AND (Coronavirus))
AND (Asymptomatic transmission)’, ‘((COVID-19) OR (Coronavi-
rus)) AND (asymptomatic transmission)’, ‘(SARS-CoV-2) AND
(asymptomatic transmission)’, ‘(2019-nCoV) AND (asymptomatic
transmission)’, ‘(Wuhan pneumonia) AND (asymptomatic trans-
mission)’, ‘(Wuhan flu) AND (asymptomatic transmission)’, ‘(2019-
nCoV acute respiratory disease) AND (asymptomatic transmission)’
and ‘(2019-nCoV respiratory syndrome) AND (asymptomatic
transmission)’. This study included published literature in English
language up to 17 August 2021..

Fig. 1. PRISMA chart.
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Table 1
Characteristics of the included studies.

Author Country Age, years
[mean (±SD)/median (IRQ)]

Study Type Type of test Major findings

Family cluster
Chan et al., 20208 China Family: 36-60 Cohort RT-PCR Supports person-to-person transmission

between familyChild: 10
Chen et al., 20209 China 8.5 ± 0.17 Case report RT-PCR The ability of COVID-19 transmission during the

asymptomatic period even after negative viral
testing

Lu et al., 201910 China 8 Case report RT-PCR Supports rigorous investigation in the
combination of various testing methods for
asymptomatic COVID-19 cases

Qian et al., 202011 China 6 Brief report RT-PCR Variation in clinical manifestation across
individuals was observed

Ye et al., 202012 China 38 ± 18.38 Cohort RT-PCR Possibility of COVID-19 transmission by the
asymptomatic carrier during the incubation
period

Bai et al., 20207 China 20 Cohort RT-PCR Support asymptomatic transmission through a
family contact

Xie et al., 202156 China >18 Cohort RT-PCR Handwashing, social distancing should be done
Zhang et al., 202157 China >18 Cohort RT-PCR Asymptomatic patients can transmit the disease

and improve protective measures.
Adults
Tian et al., 202021 China 47.5 Cohort RT-PCR Early isolation and quarantine for close contacts

to prevent asymptomatic transmission
Kim et al., 202017 Korea 26 (22e47) Research note RT-PCR Supports social distancing to prevent

asymptomatic transmission
Kong et al., 20208 China 37.7 (±19) Cohort RT-PCR Suggest rigorous epidemiological history and

chest CT scan as a practical tool to identify the
asymptomatic COVID-19 cases in the
community

Yin et al., 202022 China e Cohort RT-PCR No difference in the transmission rate of COVID-
19 between asymptomatic and symptomatic
cases

Meng et al., 202055 China 42.60 (±16.56) Cohort RT-PCR Suggest chest CT scan as a vital tool to screen
the asymptomatic COVID-19 cases in the
community

Al Hosani et al., 201915 UAE 37 (30e45) Cohort RT-PCR No transmission among household contacts
after the implication of strong isolation policies

He et al., 202016 China e Cohort RT-PCR Significantly smaller transmissibility of
asymptomatic cases than symptomatic

Qiu et al., 202020 China 43 (8e84) Cohort RT-PCR Suggested transmission occurred after 14 days
quarantine periods

Zhou et al., 202024 China e Short communication RT-PCR Recommended rigorous epidemiological
history and nucleic acid testing

Park et al., 202019 Korea 38 (20e0) Report RT-PCR Supports contact tracing, testing and increasing
quarantine to prevent asymptomatic COVID-19
transmission in the community

De laval et al., 202161 France 40 (24e59) Cohort RT-PCR The median incubation day was 4 (1e13) days.
Wong et al., 202034 Brunei e Cohort RT-PCR Proposes differentiated testing strategies to

account for different transmission risk
Huang et al., 202060 China e Cohort RT-PCR To identify the presence of asymptomatic

carriers as early as possible in the community.
Infection occurs during the incubation period of
asymptomatic cases.

Sugano et al., 202058 Japan e Cohort RT-PCR Possibility of asymptomatic transmission and
the period from exposure to illness ranged from
2 to 17 days.

Nsekye et al., 202162 Rawanda e Cohort RT-PCR Contact tracing and testing should be done.
Children
Hu et al., 202025 China <15 Cohort RT-PCR Suggest close contact tracing and nucleic acid

testing to identify the asymptomatic COVID-19
tracing the community

Qiu et al., 201926 China 8.3 (±3.5) Cohort RT-PCR Possibility of asymptomatic COVID-19
transmission by close contacts

Tan et al., 20201 China e Cohort RT-PCR Possibility of asymptomatic COVID-19
transmission by intrafamilial contact

Sun et al., 202059 China 5.8 Cohort RT-PCR Both nasopharyngeal and anal swabs should be
confirmed negative viral load before declaring
full recovery to avoid oral-faecal transmission.

Health care Workers
Kimball et al., 202027 USA e Report RT-PCR Reported rapid transmission among health care

worker
Schoierzeck et al., 202029 Germany 48 Cohort RT-PCR Suggest nucleic acid testing for asymptomatic

COVID-19 cases
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Inclusion and exclusion criteria

For the meta-analysis, the present study included cohort studies
that reported asymptomatic person-to-person transmission among
clusters. Studies that were published in the English language were
included.

Data collection and study selection

Details of authors, sample size and numbers reported for the
asymptomatic infection of COVID-19 were extracted and recorded
independently. Data extraction was done separately by two inde-
pendent reviewers, and disagreement was settled by a joint dis-
cussion. The data were carefully checked to minimise the risk of
duplication.

Quality assessment

The Newcastle Ottawa scale (cohort studies) was used to eval-
uate the selected studies in the current systematic review and
meta-analysis.35,37

Publication bias

Possible publication bias in this study was assessed for the
included cohort studies.38

Statistical analyses and data synthesis

After extracting the results, studies were pooled and the effect of
asymptomatic COVID-19 transmission was examined through the
random effects method. For continuous outcomes, the standard
error (SE) with 95% confidence intervals (CIs) were calculated.
Heterogeneity between studies was assessed using the I2 statistic
(I2 values indicating the existence of heterogeneity were assessed
according to Higgins and colleagues).35,39,40 Data for the meta-
analysis were collated.35,41 Data synthesis was conducted using
the STATA 16.0 software.

Patient and public involvement

There was no direct patient or public involvement in this sys-
tematic review and meta-analysis.

Results

Literature search

The literature search and screening were performed according
to the PRISMA chart (Fig. 1). Initially, 4667 published research ar-
ticles were identified using the online database search. After
removing 4460 duplicate publications, 207 research articles were
shortlisted. After screening the title and abstracts, 123 articles were
excluded and 84 full-text articles were assessed for eligibility. A
further 48 studies were excluded because they were research
highlight reports, review studies, had incomplete information, re-
ported no age-specific data, were classified as ‘other’ non-relevant
studies or had language issues. For the qualitative synthesis, 36
articles were selected and 23 studies were included in the meta-
analysis. Studies were grouped into the following population sub-
groups: family clusters (n¼ 5), adults (n¼ 12), children (n¼ 4) and
health care workers (n ¼ 2).

Characteristics of the study participants

The main components of the included studies are summarised
in Table 1. All published research articles were cohort (observa-
tional) study designs. Most of the studies are from China, Korea, the
US, Japan and Germany. The current research includes articles
published/available online up to 17 August 2021. The current sys-
tematic review reports data from 23 studies with a total of 1905
asymptomatic participants. The forest plots of asymptomatic pos-
itivity for COVID-19 among the study population (Fig. 2) and among
different subgroups (Fig. 3) are shown.

Quality assessment

The Newcastle Ottawa Scale (for cohort studies) was used for
qualitative evaluation of the studies included in the meta-anal-
ysis.35,37 The risk of bias was assessed based on three domains
(selection, comparability and outcome), as highlighted in Table 2.

Publication bias

The bubble plot (see Fig. 4) shows the study-specific effect size,
where the size of each bubble is proportional to the precision of

Table 1 (continued )

Author Country Age, years
[mean (±SD)/median (IRQ)]

Study Type Type of test Major findings

Lucar et al., 202028 USA >18 Cohort RT-PCR transmission reported because of prolonged
surgery done on asymptomatic COVID-19 case

Traveller aged >18 years
COVID-19 NERC, 202030 Korea >18 Cohort RT-PCR Supports asymptomatic transmission with

minor symptoms
Mizumoto et al., 202032 Japan >18 Rapid communication RT-PCR Support social distancing to prevent the

asymptomatic transmission
Wan et al., 202033 China >18 Short communication RT-PCR Possibility of asymptomatic transmission after

14 days quarantine from asymptomatic COVID-
19 case

Wong et al., 202034 Brunei e Rapid communication RT-PCR Support social distancing & nucleic acid testing
of asymptomatic COVID-19 case

Le et al., 202054 China e Abstract e Support asymptomatic COVID-19 viral
transmissibility in the absence of signs and
symptoms

Note: - Missing values (mean/median values were not reported).
IQR, interquartile range; RT-PCT, reverse transcription-polymerase chain reaction.

K. Ravindra, V.S. Malik, B.K. Padhi et al. Public Health 203 (2022) 100e109

103



each study. Asymptomatic participants’ funnel plot (standard error)
showed no obvious publication bias (Fig. 5).

Meta-analysis

The outcomes of the current meta-analysis (Table 3), and forest
plots of asymptomatic positivity for COVID-19 among the study
population (Fig. 2) and different subgroups (Fig. 3) are shown. A
random-effects model was used for the different levels of reported
asymptomatic COVID-19 transmission in the community. The cur-
rent meta-analysis observed heterogeneity among familial clusters
(I2 ¼ 59.02%, P ¼ 0.04, with a proportion of 15.72% [95% CI: 1.88,
36.10]) and adults aged �18 years (I2 ¼ 97.47%, P < 0.001, with a
proportion of 29.48% [95% CI: 15.56, 45.58]). This study did not
observe any heterogeneity among children and health care
workers, although the random effect model showed the proportion
of asymptomatic transmission to be 24.09% (95% CI: 17.23, 31.62)
and 0% (95% CI: 0.00, 3.17), respectively. We observed a significant
difference (P ¼ 0.005) of heterogeneity between groups
(I2 ¼ 95.30%).

Discussion

The current study summarised available literature reporting
asymptomatic transmission of COVID-19 as retrospective studies
and case reports from family clusters, adults, children, health care
workers and travellers. The person-to-person asymptomatic
transmission was observed among familial clusters in an asymp-
tomatic COVID-19 child (aged 10 years old) who had an abnormal
chest CT and in another asymptomatic child with mild chest CT
manifestation; family members of these children showed signs of
fever and respiratory issues and had a positive COVID-19 test

result.8,9 The current study suggests that thorough epidemiological
investigations, in combination with multiple detection methods
(e.g. reverse transcription PCR [RT-PCR], chest CT, rapid IgM-IgG
and serum C-reactive protein [CRP] level), asymptomatic carriers
in the community who are displaying different (or no) clinical
manifestations can be identified.10,11 Another study supports the
possibility of asymptomatic transmission among familial clusters
during the incubation period.12 In addition, in a familial cluster of
five COVID-19-positive patients, it was observed that they had
contact with other asymptomatic family members who had
returned from Wuhan, China, suggesting asymptomatic
transmission.7

During any disease outbreak, the unborn babies of pregnant
women are at high risk. It has been reported that pregnant women
with asymptomatic COVID-19 infection have delivered babies who
are negative for the COVID-19 nucleic acid test, suggesting no
vertical transmission among neonates born to COVID-19-infected
mothers.14,42e49

In Wuhan, a lower COVID-19 fatality rate and higher discharge
rate were observed than in Beijing, China. It is essential to identify
asymptomatic individuals and implement necessary control mea-
sures to prevent transmission.21 In South Korea, 41 COVID-19
asymptomatic adults were identified (confirmed by RT-PCR) out
of 213 individuals.17 In another study among 100 asymptomatic
cases, 60% developed delayed symptoms and none of the asymp-
tomatic patients died, suggesting that asymptomatic transmission
could take place during the incubation period.18 Another study did
not observe any difference in the symptomatic and asymptomatic
COVID-19 transmission rates among patients.22 In adults, CT im-
aging of asymptomatic COVID-19 individuals has advantages in
highly suspicious cases with negative nucleic acid test results.17 A
serological investigation among 31 of 34 adult cases with

Fig. 2. Forest plot of asymptomatic positivity for COVID-19 among the study population. CI, confidence interval.
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asymptomatic COVID-19 infection did not require oxygen support
during hospitalisation.15 Theoretically, the quantified infection
transmission rate shows the estimated risk ratio (RR) of infectivity
of symptomatic against asymptomatic to be 3.9% (95% CI: 1.5, 11.8).
In asymptomatic adults, the transmission was significantly smaller
than in symptomatic cases.16 No gender differencewas observed for
asymptomatic transmission.20

Further longitudinal surveillance using nucleic acid testing is
warranted to identify and assess viral load among asymptomatic
COVID-19 adults.24 In one study, four asymptomatic cases were
quarantined for 14 days; thus, these individuals were unable to
transmit the infection due to proper isolation management.19

Asymptomatic COVID-19 transmission has been observed in
children.26 In one study, 24 asymptomatic cases were identified
from close contacts of asymptomatic COVID-19 patients.25 Another
study supports multiple-site sampling of close contacts1 among
children. In a review, it was observed that adults with COVID-19
infection are more likely to show clinical symptoms and radiolog-
ical manifestations than children, which is in line with previous
reports for severe acute respiratory syndrome (SARS) and the
Middle East respiratory syndrome (MERS) coronaviruses.50

In a study investigating health care workers in a nursing facility,
rapid transmission of COVID-19 was reported in 76 residents; 23
(30.3%) had positive test results, and 13 were asymptomatic on the
day of testing, suggesting the possibility of asymptomatic trans-
mission of COVID-19.27 Establishing effective infection control
strategies to prevent COVID-19 transmission among frontline
health care workers and patients should be addressed urgently and

as a priority. In another study, including 48 participants (healthcare
worker), two asymptomatic cases become positive, suggesting
appropriate testing strategies are essential to prevent outbreaks of
COVID-19 within hospital settings.29 In the United States, health
care workers whowere not wearing respirators were exposed to an
asymptomatic COVID-19 patient without developing clinical
illness.28

In Korea, COVID-19 was transmitted by 16 infected travellers
from other countries; the diseasewas infectious at this stage, which
resulted from close contact with asymptomatic carriers.30 Most of
the infections on board the Diamond Princess Cruise ship highlight
the asymptomatic transmission of COVID-19 in confined settings.
To further mitigate the transmissibility of COVID-19, it may be
advised to minimise the number of individuals gathering in
confined settings.32 A 36-year-old traveller who returned from
Wuhan tested positive for COVID-19 positive and health care
workers who were in close contact with this patient also tested
positive; however, the patient initially had no symptoms.33 A high
proportion of asymptomatic COVID-19 infection (12%) was reported
among travellers returning to Brunei. Similarly, an asymptomatic
COVID-19 patient showed viral transmissibility without showing
any signs or symptoms after travelling in China.31 In another study,
it was suggested that testing facilities should be increased to help
identify asymptomatic COVID-19 cases.34

Although this study recommends early isolation and social
distancing for asymptomatic COVID-19 cases, it is important to
recognise that this may lead to psychological and emotional
distress (as reported in a qualitative study from the United

Fig. 3. Forest plot of asymptomatic positivity for COVID-19 among different population subgroups. CI, confidence interval.
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Kingdom).51 Further studies are warranted based on the ‘one
health’ approach to tackle asymptomatic transmission.52 A study by
Tao et al. suggested the inclusion of infection fatality rate (IFR) in
surveillance data to minimise asymptomatic COVID-19 cases in the
community.53

Limitations

There are some limitations in the current systematic review and
meta-analysis. A mixed population, a continuous variable, variation

in clinical conditions and use of different statistical methods may
result in heterogeneity among studies included in the current
meta-analysis. Furthermore, the current study only included re-
ported cases of asymptomatic COVID-19 transmission.

Study importance

This is the first study to review the possibility of asymptomatic
COVID-19 transmission among different population subgroups in
the community. This study also identifies the potential role of

Table 2
Quality Assessment: Cohort study quality according to the Newcastle Ottawa scale.

Study Selection****** Comparability** Outcome***** Total Quality Score

1 2 3 4 5 6 7 8

Family cluster
Chan et al., 20208 * 0 * 0 * * 0 0 4
Ye et al., 202012 * 0 * 0 0 * 0 0 3
Bai et al., 20207 * 0 * 0 0 * 0 0 3
Xie et al., 202156 * 0 * 0 0 * 0 0 3
Zhang et al., 202157 * 0 * 0 0 * 0 0 3
Adults
Tian et al., 202021 * 0 * 0 0 * 0 0 3
Kong et al., 20208 * 0 * 0 0 * 0 0 3
Yin et al., 202022 * 0 * 0 0 * 0 0 3
Meng et al., 202055 * 0 * 0 0 * 0 0 3
Al Hosani et al., 201915 * 0 * 0 0 * 0 0 3
He et al., 202016 * 0 * 0 0 * 0 0 3
Qiu et al., 202020 * 0 * 0 0 * 0 0 3
De laval et al., 202161 * 0 * 0 0 * 0 0 3
Wong et al., 202034 * 0 * 0 * * 0 0 4
Huang et al., 202060 * 0 * 0 0 * 0 0 3
Sugano et al., 202058 * 0 * 0 0 * 0 0 3
Nsekye et al., 202162 * 0 * 0 0 * 0 0 3
Children
Hu et al., 202025 * 0 * 0 0 * 0 0 3
Qiu et al., 201926 * 0 * 0 0 * 0 0 3
Tan et al., 20201 * 0 * 0 0 * 0 0 3
Sun et al., 202059 * 0 * 0 0 * 0 0 3
Health care Workers
Schoierzeck et al., 202029 * 0 * 0 0 * 0 0 3
Lucar et al., 202028 * 0 * 0 0 * 0 0 3

Note: Selection; 1) Representativeness of the exposed cohort, 2) Selection of the non-exposed cohort, 3) Ascertain exposure, 4) Demonstration that outcome of interest was
not present at the start of the study; Comparability; 5) Comparability of cohorts based on the design or analysis controlled for confounders; Outcome: 6) Assessment of
outcome, 7) Was follow-up long enough for outcomes to occur, 8) Adequacy of follow-up of cohorts.
*Newcastle-Ottawa Scale contains 8 items within 3 domain and the total maximum score is 9. A study with score from 7-9, has high quality, 4-6, high risk, and 0-3 very high
risk of bias.

Fig. 4. Bubble Plot.
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isolation, identification of close contacts, social distancing, and
testing asymptomatic COVID-19 cases with chest CT scan and
nucleic acid testing to minimise the spread of the virus in the
community.

Conclusions

Currently, there is no evidence that COVID-19 can be trans-
mitted in the asymptomatic stage; however, results suggest that
asymptomatic infections are not limited to one population group
(e.g. neonates, children, adults). In young people, it has been sug-
gested that their strong immune status protects against COVID-19
severity. We hypothesise that asymptomatic carriers, either chil-
dren or adults, should be vigilant as they are capable of trans-
mitting COVID-19 during the incubation period without showing
any signs or symptoms. As previous reports support the involve-
ment of lung function in asymptomatic COVID-19 cases, we
recommend chest CT scans among symptomatic cases, which is a
convenient tool to monitor and track patients in their incubation
period.
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Objectives: In the field of family health, cross-sectoral collaboration is promoted to reach vulnerable
groups and overcome the prevention dilemma. To understand the extent to which these measures
counteract the effects of social inequality with respect to health and social service uptake, we aim to
identify socio-economic, health-related and psychosocial characteristics and patterns that are associated
with the (non-)use of services.
Study design: This was a German representative cross-sectional study of 6860 mothers with a child
younger than 48 months who answered the written questionnaire during child developmental exami-
nations at paediatric practices in 2015.
Methods: Associations were measured using logistic regression, and characteristics of user patterns were
analysed using latent class analysis.
Results: Mothers using universal services were less likely to report psychosocial stress and had more
likely more socio-economic resources than mothers who did not use these services. The selective ser-
vices pregnancy counselling (18.2%) were predominantly used by mothers who considered abortion
during pregnancy (Odds Ratio [OR] ¼ 3.9), mothers who received social welfare benefits (OR ¼ 2.4),
single parents (OR ¼ 1.6) and mothers without social support (OR ¼ 1.5). Four patterns of service use
were identified: multi-service users (5.6%), low-service users (22.5%), medical service users (30.5%) and
medical and social service users (41.6%). Families with less socio-economic resources were found in both
the low-service group and the multi-service group; multi-users were more likely to have children with
adverse perinatal characteristics and parenting stress.
Conclusion: We discuss whether low-service users are hard to reach, whereas multi-users are difficult to
supply. Overall, there is a need to strengthen early psychosocial support.

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

Introduction

Early childhood is a sensitive phase of life, which puts high
demands on parents and is salient for children's future develop-
ment. In several countries, preventive services for families with
small children have been established to support them and respond
to their various needs. However, existing literature suggests that
families in need may nevertheless be difficult to reach because of
their lower acceptance of and demand for such public services.1,2

The resulting prevention dilemma is not only an underuse of
prevention services for families in need but also an overuse of
services for families with more socio-economic resources.3 In
discussing this phenomenon, particular attention has been paid to
the role of financial resources. Unsurprisingly, access to preventive
services is limited if these services are costly and income is
scarce.4,5

The present article aims to shed light on characteristics and
patterns of health and social service use among families with small
children. Our study uses nationally representative data from Ger-
many, where health services and social services are provided free of
charge, thus allowing an analysis of the role of socio-economic and
psychosocial characteristics rather than issues of financial
accessibility.
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The prevention dilemma

Linked to financial resources, education is not only a core
characteristic of socio-economic status but also a key predictor of
service use. For example, high parental education is associated with
a higher probability of regular attendance at paediatric child
development examinations6 and more frequent use of early inter-
vention services.7 Low education and its associated risk factors, in
combination with barriers to health and social service access, may
lead to health problems and illness, which, in turn, contribute to an
increased need for medical care consumption.8 The results of this
study in Sweden with 9000 children at the 8-month check-up
indicate that social inequality and its determinants pass through
generations and lead to disadvantages for children of socio-
economically deprived parents.

Patterns of service use

Few studies have examined the combined use of different ser-
vices and the characteristics of the populations who utilise or
underutilise these services (except:9,10). A study with 869 children
aged 5 years provided four groups with high-service and low-
service use and two groups with moderate-service use. The low-
service group consisted of the most socially and economically
disadvantaged families.9 The multi-users were families of children
with behavioural health issues, who could mitigate negative out-
comes related to poorer health and cognitive functioning in later
years.9 Another study including 531 low-income families with
children at age 2 also identified four user groups of prevention
services.10 Both multi- and low-service users had healthcare-related
issues but differed in their financial, housing and employment
status, their need for family planning, their child's physical health,
as well as their experiences with mental health problems or sub-
stance abuse.10 In both studies, high parental education and
impaired child health were found to predict higher levels of service
use.9,10 Social support10 and maternal well-being9 were associated
with different patterns indicating that psychosocial characteristics
are important determinants for utilisation of health and social
services.

Conditions and provisions in Germany

Germany provides a suitable context for understanding the
psychosocial characteristics that impede or encourage the use of
prevention services because the families themselves have almost
no direct cost barriers to their access to health and social services.
Despite Germany's social insurance system, where most services
are covered by the health and social insurance entities, there is still
a social gap in service uptake services and health status.

However, one major barrier to the utilisation of the social wel-
fare system is that the use of some services (e.g. child and youth
welfare services) is sometimes perceived as stigmatising.2 In
contrast, services provided within the context of the healthcare
system highly valued as paediatricians and family doctors are
perceived as persons of trust. As almost all families with small
children attend the regular paediatric child development exami-
nations (up to 99%11), doctors may serve as important collaborators
in identifying and referring families in need to targeted prevention
programmes.2 To overcome the prevention dilemma, cross-sectoral
collaboration has been increasingly promoted to reach vulnerable
groups.12

In Germany, the national programme on Early Childhood Inter-
vention (ECI) supporting early preventive services for families from
pregnancy through the first three years of a child's life was estab-
lished in 2006.2 So far, we knew little about the characteristics of

the families using preventive services and the different user groups
of service constellations. Most importantly, we did not know
whether these services reach families with psychosocial stress and
the extent to which the prevention dilemma is reflected in the
patterns of service use.

The aim of our study is therefore (1) to analyse the use of uni-
versal, selective, and indicated prevention services and its associ-
ations with socio-economic, maternal and child health, and
psychosocial characteristics; (2) to identify patterns of service use;
and (3) to examine differences between those patterns with
regards to socio-economic, maternal and child health, and psy-
chosocial characteristics.

Methods

Data collection

The KiD 0-3 main study was conducted in 2015 as a nation-
ally representative, cross-sectional study of mothers and fathers.
The families were invited to complete questionnaires during
child development examinations (so-called U3 to U7a screening)
at community-based paediatric practices. It was embedded in a
study series which was conducted as part of the long-term
policy programme Federal Initiative for Early Childhood Inter-
vention from 2012 to 2017 (see https://www.fruehehilfen.de),
described elsewhere.13e15 A total of 271 paediatric practices
participated (15% of the gross sample n ¼ 1859 randomly drawn
from a nearly complete address file of all paediatric practices). A
total of 8063 parents (response rate 75%) completed the ques-
tionnaire independently and anonymously in accordance with
the Declaration of Helsinki.16 The present analyses are based on
the subsample of mothers with a child up to 48 months of age
(n ¼ 6860).

Data measurement

The questionnaire contained questions on the family's socio-
economic, health and psychosocial characteristics and questions
about their knowledge and use of regular prevention services. The
included characteristics were selected based on a literature search
of systematic reviews on risk factors for child maltreatment and
developmental deficiencies.17e19 As far as possible, indicators were
based on established psychometric instruments (see Appendix A).
Based on the health behaviour model,20 we included socio-
economic characteristics of the families, maternal pregnancy-
related and child health characteristics, child regulatory prob-
lems, and maternal psychosocial characteristics in the analyses of
this study.

The knowledge and use of universal, selective and indicated
prevention services (see Table 1) was measured by dichotomous
questions (yes/no).

Statistical analyses

After descriptive analyses for each prevention service (see
Appendix B), logistic regression models were used to examine
the associations between the most frequently used services and
the socio-economic, maternal and child health and psychosocial
characteristics. We used a complex survey weighting as product
of design weighting for the German federal states and a post-
stratification weighting adjusting for individual characteristics
(maternal age, nationality, education, vocation and household
composition) of the German Micro Census 2011.21 For regression
models, listwise deletion was used. Child's regulatory problems
were not included in the model for pregnancy counselling, as this
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service use happened before child's birth. The latent class anal-
ysis was conducted to identify different classes of service users.
The decision for the best number of latent classes was based on a
comparison of different information criteria, including but not
limited to Bayesian information criterion (BIC). The overall pre-
cision of classification was assessed by the relative entropy (EK),
ranging between 0 and 1. To assess the class-specific classifica-
tion certainty, we used the modal class assignment proportion
(mcaP) to compare for model specification errors as large dis-
tance to the model-estimated marginal class proportion (pk).

Details can be found in the supplementary material (see
Appendix C-E). We extended the model by including maternal
education and age of child as predictors of the classes. The best
fitting model was applied to another national sample of 2105
families with children 0e6 for validation (data obtainable on
request). Finally, we checked the associations (see Appendix F)
and calculated logistic regression between the conditional latent
classes derived from the model and the health and socio-
economic characteristics.22 Data analyses were carried out us-
ing Stata (version 15.1) by StataCorp.23

Table 1
Description of prevention services in Germany in KiD 0-3.

Universal prevention

Prenatal classes
A nationwide universal medical prevention service for expecting mothers (and partners) at 28-30 weeks of pregnancy, with the aim of informing parents, preparing

families for birth and assuaging fears or worries. Prenatal classes are paid by the statutory health insurance (with a maximum duration of 14 h) and conducted out by a
licensed midwife or physiotherapist.

Midwifery assistance from birth up to week 8
A nationwide universal, mainly medical, preventive service for mothers (and partners) beginning at the weeks 9th to 12th of pregnancy (time point of the first antenatal

examination) up to the 8th week after birth, with the aim of providing information and support for questions concerning pregnancy and birth, preventive examinations
such as weight control or monitoring of the child's heartbeat, preparation for birth, exercise after the birth, and support in case of breastfeeding difficulties as well as
help with pregnancy problems and during birth. During the first 10 days after the birth, the mother is entitled to a daily visit and thereafter to further counselling. The
statutory health insurance pays for this service, but the families must organise contact with the midwives themselves.

Medical aid for mothers (e.g. postnatal exercises)
A nationwide universal medical prevention service for mothers in the 6the8th week after birth with the aim of health promotion and prevention of health problems. The

statutory health insurance covers the costs of, for example, postnatal exercises gymnastics and similar services (over a maximum duration of 10 h), carried out by a
licensed midwife or provider.

Parentechild groups (e.g. breastfeeding group, toddler group and baby swimming)
A nationwide frequently used early service consisting of toddler groups, play-groups, music groups or parentechild gymnastics for children aged 1e3 years. The concept

serves to give parents space for the exchange of experience and information as well as for social contact. At the same time, the children can experience a variety of play
situations and social contacts with other children and adults, which are important for comprehensive development. The main providers are family centres, which are
headed by pedagogues, but adult education centres, mother's centres and similar institutions also offer the courses.

Services in family centres or city district centres (e.g. parents caf�e)
A nationwide universal early educational prevention that offers family support and counselling, whereby the family centres should form the nodes in a network of

education, parenting and care in the natural environment of the families. In this way, family centres can create a place of social exchange between parents in a family-
friendly atmosphere. The services in the family centres or city district centres are often nationalised or co-financed by churches and non-profit organisations.

Parenting programmes (e.g. Triple P e Positive Parenting Programme)
These nationwide programmes are designed as universal or selective prevention, depending on the course concept. Their aim is to strengthen parenting competencies,

teach supportive parenting styles and thus to prevent developmental disadvantages for children. The courses are often organised by child welfare services, for example,
in family centres or child guidance centres. Parents are also referred to parenting programmes by Kindergarten teachers in the day care centres, who often recognise
early on whether children and parents need support and assistance. The costs vary, often there is a discount for low-income families.

Selective prevention

Pregnancy counselling
A selective prevention service for women and couples, often from pregnancy to the first 3 years, for counselling and support in questions on pregnancy, pregnancy

conflicts, unwanted pregnancy, the situation of single parents and other legal andmedical issues. The state-approved pregnancy counselling centres with pedagogically
trained professionals provide a nationwide range of services and can financially support large families with many children, single parents in financial hardship and
pregnant women in distress. The financial assistance scheme is covered through a stable funding arrangement (Federal Foundation), granted by the Federal
Government.

Child guidance centres
A nationwide selective prevention service for providing counselling on, for example, general parenting issues, problems and conflicts between family members,

separation, divorce and development issues. Counselling is provided by psychologists and social workers, often in a multidisciplinary team. It is offered by independent
and municipal agencies and is free of charge for families, as it is a service provided by child and youth welfare services.

Specialised counselling (e.g. crying/feeding/sleeping patterns)
A nationwide selective prevention service for counselling and support (e.g. counselling sessions instructions on how to deal with the child and calming strategies,

therapeutically guided group offers) by specialised professionals (e.g. medical doctors, psychologists, midwives and social workers) with a focus on families with
children aged 0-3 years with early regulatory disorders. The first point of contact is often the paediatricianwhomakes the diagnosis, and therefore, the costs are covered
by the health insurance company.

Home-visiting programmes
A selective prevention service offered by local networks of early childhood intervention (ECI), a cooperation between health service and child welfare system. It is

characterised by the home-visiting work of specialised professionals (family midwives and family nurses) and should therefore have a low-threshold access. Regular
home visits are intended to provide comprehensive support (accompanied visits to the doctor, answering questions about the child and coping with everyday tasks) for
families with psychosocial stress with children aged between 0 and 3 years. It is provided nationwide but with local adaptions. The costs are covered by the local
authorities.

Indicated prevention

Early intervention for special needs (e.g. disabilities)
A nationwide rather indicated prevention service for families with children with developmental delays and (threatening) disability. The aim is to mitigate or eliminate

possible consequences through early intervention. The educational and therapeutic measures can extend to school enrolment (depending on the federal state or
institution). They are carried out by different professional groups, such as doctors, psychologists, curative pedagogues, physiotherapists, speech therapists and
occupational therapists. The aim is to help children (and their parents) to deal with the (possible) impairment of their child, development promotion and to advise
parents on legal and financial conditions. The first point of contact is often the paediatrician who prescribes the treatment, so that the costs are covered by health
insurance companies. In addition, the services can also be financed by the social welfare institutions of the child and youth welfare service.
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Results

In accordance with the first study aim, Table 2 presents the
descriptive overview of knowledge and use of the different health
and social services, classified in universal, selective and indicated
prevention. The use of prenatal classes (61.2%), midwifery assistance
(86.9%), medical aid for mothers (57.9%) and, in part, pregnancy
counselling (18.2%) are covered by the statutory health insurance.
The nearly nationwide (2015: available in 87.9% of communities24)
longer-lasting home-visiting programme is offered to families in
difficult circumstances as psychosocial support service.2 In our
study, 29.5% of families reported that they had been offered the
service (not presented), and 13.1% of families reported that they
had used it. Early intervention, a nationwide indicated service for
families with a child at risk for a disability, was used by only 5.2% of
the families.

Based on the rough classification of universal, selective and
indicated services, we chose the services with the most frequent
uptake within each of these groups and examined associations
between service use and the respondent's characteristics. Table 3
shows the findings of these logistic regression analyses. The uni-
versally available service, midwifery assistance, was more likely to
be used by non-migrant mothers and mothers who did not receive
social welfare benefits. These mothers were more likely to have
high levels of educational attainment and were less likely to report
psychosocial stress than mothers who did not use the service. Se-
lective pregnancy counselling was used by more disadvantaged
families. These respondents often were recipients of social welfare,
experienced pregnancy-related health issues, particularly thoughts
of abortion and first child and reported a lack of social support.
Families with adverse perinatal characteristics such as disability,
preterm birth, or low birth weight were more likely to use home-
visiting programmes and indicated early intervention. The use of
early intervention is also associated with child's feeding regulatory
problems.

To address the second study aim, we identified patterns of ser-
vice use using latent class analysis (Table 4). The results of the latent
class analysis indicated four groups. We improved the model by
including education and age of child as covariates and obtained a
stable four-class solution based on the BIC and other information
criteria. The relative entropy (0.59) is somewhat weak (see
Appendix C). We referred to the discovered patterns as low-service
users (22.5%),multi-service users (5.6%),medical service users (30.5%)

and medical and social services users (41.6%). Fifty-eight percent of
the low-service group (class 1) had used midwifery assistance and
none of the other services. The multi-service users (class 2) used a
broad and cross-sectoral range of diverse services. The users of
medical service only (class 3) were characterised by the uptake of
prenatal classes (71.9%),midwifery assistance (97.1%) andmedical aid
for mothers (69.5%). The services used by the medical and social
services users (class 4) were characterised by both medical and
social services, predominantly midwifery assistance (99.5%) and
parentechild groups (98.1%).

With regard to study aim 3, the results of the logistic regression
models are presented in Table 5. We compared each of the classes
from the latent class analysis to the medical service users (class 3)
to analyse the associations between the derived classes and rele-
vant characteristics. Mothers with low levels of educational
attainment and mothers who received social welfare benefits were
overrepresented in the two extreme groups: in the low-service or
multi-service user groups. Unplanned pregnancy and maternal
considerations of abortion during pregnancy were more likely to
be reported in both groups. In particular, families with child-
related health problems and parenting stress were more likely
to be multi-users. The group of medical and social service users
consisted of well-educated, socially well-situated mothers pre-
dominantly without pregnancy- or health-related problems, who
were often seeking those services for their first child. They were
also less likely to have a child with sleeping problems and were
less likely to report a lack of social support for questions about
their child.

Discussion

Our study aimed to analyse the use of universal, selective and
indicated prevention services to identify patterns of service use and
to explore the relationship between patterns of service use and
socio-economic, maternal and child healtherelated and psycho-
social characteristics. Generally, universal services were used by the
majority of families, whereas selective services reached different
target groups, and the indicated early intervention was more likely
to be used by families with a child experiencing adverse perinatal
characteristics and feeding problems. This suggests that the system
is working generally as it should be. Detecting patterns of service
utilisation provided additional information on families who are
potentially under- or over-using health and social services.

Service use of disadvantaged families

One of our key questions addressed the access of social disad-
vantaged families to preventive services. In this study, users of the
universal medical service of midwifery assistance were less psy-
chosocially stressed. Universal services are wide reaching, but still,
families with low levels of educational attainment, recipients of
social welfare benefits or migration backgrounds are underserved
or have barriers to service utilisation. Selective services addressed
diverse target groups with higher levels of psychosocial stress or
health issues. Only pregnancy counselling reached mothers with
psychosocial stress, that is, feelings of no social support. One
explanation might be that families in pregnancy counselling often
get help for financial support. In contrast, home-visiting pro-
grammes reached families with a migration background, young
mothers and adverse perinatal characteristics more likely. These
families are possibly easy to identify and therefore may be more
likely to be offered support. In contrast, mothers with signs of
depression or anxiety symptoms, parenting stress and low social
support are hard to identify and there is still an underprovision.25

Table 2
Use of prevention services of the health care and social system since child birth.a

Use

% N

Universal prevention

Midwifery assistance 86.94 6452
Prenatal classes 61.23 6493
Medical aid for mothers (e.g. postnatal exercises) 57.88 6449
Parentechild group 54.80 6443
Family (district) centres 13.84 6458

Selective prevention

Pregnancy counselling 18.21 6418
Home-visiting programmes 13.08 6333
Parenting programmes 7.59 6432
Specialised counselling (e.g. crying patterns) 6.25 6452
Child guidance centres 4.78 6435

Indicated prevention

Early intervention for special needs (e.g. disabilities) 5.19 6411

a Design and poststratification weighting procedure as described in the Methods.
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Patterns of service use

Our four-class solution contributes to a broader perspective of
service use and, in part, is consistent with the findings of earlier
studies.9,10 Consistent with these previous studies, we identified
four patterns of user groups, and high education and poor child
health predicted higher service use. Also consistent, the low-service
users mainly consisted of socio-economically disadvantaged fam-
ilies.9 Low-service users in this study were a small group. It is
possible that these families are hard to reach because of low
acceptance of support and/or health literacy. It might be a group
that is still underserved by health and social services. This finding

suggests that socio-economic characteristics remain structural core
mechanisms of the prevention dilemma.

In contrast, the multi-users users might be families with serious
child health problems. Therefore, they could more easily be
detected by medical doctors and other professionals to be
encouraged to take the help they need. As the multi-users are more
likely to be socio-economically disadvantaged and havemore likely
parenting stress, this group may not be overserved, but the intense
support corresponds with their multiple needs. The challenges the
multi-users face may also include finding the best fitting service
targeting their specific needs. Also Leventhal et al.9 identified a
specialised group of health service users, which was dominated by

Table 3
Use of midwifery assistance, pregnancy counselling, home-visiting programme and early intervention in logistic regression modelsa,b

Midwifery assistance Pregnancy counselling Home-visiting programme Early intervention

OR/95% CI OR/95% CI OR/95% CI OR/95% CI

Socio-economic characteristics

Migration background 0.40*** 1.1 1.33* 0.57**
0.31, 0.52 0.89, 1.35 1.06, 1.67 0.38, 0.85

Social welfare receipt 0.62** 2.40*** 1.03 1.18
0.46, 0.84 1.82, 3.16 0.78, 1.36 0.70, 1.99

Single parent household 1.15 1.57* 1.18 1.19
0.79, 1.66 1.08, 2.27 0.82, 1.69 0.70, 2.00

Education (Ref: High)
Low 0.31*** 1.23 1.39 1.22

0.21, 0.45 0.87, 1.73 0.94, 2.04 0.65, 2.30
Medium 0.65** 1.29* 1.2 1.24

0.49, 0.85 1.06, 1.57 0.98, 1.45 0.90, 1.71
Age of mother in years
�24 1.14 1.60** 1.71** 0.26**

0.78, 1.66 1.20, 2.14 1.24, 2.36 0.12, 0.59
�35 1.13 0.63*** 1.08 1.18

0.85, 1.51 0.51, 0.78 0.86, 1.35 0.84, 1.65
Age of child in months (metric) 1 1 1 1.01*

0.99, 1.01 0.99, 1.01 0.99, 1.01 1.00, 1.03

Pregnancy- and health-related characteristics

Pregnancy intention (Ref: Probably intended)
Unplanned pregnancy 0.51*** 1.60*** 0.73* 1.37

0.39, 0.66 1.26, 2.03 0.54, 0.99 0.91, 2.06
Unplanned pregnancy and abortion thoughts 0.68 3.87*** 0.95 1.27

0.42, 1.11 2.67, 5.60 0.56, 1.63 0.64, 2.53
Smoking/alcohol during pregnancy 0.47*** 0.70* 1.03 1.23

0.36, 0.62 0.51, 0.95 0.74, 1.45 0.74, 2.06
Regular pregnancy check-ups 2.48** 1.18 0.71 0.98

1.27, 4.85 0.59, 2.37 0.39, 1.29 0.34, 2.81
First child 1.85*** 1.22* 1.13 0.71*

1.47, 2.34 1.02, 1.46 0.93, 1.36 0.51, 0.97
Adverse perinatal characteristics 0.83 0.96 1.64*** 4.25***

0.59, 1.15 0.74, 1.25 1.26, 2.14 3.14, 5.76

Child's current regulatory problems

Feeding problems 0.98 1.22 2.83**
0.39, 2.48 0.55, 2.69 1.42, 5.62

Sleeping problems 1.06 1.21 0.73
0.76, 1.49 0.91, 1.62 0.42, 1.28

Crying problems 0.74 1.13 2.18
0.40, 1.36 0.57, 2.21 0.96, 4.95

Maternal current psychosocial characteristics

No social support 0.82 1.45** 1.16 1.15
0.64, 1.06 1.14, 1.84 0.89, 1.52 0.79, 1.65

Signs of depression or anxiety symptoms 1 1.18 1.12 1.39
0.74, 1.36 0.92, 1.51 0.83, 1.51 0.91, 2.10

Parenting stress 1.33 1.01 0.9 1.42
0.97, 1.81 0.79, 1.29 0.67, 1.21 0.99, 2.03

N 5008 4983 4938 4997
F 17.51*** 18.42*** 3.6*** 8.44***
R2 (McKelvey for weighted data) 0.193 0.145 0.035 0.163

OR: odds ratio; 95% CI: 95% confidence interval; Ref: reference category.
a Design and poststratification weighting procedure as described in the Methods.
b P < .1; *P < .05; **P < .01; ***P < .001.
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health characteristics such as low birthweight.9 However, our re-
sults differ from other study results where multi-users were char-
acterised by good maternal health, a given health insurance status9

and non-immigrant status.10 One explanation for the differences
might result from the German healthcare system, in which basic
insurance provides many social and health services for the majority
of the population free of additional costs. Moreover, multi-users
in KiD 0-3 might have benefitted from Germany's ECI programme
that promotes systematic collaboration between health and child
or youth welfare sectors and has a ‘pilotage service,’ including
identification of families in need, counselling and referral to
appropriate support services.2

The users of medical and social services have better social situ-
ations than the other user groups. Similarly, Leventhal et al.9

showed that the medical and social services users are less

socioeconomically burdened and, in a follow-up examination,
evidenced superior cognitive, behavioural and health outcomes.
This user group might be described e in terms of the prevention
dilemma e as a population group, which has the educational and
economic resources to get the service they may need.

Study limitations and strengths

As the study is a cross-sectional study, no causal conclusions can
be drawn. However, it is a national representative study with a
huge sample size. Furthermore, data are based on parental self-
reported responses that may be subject to social desirability, but
we get in-depth information on a broad range of psychosocial
characteristics that could not be measured economically in another
way. From a methodological point of view, the regression model

Table 4
Service users according to the four-class solution from latent class analysis and including education and age of child as covariates.a

Class 1:
low-service users (%)

Class 2:
multi-service users (%)

Class 3:
medical service users (%)

Class 4: medical
and social service users (%)

Class proportion 22.45 5.55 30.45 41.55
Prenatal class 12.69 51.50 71.93 92.11
Midwifery assistance 57.91 85.07 97.09 99.49
Medical aid for mothers (e.g. postnatal exercises) 4.86 43.59 69.46 92.77
Parentechild group 12.77 62.13 45.67 98.15
Family district centre 0.30 18.62 1.57 17.72
Parenting programme 2.37 35.65 3.37 29.73
Pregnancy counselling 19.56 51.21 15.36 11.34
Child guidance centre 1.98 33.56 0.91 3.78
Specialised counselling (e.g. crying patterns) 0.98 18.84 3.07 10.97
Home-visiting programme 9.78 33.35 11.94 11.56
Early intervention for special needs (e.g. disabilities) 3.35 23.80 1.98 5.33

a Design and post-stratification weighting procedure as described in the Methods, n ¼ 6564.

Table 5
Logistic regression models of service users.a,b

Class 1: low-service users Class 2: multi-service
users

Class 4: medical and
social services users

OR 95% CI OR 95% CI OR 95% CI

Socio-economic characteristics
Migration background 1.86*** 1.50, 2.30 1.18 0.86, 1.61 0.54*** 0.45, 0.66
Social welfare receipt 1.69*** 1.27, 2.24 2.09*** 1.43, 3.03 0.57*** 0.42, 0.76
Single parent household 1.45* 1.03, 2.05 1.91** 1.18, 3.09 0.88 0.59, 1.32
Education (Ref: High) Low 12.45*** 8.59, 18.04 8.97*** 5.29, 15.20 0.09*** 0.03, 0.22

Medium 1.90*** 1.53, 2.36 2.03*** 1.36, 3.02 0.68*** 0.57, 0.80
Age of mother in years �24 1.52* 1.08, 2.12 1.2 0.75, 1.91 0.37*** 0.25, 0.56
(Ref: 25e34) �35 0.92 0.74, 1.15 0.98 0.65, 1.47 0.98 0.83, 1.17
Age of child in months 1.02*** 1.01, 1.03 1.05*** 1.04, 1.06 1.04*** 1.03, 1.05

Pregnancy- and health-related characteristics

Pregnancy intention Unplanned pregnancy 1.68*** 1.32, 2.15 1.3 0.87, 1.96 0.79* 0.63, 0.99
(Ref: Probably intended) Unplanned pregnancy and abortion thoughts 1.3 0.78, 2.15 2.10** 1.24, 3.57 0.67 0.43, 1.03
Smoking/alcohol during pregnancy 1.78*** 1.31, 2.41 1.33 0.85, 2.09 0.48*** 0.32, 0.71
Regular check-ups 0.42* 0.21, 0.86 0.38* 0.16, 0.93 1.4 0.72, 2.70
First child 0.60*** 0.49, 0.74 0.70* 0.51, 0.96 1.40*** 1.20, 1.64
Adverse perinatal characteristics 1.1 0.83, 1.46 1.74** 1.14, 2.64 0.68** 0.53, 0.86

Child's current regulatory problems

Feeding problems 1.12 0.43, 2.90 1.15 0.41, 3.23 1.14 0.64, 2.02
Sleeping problems 1.12 0.82, 1.53 1.06 0.67, 1.68 0.79* 0.63, 1.00
Crying problems 1.17 0.58, 2.36 1.22 0.50, 3.01 1.11 0.62, 1.97

Maternal current psychosocial characteristics

No social support 1.2 0.95, 1.51 1.1 0.79, 1.55 0.81* 0.66, 0.99
Signs of depression or anxiety symptoms 1.06 0.81, 1.38 1.01 0.67, 1.51 1 0.81, 1.23
Parenting stress 0.84 0.65, 1.09 1.49* 1.02, 2.18 0.95 0.74, 1.22

R2 0.362 0.293 0.168

OR: odds ratio; 95% CI: 95% confidence interval; ref: reference category.
a Design and poststratification weighting procedure as described in the Methods N ¼ 5111. F ¼ 17.61. Reference category class 3: medical service users.
b P < .1; *P < .05; **P < .01; ***P < .001.
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based on a latent class analysis must be seen as explorative because
of the group assignments based on probabilities. However, they can
provide insight for further research questions and extended finite
mixture models.

Conclusion

The KiD 0-3 study was the first one that measured the use of
single services of universal, selective and indicated prevention
programmes in early childhood in Germany. By assessing a broad
range of socio-economic, health-related and psychosocial charac-
teristics, we were able to describe families using prevention ser-
vices and identify different patterns of service use. In the
developing field of family-focused health prevention, KiD 0-3 pro-
vided data that help us to understand how families use different
services and which families are currently easier to reach for health
and social services. Universal services are used by less burdened
families, and selective and indicated services seem to basically
reach their target groups. However, migration background and low
educational attainment remain barriers to the use of prevention
services. Further research is needed to understand the barriers in
service uptake. The results also suggest that it is important to
develop tailor-made support services locally with low threshold
(e.g. home-visiting programmes by well-regarded pro-
fessionals).2,26 In our German example, there is not much evidence
for an overprovision of services, as the multi-service user group is
primarily comprised of families with health and psychosocial dif-
ficulties trying to access the help they need. The analyses of the
combination of service use revealed patterns of underserved fam-
ilies, and further research is necessary to understand the needs of
these families and to find possibilities to reach them.
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a b s t r a c t

Objective: This study aimed to assess the association between chronic exposure to nitrate in drinking
water and the risk of bladder cancer.
Study design: Meta-analysis.
Methods: After a systematic retrieval of eligible epidemiological studies, pooled odds ratios (ORs) with
95% confidence intervals (CIs) of bladder cancer for people in the highest vs the lowest categories of
nitrate exposure were calculated using the fixed- or random-effects model. We conducted two separate
meta-analyses, one considering nitrate exposure as nitrate concentration in drinking water and the other
one as daily nitrate intake from drinking water.
Results: A total of five studies (three caseecontrol and two cohort studies) were included. The pooled OR
(95% CI) of bladder cancer for the highest vs the lowest category of nitrate concentration in drinking
water was 0.98 (0.60, 1.57), and daily nitrate intake from drinking water was 1.00 (0.69, 1.45). Both meta-
analyses showed high heterogeneity across studies (I2 ¼ 80.8% and 65.0%, respectively). Removing
studies with the high risk of bias increased the risk and reduced the heterogeneity: [(nitrate concen-
tration in drinking water: 1.36 (1.03, 1.79), I2 ¼ 0.0%) and (daily nitrate intake from drinking water: 1.14
(0.90, 1.46), I2 ¼ 8.4%)].
Conclusion: The current epidemiological evidence failed to establish a conclusive relationship between
chronic exposure to nitrate in drinking water and the risk of bladder cancer. While no association and
high heterogeneity across studies were detected in the two meta-analyses, removing studies with the
high risk of bias increased the risk and dissolved the heterogeneity.

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

Introduction

Nitrate is a natural component of drinking water; however,
the increasing use of nitrogen fertilizers has led to a concomi-
tant increase in nitrate concentration in drinking water.1,2

Ingested nitrate is absorbed from the upper small intestine
and rapidly distributed to human tissue. Up to 25% of the
ingested nitrate is transported to the salivary glands, where it
gets concentrated, actively secreted into saliva, partly reduced to

nitrite by the oral microflora, and swallowed to re-enter the
stomach. Under certain physiological and pathological condi-
tions, the nitrosation process undergoes in the stomach to form
powerful nitrosating agents such as N-nitroso compounds that
are linked to the development of numerous cancers.3e7 Thus, the
International Agency for Research on Cancer classified nitrate
intake under the conditions of nitrosation as a ‘probable human
carcinogen’.8

Although nitrate from drinking water contributes to a small
share of total nitrate ingestion compared with green leafy vegeta-
bles and processed meat,9 this share was shown to be associated
with increased risk of colorectal cancer,10 renal cancer,11 ovarian
cancer,12 and thyroid cancer13 resulting in huge direct and indirect
costs attributed to medication and lost productivity.14
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A few epidemiological studies investigated the possible associ-
ation between chronic exposure to nitrate in drinking water and
bladder cancer risk;15e20 one of the most prevalent cancers
worldwide with several preventable environmental and occupa-
tional risk factors,21 and reached inconsistent conclusions. To date,
one meta-analysis has addressed this relationship,22 yet it pooled
the risk of bladder cancer incidence with bladder cancer deaths,
nitrate concentration in drinking water with daily nitrate intake
from drinking water, and ecological studies with epidemiological
studies. Besides, three more recent studies have been published
since then to explore the same association.18e20 We, therefore,
conducted an updated meta-analysis to investigate the association
between chronic exposure to nitrate in drinking water in the form
of nitrate concentration in drinking water or daily nitrate intake
from drinking water with the risk of bladder cancer based on
available epidemiological evidence.

Methods

Literature search

This meta-analysis was reported according to the checklist of
PRISMA.23 We searched MEDLINE (PubMed), Google Scholar, and
Cochrane Library for potential studies published in English before 30/
5/2021 using the following terms: (Nitrate OR Water OR Drinking
water) AND (Bladder cancer). Then,we conducted amanual search of
the reference lists of retrieved articles to obtain additional studies.

Study selection

Studies were selected for analysis if they met the following
criteria: (1) the exposure was nitrate concentration in drinking
water (mg/L as NO3eN) or intake of nitrate from drinking water
(mg/day as NO3eN), (2) the outcome was bladder cancer, (3) the
study was an epidemiological study, and (4) the risk of bladder
cancer among people exposed to nitrate from drinking water
was calculated. No limitations were set regarding the year of
publication, but no efforts were made to retrieve unpublished
data.

After reviewing the full manuscripts of all studies detected
by the primary search, the extracted studies were carefully
reviewed to reach a shortlist of studies to be included in the
current meta-analysis. Relevant information was extracted from
the shortlist studies: last name of the first author, year of
publication, country, study design, population characteristics,
and odds ratios (ORs) with corresponding 95% confidence in-
tervals (CIs) for the highest vs lowest category of nitrate con-
centration in drinking water or daily nitrate intake from
drinking water.

Eventually, we retrieved 181 studies before excluding 176
studies for irrelevance, being review articles or ecological studies,
assessing bladder cancer deaths, or being replaced with a more
recent publication using the same data but with a longer follow-up
period, leaving a shortlist of five studies for this meta-analysis
(Fig. 1).

Fig. 1. Flow chart of the study selection process.
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Statistical analysis

The fixed- or random-effects model was used to compute the
pooled ORs24 while the I2 was calculated to test the statistical
heterogeneity across studies.25 Two forest plots showing the ORs
and 95% CIs of the selected studies were presented: one for nitrate
concentration in drinking water and the other one for daily nitrate
intake from drinking water. Sensitivity analysis was conducted to
assess the influence of individual studies on the values of OR and
I2 by leaving out studies one by one and combining the remaining
studies in separate analyses. Publication bias was assessed using
the regression test for funnel plot asymmetry. The quality of
studies and their risk of bias were determined using the
NewcastleeOttawa Scale based on selection, comparability, and
exposure/outcome. All analyses were conducted using R-3.2.0
statistical package (Metafor: A Meta-Analysis Package for R).26

Results

We included five epidemiological studies: three were
caseecontrol studies16,18,20 and two were cohort studies.17,19 The
studies were conducted in the USA, the Netherlands, and Spain
and were published between 2002 and 2020. Four studies calcu-
lated nitrate concentration in drinking water16,18e20 and three
studies calculated daily nitrate intake from drinking water.17,18,20

Except for one hospital-based study,18 all studies were popula-
tion-based.16,17,19,20 Only one study was restricted to women19

while the remaining studies included both sexes,16,17,18,20 how-
ever, one study16 computed sex-specific ORs instead of the overall
risk (Table 1).

Individually, no studies showed statistically significant positive
associations between nitrate concentration in drinking water or
daily nitrate intake from drinking water and the risk of bladder
cancer. Combining the ORs of the included studies revealed no
association [(nitrate concentration in drinking water: pooled
OR ¼ 0.98, 95% CI: 0.60, 1.57) and (daily nitrate intake from
drinking water: pooled OR ¼ 1.00, 95% CI: 0.69, 1.45)] (Figs. 2 and
3). Significant levels of heterogeneity across studies were noticed
in both meta-analyses [(nitrate concentration in drinking water:
I2 ¼ 80.81%, P-value for heterogeneity< 0.001) and (daily nitrate
intake from drinking water: I2 ¼ 65.04%, P-value for
heterogeneity ¼ 0.057)] (Table 1).

No significant changes in the risk estimates or the heteroge-
neity across studies were observed after restricting the analysis to
the studies conducted in the USA [(nitrate concentration in
drinking water: pooled OR ¼ 0.96, 95% CI: 0.53, 1.47; I2 ¼ 85.41%,
P-value for heterogeneity<0.001) and (daily nitrate intake from
drinking water: OR ¼ 1.4, 95% CI: 0.89, 2.2)] or restricting the
analysis to the studies with caseecontrol design [(nitrate con-
centration in drinking water: pooled OR ¼ 0.88, 95% CI: 0.51, 1.51;
I2 ¼ 81.32%, P-value for heterogeneity ¼ 0.001) and (daily nitrate
intake from drinking water: pooled OR ¼ 0.95, 95% CI: 0.45, 2.02;
I2 ¼ 81.76%, P-value for heterogeneity ¼ 0.019)] (Table 2).

However, sensitivity analyses showed that removing Ward
et al. study16 led to a statistically significant increase in the risk of
bladder cancer among people exposed to the highest nitrate
concentration in drinking water (pooled OR ¼ 1.36, 95% CI: 1.03,
1.79) and the heterogeneity across studies was dissolved
(I2 ¼ 0.00%, P-value for heterogeneity ¼ 0.547). Alike, removing
Espejo-Herrera et al. study18 led to a noticeable increase, however
statistically insignificant, in the risk of bladder cancer among
people with the highest average daily nitrate intake from drinking
water (pooled OR ¼ 1.14, 95% CI: 0.90, 1.46) and a simultaneous
decrease in the heterogeneity across studies was also observed
(I2 ¼ 8.35%, P-value for heterogeneity ¼ 0.296) (Table 3).Ta
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According to the NewcastleeOttawa Scale, three studies were of
good quality and had a minimal risk of bias17,19,20 while the studies
by Ward et al. study16 and Espejo-Herrera et al. study18 showed a
high risk of bias (Supplementary Table 1). No significant evidence of
publication bias was reported [Nitrate concentration in drinking
water (Z ¼ 0.580, P-value for publication bias ¼ 0.562) and daily
nitrate intake from drinking water (Z ¼ �0.179, P-value for publi-
cation bias ¼ 0.858)].

Discussion

This meta-analysis showed no association between nitrate
concentration in drinking water or daily nitrate intake from
drinking water and risk of bladder cancer; however, removing
studies with the high risk of bias increased that risk indicating
difficulty in reaching a conclusive finding based on the available
epidemiological evidence.

We could also notice a high level of heterogeneity across studies
that was not unexpected given the variations in study designs and
subjects' sociodemographic characteristics. However, stratifying
the analyses by country or study design did not dissolve the het-
erogeneity suggesting that other factors might have contributed to
this heterogeneity. One of these factors could be the differences in

the cut-off values of nitrate concentration or daily nitrate intake for
the highest and lowest categories. For example, the cut-off values
for the highest category of nitrate concentration in drinking water
ranged between 2.07 and 3.09 mg/L while the cut-off values for the
lowest category ranged between 0.21 and 1.13 mg/L. Alike, the cut-
off values for the highest and lowest categories of daily nitrate
intake from drinking water ranged between 1.75 and 4.59 mg and
0.20e0.91 mg, respectively.

Notably, removing Ward et al.16 and Espejo-Herrera et al.18

studies in the sensitivity analyses led to significant drops in the
heterogeneity across studies. On the one hand, Ward et al. study16

had several limitations that were summarized in the following
points: (1) a large number of subjects was excluded for different
reasons, which could have affected the study representativeness,
(2) the measurements of nitrate levels included the recent decades
only, (3) the ORs were not adjusted for many potential confounding
variables such as other sources of nitrate intake and occupation,
and (4) only sex-specific risk values were shown, thus, combining
both risk values in one meta-analysis, given the high heterogeneity
across studies, could have overestimated the study weight. On the
other hand, Espejo-Herrera et al. study15 showed the following
shortcomings: (1) the study had a hospital-based design; therefore,
patients who were recruited to serve as control might have shared

Study ID                                                                                                           Weights% OR (95%CI) 

)08.0,04.0(05.02.22)neM()3002(draW

)03.1,04.0(08.02.81)nemoW()3002(draW

Espejo− )18.1,06.0(40.18.81)5102(arerreH

)83.2,19.0(74.10.02)6102(senoJ

)03.2,79.0(05.18.02)0202(yrraB

Overall 0.98 (0.60, 1.57) 

I2= 80.81%; p-value<0.001 

0.22 0.37 0.61 1 1.65 2.72 

Fig. 2. Forest plot of the association between nitrate concentration in drinking water and the risk of bladder cancer.
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other potential risk factors with patients with bladder cancer, and
both cases and controls mostly have carried dissimilar socio-
demographic characteristics and medical histories to those of the
general population, (2) the limited number of nitrate measure-
ments, (3) nitrate measurements covered mostly recent years, (4)
the study encompassed a high possibility of nondifferential
misclassification bias.

Although this meta-analysis indicated that chronic exposure to
nitrate in drinking water was not likely to be associated with the
increased risk of bladder cancer, we cannot entirely exclude the
possibility of a positive undetected association for three main
reasons. First, removing Ward et al.16 and Espejo-Herrera et al.18

studies that showed a high risk of bias led to significant increases
in the risk of bladder cancer among people exposed to the highest
levels of nitrate in drinking water. Second, all included studies were
conducted in developed countries where nitrate concentrations in
drinking water were so far below the regulatory levels (10 mg/L).
Nitrate concentrations in drinking water in some developing
countries reached high levels;8 therefore, it could be speculated
that if we had reports from developing countries, we might have
reached a positive association. This speculation is supported by the
finding of Jones et al.19 who detected that people exposed to nitrate
concentration in drinking water > five mg/L (more than half the
regulatory levels) for � four years were at a higher risk to develop

)IC%59(RO%sthgieWDIydutS

)83.1,28.0(60.13.14)6002(sregeeZ

Espejo− )20.1,14.0(56.03.92)5102(arerreH

)02.2,98.0(04.14.92)0202(yrraB

Overall 1.00 (0.69, 1.45) 

  I2= 65.04%; p-value=0.057

0.37 0.61 1 1.65 2.72 

Fig. 3. Forest plot of the association between daily nitrate intake from drinking water and the risk of bladder cancer.

Table 2
Subgroup analyses by country and study design.

Characteristics OR (95% CI) I2% (P-value for heterogeneity)

Nitrate concentration in drinking water
Country USA 0.96 (0.53, 1.47) 85.41 (<0.001)

Europe 1.04 (0.60, 1.81) e

Study design Case-control 0.88 (0.51, 1.51) 81.32 (0.001)
Cohort 1.47 (0.91, 2.38) e

Daily nitrate intake from drinking water
Country USA 1.40 (0.89, 2.20) e

Europe 0.86 (0.54, 1.46) 70.02 (0.068)
Study design Case-control 0.95 (0.45, 2.02) 81.76 (0.019)

Cohort 1.06 (0.82, 1.38) e
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bladder cancer compared with those who never experienced such
high levels: OR (95% CI) ¼ 1.61 (1.05, 2.47) and each year of expo-
sure was associated with a six% increase in bladder cancer risk.
Third, when Barry et al.20 incorporated, in addition to public
sources, measurements from private wells that usually have a
relatively higher nitrate concentration than public sources,27 they
revealed a positive association between nitrate concentration in
drinking water and risk of bladder cancer with substantial dose-
response relationship (P-value for trend ¼ 0.01).

It should be noted that this meta-analysis included two limita-
tions that should be addressed. First, while water quality and ni-
trate contamination differ across continents,8 the available
evidence came from the United States and other European coun-
tries; therefore, extrapolating our results to developing countries
should be done cautiously. Second, performing a linear dos-
eeresponse meta-analysis was not available because linear
regression was scarcely conducted in the included studies.

The current epidemiological evidence failed to reach a conclu-
sive relationship between chronic exposure to nitrate in drinking
water and the increased risk of bladder cancer.While no association
and high heterogeneity across studies were detected in the two
meta-analyses, removing studies with the high risk of bias
increased the risk and reduced the heterogeneity. Given the limi-
tations of the included studies, more prospective studies using
representative samples are needed. Future studies in developing
countries, where people are likely to be subjected to higher levels of
nitrate in drinking water, are warranted.
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a b s t r a c t

Objectives: The aim of this study was to investigate the possible impact of smoking on the humoral
response to the BNT162b2 mRNA COVID-19 vaccine (also known as the BioNTech-Pfizer COVID-19
vaccine).
Study design: A longitudinal sero-epidemiological study was conducted in sample of Italian healthcare
workers (HCWs).
Methods: HCWs who were administered two doses of the BNT162b2 mRNA vaccine, 21 days apart, be-
tween December 2020 and January 2021, were invited to undergo multiple serology tests to identify
SARS-CoV-2 S-RBD-specific immunoglobulin G (IgG) antibodies. Participants also responded to questions
about their smoking status (i.e. current smokers vs non-smokers) in a survey.
Results: Sixty days after the completion of the vaccination cycle, serological analyses showed a difference in
vaccine-induced IgG titre between current smokers and non-smokers, with median antibody titres of
211.80 AU/mL (interquartile range [IQR] 149.80e465.50) and 487.50 AU/mL (IQR 308.45e791.65) [P-
value ¼ 0.002], respectively. This significant difference in vaccine-induced IgG titres between current
smokers and non-smokers remained after adjusting for age, sex, and previous infection with SARS-CoV-2.
Conclusions: This study observed that vaccine-induced antibody titres decrease faster among current
smokers than non-smokers. Further research to investigate the impact of smoking on the immunological
response to COVID-19 and non-COVID-19 vaccines is required.

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

Introduction

Monitoring the level and time trend of the humoral response to
COVID-19 vaccines represents an essential tool in the study of
immunological response and enables a greater understanding of

the protection offered by the vaccination during the SARS-CoV-2
pandemic.1 This study presents a subanalysis of the VASCO proj-
ect (‘Monitoraggio della risposta al Vaccino Anti-SARS-CoV-2/
COVID-19 negli operatori sanitari del Pineta Grande Hospital’), an
ongoing longitudinal study that investigates the effectiveness,
immunogenicity, and safety of the BNT162b2 mRNA COVID-19
vaccine (also known as the BioNTech-Pfizer COVID-19 vaccine) in
a sample of healthcare workers (HCWs).1,2 The study includes an
analysis of the dynamics of antibody response to BNT162b2 mRNA
COVID-19 vaccine at monthly intervals over a period of 6 months. A
decrease in vaccine-induced anti-S-RBD immunoglobulin G (IgG)
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antibodies was seen at the second month (i.e. Sixty days) after the
completion of the vaccination cycle.1

Methods

Complete cohort characteristics and study methods have been
described in previous articles.1,2 In brief, HCWs who were adminis-
tered two doses of the BNT162b2 mRNA vaccine, 21 days apart, be-
tween December 2020 and January 2021, underwent multiple
quantitative serology tests to identify SARS-CoV-2 S-RBD-specific
IgG. Participant HCWs also responded to questions about their
smoking status (i.e. current smokers vs non-smokers). This study
focused on the differences in SARS-CoV-2 S-RBD IgG dynamics ac-
cording to smoking status. Antibody level was assessed using the
SnibeeMaglumi® SARS-CoV-2 S-RBD IgG chemiluminescent
immunoassay, with a reactivity cutoff of 1.0 AU/mL.1 A
ManneWhitney U test was used to assess differences of median IgG
levels between current smokers and non-smokers. A multivariate
linear regression model was built to investigate the association be-
tween IgG level and smoking status, adjusting for possible cova-
riates, namely, age, sex, and previous infection with SARS-CoV-2.

Results

Overall, 162 HCWs participated in this study; the majority were
women (58.0%), with a mean age of 42.5 years (±11.9 standard
deviation). In total, 28 participants had a history of previous SARS-
CoV-2 infection. Sixty days after the completion of the vaccination
cycle, serological analyses of 63 participants (19 current smokers
and 44 non-smokers; 30.2% vs 69.8%) showed a difference in
vaccine-induced IgG titre, with median antibody titres of 211.80
AU/mL (interquartile range [IQR] 149.80e465.50) and 487.50 AU/
mL (IQR 308.45e791.65) [P-value ¼ 0.002], respectively. This sig-
nificant difference in vaccine-induced IgG titres between current
smokers and non-smokers remained after adjusting for age (mean:
41.4 ± 11.8 years), sex (female: 65.1%), and previous SARS-CoV-2
infection (in 11.1% HCWs). The results from the multivariate
regressionmodels showed that the b coefficient is equal to�335.62
(95% confidence interval: �557.41 to �113.83; P ¼ 0.004) for cur-
rent smokers (Fig. 1). Differences in IgG titres between current
smokers and non-smokers were not significant onemonth after the
completion of the vaccination cycle; in addition, the differences
were no longer significant at the serological analyses after the
second month.

Conclusions

This study showed that smoking may result in the rapid
decrease in vaccine-induced IgG antibody levels. Emerging evi-
dence has described lower antibody levels in response to COVID-19
mRNA vaccine in smokers, irrespectively of duration of smoking or
number of cigarettes per day.3 However, the pathophysiological
basis for the impact of smoking on the dynamics of vaccine-elicited
anti-SARS-CoV-2 antibodies have not yet been suggested. Previous
literature observed that smokingmay impact the immune response
after vaccinations other than anti-COVID-19, such as hepatitis B and
influenza vaccines, with a more rapid decrease in postvaccination
antibodies in smokers.4 Exposure to cigarette smoking impairs the
immune system and thus the ability to form memory cells that are
critical to the maintenance of the protective immune response
induced by vaccines.4,5 It is important to note that human IgG
subclasses and specific antibodies generally have a half-life of
approximately 3e4 weeks, depending on IgG isotype and attri-
butes. Cigarette smoking is associated with increased monocyte-

macrophage counts, which may influence the clearance of circu-
lating antibodies.5

The present analysis shows that antibody titres decrease faster
among current smokers than non-smokers. The mechanisms by
which tobacco smoke decreases the immunological responses to
COVID-19 vaccines deserve further research.

To date, the IgG threshold below which the risk of break-
through infections is not yet known;1 therefore, it is important to
determine possible factors that may impair or decrease vaccine
immunological response.1 In this context, the findings from this
study could be used to promote smoking cessation with the addi-
tional benefit of improving vaccine effectiveness. The results of the
present study may also be used as a reference for further research
on the impact of smoking on vaccine response.

It is worth noting that this study relies on observational data and
used a specific and sensitive antibody test, which precisely correlates
with vaccine-elicited humoral response. However, when interpreting
the results, the small sample size must be taken into consideration,
and the involvement of any undetected confounders of the vaccine-
induced humoral response cannot be completely excluded.
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a b s t r a c t

Objectives: This study aimed to evaluate the socio-economic burden imposed on the Chinese healthcare
system during the coronavirus disease 2019 (COVID-19) pandemic.
Study design: A cross-sectional study was used to investigate how COVID-19 impacted health and
medical costs in China. Data were derived from a subdivision of the Centers for Disease control and
Prevention of China.
Methods: We prospectively collected information from the Centers for Disease Control and Prevention
and the designated hospitals to determine the cost of public health care and hospitalisation due to
COVID-19. We estimated the resource use and direct medical costs associated with public health.
Results: The average costs, per case, for specimen collection and nucleic acid testing (NAT [specifically,
polymerase chain reaction {PCR}]) in low-risk populations were $29.49 and $53.44, respectively; how-
ever, the average cost of NAT in high-risk populations was $297.94 per capita. The average costs per 1000
population for epidemiological surveys, disinfectant, health education and centralised isolation were
$49.54, $247.01, $90.22 and $543.72, respectively. A single hospitalisation for COVID-19 in China cost a
median of $2158.06 ($1961.13-$2325.65) in direct medical costs incurred only during hospitalisation,
whereas the total costs associated with hospitalisation of patients with COVID-19 were estimated to have
reached nearly $373.20 million in China as of 20, May, 2020. The cost of public health care associated
with COVID-19 as of 20, May, 2020 ($6.83 billion) was 18.31 times that of hospitalisation.
Conclusions: This study highlights the magnitude of resources needed to treat patients with COVID-19
and control the COVID-19 pandemic. Public health measures implemented by the Chinese government
have been valuable in reducing the infection rate and may be cost-effective ways to control emerging
infectious diseases.

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

Introduction

During the coronavirus disease 2019 (COVID-19) pandemic,
there has been a substantial impact on global health care and
medical systems. By 9, June, 2020, a total of 7,085,894 cases had
been confirmed worldwide and 405,168 deaths had been reported.
The case fatality rate of COVID-19 (5.70%) is gradually approaching

that of severe acute respiratory syndrome (SARS; 9.6%).1,2 As of 20,
May, 2020, there were 82,967 confirmed cases, 740,967 close
contacts and 4634 deaths in China.3 Faced with an enormous
number of cases within a short period of time, the government,
healthcare professionals and healthcare systems voiced concern
that demand would exceed the existing capacity, and they
requested the urgent provision of additional resources and financial
support. An effective method of mitigating the impact of the
pandemic on the healthcare system is to reduce the percentage of
the population who become infected by implementing preventive
measures mediated by public health officials.4,5 Therefore, the
government, healthcare system and medical insurance system had
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to provide sufficient public health resources and hospital accom-
modation to quickly curb the spread of COVID-19.

The COVID-19 pandemic was brought under control in China
within a relatively short period of time; therefore, it is useful to
evaluate the costs of public health measures and hospitalisation
due to COVID-19 in China. Such information is critical for efficiently
developing strategies tomitigate the impacts of potential outbreaks
of new infectious diseases in the future.

In China, the healthcare system is composed of two sections: (i)
medical institutions (e.g. hospitals, primary medical and health
centres, such as township hospitals or community health centres);
and (ii) public health organisations, such as the Centers of Disease
Control and Prevention (CDC) and Centres of Health Supervision
(these medical organisations are stratified into five levels: state,
province, city, county/district and town).6 After the outbreak of the
COVID-19 pandemic, the Chinese government released pandemic
control policies called a ‘unanimous nationwide system’ to form a
joint defence and control programme with multiple departments.7

All hospitals and primary medical centres were administrated by
Health Commissions (HCs) and CDCs at each level.7 The HCs and
CDCs at each level planned the supplies and human resources for
the hospitals and primary medical centres in their areas.8

However, limited studies have reported the costs of emerging
infectious diseases. Bartsch et al.9 used a mathematical model to
quantify the cost of Ebola virus disease (EVD) from the perspectives
of providers and society in Guinea, Liberia and Sierra Leone. In
addition, two studies10,11 developed computational models to
forecast the potential economic burden and the cost-effectiveness
of measures addressing Zika in the US. Bartsch et al.12 also devel-
oped a computational model to estimate the potential resource use
and direct medical costs of COVID-19 in the US under various
conditions. Previous cost studies primarily used a proxy disease to
obtain estimates of the clinical costs of an emerging infectious
disease and used a mathematical model to forecast the medical
costs associated with the target infectious disease; these studies
have lacked a clear scientific source of the estimated costs.13 A few
studies have estimated healthcare utilisation and cost using
structured interviewmethods, but a review of the literature reveals
that, to date, there are no studies determining the costs of both
public health and hospitalisation associated with COVID-19.

In this study, we investigate the actual expenses associated with
public healthcare resources and hospitalisation fromCOVID-19. From
thesefigures,we estimate the healthcare costs of COVID-19 control in
China during the initial outbreak period of the pandemic. This study
estimates the potential financial cost to control the outbreak of an
infectiousdisease,withouthealth insurancesupport, inanemergency
situation. Results fromthis studywillhelpgovernmentsworldwide in
themanagement of infectious disease outbreaks.

Methods

Study design

A cross-sectional study was used to investigate how COVID-19
impacted health and medical costs in China. Data were derived
from a subdivision of the CDC of China.

Data sources for the COVID-19 epidemic in China

This study used COVID-19 data from the official website of the
National Health Commission of the People's Republic of China from
20, January, 2020, to 20, May, 2020. The epidemiological data
included the daily numbers of total confirmed cases, suspected
cases, close contacts, people under medical observation, inpatient
cases, severe cases, deaths and discharged cases.

Definition of medical costs

Medical expenses associatedwith COVID-19 are composed of the
costs of public health care and treatment during hospitalisation (see
supplementary figure S2). Public healthcare costs included nucleic
acid testing (NAT [specifically, polymerase chain reaction {PCR}])
(including NAT for both people and the environment), epidemio-
logical surveys, centralised quarantine (see supplementary figure
S2), disinfection and health education. The costs associated with
public health care had two dimensions, namely, financing resources
(e.g. protective equipment, medical materials, medical equipment
and ambulances) and human resources (i.e. medical staff partici-
pating in the prevention of COVID-19). The hospitalisation costs
include the direct cost of acute hospitalisation according to the
discharge settlement amount.

Data collection

To accurately estimate the costs of pandemic control, including
both public health care and hospitalisation, three criteria were
taken into consideration when selecting the study district, as fol-
lows: first, there must be sufficient residents and COVID-19 cases in
this district; second, the chosen district should contain both urban
and rural areas so that urban-rural differences could be eliminated;
and finally, the district must have hospitals with sufficient funds to
cover total medication costs for patients with COVID-19 and
isolation expenses for residents.

The Jiulongpo District was selected as the study area. In total, 1.2
million people permanently resided in Jiulongpo District and there
were >20 reported cases of COVID-19. Jiulongpo District is located to
the west of the Chongqing metropolitan region, with both semirural
and semiurban areas, including nine urban streets and four rural
towns. Furthermore, in this district, there are sufficient hospitals,
includingeverygradeofhospital inChina,whichformedaloop,sothat
the centralised isolation and treatment of patients with COVID-19
could be carried out locally to make the cost data transparent.
Therefore, in Chongqing, the Jiulongpo District met all the three se-
lection criteria and thus provides a suitable study area resulting in
good representation for the costs associatedwith COVID-19 in China.

Data onmedical costs related to the treatment of COVID-19were
collected using a micro-cost survey approach. The total public
healthcare costs in Jiulongpo District were collected. The urban area
in Jiulongpo District is very prosperous, and it could represent the
typical costs of COVID-19 in the urban areas of Chongqing or other
metropolitan cities. In addition, the four rural towns in Jiulongpo
District can represent rural areas of Chongqing. The survey was
administered to one CDC, seven secondary or tertiary medical in-
stitutions, 15 community health centres and 10 township hospitals
or temporary medical institutions in Jiulongpo District, which in-
cludes all subdistricts and towns (in the countryside), with 1.2
million permanent residents.

Medical cost data were collected by conducting a series of key
information interviews at the CDC and designated medical in-
stitutions. The questionnaire survey of local survey data was
collected from the CDC and hospitals and health insurance system.
All relevant medical centres at all levels in Jiulongpo District were
investigated, and the CDC of Jiulongpo District provided support for
all the surveys. The detailed method of quantitative cost collection
is provided in Supplementary Method 1.

Method of cost calculation

The average exchange rate of RMB to US$ equivalent during the
period of the survey was 1 RMB ¼ 0.1402 US$. The detailed method
of cost calculation is provided in Supplementary Method 2.
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Statistical analyses

The Wilcoxon test was used to compare the differences in
various hospitalisation expenses, payment methods (e.g. paid by
medical insurance, medical insurance subsidies for official staff,
medical insurance claims for large expenses, social assistance, the
hospital and the patient) and duration of hospitalisation in
different subgroups. The 95% confidence interval (CI) of the median
or mean cost was calculated by the bootstrap method with 1000
iterations. In addition, a generalised linear regression model (GLM)
was used to estimate the factors impacting the hospitalisation
costs, which were log-transformed to ensure a normal distribution.

Data analyses for this study were conducted using SAS, version
9.4, software (Copyright © 2016 SAS Institute Inc. Cary, NC, USA). A
significant difference was defined by an a level of 0.05 with a two-
sided test.

Results

The cost of public health care

The per sample cost of obtaining samples for NAT at the CDC,
secondary or tertiary hospitals, community healthcare centres and
township hospitals or temporary institutions were $8.81, $42.10,
$23.94 and $23.76, respectively, with corresponding labour costs of
0.13 days, 0.52 days, 0.33 days and 0.40 days, respectively (Table 1).
Moreover, single-use personal protective equipment (PPE) cost

approximately $50.95 (see Supplementary Table S1). The average
per sample cost of NAT among different medical institutes was
$29.49, and the human resources used were the equivalent of 0.38
days. There were significantly different detection times and costs
for NAT between low-risk (those who did not closely contact with
confirmed cases) and high-risk (close contacts) populations
(Supplementary Table S2). The costs of NAT and diagnostic exam-
inations for the first time and the last time tests for people before
diagnosed as suspected cases was $154.41 per capita, including
$124.92 for test material cost and $29.49 of NAT cost. And NATs of
people after diagnosed as suspected cases for the first time and for
the last time NATs was $77.86. Moreover, the costs of NATs for
predischarge and postdischarge of confirmed cases were $119.64
and $147.54, respectively (in Supplementary Table S3).

The CDC completed 156 epidemiological surveys (on-site in-
vestigations or telephone follow-ups), including 3629 individuals
in high-risk populations, and the direct costs (labour costs, PPE and
ambulance costs) were calculated (Table 2). The average epidemi-
ological costs for people in centralised isolation, home isolation and
jail were $4.57, $10.59 and $2.36 per case, respectively. Moreover,
the average epidemiological costs of antibody-positive individuals,
close contacts of people with confirmed cases, people with
confirmed cases, people who retested positive after recovery and
individuals with suspected cases were $10.52, $14.78, $389.84,
$214.42, $136.70 and $243.50 per case, respectively. The average
epidemiological cost associated with the inspection of hospital fe-
ver clinics by the CDC was $214.42 per incident. The total

Table 1
The cost of obtaining sample specimens for NAT in different medical institutes.

Items Number of samples Labour resource of
medical staff, days

Price, $ Cost per sample, $ Human resource,
days/per sample

In CDC
Labour to obtain specimen 4267 214 42.06 2.11 0.05
Community policeman 4267 81 28.04 0.53 0.019
Labour to deliver specimen 4267 252 28.04 1.66 0.059
Ambulance 4267 252 16.82 0.99 e

PPE 4267 295 50.95 3.52 e

Total average cost* e e e 8.81 0.128
In secondary or tertiary hospitals
Labour to obtain specimen 9547 3760 42.06 16.56 0.394
Community policeman 9547 1164 28.04 3.42 0.122
Labour to deliver specimen 9547 1164 16.82 2.05 e

Ambulance 9547 3760 50.95 20.07 e

Total average cost* e e e 42.1 0.516
Community healthcare centre
Labour to obtain specimen 4850 939 42.06 8.14 0.194
Labour to deliver specimen 4850 642 28.04 3.71 0.132
Ambulance 4850 642 16.82 2.23 e

PPE 4850 939 50.95 9.86 e

Total average cost* e e e 23.94 0.326
Township hospitals or temporary participating institutions
Labour to obtain specimen 192 23 42.06 5.04 0.12
Labour to deliver specimen 192 54 28.04 7.89 0.281
Ambulance 192 54 16.82 4.73 e

PPE 192 23 50.95 6.1 e

Total average cost* e e e 23.76 0.401
Total average cost in all medical institutes
Labour to obtain specimen 18,856 4936 42.06 11.01 0.262
Community policeman 18,856 81 28.04 0.12 0.004
Labour to deliver specimen 18,856 2112 28.04 3.14 0.112
Ambulance 18,856 2112 16.82 1.88 e

PPE 18,856 4936 50.95 13.34 e

Total average cost* e e e 29.49 0.378

CDC: Centers for Disease Control and Prevention; PPE: personal protective equipment; NAT: nucleic acid testing.
*The cost per sample in bold, was calculated by adding the cost of subgroups, such as 8.81¼2.11þ0.53þ1.66þ0.99þ3.52. The human resource (days per sample) in bold,
was calculated by adding the human resource of subgroups, such as 0.128¼0.05þ0.019þ0.059.
Note: The typical exchange rate of RMB to US$ equivalent in the period of this survey is 1 RMB ¼ 0.1402 US$.
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epidemiological costs were $60,201.18, and the average epidemi-
ological cost per 1000 population was $49.54.

The financial costs of disinfection, PPE, health education and
centralised isolation were calculated (Table 3). The total cost of
disinfectant was $300,141.84 in Jiulongpo District, and the average
cost of disinfectant per 1000 population was $247.01, including
disinfectant materials at $238.71 and a disinfectant labour cost of
$8.30. The cost of PPE was $1,568,651.95 from 20, January, 2020 to
30, April, 2020, and the average cost of PPE per 1000 population
was $1290.97. The total human resource costs and publicity ma-
terial costs associated with COVID-19 health education were
$59,865.40 and $49,758.31, respectively; the average health edu-
cation costs for human resources and publicity materials were
$49.27 and $40.95 per 1000 population, respectively. The average
cost of health education per 1000 population was $90.22. The
costs of centralised isolation for people from abroad, close con-
tacts and discharged patients were $647.72, $647.72 and $1295.45
per case, respectively, and the average cost of centralised isolation
per 1000 population was $543.72 in Jiulongpo District.

The cost of hospitalisation

The median hospitalisation costs associated with COVID-19
were analysed based on the hospitalisation costs of 220 in-
patients with COVID-19 (Table 4 and Supplementary Table S4). A
single SARS-CoV-2 infection cost a median of $2158.06 (95% CI ¼
$1991.93e$2321.28) in direct medical costs, that is, only including
the costs that were accrued during the course of hospitalisation.
The median cost of hospitalisation in the negative-pressure
isolation ward (NPIW) was higher than that in the general isola-
tion ward ($3439.00 [95% CI ¼ $2942.59-$4573.96] vs $1902.26
[95% CI ¼ $1745.77-$2146.22]; P < 0.001). Hospitalisation with
non-invasive ventilation cost a median of $9278.05 (95% CI ¼
$6990.72-$11,151.19), which was higher than the cost of hospi-
talisation without ventilation ($2017.16 [95% CI ¼ $1837.62-
$2224.99]; P < 0.001). The median cost of hospitalisation in the
intensive care unit (ICU) was significantly higher than that in
general isolation wards ($11,114.88 [95% CI ¼ $9278.05-
$31,283.93] vs $2114.65 [95% CI ¼ $1880.72-$2254.52]; P < 0.001).
In addition, the median cost of hospitalisation for severe and
critical COVID-19 was markedly higher than that for mild and
moderate COVID-19 ($3439.00 [95% CI ¼ $3055.95-$4573.96] vs
$1898.59 [95% CI ¼ $1731.59-$2130.93]; P < 0.001). Patients with
two or more hospitalisations for COVID-19 had a higher hospi-
talisation cost than those with a single hospitalisation ($3437.72
[95% CI ¼ $2432.65-$5828.88] vs $2120.00 [95% CI ¼ $1898.59-
$2257.09]; P ¼ 0.002). Also, the median cost of hospitalisation for
patients from abroadwas $4567.89 (95% CI¼ $2992.07-$5072.00),
which was higher than for local patients ($2132.99 [95% CI ¼
$1938.52-$2298.65]; P ¼ 0.01).

The total direct hospitalisation medical expenses consist of
drug fees ($364.16 [95% CI ¼ $330.21-$390.17]), medical exami-
nation fees ($200.21 [95% CI ¼ $200.21-$266.94]), clinical labo-
ratory fees ($513.24 [95% CI¼ $481.57-$543.49]), consultation fees
($52.58 [95% CI ¼ $47.67-$57.48]), treatment fees ($182.45 [95%
CI ¼ $152.64-$232.66]), nursing fees ($62.25 [95% CI ¼ $57.20-
$68.98]), bed fees ($205.04 [95% CI ¼ $177.70-$226.16]), medical
supply fees ($409.52 [95% CI ¼ $357.55-$460.71]), other hospi-
talisation fees ($27.60 [95% CI ¼ $25.41-$31.51]), median of basic
medical fees ($0.14 [95% CI ¼ $0.08-$0.22]), median of Chinese
patent medicine fees ($28.49 [95% CI¼ $12.25-$49.36]), median of
surgery fees ($2.61 [95% CI ¼ $0-$8.15]) and median of Chinese
herbal medicine fees ($6.77 [95% CI ¼ $3.56-$10.07]) (Table 4).

The median and mean hospitalisation costs are compared in
Table 4. Treatments in the NPIW with non-invasive ventilation orTa
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in the ICU were associated with relatively higher hospitalisation
costs (all P < 0.05). Severe and critical COVID-19 was associated
with higher hospitalisation costs than mild and moderate COVID-
19 (P < 0.001). Moreover, patients with two or more hospital-
isations and patients from abroad had higher hospitalisation fees
than their counterparts (all P < 0.05).

In addition, multivariable GLM analyses revealed that the factors
impacting hospitalisation cost were age (45e59 years vs< 18 years;
P¼ 0.027), duration of hospitalisation (P < 0.001), hospitalisation in
the NPIW (P < 0.001), the use of non-invasive ventilation
(P < 0.001), admission to the ICU (P < 0.001), the classification of
COVID-19 as severe and critical (P < 0.001) and the number of
hospitalisations (P ¼ 0.001) (Table 5).

Compensation methods for hospitalisation cost

The methods of paying for hospitalisation include basic medical
insurance, medical insurance claims for large expenses, other
assistance and out-of-pocket payments. The results (Table 4 and
Supplementary Table S4) revealed that the mean hospitalisation
costs for COVID-19 were mainly paid by medical insurance
($2531.85 [95% CI ¼ $1953.46-$3310.91]) and by the patients
($1134.45 [95% CI ¼ $610.75-$2084.81]). Compared with their

counterparts, the compensation paid by medical insurance was
higher for patients who were hospitalised in the NPIW ($5046.69
[95% CI ¼ $3033.67-$7605.15] vs $1610.27 [95% CI ¼ $1480.19-
$1750.64]; P ¼ 0.003), received non-invasive ventilation
($10,789.11 [95% CI ¼ $6362.94-$16,478.35] vs $1751.32 [95% CI ¼
$1480.90-$2218.23]; P < 0.001) and were hospitalised in the ICU
($16,940.65 [95% CI ¼ $8334.59-$26,511.06] vs $1773.50 [95% CI ¼
$1578.50-$1988.21]; P < 0.001). In addition, patients with severe
and critical COVID-19 and those with two or more hospitalisations
received more compensation from medical insurance than their
counterparts (all P < 0.001). The government paid the medical
expenses that should have been paid by patients with COVID-19 in
China.

Furthermore, the results show that the expense percentages
paid by basic medical insurance and medical insurance claims for
large expenses were 51.92% and 16.48%, respectively, and that the
expense percentages paid by medical insurance, the government
and other forms of compensation were 68.40%, 30.65% and 0.95%,
respectively (Supplementary Table S5). The government paid
approximately $94.12 million for the hospitalisation of patients
with confirmed COVID-19 in China until 20, May, 2020. Medical
insurance covered 60.08e84.49% of the hospitalisation costs for
COVID-19.

Table 3
Costs of disinfection, PPE, health education and centralised quarantine.

Items Price/suit, $ Number Total price, $

Cost of disinfectant
Effervescent tablets for disinfection 5.61 4,760 26,694.08
Medical 84 disinfectant 15.84 16,624 263,367.38
Total cost of disinfectant materials* - - 290,061.46
Human resource for disinfecting - 215 6,028.6
Ambulance 16.83 - 757.36
Ultra-low-volume sprayer 140.2 6 757.08
Fuel atomizer 490.7 5 841.2
Total cost of disinfectant* - - 300,141.8
Average cost of disinfectant materials, per 1000 - - 238.71
Average cost of disinfectant labor, per 1000 - - 8.3
Average cost of disinfecting, per 1000# - - 247.01
Cost of PPE
Surgical mask 1.26 64,574 81,479.47
N95 mask 6.73 7,770 52,288.99
3M mask 4.21 5,162 21,711.37
Protective suit 67.3 6,988 470,264.45
Medical gown 15.14 44,257 670,121.79
Gloves 0.7 233,707 163,828.61
Shoe cover 0.07 28,190 1,976.12
Medical hat 0.07 42,402 2,972.38
Face shield 28.04 3,424 96,008.96
Medical goggles 6.31 1,268 7,999.81
Total cost of PPE, $* - - 1,568,652
Cost of PPE, per 1000, $# - - 1,290.97
Health education
Human resources, person time (days) 28.04 2,135 59,865.4
Average human resources, per 1000 - - 49.27
Publicity materials
Making informational film 42.06 480 20,188.8
Printing publicity materials 0.13 222,010 29,569.51
Materials, per 1000 - - 40.95
Average cost of health education, per 1000# - - 90.22

Centralized isolation
People from abroad 647.72 550 356,248.2
Close contacts 647.72 430 278,521.32
Discharge patients 1295.45 20 25,908.96
Average cost of centralized isolation, per 1000# - - 543.72

PPE: personal protective equipment.
Note: The typical exchange rate of RMB to US$ equivalent in the period of this survey is 1 RMB ¼0.1402 US$

* Total cost in italic bold represented the sum of each items of cost in the corresponding category.
# The average cost per 1000 in italic bold represented the total price of all items in the corresponding category for every 1000 samples.
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Table 4
The cost of hospitalisation for COVID-19, median (95% CI).a

Variables Total Negative-pressure isolation ward Noninvasive ventilation

No Yes P No Yes P

Sample size, n 220 161 59 201 19
Duration of hospitalization, days 18 17 20 0.053 18 27 0.001

(17.00-20.00) (16.00-19.00) (17.00-25.00) (16.00-19.00) (20.00-35.00)
Drug fee, $ 364.16 353.63 416.63 0.446 338.3 1522.11 <0.001

(330.21-390.17) (329.04-381.36) (294.02-496.55) (315.43-372.78) (1145.39-2466.65)
Medical examination fee, $ 200.21 200.21 241.85 0.205 200.21 467.15 <0.001

(200.21-266.94) (200.21-215.35) (200.21-333.68) (200.21-209.74) (400.41-492.94)
Clinical laboratory fee, $ 513.24 472.05 890.59 <0.001 492.31 2430.44 <0.001

(481.57-543.49) (442.72-493.19) (639.94-1140.39) (469.25-531.43) (1496.00-3235.54)
Consultation fee, $ 52.58 50.47 58.88 0.044 51.87 79.91 <0.001

(47.67-57.48) (46.27-54.68) (49.07-71.50) (46.27-54.68) (60.29-100.94)
Treatment fee, $ 182.45 152.27 292.2 <0.001 158.65 1757.9 <0.001

(152.64-232.66) (119.55-185.62) (213.97-500.54) (134.98-188.61) (1383.51-2119.68)
Nursing fee, $ 62.25 60.57 67.97 0.088 61.24 92.53 <0.001

(57.20-68.98) (55.52-65.61) (57.20-85.80) (55.52-65.61) (72.34-122.82)
Bed fee, $ 205.04 159.83 514.53 <0.001 186.82 817.02 <0.001

(177.70-226.16) (150.36-181.56) (385.55-685.23) (168.24-216.96) (577.27-1280.38)
Medical supply fee, $ 409.52 375.15 531.91 0.018 372.13 1404.57 <0.001

(357.55-460.71) (331.69-443.16) (388.99-775.53) (333.94-426.39) (1008.86-1529.84)
Basic medical fee, $ 0.14 0.12 0.13 0.042 0.14 0.21 0.007

(0.08-0.22) (0.08-0.14) (0.10-0.23) (0.08-0.20) (0.14-0.32)
Chinese patent medicine fee, $ 28.49 12.76 60.72 <0.001 19.14 82.46 <0.001

(12.25-49.36) (9.77-17.48) (40.28-166.78) (11.29-40.32) (48.39-557.21)
Surgery fee, $ 2.61 2.61 2.61 0.115 2.61 5.75 <0.001

(0.00-8.15) (0.00-2.61) (0.00-18.20) (0.00-2.61) (0.00-18.20)
Chinese herbal medicine fee, $ 6.77 4.13 9.79 <0.001 6.77 7.36 0.175

(3.56-10.07) (3.31-8.58) (4.20-14.07) (3.44-10.07) (4.04-11.70)
Other hospitalization fees, $ 27.60 25.94 38.56 <0.001 26.95 44.3 <0.001

(25.41-31.51) (23.83-29.30) (27.44-46.76) (24.54-29.30) (38.56-55.73)
Total medical expenses, $ 2158.06 1902.26 3439 <0.001 2017.16 9278.05 <0.001

(1961.13-2325.65) (1745.77-2146.22) (2942.59-4573.96) (1837.62-2224.99) (6990.72-11151.19)
Compensation methods
Paid by medical insurance, $ 1467.21 1415.33 2176.95 0.003 1415.33 5717.11 <0.001

(1367.85-1700.27) (1294.50-1529.39) (1471.08-2864.34) (1301.30-1525.23) (4795.72-6058.62)
Paid by medical insurance claims for large expenses, $ 0 0 0 <0.001 0 2023.71 <0.001

(0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-3706.92)
Total general medical insurance, $ 1467.21 1415.33 2176.95 0.003 1415.33 8053.25 <0.001

(1369.82-1700.27) (1294.50-1529.39) (1471.08-2924.36) (1301.30-1525.23) (5320.54-10804.81)
Paid by the patient, $b 406.35 381.81 554.89 0.061 404.88 902.85 0.017

(317.92-491.63) (292.35-476.83) (318.88-902.85) (298.80-490.05) (318.50-1688.98)
Other assistance, $ 0 0 0 0.012 0 0.21 <0.001

(0.00-0.00) (0.00-0.00) (0.00-0.10) (0.00-0.00) (0.00-65.05)

CI, confidence interval.
Note: The typical exchange rate of RMB to US$ equivalent in the period of this survey is 1 RMB¼ 0.1402 US$.

a The 95% confidence interval of the median was based on 1000 bootstrap iterations (seed: 30459584).
b The fee that would ordinarily have been paid by the patients was covered by the government subsidies.
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The estimated cost of COVID-19 in China

The cost of public health care associated with COVID-19
included the cost of centralised quarantine, NAT, epidemiological
surveys, disinfectant and PPE (see Supplementary Table S6). The
costs of centralised quarantine for high-risk individuals from
abroad, close contacts and postdischarge patients were $1.11
million, $479.93 million and $101.37 million, respectively, totalling
$582.41 million. The cost of centralised isolation was $761.24
million, based on the cost of centralised quarantine per 1000
population in Chongqing. This may reflect the true cost because
some regions did not report the number of people in the high-risk
population at the beginning of the pandemic. The cost of NAT was
assessed for the high-risk population and for other populations.
The costs of NAT for the high-risk population, including individuals
from abroad, close contacts, individuals with suspected cases and
individuals with confirmed cases were $0.13 million, $89.09
million, $21.18 million and $53.40 million, respectively. In addition,
the costs of NAT for the low-risk population of people fromWuhan,
from abroad, from Hubei outside of Wuhan, from Guangdong and
from other regions were $599.22 million, $18.12 million, $159.24
million, $362.89 million and $1833.99 million, respectively. Based
on the total population of 1.4005 billion in mainland China at the
end of 2019, the costs of epidemiological surveys, disinfectant, PPE
and health education were $69.36 million, $345.83 million,
$1807.42 million and $126.31 million, respectively. Finally, the total
cost of public health care as a result of COVID-19 was $6.83 billion.

As of 20, May, 2020, the total number of COVID-19 cases in China
was 82,967, which included 1709 cases from abroad and 81,258 local
cases; the estimated number of severe cases was 17,147, and there
were 4634 deaths and 78,249 recoveries. According to the average
hospitalisation cost of $3792.69 of all cases, the total direct cost of
hospitalisation in China was $314.668 million. According to the
source of cases, the hospitalisation cost was $314.43 million, and
individuals from abroad and local individuals were $7.20 million and
$307.23 million, respectively (see Supplementary Table S6). More-
over, 17,147 patients with severe COVID-19 cost $140.10 million,
whichwas almost equal to the cost for 65,820 patients withmild and
moderate COVID-19 ($144.04 million). In addition, the hospital-
isation cost for 98,430 patients with suspected cases was $58.53
million, and the total hospitalisation cost for patients with confirmed
and suspected cases was $373.20 million. The estimated total direct
costs of public health care and hospitalisation were approximately
$7.2 billion, and the components related to COVID-19 are shown in
Supplementary Figure S3.

Discussion

This study found that the total direct medical costs for public
health care as a result of COVID-19 were $6.83 billion, which is
substantially higher than the hospitalisation cost of $0.37 billion
(these sums only consider the increased direct costs during the
pandemic period and not the costs due to lost productivity or the
indirect costs of the efforts to control COVID-19). Our study esti-
mates the public healthcare costs from six aspects, namely, the
costs due to centralised quarantine, NAT, epidemiological surveys,
disinfectants, PPE and health education. The estimation in our
analysis revealed that the cost of NAT was enormous and that NAT
has imposed a tremendous economic burden on the healthcare
system. In addition, we also estimated the hospitalisation costs, and
the results showed that the average cost of hospitalisation for se-
vere COVID-19 was four times that of hospitalisation for non-severe
COVID-19 ($9278.05 vs $2017.16).

Estimating the cost of public health interventions for COVID-19
will provide a reference for determining the financial budget of
government policy-making departments. Public health measures
play critical roles in preventing the spread of emerging novel in-
fectious diseases, such as COVID-19.14e16 Such diseases require the
government and the healthcare system to provide financial support
and effective public health care. In addition to outpatient and
inpatient treatment expenses, public health services should be paid
for by the government. However, there are limited studies esti-
mating the cost of public health care,17 and to date, no study has
calculated the public healthcare cost due to COVID-19. This is the
first study to document the public healthcare cost associated with
COVID-19 (i.e. not including the cost of the traditional monitoring
of the incidence of communicable diseases and performance of
routine investigations).

The public health costs in our study were associated with efforts
to control the COVID-19 outbreak and epidemiological in-
vestigations. Of the public health measures taken, NAT, when both
sampling and testing costs were considered, imposed the largest
burden.17e19 Our study found that the costs of obtaining samples in
secondary or tertiary hospitals were five times and two times,
respectively, more than the costs of obtaining samples at the CDC,
community healthcare centres and township hospitals owing to the
higher costs of labour and PPE; this agrees with the findings of a
previous study.17 The average cost of NAT (such as PCR) and diag-
nostic testing in the high-risk population reached $297.94 per
capita, whichwas six times that in the low-risk population owing to
the fact that the number of tests per capita was far larger in the

Table 5
The factors influencing total medical expenses (n ¼ 218).

Variables Univariate GLM Multivariate GLMa

b SE P-Value b SE P-Value

Sex, female vs male 0.016 0.083 0.848 0.003 0.03 0.926
Age, ref. <18 years
18e44 0.345 0.189 0.068 0.081 0.069 0.243
45e59 0.517 0.19 0.007 0.154 0.07 0.027
�60 0.639 0.198 0.001 0.132 0.073 0.072

Duration of hospitalisation, days 0.054 0.003 <0.001 0.045 0.002 <0.001
Negative-pressure isolation ward, yes vs no 0.614 0.084 <0.001 0.226 0.039 <0.001
Non-invasive ventilation, yes vs no 1.434 0.114 <0.001 0.756 0.078 <0.001
ICU, yes vs no 1.635 0.176 <0.001 0.459 0.102 <0.001
Severe and critical COVID-19, yes vs no 0.631 0.083 <0.001 e e

Frequency of hospitalisation, �2 vs. 1 0.43 0.206 0.037 0.243 0.076 0.001
Imported from abroad, yes vs no 0.555 0.25 0.026 0.013 0.098 0.894

Note: The typical exchange rate of RMB to US$ equivalent in the period of this survey is 1 RMB ¼ 0.1402 US$.
GLM: generalized linear regression model (dependent variable was logarithm of total medical expenses); ICU: intensive care unit; SE: standard error.

a The variable of severe and critical COVID-19 was excluded because it had collinearity with hospitalization in the negative-pressure isolation ward.
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high-risk population.20,21 The huge cost of NAT should be consid-
eredwhen deciding which population groups need to be tested and
which medical institutes should perform priority NAT.

In addition to pathogen detection, epidemiological field in-
vestigations in high-risk populations are important to control
COVID-1922 because they can reduce the spread of the pandemic.
The main cost incurred by epidemiological investigation is that
associated with labour.17 This study found that the average epide-
miological survey costs were approximately $389.84 for confirmed
cases and $243.50 for suspected cases, which is 20e30 times higher
than costs for other populations. Moreover, our study revealed that
epidemiological survey costs accounted for approximately 1.02% of
the total increased medical costs associated with COVID-19; this
may be significantly lower than the actual cost, as our study only
included the subsidy for labour involved in the control of COVID-19
and did not include the general salaries of medical employees.

Another critical measure for preventing the spread of SARS-
CoV-2 in China is to require the use of disinfectant23 and PPE.24

Based on the current estimation, the cost of the additional disin-
fectant accounted for more than 5% ($0.35 billion) of the public
healthcare costs associated with COVID-19, primarily driven by the
cost of the disinfectant solutions and the materials themselves. The
cost of disinfection reported in our study is lower than the actual
cost because the labour cost associated with the disinfection of
hospital waste was not calculated. Wang et al.23 found that the
disinfection of hospital waste and wastewater is very important for
controlling the COVID-19 pandemic.

In addition to NAT, the cost of PPE accounted for 26.46% of the
public healthcare costs in our study, in part due to the shortages in
medical masks, gowns and protective suits at the beginning of the
pandemic. There are debates about whether wearing masks is
effective and who needs to wear masks;13,25,26 one study suggested
wearing PPE in certain circumstances,25 and one study fromWuhan
found that the use of PPE can protect healthcare professionals from
COVID-19.27

Moreover, the centralised quarantine of high-risk populations is
another effective way to reduce transmission,28 minimising the
spread of COVID-19 among family members and the community.29

In this study, we found that the cost of centralised quarantine
accounted for 19.68% of the increased public healthcare costs
associated with COVID-19, including the Chinese government's
reimbursements for medical expenses and the costs of the ac-
commodation andmeals provided during centralised quarantine (it
is important to note that the provision of these items significantly
improved compliance with centralised isolation and reduced the
psychological stress of those in quarantine).

Health education is an essential measure that can increase
people's knowledge, attitudes and practices (KAP) towards COVID-
19.30 Our study found that the making of videos and publicity
materials by authorities and the healthcare system to increase
public awareness of COVID-19 accounted for 1.85% of the public
healthcare costs associated with COVID-19 and had a significant
effect.30

Isolation within hospitals is necessary for patients with
confirmed and suspected cases of COVID-19,12,21 and the choice of
treatment for patients was impacted by the method of compen-
sation for hospitalisation expenses. To provide hospitalisation and
treatment for every patient with a confirmed and suspected case,
the Chinese government paid all medical expenses that would
ordinarily have been paid by individuals, and our study found that
the government provided 30.65% (nearly $0.11 billion) of the
hospitalisation-associated costs for patients with confirmed cases
(Supplementary Table S5). In contrast, out-of-pocket healthcare
costs have placed an enormous burden on many patients with
COVID-19 in some countries, preventing patients from receiving

medical treatment31 and exacerbating the spread of COVID-19. The
average cost is 2.58 times that of the average medical expenses for
inpatient treatment in general ($1468.78 in medical costs in 2020
values)32 and 3.68 times that of the average medical expenses for
bacterial pneumonia ($1039.71 in medical costs in 2020 values),
which was similar to the results of Bartsch et al.12 The direct
medical costs are higher for COVID-19 than for other common in-
fectious diseases because inpatients with COVID-19 have a longer
average hospital stay (18 days vs 8.5 days) and higher mortality
than patients with seasonal influenza and other infectious dis-
eases.32e34 Moreover, we found that the hospitalisation-associated
costs for severe patients with COVID-19 (those treated in the NPIW,
treated with non-invasive ventilation, treated in the ICU, and with
two or more hospitalisations), patients from abroad and older pa-
tients were greater than those for their counterparts, which was in
agreement with the findings of another published study.17 The
hospitalisation-associated costs in our study included only the
expenses incurred during hospitalisation and did not consider the
potential continued medical costs after the acute infection had run
its course, including the cost of caring for those who had survived
with major complications, such as cardiovascular disease and dia-
betes.34 Furthermore, the costs of subsidies for emergency medical
personnel (40,000 medical staff members supported the efforts to
control COVID-19 in Wuhan), follow-up care and potential reho-
spitalisation are likely to be considerable because of the long-term
effects of COVID-19,35 making patients more susceptible to other
health problems. These costs will further increase the cost of hos-
pitalisation. The compensation policy for out-of-pocket hospital-
isation costs for COVID-19 in China and the average hospitalisation
cost in our study will provide references for other countries coping
with the pandemic.

The current study has several limitations. First, we focused on
the increased direct medical costs associated with COVID-19.
Therefore, we did not consider the potentially substantial indi-
rect medical costs that may be associated with COVID-19, such as
those related to reduced economic activity and lost productivity
owing to absenteeism and premature mortality, as we cannot
contact the patients during the pandemic. In addition, we can only
get the hospitalisation cost from the medical insurance informa-
tion systems. Second, the results in this study may underestimate
the direct medical costs because we only used the situation in
Chongqing to calculate the costs for China as a whole. For
example, we did not include the additional costs of building the
mobile cabin hospitals in Wuhan or the tent hospitals in other
places. Third, we did not include the financing of emergency
medical equipment used for the control of COVID-19. Fourth, costs
for environmental NAT sampling were not included in this study,
which may underestimate the cost of public health care of COVID-
19. Fifth, our analysis included only the subsidies paid to medical
staff during the COVID-19 pandemic and did not include their
regular salaries, which may have resulted in a significantly un-
derestimation of the labour costs. Finally, we did not test the
external validity of this study because we did not obtain the cost
data from other areas of China.

However, the data regarding COVID-19 were from the National
Health Commission of People's Republic of China (http://www.nhc.
gov.cn/), which collected information from patients in all of China.
In addition, the Jiulongpo District, from which we collected the
COVID-19 public healthcare and hospitalisation cost data, is a
middle-income area in China, which may partially, represent an
average cost of hospitalisation and treatment in the whole of China.
Furthermore, and different to other countries, the health policies
(especially the policies on COVID-19 medication and public health)
were exactly the same throughout mainland China. The facilities,
equipment, drugs and health services were uniformly priced by the
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Chinese government, so that even the cost data from a small part of
China, such as Jiulongpo district, can represent the data for the
whole of mainland China, which results in our conclusions having
good external validity.

In conclusion, this study found that the COVID-19 pandemic has
resulted in the expenditure of $6.83 billion in public health care and
$0.37 billion in direct medical costs associated with hospitalisation.
As large numbers of people must be tested and treated to prevent
hospitalisation and potential death, the public healthcare costs
were far greater than the hospitalisation costs. This suggests that
governments should plan to increase the financial investment both
in emergency public health care and hospitalisation during infec-
tious disease outbreaks to effectively contain the spread of disease.
Our study also highlights the magnitude of the resources needed to
prevent the spread of the COVID-19 pandemic and to treat patients
with COVID-19. Even when considering only the costs during the
most severe pandemic period, and not those associated with
routine surveillance and treatment following an acute outbreak,
the increased medical costs related to the COVID-19 pandemic are
likely to be substantially higher than those reported in this study.
Therefore, tremendous health resources are needed to control the
outbreak of infectious disease pandemics. However, at the begin-
ning of pandemics, the medication and public healthcare costs of
infectious diseases (such as SARS or COVID-19), are often not
covered by health insurance, which will be an obstacle for the quick
control of the pandemic. The quick control of the COVID-19
pandemic in China has been described in our previous study.8

The estimated cost of pandemic control, especially the financial
resources required from government to cover the medication and
public health demand, will be of great help in achieving the goal to
prevent the ‘burst-out’ situation of an infectious disease public
health emergency.
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a b s t r a c t

Objectives: In Japan, several studies have reported no excess all-cause deaths (the difference between the
observed and expected number of deaths) during the coronavirus disease 2019 (COVID-19) pandemic in
2020. This study aimed to estimate the weekly excess deaths in Japan's 47 prefectures for 2021 until June
27.
Study design: Vital statistical data on deaths were obtained from the Ministry of Health, Labour and
Welfare of Japan. For this analysis, we used data from January 2012 to June 2021.
Methods: A quasi-Poisson regressionwas used to estimate the expected weekly number of deaths. Excess
deaths were expressed as the range of differences between the observed and expected number of all-
cause deaths and the 95% upper bound of the one-sided prediction interval.
Results: Since January 2021, excess deaths were observed for the first time in the week corresponding to
April 12e18 and have continued through mid-June, with the highest excess percentage occurring in the
week corresponding to May 31eJune 6 (excess deaths: 1431e2587; excess percentage: 5.95e10.77%).
Similarly, excess deaths were observed in consecutive weeks from April to June 2021 in 18 of 47
prefectures.
Conclusions: For the first time since February 2020, when the first COVID-19 death was reported in Japan,
excess deaths possibly related to COVID-19 were observed in April 2021 in Japan, during the fourth wave.
This may reflect the deaths of non-infected people owing to the disruption that the pandemic has caused.
© 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

Japan has so far had a relatively low number of deaths per
population from coronavirus disease 2019 (COVID-19) compared
with many high-income countries.1 In Japan, several studies
during the COVID-19 pandemic have reported no excess all-cause

deaths (the difference between the observed and expected
number of deaths) in 2020.2 In April 2021, the fourth wave of
COVID-19 started in Japan. Although the number of new cases
showed a downward trend in June, the fifth wave began around
July. This study provides estimates of weekly excess deaths in
Japan's 47 prefectures from the start of 2021 until June 27, 2021,
and reports the first observation of excess all-cause deaths in
Japan that may be related to the pandemic.
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Methods

Estimating the expected number of deaths

Vital statistical data on deaths were obtained from the Ministry
of Health, Labour and Welfare of Japan. For this analysis, we used
data from 2012 (including the last few days of 2011 for weekly
analysis) to June 2021. These data include information on the date
of death, age at death, and place of residence (prefecture) of all
persons who died in Japan, regardless of nationality, and those who
had a residence card. Cause of death information was not available
in the data. Those who died overseas, those who stayed in Japan for
a short time (without a residence card), and those whose place of
residence or date of birth was unknown were excluded. The con-
version from daily data to weekly data was based on the categori-
zation defined by the National Institute of Infectious Diseases'
Infectious Diseases Weekly Report.3

To estimate the expected number of deaths and the associated
prediction intervals, we used the Farrington algorithm,4 which is
commonly used to assess annual and seasonal trends in disease
burden attributable to disease outbreaks.5 The Farrington algo-
rithm, which is based on a quasi-Poisson regression model, places
restrictions on the time points of the data used for estimation (i.e.
reference period). The expected number of deaths at a calendar
week t is estimated using only data from t �w to tþ w weeks of
years h� b and h� 1, wherew and b are prefixed values and h is the
year of t. In the present study, we used b ¼ 5 and w ¼ 3, based on
previous studies.4 In addition, to incorporate seasonality into the
model, data not included in the reference period are evenly divided
and included in the regression model as dummy variables. The
regression model is then given by

logðEðYtÞÞ¼aþ bt þ f T ðtÞgf ; (1)

where Yt is the number of deaths at a certain week t, a, and b are
regression parameters, gf ðtÞ is a regression parameter vector rep-
resenting seasonality, and f ðtÞ is a vector of dummies that equally
divides the time points outside the reference period into nine pe-
riods. The parameters, including the regression coefficients and the
overdispersion parameter f, were estimated using the quasi-
likelihood approach.

To estimate the baseline in Equation (1), we also used the data
for 2020, which was during the pandemic period (e.g. the baseline
estimate for 2021). To adjust for the impact of COVID-19 on the
2020 data and obtain a robust baseline estimate, the estimate was
weighted by applying Anscombe residuals, as recommended in the
original articles describing the Farrington algorithm. More details
can be found in other reports.4

Using the estimated regression parameters, the expected num-
ber of deathswaspredicted for theweekof interest t0. Theone-sided
95% prediction interval was then estimated by assuming that the

data follow a negative binomial distribution as Yt0 � NBðcYt0 ; cn0Þ,
where cYt0 is the mean of the distribution and cn0 ¼ dYt0

4̂�1 is its

dispersion parameter.

Adjusting for reporting delays

The observed number of deaths may differ from the actual
number of deaths due to delays in reporting deaths. The delay in
reporting deaths refers to any delay in submitting death notifica-
tion to municipal offices, perhaps depending on where the death
occurs. Nationally, the percentage of deaths reported with a one-
month delay is about 1.5% of total deaths, a two-month delay is
about 0.30%, and a three-month delay is about 0.11%. Therefore, in

this study, we calculated the one-to three-month reporting delay
rates of deaths in March 2021 for each prefecture and used them to
adjust the observed number of deaths for the most recent three-
month period (i.e. April to June 2021) to account for up to three
months of reporting delay.

Results

Since January 2021, excess deaths were observed for the first
time in the week corresponding to April 12e18 and have continued
through mid-June, with the highest excess percentage occurring in
the week corresponding to May 31eJune 6 (excess deaths:
1431e2587; excess percentage: 5.95e10.77%) (Fig. 1). Similarly,
excess deaths were observed in consecutive weeks from April to
June in 18 of 47 prefectures. The largest cumulative number of
excess deaths during this period was observed in Osaka Prefecture
(1527e2629), followed by Hyogo Prefecture (839e1611) and Hok-
kaido Prefecture (652e1491). The highest excess percentage was
observed in the week corresponding to May 3e9 (315e423;
18.44e24.77%) in Osaka Prefecture, in that corresponding to April
26eMay 2 (187e268; 17.35e24.86%) in Hyogo Prefecture, and in
that corresponding to June 7e13 (157e232; 13.38e19.78%) in
Hokkaido Prefecture. Theweekly observed and expected number of
deaths for 47 prefectures can be found in the Supplementary Fig. 1,
and the weekly excess number of deaths since April 2021 can be
found in the Supplementary Table 1.

Discussion

For the first time since February 2020, when the first COVID-19
death was reported in Japan, excess deaths possibly related to
COVID-19 were observed in April 2021, during the fourth wave.
Osaka is the prefecturewith the highest number of observed deaths
from COVID-19 since the start of 2021 through June 27, 2021
(n ¼ 2068), followed by Tokyo (n ¼ 1596), Hyogo (n ¼ 1072), and
Hokkaido (n ¼ 932).6 The number of excess deaths during this
period exceeded that of the observed COVID-19 deaths, possibly
reflecting the deaths of non-infected people due to the disruption
that the pandemic has caused. This is a very serious indication that
Japan's healthcare system, which has coped so well with the past
three waves, is finally unable to withstand COVID-19. In fact, it was
reported that the healthcare systems in these prefectures were
strained by the surge in COVID-19 cases during the fourth wave,7

affecting urgent and emergency care for non-infected people, as
well as general medical care and hospital services. It should be
noted, however, that heterogeneity in excess deaths across pre-
fectures is not necessarily explained by the resilience of the
healthcare system alone8 but that features outside the traditional
healthcare system, such as leadership, social safety nets, and trust
in the system to provide information and care, are also
important.9,10

In themidst of the fifth wave of COVID-19, which surged again in
July 2021 with the spread of the Delta variant,11 many prefectures
have issued requests to medical institutions to postpone hospital-
ization and surgery of non-urgent general patients as much as
possible and to increase the number of beds for severely ill patients
with COVID-19.12 As of September 2021, when nearly half the
population has received two doses of vaccine against COVID-19, the
number of daily infections remains higher than during the fourth
wave, and normal medical care remains limited. Continued moni-
toring of excess deaths is necessary to fully understand the impact
of the COVID-19 pandemic, which varies by prefectures and has had
a significant indirect impact on the population health.

The same limitations exist in this analysis as in other excess
deaths studies,13 including the reliance on provisional data
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(although an attempt was made to adjust for reporting delays) and
the assumptions applied in the model. It should be noted that the
excess deaths presented in the study might be related to other
factors unrelated to COVID-19.
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Objectives: This study aimed to assess the interactions between physical activity (PA) and sedentary
behaviour in a large population taking account of major sociodemographic characteristics.
Study design: Cross-sectional population-based study.
Methods: Data from 28,031 individuals living in the European Union who were aged �15 years were
retrieved from a cross-sectional survey, the Eurobarometer 2017. Interactions among the four mobility
components (vigorous, moderate, walking activity and sitting time) were assessed at the individual level
across age, gender and place of residence, and at the country level by compositional data analysis, hi-
erarchical linear regressions and principal component analysis.
Results: The most frequently reported PA was walking; however, sitting time represented >95% of the
reported weekly times, whereas moderate-to-vigorous PA (MVPA) represented <1%. Women reported
less PA and sitting time, age decreased total PA and increased sitting time, and individuals living in large
urban areas reported lower PA and higher sitting times. MVPA decreased with age (b ¼ �0.047, P < 0.001)
and was lower in women (b ¼ �0.760, P < 0.001) and those living in large urban areas (b ¼ �0.581,
P < 0.001), while walking and sitting times increased with age, being higher in women and lower in
those living in rural areas. At the country level, sitting time was positively associated with moderate
activity (b ¼ 0.389, P ¼ 0.041) and marginally non-significant with MVPA (b ¼ 0.330, P ¼ 0.087).
Conclusions: Walking was the highest contributor to weekly PA, whereas sitting time was paradoxically
associated with higher MVPA. Specific measures to reduce sitting time are required to achieve an active
lifestyle.
© 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

Promoting active lifestyles in the population has important
benefits, such as improving health status and preventing prema-
ture deaths.1e4 The World Health Organisation (WHO) physical
activity (PA) guidelines, established to improve population health,
recommend 75 min of vigorous activity per week, 150 min of
moderate activity per week or any equivalent combination of both.5

However, lower volumes of PA have also been shown to increase life
expectancy and quality of life (e.g. only 92 min per week or 15 min
per day in a non-linear relationship), while increasing intensity
may result in additional benefits.6 As such, the study of PA patterns
and their dissemination into different volumes and intensities

(vigorous, moderate, light and very light) leads to a better under-
standing of their health-related impacts, interactions and the
conditions that promote or limit PA.

Global health programmes to promote active lifestyles should
include strategies to reduce sedentary behaviour. Many authors
have described sedentary behaviour as an independent health risk
factor.7e10 Higher total PA levels seem to slightly decrease the
detrimental effects of sitting time on health, although these are not
eliminated completely.7e9,11,12 Despite the rising role of sedentary
behaviour in public health research, the available evidence linking
sitting time with PA is scarce, and further research is required
across different population groups. Increasing PA and reducing
sedentary behaviours could play a critical role in health status by
improving physical fitness and increasing energy expenditure.13e16

Nonetheless, it remains debatable whether reducing sitting time
results in a substantive increase in health status.17 One perspective
is that decreasing sitting time may improve health status by
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replacing it for light or very-light PA, increasing overall energy
expenditure through muscle activity and energy costs.10,18

However, the interaction between PA and sedentary behaviour
has not been rigorously investigated in large populations or taking
into account sociodemographic factors, such as age, gender or place
of residence. For example, age groups may interact with each other
to modulate health-related lifestyle behaviours (e.g. parents’ PA
and sitting time could influence their children’s PA),19,20 and the
relationship between activity patterns may differ across age and
gender. Thus, this study aimed to identify the relationship between
vigorous PA, moderate PA, walking PA and sitting time to gain a
better understanding of how these behaviours are distributed and
interact.

A representative sample of the European populationwas used in
this study from the Eurobarometer 88.4, a cross-sectional survey
conducted in the 28 European Union country members in 2017.21

Reference values for total weekly energy expenditure and daily
sitting time across age and gender for the European population are
provided. A detailed analysis was subsequently performed of the
relationship of PA pattern and sitting time, using both individual-
and country-level approaches by age, gender and place of
residence.

Methods

The present study was conducted according to the STROBE
Statement for cross-sectional studies.22

Data

This study used data retrieved from the cross-sectional survey of
Eurobarometer 88.4.21 The survey was conducted between 2
December and 11 December 2017 and involved participants aged
�15 years from the 28 European Union Member States, with
approximately 1000 participants per country and a total sample
size of 28,031 (54.77% women). By using a multistage random
sampling method, in an iterative process, the sampling points were
systematically drawn in each country according to population size
and density by individual unit and type of area stratification, as well
as age, gender, region and size of the locality. Finally, one partici-
pant (aged �15 years) in each household was randomly selected to
complete a face-to-face survey by trained interviewers.

Physical activity and sedentary behaviour assessment

The International Physical Activity Questionnaire (IPAQ) was
employed to assess the PA level of the population.23 The IPAQ
measures PA in a typical week according to its frequency (in days)
and duration (the average minutes per day) at three different in-
tensities (vigorous, moderate and walking). The Eurobarometer
categorised the duration of PA into the following intervals: ‘Never
do any vigorous (or moderate) physical activity or never walk for
10 min at a time’; ‘30 min or less’; ‘31e60 min’; ‘61e90 min’;
‘91e120 min’; and ‘More than 120 min’. Therefore, we applied the
median values of each interval to obtain a continuous value to
compute PA weekly time (note: for participants who responded
‘Never do any physical activity or walk for 10 min’ or ‘More than
120 min’, the values of 0 and 135 min were used, respectively).

In addition, we computed weekly moderate-to-vigorous phys-
ical activity (MVPA) as the sum between vigorous and moderate
activity, excluding walking (despite that it is also considered a
moderate activity), and total health-enhancing physical activity
(HEPA, also as total PA) as the sum of the three intensities. HEPA
was also expressed in metabolic equivalent of tasks (METs) per
week as a relative measure of energy expenditure from resting

values for percentile quantification across age groups, as detailed in
the ‘Statistical analyses’ subsection. Each minute of vigorous,
moderate and walking activity corresponds to 8, 4, and 3.3 METs,
respectively. Further information related to METs for different ac-
tivities is provided elsewhere.24,25

Last, individuals were classified into active or inactive categories
according to the WHO PA recommendations.5 To be active, in-
dividuals must accomplish at least one of the following criteria:
150 min of moderate PA per week; 75 min of vigorous PA per week;
or any equivalent combination of vigorous and moderate PA.

Sedentary behaviour was assessed as sitting time in minutes per
day, using the IPAQ. Sitting time was categorised into intervals
ranging from ‘1 h or less’, ‘1 h and 1 min to 1 h and 30 min’, with
subsequent increments of 1 h until ‘more than 8 h and 30 min’. The
median sitting time in minutes per day was computed, using
540 min (9 h) as the upper limit.

Statistical analyses

First, descriptive statistics (mean ± standard deviation [SD])
were calculated for weekly vigorous PA, moderate PA, walking PA,
MVPA and HEPA, as well as daily sitting time across sociodemo-
graphic factors (i.e. gender, six age groups, place of residence,
compliance with PA guidelines and country). HEPA expressed in
MET-min/week were also reported by gender and age groups as
mean, SD and percentiles (5th, 10th, 25th, 50th, 75th, 90th and
95th).

Second, two different approaches were carried out at the indi-
vidual- and country-level to assess PA patterns. In the individual
approach, compositional data analysis was executed among MVPA,
walking and sitting time to analyse absolute and relative contri-
butions to weekly IPAQ-reported activity, as well as interactions
among the different and exclusive behaviours.26 We transformed
daily sitting time to weekly time to unify all variables in a weekly
scale. Thus, we computed the absolute contribution means of the
three components by using the geometric means. Subsequently, we
obtained isometric log ratios, also called pivot coordinates, which
represent the contribution of a given behaviour with respect to the
overall PA pattern. Becausemany individuals do not performMVPA,
0 values were imputed by pseudo-zeros of 0.01 min per week to
allow these calculations. Hierarchical linear regressions were then
modelled using the isometric log ratios to examine how the con-
tributions differ by age, gender and place of residence. The models
included a random intercept for the country and a random slope to
age (level 1) for countries (level 2), as individuals are nested in
countries. These models were also used to address the variability
between countries.

Furthermore, at the country level, multiple linear regression
models were carried out using vigorous PA, moderate PA, walking
PA and sitting time as outcomes, using the others as predictors and
adjusting for mean age per country. MVPA was also modelled
against walking and sitting time, as well as HEPA against sitting
time. Robust linear regression was applied using an ‘M’ estimation
when any assumption was violated. Moreover, to assess multivar-
iate interactions, two principal component analyses were per-
formed scaling to unit variance: first with three weekly PA
components (vigorous, moderate and walking) and second, using
MVPA, walking and daily sitting time.

Individuals with missing data in any of IPAQ’s questions or
illogical answers were removed (n ¼ 8269; 29.50%). Illogical an-
swers included participants who selected multiple categories; for
example, participants who reported that they perform PA ‘1 or
more days perweek’ and ‘Never do physical activity’ in the intensity
component, or ‘zero days per week’ and ‘more than zerominutes’ in
the duration questions. The statistical significance level was set at
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5%, and all statistical analyseswere run employing Rstudio version
3.6.1.

Results

Population levels of physical activity and sitting time

Table 1 shows descriptive statistics of the different PA in-
tensities and daily sitting times by sociodemographic factors.

For the total study population, an increase in the frequency of
volume of PA was associated with a reduction in intensity, with an
MVPA of 247.13 ± 367.16 min/week and a HEPA of
447.40 ± 488.59 min/week, whereas sitting time was
302.74 ± 147.22 min/day.

In terms of gender, men reported more PA and sitting time
than women, excluding days of walking, which were higher in
women than men (4.44 ± 2.56 vs 4.34 ± 2.56 days).

Vigorous PA decreased as age increased. There was a small
increase in moderate activity levels and walking activity with age,
but these decreased considerably in those aged �65 years. MVPA
and HEPA also decreased with age, whereas sitting time slowly
increased from the age of 25 years (285.13 ± 151. min/day) to those
aged �65 years (321.99 ± 141.46 min/day). Further descriptive
results of physical activity and sitting time levels across age and
gender are provided in the supplementary material (Fig. S1).

Regarding the place of residence, participants living in large
urban environments showed the lowest vigorous and moderate
PA patterns but more walking frequency compared with those
living in small urban environments. Moreover, MVPA was slightly
higher in rural areas, while HEPAwas higher in small urban areas.
Sitting time was higher in large urban environments, but this
study found no differences in sitting time between rural and small
urban places.

It is interesting to note that the difference in daily sitting time
between participants with an active lifestyle and those with an
inactive lifestyle is smaller than the differences observed between
these two lifestyle groups in all other categories of physical ac-
tivity type (see Table 1).

Descriptive results of physical activity and sitting time across
the 28 European Union country members are presented in the
supplementary material (Table S1).

The asymmetric distribution of HEPA energy expenditure
percentiles showed that, regardless of age and gender, most Eu-
ropean individuals reported a low level of total PA (Fig. 1, Tables S2
and S3). With increasing age, HEPA percentiles decrease in both
genders. Furthermore, the percentiles for women in all age groups
were lower than for men; that is, women are more inactive and
perform less PA.

Interactions between physical activity, walking and sitting time

In a typical week, the absolute and relative mean contributions
to the analysed activity pattern were 4.584 min (0.25%) of MVPA,
43.276 min (2.37%) of walking and 1782.15 min (97.38%) of sitting.
Ternary plots showed a high proportion of sitting time (>90%) for
all age groups. MVPA decreases with age in men, and there is a
corresponding increase in sitting time (Fig. 2a). In contrast, MVPA
levels are low for women in all age groups. However, women re-
ported more walking activity than men. For women of all ages,
increases in sitting time were associated with reductions in levels
of walking. In terms of place of residence, rural areas showed
lower walking and higher sitting times (Fig. 2b).

Hierarchical linear regression models at the individual level
(Table 2) revealed that MVPA decreased with age andwas lower in
women and individuals living in large urban areas. Walking Ta
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increased with age and was higher in women and those living in
small and large urban areas. Finally, sitting time also increased with
age and was higher in women but lower in participants living in
small urban areas.

At the country level (Table 3), the association between physical
activity type and sitting time was analysed. Vigorous PA and
moderate PA were associated, and walking was only associated
with MVPA. Daily sitting time was not associated with total PA
(HEPA) in the European population.

The principal component analysis among PA components (i.e.
vigorous, moderate and walking activity) showed that all variables
are towards the same direction (i.e. right, indicating higher activ-
ity), and moderate and vigorous PA are closely aligned (Fig. S2a).
The second principal component analysis (Fig. S2b) showed that
MVPA andwalking activity behaviour are not inversely related with
mean daily sitting time.

Discussion

We found that daily sitting time was paradoxically associated
with HEPA as there are countries with high PA and sedentary
behaviour, such as the Netherlands. In this study, sitting time is
shown to be a persistent behaviour, whereas walking is the pre-
dominant PA type at the individual level, with higher volume and
frequency compared with other types of PA. Consistent with other
studies, walking contributes significantly to HEPA level.27,28 This
study also established that, at the country level, vigorous PA and
moderate PA are strongly associated. However, the results of the
compositional analysis showed that, on average, 97.38% of the
reported weekly activity patterns were sitting time, and MVPA did
not reach 1%. The current analyses revealed that sitting time could
not be explained by changes in the amount of weekly PA pattern.
This noteworthy finding indicates that sitting time is a very
widespread behaviour and is not influenced by an increase in
weekly PA.

The unexpected lack of association between sitting time and
overall PA contradicts previous studies that have shown increased
walking and MVPA levels to be associated with reduced sitting
times.29 As such, this study has observed an activity-sedentary
paradox among European countries and populations. Further-
more, we must consider that there is little evidence of the com-
bined impact of PA and sedentary behaviour on health. Some

researchers have found that the harmful effects of sitting time can
be offset by a high PA level (>35.5 MET-h/week);30 although other
authors have found that it can be only partially offset.8,9,11 There-
fore, future studies of PA should also include sedentary behaviours
as an independent risk factor.

Moreover, age, gender and other sociodemographic factors
impact daily PA,31e33 but little is known about their influence on
sitting time. This study has found that all types of PA decrease with
age, whereas sitting time increases. In addition, being a woman or
living in large urban areas are associated with a lower HEPA and
higher sitting time. Rural areas also reported a higher proportion of
sitting and a lower proportion of walking, showing a gradient from
rural to large urban areas. Previous reports have described lower PA
and higher sitting time in older adults, women and rural
settings.34e39 Place of residence and environmental factors that
impact sitting time and light-intensity PA may become more rele-
vant because leisure-time PA is socially biased, and it is not the
main source of daily energy expenditure for the whole popula-
tion.40,41 Some studies have reported that changes in moderate-to-
vigorous leisure-time PA levels do not always reduce obesity nor
increase energy expenditure.42 Also, most populations describe
only modest contributions by these MVPAs to daily energy
expenditure41 and, according to the results of the current study,
increased walking could improve PA in the European population.

These PA levels and differences among population groups may
correspond to individual particularities, such as lack of motivation,
lack of time, or work and family barriers and their characteristics
(e.g. time of the day, venue, the social condition of the activity,
among others).43 However, social determinants and better living
conditions (e.g. educational level, social class, income or gender
equality), in particular, may help achieve the goal of increasing
walking by means of daily commuting and other non-leisure
PA.27,44e49 Light PA may also contribute significantly to total daily
PA because, at these intensities, the population can maintain large
volumes of PA and, more importantly, can replace sitting time.
Several experimental studies indicate that under prolonged and
continuous sitting time, brief breaks to a standing position may
counter adverse effects to the metabolism and breaks, including
light PA, could even improve health status.16,50,51

Future research should analyse the combination of sedentary
behaviour with PA using both experimental and epidemiological
approaches. Current experimental research conducted on breaks

Fig. 1. Percentiles of Health-Enhancing Physical Activity (HEPA) across age groups and gender expressed as Weekly Metabolic Equivalents of Task (METs) in minutes. HEPA is the
sum of vigorous, moderate and walking activity’s METs. European Union-28, 2017.
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during the sitting time are providing evidence about those
‘sedentary’ physiological pathways that can have harmful effects on
health.7,16,52 In addition, new epidemiological studies are showing
how and why PA and sedentary behaviours are formed, their fac-
tors, determinants and correlates.53

The current study has some limitations. First, the cross-sectional
study design excludes cause-effect implications. Second, the use of
the IPAQ implies a subjective assessment based on memory and
recall. The IPAQ was validated to evaluate PA in large samples, but
its application tends to overestimate PA and underestimate sitting

Fig. 2. Ternary plots of weekly compositional data analysis among moderate-to-vigorous physical activity (MVPA), walking and sitting total time in minutes across (a) age groups
and gender, and (b) different places of residence. The residence place was classified according to European Commission. Points represent the centre using geometric means from
each pattern component. European Union-28, 2017.

Table 2
Contributions to weekly activity and sociodemographic factors by age-adjusted hierarchical linear regression’s unstandardised beta coefficients in the European Union-28,
2017.

Sociodemographic factora MVPA Walking Sitting

b (95% CI) P-Value b (95% CI) P-Value b (95% CI) P-Value

Age �0.047 (�0.053, �0.042) <0.001 0.007 (0.003, 0.011) 0.002 0.041 (0.036, 0.045) <0.001
Gender
Women �0.760 (�0.861, �0.658) <0.001 0.431 (0.353, 0.508) <0.001 0.329 (0.255, 0.404) <0.001

Place of residenceb

Small urban �0.089 (�0.223, 0.045) 0.192 0.291 (0.189, 0.393) <0.001 �0.204 (�0.302, �0.106) <0.001
Large urban �0.581 (�0.711, �0.452) <0.001 0.673 (0.574, 0.771) <0.001 �0.094 (�0.189, 0.001) 0.053

CI, confidence interval; MVPA, moderate-to-vigorous physical activity.
a Reference groups were men and rural residence place.
b Residence place was classified according to European Commission.
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time.23 Additionally, self-reported PA assessments may undervalue
the actual amount of activity energy expenditure on ill and old-
aged populations, leading to profile misclassification (active/inac-
tive).54 The IPAQ’s estimations also vary between countries55 ac-
cording to residence location, with lower validity results in rural
populations.56 Third, light PA (<3 METs) could not be measured by
the IPAQ; hence, we used walking activity as a proxy. Therefore,
compositional analysis of mobility patterns consisted of an
incomplete spectrum of total weekly activity data, in addition to
previous biases, such as duration interval. Last, other social de-
terminants may alter activity and sedentary patterns as active
prevalence and total PA. Education attainment, occupational social
class, subjective social class and household incomes are strong
social determinants, showing a descending social gradient of health
and PA from high to low social status.33,47,57,58 Nonetheless, the
objective of this study was to provide an initial overview of PA
patterns in Europe.

In summary, higher daily PA is not necessarily associated with
lower sitting time. In fact, countries could present both high PA and
sitting time. Sitting time appears to be a consistent behaviour
across sociodemographic characteristics in European countries. The
relationship between MVPA and sitting time differs across socio-
demographic characteristics, such as age, gender and place of
residence. Moreover, walking behaviour was the highest contrib-
utor to weekly PA, showing narrower sociodemographic differ-
ences among population groups. Public health policies should
consider not only promoting PA, but also reducing sitting time
because sitting time could not be explained by changes in PA
patterns.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2021.11.016.
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a b s t r a c t

Objectives: At the end of 2020, many countries commenced a vaccination programme against SARS-CoV-
2. Public health authorities aim to prevent and interrupt outbreaks of infectious disease in social care
settings. We aimed to investigate the association between the introduction of the vaccination pro-
gramme and the frequency and duration of COVID-19 outbreaks in Northern Ireland (NI).
Study design: We undertook an ecological study using routinely available national data.
Methods: We used Poisson regression to measure the relationship between the number of RT-PCR
confirmed COVID-19 outbreaks in care homes, and as a measure of community COVID-19 prevalence,
the Office for National Statistics COVID-19 Infection Survey estimated the number of people testing
positive for COVID-19 in NI. We estimated the change in this relationship and estimated the expected
number of care home outbreaks in the absence of the vaccination programme. A Cox proportional
hazards model estimated the hazard ratio of a confirmed COVID-19 care home outbreak closure.
Results: Care home outbreaks reduced by two-thirds compared to expected following the introduction of
the vaccination programme, from a projected 1625 COVID-19 outbreaks (95% prediction interval 1553
e1694) between 7 December 2020 and 28 October 2021 to an observed 501. We estimated an adjusted
hazard ratio of 2.53 of the outbreak closure assuming a 21-day lag for immunity.
Conclusions: These findings describe the association of the vaccination with a reduction in outbreak
frequency and duration across NI care homes. This indicates probable reduced harm and disruption from
COVID-19 in social care settings following vaccination. Future research using individual level data from
care home residents will be needed to investigate the effectiveness of the vaccines and the duration of
their effects.

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

Introduction

COVID-19 has caused a disproportionately high number of
deaths among the residents of care homes in the UK;1 an experi-
ence shared by other countries.2e5 In Northern Ireland (NI), there
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have been 1127 COVID-19-related deaths among care home resi-
dents by the week ending 5 November 2021.6 Care home residents
may be at high risk of exposure to SARS-CoV-2 because of out-
breaks in these closed settings and greater vulnerability to severe
outcomes because of age and comorbidities.2,3 A range of factors
contribute to the risk, size and duration of outbreaks in care homes,
including the background community incidence of infection, the
prevalence of infection in care home staff, care home size, the use of
bank and agency staff, regional variation and whether homes
provided sick pay to their staff.5,7 Although comparison of mortality
rates across different stages of the pandemic is difficult, interna-
tional evidence demonstrates a lower level of excess deaths among
care home residents in the second wave of the pandemic.8 This
suggests that the enhancement of infection prevention and control
measures, including the restriction of visiting, cohorting of staff
and/or the increased testing of staff and residents may have
reduced transmission compared to the earlier period, although
there may also have been some displacement of the timing of
deaths, bringing deaths forwards in time during the first wave.

In light of the exposure and vulnerability of care home residents
to SARS-CoV-2, the UK Joint Committee on Vaccination and
Immunisation recommended that residents and staff of the care
home should be the first group to be offered vaccination when it
became available in late 2020.9 On 8 December 2020, Health and
Social Care (HSC) Trusts (public healthcare providers) began a
vaccination programme for staff and residents in care homes in NI.
The programme primarily used Pfizer BioNTech COVID-19 mRNA
Vaccine BNT162b2 (with a small number of exceptions for ad hoc
doses of the AstraZeneca COVID-19 vaccine given to those who
missed vaccination at the time of the visit to the care home by those
delivering the vaccination programme). In contrast to the other
parts of the UK, NI delivered the great majority of the care home
vaccination programme with a 21-day interval between doses, as
most implementation occurred before the change in policy to a 12-
week dosing interval, which was announced on 31 December 2020.
In advance of individual-level data being available, we sought to
investigate the association between the COVID-19 vaccination
programme on the COVID-19 outbreak frequency and duration. The
vaccination programme was introduced at a time when there were
changes in non-pharmaceutical interventions (including a period of
‘lockdown’) in NI, which were associated with considerable
changes in the growth of the epidemic. Investigation of the asso-
ciation between the vaccination programme and changes in COVID-
19 outcomes, therefore, needed to use methods that would not be
confounded by this changing context. The aim of our study was to
assess the association of the COVID-19 vaccine programme and the
frequency and duration of confirmed COVID-19 outbreaks in care
homes.

Methods

Research ethics

This study was undertaken using routine data, accessed under
pre-existing information governance arrangements, for the pur-
pose of health protection surveillance and health and social care
service delivery and evaluation. Research ethics approval was not
required.

Study population

There were 480 operational care homes in NI on 18 November
2021 (Table 1).10 Care home occupancy is dynamic over time,
although occupancy is high. The majority of homes were inde-
pendent, with some directly operated by HSC Trusts.

Definitions

Possible case of COVID-19
Any resident (or staff) with symptoms of COVID-19 (high tem-

perature, new continuous cough or loss of taste/smell), or new
onset of influenza-like illness or worsening shortness of breath.
Symptoms may be more nuanced in older people with co-
morbidities in care homes who may present with Flu-Like Illness
(FLI), respiratory illness, new-onset confusion, reduced alertness,
reducedmobility, or diarrhoea and sometimes do not develop fever.
This may be true for COVID-19, so such changes should alert staff to
the possibility of new COVID infection.

Confirmed case of COVID-19
Any resident (or staff) with Reverse Transcription Polymerase

Chain Reaction (RT-PCR) laboratory-confirmed diagnosis of COVID-
19.

COVID-19 outbreak
Two or more cases in a facility, whichmeet the case definition of

a possible or confirmed case of COVID-19, within a 14-day period
among either residents or staff in the care home.

Confirmed COVID-19 outbreak
Identification of two or more confirmed COVID-19 cases (both

symptomatic and asymptomatic detection), among either residents
or staff in the care home, within a 14-day period.

Closed outbreaks
An outbreak was closed when there had been no new cases for

14 days after symptom onset of themost recent case, and a terminal
clean was complete.

Data sources and preparation

Daily returns from care homes to the Regulation and Quality
Improvement Authority

All care homes in NI participated in a monitoring scheme
through which they submitted daily aggregate data to the Regula-
tion and Quality Improvement Authority (RQIA). Summary infor-
mation from these reports was made available to us in the Public
Health Agency (PHA). The submissions from each care home for the
previous calendar month, along with themaximum number of staff
employed and the number of beds occupied during that month,
were used to estimate the number of staff and residents for each
care home.

Care home outbreak surveillance
The PHA health protection (HP) team was notified by care

homes of cases of COVID-19. An outbreak was declared when two
or more cases among care home residents or staff in a facility meet
the case definition of a possible or confirmed case of COVID-19
within a 14-day period, according to the definitions above.11 Once
an outbreak was notified, the information was entered into the
management information system, HP Zone. Data were extracted

Table 1
Number and size of care homes registered in NI on 18 November 2021.

Care home type Number Maximum approved
places

Residential 235 5344
Nursing 245 10,710
Total 480 16,054
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from HP Zone by the HP surveillance team, cleaned and entered
into a database.

Office for National Statistics (ONS) COVID-19 Infection Survey (CIS)
The ONS CIS tests approximately 5000 people for COVID-19 in NI

over two-week time windows and provides openly available
modelled estimates of the number of people in NI who would test
positive if tested.12 This is an estimate of community prevalence of
COVID-19, which does not include care homes or hospitals. Full
details of the surveymethods are available from the ONS.12We used
the ‘Estimated number of people testing positive for COVID-19’ from
‘Official reported estimates of the percentage of the population
testing positive for COVID-19, NI’, from 17 October 2020 to 23
October 2020, to 31 October 2021 to 6 November 2021, which was
the full range of results available that used a consistent method.

Testing practices

A regular programme of COVID-19 testing (screening) for all care
home residents and staff in NI commenced on 3 August 2020. All
asymptomatic residents were tested for COVID-19 every 28 days,
and all asymptomatic staff were tested every 7 days with an RT-PCR
test. Health and Social Care Trusts offered Loop-mediated
isothermal amplification (LAMP) tests for residents for whom RT-
PCR testing was unsuitable, but we were advised by the respon-
sible team in PHA that this was used very rarely. If a single case was
identified through a positive test result, the whole home was
tested. Detailed guidance was provided to homes about the pattern
of testing during and after outbreaks.

Statistical methods

Outbreak frequency
We used the ONS CIS estimated number of people testing pos-

itive for COVID-19 as a measure of the severity of the epidemic in
the general population. We explored the relationship between this
measure and the weekly frequency of new PCR-confirmed COVID-
19 care home outbreaks by plotting these in a scatter plot. We used
ccf in R v 4.0.2 for the cross-correlation function to assess the time
lag between the variables and applied the time lag associated with
the maximum correlation before fitting a Poisson regression model
using glm in R v 4.0.2. We chose a Poisson model because the
dependent variable was a count of events, and the low-value daily
counts of care home outbreaks did not meet the assumptions
required for linear regression.We divided the time series into a pre-
vaccination period, before 7 December 2020, a ‘washout’ period
from 7 December 2020 to 28 February 2021 inclusive, and a post-
vaccination period from 1 March 2021 to 3 November 2021. The
majority of care homes had their first vaccinations delivered during
December 2020 (Fig. S1). Staff and residents were offered vacci-
nation at the same time. Those that were in an outbreak at the time
vaccination was due were deferred. By the end of December 2020,
at least 356 (74%) had their first dose, and by the end of January
2021, at least 404 (84%) had their first dose (for these estimates, any
incompleteness in reporting will bias the estimate downwards).
This three-month ‘washout’ period conservatively allowed the
great majority of care homes to have been given two visits for
vaccination (with the 21-day dosing interval), with time for an
immune response to the second dose. ONS CIS results were re-
ported weekly as midpoint estimates of the reported week, so we
added three to the first day of the reporting window to make the
value represent the middle of the time period, and interpolated
daily estimates using spline(method ¼ “fmm”) in R v4.0.2. Poisson
generalised linear regression models were created for the pre-
vaccination and postvaccination time periods separately to

investigate the relationship in each time period, then in a single
multivariable model with the prevaccination time period as the
reference category. This was conducted for all care homes and for
nursing and residential homes separately. The expected number of
care home outbreaks in the absence of the vaccination programme
was projected from the observed number of community-acquired
COVID-19 hospitalisations using predict.glm to estimate the daily
and the total number of new care home outbreaks that would have
been expected if the conditions of the prevaccination time period
had continued. The total projected number of outbreaks for the
time and its confidence limits were estimated by 1000 simulations
that used rpois for random daily projections, summing the pro-
jected number of outbreaks in the time period for each simulation,
and taking the median and the 2.5% and 97.5% quantiles of the
simulated total outbreak counts.

Outbreak closure
A Cox proportional hazards model was used to produce the

hazard ratios (HR) and 95% confidence intervals (CIs) to measure
the hazard ratio for a care home COVID-19 outbreak being declared
over. The likelihood of an outbreak is known to be directly related
to care home size.5,13 For this analysis, residents in each home
ranged from one to 100 and staff from three to 280. Community
prevalence of COVID-19 affects the prevalence of the virus in care
home settings.13 To adjust for this, the rolling 7-day prevalence of
COVID-19 at Super Output Level (SOA) and care home size were
adjusted for in the model.

Each of the homes with a reported outbreak represented a case
with the time since the first visit at which COVID-19 vaccination
was administered to staff and/or residents as the exposure and
duration of the outbreak as the outcome. The exposure time was
lagged by 21 days from the first visit to vaccinate the staff and
residents to account for the lead time from vaccination to immu-
nity. The 21-day lag period was chosen as a time point by which
vaccine would be in effect (69% vaccine effectiveness at 14e20 days
and 79% at 21e28 days after the first dose in people aged 80 years
or older).14 A Kaplan Meier plot was produced showing ‘survival’ of
outbreaks by care home vaccination status. The time lagwas altered
to 14, 28 and 35 days as a sensitivity analysis for the Cox regression
(which includes the time period of the second dose of vaccine for
most care homes). We considered only the effect of time from the
first vaccine (rather than whether there was a second vaccine visit)
as we had no way of separating any changes associated with the
passage of time from the first dose from any change associated with
a second dose. Most homes received their second visit at 21 days,
and the presence of an outbreak was a potential reason for the
second vaccine being delayed.

Results

Study population

The Northern Ireland Statistics and Research Agency (NISRA)
estimated the population of NI on 30 June 2019 to be 1,893,700, of
which 38,700 (2%) were over the age of 85.15 Total care home res-
idents and staff were estimated to be 12,884 and 20,537, respec-
tively. Using aggregate data provided by RQIA as of 8 April 2021, the
overall vaccination coverage for residents was estimated to be
11,608 (90.1%) and 10,368 (80.5%) for first and second vaccines and
14,524 (70.7%) and 13,173 (64.1%) for staff respectively.

The frequency of COVID-19 outbreaks in care homes

There was a 7-day time lag between care home outbreaks and
the estimated number of people who would have tested positive in
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the community according to the ONS CIS (Fig. S2). The trends in
care home outbreaks happened earlier than the community prev-
alence. The association between the number of people who would
have tested positive and the daily number of new care home out-
breaks with confirmed COVID-19 is shown, adjusted for the 7-day
time lag. The gradient of this relationship was different in the
prevaccination and postvaccination time periods (Fig. 1). The
pattern was very similar in nursing and residential homes when
shown separately (Figs. S3 and S4).

Poisson regression models for the prevaccination and post-
vaccination time periods are shown (Table 1), illustrating a
change in the relationship. A multivariable Poisson regression
model of the number of new care home outbreaks per day as the
dependent variable and the modelled number of people who
would have tested positive for COVID-19 showed a significant
association between the postvaccination period and reduced care
home outbreaks (incidence rate ratio [IRR] 0.28 (0.23e0.35)).
When investigated separately, nursing homes (IRR 0.27
(0.21e0.35)) and residential homes (IRR 0.27 (0.19e0.40))
showed the same relative effect.

We used the relationship between the number of people who
would have tested positive for COVID-19 in the Office for National
Statistics COVID-19 Infection Survey and care home outbreaks from
the prevaccination period to project the number of outbreaks ex-
pected in the washout and postvaccination period. The projection
estimated 1625 (95% prediction interval 1553e1694) outbreaks
would occur between 7 December 2020 and 28 October 2021, and
we observed 501 outbreaks in that time period. The observed and
projected number of care home outbreaks are shown as a time
series (Fig. 2).

The duration of COVID-19 outbreaks in care homes

We used a Cox proportional hazards model to investigate
whether care homes that had been offered the vaccination had a
higher likelihood of outbreak closure than those homes that had
not reached that immunity threshold. Between 7 December 2020
and 8 April 2021, there were 179 confirmed COVID-19 outbreaks in
care homes following the first vaccination, 175 of which had ended
at the time of analysis. The median outbreak duration was 29 days
from notification to closure (Table S1). A Kaplan Meier plot

illustrates the divergence of the outbreak duration in vaccinated
compared to unvaccinated care homes (Fig. 3).

The findings indicate that vaccinated homes had a significantly
higher hazard ratio of experiencing outbreak closure over time than
homes in which the vaccination programme had not yet been
implemented (Table 2). These findings remain after adjusting for
care home size and measures of community prevalence of COVID-
19. The daily hazard ratios analysis illustrating the effect of using
different time lags for immunity from vaccination shows the effect
days postvaccination the likelihood of outbreak closure increases
and appears to stabilise by day 28 (Fig. S5).

Discussion

The COVID-19 pandemic has had a severe impact on care home
residents and staff worldwide. Consequently, residents and staff
were amongst the first groups to be offered vaccination. Our
findings suggest that the introduction of the COVID-19 vaccination
programme in NI was associated with a two-thirds reduction in
the frequency of confirmed COVID-19 outbreaks in care homes
compared to the expected number. This relative effect was the
same in nursing and residential homes. We showed that the
outbreak duration was shorter in homes where the vaccine had
been delivered. These findings provide evidence that the vacci-
nation programme had a positive impact on outbreaks in care
homes.

Outbreaks occurred in the postvaccination period, and there are
many potential explanations for this. Not all residents and staff will
have been vaccinated, and not all those vaccinated will have been
fully protected against infection. Furthermore, the care home
population is dynamic, with new residents arriving, many of whom
would not have been vaccinated. The workforce is also dynamic,
and staff may frequently move between care homes and not all
were vaccinated. The social care working group of the Scientific
Advisory Group for Emergencies (SAGE) have advised that in order
to protect against outbreaks in care homes, vaccination uptake
rates of 90% of residents and 80% of staff are required.16 As of 4 April
2021, 94% of all eligible people living in older adult care homes and
78.9% of all eligible workers in all in England have received at least
their first vaccination.16 This had led the English Department of
Health and Social Care to launch a consultation on COVID-19

Fig. 1. Number of people who would have tested positive for COVID-19 in the Office for National Statistics COVID-19 Infection Survey (COVID-19 Prevalence) and incident care home
outbreaks per day prevaccination and postvaccination programme.
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vaccination as a condition of work for people who work in care
homes.16 Other jurisdictions can be expected to observe these de-
velopments with interest.

The findings of this study should be interpreted in the context of
its methodological limitations. We did not have access to individual
vaccination status at the time of writing, and future work on
individual-level data will be needed to validate our findings. We
chose not to use aggregate counts of the number of individuals
vaccinated within homes or the number of cases within outbreaks.
Although these aggregate data were reported and collected, we
were advised by PHA that these datawere not suitable for statistical
analysis due to variation in the completeness and quality of these
between and within homes and over time. Therefore, we used the
dates of events, which were considered more robust. Outbreak
dates were recorded by PHA. We did not attempt to account for the
potentially complex interactions between past outbreaks, delays to
vaccination, and the resulting synergistic effects of vaccination on a
background of recent infection, which would reduce the chance of
future outbreaks. This warrants deeper exploration in future.
Individual-level data would enable linkage across a range of
administrative datasets to assess the effectiveness of the

vaccination programme against a range of outcomes. Reliable in-
formation about whether individuals are in a specific care home is
elusive in administrative information systems, and the challenges
of accurately identifying and following these individuals have been
well-documented.17,18 The pandemic has also highlighted how in-
vestment in the development of minimum dataset for care home
residents is needed to understand the health needs and outcomes
of this vulnerable population. The association between community

Fig. 2. Observed and predicted care home outbreaks per day.

Fig. 3. Kaplan Meier plot illustrating survival of outbreaks by vaccination status.

Table 2
Hazard ratios and 95% confidence intervals for outbreak closure in homes according
to time since first vaccination.

Time after
vaccination

N (112) Unadjusted Model Adjusted Modela

HR (95% CI) P HR (95% CI) P

14 days 79 2.22 (1.52e3.24) <.001 2.44 (1.64e3.63) <.001
21 days 62 2.24 (1.56e3.22) <.001 2.53 (1.88e4.31) <.001
28 days 42 2.57 (1.75e3.78) <.001 2.84 (1.88e4.34) <.001
35 days 32 2.27 (1.51e3.43) <.001 2.55 (1.63e3.99) <.001

Note: HR ¼ hazard ratio; CI confidence interval.
a ¼models adjusted for care home size and community prevalence.
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prevalence and care home outbreaks measured in the prevaccina-
tion status might be sensitive to the fact that the ONS CIS data were
not available for a period of very low community prevalence.
Although we did not aim to measure the incremental benefit of the
second dose that was delivered after a 21-day interval, therewas no
obvious increase at 28 or 35 days in sensitivity analyses or in the
estimates of hazard ratio with time beyond 21 days in Fig. S5. This
might be explained by the wide confidence limits (our study was
not designed or powered to directly compare the effect of the
second to first doses) that infection prevention and control mea-
sures in place during this period may have been sufficiently robust
to mask the incremental benefit of the second dose, or that the
benefit of the first dose may give a level of protection due to
network effects that, at a group level, makes the effect of the second
dose less evident.

By the end of 2020, the UK Medicines and Healthcare prod-
ucts Regulatory Agency (MHRA) approved two vaccines, Pfizer-
BioNTech and Oxford-AstraZeneca, for administration. The
speed with which these vaccines were available has been un-
precedented. In the UK, as of 1 December 2021, 116 million
COVID-10 vaccines have been administered.19 Public Health En-
gland recently reported that a single dose of the Pfizer vaccine
was approximately 60e70% effective at preventing symptomatic
disease, which increased to approximately 85e90% following two
doses in over 70-year-olds.20 For those vaccinated who later
developed COVID-19 there was a 44% lower risk of hospital-
isation and a 51% lower risk of death compared to unvaccinated
people.20 In looking specifically at care home residents, a large
UK cohort study of 10,400 residents reported vaccine effective-
ness estimates of 62% against PCR-confirmed infection following
first vaccination.21 Furthermore, a recent preliminary study
suggests that a single dose of vaccine may be sufficient to obtain
a high level of S-protein IgG antibody in nursing home residents
previously diagnosed with COVID-19.22 Collectively, these find-
ings are encouraging and demonstrate the success of the vacci-
nation programme in the early stages in reducing outbreaks
across NI care homes. This evidences a significant degree of
protection among a vulnerable and at-risk population against the
severe consequences of COVID-19. Future research using
individual-level data and across longer periods postvaccination
will be needed to determine the magnitude and duration of this
protection.
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a b s t r a c t

Objectives: This study aimed to investigate non-COVID-19-related upper respiratory tract infections
(URTIs), gastrointestinal infections (GIIs) and urinary tract infections (UTIs) during the COVID-19
pandemic in Germany.
Study design: Cross-sectional study.
Methods: Patients with diagnoses of URTIs, GIIs and UTIs from 994 general practitioners (GP) and 192
paediatric practices that routinely send anonymous data to the Disease Analyzer database (IQVIA) were
investigated. We studied the differences in recorded URTIs, GIIs and UTIs between April 2019eMarch
2020 (non-pandemic period) and April 2020eMarch 2021 (pandemic period) in terms of rates and
baseline characteristics by comparing absolute frequencies.
Results: Compared with the non-pandemic period, the total number of patients with defined diagnoses
was lower in the pandemic period (URTIs: 810,324 vs 520,800; GIIs: 253,029 vs 142,037; UTIs: 132,425 vs
117,932). The number of patients per practice with URTIs (683 vs 439, e36%, P < 0.001) and GIIs (213 vs
120, e44%, P < 0.001) decreased significantly during the pandemic period; the decrease in the number of
recorded UTIs was smaller (112 vs 99, e11%, P < 0.05). The decrease in diagnoses was more pronounced
among paediatricians than GPs (URTIs: �39% vs �35%; GIIs: �57% vs �39%; UTIs: �15% vs �9%). The
decrease in URTIs varied between �35% and �40% depending on the age group.
Conclusions: Measures introduced during the COVID-19 pandemic to reduce transmission of the virus
also helped to reduce the spread of non-COVID-19-related URTIs and GIIs. UTIs were impacted to a lesser
extent, with rates seeing a slight decrease. An increase in awareness of infectious diseases may have also
contributed to the reduction in recorded diagnoses.

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

Introduction

The implementation of strict worldwide measures to combat
the spread of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has had a dramatic impact on individual behaviours
and interactions between individuals. Measures, such as reducing
indoor seating, social distancing, the wearing of masks and stay-at-
home orders, helped to reduce SARS-CoV-2 infection rates.1,2 In
addition to these fundamental changes in social behaviours, the
coronavirus disease 2019 (COVID-19) pandemic has also led to the
general public having an increased awareness of the importance of

hygiene and a better understanding of the transmission and spread
of infectious diseases.

COVID-19 mitigation measures may have also influenced the
occurrence of non-COVID-19-related infectious diseases. The
spread of viruses and bacteria with similar transmission properties
to those of SARS-CoV-2 and which also cause upper respiratory
tract infections (URTIs) and/or gastrointestinal infections (GIIs)
might be most significantly affected by anti-SARS-CoV-2 meas-
ures.3e5 For other infectious diseases, such as urinary tract in-
fections (UTIs), medical structural abnormalities (e.g. metabolic
disorders) may be more relevant than measures intended to reduce
social contact.6 However, considering the general increase in
awareness of infectious diseases and hygiene during the pandemic,
it is reasonable to expect the rates for all non-COVID-19 infectious
diseases to decrease (to varying extents).* Corresponding author. Wichernstrasse 40, 57074 Siegen, Germany. Tel.: þ49/
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Thus, the present study aimed to investigate the change in re-
ported non-COVID-19 URTIs, GIIs and UTIs between the non-
pandemic period and the pandemic period using data from a
large database, supplied with data from general practitioners (GPs)
and paediatricians in Germany.

Methods

Database

This cross-sectional study was based on electronic medical re-
cord data from the Disease Analyzer database (IQVIA), which
compiles drug prescriptions, diagnoses, and general medical and
demographic data obtained directly (in an anonymous format)
from computer systems used in GP practices and specialist de-
partments.7 Diagnoses, prescriptions and the quality of reported
data are monitored by IQVIA based on an array of criteria. The
coverage of this database is around 3% of all private practices in
Germany. In Germany, the sampling methods used to select phy-
sicians’ practices have been shown to be appropriate for obtaining a
database of primary and specialised care that is representative of
the German population.7 The study was carried out in accordance
with the latest version of the Declaration of Helsinki.

Study population

The analysis included patients who received at least one diag-
nosis of URTI (ICD-10: J01-J09, J20-J22), GII (ICD-10: A08, A09) or
UTI (ICD-10: N39.0) between April 2019 and March 2021 in one of
994 GP or 192 paediatric practices that routinely send data to IQVIA.
A total of 1,976,547 individuals were studied.

Study outcomes

The primary outcomes of this study were the number of URTIs,
GIIs and UTIs documented by GPs and paediatricians between April
2019 and March 2020 (the non-pandemic period) compared with
the number recorded between April 2020 and March 2021 (the
pandemic period).

Statistical analyses

To assess changes in the number of reported infectious diseases,
we compared the results for April 2020eMarch 2021 with April
2019eMarch 2020 and calculated the percentage change between
both periods. To demonstrate practitioners’ perceived changes, we
also used the mean number of documented infection diagnoses per
practice. A one-sample KolmogoroveSmirnov test was used to
check whether the data (patient number per practice) were
distributed normally. As there was evidence that the data were not
normally distributed, the number of patients with diagnoses per
practice was compared for the two time periods using a non-
parametric Wilcoxon signed-rank test. This test was also used to
compare the average ages of patients diagnosed in the non-
pandemic and pandemic periods. The proportions of women and
men, patients in GP and paediatric practices, and age groups were
compared using Chi-squared tests. Finally, we estimated a Pearson
correlation coefficient to measure the strength of a linear associa-
tion between COVID-19 and non-COVID-19-related URTIs. P-values
of <0.05 were considered statistically significant. Analyses were
carried out using SAS version 9.4 (Cary, NC: SAS Institute Inc).

Results

Patient characteristics

Compared with the non-pandemic period, the total number of
patients with defined diagnoses was lower in the pandemic period
(URTIs: 810,324 vs 520,800; GIIs: 253,029 vs 142,037; UTIs: 132,425
vs 117,932). Patient characteristics are presented in Table 1. The
average age of individuals with infectious disease diagnoses was
slightly higher in the pandemic period than in the non-pandemic
period. In addition, the proportion of patients diagnosed by GPs
increased slightly, especially for GIIs.

Infectious diseases documented in the non-pandemic period
compared with the pandemic period

Table 2 shows the difference between the number of patients
diagnosed with infections in the non-pandemic period and those
diagnosed in the pandemic period. The number of patients per
practice with URTIs (683 vs 439, e36%, P < 0.001) and GIIs (213 vs
120, e44%, P < 0.001) decreased significantly from April
2019eMarch 2020 to April 2020eMarch 2021; the decrease in the
number of recorded UTIs was smaller (112 vs 99, e11%, P < 0.05).

The decrease in the number of URTIs diagnosed in GP and
paediatric practices was similar (�35% and �39%). GII diagnoses
decreased in paediatric practices much more than in GP practices
(�57% vs�39%). The decrease in the number of patients with URTIs
varied between �35% and �40% depending on age group, but no
clear tendency could be identified. The greatest decrease in di-
agnoses of GIIs during the pandemic was seen in young children
(�60% in the age group <6 years), and the decrease was least
pronounced in the oldest age group (�19% in the age group >80
years). There was no significant change in the number of patients
with UTIs in the age groups <6, 51e65, 66e80 and > 80 years.

Fig. 1 shows the monthly trends in COVID-19 and non-COVID-
19-related URTI diagnoses (per practice) in GP and paediatric
practices from April 2019 to March 2021. The Pearson correlation
coefficient was 0.10 (P ¼ 0.172) in GP practices and 0.08 (P ¼ 0.321)
in paediatric practices.

Discussion

In the current study, the largest decrease in non-COVID-19-
related infections during the pandemic was detected for GIIs
(�44%), followed by URTIs (�36%) and UTIs (�11%). For all three
infectious diseases, the decrease was slightly more pronounced
when diagnoses were made by paediatricians. Accordingly, during
the pandemic period, diagnoses were less frequent among the
younger age groups (6e17 years old). No specific trend for the
change in diagnoses of infectious diseases was observed for gender.
There was no significant correlation between diagnoses of COVID-
19 and non-COVID-19 URTIs.

Many studies have reported that fewer diagnoses of various
disorders were recorded during the pandemic period compared
with previous time periods.8e11 This could be interpreted as a
general reduction in reporting during the pandemic, with patients
being reluctant to seek medical help because of the risk of being
infected with SARS-CoV-2 when visiting a physician.8e11 Another
possible reason that may influence the results of the current study
could be the decrease in diagnoses observed in children (URTIs, GIIs
and UTIs); children may recover more rapidly from infections than
adults,12 but both adolescents and their parents may avoid visits to
paediatricians due to the risk of being infected with SARS-CoV-2. In
contrast, for adults, no specific age-dependent trend could be
identified for any of the three infectious diseases investigated.
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These combined reporting effects may partially explain the results
of the current study.

On the other hand, the increased awareness of hygiene and the
spread of infectious diseases during the pandemic may have
resulted in behavioural changes in many individuals, also causing a
decrease in the incidence of infections. In particular, specific mea-
sures targeting the spread of viruses or bacteria transmitted by
aerosols and/or by oral transmission that were primarily intended
to combat SARS-CoV-2 may have also influenced our findings
regarding URTIs and GIIs diagnosed during the pandemic. The
lower reduction of reported UTIs might also support this hypoth-
esis. For UTIs, measures for reducing infectious disease trans-
mission via aerosols may be less relevant as the occurrence of UTIs
is facilitated by structural abnormalities as well as other hygiene
deficits.6,13

Some authors have discussed the COVID-19 pandemic as a
favourable opportunity for effective education in good hygiene

practice, speculating that this could have a lasting impact on con-
trolling the spread of infectious diseases.14 In this context, it is
necessary to mention the decline observed in influenza cases, in
both adults and children, as the global seasonal spread for this
disease is comparable to that of COVID-19.15 Some reports even
indicate the complete collapse of influenza epidemics during the
2020e2021 season.16,17 This observation can be regarded as a
welcome effect, since a dramatic drop in cases of seasonal influenza
could preserve healthcare systems in critical phases of the
pandemic, thus reserving resources for COVID-19 patients.

With regard to the decrease in incidence rates detected in our
study, gender was not identified as a determinant factor. This was
observed for all three infectious diseases investigated. Some
pandemic reports described a more pronounced decline in vascular
events (e.g. strokes and myocardial infarctions) in men compared
with women, resulting in speculation about gender-specific differ-
ences in coping strategies with regard to these illnesses during the

Table 1
Sociodemographic characteristics of patients diagnosed with upper respiratory tract infections (URTIs), gastrointestinal infections (GIIs) and urinary tract infections (UTIs) in
April 2019eMarch 2020 (non-COVID-19 pandemic period) and in April 2020eMarch 2021 (COVID-19 pandemic period)a.

Sociodemographic
characteristics

URTIs GIIs UTIs

April 2019e
March 2020
(n ¼ 810,324)

April 2020e
March 2021
(n ¼ 520,800)

P-value April 2019e
March 2020
(n ¼ 253,029)

April 2020e
March 2021
(n ¼ 142,037)

P-value April 2019e
March 2020
(n ¼ 132,425)

April 2020e
March 2021
(n ¼ 117,932)

P-value

Specialty
GPs 70.2 71.5 <0.001 75.6 81.3 <0.001 70.4 71.8 <0.001
Paediatricians 29.8 28.5 24.4 18.7 29.6 28.2

Age in years
[mean (SD)]

30.5 (23.2) 30.8 (22.9) <0.001 30.3 (21.7) 33.8 (22.2) <0.001 40.9 (29.1) 42.6 (29.3) <0.001

<6 18.9 17.6 <0.001 15.4 11.0 <0.001 16.6 15.8 <0.001
7e12 11.5 11.4 9.1 6.9 10.3 9.5
13e17 7.2 7.4 8.0 7.5 5.9 5.6
18e30 15.9 16.1 23.8 25.4 9.1 8.4
31e50 23.5 25.8 24.2 25.2 15.4 15.1
51e65 15.3 15.4 12.9 14.9 16.7 17.4
66e80 5.3 4.9 4.1 5.4 15.8 16.4
>80 2.4 2.4 2.6 3.7 10.2 11.7

Gender
Male 48.5 48.7 0.024 52.4 53.1 <0.001 29.3 28.7 0.003
Female 51.5 51.3 47.6 46.9 70.7 71.3

SD, standard deviation.
a Data are percentages unless otherwise specified.

Table 2
Total annual change in infection diagnoses (per practice) in GP and paediatric practices (April 2019eMarch 2020 [non-COVID-19 pandemic period] compared with April
2020eMarch 2021 [COVID-19 pandemic period]).

Characteristic URTIs GIIs UTIs

April 2019e
March 2020

April 2020e
March 2021

change April 2019e
March 2020

April 2020e
March 2021

change April 2019e
March 2020

April 2020e
March 2021

change

[n mean (SD)] [n mean (SD)] (%) [n mean (SD)] [n mean (SD)] (%) [n mean (SD)] [n mean (SD)] (%)

Total 683 (515) 439 (453) �36*** 213 (174) 120 (102) �44*** 112 (127) 99 (113) �11a

Specialty
GPs 572 (393) 375 (406) �35*** 192 (162) 116 (103) �39*** 94 (95) 85 (84) -9a

Paediatricians 1259 (668) 774 (531) �39*** 322 (192) 138 (97) �57*** 204 (208) 173 (192) �15a

Gender
Male 331 (267) 214 (232) �35*** 112 (95) 64 (56) �43*** 33 (56) 29 (50) �13a

Female 352 (253) 225 (224) �36*** 102 (81) 56 (47) �45*** 79 (77) 71 (69) �10**
Age groups in years
<6 129 (307) 77 (195) �40*** 33 (81) 13 (34) �60*** 19 (64) 16 (57) �15
7e12 78 (165) 50 (115) �36*** 19 (43) 8 (20) �57*** 12 (36) 9 (31) �17a

13e17 49 (58) 32 (45) �34*** 17 (20) 9 (12) �47*** 7 (15) 6 (15) �16***
18e30 109 (107) 71 (90) �35*** 51 (59) 30 (38) �40*** 10 (13) 8 (11) �17**
31e50 160 (142) 109 (131) �32*** 52 (54) 30 (33) �42*** 17 (22) 15 (19) �13a

51e65 105 (87) 67 (83) �36*** 28 (26) 18 (18) �35*** 19 (25) 17 (22) �7
66e80 36 (34) 22 (34) �40*** 9 (9) 6 (7) �26*** 18 (23) 16 (20) �7
>80 17 (17) 11 (19) �35*** 6 (7) 5 (6) �19*** 12 (14) 12 (14) 1

GIIs, gastrointestinal infections; GP, general practitioner; SD, standard deviation; URTIs, upper respiratory tract infections; UTIs urinary tract infections.
a p <0.05, **P < 0.01, ***P < 0.001.
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pandemic.18e20 For infectious diseases such as those addressed in the
present study, it appears that the pandemic environment influenced
both genders similarly. However, while men may be more likely to
avoid seekingmedical care, our observations support the assumption
that the decline in infectious disease rates depicted in our study
might be determined by individual hygiene-related behavioural
changes rather than a reluctance to book medical consultations.

Interestingly, a decrease in common respiratory viral infections
during the COVID-19 pandemic has been reported in other countries.
Parry et al. reported that in the United States, the difference in res-
piratory viral infections in April and May 2020 was significantly
lower than during the same period in the previous 4 years. The au-
thors attributed this result to the widespread use of public health
interventions, including wearing face masks, social distancing, hand
hygiene and stay-at-home orders.21 Olsen et al. cited that influenza
data reported to theWorld Health Organisation from Australia, Chile
and South Africa showed very low influenza activity during
JuneeAugust 2020. The authors assumed that the use of community
mitigation measures for the COVID-19 pandemic, plus influenza
vaccination, reduced the incidence of influenza during this time.22

The current study is subject to several limitations that need to
be acknowledged. First, no information was available on any other
potential reasons for the decrease in the number of medical con-
sultations. Second, medical services may only have been able to
accommodate a reduced number of non-COVID-19 consultations
during the pandemic period. Third, URTI, GII and UTI diagnosis data
relied solely on ICD-10 codes, and no data were available on the
diagnosis process or the severity/activity of the disease. Fourth, no
information was available on behavioural factors (e.g. alcohol use,
smoking and sedentary lifestyle), and the role played by these
factors, therefore, could not be examined. Fifth, no hospital data
were available, and only outpatients were analysed.

The twomajor strengths of this study are the number of patients
available for analysis and the detailed analyses using real-world
data. The latter is particularly relevant, as the main medical point
of contact for the diseases analysed in this study is the GP for adults
and the outpatient paediatrician for children.

Conclusions

For all three infectious diseases investigated (URTIs, GIIs and
UTIs), we detected a relevant decrease in incidence rates during the
COVID-19 pandemic within the outpatient medical care sector,
specifically GPs and outpatient paediatricians. The decrease in

reported UTIs was less pronounced than that in GIIs and URTIs,
supporting the hypothesis that pandemic mitigation measures to
combat the spread of SARS-CoV-2 and increased hygiene awareness
helped reduce the spread of these diseases.
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a b s t r a c t

Objective: Public health control measures at borders have long been central to national strategies for the
prevention and containment of infectious diseases. Travel was inevitably associated with the rapid global
transmission of COVID-19. In the UK, public health authorities tried to reduce the risks of travel-
associated spread by providing public health information at ports of entry. This study investigates risk
assessment processes, decision-making and adherence to official advice among international travellers,
to provide evidence for future policy on the provision of public health information to facilitate safer
international travel.
Study design: This study is a qualitative study evaluation.
Method: International air passengers arriving at the London Heathrow Airport on scheduled flights from
China and Singapore were approached for interview after consenting to contact in completed surveys.
Semi-structured interviews were conducted by telephone, using two topic guides to explore views of
official public health information and self-isolation. Interview transcripts were coded and analysed
thematically.
Results: Participants regarded official advice from Public Health England as adequate at the time, despite
observing differences with intervention measures implemented in their countries of departure. Most
participants also described adopting precautionary measures, including self-isolation and the use of face
coverings that went beyond official advice, but reported adherence to guidance on contacting health
authorities was more variable. Adherence to the official guidance was informed by the perceived salience
of specific transmission possibilities and containment measures assessed in relation to participants’ local
social and institutional environments.
Conclusion: Analysis of study findings demonstrates that international air travellers' responses to public
health advice constitute a proactive process of risk assessment and rationalised decision-making to guide
preventive action. This process incorporates consideration of the current living situation, trust in in-
formation sources, correspondence with cultural logics and willingness to accept potential risk to self
and significant others. Our findings concerning international passengers’ understanding of, and
compliance with, official advice and mitigation measures provide valuable evidence to inform future
policy and generate recommendations on the presentation of public health information to facilitate safer
international travel. Access to a central source of regularly updated official information would help
minimise confusion between different national guidelines. Greater attention to the differentiated
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information needs of diverse groups in creating future public-facing guidance would help to minimise
the uncertainties generated by the receipt of generic information.
© 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The significant transmission risks associated with travel mean
that public health disease control measures at borders have long
been central to national strategies for the prevention and
containment of infectious diseases. COVID-19 has surged across
successive countries and continents since early 2020,1 despite
various cross-border travel restrictions. The socio-economic impact
of COVID-19 may be causing the largest global recession in history,2

with decades of progress and development at risk.3

Although interventions such as mass vaccination may ulti-
mately succeed in containing COVID-19, behavioural measures
based on public health guidance remain vital, particularly while
national health systems remain under pressure and new variants
with increased transmissibility constitute threats to effective
vaccination.4,5 Knowledge and information can support the public
to adopt measures that will mitigate or prevent transmission and
these behavioural non-pharmaceutical interventions remain key to
controlling the spread of COVID-19.

As the first cases of COVID-19 were reported, public health au-
thorities in the UK took action to reduce the risk of travel-
associated spread by monitoring travel and providing public
health advice at ports of entry. On 25 January 2020, Public Health
England (PHE) activated the Airport Public Health Monitoring Op-
erations Centre to monitor all direct flights from China to the
London Heathrow Airport (LHR) and subsequently all international
direct flights to London (Heathrow and Gatwick) and Manchester.
Measures directed at passengers travelling from affected countries
to England included (see Supplementary material online):

� a broadcast message to passengers made on incoming aircraft,
to encourage travellers to report relevant symptoms,

� posters containing COVID-19 related public health advice dis-
played at arrival terminals and

� leaflets containing the same advice distributed to passengers by
airlines on board flights and/or made available on arrival.

These measures remained in place until extensive travel re-
strictions were implemented on 23rd March as part of a national
lockdown, with UK residents prohibited from travelling abroad
unless they had a permitted reason to do so, while returning
travellers were required to quarantine for 14 days.

As vaccination programmes progress and lockdownmeasures in
certain countries are eased, international travel has again become a
pressing concern. Amid discussion of vaccine passports and pres-
sure from the travel industry and national economies dependent on
tourism to ease restrictions, passengers are left to navigate differing
rules, guidance and social norms between countries. International
passengers’ views on, and compliance with, official advice and
mitigation measures can provide valuable evidence to inform pol-
icy. Our previous evaluation of official COVID-19 guidance for in-
ternational travellers reported on the impact and effectiveness of
these communication materials in the early stage of the pandemic.6

Drawing on qualitative data collected prior to the implementation
of travel restrictions, this paper considers risk assessment,
decision-making and adherence practices among air travellers
arriving in the UK. Our findings provide wider insights into the

interactions between official advice and individual behaviour and
indicate possible improvements in the presentation of public
health information to facilitate safer international travel.

Methods

A mixed-methods study was conducted to evaluate the public
health information provided to international travellers arriving in
the UK. Passengers aged 18 years and over from any nationality,
arriving at LHR on three scheduled flights from China and
Singapore in March 2020 were recruited for a cross-sectional sur-
vey and semi-structured interviews regarding their experience and
understanding of the official guidance they received, as well as
their subsequent actions. A total of 121 passengers consented and
completed the survey (results reported separately).6 Of the re-
spondents, 15 indicated a willingness to take part in the follow-up
interviews, by recording their contact details on the questionnaire
and consenting to participate when contacted on arrival, and sub-
sequently participated in semi-structured interviews.

One-to-one semi-structured telephone interviews were con-
ducted in April 2020 in either English or Mandarin, according to
participant preference. All interviews were audio-recorded with
consent. Two topic guides were used; one which explored partici-
pants’ experience and views regarding COVID-19 information they
had received during travel was used with all participants, and the
second was used to elicit details of experiences relating to self-
isolation if a participant reported having self-isolated due either
to potential exposure or to having developed COVID-19 symptoms.

Key information was summarised by researchers in field notes
either during or immediately after the completion of each inter-
view. Prior to data analysis, interviews in English were transcribed
verbatim and those in Mandarin were transcribed directly into
English.

Data analysis

Interview transcripts were initially coded independently (by TZ,
SC, CS and WR) using open coding, followed by collaborative
development of an initial coding framework that was then used to
index each transcript in NVivo 12 Pro. Codes that represented
similar concepts were assembled into conceptual categories and
themes. Common categories emerging across the transcripts indi-
cated that all themes reached saturation.

Results

Participants ranged from 20 to 80 years of age; five were male
and ten were female. Ten were permanent residents in the UK
while five were visitors or temporary residents. Six participants
were retired; five worked full-time, three were full-time students
and one was unemployed (Table 1). Most participants were British;
all three Chinese participants spoke Mandarin and English and had
read the official PHE guidance in both languages, while other par-
ticipants only knew English and accordingly, only read the English
version. One participant reported symptoms of COVID-19 after
arrival.
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Perceptions of public health measures

Fourteen participants recalled obtaining the official information
from PHE on COVID-19 (leaflets and/or posters) in flight or at the
airport, while one participant reported only receiving local infor-
mation at the port of departure. Most participants stated that they
considered the UK official guidance to be adequate. However, they
also reported finding the situation on disembarkation dramatically
different from their experience at their departure airport; extensive
public health border control measures were implemented in most
Asian countries within weeks of the first reports of COVID-19. In
Singapore, inbound flights from Wuhan were cancelled from 23rd
January and all passengers returning from mainland China were
required to quarantine or self-isolate from 19th February onwards.
In China, exit and entry health supervision was implemented on
25th February 2020, including body temperature monitoring,
health check, epidemiological history survey and medical sample
monitoring.

“At China’s airport… you need to fill in a Health Declaration
Card… they will check your temperature; all the [airport] staff
were fully equipped with PPE… [in the UK] only when I went
through the customs that I saw the hand sanitiser there. They
[airport staff] didn't wear face masks…So, in China, the official
advice is wearing face masks and washing hands as often as
possible. In the UK, as no one was wearing a face mask, it gave
you the impression that things were not bad here.” (P1, young
female travelling from China)

Although posters and leaflet stands giving COVID-19 informa-
tion had been set up at LHR, 12 participants had no recollection of
seeing such posters or leaflets at all. Direct observation by our
research team verified that these were unobtrusive and their visi-
bility was very limited due to the print size, colour and positioning.6

Only two participants recalled seeing hand sanitisers placed at the
airport. Participants emphasised the amount of information and
measures being reported in the media or displayed at the airport in
their departure country, as well as the protection measures that
were applied on board their flight, in contrast with the situation at
the arrival airport. A British participant also expressed frustration
and concern that airport staff at the disembarkation point did not
provide detailed instructions regarding the COVID-19 situation in
the UK and possible protection measures.

Most participants expressed uncertainty about the COVID-19
situation in the UK, having seen little evidence of interventions to

actively contain travel-associated transmission on arrival. An
airport without visible containment measures was considered to
signal good containment of the virus in the UK; participants also
described their desire for reassurance in the absence of detailed
instructions and protection measures.

“At Heathrow, it was like nothingwaswrong in the UK, so I think
that causes a false sense of security, maybe if therewasmore of a
presence, like information, temperature check, personnel etc,
people might take it more seriously. I think a lot of people
probably didn’t take it seriously at the time.” (P2, older male,
Singapore)l

“They could have had thermal imaging cameras, they could have
had medical staff in protective clothing there to talk to people
whose temperature came up as above the norm, they could have
then asked people in those conditions, if they met those con-
ditions to isolate them.” (P3, older female, Singapore)

“Whenwe came back through in March the taxi driver said that
there hadn’t really been too many more cases. So, at the time,
how silly, it didn’t seem to be as serious as we all now know it
is.” (P4, older male, Singapore)

All participants were eager to acquire information regarding the
pandemic and official advice about how to protect themselves and
their families. Participants reported proactively searching for
advice and information in traditional and social media to under-
stand the changing situation at ports of departure and arrival,
evaluate potential risks and identify measures they should take for
international travel.

“We’d kind of already sort of lived with it, listened to it out there
probably all through February [on the television], we were a bit
ahead of the game if you like in terms of that we’d already seen
it.” (P5, older female, Singapore)

“I think we found out enough ourselves and heard enough and
talked about it between ourselves and came to the decisions
that we did, so yeah, so I don’t really think that there could have
been any more advice at that time that would have made any
difference because as I say that advice if you like that was
coming out later on we were already doing because of being
where we’d been I suppose.” (P3, older female, Singapore)

Based on their experience in the country of departure, some
participants also pointed out that following official advice was
voluntary in the UK and noted that, ‘advice and rules imposed by
the British government are already very loose’. Participants also
stated awareness of the vacuum of scientific knowledge and
detailed guidance at this early stage of the pandemic, which pro-
vided a space for interpretation of official advice regarding actions
people should take.

“Even if you self-isolate I think nobody quite realised how
contagious this virus is, so when it means self-isolate it means
self-isolate, it means don’t touch anyone, you know, wear a
mask. I think at the time little was really known about the virus.
If you’re going to redesign the leaflet again it might not only say
to self-isolate but wear a mask, do not come into contact with
each other, self-isolate but also practice social distancing as well
tomake sure that you do not give the virus to anybody else.” (P6,
older male, Singapore)

Table 1
Demographic background of participants in follow-up interviews, arriving at the
London Heathrow airport from COVID-19 affected countries in March 2020.

Participant No. Age Gender Language

P01 50e59 Male English
P02 60e69 Male English
P03 60e69 Female English
P04 20e29 Male English, Chinese
P05 70e79 Male English
P06 30e39 Female English
P07 20e29 Female English
P08 60e69 Female English
P09 70e79 Female English
P10 70e79 Male English
P11 60e69 Female English
P12 70e79 Female English
P13 70e79 Female English
P14 20e29 Female English, Chinese
P15 40e49 Female English, Chinese

Summarised from qualitative research data.

l In this and subsequent quotes, placename denotes the flight origin, not na-
tionality, of the quoted passenger.
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“It was difficult because we’d had no idea what was going on
anyway, because at that point it definitely felt a bit over the top,
we didn’t know how many cases were in the UK and you don’t
know if you’ve actually contracted it or not. I do know people
that have come back from Italy, I think the advice then was you
need to isolate yourself for aweek but they just kind of took it as
oh well I’ll stay in my house, but I’ll still be around my house-
mates and my family and stuff like that, so I think they need to
actually take it seriously and just get used to not doing anything,
being ok with not doing anything.” (P7, older male, Singapore)

“I can’t think why youwould not follow the official advice, at the
time the number of people who had died from Coronavirus was
rising and the numbers were unclear, but they were talking
about one to two percent of the people who got infected may
die.” (P8, younger male, China)

Precautionary measures

Although participants described the official advice as adequate,
based on their experience of public health responses to outbreaks
in Asia, some participants took actions beyond those recommended
in official advice to reduce the risk of infection and transmission. On
arrival, some participants voluntarily self-isolated or tried to
maintain social distance by skipping social activities and gatherings
(not required under PHE guidelines). Participants expressed their
concerns over the seemingly ‘business as usual’ situation in the UK,
which contradicted their experiences in areas with established
outbreaks, and chose to take extra precautions such as staying in-
doors, socially distancing, wearing masks and monitoring their
body temperatures daily, despite not being symptomatic.

“We sort of self-isolated anyway when we came back. Nobody
told us to do it. Because of the precautions we had taken and
becausewe hadn’t really hardly beenwith anybody; the chances
of us giving others anything were miniscule.” (P5, older female,
Singapore)

“I felt scared when I came back here. Because everyone in China
took it seriously, but no one took it seriously here in the UK.
When I go out, I wear a face mask, a pair of goggles and a pair of
disposable gloves. I cover myself tight.” (P1, younger female,
China)

Several participants also mentioned their reasons for these
precautionary behaviours as being in part related to the potential
stigma associated with the possibility of being seen as ‘contagious’
due to being travellers who had just returned from epidemic hot-
spots. They expressed willingness to adopt these measures volun-
tarily to avoid such stigma and to protect their family and friends.

“Wewouldn’t have put anybody at risk if we really thought that
were was a chance, but we just didn’t want it on us. We knew
the chances were absolutely miniscule, but we took the decision
that we wouldn’t see anybody, so that was family and friends,
for over a week after we got back.” (P5, older female, Singapore)

“Therewas a kind of stigmawith Singapore and South Korea and
a few other Southeast Asian countries. We wanted to make
everybody aware that if they did get something it possibly
wouldn’t have come from us because we’d been self-isolating.”
(P9, older female, Singapore)

Study participants were asked whether they knew what they
should do if they had developed symptoms or visited pandemic
hotspots and whether they were familiar with the NHS 111 service.
All participants mentioned difficulties accessing the service, while

those who were visitors or temporary residents in the UK were
more concerned about the vagueness of advice itself and uncertain
whether formal support was available for non-citizens.

“I think they [official advice] were only saying like contact 111
basically if your symptoms get worse but obviously, they’re
inundated, but certainly hadwe got symptoms on those first few
days after we got back then that’s what we would have done
because as I say at that time it was still quite a new thing here.”
(P5, older female, Singapore)

“Someone told me it [NHS 111] is constantly engaged. I would
have hoped to know how to contact the NHS effectively in the
case that I was infected. Maybe I could have been given a few
more telephone numbers? This kind of information enablingme
to have access to medical treatment would have given me a
sense of security.” (P8, younger male, China)

Alongside calling NHS 111, British participants noted that they
had additional options such as contacting their GP or seeking
support from their local communities. They considered it easy to
access any help they might need to follow the official advice, such
as support from their local authority or community organisations
and were appreciative of this. However, interviewees who were
visitors or temporary residents (such as foreign citizens travelling
on business or studying in the UK) reported relying on personal or
social networks, social media and employers, as well as NHS 999 in
case of emergency, and stated that they had limited contact with
and support from local authorities and communities.

“We’re luckier thanmost and if Iwant to godownand takeawalk,
I sort of can. I think if somebody is locked up in a one-bedroom
flat in London it will be horrible.” (P4, older male, Singapore)

“I think providing they have sufficient support in their com-
munities there is no reason at all why anybody should not self-
isolate.” (P9, older female, Singapore)

“I don’t think so [received any official support]. But the school
sent us emails. It offered a backup option. If we encountered any
problem, we could contact the school in the case of need. The
school made us feel that they are quite protective.” (P10, older
female, Singapore)

Participants also differed in their views of which official
guidelines they should follow, especially regarding the use of face
coverings. Somewere concerned that airport staff did not wear face
coverings and attributed this to cultural and policy differences from
their departure countries. Having already adopted face coverings as
a daily health protection measure, they argued that wearing masks
should be included in official UK guidance:

“The quarantine officer [at Heathrow airport] told me: don’t
worry, it is ok, don’t be nervous; it is no use to wear a face mask.
Social distancing was not taken at that time. I felt therewould be
loopholes and hidden risk. The outbreak has worsened in the
UK, I think it has something to do with themeasures taken then.
[The UK] Airports were free zones at that time, hidden risk re-
veals itself when you entirely depend on voluntary [adher-
ence].” (P8, younger male, China)

Conversely, some participants noted that they did not believe in
the value of face coverings, due to official announcements from
New Zealand and Singapore on the lack of evidence for their
effectiveness. Others shared an ambivalent ‘wait-and-see’ attitude
towards face coverings.
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“We’ve seen [on the TV] about the mask doing more harm than
good so we had to keep saying no, we’re not going to get one
because it’s going to do more harm than good.” (P5, older fe-
male, Singapore)

“There wasn’t any clear evidence to say an ordinary mask would
prevent you picking up germs and if you did pick up a germ it
would multiply inside the mask. So even though we had masks
in our bags, but we decided we’d use the hand gel, but we didn’t
want to wear the masks.” (P11, older female, Singapore)

“The concern is, are you depriving the NHS of masks, when
you’re buying them for yourself when there is such a short
global supply. So, there’s a difficulty and a dilemma in just do I
wear a mask. There is also a flipside to wearing masks, if you
happen to have the mask and if your mask happens to pick up
droplets from somebody else, your mask might become conta-
gious.” (P6, older male, Singapore)

Discussion

Clear and actionable official information can help to shape the
public's understanding of COVID-19 and promote adherence to
official advice.6e8 The transnational experiences of international
travellers in this study exposed them tomultiple versions of official
information and interventions to contain transmission that became
sources both of valued knowledge and of uncertainty or confusion.
This was exacerbated at this early stage of the pandemic by
frequent changes in public health guidance and implementation of
control measures.9,10

This study indicates that early in the pandemic, international
travellers arriving in LHR were relatively confident about their
knowledge of appropriate behavioural measures and proactively
used information acquired from multiple international sources to
minimise exposure and transmission risks. In taking additional
precautions beyond those recommended by UK authorities at the
time, many of the international travellers in our study were not
following official PHE guidance, albeit because they were ‘ahead of
the game’. Arriving from countries that had already instituted
robust public health control measures in response to COVID-19,
these travellers had acquired knowledge from the places where
their travel originated and adopted additional precautionary mea-
sures that went beyond local recommendations.

The apparent lack of control measures at arrival ports led
many arriving passengers to question the seriousness of the UK
government's response to the pandemic. The explicit public
health information they received was less comprehensive than,
and in some areas contradicted, official responses in countries
where their travel originated. One consequence of these cross-
national discrepancies was that international travellers had to
rely on their own judgement to navigate the salience and
appropriateness of differing rules, guidance and social norms
across borders.

Participants responded to the need to assimilate and interpret
sometimes inconsistent information from multiple sources by
‘customising’ the available guidance to inform action. Their re-
sponses constituted a proactive risk assessment and rationalised
decision-making process whereby living situation in the UK, trust
in information sources, correspondence with cultural logic and
degree of willingness to accept potential risk to self and significant
others all contributed to choosing what advice to follow. Some
interviewees took actions that were not aligned with PHE guidance
at the time but constituted effective precautionary measures.
Although study participants repeatedly described their actions
while manoeuvring across borders as “common sense”, their in-
terpretations of multiple versions of official information and

consequent behaviour were context-based and consistent with
sociocultural affiliation.

These tailored responses are informed population-level de-
terminants of vulnerability, such as viral prevalence within specific
population groups and geographies. Participants with a British
background reported relative confidence in following official PHE
advice, while visitors or temporary residents reported greater un-
certainty and were more likely to maintain transmission-
minimising precautions by adopting protective actions such as
mask-wearing and non-mandated self-isolation, drawing on
knowledge derived from their countries of origin and their own
social networks. Younger visitors and temporary residents without
pre-existing health issues who lacked knowledge about national
health services in particular expressed uncertainty about the
guidance to ‘call NHS 111’ in the event of experiencing symptoms.
They also reported lacking connections with local communities and
being highly reliant onmembers of their own networks for support.
There were no significant differences in participants' awareness
and knowledge about COVID-19 symptoms and self-protection
measures,6 but compared with other travellers, those who were
visitors or temporary residents had willingly adopted additional
preventive measures that were not required according to the UK
official guidance at the time and maintained such caution after
arrival. Such measures might have helped to reduce infection and
transmission risks; however, as the pandemic continued, longer
stay visitors may have faced other adverse impacts due to their
limited integration into local structures for practical, social and
emotional support, as well as difficulties in accessing health care.
These difficulties which heighten potential vulnerability may also
apply to resident minority communities in the UK and especially to
more recent migrants. Studies have shown higher rates of COVID-
19 exposure among minority communities due to socio-economic
disparities,11,12 and individuals from these communities have
faced more barriers in adhering to official advice during self-
isolation and national lockdowns.8,13

Several limitations exist in this study. First, our sample of in-
ternational travellers was limited due to the rapid changes in travel
restrictions and border closures. Also, all interviewees reported
having essential business or reasonable needs to travel abroad, so
our findings may not be generalisable to those travelling for leisure.
However, the study does provide early evidence on responses to
public health guidance among international travellers in the un-
certain first phase of the pandemic. It provides an opportunity to
learn about how people navigate between differing national rules
and guidance across borders at the start of an international health
emergency. This evidence can inform recommendations for
improving information provision and hence individual adherence
for public health benefits.

Public health implications

International travellers in this study were conscious of the po-
tential risks associated with travel and keen to mitigate them. The
provision of a centralised and regularly updated official national
information hub would help to minimise possible confusion be-
tween different sources of guidance. Additionally, incorporating
into public health guidance an explicit recognition that interna-
tional travel inevitably entails exposure to public health contain-
ment measures, regulations and knowledge sources that differ
across national jurisdictions may itself help to reassure travellers.

Our findings suggest that, information consistency, sociocultural
norms, perceived risks and benefits and availability of support from
both official and unofficial sources all affect adherence to official
public health advice. In line with Denford et al. (2021),8 we found
individual adherence to involve a decision-making process to select
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the health threats and containment measures that are most salient
in the social context and institutional environment within which
people are living. Greater attention to the differentiated informa-
tion requirements of diverse groups of international travellers in
the design of future public health guidance e for example, through
the provision of tailored information for dual residents, short-stay
business and leisure travellers and long-stay migrant workers and
students e would help to minimise the uncertainties generated by
receipt of generic advice which does not necessarily fit with indi-
vidual circumstances. These categories of travellers could be
anticipated in preparation for future cross-border epidemics and
key aspects predesigned to facilitate rapid generation of tailored
guidance when needed. Clarification of financial and other support
measures available in the destination country for both short- and
long-stay travellers would enhance adherence to requirements,
such as mandatory self-isolation periods supported by testing, that
are not institutionally provided but depend on voluntary action.
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Objective: The aim of the study was to investigate the incidence of, and trends in, congenital anomalies in
Central China from 1997 to 2019.
Study design: This was a descriptive study.
Methods: We collected data describing 4,134,098 births from 75 hospital monitoring sites in Henan
Province, Central China, from 1997 to 2019. A joinpoint regression model was used to analyze the
continuous changes.
Results: There were 4,134,098 births recorded from 1997 to 2019, of which 50,646 noted the presence of
congenital anomalies (incidence: 122.5 per 10,000). The incidence of congenital anomalies was found to
have increased over time (P-trend <0.05). Congenital anomaly incidence in urban areas was higher than
that in rural areas (155.3 per 10,000 vs 100.7 per 10,000; P < 0.001). Moreover, incidence was higher in
males than in females (129.1 per 10,000 vs 112.9 per 10,000; P < 0.001). The incidence of neural tube
defects significantly reduced from 1997 to 2019 (39.3 per 10,000 in 1997 vs 0.92 per 10,000 in 2019, P-
trend <0.001), whereas the incidence of congenital heart disease (CHD) increased (5.56 per 10,000 in
2010 to 136.46 per 10,000 in 2019), which meant that CHD was the most common congenital anomaly
post-2013.
Conclusion: In Henan province, the incidence of congenital anomalies increased by 115% from 1997 to
2019. Notably, the incidence of CHD is rising.

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

Introduction

Congenital anomalies are defined as functional, structural, and/
or metabolic disorders occurring because of abnormal embryonic
and/or fetal development and are the leading cause of infant
mortality globally.1e3 Approximately 7.9 million newborns are
affected by congenital anomalies every year, accounting for 6% of
live births worldwide. Among these newborns, 3.3 million do not
survive past 5 years of age, whereas 3.2 million will live with life-
long disabilities.4 In China, congenital anomalies are the leading

cause of infant and perinatal death, as they account for 20e25% of
newborn deaths each year.5

A population-based survey in Inner Mongolia found that the
incidence of congenital anomalies was 156.1 cases per 10,000
births, with the most common congenital anomalies being neural
tube defects (NTDs) and congenital heart disease (CHD). Children of
mothers aged <25 years were more likely to have congenital
anomalies (relative risk ¼ 2.22, 95% confidence interval [CI]:
2.05e2.41).6 A study in Dalian reported a cumulative incidence of
congenital anomalies of 101.14 per 10,000 live births from 2006 to
2010, with the incidence in 2010 being 29% lower than that in 2006
(incidence:81.16 per 10,000 vs 115.49 per 10,000). The incidence of
congenital anomalies in urban areas was higher, with the most
common congenital anomalies being CHD, cleft lip (CL) and/or
palate, and polydactyly (PD) or syndactyly.7 A study on the occur-
rence of congenital anomalies in Hainan reported a 27% increase in
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birth defects from 2000 (incidence: 98.93 per 10,000) to 2010
(incidence: 77.99 per 10,000). The most common congenital
anomalies were PD, CL, congenital hydrocephalus (CH), CHD, and
limb shortening. The prevalence of congenital anomalies was
higher in rural areas (incidence: 112.34 per 10,000) than in urban
areas (incidence: 87.11 per 10,000).8 In the past decade, several risk
factors for congenital anomalies, such as environmental pollution
and oldermaternal age, have been changing. However, no study has
focused on the prevalence of congenital anomalies in Central
China.8e10 Therefore, a more recent study of the prevalence of
congenital anomalies is warranted.

Our study aimed to study the long-term trends in congenital
anomalies in Henan, Central China, from 1997 to 2019.We analyzed
the changing trends in both total and disease-specific incidence of
congenital anomalies, which provides a comprehensive reference
for the development of novel preventative strategies.

Methods

Study population

Participant data were collected from a population-based
congenital anomaly surveillance system in Henan province, Cen-
tral China. The surveillance system includes 75 hospital-based
congenital anomaly surveillance sites and two congenital anom-
aly population-based surveillance locations (Gongyi city and the
Yuanhui District of Luohe city). The data describe all live births
recorded in the surveillance system from January 1, 1997, to
December 31, 2019. Of the 75 hospital surveillance sites, 40 are
located in urban areas and 35 are in rural areas.

The congenital anomaly hospital surveillance data describe
perinatal infants with birth defects from 28 weeks of gestation to 7
days postpartum. This population was monitored from 28 weeks of
gestation (including live births and stillbirths) to 42 days post-
partum when the birth defect was officially diagnosed. This paper
focuses on 23 different congenital anomalies identified according
to the guidelines of the International Classification of Diseases and
Related Health Problems, 10th revision.11 A pediatrician or neona-
tologist recorded and verified information describing the infant,
such as his/her date of birth, birth weight, sex, maternal age, place
of residence, gestational age, and abnormal diagnosis. The occur-
rence of congenital anomalies was calculated annually and classi-
fied according to different parameters, including residence (rural or
urban), sex (male or female), and maternal age. The incidence of
various congenital anomalies was statistically analyzed, and vari-
ation in the trends of major congenital anomalies was analyzed.

This study was approved by the ethical committee of the third
hospital of Zhengzhou University (Approve number: 2021-WZ-
011).

Statistical analysis

We used Joinpoint Regression Program 4.8.0.1 to analyze time-
dependent trends in the incidence of congenital anomalies.12,13

This method divides long periods into several shorter periods and
then analyzes changing trends across these periods to reveal
whether the changes seen in these trends are statistically signifi-
cant. The average annual percentage change (AAPC) for the seg-
ments, or time partitions, was calculated. The AAPC is a novel
measure that uses the annual percentage changes from piecewise
analyses to summarize and compare trends over a specific time
partition. It avoids the disadvantage of conventional annual per-
centage analyses, which does not consider transitional periods.14

The incidence of congenital anomalies and the 95% CIs were
calculated, and the chi-squared statistics and odds ratios were

calculated. Differences were considered statistically significant
when the two-sided P-value was <0.05. SPSS 23.0 was used.

Results

From 1997 to 2019, 4,134,098 infants were born in the 75 sur-
veillance sites in Henan Province, 50,646 of which were born with
congenital anomalies. The incidence of congenital anomalies was
thus calculated as 122.5 per 10,000 births (95% CI: 121.5e123.5). Of
the 1,651,539 and 2,482,559 infants born in urban and rural areas,
respectively, there were 25,644 and 25,002 cases of congenital
anomalies recorded. Thus, the incidence of congenital anomalies
was 155.3 per 10,000 births (95% CI: 153.4e157.2) in urban areas
and 100.7 per 10,000 births (95% CI: 99.5e102.0) in rural areas. A
total of 2,238,566 males and 1,893,392 females were born during
the surveillance period, of which 28,900 males and 21,370 females
were born with congenital anomalies, resulting in an incidence of
129.1 per 10,000 births (95% CI: 127.6e130.6) in males and 112.9
per 10,000 births (95% CI: 111.4e114.4) in females.

Geographical location differences in the incidence of congenital
anomalies

The incidence of congenital anomalies in urban areas increased
from 72.10 per 10,000 in 1997 to 339.70 per 10,000 in 2019, with a
significant increase seen from 2012 to 2015 (per 10,000 births:
90.13 in 2012 to 233.48 in 2015, AAPC 33.1%, P-trend <0.05) and
from 2015 to 2019 (233.48 in 2015 to 339.70 in 2019, AAPC 12.4%, P-
trend <0.05; Fig. 1B; Table 1). From 1997 to 2011, the incidence of
congenital anomalies in rural areas decreased, with a significant
decrease from 1997 to 2003 (per 10,000 births: 172.30 in 1997 to
82.16 in 2003, AAPC �10.4%, P-trend <0.05) and from 2003 to 2011
(per 10,000 births: 82.16 in 2003 to 77.15 in 2011, AAPC �2.5%, P-
trend <0.05). The incidence of congenital anomalies in rural areas
increased from 77.15 per 10,000 in 2011 to 154.24 per 10,000 in
2019, with a significant increase from 2017 to 2019 (per 10,000
births: 105.56 in 2017 to 154.24 in 2019, AAPC 0.4%, P-trend <0.05;
Fig. 1C; Table 1).

Sex-specific differences in the incidence of congenital anomalies

The incidence of congenital anomalies in males increased from
83.80 per 10,000 in 1997 to 254.04 per 10,000 in 2019 (AAPC 4.9%,
P-trend<0.05) with a significant increase from 2011 to 2019 (per
10,000 births: 84.71 in 2011 to 254.04 in 2019, AAPC 14.7%, P-trend
<0.05; Fig. S1A [Fig. S means supplementary Fig.]; Table 1). From
1997 to 2019, the incidence of congenital anomalies in females
increased from 140.20 per 10,000 to 215.12 per 10,000 (AAPC 2.0%,
P-trend<0.05). The incidence of congenital anomalies decreased
from 140.20 per 10,000 in 1997 to 70.38 per 10,000 in 2010
(AAPC �5.5%, P-trend<0.05). However, a significant increase
occurred from 2010 to 2019 (per 10,000 births: 70.38 in 2010 to
215.12 in 2019, AAPC 13.9%, P-trend <0.05; Fig. S1B; Table 1).

Maternal age-specific risk of congenital anomalies

No significant difference in congenital anomaly incidence for
mothers aged <20 years was seen from 1997 to 2019 (per 10,000
births: 250.0 in 1997 to 187.7 in 2019, AAPC �3.4%, P-trend ¼ 0.1;
Fig. S2A; Table 2). The overall incidence of congenital anomalies for
mothers aged 20e24 years increased from 1997 to 2019 (per 10,000
births: 121.0 in 1997 to 199.90 in 2019, AAPC 2.3%, P-trend <0.05).
The incidence of congenital anomalies decreased from 121.0 per
10,000 in 1997 to 76.86 per 10,000 in 2011 (AAPC �3.0%, P-trend
<0.05) but increased from 2011 to 2019 (per 10,000 births: 76.86 in
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Fig. 1. Long-termtrends in congenital anomalies inHenan, China, from1997 to2019.Observedandfitted total incidenceof congenital anomalies (A) in total, (B) inurbanareas, and (C) in
rural areas, by year of birth. A bold line represents a significant joinpoint fit for the incidence, withmarkers indicating the join points, whereas a dashed line represents no significance.
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2011 to 199.90 in 2019, AAPC 12.4%, P-trend<0.05; Fig. S2B; Table 2).
The incidence of congenital anomalies for mothers aged 25e29
years increased from 99.10 per 10,000 in 1997 to 228.04 per 10,000
in 2019 (AAPC 4.5%, P-trend<0.05). A decrease was observed from
1997 to 2011 (per 10,000 births: 99.10 in 1997 to 57.43 in 2011,
AAPC�1.8%, P-trend<0.05), whereas a significant increasewas seen
from2011 to2019 (per 10,000births: 57.43 in2011 to228.04 in2019,

AAPC 19.6%, P-trend<0.05; Fig. S2C; Table 2). From1997 to 2019, the
incidence of congenital anomalies for mothers aged 30e34 years
increased from 125.50 per 10,000 to 243.69 per 10,000 (AAPC 3.3%,
P-trend <0.05). The incidence of congenital anomalies in this group
decreased from 1997 to 2011 (per 10,000 births: 125.50 in 1997 to
74.57 in 2011, AAPC change �3.6%, P-trend <0.05), whereas a sig-
nificant increase was seen from 2011 to 2019 (per 10,000 births:
74.57 in 2011 to 243.69 in 2019, AAPC 16.5%, P-trend<0.05; Fig. S2D;
Table 2). The incidence of congenital anomalies for mothers aged
>35 years increased from 1997 to 2019 (per 10,000 births: 140.10 in
1997 to 293.32 in 2019, AAPC 3.1%, P-trend <0.05). A decrease
occurred from 1997 to 2011 (per 10,000 births: 140.10 in 1997 to
96.13 in 2011, AAPC �3.3%, P-trend <0.05), whereas a significant
increaseoccurred from2011 to2019 (per10,000births: 96.13 in2011
to 293.32 in 2019, AAPC 15.5%, P-trend <0.05; Fig. S2E; Table 2).

Most common congenital anomalies

Fig. S3 indicates that the most common congenital anomalies
seen during the period of monitoring were NTDs (including anen-
cephalia, myelomeningocele, and encephalocele), total CL, PD, CHD,
and CH. The incidence of NTDs decreased from 1997 to 2019, with
rates of 39.3 per 10,000 in 1997, 14.36 per 10.000 in 2006, and 0.92
per 10,000 in 2019 (AAPC �10.1%, P-trend <0.05 and AAPC �17.8%,
P-trend<0.05, respectively; Fig. S4A; Table 2). The incidence of total
CL decreased from 1997 to 2019 (per 10,000 births: 14.33 in 1997 to
3.52 in 2019, AAPC �5.7%, P-trend<0.05), with the incidence
decreasing most significantly from 2012 to 2019 (per 10,000 births:
10.51 in 2012 to 3.52 in 2019, AAPC�14.7%, P-trend <0.05; Fig. S4B;
Table 2). The incidence of PD increased from 6.46 per 10,000 in
1997 to 17.14 per 10,000 in 2019 (AAPC 4.7%, P-trend <0.05). A
significant increase in PD was seen from 1997 to 2000 (per 10,000
births: 6.46 in 1997 to 10.92 in 2000, AAPC 24.5%, P-trend <0.05)
and from 2003 to 2019 (per 10,000 births: 3.84 in 2003 to 17.14 in
2019, AAPC 7.1%, P-trend <0.05), whereas a significant decrease was
seen from 2000 to 2003 (per 10,000 births: 10.92 in 2000 to 3.84 in
2003, AAPC�21.7%, P-trend <0.05; Fig. S4C; Table 2). The incidence
of CHD increased from 4.64 per 10,000 in 1997 to 136.46 per 10,000
in 2019 (AAPC 19.7%, P-trend <0.05), and this increase was partic-
ularly significant from 2010 to 2019 (per 10,000 births: 5.56 in 2010
to 136.46 in 2019, AAPC 45.8%, P-trend<0.05; Fig. S4D; Table 2). The

Table 1
Long-term trends in congenital anomalies in Henan, China, from 1997 to 2019.

Condition n Period Trend in proportion (1/10,000) AAPCa P

Total 4,134,098 1997e2019 109.8e235.7 3.7b <0.05
1997e2011 109.8e80.19 �2.4b <0.05
2011e2019 80.19e235.7 15.3b <0.05

Areas
Urban 1,651,539 1997e2019 72.10e339.70 6.6b <0.05

1997e2012 72.10e90.13 0.6 0.2
2012e2015 90.13e233.48 33.1b <0.05
2015e2019 233.48e339.70 12.4b <0.05

Rural 2,482,559 1997e2019 172.30e154.24 �0.5 0.7
1997e2003 172.30e82.16 �10.4b <0.05
2003e2011 82.16e77.15 �2.5b <0.05
2011e2014 77.15e108.77 14.7 0.1
2014e2017 108.77e105.56 �1.02 0.9
2017e2019 105.56e154.24 0.4b <0.05

Gender
Male 2,204,268 1997e2019 83.80e254.04 4.9b <0.05

1997e2011 83.80e84.71 �0.4 0.4
2011e2019 84.71e254.04 14.7b <0.05

Female 1,929,830 1997e2019 140.20e215.12 2.0b <0.05
1997e2010 140.20e70.38 �5.5b <0.05
2010e2019 70.38e215.12 13.9b 0.05

a Average annual percent change.
b AAPC is significantly different from zero at a ¼ 0.05.

Table 2
Long-term trends in congenital anomalies in Henan, China, from 1997 to 2019.

Condition Period Trend in proportion
(1/10,000)

AAPCa P

Maternal age
<20 1997e2019 250.0e187.7 �3.4 0.1
20e24 1997e2019 121.0e199.90 2.3b <0.05

1997e2011 121.0e76.86 �3.0b <0.05
2011e2019 76.86e199.90 12.4b <0.05

25e29 1997e2019 99.10e228.04 4.5b <0.05
1997e2011 99.10e57.43 �1.8b <0.05
2011e2019 57.43e228.04 19.6b <0.05

30e34 1997e2019 125.50e243.69 3.3b <0.05
1997e2011 125.50e74.57 �3.6b <0.05
2011e2019 74.57e243.69 16.5b <0.05

35~ 1997e2019 140.10e293.32 3.1b <0.05
1997e2011 140.10e96.13 �3.3b <0.05
2011e2019 96.13e293.32 15.5b <0.05

Common congenital anomalies
NTDs 1997e2019 39.3e0.92 �14.8b <0.05

1997e2006 39.3e14.36 �10.1b <0.05
2006e2019 14.36e0.92 �17.8b <0.05

CL 1997e2019 14.33e3.52 �5.7b <0.05
1997e2012 14.33e10.51 �1.2 0.1
2012e2019 10.51e3.52 �14.7b <0.05

PD 1997e2019 6.46e17.14 4.7b <0.05
1997e2000 6.46e10.92 24.5b <0.05
2000e2003 10.92e3.84 �21.7b <0.05
2003e2019 3.84e17.14 7.1b <0.05

CHD 1997e2019 4.64e136.46 19.7b <0.05
1997e2010 4.64e5.56 4.4 0.1
2010e2019 5.56e136.46 45.8b <0.05

CH 1997e2019 10.13e1.83 �6.0b <0.05

NTD, neural tube defects; CL, cleft lip; PD, polydactyly; CHD, congenital heart dis-
ease; CH, congenital hydrocephalus.

a Average annual percent change.
b AAPC is significantly different from zero at a ¼ 0.05.
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incidence of CH decreased gradually from 1997 to 2019 (per 10,000
births: 10.13 in 1997 to 1.83 in 2019, AAPC �6.0%, P-trend <0.05;
Fig. S4E; Table 2).

Discussion

The incidence of total congenital anomalies in Henan province
and within the different subgroups displayed similar trends. The
average incidence of congenital anomalies during the monitoring
periodwas 122.5 per 10,000 births (95% CI: 121.5e123.5). The overall
incidence decreased from 1997 to 2011 and subsequently increased
from 2011 to 2019. The incidence of congenital anomalies in urban
areas and males showed an upward trend, with the incidence of
congenital anomalies in urban areas and males increasing by 371%
and 203%, respectively, from 1997 to 2019. In contrast, the incidence
of congenital anomalies in rural areas and females initially
decreased, but then subsequently increased. From 1997 to 2019, the
incidence in rural areas decreased by 10%, whereas it increased by
53% in females. Overall, the incidence of congenital anomalies for
mothers aged>20 years gradually decreased from 1997 to 2011, with
the incidence subsequently increasing after 2011. The most common
congenital anomalies seen were PD, CL, CH, CHD, and NTDs. From
1997 to 2019, therewas a significant increase in the incidence of CHD
(per 10,000 births: 4.64 to 136.46), whereas there was a significant
reduction in the incidence of NTDs (per 10,000 births: 39.3 to 0.92).

Over the study period, an increase in the incidence of congenital
anomalies in urban resulted in an overall increase of 115% for the
province. This increased incidence was predominantly observed in
urban areas and in males. Among the most common anomalies, the
incidence of PD and CHD increased while the incidence of CH, CL,
and NTDs decreased. PD was one of the top five most common
congenital anomalies for many years, with the incidence of PD
rising steadily since 2003. Indeed, PD incidence increased by 165%
from 1997 to 2019. Similarly, CHD has ranked in the top five most
common anomalies since 2008 and has been the most common
overall since 2013. The incidence of CHD increased rapidly after
2010, with the incidence of CHD in 2019 being 29.4 times that in
1997. The incidence of CH has been decreasing, with an 82%
decrease seen in its incidence from 1997 to 2019. Moreover, CH
ranked second after PD in terms of overall incidence. In addition to
these common congenital anomalies, syndactyly and hypospadias
have been ranked among the top five most common anomalies in
recent years, which may be because of the decreasing incidence of
other previously more common congenital anomalies and an in-
crease in the incidence of dactylions and hypospadias. The inci-
dence of NTDs continued to decline during the survey period,
moving from its position as the most common anomaly in 1997 to
10th place in 2019. The overall decline in the incidence of NTDsmay
be attributed to increased folic acid supplementation and improved
prenatal diagnostic techniques in recent years.15e17 CHD is the most
common congenital anomaly in infants and is the most common
birth defecterelated cause of infant mortality.19 Chromosomal
anomalies are responsible for a small number of cases; however,
the cause of most cases of CHD remains unknown.20 In our study,
we found that the incidence of CHD has been increasing since 2010
and has consistently ranked as the most common abnormality
since 2013. The incidence of atrial septal defect/patent foramen
oval and patent ductus arteriosus (per 10,000 births: 53.66 to
122.61; 26.76 to 70.67, respectively) has similarly been increasing
between 2015 and 2019; they are the two most common subtypes
of CHD and may be related to the increased incidence of mild CHD.
However, improvements in CHD diagnostics may also have led to an
increase in the rate of detection of CHD. Timely fetal and infant
heart examination is gradually being adopted across the whole
province, with some districts and counties popularizing infant CHD

screening, which increases the rate of detection of CHD. In addition,
in 2013, national standards for the detection of CHD were adopted.
In recent years, there have also been increasing reports of novel
micro-heart diseases. These may indeed be the causal factors
driving the increasingly high incidence of CHD.

Previous studies have reported a differential incidence of
congenital anomalies between urban and rural areas.7,8,10,20 In this
study, we found that the incidence of congenital anomalies in rural
areas was higher than that in urban areas from 1997 to 2005,
whereas the incidence in urban areas was higher than that in rural
areas after 2005. Although the incidence of congenital anomalies in
both areas showed an upward trend, the rate of increasewas higher
in urban areas. These results are consistent with previous
studies.7,10,20 This difference may be because of the increasing
availability of prenatal diagnostics and monitoring techniques in
rural areas. Improved diagnostics mean that the number of babies
born with certain life-limiting or fatal congenital anomalies can be
reduced, by means of abortion, thus reducing the overall incidence
of congenital anomalies in rural areas.21 Improved maternal health
in rural areas, potentially because of increasing use of multivita-
mins and folic acid supplementation during pregnancy, may also
help to reduce the incidence of congenital anomalies.15e17 Pollution
and other risk factors associated with modern lifestyles, such as
indirect smoking, alcohol consumption during pregnancy, and
maternal obesity, may contribute to the increase in congenital
anomalies seen in urban areas.22e26

Previous studies have reported sex-specific differences in the
incidence of congenital anomalies.10,15,16 We identified a higher
incidence of congenital anomalies in males than in females, which
may be attributable to the increased incidence of hypospadias and
PD. Hypospadias and PD are known to be more common in males.
This higher incidence may also be because of an overall decline in
the incidence of NTDs, as the incidence of NTDs is thought to be
higher in females than in males.27e29 It is an indisputable fact that
maternal age has a substantial influence on the occurrence of
congenital anomalies.8,10,17 In our study, we found that the pro-
portion of infants born to women aged >35 years has increased in
recent years, which may be because of the implementation of the
universal two-child policy in China.30

Compared with previous studies in China, this study had a
longer study period, a larger sample size, andmore recent data. The
limitations of this study include that there were only 23 congenital
anomalies reported by the surveillance system, whereas 110
congenital anomalies are known to frequently occur. In addition,
the study lacked an individual database for each pregnancy,
meaning that confounding factors such as smoking, drinking
alcohol, and medical history could not be accounted for.

Conclusion

In general, the incidence of congenital anomalies in Henan,
China, has trended upward during the last decade, especially in
urban regions. The incidence of NTDs has significantly decreased,
which may be because of improved diagnostic techniques and folic
acid supplementation. Notably, the incidence of CHD is increasing.
More attention should thus be paid to the diagnosis and prevention
of CHD, and measures should be implemented to decrease the
incidence of CHD.
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a b s t r a c t

Objectives: Healthcare professionals’ high risk of infection and burnout in the first months of the COVID-
19 pandemic probably hindered their much-needed preparedness to respond. We aimed to inform how
individual and institutional factors contributed for the preparedness to respond during the first months
of a public health emergency.
Study design: Cross-sectional study.
Methods: We surveyed healthcare workers from a Local Health Unit in Portugal, which comprises primary
health care centers and hospital services, including public health units and intensive care units, in the
second and third months of the COVID-19 epidemic in Portugal. The 460 answers, completed by 252
participants (about 10% of the healthcare workers), were analyzed using descriptive statistics and mul-
tiple logistic regressions. We estimated adjusted odds ratios for the readiness and willingness to respond.
Results: Readiness to respond was associated with the perception of adequate infrastructures
(aOR ¼ 4.04, P < 0.005), lack of access to personal protective equipment (aOR ¼ 0.26, P < 0.05) and
organization (aOR ¼ 0.31, P < 0.05). The willingness to act was associated with the perception of not
being able to make a difference (aOR ¼ 0.05, P < 0.005), risk of work-related burnout (aOR ¼ 21.21,
P < 0.01) and experiencing colleagues or patients’ deaths due to COVID-19 (aOR ¼ 0.24, P < 0.05).
Conclusions: Adequate organization, infrastructures, and access to personal protective equipment may be
crucial for workers' preparedness in a new public health emergency, as well workers’ understanding of
their roles and expected impact. These factors, together with the risk of work-related burnout, shall be
taken into account in the planning of the response of healthcare institutions in future public health
emergencies.

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

Introduction

SARS-CoV-2 has spread rapidly worldwide.1 Most infected per-
sons present mild symptoms or none,2 but the diagnosis of SARS-
CoV-2 infection, treatment of persons with moderate or severe
symptoms, and contact tracing requiremajor efforts from resources
that healthcare services may not have, especially during periods of
high incidence.1,2

It is predictable that healthcare services may not be able to
respond as promptly and with the same quality during public
health emergencies d as during pandemics d as it would without
this pressure. However, healthcare services are expected to prepare
and promptly react to public health emergencies, and to adapt and
upscale their response to face new demands.1,2

The capacity of response of healthcare services depends on their
infrastructure, available materials, equipment, and number of hu-
man resources d and their preparedness. McCabe et al. (2010)3

proposed three key ingredients for improving the public health
emergency preparedness system: willingness e the emotional or
affective dimension that depends on personal and contextual fac-
tors, readiness e the availability to respond, and the possession of
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the necessary resources in terms of staff, structure, equipment and
(personal and institutional) plans for an adequate response, and
ability e the aptitudes, traits, skills, and knowledge earned during
education or training.

However, this pandemic has been striking healthcare workers,
directly and indirectly, which can impact their preparedness.
Burnout risk increased among healthcare workers,4 and some au-
thors have shown that having had COVID-19 symptoms or risk
contacts is associated with psychological distress and lower sense
of coherence.5

Nonetheless, little is known about how the experience of this
pandemic d including burnout d contributed to the willingness
and readiness to act, nor what factors drove to a higher prepared-
ness. We hypothesize that, if little or no institutional and psycho-
logical support is given to healthcare workers, factors like the lack
of formal organizational support, training or equipment, and
workers’ experience of the pandemic (in terms of burnout, SARS-
CoV-2 infection, and transmission to others, and contact with
COVID-19-related deaths) may affect their willingness and readi-
ness to act. This study aims to understand the individual and
organizational factors that have contributed to the willingness and
readiness of healthcareworkers to respond during the first phase of
the SARS-CoV-2 pandemic.

Methods

This is an observational cross-sectional study based on a self-
administered survey that explored the underlying factors that
could contribute to the readiness and willingness to respond in the
COVID-19 pandemic, including personal, patients- and work-
related burnout.6

This questionnaire was sent to all workers from a Local Health
Unit from an area with about 180,000 inhabitants (Matosinhos),
especially affected in the first months of the pandemic. This Unit
comprises a hospital, which provides infectiology, internal medi-
cine and intensive care services, and primary health care units,
including a public health unit. The questionnaire was sent between
May and June 2020 (first and second fortnights of May, and in the
first fortnight of June); and 460 questionnaires were completed by
252 participants (about 10% of all staff; 110 filled the questionnaire
once, while 88 filled it twice and 58 three times, i.e. each fortnight).
The study was approved by the ethics committee from the Mato-
sinhos’ Local Health Unit (44/20/RS).

We stratified the descriptive analysis by working or not at the
frontline, as respondents' and institution's characteristics were
likely to differ, and performed logistic regression analyses, mutually
adjusting all models, and adjusting for sex, age, working (or not) in
the frontline, education, and questionnaire wave (Table 1).

Results

In all, 60.2% of the questionnaires were answered by frontline
workers; 78.0% were females, and 72.4% were younger than 44
years old. Most were ready to answer to the pandemic, and readi-
ness was higher among those in the frontline (83.3% vs 71.7%, P-
value<0.005); 85% were willing to answer, but 40.1% reported not
having enough knowledge to answer (Table 1). A third (29.6%) of
those in the frontline perceived they did not have enough training,
which contrasts with 52.8% of those not working in the frontline.
These results did not significantly change over time.

Regarding the potential determinants of readiness, most par-
ticipants considered infrastructures, equipment, and information
systems as adequate. The institutionwas perceived as organized for
the response, and contingency plans were known by the largest
majority. Most reported adequate psychological work conditions:

58.9% of respondents in the frontline and 70.6% of those not in the
frontline (P-value<0.05).

Differences regarding the factors related to the willingness to
respond were found: the perception of not being able to make any
difference was higher among those not working in the frontline
(11.6% vs 22.7%, P-value<0.005), as it was regarding the perception
of their action not being effective to control the pandemic (20.0% vs
36.2%, P-value<0.001), and not knowing how to contribute (6.9% vs
25.3%, P-value<0.001). Over a quarter of responders had high or
severe risk of burnout, but the proportion was higher among those
not in the frontline, with statistically significant differences. Those
in the frontline experienced more frequently COVID-19-related
death of patients or colleagues (27.2% vs 8.2%, P-value<0.001).

The workers’ readiness to respond to COVID-19 was strongly
associated with the perception of adequate infrastructures
(aOR ¼ 4.04, P-value<0.005) (Table 1). The readiness to respond
was reduced when workers perceived lack of access to adequate
PPE (aOR¼ 0.26 P-value<0.05), as well as lack of organization in the
institution (aOR ¼ 0.31, P-value<0.05).

Willingness to respond was negatively associated with the
perception of not being able to make a difference (aOR ¼ 0.05, P-
value<0.005) and positively associated with the risk of work-
related burnout (aOR ¼ 21.21, P-value<0.01). Having experienced
the death of colleagues or patients due to COVID-19 reduced the
willingness to respond (aOR ¼ 0.24, P-value<0.05).

Discussion

In the first months of the response to a pandemic d caused by
an unknown agent d the perception of adequate infrastructures,
access to PPE, and organization of the institution determined the
workers' readiness to respond. The perception of not being able to
make a difference, moderate and higher risk of work-related
burnout and having experienced colleagues or patients’ death
due to COVID-19 affected their willingness to respond.

These results are partially aligned with the framework proposed
by McCabe et al. (2010):3 physical conditions, equipment, and or-
ganization are needed to inspire readiness to act. It must be noted
that in the first phase of the pandemic, there were limitations on
PPE availability,7 and hospitals faced an unprecedented need of
large numbers of isolation rooms and ventilators and the need to
reorganize to better answer to the pandemic. Thus, equipment and
conditions were perceived as important for the readiness of
healthcare workers to act, as well as organizational factors. As hy-
pothesized,3 the perception of not being able to make any differ-
ence diminished thewillingness to respond. This finding is valuable
for managers: every worker must clearly know what his/her role is
and its contribution for the response. The scarcity of evidence about
the disease or its treatment specificities may have lowered the
importance of training and perceived knowledge on thewillingness
to act.

Regarding the positive association between willingness to
respond and work-related burnout, a higher willingness may be
associated with a higher work intensity and, indirectly, to a higher
risk of burnout, especially during the first phase of the pandemic. A
review showed that higher responsibility and higher working hours
increased the risk of suffering from mental distress during the
COVID-19 pandemic,8 and frontline healthcare professionals
showed a higher risk of insomnia, stress, and burnout.9 Our results
do not show any significant association between having experi-
enced transmission of COVID-19 in the workplace or in the family
or friends’ milieu and the willingness to respond to the pandemic,
except for the contact with the death of patients or colleagues due
to COVID-19. The high sense of duty could have attenuated the
importance of these experiences in the worker's willingness to
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respond.10 The small number of workers using psychological sup-
port may have also attenuated the effect of this strategy for
improving their well-being and the willingness to act.

These results must be interpreted considering that, first, the
sample corresponds to healthcare workers from a single center.
Although, we believe these results could be observed in other
centers that congregate primary care units, infectiology, internal
medicine, and intensive care services located in a predominantly

urban context strongly affected in the first months of the pandemic.
Second, only about 10% of the whole study population agreed to
participate in the survey. Support staff or older workers were un-
derrepresented, probably due to lower digital literacy. Third, in-
vitations to participate were repeated in time. Although responses
may not be not fully independent, the existing resources and or-
ganization may have changed and, accordingly, the willingness and
readiness to respond; as such, we adjusted the analysis for thewave

Table 1
Sample description and factors associated with the readiness and willingness to respond in the COVID-19 pandemic. Models are mutually adjusted and for sex, age, workplace,
education, role in the pandemic response (working or not in the frontline), and waves.

Description of the sample Factors associated with readiness to
respond

Factors associated with willingness to
respond

In the frontline Not in frontline P-value Adjusted odds Ratio P-value Adjusted odds Ratio P-value

Ready to respond 229 (83.3%) 129 (71.7%) 0.003
Adequate physical

conditions
189 (68.2%) 132 (72.9%) 0.280 4.04 (1.75e9.30) 0.001

Adequate equipment and
materials

200 (73.0%) 145 (79.2%) 0.130 0.73 (0.25e2.15) 0.570

No access to adequate PPE 37 (13.4%) 13 (7.3%) 0.046 0.26 (0.08e0.88) 0.030
Information systemwas not

adequate
106 (38.8%) 58 (32.2%) 0.150 0.84 (0.32e2.20) 0.710

Information system was
unable to answer

88 (32.2%) 41 (23.0%) 0.035 0.95 (0.33e2.77) 0.928

Institution was not
organized

45 (16.3%) 27 (15.0%) 0.710 0.31 (0.12e0.81) 0.016

Does not know contingency
plan

21 (7.6%) 16 (8.8%) 0.640 0.42 (0.13e1.38) 0.153

Adequate psychological
work conditions

162 (58.9%) 127 (70.6%) 0.012 1.70 (0.73e3.97) 0.216

Willing to respond 234 (85.4%) 153 (85.0%) 0.910
Perception action makes no

difference
32 (11.6%) 41 (22.7%) 0.002 0.05 (0.01e0.32) 0.001

Perception that action was
not effective

55 (20.0%) 64 (36.2%) <0.001 1.60 (0.34e7.46) 0.546

Does not know to
contribute

19 (6.9%) 45 (25.3%) <0.001 2.25 (0.34e14.62) 0.397

Does not have enough
knowledge

111 (40.1%) 59 (32.6%) 0.110 1.00 (0.28e3.58) 0.995

Does not have enough
training

81 (29.6%) 95 (52.8%) <0.001 0.38 (0.10e1.46) 0.161

Personal burnout -
Moderate/High/Severe
riska

159 (57.8%) 115 (68.0%) 0.034 0.86 (0.14e5.50) 0.877

Work-related burnout -
Moderate/High/Severe
riska

128 (48.1%) 103 (64.0%) 0.002 21.21 (2.11e212.78) 0.009

Patient-related burnout -
Moderate/High/Severe
riska

192 (70.6%) 115 (73.2%) 0.001 3.49 (0.65e18.87) 0.146

Was tested for SARS-CoV-2
infection

129 (47.1%) 62 (34.1%) 0.006 0.81 (0.20e3.24) 0.768

Was diagnosed for SARS-
CoV-2 infection

38 (13.7%) 26 (14.5%) 0.810 0.37 (0.03e4.05) 0.413

Had contact with colleague
or patient with COVID-
19

237 (86.2%) 110 (61.5%) <0.001 1.59 (0.24e10.51) 0.636

Transmitted COVID-19 to
colleagues or patients

19 (6.9%) 7 (3.9%) 0.180 0.58 (0.08e4.38) 0.599

Transmitted COVID-19 to
family or friends

12 (4.5%) 14 (7.7%) 0.150 0.41 (0.03e5.21) 0.490

Friends or family diagnosed
with COVID-19

79 (28.7%) 58 (31.7%) 0.500 0.34 (0.09e1.32) 0.120

Experienced death of
colleagues or patients
due to COVID-19

74 (27.2%) 15 (8.2%) <0.001 0.24 (0.06e0.97) 0.045

Experienced death of family
or friends due to COVID-
19

9 (3.3%) 7 (3.9%) 0.740 b

Had psychological care in
the last 2 weeks

13 (4.7%) 3 (1.6%) 0.082 b

Note: In bold the results that were statistically significant.
a Reference category: no/low risk.
b The variables “Experienced death COVID-19 of family or friends” and “Psychological care last two weeks”were omitted due to collinearity (small number of observations).
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of questionnaires. Fourth, we cannot assume causality but only
association, which can be reversely set, as we discussed regarding
willingness and work-related burnout. However, it is unlikely that a
higher readiness to act increased the perception of better physical
conditions, organization, or accessibility to PPE.

Public health emergencies d as the COVID-19 pandemic d can
put healthcare services under strain, and healthcare workers may
respond differently to it. The perception of adequate in-
frastructures, organization, and access to PPE are crucial in creating
a sense of readiness, and the knowledge that one's own actions can
make a difference contributes to the willingness to act. Team
manager's awareness of these factors, as well as of the risk of work-
related burnout, is much needed to provide safe and healthy
workplaces and an adequate response to this public health emer-
gency, and others that may emerge in the future.
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a b s t r a c t

Objectives: Incarcerated people are at higher risk for HIV, Hepatitis B Virus (HBV), and Hepatitis C Virus
(HCV) infections. This review systematically summarized the evidence on the prevalence of these in-
fections among incarcerated people in Iran.
Study design: A systematic review and meta-analysis.
Methods: We searched Embase, PubMed, Web of Science, Scopus, PsychInfo, Iranian databases, including
IranMedex, Magiran, Scientific Information Database (SID), and IranDoc. A grey literature review was
conducted to find unpublished reports from the Ministry of Health and experts throughout the country.
Included studies reported data on the prevalence of HIV, HBV, or HCV infections. A random-effects meta-
analysis was performed to estimate the pooled prevalence. A meta-regression analysis was also
conducted.
Results: Of 1461 screened records, 23 records were eligible (total participants ¼ 199,855). The pooled
prevalence of HIV (17 studies), HBV (6 studies), and HCV (10 studies) was 2.77% (95% CI: 1.96, 3.70), 2.89%
(95% CI: 2.28, 3.56), and 21.57% (95% CI: 13.62, 30.76), respectively. Meta-regression analyses showed that
HIV (P-value ¼ 0.05) and HCV (P-value ¼ 0.02) were reduced over time using survey year as the inter-
ested variable in the model. Also, lifetime history of drug injection had a significant association with the
HIV infection (P-value ¼ 0.03).
Conclusion: The findings suggest that the prevalences of these infections are relatively considerable
among Iranian incarcerated people. These findings support developing interventions to reduce the risk of
the acquisition and circulation of these infections among incarcerated people, and continued harm
reduction programs among most at-risk incarcerated people, as well as HCV treatment.

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

Introduction

Globally, HIV, hepatitis B virus (HBV), and hepatitis C (HCV)
virus are major public health concerns. About 38 million people
were living with HIV worldwide in 2019.1 In 2015, the World
Health Organization (WHO) estimated that 257 million and 71
million people were living with HBV and HCV, respectively.2

Previous studies suggested a direct association between high-
risk behaviors such as drug use and needle sharing and the

transmission risk of blood-borne infections such as HIV, HBV,
and HCV.2,3

Incarcerated people are at greater risk for some of the blood-
born infections such as HIV, HBV, and HCV4 than non-
incarcerated people. These infections are particularly higher
among incarcerated people with a history of risky practices, such as
those who inject drugs or have a history of drug injection. The
prevalence of these infections has been reported high among
incarcerated people in Iran. During the 1990s, several HIV out-
breaks were reported among incarcerated people in Iran.5 The
outbreaks led to elevated concerns for incarcerated people's health
and their networks. While the HIV prevalence among incarcerated
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people in Iran was estimated at 0.0%e0.4% before 1998, the prev-
alence rose to 4.5% after 1998.6

While people who inject drugs (PWID) contribute to a sub-
stantial portion of incarcerated people with HIV in Iran,7 they are
also at greater likelihood of being incarcerated; for example, 65.5%
of PWID in Iran reported lifetime experience of incarceration.8 As
such, risky behaviors such as drug use and drug injection is prev-
alent among incarcerated people; for example, a study in 2015
showed that approximately 20% of incarcerated people in Iran had a
history of drug injection inside prison.9 A report published in 2006
also demonstrated that the prevalence of sharing injection equip-
ment was 82% among PWID who had a lifetime history of drug
injection inside prison; of them, 36% were HIV seropositive.10

Internationally, estimates suggest that incarcerated people are
approximately 15 times more likely to be living with HIV compared
to people who are not incarcerated.11,12 A 2018 systematic review
and meta-analysis showed that recent incarceration increases the
risk of HIV acquisition by 81% (i.e. relative risk ¼ 1.81; 95% CI: 1.40,
2.34) and the risk of HCV acquisition by 62% (i.e. relative risk¼ 1.62;
95% CI: 1.28, 2.05). Additionally, past history of incarceration was
associated with a 25% increase in HIV and a 21% increase in HCV

acquisition risk.15 To improve our understanding concerning the
burden of HIV, HBV, and HCV infections among incarcerated people
in Iran, as one of the HIV key affected subpopulations, we per-
formed a systematic review and meta-analysis in order to quanti-
tively summarize the existing body of evidence on the prevalence
of these three infections.

Methods

The present review followed the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines.16

Search strategy

We searched the articles and grey literature that reported the
prevalence of HIV, HBV, or HCV infection from inception to
February 10, 2021. The following electronic databases were
searched: PubMed, Embase, Web of Science, Scopus, and PsycINFO
for the English language articles. We also searched IranMedex,
Magiran, Scientific Information Database (SID), and IranDoc as
commonly used Iranian databases. The search strategy consisted of
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Records identified through
electronic database
searching (n=1458)

Additional records identified
through other sources (n=3)

Overall (1461)
Duplicates excluded (n= 354)

Full-text articles assessed for 
eligibility (n=172)

152 articles excluded

Low quality based on Newcastle-Ottawa quality
assessment scale
Conducted on non-incarcerated people
Validity and reliability assessment
Sample was limited to HIV positive incarcerated
people only
Not reporting the studied infections
Infections were not confirmed by lab tests  Studies meeting eligibility

criteria (n=20)

Unique studies included in
quantitative synthesis, meta-

analysis (n=20)

Irrelevant studies excluded
(n= 932)

Fig. 1. PRISMA diagram for study selection of HIV, HBV, and HCV among incarcerated people, Iran.
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the terms for incarcerated people (e.g. prisons, criminals, incar-
cerate, jail, correctional facility, correctional institute, detain,
offender) and Iran (details are shown in Appendix A). Additionally,
we conducted a grey literature review to identify unpublished
documents. To do this, we reached out to institutions, research
centers, and well-known experts who were well-known in the
areas of HIV, HBV, and HCV and asked for providing and sharing
unpublished records.

Eligibility criteria and quality assessment

We included original studies that reported HIV, HBV, and HCV
infections among incarcerated people in Iran. The inclusion
criteria consisted of (a) quantitative studies, (b) studies conducted
in Iran, (c) studies published in Persian or English, and (d)
measured HIV (HIV Ab) or HBV (HBs Ag) or HCV (HCV Ab) infec-
tion by serologic test, and reported the prevalence of these in-
fections separately with a confirmatory test. The exclusion criteria
included (a) unclear type of serological test, (b) lack of a sero-
logical test for the studied infections, and (c) no quantitative es-
timate of these infections.

Data extraction

After eliminating duplicates, two co-authors (S.M. and G.M.)
screened titles and abstracts independently and removed irrelevant

studies. Disagreements between the two reviewers were resolved
by discussion with the senior author (H.S.). Data were extracted by
two co-authors (S.M. and G.M.) and double-checked for the
following items: (a) study design, (b) sample size, (c) study location
and coverage, and (d) the prevalence of HIV, HBV, and HCV.

Quality assessment

The NewcastleeOttawa scale (NOS) was used to examine the
quality of the included studies. The NOS assesses the extent to
which a study addressed the potential biases during the different
levels of the study. The studies were classified into three categories,
including unsatisfactory (score range: 0e4), satisfactory (score
range: 5e6), good (score range: 7e8), and very good (score range:
9e10).17 The details of the quality assessment of the included
studies are provided in Appendix B.

Analytic approach

The pooled prevalence and 95% confidence intervals (CI) were
reported for the three studied infections. The Freeman-Tukey
double arcsine transformation was used to estimate the pooled
prevalence for each outcome.18 A random-effects meta-analysis
model through the DerSimonian and Laird method was applied to
pool the data.19 To evaluate the possibility of heterogeneity be-
tween studies, the I2 value was examined. We used meta-

Table 1
Included studies for a systematic review of HIV, HBV, and HCV prevalence among incarcerated people in Iran.

Author, published
year

Geographical
coverage

Sample size Age Sampling method Test type Reported infection Study type

Khani et al. 200341 Zanjan (city) 346 Mean: 33.7 Random ELISA/western blot HIV Cross-sectional
Rowhani-Rahbar

et al. 200442
Mashhad (city) 101 Mean: 32.8 Random ELISA/western blot HIV Cross-sectional

Alizade et al.
200543

Hamedan (city) 427 Mean: 37.9 Random ELISA/RIBA HCV Cross-sectional

Javadi et al. 200644 Isfahan and
Lorestan and
Chaharmahal va
Bakhtiari
(province)

1431 Not reported Random Double ELISA HBV; HCV Cross-sectional

Amiri et al. 200745 Gilan (province) 541 Mean: 34.7 Census Double ELISA HCV Cross-sectional
Pourahmad et al.

200746
Isfahan, Lorestan
and Chaharmahal
va Bakhtiari
(province)

1431 Age range: 25- 60 Random Double ELISA HIV; HBV; HCV Cross-sectional

Khodabakhshi et al.
200723

Gorgan (city) 121 Not reported Random ELISA/western blot HIV; HBV Cross-sectional

Davoodian et al.
200927

Hormozgan
(province)

249 Mean: 35.4 Random ELISA/western blot HIV Cross-sectional

BBSS (2009)47 National 4543 Mean: 32.2 Random Double ELISA HIV Cross-sectional
Afsar Kazerooni

et al. 201048
Shiraz (city) 363 Mean: 33.2 Random Double ELISA HIV Cross-sectional

Moradi et al. 201249 Hamedan (city) 118 Mean: 32.0 Census ELISA/western blot HIV Cross-sectional
Nokhodian et al.

201226
Isfahan (city) 163 Mean: 34.5 Census ELISA/western blot HIV; HCV Cross-sectional

Ataie et al. 201350 Isfahan (city) 160 Mean: 16.6 Census ELISA/western blot HIV Cross-sectional
Dibaj et al. 201351 Isfahan (province) 970 Mean: 32.9 Census ELISA/western blot HIV Cross-sectional
Haghdoost et al.

201324
National 155,771 Not reported Random Double ELISA HIV Cross-sectional

BBSS (2013)52 National 5390 Mean: 35.1 Random Double ELISA HIV Cross-sectional
Ziaee et al. 201453 South Khorasan

(province)
881 Mean: 34.7 Random ELISA/western blot HIV; HCV Cross-sectional

Khajedalouee et al.
201629

Mashhad (city) 1114 Not reported random ELISA/PCR HCV Cross-sectional

BBSS (2017)54 National 5775 Mean: 35.8 Random Double ELISA HIV Cross-sectional
SeyedAlinaghi et al.

201755
Tehran (province) 6900 Mean: 30.7 Census Unigold/ELISA/

western blot
HIV Cross-sectional

Moradi et al. 20189 National 5508 Mean: 39.5 Multi- stage Double ELISA HBV, HCV Cross-sectional
Moradi et al. 201925 National 6481 Mean: 36.3 Multi- stage Double ELISA HBV; HCV Cross-sectional
Khademi et al.

201928
Kermanshah
(province)

1034 Mean: 35.5 census Rapid test/double
ELISA

HIV; HBV, HCV Cross-sectional
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regression by Knapp-Hartung modification to investigate the
source of heterogeneity between studies.20 Meta-regression
models were used to assess the role of the survey year by
assuming that the prevalence of these infections reduces over time
and the role of a lifetime history of drug injection by assuming that
ever drug injection increases the prevalence of these infections.
Given the lack of enough records in the meta-analysis stage when
analyzing HBV (n ¼ 6), meta-regression analyses were limited to
only HIV and HCV.21 The Stata's metaprop package was used for
analyses.22 Stata version 14.2 was used for conducting meta-
analyses.

Results

Participants and study characteristics

We screened 1458 records in electronic databases and three
additional unpublished reports through other sources, including
national HIV bio-behavioral surveillance surveys (BBSS) among
incarcerated people, conducted in 2009, 2013, and 2017. After
removing duplicates (354 records) and irrelevant papers (932
records) based on titles and abstracts, 172 articles and three
reports received the full-text review. In the full-text review
phase, 152 articles were removed, mainly due to being non-
original articles, conducted among incarcerated people living
with HIV, did not measure the study outcomes of interest, used
self-report tests instead of serologic tests, did not use confir-
mation tests for the studied infections (Fig. 1). In the final step,
data from 20 published articles and three national BBSS reports,
yielding a total of 199,855 participants, were extracted. The
mean age of participants in included studies was ranged be-
tween 16.6 and 37.9 years old. The smallest sample size
(n ¼ 121) was for a study conducted in Gorgan, a northern city

in Iran,23 while the maximum sample size (n ¼ 155,771) was for
a national study that used aggregated data from HIV sentinel
serosurveys from 1991 to 2007.24 The majority of studies used
simple random sampling and census for recruiting participants,
with two studies using a multistage cluster sampling method9,25

(Table 1). Seventeen studies reported eligible information for
pooling HIV infection data, ten studies for HCV, and six studies
for HBV.

HIV prevalence

The pooled prevalence of HIV infection based on the confirmed
HIV Ab test was estimated as 2.77% (95% CI: 1.97, 3.69). The lowest
prevalence estimation was 0.00% (95% CI: 0.00, 2.24) in a 2002
study conducted in Isfahan, a central city in Iran.26 The highest
prevalence estimation was 15.26% (95% CI: 11.03, 20.34) in a 2002
study conducted in Bandar-Abbas, a southern city in Iran27 (Fig. 2).
Results of the univariate meta-regression analyses showed that a
history of lifetime drug injection increased the likelihood of HIV
prevalence among incarcerated people (P-value: 0.03). The survey
year was, however, negatively associated with the HIV prevalence
(P-value: 0.05) (Table 2).

Fig. 2. The overall prevalence of HIV among incarcerated people in Iran based on the random-effects model.

Table 2
Meta-regression results.

Prevalence Coefficient 95% Confidence Intervals P-value

HIV prevalence
Survey year �0.001 �0.002; 0.000 0.05
Lifetime drug injection 0.001 0.000; 0.001 0.03
HCV prevalence
Conducted Date �0.020 �0.032; �0.004 0.02
Lifetime drug injection 0.005 �0.005; 0.015 0.30
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HBV prevalence

The pooled prevalence of HBV was 2.89% (95% CI: 2.28, 3.56).
The lowest estimate was for a 2017 study in Kermanshah, located in
the western part of Iran, which was 1.26% (95% CI: 0.67, 2.14).28 The
study in Khorasan Razavi prison in 2008, a northeastern city in Iran,
reported the highest prevalence of HBV as 4.22% (95% CI: 3.12,
5.57)29 (Fig. 3). Meta-regression analyses were not done for HBV
due to the low number of records in the final stage.

HCV prevalence

The pooled prevalence of HCV infection among incarcerated
people in Iran was 21.57% (95% CI: 13.62, 30.76). Nokhodian et al.
(2009) reported the lowest HCV prevalence as 7.36% (95% CI: 3.86,
12.51) in Isfahan prison.26 Amiri et al. (2009), in a national survey
reported the highest HCV estimation at 51.94% (95%CI: 47.64,
56.22)30 (Fig. 4). The meta-regression analyses showed that the
survey year was negatively associated with the HCV prevalence (P-
value: 0.02) (Table 2).

Discussion

The findings of this systematic review and meta-analysis
showed that the pooled estimate of HIV among incarcerated peo-
ple in Iran was 2.77%, with 21.57% as the pooled estimate of HCV
and 2.89% as the pooled estimate of HBV. The prevalence of HIV and
HCV was shown to be reduced over time. Lifetime drug injection
increased the likelihood of HIV prevalence.

The pooled HIV prevalence for our study was 2.77%. These results
are approximately in linewith previous reviews in Iran. For example,
a 2012 systematic review and meta-analysis conducted by Bagheri
Amiri et al. estimated HIV prevalence among incarcerated people at
3.42%.31 The relatively lowerestimation inour studymaysuggest that
HIV prevalence among incarcerated people has a decreasing trend
with a low slope. According to the meta-regression results, the
prevalenceofHIVamong incarceratedpeopledecreases 0.1%per year,
which supports the decreasing trend. The observed decrease might
be due to harm reduction programs such as opioid substitution

treatment (OST) and needle and syringe program (NSP) inside and
outside of the prisons in Iran. However, the reducing trend is very
low, and additional interventions concentrating on the sexual
transmission way of HIV are needed. Improving the interventions
such as distributing free condoms, sexual health counseling,
providing pre-exposure prophylaxis, and periodic HIV testing inside
the prisons could be effective to accelerate the HIV reduction among
incarcerated people in Iran. However, free condoms are available in
conjugal visits. It is not available for sexual acts among the incar-
ceratedpeople inside theprisons.With regard to other populations at
risk for HIV, the pooled prevalence of HIV among menwho have sex
with men in Iran was 7.0%,32 which is substantially higher than our
estimation. However, our estimation was similar with the pooled
prevalence of HIV among female sex workers has been estimated as
2.2%.33

Based on our estimations, the pooled prevalence of HBV among
incarcerated people was 2.89%. A review conducted by Dolan et al.
estimated that the prevalence of HBV among incarcerated people in
east and central Africa was 23.5%, which was the highest among all
regions in the world. In addition, the HBV prevalence among incar-
cerated people in eastern Europe and central Asia was 10.4%.34 The
diversity of prevalence in this study was because of the extended
geographical coverage of different countries. Overall, the estimated
prevalence of HBV among incarcerated people in Iran was consider-
ably lower than HBV prevalence among incarcerated people world-
wide. However, the estimated prevalence of HBV among incarcerated
people in our studywas about 30% higher thanHBVprevalence in the
general population of Iran.35 The observed difference could be
noticeable from the public health viewpoint because incarcerated
people could be a potential source of infection for the general pop-
ulationwhen released fromprison. Overall, it seems that HBV control
policies resulted in effective outcomes. Part of this might be due to
the national HBV vaccination in Iran having been started in 1992.36

Considering other populations in Iran, the pooled prevalence of
HBV among incarcerated people was substantially lower than the
pooled prevalence of HBV among PWID (4.8%).37

The findings suggested that HCV was recognized as the most
common blood-borne infection among incarcerated people in Iran.
We estimated that 21.57% of incarcerated people in Iran were HCV

Fig. 3. The overall prevalence of HBV among incarcerated people in Iran based on the random-effects model.
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seropositive. The pooled prevalence of HCV among incarcerated
peopleworldwidewas estimated at 13.22%, whichwas about half of
our estimations.38 The plausible reason for this difference could be
explained by the lack of an active national program for diagnosing
HCV infection and treatment in Iran. The high prevalence of HCV
among incarcerated people in Iran highlights the need for HCV
prevention and treatment programs. A systematic review and
meta-analysis estimated the prevalence of HCV among Iran's gen-
eral population as 0.6%, which was significantly lower than our
estimation.39 This underscores that incarcerated people should be
considered as a priority population of HCV prevention and treat-
ment programs. The mismanagement of HCV in incarcerated peo-
ple could lead to the spread of the virus inside and outside of the
prisons and have a significant effect on public health in Iran.
Consequently, controlling HCV among incarcerated people should
be a priority for health policymakers in Iran. The results of the
meta-regression suggested that the HCV prevalence among incar-
cerated people in Iran reduced 2.0% each year, which is low ac-
cording to the high prevalence of this infection. Consequently,
prevention and treatment programs are needed to decrease HCV
prevalence among incarcerated people in Iran. Previous studies
have estimated the pooled prevalence of HCV among the PWID at
41.3%,40 which was about twice the HCV prevalence among incar-
cerated people.

Our review has some limitations that should be noted. First,
because of a limited number of studies, determining heterogeneity
for more variables was impossible. Second, some studies did not
report the mean age of participants, and most participants were
male. Consequently, wewere not able to domore subgroup analysis
or meta-regression analysis.

Conclusion

This systematic review and meta-analysis documented the
burden of HIV, HBV, and HCV among incarcerated people in Iran.

Results showed that the prevalence of these infections among this
key affected population is considerably high, in particular, HCV.
Such high prevalences among incarcerated people could be
partially driven by people who inject drugs either inside prisons or
thosewho inject drugs outside the prisons while they have a higher
risk of being arrested.

The trend of these prevalences was shown to be negative,
which can be mainly due to the results of the continued attempts
in scaling up and distributing harm reductions programs and
services inside and outside prisons for people with high-risk
practices. A history of drug injection was associated with a
higher prevalence of HIV and HCV, which is not a surprising
result given the key role of drug injection in the epidemic of
these infections among the key affected populations. Evidence-
informed prevention programs should be developed to reduce
the risk of these infections among these socially and structurally
marginalized populations. Harm reduction services should be
continued inside prisons, with a particular focus on those who
inject drugs.
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a b s t r a c t

Objectives: This study aimed to explore return to work after COVID-19 and how disease severity affects
this.
Study design: This is a Nationwide Danish registryebased cohort study using a retrospective follow-up design.
Methods: Patients with a first-time positive SARS-CoV-2 polymerase chain reaction test between 1
January 2020 and 30 May 2020, including 18e64 years old, 30-day survivors, and available to the
workforce at the time of the first positive test were included. Admission types (i.e. no admission,
admission to noneintensive care unit [ICU] department and admission to ICU) and return to work was
investigated using Cox regression standardised to the age, sex, comorbidity and education-level distri-
bution of all included subjects with estimates at 3 months from positive test displayed.
Results: Among the 7466 patients included in the study, 81.9% (6119/7466) and 98.4% (7344/7466)
returned to work within 4 weeks and 6 months, respectively, with 1.5% (109/7466) not returning. Of the
patients admitted, 72.1% (627/870) and 92.6% (805/870) returned 1 month and 6 months after admission
to the hospital, with 6.6% (58/870) not returning within 6 months. Of patients admitted to the ICU, 36%
(9/25) did not returnwithin 6 months. Patients with an admission had a lower chance of return to work 3
months from positive test (relative risk [RR] 0.95, 95% confidence interval [CI] 0.94e0.96), with the
lowest chance in patients admitted to an ICU department (RR 0.54, 95% CI 0.35e0.72). Female sex, older
age, and comorbidity were associated with a lower chance of returning to work.
Conclusion: Hospitalised patients with COVID-19 infection have a lower chance of returning to work with
potential implications for postinfection follow-up and rehabilitation.
© 2021 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an

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

Introduction

COVID-19 is a global challenge for both public health and the
societal economy, which may influence daily living in years to
come. Studies are emerging on the long-term effects of COVID-19
where development of neurological disorders, fatigue, respiratory

symptoms, muscle weakness, sleep difficulties and anxiety or
depression symptoms have been identified as long-term effects of
COVID-19.1e3

COVID-19 has, on an individual level, both direct costs associ-
ated with the treatment of the disease and indirect costs with sick
leave. The indirect costs have been estimated to be about 10 times
higher than the direct costs of influenza.4 With COVID-19 out-
matching influenza in transmission and disease severity, it is highly
likely that the indirect consequences related to sick leave are much
higher for COVID-19.5
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Sick leave and long-term sick leave in patients who were part of
the workforce before COVID-19 infection may likely reflect the
long-term adverse effects of COVID-19 infection. As such, long-term
sick leave after COVID-19 infection represents the proportion of
patients who are likely to suffer from disabling sequelae after the
infection. In contrast, return to work represents the ability to return
to a societal function as before the infection. Few studies have
explored return to work and sick leave after COVID-19 infection.
Older age, hospitalisation, and female sex have been identified as
risk factors of longer sick leave after COVID-19 infection.6,7 More
studies are needed to confirm these previous findings and identify
new risk factors of sick leave and delayed return to work.

The primary aim of this study was to explore sick leave and
return to work using nationwide register-based data on weekly
updated employment status in COVID-19 patients aged between 18
and 64 years. Return to work serves as a proxy for functional re-
covery, whereas prolonged sick leave indicates long-term impair-
ment. Patients with a positive COVID-19 test not admitted to the
hospital are compared with patients admitted to the hospital and
patients admitted to an intensive care unit (ICU) as an indicator of
disease severity.

The secondary aimwas to compare COVID-19 patients admitted
to hospital to patients admitted with influenza to explore
employment status post-COVID-19 relative to a well-known in-
fectious disease.

The first case of COVID-19 in Denmark was detected in February
2020, with the first lockdown measures starting 13 March, with
measures such as social distancing including working from home
for non-critical employees, during the first wave. A gradual
reopening started on 15 April.

Methods

Study design

This is a Nationwide Danish registryebased cohort study using a
retrospective follow-up design.

Data sources and setting

All 5.8 million Danish citizens have a unique civil personal
registration (CPR) number. In this study, the CPR number was used
to identify individuals across the different national Danish regis-
tries.8 Using these nationwide registries, we accessed all positive
SARS-CoV-2 polymerase chain reaction (PCR) tests in Denmark.
During the study period (1 January 2020 to 30 May 2020), PCR test
has been the primary diagnostic tool in Denmark for diagnosing
COVID-19. The following registries were used to gather informa-
tion: (1) the Danish National Patient Registry on admission and
comorbidities; (2) The Danish Prescription Registry for prescription
medication and to define certain comorbid conditions;9,10 (3) the
Danish Cause of Death Registry11 for date of death; (4) The Statistics
of Denmark for age, sex and educational level;8,12 and (5) the
Danish Labour Market Registry (the DREAM database) for work-
force connection.13 As part of the Danish taxpaying system, all
Danish citizens have access to free health care, education, and
financial support if citizens are unable to support themselves.
Financial support includes, among others, sick leave benefit
(available after 4 weeks of sick leave to citizens who are working or
available to the workforce), unemployment benefit (for persons
who are available to the workforce) and early retirement benefit.

Approval to conduct the study and process the data was granted
by The Capital Region of Denmark (approval nr. P-2019-191).
Retrospective registry research does not require ethical approval by
Danish law.

Population

For the primary analysis, all COVID-19 PCR-positive patients
between 1 January 2020 and 30 May 2020 were included at the
time of the first positive COVID-19 PCR test. Patients aged <18 or
>64 years were excluded from the study together with patients not
available to the workforce (e.g. patients receiving early retirement
[see table S1]). Patients dying or emigrating within 30 days of in-
clusion time were excluded.

Influenza patients admitted between 1 February 2019 and 30
May 2020 were included for the purpose of a comparative analysis.
The period here differed from the COVID-19 population to ensure
enough patients included.

Exposure

Study variables
Admission to the hospital with COVID-19 was defined by a

discharge diagnosis of COVID-19 (International Classification of
Disease, 10th revision [ICD-10]: DB342 or DB972) after their posi-
tive PCR test and an admission less than 30 days from the positive
test. Influenza admission was defined as a discharge diagnosis of
influenza (ICD-10: DJ09 or DJ10).

Admission to the ICUwas defined as admissionwith a procedure
code of either intensive care observation or intensive care treat-
ment (NABE or NABB), which previously has been validated with a
positive predictive value of 87.2%.14

Adjustment for age, sex, comorbidities (using Charlson comor-
bidity index) and education level was performed in all analyses as
relevant confounders of return to work. Age was treated as a cat-
egorical variable using 18e25, 26e35, 36e45, 46e55, and 56e64
age intervals. Charlson comorbidity index was treated as a cate-
gorical variable with a score above or equal to 4 gathered into one
group.15 Education was according to the International Standard of
Education (ISCED) level divided into short (0e2), medium (3), short
higher (5e6), and long higher education (7e8).16 ISCED level 4 is
not a part of the Danish education system.

Outcomes

The primary outcome was return to work. The secondary
outcome was sick leave. Public sick leave benefits start after 1
month of sick leave and are recorded in the DREAM registry from
this timepoint. Because of this delay in recording, follow-up started
after 1 month. In the study, we will refer to time from positive test,
not start of follow-up. The risk of sick leave is defined as sick leave
(yes/no) 1 month after positive test.

Patients who returned to work or who were available to the
work force within 1 month of inclusion were classified as ‘early
returners’, patients returning to work after 1 month up to a
maximum follow-up of 6 months were classified as ‘late returners’,
and patients not returning within the 6 months, as ‘non-returners’.

Statistical analysis

Continuous variables are presented using mean and standard
deviation when normally distributed and otherwise using median
and 25e75 percentiles. Categorical data are presented using counts
and percentages. Cumulative incidence plots of return to work are
presented for both the primary and the subgroup analyses.

Incidence with confidence intervals at 1, 3, and 6 months of
patients not returning to work are shown according to admission,
sex, and age.

Multivariable Cox regression analysis was used to explore dif-
ferences in return to work in patient not admitted, admitted, or
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admitted to ICU as the primary analysis and between patients
admitted with COVID-19 or influenza as part of the subgroup
analysis. Cox regression was standardised to the age, sex, comor-
bidity and educational level status of all included subjects with
relative risks and absolute risk at 3 months reported.

Logistic regression analysis was used to explore differences in
sick leave 1 month after positive test at the start of follow-up be-
tween patient not admitted, admitted, or admitted to ICU as the
primary analysis and between patients admitted with COVID-19 or
influenza as part of the subgroup analysis. Logistic regression was
standardised to the age, sex, comorbidity and educational level
status of all included subjects with relative risks and absolute risks
reported.

Results

Patients

During the study period, 7640 patients between aged 18 and 64
years who were available to the workforce had a positive COVID-19
test and after exclusion of patients emigrating (N ¼ 32) or dying
within 1 month (N ¼ 13) or had missing data (N ¼ 139), 7466 pa-
tients were included in the study.

Baseline characteristics are shown in Table 1.

Return to work

Of the 7466 patients, 82.0% (6119/7466) had returned to work
within 4 weeks of their first positive COVID-19 test, an additional of
16.4% (1225/7466) returned within 6 months and 1.5% (109/7466)
did not return to work and were receiving sick leave benefit after 6
months. During follow-up, eight patients died without returning to
work, and five patients either emigrated or left the workforce
permanently without returning to work.

Among 30-day survivors of COVID-19 who were admitted to the
hospital and discharged with a primary diagnosis of COVID-19,
72.1% (627/870) had returned to work within 4 weeks, an addi-
tional 20.5% (178/870) returnedwithin 6months, and 6.6% (58/870)
did not return within 6 months. Of these 870 patients, 25 were
admitted to the ICU, of whom 36% (9/25) did not return within 6
months.

In patients admitted with influenza, 91.6% (377/466) had
returned to work within the first 4 weeks from their admission to
the hospital, 96.6% (402/416) returned within the 6-months follow-
up, and 2.6% (11/416) did not return to work.

The cumulative incidence plot for return to work between
different admission types is shown in Fig. 1. Patients not admitted
are seen with the highest rate of return, patients admitted with a
lower rate, and patients admitted to an ICU department with the
lowest return rates during follow-up.

The cumulative incidence plot of return to work between pa-
tients admitted with COVID-19 and patients admitted with influ-
enza is shown in Fig. 2. This figure show patients with COVID-19
have a reduced chance of return to work compared with patients
admitted with influenza.

The cumulative incidences of no return to work within 1-, 3-,
and 6-month follow-up from positive COVID-19 test in subgroups
of admission status, sex, and age are shown in Fig. 3. Very few
patients in all subgroups of no admission did not return to work
after 3 months. More female than male patients did not return to
work after 1 month in patients not admitted to the hospital. In
admitted patients, longer sick leave was overserved at all time-
points compared with patients not admitted, especially men aged
56e64 years experienced long sick leaves.

The relative chance of return to work 12 weeks after the first
positive test between admission types and between influenza and
COVID-19 is shown in Fig. 4, and the average standardised chance in
Table 2, with the Cox regression used for g-modelling, is shown in
figure S1 and S2. These figures show that patients admitted to the
ICU are least likely to return to work, followed by patients admitted
to a non-ICU department. Furthermore, the Cox model revealed
increasing age, female sex, and comorbidity as risk factors for
reduced chance of return to work (figure S1).

Sick leave

The relative risk of sick leave above 4 weeks between patients
not admitted vs admitted to non-ICU department vs admitted to
ICU department and between influenza and COVID-19 is shown in
Fig. 5, and average standardised risk in Table 3 with the logistic
regression model shown in figure S3 and S4. Admission to non-ICU,
admission to ICU, and COVID-19 admissions compared with influ-
enza admissions reveal a higher risk of sick leave above 4 weeks,
with the highest relative risk in patients not admitted compared
with patients admitted to the ICU. Furthermore, the logistic
regression model revealed an increased likelihood of sick leave
with increasing age, female sex, and in patients with comorbidity.

Discussion

The study finds that most patients return to work after positive
COVID-19 test within 4 weeks and that only very few patients had
not returned to work within 6 months of follow-up. Tardive return
toworkwas seen in patients admitted to the hospital and especially
patients admitted to the ICU. The chance of returning to work is
significantly lower for hospitalised patients compared with pa-
tients whowere not hospitalised. Return towork after admission to
the hospital is less often seen in COVID-19 patients compared with
patients admitted with influenza.

Overall, in our study, less than 2% of patients did not return to
work within 6 months. With COVID-19 affecting millions of people
worldwide, the relatively few patients not returning may still
amount to many patients affected as well as a considerable cost for
society. Large surges in sick leave have been observed previously in
relation to the first wave of COVID-19.17 In our study, we find that
6.6% of patients admitted to the hospital did not return to work.
Huang et al. previously explored 6-month consequences of COVID-
19 and found that 7% of hospital admitted experienced problems
walking around and 2% problems preforming usual activity.1 Dis-
abilities as these may impair patients' ability to work and the result
in our study may therefore reflect the lack of recovery seen in some
patients. Not surprisingly, the patients admitted to ICU experience a
tardive return to work with almost half the relative chance of
returning to work compared with patients not admitted to the
hospital. Nonetheless, the absolute chance of returning to work
within 3months frompositive testwas 94% for patients admitted to
a non-ICU department and 53% in patients admitted to an ICU
department versus 99% in patients not admitted to hospital. Return
to work has been explored in a COVID-19 ICU cohort, which found
that 73% returned after 6 months.18 In our study, 60% returned to
work, which is comparable taking the relatively few ICU admissions
into account. In continuation, the difference in return to work seen
between non-admitted and admitted patients indicates that the
initial disease severity is a good indicator of patients' risk of pro-
longed return to work.

Poor health has previously been linked with a higher likelihood
of unemployment.19 It is likely, with 1.5% still receiving sick leave
benefit after 6 months, that some patients may have long-lasting
health issues following COVID-19 infection that may make them
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more vulnerable to unemployment and maybe early retirement.
These endpoints were however not explored due to the bias of
lockdown measures on unemployment and the relatively limited
follow-up time regarding the access to early retirement.

In this study, we found that women and older males had pro-
longed return to work. In the literature, it is described that males
have more severe disease manifestations of COVID-19,20 which

support our findings in the male group; however, it is contradictive
that females should have longer sick leaves. Nonetheless, it is
consistent with the findings in the preliminary results by Skyrud
et al.7 Westerlind et al. found that admitted females had shorter

Table 1
Baseline characteristics at positive COVID-19 test in Denmark 2020 between 1 January 2020 to 30 May 2020.

Variable Level Not admitted (n ¼ 6590) Admitted (n ¼ 876)

Admitted to ICU 24 (2.7)
Sex Female 4128 (62.6) 389 (44.4)

Male 2462 (37.4) 487 (55.6)
Age, mean (SD) 41.6 (12.7) 46.2 (11.9)
Age group (years) 18e25 844 (12.8) 65 (7.4)

26e35 1503 (22.8) 180 (20.5)
36e45 1515 (23.0) 121 (13.8)
46e55 1583 (24.0) 286 (32.6)
56e64 1145 (17.4) 224 (25.6)

Education level Short 903 (13.7) 128 (14.6)
Medium 2573 (39.0) 352 (40.2)
Long 2204 (33.4) 252 (28.8)
Very long 910 (13.8) 144 (16.4)

Workforce connection Working 5658 (85.9) 756 (86.3)
Benefits classified as work 693 (10.5) 68 (7.8)
Available to work 239 (3.6) 52 (5.9)

Charlson comorbidity score 0 6135 (93.1) 768 (87.7)
1 307 (4.7) 61 (7.0)
2 120 (1.8) 29 (3.3)
3 8 (0.1) 11 (1.3)
4þ 20 (0.3) 7 (0.8)

Return to work Did not return to work 51 (0.8) 58 (6.6)
Returned 6535 (99.2) 809 (92.4)
Died, emigrated or early retirement 4 (0.1) 9 (1.0)

Admission days, median (IQR) 3 (1, 7)
Peripheral vascular disease 18 (0.3) 7 (0.8)
Coronary artery disease 14 (0.2) 4 (0.5)
Chronic heart failure 13 (0.2) 4 (0.5)
Cerebrovascular disease 26 (0.4) 7 (0.8)
Dementia �3 �3
Chronic pulmonary disease 133 (2.0) 32 (3.7)
Rheumatic disease 51 (0.8) 10 (1.1)
Peptic ulcus 14 (0.2) �3
Mild liver disease 27 (0.4) 8 (0.9)
Diabetes 62 (0.9) 14 (1.6)
Diabetes with complications 24 (0.4) 11 (1.3)
Hemiplegia �3 �3
Chronic renal failure 8 (0.1) 6 (0.7)
Cancer 78 (1.2) 15 (1.7)
Severe liver disease �3 4 (0.5)
Cancer with metastases �3 �3
HIV/AIDS 14 (0.2) �3

ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.

Fig. 1. Cumulative incidence plot of all PCR-positive COVID-19 patients with follow-up
starting 4 weeks after positive test.

Fig. 2. Cumulative incidence plot of return to the workforce in patients admitted to the
hospital with either COVID-19 or influenza. Follow-up starts 4 weeks after admission.
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sick leaves compared with admitted males, whereas non-admitted
females had longer sick leaves compared with males.6 Similar
tendencies are seen in this study with the overall effect indicating a
reduced chance of return to work in women, which is somewhat
surprising; however, nonetheless supported by the other studies.6,7

For hospitalised patients, we were able to compare return to
work and sick leave in patients hospitalised due to COVID-19 with
patients hospitalised due to influenza. We found that 2.6% of pa-
tients hospitalised with influenza did not return to work versus
6.6% in patients with COVID-19. The differences seen between
influenza and COVID-19 are in line with what other studies have

shown in that COVID-19 patients have worse outcomes compared
with influenza patients.5,21

Long-term physical impairment is a likely underlying cause of
the delayed or lack of return to work seen in our study. Others have
found that COVID-19 patients admitted to hospital have low
physical performance and impaired activities of daily living after
hospitalisation.22 Non-admitted patients at aworking age have also
been found to have symptoms and impairment after the acute
phase of COVID-19 infection.23 It is furthermore expected that
COVID-19may comewith a risk of continuing toworkwhile unwell,
whichmay create delayed recovery and increased risk of future sick
leave.24

Our study indicates that patients admitted to the hospital and
patients of higher age are more vulnerable to having longer return
towork similar to the findings inWesterlind et al. study.6 These and
our other findings may have implications for post-COVID-19
infection control and rehabilitation. Rehabilitation has been
shown to improve lung function and quality of life after COVID-19
infection.25 Future studies should explore rehabilitation after
COVID-19 infection in patients' part of the workforce, considering
the cost-effectiveness. If rehabilitation can improve patients' return
to work and recovery, then it is likely that the decreased expenses

Fig. 3. Patients not returning to work in % after first admission to the hospital in subgroups. Estimates and confidence intervals extracted from cumulative incidence. Abreviations:
Adm ¼ Admission, M ¼ Male, F ¼ Female.

Fig. 4. Relative chance of return to work within 3 months calculated from cox regression model. CI, confidence interval.

Table 2
Mean chance of return to work.

Inclusion time Mean risk Mean risk (95% CI)

COVID-19 positive test No admission 0.99 (0.98e0.99)
Admission 0.94 (0.93e0.95)
ICU admission 0.53 (0.35e0.71)

Admission to hospital Influenza 0.96 (0.94e0.97)
COVID-19 0.90 (0.88e0.92)

CI, confidence interval.
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in sickness benefit and the increased tax revenue is able to finance
an increased focus of rehabilitation for this group of patients.

It is expected that the external validity of our results is good
with similar findings regarding the effect of age, disease severity,
and being female as discussed, with however relatively few studies
on return to work after COVID-19 infection available.

Most COVID-19 patients return to the workforce quickly making
universal interventions towards COVID-19 patients redundant. Ef-
forts towards improving patients experiencing prolonged recovery
from COVID-19 infections are already implemented in many
countries with post-COVID-19 clinics. With a public financial
incentive for patients to return to work as quickly as possible, ef-
forts such as rehabilitation should be implemented as quickly as
possible. These efforts should be aimed at the patients' part of the
workforce who do not return to work following the contagious
phase. This is not only in the patient's interest but is also likely a
cost-effective strategy on a societal level. In the Danish setting, this
could be that when public sick leave compensation starts, patients
must be seen in a post-COVID-19 clinic to evaluate rehabilitation
needs.

Strengths and limitations

Our study uses nationwide data on patients with a positive
SARS-COV-2 PCR test, which in the period explored was the pri-
mary diagnostic tool for COVID-19 in Denmark. This means that our
study includes most patients in the first wave of COVID-19 patients
with a confirmed diagnosis, from patients who havemild disease to
patients in need of hospital care hereby indicating how COVID-19
impacts longer sick leave periods in Denmark.

Due to the epidemiologic design, there are, however, limitations.
The comparison of COVID-19 and influenza patients may be
affected by restrictions implemented during the COVID-19 lock-
down. Patients dying, emigrating or leaving the workforce due to
early retirement were censored in the analyses. However, this was

only the case for 13 patients. Patients' work capability at the time of
return to work was unfortunately not available. Patients may be
returning to part-time work instead of full-time work hereby
impacting the workforce further.

Conclusions

The vast majority of patients returned to work after COVID-19
infection, with patients experiencing severe COVID-19 having
prolonged time to return to work. Furthermore, COVID-19 patients
experience longer time to return to work than what was observed
in influenza patients. Future studies should explore if increasing
rehabilitation treatment of severe COVID-19 patients can improve
return to work and the cost-efficiency of the intervention.
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a b s t r a c t

Objectives: Many African countries have reported fewer COVID-19 cases than countries elsewhere. By the
end of 2020, Guinea-Bissau, West Africa, had <2500 PCR-confirmed cases corresponding to 0.1% of the
~1.8 million national population. We assessed the prevalence of SARS-CoV-2 antibodies in urban Guinea-
Bissau to help guide the pandemic response in Guinea-Bissau.
Study design: Cross-sectional assessment of SARS-CoV-2 antibody in a cohort of staff at the Bandim
Health Project.
Methods: Wemeasured IgG antibodies using point-of-care rapid tests among 140 staff and associates at a
biometric research field station in Bissau, the capital of Guinea-Bissau, during November 2020.
Results: Of 140 participants, 25 (18%) were IgG-positive. Among IgG-positives, 12 (48%) reported an
episode of illness since the onset of the pandemic. Twenty-five (18%) participants had been PCR-tested
between May and September; 7 (28%) had been PCR-positive. Four of these seven tested IgG-negative
in the present study. Five participants reported that somebody had died in their house, corresponding
crudely to an annual death rate of 4.5/1000 people; no death was attributed to COVID-19. Outdoor
workers had a lower prevalence of IgG-positivity.
Conclusions: In spite of the low official number of COVID-19 cases, our serosurvey found a high preva-
lence of IgG-positivity. Most IgG-positives had not been ill. The official number of PCR-confirmed COVID-
19 cases has thus grossly underestimated the prevalence of COVID-19 during the pandemic. The observed
overall mortality rate in households of Bandim Health Project employees was not higher than the official
Guinean mortality rate of 9.6/1000 people.
© 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/).

Background

In Guinea-Bissau, a low-income country with a population of 1.9
million inhabitants, the first case of COVID-19 was registered on
March 25, 2020, and quickly followed by a lockdown that lasted
several months. Per December 20, of 35,644 people tested by PCR,
2447 (6.9%) tested positive for SARS-CoV-2 (0.1% of the national
population) with 45 deaths (1.8% of positive cases) (Supplementary
Fig. 1).

The Bandim Health Project (BHP, www.bandim.org) employs
~180 staff members in a Health and Demographic Surveillance
System that covers the urban suburbs of Bandim, Bel�em, Mindar�a
and Cuntum in Guinea-Bissau's capital, Bissau. Most staff and as-
sociates had beenworking throughout the epidemic, and we aimed
to study the prevalence of SARS-CoV-2 antibodies by conducting a
serosurvey among our local staff and associates.

Methods

We performed a serosurvey among field assistants who con-
ducted house visits to collect demographic and health information,
office staff members, and staff placed at three health centers in the
study area and the nearby national hospital. From November 9 to
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November 24, 2020, after informed oral and written consent, we
interviewed participants about background factors and about
illness and mortality in their homes since March 25, 2020. For
assessing SARS-CoV-2 antibody among participants, two drops of
blood obtained by finger prick were applied to a point-of-care
antibody test (OnSite COVID-19 IgG/IgM Rapid Test, CTK Biotech).

The study was approved by the Guinean National Ethics Com-
mittee (Ref 116/CNES/INASA/2020).

Results

A total of 146 staff and associates were present to be tested
during the survey. Of these, 6 declined participation. Of 140 tested,
25 (18%) were IgG-positive. One participant who was IgM-positive
and had a slight fever was referred for PCR testing, which was
negative; all symptoms waned after a day.

The average age of IgG-positives tended to be higher than
among IgG-negatives (mean 46 years (range 26e70) vs 41 years
(range 19e63), P ¼ 0.05). There tended to be more infected females
than males (24% vs 13%, P ¼ 0.10) (Table 1). The ethnicities that
traditionally populated the study area had a higher risk of being
IgG-positive than other ethnicities. All participants reported using
masks.

The highest proportion of IgG-positives (42%) was found among
laboratory staff, followed by frontline healthcare workers (HCWs)
(doctors, nurses, or midwives) (24%) and office personnel (17%). In
the combined group of frontline HCWs and laboratory technicians,
28% tested positive (P for the same risk as others¼ 0.01). The lowest
proportions were among field assistants (8%) and other staff (me-
chanics, guards, cleaners) (9%).

The area of residence was associated with the risk of being IgG-
positive, the proportion varying from 9% to 37% (P ¼ 0.02 for the
same risk across areas), the proportion being highest for those
coming from outside the study area.

In a multivariable analysis retaining age and sex and the three
variables (ethnicity, type of work, and area of residence) that were
significant in univariate analysis, all three variables remained
independently associated with the risk of being IgG-positive.

In urban Guinea-Bissau, most people live in multifamily houses.
There was no association between being IgG-positive and the
number of household inhabitants or the total number of people in
the multifamily house (Table 1). Five people reported that some-
body in their house had died during the past 8 months of the
pandemic. With a mean of 12 people per house, this translates to a
crude yearly mortality rate of 4.5/1000 people (5 deaths in 140 BHP
staff houses * 12 persons/house * (8/12) years of observation). No
death was attributed to COVID-19.

Table 1
Characteristics of individuals testing IgG positive or IgG negative for SARS-CoV2 in Guinea-Bissau, Nov 2020.

IgG positive (% of group)
N ¼ 25

IgG negative
N ¼ 115

Relative risk (95% CI) P-value* Multivariable modelc

Mean age in years (range) 46 (26e70) 41 (19e63) 1.03 (1.00e1.07) 0.05 1.02 (0.98e1.05)
Sex Male 10 (13%) 67 Ref 0.10 Ref

Female 15 (24%) 48 1.83 (0.88e3.81) 1.21 (0.57e2.60)
Ethnicitya Pepel/Manjaco/Mancanha 20 (27%) 54 3.57 (1.41e9.00) 0.003 3.19 (1.23e8.27)

Other 5 (8%) 61 Ref Ref
Type of work Field assistants 2 (8%) 24 Ref 0.05

Office staff 6 (17%) 30 2.17 (0.47e9.95)
Doctors/nurses/midwifes 10 (24%) 31 3.17 (0.75e13.4)
Lab technicians 5 (42%) 7 5.41 (1.21e24)
Other staff 2 (8%) 23 1.04 (0.16e6.87)

Healthcare worker Yes 15 (28%) 38 2.46 (1.19e5.09) 0.01 2.22 (1.06e4.67)
No 10 (11%) 77 Ref Ref

Area of residenceb Bandim/Bel�em/Mindera/Cuntum 5 (9%) 50 Ref 0.02 Ref
Praça/Antula 4 (15%) 23 1.62 (0.47e5.61) 1.63 (0.50e5.66)
Missira/Militar/Aeroporto 5 (18%) 23 1.96 (0.62e6.25) 2.23 (0.80e6.19)
Bor/Quel�el�e/Enterramento 11 (37%) 19 4.03 (1.54e10.6) 3.17 (1.22e8.22)

Median number of people
in household

5 (1e9) 5 (1e21) 0.77

Median number of people
in house

10 (3e26) 12 (1e30) 0.43

Ill during the pandemic Yes 12 (21%) 45 1.34 (0.66e2.74) 0.42
No 13 (16%) 70 Ref

Among the ill N ¼ 12 N ¼ 45

Loss of taste/smell Yes 7 (28%) 18 1.79 (0.64e5.02) 0.27
No 5 (16%) 27 Ref

Fever Yes 8 (23%) 27 1.26 (0.42e3.72) 0.68
No 4 (18%) 18 Ref

Cough Yes 3 (16%) 16 0.67 (0.20e2.20) 0.61
No 9 (24%) 29 Ref

Runny nose Yes 8 (17%) 40 0.38 (0.14e0.99) 0.05
No 4 (44%) 5 Ref

Difficulties breathing Yes 2 (33%) 4 1.70 (0.48e6.06) 0.41
No 10 (20%) 41 Ref

Fatigue Yes 4 (29%) 16 0.90 (0.31e2.65) 0.85
No 8 (20%) 29 Ref

*By rank-sum test (number of people in household/house) or Poisson test with robust variance estimation (rest).
a Grouped into traditional ethnicities in the study area, with related languages and social structures vs others.
b Grouped by geographical vicinity: the Bandim Health Project study area (Bandim/Bel�em/Cuntum); areas closer to city (Praça/Antula); areas further from the city on the

northern side (Missira/Militar/Aeroporto); areas further out of the city on the southern side (Bor/Quel�el�e/Enterramento).
c Retaining age, sex, and variables that were significant in univariate analysis.
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The risk of being IgG-positive did not correlate with self-
reported illness (Table 1). Among the IgG-positives, 12 (48%) re-
ported having been ill since the onset of the pandemic, vs. 45 (40%)
of IgG negative (P ¼ 0.41). Of the 57 persons reporting being ill, 25
reported loss of smell or taste: 7 of these were IgG-positive (58% of
IgG-positives), while 18 were IgG-negative (40% of IgG-negatives)
(P ¼ 0.27). One person was hospitalized during the pandemic;
this person was not PCR-positive and tested IgG negative here.

Interestingly, 25 (18%) participants had been PCR-tested be-
tween March and September; 7 reported having been previously
tested positive. Among these 7, 6 reported being ill during the
pandemic, all reported loss of taste/smell and runny nose,
approximately half reported fever and/or cough; only one reported
difficulty breathing and one reported fatigue. Four of the 7 PCR-
positives tested IgG-negative.

Discussion

COVID-19 infections appeared to have been widely transmitted
in Bissau in November 2020, with the apparent decline of the first
wave coinciding with the start of the rainy season in June 2020. In
this serosurvey from November 2020, 18% (25/140) had IgG
antibodies.

Only 3 of 7 past PCR-positive also tested IgG-positive. Given that
the first pandemic wave might have peaked in weeks 17e23
(Supplementary Fig. 1), most may have been infected more than 5
months before our survey. It has previously been shown that
negative SARS-CoV-2 serology does not exclude previous infection.1

Point-of-care rapid tests are not as precise or sensitive as laboratory
antibody tests. The CTK test used for the present study was, how-
ever, among the best in a comparison of nine SARS-CoV-2 immu-
noassays, with a sensitivity of 90% and a specificity of 100%.2

The point-of-care test is not a quantitative test, but we noted
that many positives exhibited a quite weak, lighter colored IgG
band than we have seen for people recently infected in Denmark.
Only 12 of the 25 IgG-positive individuals reported being ill during
the pandemic. Loss of smell/taste is a common symptom of COVID-
19 and was reported by all who had been ill and had a positive PCR
test but was also reported by many IgG-negative individuals.
Hence, the true prevalence of past infection might be under-
estimated by IgG-positivity. On the other hand, HCWs were over-
represented in our study population, which could overestimate the
seroprevalence compared to the general population.

A meta-analysis of serosurveys conducted in Africa identified 23
studies (including the present study) conducted between April
2020 and April 2021 and reported an overall seroprevalence of 22%
(95% Confidence Interval: 14%e31%); the estimate for West Africa
was 25% (13%e39%).3 In a systematic review and meta-analysis of
the global seroprevalence in 2020 involving 968 seroprevalence
studies and 9.3 million participants from 74 countries, the median
global seroprevalence was 4.5% (Interquartile Range (IQR), 2.4%e
8.4%), but in Sub-Saharan Africa, the seroprevalence was 5.01
(2.89e8.69) times higher than in high-income countries, being
19.5% (IQR, 9.0%e26.0%).4

We did not find indications of a higher than anticipated overall
mortality, but the households of Bandim Health Project employees,
although diverse, might not be representative for the background
population due to differences in educational level, household in-
come, and access to healthcare. However, official figures also sug-
gest that the mortality rate of COVID-19 per million in Africa is
lower than in other regions.5 It has been speculated that this could
be due to swift and effective government response to the COVID-19
threat and high adherence to preventative strategies.5 However, the
seroprevalence rates3,4 suggest that the continent has had a high
burden of COVID-19 infections. Our study indicates that many of

them could have gone unnoticed, which could indicate that the low
mortality is due to lower disease severity. It has been hypothesized
that this could involve factors such as demographics and cross-
protection from other pathogens.5 Another explanation for the
low observed mortality rate of COVID-19 is the under-registration
of infections and deaths. Future studies, unfortunately, are un-
likely to throwmuch light on this, since the low testing rates makes
it difficult to disentangle deaths from COVID-19 from deaths caused
by lockdowns and other pandemic-related causes.

Our numbers were small, but laboratory workers had the
highest risk of all and may be a subgroup that deserves special
attention as they collect and process patient samples, but perhaps
without the same level of protection as frontline HCWs. Our data
suggest that persons working outside may have a lower risk.

The highest risk was noted for participants residing outside the
BHP's study area. This may suggest that infectionwas more present
in some areas and that people were infected, to a large extent, at
home. However, there was no association with the number of
people in the household or the house, as would be anticipated if
infection at homewas prevalent. Alternatively, since the prevalence
was highest in the most distant suburbs, shared transport, which
often consists of crowded minibuses, could be a risk factor.

In conclusion, our survey found a high prevalence of IgG-
positive individuals in an urban African setting. COVID-19 was
certainly here. The official numbers grossly underestimate the true
number of COVID-19 cases. More than half of the IgG-positives had
not been ill. Studies are ongoing to assess the overall mortality
impact of the pandemic. Despite low official numbers, the toll
might have been high and undetected among the elderly.
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Objectives: There is a lack of comprehensive analysis of recent gallbladder cancer (GBC) mortality trends
in China. This study aims to analyse trends in GBC mortality in China, with a specific focus on urban and
rural area differences, and to determine possible risk factors.
Study design: This was a cross-sectional study.
Methods: Data were accessed through the Chinese Health Statistics Annual Report for 31 provinces from
2013 to 2019. Age-standardised mortality rate (ASMR) stratified by regions, gender and the years of
diagnoses were analysed by Joinpoint regression analysis.
Results: The GBC ASMR was higher in females than in males and higher in urban areas than in rural
areas. Mortality was primarily observed in individuals aged �65 years (in both sexes). A non-significant
downward trend of GBC mortality was identified in urban areas from 2013 to 2019 (average annual
percent change [AAPC] �1.50%; 95% confidence interval [CI]: �3.49, 0.53). However, in rural areas, the
ASMR significantly increased with an AAPC of 2.64% (95% CI: 1.15, 4.15) in males and 3.85% (95% CI: 2.17,
5.56) in females. The GBC mortality rate was positively related to red meat consumption.
Conclusions: The burden of GBC mortality in rural China cannot be ignored, as results from this study
show significantly increasing trends in both females and males from 2013 to 2019. In addition, red meat
consumption may play a vital role in the increasing GBC mortality rate.

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

Introduction

Gallbladder cancer (GBC) is an uncommon malignancy with
poor prognosis. The disease progresses rapidly because of the lack
of perceptible symptoms in the early stage, resulting in delayed
diagnosis and ultimately contributing to poor clinical outcomes.
GBC is a malignancy with a high fatality rate (5-year survival rate
<5%).1

The pathogenesis of GBC remains uncertain, and both genetic
and environmental factors are associated with GBC. Family history,
high parity and obesity increase the risk of GBC.2e4 Dietary factors
also play a critical role in the development of GBC. It has been re-
ported that high consumption of mustard oil could increase the risk
of GBC in India,5 whereas preserved vegetables and salted meats

showed positive associations with GBC in Shanghai, China, because
such foods have been shown to have pro-inflammatory properties.6

Several studies have found that redmeat consumption is associated
with an increased risk of GBC.7e9

As genetic and environmental factors are different throughout
the world, the incidence rate of GBC varies in different countries.
According to World Health Organisation (WHO) Global Cancer
Observatory (https://gco.iarc.fr/today), the worldwide GBC inci-
dence rate was 1.2/105, and the mortality rate was 0.84/105 in
2020. In South-Central Asia, the highest GBC incidence rate was
1.7/105, and the mortality rate was 1.3/105. Although the world-
wide incidence and the mortality rate did not exceed 2/105, the
extensive variance observed between countries cannot be
ignored.10 The highest GBC incidence rate was shown by women
from Chile (27/105)5, followed by northern India (21.5/105) and
south Karachi, Pakistan (13.8/105).11,12 Although the incidence rate
of GBC in the European Union has decreased by 30% between the
late 1980s and 1999, the mortality rate remains notable in both
males and females.13 In most counties, GBC is more common in
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females than in males;12,14 however, in Iceland, Costa Rica and
Korea, higher mortality is seen in males.15

Although GBC is generally a rare disease, more attention should
be paid to this disease because of the high mortality rate. A full
understanding of this disease, including identification of the
epidemiological risk factors in various populations, is important for
the prevention of GBC. Unfortunately, there is little information
about GBC in China. In Shanghai, from 1973 to 2009, the GBC
incidence has risen from 1.1/105 to 2.9/105 in men and from 1.7/105

to 3.9/105 in women. The mortality trends increased with an esti-
mated annual percent change (APC) of 2.8% in men and 2.5% in
women.16 However, these data were up to 2009 and only for resi-
dents in urban Shanghai, which is the largest andmost modern city
in China; thus, these results cannot represent the GBC situation in
the whole of China.

To date, detailed mortality analyses of GBC in China are lacking.
This investigation aims to undertake a detailed descriptive study of
urban and rural GBC mortality in China and to determine possible
risk factors. The GBC mortality data from 2013 to 2019 were
extracted from the Chinese Health Statistics Annual Report for the
current analyses.

Methods

Data source

The GBC mortality data were derived from the Chinese Health
Statistics Annual Report from 2014 to 2020. GBC mortality data
have only been reported in the Chinese Health Statistics Annual
Report since 2014; hence, this is the start date of the data collection.
As mortality data have a 1-year time lag from cancer death to data
collection, the data this study extracted were for GBC deaths that
occurred from 2013 to 2019. Data were reported from 31 provinces,
excluding Hong Kong, Macau and Taiwan. GBC [C23] was identified
according to the International Statistical Classification of Diseases
and Related Health Problems 10th Revision (ICD-10).

Statistical analyses

The GBC crude mortality rates (CMRs) were classified by areas
(urban or rural), gender (male or female) and age groups (0, 1~, 5~,
10~, ….. 80~, 85~ years [5-year intervals]). The age-standardised
mortality rate (ASMR) is a weighted average of the age-specific
mortality rates per 100,000 persons, where the weights are the
proportions of persons in the corresponding age groups of the
general population. In this study, ASMR was calculated by the
Chinese population structure (the fifth National Population Census

in 2010) and Segi's world standard population structure (1960).
Unless stated otherwise, Segi's world standard was used for all the
analyses in this study, and all rates are expressed as per 100,000
persons per year.

Joinpoint regression analyses were performed to describe the
mortality time trends. The mortality time trends were stratified by
areas (urban or rural), gender (male or female) and age groups (20~,
40~, 60~, 80~ years [20-year intervals]). The estimated APC and
average annual percent change (AAPC) were computed bymeans of
generalised linear models assuming a Homoscedasticity distribu-
tion. Joinpoint Regression Program, version 4.8.0.1, was used for
analysis. A P value of <0.05 was considered statistically significant.

The correlations between GBC mortality rate and meat con-
sumption were evaluated by Pearson correlation tests using
SPSS18.0 software. A P-value of <0.05 was considered statistically
significant.

Results

Mortality rates of GBC in rural and urban areas

From 2013 to 2019, the GBC CMRs were higher in urban than
rural areas. The urban mortality rates ranged from 1.28/105 to 1.38/
105 and remained stable over the 7 years. The highest mortality rate
of 1.38/105 was in 2017, accounting for 0.85% of overall cancer
deaths. The ASMRs were 0.83/105 and 0.85/105 after being stand-
ardised by the age structure of the Chinese population and the
world population, respectively. Rural GBC mortality rates ranged
from 0.70/105 to 1.24/105 and followed an upward trend over the 7
years, resulting in an increase mortality burden caused by GBC.
After adjustment by Segi's world standard population structure, the
mortality decreased from 0.83/105 to 0.74/105 in urban areas from
2013 to 2019, whereas the mortality increased from 0.47/105 to
0.57/105 in rural areas over the same period. Gaps in the age-
adjusted methods between the Chinese and Segi's world standard
are very minimal in this study (Table 1).

ASMR of GBC in males and females

In terms of gender and area, females in urban areas were the
highest contributors to GBC mortality burden, with an average
ASMR of 0.93/105 in the 7-year study period. This was followed by
urban males, rural females and rural males. Urban females and
males showed a similar trend, with a slight decrease from 2013 to
2016, then an increase in 2017, followed by a declined to 2019.
Unlike urban areas, the GBC mortality rate in both males and fe-
males in rural areas gradually increased. Broadly, deaths from GBC

Table 1
Gallbladder cancer mortality in urban and rural area of China, 2013e2019.

Year Area Crude rate (1/105) Ratio (%) ASMR China (1/105) ASMR world (1/105)

2013 Urban 1.35 0.85 0.83 0.83
Rural 0.70 0.47 0.47 0.47

2014 Urban 1.32 0.81 0.83 0.83
Rural 0.73 0.48 0.47 0.47

2015 Urban 1.28 0.77 0.80 0.80
Rural 0.78 0.50 0.51 0.51

2016 Urban 1.24 0.77 0.75 0.76
Rural 1.24 0.77 0.75 0.76

2017 Urban 1.38 0.85 0.83 0.85
Rural 0.85 0.54 0.51 0.52

2018 Urban 1.33 0.81 0.76 0.77
Rural 0.95 0.59 0.55 0.55

2019 Urban 1.36 0.83 0.72 0.74
Rural 1.00 0.62 0.57 0.57

ASMR, age-standardised mortality rate.
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occurred more frequently among females than males and in urban
areas than in rural areas (Fig. 1).

Age-specific mortality rates of GBC

In rural and urban areas, the age-specific mortality rates of GBC
for different years were compared. The trend of age-specific mor-
tality rate from 2013 to 2019 was similar in both areas. The mor-
tality rates were very low in the population aged <40 years in both
rural and urban areas. From the age of 50 years, the GBC mortality
rate rapidly increased and peaked in the �85-year-old age group.
The differences inmortality rates over the 7-year study period were
negligible, with the exception of the relatively faster increasing rate
in 2016 in rural areas (Supplementary Fig. S1).

After stratification by gender and area, there were almost no
deaths in individuals aged<30 years in bothmales and females and
in urban and rural areas. Overall, the most common age group in

terms of mortality rate was the 60e75 years group, accounting for
more than 50% of all GBC deaths. The difference betweenmales and
females within age groups can be ignored. For urban areas, the
proportion of deaths began to increase at the 50~ years age group,
then showed a slight increase in the 85~ age group from 2013 to
2019. As for rural areas, a similar transition was observed, except
that the proportion of deaths began to decrease from the age group
of 75~ years and did not increase after this age. It is worth noting
that the proportion of deaths in the >85 years age group in rural
areas was less than that in urban areas (Fig. 2).

Joinpoint analysis of the trends in mortality

From 2013 to 2019, ASMR decreased from 0.83/105 to 0.74/105 in
urban areas, with an AAPC of �1.50% (95% confidence interval
[CI]: �3.49, 0.53), whereas ASMR increased from 0.47/105 to 0.57/
105 in rural areas, with an AAPC of 3.34% (95% CI: �4.64, 11.97), but
with no statistical significance. Joinpoint analysis identified no
significant Joinpoint from 2013 to 2019, which indicates the GBC
mortality rate was relatively stable in this period.

When gender-specific trends were analysed, non-significant
decreasing trends were also observed, with an APC of �0.91%
and�1.84% in urban males and females, respectively. In rural areas,
the GBC mortality rate significantly increased, regardless of gender,
with an AAPC of 2.64% (95% CI: 1.15, 4.15) in males and 3.85% (95%
CI: 2.17, 5.56) in females.

When age-specific GBC mortality trends were explored,
decreasing trends in urban and increasing trends in rural areas
were observed in all age groups, although no significant trends
were identified. The highest AAPC was observed in the age group of
20~ years, at �3.51% (95% CI: �16.76, 11.84) and 27.06% (95%
CI: �3.76, 67.76) in urban and rural areas, respectively (Table 2 and
Supplementary Fig. S2).

Correlation between GBC mortality rate and meat consumption

This study showed that GBC mortality rate was positively
associated with total meat consumption and red meat consump-
tion, with correlation coefficients of 0.772 and 0.652, respectively.
Red meat accounted for 87.91% of the total meat consumption,
which implied that red meat may play a vital role for the increasing
GBC mortality rate. However, the correlation was not significant
after the data were stratified by urban and rural areas, which may
be a result of the limited number of years of available data. The
mean meat consumption in urban areas was higher than in rural
areas (total meat: 29.13 vs 23.79 kg; red meat: 24.79 vs 21.73 kg),
coinciding with the higher GBC mortality rate in urban areas
(Table 3).

Fig. 1. ASMR of GBC by gender in urban and rural areas, 2013e2019. ASMR, age-
standardised mortality rate; GBC, gallbladder cancer.

Fig. 2. Age-specific mortality rates of GBC in urban (a) and rural (b), 2013e2019.

Table 2
The trends of gallbladder cancer mortality by area, gender and age group, China,
2013e2019.

Variable Urban [AAPC (95% CI)] Rural [AAPC (95% CI)]

Total �1.50 (�3.49, 0.53) 3.34 (�4.64, 11.97)
Gender
Male �0.91 (�2.19, 0.40) 2.64a (1.15, 4.15)
Female �1.85 (�4.23, 0.60) 3.85a (2.17, 5.56)

Age group in years
20~ �3.51 (�16.76, 11.84) 27.06 (�3.76, 67.76)
40~ �2.73 (�7.33, 2.10) 2.48 (�4.55, 10.04)
60~ �1.74 (�3.62, 0.16) 3.02 (�3.48, 9.95)
80~ �0.12 (�2.14, 1.95) 4.19 (�10.36, 21.09)

AAPC, average annual percent change; 95% CI, 95% confidence interval.
a P < 0.05, means AAPC is significantly different from zero.
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Discussion

GBC is an orphan disease because of the relatively low incidence
and mortality rate in the world; however, it cannot be neglected
because of increasing incidence and mortality trends in recent
years. It is essential to investigate GBC burden among the Chinese
population for all provinces in China. The China Health Statistics
Annual Report is an annual statistical publication that reflects the
development of China's health services and the health status of
residents. The important causes of mortality among residents are
noted in this report, including 17 types of malignant tumours, one
of which is GBC. GBC was added to the report in 2014, indicating
that it is an increasingly important disease-causing mortality in the
Chinese population. The results provide mortality trends in GBC in
different areas of China. In the present study, the mortality rate of
GBC was higher in urban than in rural areas. This result may be
attributable to a higher prevalence of obesity and high cholesterol
in older adults in urban areas, which increase the risk of GBC.17,18

The highest ASMR was 0.85/105 in urban areas in 2017, which is
slightly higher than the world ASMR of 0.84/105. Fortunately, this
ASMR decreased to 0.74/105 in 2019. GBC mortality rate decreased
in urban areas during the 7-year study period (2013e2019), but it
was not statistically significant. This result may be because in-
dividuals in urban areas have easier access to health services and
better diagnostic modalities, resulting in appropriate staging and
treatment of GBC. This study found a significantly increasing mor-
tality rate in rural areas from 2013 to 2019, with an AAPC of 2.64%
(95% CI: 1.15, 4.15) in males and 3.85% (95% CI: 2.17, 5.56) in females.
It has been reported that poor socio-economic conditions are
associated with elevated GBC incidence, although the underlying
mechanisms remain uncertain.19 Furthermore, it is undeniable that
people who live in rural areas have limited access to health care.
Therefore, more attention should be paid to gallbladder health in
rural residents. Although the current mortality rate is relatively
low, the latent risk cannot be ignored.

In our study, GBC mortality occurred more frequently in females
than males. This result is in line with WHO's observation that
worldwide GBC deaths in females is 1.78 times that reported in
males. In most countries, such as Saudi Arabia, the United States
and India,20e22 females are at a higher risk of GBC than males. This
is most likely attributable to the high oestrogen hormone levels in
females, which increases the saturation of cholesterol in the bile
and subsequentially the risk of gallstone formation. Gallstones are a
predisposing condition for GBC.23e25 However, some countries,
such as Iceland, Costa Rica and Korea, report higher GBC mortality
rates in males than females.15 In addition, older age was also a risk
factor for GBC mortality. The results of the present study show that
the most common age for GBC mortality was the 60e75 years age
group, accounting for >50% of GBC mortality, whereas those aged
<50 years were less affected by GBC. These findings are in accor-
dance with studies from Saudi Arabia and Shanghai and reflect the
reality of ageing populations.

A variety of risk factors driving GBC have been studied. Pre-
existing gallbladder disease (e.g. gallstones and chronic

cholecystitis), environmental exposures (e.g. diet, arsenic and to-
bacco) as well as genetic factors all play key roles in GBC patho-
genesis.25e28 In this study, GBC mortality rate was positively related
to red meat consumption, which was consistent with Pandey and
Shukla's study that showed red meat was associated with an
increased risk of GBC.7 Several studies have investigated the poten-
tial role of meat intake on the risk of cancers, including dietary
heterocyclic amines and other mutagens formed in cooked meat29

and how meat intake may impact the intestinal microbiome by
altering microbial community structure and metabolism, although
the results are inconclusive.30 It is worth noting that the present
study is based on ecological evidence and more details about meat
intake and other related factors correlating with GBC are needed to
explore this association. Further studies are required to identify risk
factors, such as dietary and lifestyles habits, to prevent the increasing
GBC mortality rate in rural China and keep GBC a ‘silent’ disease in
the future.

Nevertheless, in the present study, the difference in mortality
rates between the gender and age groups in the different years was
small, and the decreasing trend in GBCmortality in urban areas was
not statistically significant. Such results may be because of the very
low mortality and the limited years of data available. A longer time
span of data collection would ensure more robust results.

Conclusions

In conclusion, this study showed a significantly increasing GBC
mortality burden in rural areas of China; thus, more attention
should be paid to rural residents. Additional research is required to
evaluate whether meat intake has a causal relationship to GBC, so
policy makers can take effective measures to prevent the increasing
GBC mortality rate in China.
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a b s t r a c t

Objectives: The purpose of this study was to translate and investigate the validity and reliability of the
modified Baecke Physical Activity Questionnaire (mBQ) in the Greek adult population.
Study design: This is a cross-cultural study.
Methods: The cross-cultural adaptation of the mBQ was performed according to official guidelines. The
prefinal Greek translation was tested in 30 healthy participants. The reliability was determined (n ¼ 100)
by filling out the mBQ, two times, 1 week apart. For validation (n ¼ 45), the scores between the mBQ and
the International Physical Activity Questionnaire (IPAQ) were compared, and the correlation between
mBQ and VO2max and between mBQ and interview (METS) were assessed.
Results: High statistical significant of testeretest reliability was found (intraclass correlation
coefficient ¼ 0.84; standard error of measurement ¼ 0.48; smallest detectable difference ¼ 16.7%;
Cronbach's alpha ¼ 0.92). Statistical significant correlation between the mBQ and the IPAQ (r ¼ 0.425,
P ¼ 0.005), high correlation between the mBQ and METS (r ¼ 0.691, P ¼ 0.000), and moderate correlation
between mBQ and VO2max (r ¼ 0.388, P ¼ 0.08) were found.
Conclusion: The Greek mBQ was found to be reliable and valid for assessing the level of physical activity
in the Greek population.
Clinicaltrials.gov identifier: NCT04890756.

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

Introduction

Physical activity (PA) is defined as any bodily movement pro-
duced by skeletal muscles that results in energy expenditure. There
is incontrovertible evidence that participation in regular activities
promotes many health benefits by improving physical and psy-
chological well-being.1,2 The health benefits can be achieved by
following international guidelines that recommend a weekly
routine of 150 min of moderate exercise.3 On the contrary, physical
inactivity is associated with more than 35 chronic diseases/condi-
tions.4 Many studies have shown that physical inactivity is an
important modifiable risk factor for many common diseases such as
cardiovascular diseases, osteoporosis, type II diabetes, and

depression.3,5,6 Moreover, 9% of premature mortality is attributed
to physical inactivity by making it similar to the risk factors of
obesity and smoking. The limitation of physical inactivity might
increase the life expectancy of the world's population to 0, 68
years.7 As a result, it would be quite helpful for health professionals
to have accurate, valid, and reliable measures for evaluating the
level of PA and functional status of their patients. In this way, they
could improve patients' well-being and prevent multiple potential
diseases.

There is no globally accepted gold standard for assessing the
level of PA in a population, as it is considered a complex and
multidimensional exposure variable. However, there are many
direct and indirect methods for measuring habitual PA.8,9 For direct
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measurement of physical performance, it could be used the activity
monitor by using different tools, such as accelerometers, pedom-
eters, heart rate monitors, etc.10 One of the most valid direct
methods for measuring energy expenditure in free-living adults is
the doubly labeled water method. This method allows participants
to maintain their habitual activities, causing only minimal incon-
venience. However, it is considered unsuitable for use in large
population studies because of its high cost and time-consuming
process.11,12

On the other hand, indirect methods include data collection
procedures such as self-reporting questionnaires, PA diaries, and
interviews.10 Each method has its advantages and limitations.
Although all previous referred technological tools have raised the
objectivity and accuracy of PA estimation, they are quite costly
and sometimes time wasting. Contrary to the above, self-
reported questionnaires could be used in large samples and
cover longer time frames leading to recall bias. The advantages of
using questionnaires for assessing PA are considerable because
they are convenient, time-saving, cost-effective, and easy to ac-
cess, and they have scoring flexibility.13 All these advantages
make them the most suitable and efficient choice for measuring
PA performance in large populations even if there is always a risk
of participants to underestimate or overestimate their answers
during filling it.

A various number of available questionnaires exist for
measuring PA,14,15 one of the most frequently used is Baecke
Questionnaire (BQ). The advantages of being short, self-
administrated, and easy to fill make the BQ an attractive and
preferable assessment tool for use in a busy clinical setting.
Baecke Habitual Activity Questionnaire was developed by Baecke
et al. for measuring PA in healthy populations.16 Some years later,
Voorrips et al. slightly modified this questionnaire to capture PA
performance in the elderly by adding and modifying some
questions.17 Based on BQ Pols et al. developed a modified version
(modified Baecke Questionnaire [mBQ]) by adding three more
questions. Therefore, the BQ consists of 16 questions against its
modified version that includes 19 questions. Moreover, the
original version is self-administrated against modified, which is
interview administrated by clinicians.18 The present study
selected the modified version, as there is no significant difference
between self-administrated questionnaires and interview
administrated by clinicians.19 We consider that the presence of a
clinician during the filling of questionnaires provides a scientific
approach in our methodology, even if a self-administrated
questionnaire can collect more subjects. Moreover, the modi-
fied version may be considered more evolved, as it includes three
more questions than the original. Both original and modified
versions can be applied in patients such as patients with HIV,
obesity, cardiovascular diseases, hip disorders, etc.20e25 As a
consequence, the validity and reliability of BQ and the modified
version as PA measurement tools have been assessed in both
healthy and unhealthy populations. Besides, the questionnaires
are valid and reliable in many different languages such as
Dutch,26 French,27 Persian,28 Korean,29 Brazilian,30 Chinese,31

Japanese,20 and Spanish.32 However, the validity and reliability
of the questionnaire have not been assessed yet in Greek adults.

Methods

The purposes of the present study were to translate, modify,
and investigate the validity and reliability of the mBQ in the Greek
adult population. The present study was divided into three pha-
ses: (1) translation and cross-cultural adaptation process, (2)
assessment of the testeretest reliability, and (3) assessment of the
validity. The protocol of studies was approved by the Ethics

Committee of the Department of Physiotherapy of the University
of Thessaly, Greece.

Phase 1: translation and cross-cultural adaptation

The plan of translation and cross-cultural adaptation of the
mBQ was based on the methods indicated in the scientific liter-
ature.33 The whole process consists of the following five steps
(Fig. 1):

Step I: forward translation
Two professionals translators, who were native Greek speakers

and fluent in both English and Greek, translated the original English
version of the questionnaire into Greek by working independently.
Therefore, two independent Greek translations (T1 and T2) of the
questionnaire were produced. Two reports were also written by
both translators indicating their comments on any difficulties that
faced during the translation process.

Step II: Synthesis
The results of both translations (T1 and T2) were compared and

synthesized by the two translators after discussing any discrep-
ancies between the translations. The translators reached consensus
on one common Greek questionnaire.

Step III: Backward translation
The common Greek language version (T12) was back-translated

into English by two official English translators who have been in an
English-speaking country for more than 5 years. The back trans-
lations (BT1 and BT2) were produced without the two translators
being aware or informed of the study concept. Moreover, the
translators examined whether there was a semantic, conceptual,
and experiential equivalence between the English original to the
back-translated one.

Step IV: Harmonization
To produce the prefinal Greek language translation, the four

Greek translators organized a harmonization meeting where they
discussed any discrepancies between the original and translated
versions. Furthermore, they evaluated semantic, idiomatic, expe-
riential, and conceptual equivalences and reached consensus on a
prefinal version of the questionnaire that was eligible for pilot
testing.

Step V: Pilot study of the prefinal version
A pilot study was conducted for examining the comprehen-

sibility, linguistic validation, and completeness of the prefinal
version of the questionnaire. The prefinal Greek translation was
tested in 30 healthy participants. The sample was selected
randomly. The inclusion criteria for the sample were age >18
years, Greek native speakers, Greek inhabitants, and sufficient
cognitive functioning. After signing an informed consent form,
the participants filled the questionnaire under the supervision of
an examiner. The examiner documented any problems and dif-
ficulties that occurred during the administration of the ques-
tionnaire. Each participant after filling the questionnaire
participated in an interview organized by the examiner. At the
end of the interview, each participant was asked to provide
comments related to the completeness of the questionnaire and
identify any words or phrases that were difficult to understand.
Finally, any discrepancies that remained were discussed among
the three translators and the examiner/interviewer to conclude
to a consensus final version.
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Phase 2: assessment of testeretest reliability

The final version of the mBQ was tested on 100 participants (55
males and 45 females). The inclusion criteria of the sample were
the same as the pilot's study. To assess testeretest reliability, the
participants were requested to complete the mBQ on two occa-
sions, 1 week apart.

Phase 3: assessment of validity

For examining the construct validity of the mBQ, three different
measurement methods were used. These methods included (1) the
measurement of VO2max during Astrand-Rhyming Test as seems to
exist a quite linear relationship between the mean habitual daily
energy expenditure and VO2max34 and has been used as a standard
measurement for validating also other habitual PA question-
naires,21,35 (2) an interview about participants' activities during a
typical work and non-work day, and (3) concurrent validity was
measured by comparing the results of the final GreekmBQwith the
results of the Greek version of the International PA Questionnaire
(IPAQ).36

Design and participants
For the validation study, 45 healthy subjects participated (23

males and 22 females, age range 18e60 years). The sample was
convenient, and the exclusion criteria were (1) age <18 years, (2)
poor health status, (3) poor Greek language comprehension, (4)
diagnosed with cardiovascular diseases, (5) cardiac pacemaker, (6)
medication that prevents exercise activity, (7) neurological disor-
ders with effect on the lower body, (8) musculoskeletal disorders or
injuries on the lower body in the last 3 months, and (9) PAR-Q
health risk assessment form.37

For the concurrent validity of the mBQ and the IPAQ question-
naires, the same sample as with the testeretest reliability study

was used. The data were collected at the Laboratory of Human
Activity and Rehabilitation of the Department of Physiotherapy of
the University of Thessaly, Lamia, Greece, under the supervision of
two physiotherapists/researchers.

Procedure
All participants filled the PAR-Q questionnaire for examining if

they could participate in the study and completed a consent form
after they got informed about the whole process of the study.
Before participants started the measurements, the researchers
completed a form with the body size measurements (height and
weight) and the age of each participant.

Astrand-Rhyming test for VO2max assessment. VO2max was
assessed with the indirect method known as Astrand-Rhyming
cycle ergometer test.38 This method is recommended for peo-
ple of various ages.39,40 Each participant performed a 6-min
submaximal exercise test by using the ergometer bike (Mon-
ark). Before starting the test, the researcher adjusted seat height
to fit the subject. Moreover, the heart rate of participants was
monitored continuously during testing by the Garmin Vivofit
Heart Rate Monitor. Heart rate monitoring is necessary during
the testing because of the linear relationship between VO2max
and heart rate to predict VO2max.38,40 Initially, subjects rested
for 2 min for measuring resting heart rate; after that, there is a
5 min warm-up period at a low intensity to allow the participant
to practice and get familiar with the pace. The researcher
instructed the participants to maintain a steady cadence
throughout the test and recorded the participants' heart rate
(HR) at 5 and 6 min. These values were used for determining
VO2max by using the Astrand-Rhyming nomogram, and the re-
sults were then normalized to age. Once the test was completed,
the participants should cool down until HR and breathing rate
return to normal.38 The test could be interrupted if threatening

Fig. 1. Phases of translation and cross-cultural adaptation.
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symptoms appeared on participants or when the HR reached 85%
of the age-predicted maximum heart rate. After a relaxing
period, the participants took part in an interview related to their
daily routine.

Interview for daily routine activities. Interview was one more
measurement tool, which was used for assessing the validation of
questionnaire results. The interview aimed to gather sufficient in-
formation about the participants' PA during the week to calculate
the total amount of energy expenditure (METs) per week, so the
questions were related to the job, sports, and leisure time of the
interviewee.41 Through these opened-ended questions, the volun-
teer was able to describe the activities he performed during a
typical working day as well as a typical non-working day.27 For
calculating METS of daily activities of each participant, a Compen-
dium of Physical Activities was used. The Compendium provided a
list with several activities linked to their respective metabolic
equivalent intensity levels (e.g. for resting, the MET level was 0.9
[sleeping] and the level of MET for running was 18 [running at 10.9
mph]).41 The interview began with a general process description
and the building of rapport between interviewer and participant.
The average duration of the interview was 30 min and was recor-
ded using a laptop microphone that was connected to a computer.
The program used for the interview was audacity 2.1.1. After
completing the interview process, the participant filled the mBQ.

Modified Baecke Questionnaire. The questionnaire includes three
different categories of questions that are related to household ac-
tivities, sports and, leisure time activities in the previous 12
months. The overall number of questions is 19. The questions about
work have three to five possible answers, categorizing the activity
from inactive to very active. Participants were instructed to
consider studying or household activities as their work in case that
was their main daily activity. The questions of sports activities
include the activity type, the frequency of activity performance, and
the number of months annually that the activity is performed. The
questions on leisure time activities have five possible answers.
Participants have to choose only one answer for each question of
the questionnaire. All items result in a separate score. The sum of
the answers’ scores obtained from each category represents the
level of individual PA. The total score of the questionnaire varies
from 3 to 15, with higher scores representing higher levels of PA.18

After completing the whole process, participants got informed
about their results via emails (Appendix 1).

International Physical Activity Questionnaire. The IPAQ is consid-
ered a quite valid and reliable measurement tool of physical ac-
tivities.36,42 It was developed by the World Health Organization
in 1988.43 There are four long (31 questions) and four short (nine
questions) versions of the IPAQ that can be self-administered or
answered via phone call.44 All forms have been assessed as
validated against accelerometer measurements. However, many
researchers prefer to use the short form, as it has equivalent
psychometric properties to the long form. IPAQ has been inves-
tigated and used in a variety of different populations until
now.36,42 Greek adults are one of them, as the reliability and
validity of the IPAQ have already been examined in the Greek
language. Therefore, it is considered an acceptable tool for
assessing the validation against the mBQ in terms of evaluation
of physical activities.45

Statistical analysis

The analysis of testeretest reliability was performed with
descriptive and inductive statistical analysis using the program

‘Statistical Package for the Social Sciences’ (SPSS, version 22.0). For
checking testeretest reliability, the intraclass correlation coeffi-
cient (ICC) was used, along with the standard measurement error
(standard error of measurement [SEM]) and the smallest detectable
difference (SDD) between variables (parametric tests). The
Spearman rho correlation coefficient was used for the correlation
between the mBQ and the IPAQ questionnaire. The significance test
was performed at level P < 0.05.

The analysis of validity was performed in IBM SPSS Statistics (v.
22.0). The variability control of variables was tested using the
KolmogoroveSmirnov statistical test where a variable is considered
to have a normal distribution if the statistical significance value P is
greater than the value a ¼ 0.05. According to the results of the
KolmogoroveSmirnov statistical test, all variables were found to
have a statistically non-significant difference with the normal dis-
tribution and are considered to be of normal form. In addition to the
descriptive analysis of the data, a correlation test was performed
between the variables using the Pearson correlation factor. The
probability level at which the statistical test was performed was
defined as a ¼ 0.05. For concurrent validity testing, statistical cor-
relation tests were performed between each parameter of the mBQ
and the IPAQ. The normality of the data was tested with the
KolmogoroveSmirnov test that showed that data of BQ data were
normally distributed, whereas the data of IPAQ questionnaire were
irregularly distributed.

Results

Translation and cross-cultural adaptation process

The mBQ was translated into Greek and then culturally adapted.
Difficulties arising during its development were considered minor.
The 30 participants of the pilot study did not face any discrepancies
in meaning or terminology in the Greek version of the question-
naire. Furthermore, the participants did not request assistance in
interpreting the questionnaire and were able to understand all the
statements in the questionnaire, so no modification to the text was
required.

Testeretest reliability

For examining reliability, 100 participants (55 males and 45 fe-
males) completed the mBQ twice, 1 week apart (Table 1). The
reliability was very good (ICC¼ 0.84, SEM¼ 0.48, SDD¼ 16.7%), and
a Cronbach a of 0.92 was obtained.

Validity

For assessing construct validity, 45 healthy participants (23
males and 22 females) with a mean age of 26.8 (±10.40) years
(range: 18e59 years) took part in three different tests (VO2max
measurement, METS measurement, and BQ; Table 2). According to
the results, a low correlation was found, in the total sample
(n¼ 45), between the Baecke total and VO2max sections (r¼ 0.388,
P ¼ 0.008), whereas in the same sections, a moderate correlation
was found (r ¼ 0.577, P ¼ 0.004) in the male sample (n ¼ 23). The

Table 1
Participant characteristics.

Participants n Age (mean ± SD) Height (mean) Weight (mean)

Total 100 26.5 ± 9.5 173.8 71.6
Males 55 28 ± 10.2 179.4 81.6
Females 45 24.6 ± 8.2 178 59.4
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final correlation in the study was between the interview (the re-
sults were calculated with the METs as a unit of measurement) and
the modified Baecke. The results showed that there was a moderate
to high correlation between Baecke total and METs, more

specifically in the whole sample (n ¼ 45; r ¼ 0.691, P ¼ 0.000), in
the sample of women (n ¼ 22; r ¼ 0.758, P ¼ 0.000), and in the
sample of athletes (n ¼ 14; r ¼ 0.792, P ¼ 0.001).

For examining concurrent validity between the mBQ and the
IPAQ questionnaires, the same sample as with testeretest reliability
study was employed. Findings revealed that the correlation be-
tween total Baecke and total IPAQ score was low positive (r¼ 0.425,
P ¼ 0.005) (Table 3).

Discussion

The increasing problem of physical inactivity along with the
need to have a measuring tool for assessing PA in Greek popu-
lation led to the adaptation of the mBQ in Greek language. The
original version of the BQ is in the English language,16 so its
translation and cross-cultural adaptation in Greek population
were necessary. The need of using validated and reliable tools for
measuring levels of PA led to the assessment of its psychometric
properties (namely, the validation and reliability). This ques-
tionnaire was chosen in many studies, as it is short, simple, valid,
reliable, and easy to use.

Table 2
Participant characteristics.

Participants n Age (mean ± SD) Height (mean) Weight (mean)

Total 45 26.80 ± 10.40 1.7184 69.8767
Males 23 27.91 ± 11.208 1.7926 81.5239
Females 22 25.64 ± 9.609 1.6409 57.7000

Table 3
Concurrent validity between the mBQ and the IPAQ.

IPAQ Baecke total Work Sport Leisure

IPAQ total 0.425** 0.372** 0.247* 0.50
IPAQ A 0.349** 0.234* 0.300** -0.031
IPAQ B 0.137 0.118 0.080 0.102
IPAQ C 0.365** 0.163 0.205* 0.362**

Statistical significance *<0.001, **<0.005.

Table 4
The modified Baecke Questionnaire in different languages.

Study Language Sample Methods Results

Reliability Validity Mean total
score (SD)

aPhilippaerts
et al.
(1998)26

Dutch 90 (males) Reliability:1-month
testeretest
Validity:
(1) physical activity between
three levels of professional status
(2)means of a principal components
analysis study

ICC ¼ 0.88
0.20 <Kappa
values < 0.73.

Based on component-
loading matrix of the
physical activity variables

7.9 (±1.4)
8.0 (±1.4)
8.8 (±1.8)

aFlorindo et al.
(2003)30

Portuguese-
Brazilian

21 (males) Reliability: Testeretest (45 days)
Validity:
1)VO2max
2)%DHR

ICC ¼ 0.77 (1) r ¼ 0.17 (P ¼ 0.470)
(2) r ¼ 0.48 (P ¼ 0.027)

7.39 (±1.29)

aLee et al.
(2004)29

Korean 507 (males ¼ 318,
females ¼ 189)

Unclear-Korean language Cronbach's alpha
coefficient:
0.73 (work)
0.78 (sport)
0.35 (leisure)

Based on factor-loading
matrix of the items about
physical activity

7.4

aOno et al.
(2007)20

Japanese 61 (females) Reliability: Two-week
testeretest
Validity: measured step
counts (validity)

ICC ¼ 0.87 rho ¼ 0.49 (P < 0.01) 7.6 (±1.4)

bVilar�o et al.
(2007)32

Spanish 55 Reliability: Testeretest
(2 weeks to 1 month)
Validity:
(1)SGRQ
(2)PM6M
(3)FEV1%

ICC ¼ 0.96
Cronbach's alpha
coefficient ¼ 0.97

rho ¼ �0.45 (P < 0.05)
rho ¼ 0.54 (P < 0.05)
rho ¼ 0.31 (P < 0.05)

12.8 (IQR:
25e75% ¼
9e17.1)

aVol et al.
(2011)27

French 702 Reliability:
(1) Two-week testeretest
(2) Overtime testeretest
(2 months)
Validity: interview

ICC ¼ 0.87
Kappa >0.60

rho ¼ 0.39 (P < 0.0001) 8.31 (±1.21)

aHo et al.
(2015)31

Chinese 198 (males ¼ 94,
females ¼ 104)

Reliability: Two-week
testeretest
Validity: 3-day activity diary

ICC ¼ 0.65e0.90
Cohen's k: 41.0% (males)
56.7% (females)

r ¼ 0.61 (P < 0.01) 8.81 (±1.47)

aSadeghisani
et al.
(2015)28

Persian Pilot: 20
Reliability: 32
Validity: 126
(males ¼ 66,
females ¼ 60)

Reliability: Testeretest
(3e7 days after the first session)
Validity: IPAQ

ICC ¼ 0.88
Cronbach's alpha
coefficient > 0.7

r ¼ 0.36 (P ¼ 0.00) (sitting
position excluded)
r ¼ 0.19 (P ¼ 0.03) (sitting
position included)

8.26 (±1.33)

a Based on the original Baecke Questionnaire.
b Modified of modified Baecke Questionnaire.
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Testeretest reliability and validity of the BQ and mBQ have
been already examined in different populations speaking
different languages (Table 4). Although the mBQ includes three
more questions at the leisure time activities filled in compari-
son to BQ, the results of validity and reliability were still
comparable. Most translations and cross-cultural adaptations
were based on the original version. However, the results in
most studies were similar. More specifically, many ICC values of
BQ and mBQ questionnaires in different languages were re-
ported as acceptable values, suggesting it as a reliable tool.28

For example, ICC values of the BQ/mBQ in Japanese
(ICC ¼ 0.87),20 Persian (ICC ¼ 0.88, Cronbach's alpha coefficient
>0.7),28 Flemish (ICC ¼ 0.88, 0.20 <Kappa values < 0.73),26

Spanish (ICC ¼ 0.96, Cronbach's alpha coefficient ¼ 0.97),32

Chinese (ICC ¼ 0.65e0.90),31 Korean (Cronbach's alpha coeffi-
cient: 0.73 [work],0.78 [sport], 0.35 [leisure]),29 and French
(ICC ¼ 0.87, Kappa >0.60).27 The results of the present study
show that ICC value was 0.84. Therefore, the ICC value is
consistent with those obtained for the BQ/mBQ in different
language populations.

For assessing the concurrent validity of the mBQ, we used the
IPAQ. As stated by Papathanasiou et al., the Greek version of IPAQ
is a valid and reliable tool to evaluate the level of physical activ-
ities in Greek speakers.45 The results showed a statistically sig-
nificant correlation between the mBQ and the IPAQ (r ¼ 0.425,
P ¼ 0.005). For evaluating the construct validity of the mBQ, the
METS calculation via interview was used. The correlation between
the mBQ and the interview (r ¼ 0.691, P ¼ 0.000) was the highest
compared with other methods used. Similar results were obtained
by Vol et al. in their study conducted for the adaptation of the
questionnaire in French.27 This could be explained, as the inter-
view is considered the most appropriate tool to prove the validity
of a questionnaire. Moreover, the measurement of VO2max was
used for assessing the construct validity of the mBQ. Nevertheless,
the correlation between the questionnaire and VO2max, although
lower than the interview (r ¼ 0.388, P ¼ 0.008), was statistically
significant. Another study also found low correlation between
total Baecke and VO2max (r ¼ 0.17, P ¼ 0.470).30 Even if seems to
be a quite linear relationship between the mean habitual daily
energy expenditure and VO2max, there are some other variables,
such as body mass, age, gender, etc., that affect this relationship34

and may be responsible for the low correlation between total
Baecke and VO2max. Moreover, the nature of BQ that measures PA
during work, leisure, or sports throughout the past year and not
only in the present time could be another explanation for the low
correlation.

The present study has a few limitations that have to be addressed.
The first limitation is that the mBQ referred to activities of the past
year, whereas the IPAQ concerns the activities of the last week.
Therefore, the comparison of results between the two questionnaires
is quite difficult. However, IPAQ was used to correlate with the mBQ,
as it is the only one PA questionnaire that has been tested for reli-
ability and validity in Greek culture. Another limitation was that the
sample included only the age range of 18e59 years, so its validity has
not still been proven for use in the elderly and minors in Greece. The
final limitation was that only healthy participants were included in
the present study. These limitations suggest further research to
prove the validity of the mBQ in a wider age range as well as the
application in various diseases.

The results of the present study have great clinical significance. It
is the first time that the mBQ has been interculturally adapted and
controlled in terms of validity and reliability in Greece. The mBQ can
be a useful and easy-to-use tool for Greek clinicians and researchers
for evaluating and monitoring PA in Greece, so it has an important
clinical contribution except for scientific ones. Furthermore, it was

the first time that mBQ was used and correlated with the IPAQ
questionnaire for PA in the Greek population. The present study
helped to investigate the validity and reliability of the questionnaire
as a commonly accepted clinical tool. Last but not least, it is impor-
tant to be clarified when the original or the modified version of the
BQ is used according to research good practice.

Conclusion

In conclusion, the modified Greek BQ was found to be a reliable
and valid tool for measuring habitual PA in the Greek population.
That means the mBQ could be a valuable tool for Greek healthcare
professionals in both clinical and research environments. Moreover,
further research is needed to evaluate the validity of the ques-
tionnaire to children and the elderly, as well as its use in different
patient groups.
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a b s t r a c t

Objectives: To understand the living conditions, changes in the service user profile, and needs of
vulnerable migrants trying to access healthcare in the early stages of the COVID-19 pandemic.
Study design: Mixed methods study; using quantitative questionnaire data collected from migrant ser-
vice users of Doctors of the World UK (DOTW UK) with qualitative data from free-text notes.
Methods: DOTW UK provides drop-in clinics to vulnerable migrants. Consultations switched to remote
during the UK's first lockdown. We compared patient profile, well-being, healthcare access and reason
for consultations of individuals attending the virtual clinic between March and September 2020 to those
of the prepandemic periods between 2011 and 2018.
Results: During the pandemic, consultations dropped to under half of the prepandemic numbers, with
the shift to remote consultations attracting more users outside of London. DOTW UK's user base changed
to include a greater proportion of asylum seekers, younger adults (18e34) and individuals reporting good
health. Socio-economic conditions and housing stability deteriorated for the majority of users. Those in
the greatest need of healthcare appeared to be less able to access remote services. General practitioner
(GP) registration remained the most common reason for contacting the virtual clinic with a lack of
knowledge of the healthcare system being the main barrier to access.
Conclusion: The shift to virtual consultations may have exacerbated existing inequalities in healthcare
access for vulnerable migrants. Given that many clinical services continue to operate remotely, it is
important to consider the impact such actions have on vulnerable migrants and find ways to support
access.

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

Introduction

The advent of the coronavirus (COVID-19) global pandemic has
had a wide impact on populations across the world but with
marked disparities in infection and survival rates. Early in the
pandemic, it was evident that social and economic inequalities
shaped people's vulnerability to the disease.1 In the United
Kingdom (UK) and United States (US), Black, Asian and minority
ethnic (BAME) groups includingmigrants were found to experience
higher infection rates.2 The pandemic generated economic and
social conditions with potential for a deleterious effect on migrant
health. Findings from the UK Household Longitudinal Survey

showed that migrant men experienced worse economic impacts
and mental health than those born in the UK. During the UK's first
lockdown, they were more likely to experience job loss, financial
hardship and a reduction in working hours,3 and BAME migrants
received a lower level of financial protection.3,4 Migrant women
faced more barriers to access healthcare services during the
pandemic.5 Filipino migrants were more likely to be working in
front-line positions, which increased their risk of exposure to the
disease;6 those without documents were particularly vulnerable:
working and living in crowded and unsafe conditions with few
social distancing or hygiene measures and fearful of accessing
healthcare services.6 Research looking at forced migrant survivors
of sexual and gender-based violence found that they lived on very
low incomes and had to choose between purchasing food, hygiene
products and mobile phone data.7,8 Research with healthcare pro-
viders, asylum seekers and refugees identified the digitisation of
primary care and the severing of connections to support networks
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as a barrier to healthcare access.9 Undocumented migrants' strug-
gles to register with a general practitioner (GP) also presented an
obstacle to vaccination.10

Clearly, the pandemic and associated measures are experienced
differently according to socio-economic and migration status.
However, there is a gap in knowledge about the impact of the
pandemic on the most vulnerable migrants, namely rejected
asylum seekers and undocumented migrants known to struggle
with healthcare access prepandemic.11 Such migrants are uniden-
tifiable in routine or specialised surveys. This article brings new
knowledge of the needs of vulnerable migrants trying to access
healthcare in the early stages of the COVID-19 pandemic. Using a
unique dataset fromvulnerable migrant service users assembled by
DOTW UK via cross-referenced social and medical questionnaires
and free-text notes, we compare the health concerns and well-
being status of individuals attending the clinic during and before
the pandemic.We explore patterns of change in DOTWUK's service
user base and the pandemic's impact on migrant groups known to
struggle to access healthcare.

Methods

The data collected by DOTW UK represent a cohort of service
users at risk of vulnerability. As a non-governmental organisation,
DOTW UK uses consultations with volunteer doctors and nurses to
support excluded people to access healthcare. From 2011 until the
pandemic, most consultations were provided in a face-to-face
format by clinics based in London and Brighton (now defunct). All
consultations switched to a telephone service on 17th March 2020
in the UK's first lockdown. Data were collected during a phone
conversationwith a volunteer caseworker concerning service users'
demographic profile, well-being, healthcare access and the reason
for making contact (service user information form and social form)
and during the consultation with a volunteer GP where this was
necessary (medical form); all forms included space for free-text
notes. Detailed information on the process of data collection is
published elsewhere.12

We focus on DOTW UK's migrant service users, which include
undocumented migrants, asylum seekers, refugees, European
Union (EU) citizens, non-EU citizens with valid visas and refused
asylum seekers. We exclude British citizens because they form a
small minority of DOTW UK's service users (0.3%). With appro-
priate anonymisation, quantitative data were extracted from the
service user information form and matched to the social and
medical forms.c We focus on what we term the ‘pandemic’ period,
from the DOTW UK move to remote consultations in March 2020,
until the end of September 2020, and the comparative ‘prepan-
demic’ periods of the same months in 2011e2018, to explore the
differences in trends between these two periods. We analyse a
sample of free-text notes (those collected in April and July 2020)
which we term qualitative data.

Quantitative analysis

Based on thematched results from service user and social forms,
we compare 6268 unique service user consultations across the two
periods (5947 before and 321 during the pandemic). Incomplete/
erroneous data were corrected following discussions with DOTW
UK: service users with missing information were removed from
datasets and misspellings were manually corrected. The data

containmissing information for some variables, whichwe excluded
from the calculations. The effective sample sizes used in our ana-
lyses and missing data are included in the figures.

Questions asked aremainly consistent between the two periods.
The sociodemographic indicators included sex, age, economic sit-
uation, immigration status and housing situation. Geographic
location refers to consultations in London vs other locations. Well-
being status is defined as self-reported general and psychological
health. Questions about psychological health differed during
pandemic/prepandemic periods. In 2011e2018, service users were
asked ‘how is your psychological health?’ From 2020, DOTW UK
used the Patient Health Questionnaire-2 (PHQ-2) question ‘Over
the last 2 weeks, how often have you been bothered by feeling
down/depressed/hopeless?’

We use descriptive statistics, usually percentage distributions
given the nature of the variables, to compare prepandemic and
during-pandemic data. For each percentage, we compute 95%
confidence intervals to assess differences across answer categories.
We use a chi-squared test (significant at 0.05 unless specified) to
assess the differences in answer distributions. When appropriate,
we compare results across immigration statuses, using confidence
intervals and chi-squared tests. Throughout, we use aminimum cell
count of five observations.

Qualitative analysis

We use free-text notes to enable us to make sense of patterns
observed in the quantitative analysis. We extract all available free-
text notes for migrant service users for April and June 2020. From a
total of 107, we exclude 12 as they were UK nationals or contained
no data. The remaining 96 sets of notes range from a few lines to
several pages and outline details of health concerns and life situ-
ations, providing an account of engagement until the problem was
resolved or the contact was lost. A content analysis consists of two
stages: first, we summarise characteristics of the individual case
focusing on 1) service users’ current health status, 2) the health
services required, 3) their life situation, 4) any barriers and facili-
tators to accessing health services and 5) how their health concerns
were resolved (or not). Then, we compare across cases to under-
stand the range of concerns faced by service users.

The Ethical Review Committee of the University of Birmingham
granted full ethical approval. All data were anonymised by DOTW
UK before they were securely shared with the authors. DOTW UK's
service users gave consent for data sharing when data were
collected. Data were stored on encrypted devices.

Results

Number of consultations

The number of consultations from March to September in
2011e2018 was 5947, and it was 321 in 2020. Fig. 1 shows that the
monthly trend of pandemic consultations is similar to the pre-
pandemic period but dropped to under half that of the prepan-
demic period.

Sociodemographic characteristics

Table 1 shows that sex was equally distributed throughout the
periods with females accounting for approximately 49% (2982/
6024) of consultations. Service users were younger during the
pandemic with a significant increase in the proportion of 18e34-
year-olds from 42.7% (2476/5793) in the prepandemic period to
50.8% (163/321), and the 35e59 age group decreased from 49.6%

c The match was performed using unique consultation identifiers e note that any
repeat consultations with the same service user are also excluded so that we only
have unique service users in the data.
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Fig. 1. Yearly averaged number of consultations during the prepandemic and pandemic periods (N ¼ 6268). Values before the pandemic are averaged.

Table 1
Variable descriptions and descriptive statistics for service users prepandemic and during pandemic periods.

Variables Prepandemic (%) Prepandemic (N) Pandemic (%) Pandemic (N) Chi- squared value P-values

Sex (N ¼ 6024)
Female 49.6 2845 48.2 137 0.190 0.663
Male 50.4 2895 51.8 147

Age group (N ¼ 6114)
0e17 2.8 164 3.1 10 8.815 0.032
18e34 42.7 2476 50.8 163
35e59 49.6 2876 41.4 133
60þ 4.8 277 4.7 15

Location of residence (N ¼ 6100)
London 89.8 5191 82.3 261 17.468 0.000
Outside of London 10.2 592 17.7 56

What have you been helped with today? (N ¼ 6026)
GP registration 84.9 4843 76.6 246 15.771 0.000
NHS cost 53.2 3035 22.1 71 117.539 0.000
Antenatal care 3.3 189 8.7 28 25.621 0.000
Immigration (2013e2018, N ¼ 4627) 15.4 661 6.5 21 18.444 0.000
A&E/walk in 5.2 294 4.7 15 0.144 0.704
Second care charging 2.8 160 3.1 10 0.107 0.744
Dentist 5.5 314 2.8 9 4.368 0.037
Termination of pregnancy 0.7 40 2.5 8 12.337 0.000
Foodbank 1.9 109 1.6 5 0.204 0.652

The proportions of GP registration by immigration status
Undocumented (N ¼ 3621) 87.3 3006 77.3 136 14.542 0.000
Asylum (N ¼ 797) 81.8 576 86 80 0.997 0.318
Others (N ¼ 1158) 85.9 959 63.4 26 15.672 0.000

In the last 3 months approximately how much money per month did you have to live on? (2013e2018, N ¼ 4032)
Above poverty threshold 17.7 664 9 25 13.976 0.000
Below poverty threshold 82.3 3089 91 254

Housing situation of service users (N ¼ 5992)
Roofless/houseless 3.2 182 5.8 18 2246.552 0.000
Insecure/inadequate house 2.4 137 63 196
Secure tenancy 91.6 5203 17.4 54
Others 2.8 159 13.8 43

Have you experienced any obstacles/barriers when accessing healthcare? (N ¼ 5863)
Lack of knowledge 25.4 1410 23.4 75 0.693 0.405
Admin barrier 25.1 1390 11.8 38 28.884 0.000
Fear of arrest 10.4 579 6.9 22 4.260 0.039
Language barrier 12.9 714 5.6 18 14.701 0.000
Financial barrier 3.7 206 4.7 15 0.764 0.382
Denied health coverage 8.1 450 4.4 14 5.881 0.015
Other barrier 2 109 2.2 7 0.072 0.789
Denied by healthcare provider (N ¼ 5598) 15.3 808 1.9 6 44.002 0.000

Note: Percentages may not add up to 100% due to rounding. The prepandemic period represents March to September in 2011e2018 unless specified. The pandemic period
represents March to September in 2020. The observation numbers (‘N’s) are presented for each variable unless specified. EU citizens and non-EU citizens with valid visas make
up the ‘others’ immigration status.’
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(2876/5793) to 41.4% (133/321). The share of those over 59 or under
18 years remained similar.

During the pandemic, more service users (91%, 254/279) re-
ported their monthly income as below the poverty line (£836 per
month), a significant increase from prepandemic (82.3%, 3089/
3753). Free-text notes indicated that most had no employment
during the pandemic and relied on support from family and friends.

About 91% (5681/6268) of service users reported an immigra-
tion status, which we categorised as follows:

- Undocumented/no legal status: e.g. those who refused asylums,
visa-overstayers

- Asylum seekers and refugees: ongoing asylum claims; granted
refugee status

- Others: e.g. EU citizens; non-EU with a valid visa

Fig. 2 shows the proportion of asylum seekers which increased
from 13.6% (732/5371) to 30% (93/310) during the pandemic. The
share of undocumented migrants and others dropped from 65.1%
(3498/5371) to 56.8% (176/310), and from 21.2% (1141/5371) to
13.2% (41/310), respectively. Analysis of free-text notes indicates
that a number of service users had sought help while living in hotel
accommodation; two of whomwere concerned about the impact of
poor quality hotel food on their health. The notes identified a few
instances of “other” service users seeking advice having been
trapped in the UK after travel plans were disrupted by the
pandemic.

Housing

DOTW UK's location is in London. The shift to remote in-
teractions saw the share of service users residing outside of London
increase significantly, from 10.2% (592/5783) in the prepandemic
period to 17.7% (56/317). During the pandemic, the proportion of
service users living in secure tenancies reduced by 74.2% to only
17.4% (54/311) (Table 1). Undocumented migrants in particular re-
ported a decline in housing stability from 92.7% (3196/3447) in
secure housing to 18.5% (32/173). Analysis of notes showed that
most now lived in shared rented accommodation with friends or
family, often with the rent paid for by family members. The notes
indicate that most felt safe for now, however, a small number re-
ported living in exploitative circumstances or being concerned

about housing stability. Some 46% (40/87) of asylum seeker service
users were in ‘other’ types of housing during the pandemic, most
likely hotels.

Health

We look at the health status through measures of general and
psychological health (Fig. 3). The proportion of service users with
good general health during the pandemic increased (from 38.7%,
2171/5603 to 47.4%, 144/304). Likewise, the share of service users
with good psychological health increased significantly, while those
with fair or bad psychological health status decreased significantly.
Analysis of notes indicated that users with no or minor current
health problems tended to contact DOTW UK to help them to
register with a GP (possibly in case they got infected with COVID-
19) while pregnant women who contacted DOTW UK for help
with access to antenatal care were also in good health.

Breaking general health status down by the immigration status
(Fig. 4), some variation was observed during the pandemic (sig-
nificant at 0.10 level) but the general health of undocumented and
other service users showed little difference. The health profile of
service users within the asylum seeker/refugee category was more
skewed toward poorer outcomes. Asylum seekers also showed
significantly poorer psychological health than undocumented and
“others” during the pandemic.

Reasons for consultation

Of 5705 service users, 59.8% before the pandemic and 38% of 321
service users during the pandemic gave two or more reasons for
engaging with DOTW UK. GP registration was the main reason for
consultations (84.9% before, 4843/5705 and 76.6% during, 246/321,
respectively) although for undocumented migrants and “others”
the proportion consulting for GP registration was reduced (see
Table 1). Our analysis of notes indicates a range of reasons for
needing GP registration, from seeking registration in case a health
problem should arise (sometimes following a prior refusal) or to
access medication, to more complex situations, including multiple
acute health problems and/or the need to be classified as extremely
vulnerable to receive help during the pandemic. Help with National
Health Service (NHS) costs was a highly ranked reason in both

Fig. 2. Immigration status of service users visiting DOTW UK prepandemic (N ¼ 5371, 576 observations missing) and pandemic (N ¼ 310, 11 missing) periods.
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periods. Notes showed a few instances of service users needing
help with bills incurred while receiving hospital care.

Barriers to healthcare access

As noted above, help to access healthcare was the main reason
for consulting. Users faced multiple barriers including lack of un-
derstanding of the healthcare system (23.4%, 75/321). Administra-
tive barriers (11.8%, 38/321) were important although reduced from
prepandemic times. The notes recorded that some GP practices
refused to register new patients during the pandemic with in-
dividuals struggling to communicate with practices registering
remotely. The notes also evidenced that technological or financial
barriers impeded GP registration (i.e. poor access to devices and

data). A few service users worried that they might be detained by
immigration services if they tried to register. Finally, financial
barriers were raised linked to the ability to pay for medication or
secondary care. Most barriers were resolved by DOTWUK although
the notes revealed that seeking resolution could be a lengthy pro-
cess, requiring multiple interventions by DOTW UK.

Discussion

In this study, we sought to understand the living conditions,
changes in service user profile and needs of vulnerable migrants
trying to access healthcare in the early stages of the COVID-19
pandemic. There were clear differences in the number and needs
of service users accessing DOTW UK's services prepandemic and

Fig. 3. Self-reported health status of service users during prepandemic and pandemic periods. For general health, N ¼ 5603 (344 missing) in the prepandemic period and N ¼ 304
(17 missing) during the pandemic period. For psychological health, N ¼ 4032 (1915 missing, because 2011 and 2012 data do not have information about psychological health) during
the prepandemic period and N ¼ 263 (58 missing) during the pandemic period.

Fig. 4. Self-reported general health by the immigration status of service users who visited DOTW UK during the pandemic period (N ¼ 297, 24 missing). N ¼ 168, 90 and 39, for
undocumented migrants, asylum seekers and others, respectively. This is a small sample because this figure only covers the pandemic period.
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during the pandemic. As services shifted to remote, consultations
reduced markedly and the profile of service users changed to
younger users and asylum seekers. An increase in the number of
asylum seekers being housed in hotels in London during the pan-
demicd was one factor driving this change as they were not sup-
ported by accommodation providers to access GP registration.
Additionally, it may reflect that they were given free access toWi-fi
and thus able to engage remotely with DOTW UK.13

There was a reduction in older users, undocumented migrants
and individuals with poor health which could mean that those in
the greatest need were being excluded, perhaps because of a digital
divide evidenced in some groups of migrants prepandemic and
mentioned in the free-notes around access to GPs.15 The relative
decrease in undocumented service users may relate to difficulties
accessing the necessary devices, telephone minutes and data when
destitute.7 Certainly we find evidence that the shift to virtual
consultations increased existing inequalities in healthcare access
for vulnerable migrants reinforcing previous work.9 The income
and living conditions of users declined with more reporting low
incomes and living in insecure housing reflecting evidence else-
where of migrants experiencing higher likelihood of financial
hardships,3,16 unsurprising given the predominance of vulnerable
migrants in service industries worst hit in lockdown.17 Such hard-
ship may have promoted movement from rented housing to
sharing with friends and family.

Although the numbers of users reporting good health increased
in the pandemic, we find that asylum seekers were more likely to
report poor general and psychological health reflecting concerns
expressed by the Refugee Council of the healthcare implications of
living in hotels.13 Our findings reflect the alarm expressed by NGOs,
particularly after an incident in which an asylum seeker, suffering
from deteriorating mental health after a lengthy hotel residence,
stabbed six others and was shot dead by police.14

The need to register with a GP continued to be the most
important reason for contacting DOTWUKwith the main barrier to
registration being a lack of knowledge, reflecting the importance of
cultural health capital to enable meaningful healthcare access.18 In
addition, we suggest that anxiety associated with the possibility of
COVID-19 infection prompted some migrants to register with
healthcare providers although they were in good health.

The proportion of individuals reporting being denied access to
healthcare and facing administrative barriers reduced during the
pandemic. This may reflect a more open attitude to offering
healthcare to undocumented migrants as public health officials
promoted the importance of attending to the health of all, although
organisations such as the Joint Council for the Welfare of Immi-
grants (JCWI) reported that migrants remained fearful of using such
services.19

Limitations

Our data analysis covers only the early pandemic period. Over
time, service users may have become more accustomed to remote
provision and returned in larger numbers. The questionnaire data
do not cover the whole population, because of the incomplete

match between service users, social andmedical forms andmissing
information. The variable for psychological health was defined
using different questions prepandemic and during-pandemic
because DOTW UK updated their questionnaire. The qualitative
data only constitute the notes made by volunteers, which provided
'snapshots' but did not respond to systematised questions. Given
the shift in data collection from face-to-face to phone conversations
may also have affected the nature of responses.

Conclusions

Our paper offers the first quantitative analysis of vulnerable
migrants' living conditions and healthcare needs in the COVID-19
pandemic. We highlight a reduction in the number of service
users accessing DOTW UK's services. Users reported barriers to
access associated with GP registration and healthcare costs. Service
users were younger, reported better health and were more likely to
be asylum seekers. The reduction in older users and those in poorer
health may relate to barriers encountered engaging with DOTWUK
via remote consultations. Given that many clinical services
continue to operate remotely 18 months after the introduction of
the first lockdown, it is important to consider the policy implica-
tions of such provision on vulnerable migrants such as older mi-
grants and those in worse health. It is necessary to find ways to
provide face-to-face services for excluded groups and to ensure
that GP surgeries register patients regardless of the immigration
status. Further research is needed to examine the longer-term ef-
fects of the pandemic on vulnerable migrants.
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a b s t r a c t

Objectives: The aim of the study is to calculate the years of life lost (YLL) and years of potential life lost
(YPLL) due to COVID-19, according to age groups in Turkey in the first year of the pandemic and the cost
of this burden.
Study design: This is an observational study with quantitative analyses.
Methods: YLL due to premature deaths was calculated for men and women by interpolating the number
of deaths and the expected life expectancy. YPLL was calculated according to the age 65 years. Pro-
ductivity loss is an estimation of the cost of time lost at work-related activitiesdin a scenario ana-
lysisdusing predetermined wage rates with the human capital theory.
Results: Men lost 205,177 (67.57%) years of life, whereas women lost 125,330 (32.43%) years of life. The
YLL average age in men was 63.66 ± 14.66 years, and the YLL average age in women was 66.07 ± 15.46
years. The average YLL age in men was younger than in women (P < 0.001). Men lost 65,180 (70.16%)
YPLL, whereas women lost 27,723 (29.84%) YPLL. The average YPLL age in women was younger than in
men (P < 0.001). During one year of the pandemic, premature death cost Turkey 227,396,694 USD, the
cost for one premature death was 14,187 USD, and the cost of any year of life lost was 1261 USD.
Conclusion: YLL and YPLLs are very closely associated with COVID-19 deaths in the country. The eco-
nomic dimensions of the pandemic with human losses are quite high.

© 2021 Published by Elsevier Ltd on behalf of The Royal Society for Public Health.

Introduction

The COVID-19 pandemic has affected the whole world in all
possible dimensions. More than a year after the beginning of
pandemic, more than 190 million people were diagnosed with the
disease and more than 4 million people lost their lives.1 COVID-19
has a broad spectrum of infection, mostly affecting the elderly
and those with underlying medical problems.2,3

A better understanding of the impact of the COVID-19 pandemic
on public health can only be achieved by measuring the burden of
the disease. There can be several ways of showing the burden of a
disease. Therefore, classical epidemiological indicators such as
incidence, prevalence, mortality rate, and case fatality rate have
been used.4 Although prevalence and incidence can show the

magnitude and severity of the problem for a given condition, still
they are insufficient to explain health outcomes. The number of
cases is affected by the laboratory conditions and contact tracing
practices in countries. Although the mortality rate, particularly the
case fatality rate, may show the importance of disease, they are not
enough to show the burden of disease. The case fatality rate (CFR) is
a crude mortality rate. On the other hand, different formulas that
give different results can be used for the CFR. It is known that when
calculations are done with formulas that take into account the
period between diagnostification of disease and death, CFR takes a
higher value.5 Considering this limitation, the Global Burden of
Disease study used premature deaths to calculate the burden of
disease. Reporting the early death and disease costs according to
diseases has an impact on policy makers' priorities.6,7 In this
context, years of life lost (YLL), which is the age at which deaths
occur and the number of deaths, may be more guiding in the
establishment of disease control programs and the allocation of
economic resources. In this context, YLL, a concept derived from the
early age at death and the frequency of death, can be more guiding
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in establishing disease control programs and in allocating economic
resources.7

Apart from that, social and economic preventions of prema-
ture death can be expressed with two more measures. These are
YPLL and cost of productivity lost (CPL), which are helpful vari-
ables to measure the burden of disease.8,9 Such an analysis could
show the COVID-19-related disease burden and loss of produc-
tivity. Calculation of the cost of productivity loss is an economic
assessment that does not take into account other economic as-
pects of COVID-19 (e.g. quarantine, contact tracing, reduction in
consumption, direct costs of health care, etc.). It is an economic
evaluation based on the loss of production in the society from the
individual loss.

Different approaches and responses to the pandemic were seen
in different countries since the onset of the disease. Turkey has
followed policies to suppress COVID-19 infection. First of all, it was
tried to reduce the burden of health services by reducing cases and
deaths through shutdown practices. Pandemic approaches ac-
cording to patients’ age are considered to take the disease under
control. Some measures, such as the curfew for individuals aged
�65 years and those aged <20 years, were aimed at age groups; on
the other hand, age was taken into consideration in determining
priority groups in vaccination applications.

The disease burden of the COVID-19 pandemic is not fully un-
derstood, as it is a new disease. However, the calculation of YLL and
CPL in the pandemic will play an important role for policy makers
decisions. The first COVID-19 official case in Turkeywas reported on
March 11, 2020. The aim of the study was to calculate the YLL and
YPLL due to COVID-19 according to age groups in Turkey in the first
year of the pandemic and the cost of this burden.

Methods

Sources of data

The study data were obtained from the surveillance data
published on the website of the Ministry of Health, and the
necessary data for the calculation of population-adjusted values
were obtained from the website of the Turkish Statistical Institute
(TUIK). The approval for this study was taken from research ethics
committee of Ankara Yıldırım Beyazıt University. Deaths due to
COVID-19 were coded by gender and age group. The population of
Turkey was used to calculate death, YLL, and YPLL rates per
100,000 population (male: 41,915,985, female: 41,698,377, total
83,614,362).10 For calculation of YLL, population, number of
deaths, and standard life expectancy (LE) for gender and each age
range were taken from selected sources.11,12 YPLL was calculated
according to the age 65 years, as this is the retirement age in
Turkey.

YLL formula13,14:

YLL¼ KC era

ðr þ bÞ2
h
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where a ¼ age of death (years), r ¼ discount rate (usually 3%),
b ¼ age-weighting constant (e.g. b ¼ 0.04), K ¼ age-weighting
modulation constant (e.g. K ¼ 1), C ¼ adjustment constant for age
weights (e.g. C ¼ 0.1658), and L ¼ standard life expectancy at age of
death (years).

YPLL formula15:

YPLL¼
XN

i¼0

di� ðWU �WLÞ

where di is the number of deaths at the mid-point of each age
group; WU is the upper limit of working age (65 years), and WL is
the lower working age (from 15 to 65 years).

For calculation of the productivity loss, annual average wages,
labor employment ratio, discount rate, and inflation rate values
were used. These values were taken from Organisation for Eco-
nomic Co-operation and Development (OECD) and International
Labour Organization (ILO) Turkey data.16,17

Study design

First, the distribution of deaths due to COVID-19 by gender
and each age group was calculated according to death rate per
100,000 population and percentage of total number of deaths (%
death). YLL was calculated for men and women by interpolating
the number of deaths in each age group and the expected LE for
that age group. YLL in the specific gender and age group was
calculated as a percentage (% YLL) of the total number of YLLs and
the rate of YLL in 100,000 populations. Similar evaluation was
done in YPLL.

The human capital theory was used to estimate the productivity
loss due to premature death because of COVID-19 pandemic in
Turkey. The human capital theory measures the amount of poten-
tial social productivity and charges with market values of output
lost due to disease-related morbidity and mortality.9

It is an estimation of the cost of time lost at work-related acti-
vitiesdin a scenario analysisdusing predetermined wage rates
with the human capital theory. The formula used in the first step in
calculating the productivity loss is the sum of the estimated value of
earning for people in the labor force (YnsWnsPnas) that takes into
account the annual average earning (Y), labor employment ratio
(W), and the probability of survival (P) for each age group (n) and
sex (s). That estimatewas adjusted for changes in labor productivity
(g) and discounted (i) to convert the lifetime earning into a present

Table 1
Number of deaths from COVID-19 by gender and age groups, their rates, and percentage distributions per 100,000 people in the population.

Age groups Male Female Total

Deaths Deaths per 105 %Deaths Deaths Deaths per 105 %Deaths Deaths Deaths per 105 %Deaths

0e4 27 0.7 0.1 21 0.7 0.2 48 0.7 0.2
5e14 12 0.2 0.1 12 0.2 0.1 24 0.2 0.1
15e24 246 2.5 1.4 134 1.4 1.2 380 2.0 1.3
25e49 657 6.8 3.6 312 3.3 2.8 969 5.1 3.3
50e64 3227 43.7 17.8 1312 17.9 11.7 4539 30.8 15.5
65e69 4255 134.5 23.5 2235 66.7 20.0 6490 99.6 22.2
70e79 5502 356.3 30.4 3262 167.9 29.2 8764 251.3 29.9
80-þ 4193 735.1 23.1 3883 405.6 34.8 8076 528.6 27.6
Total 18,119 42.6 100.0 11,171 23.0 100.0 29,290 32.9 100.0
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value. The discounted rate adjustment is used to express the value
of the future costs in present value. Finally, to express the pro-
ductivity loss in constant prices, we deflated average earnings using
the average of the last 5 years of deflation of gross product of
Turkey. This procedure is necessary to adjust the effect of inflation
(a). _Inflation is an increase in the general level of prices of goods
and services in an economy over a period usually as measured by
the Gross National Product.9,18,19 Costs were expressed in US Dollars
($1 ¼ 7,3670 TL) on the midday of the working period (August 15,
2020).

Statistical analysis

The study database was prepared in Excel program. Population
and COVID-19 deaths by age groups for men and women were

recorded in this Excel database. SPSS 15.0 programwas used for the
study data analysis. The mean and standard deviation of the clas-
sified arrays were calculated in the distribution of YLL and YPLL by
age groups. The t-test was used to compare the groups. Statistical
significance level was accepted as P < 0.05.

Results

In the first year of the pandemic, 29,290 people died from
COVID-19, 18,119 of which were men (61.86%) and 11,171 were
women (38.14%). The average age at death in men was
69.79 ± 13.19 years, and the average age at death in women was
72.68 ± 13.12 years. The average age at death in men was younger
than in women (P < 0.001). Death due to COVID-19 was higher in

Fig. 1. Percentage distribution of deaths and years of life lost (YLL) due to COVID-19 by gender and age groups.
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men aged 50e64 and 65e69 years and in women aged �80 years
(P < 0.001) (see Table 1).

Men lost 205,177 (67.57%) years of life, whereas women lost
125,330 (32.43%) years of life. The YLL average age in men was
63.66± 14.66, and the YLL average age inwomenwas 66.07± 15.46.
The average YLL age in men was younger than in women
(P < 0.001). YLL was found to be high in the 50e69 years age group
in men, whereas in women, YLL was high in young ages and those
aged �80 years (P < 0.001) (Fig. 1, Table 2).

%YLL/%mortality ratio was calculated according to age groups for
both genders in the study. In men, the ratio was 0.38, 0.41, 0.43,
0.55, 0.62, 0.86, 1.28, and 2.39 for 0e4, 5e14, 15e24, 25e49, 50e64,
65e69, 70e79, and �80 years age groups, respectively, whereas in
women, it was 0.37, 0.39, 0.41, 0.45, 0.57, 0.77, 1.09, and 2.09
respectively.

A highly positive correlation was found between death and YLL
rates per 100,000 people in the population in men (r ¼ 0.917;
P ¼ 0.001), in women (r¼ 0.929; P¼ 0.001), and in total (r¼ 0.982;
P < 0.001).

Men lost 65,180 (70.16%) of the YPLL, whereas women lost
27,723 (29.84%). The average age of YPLL in men was 47.05 ± 10.59
years, whereas in women, it was 47.87 ± 11.28 years. The average
YPLL age in womenwas younger than in men (P < 0.001). YPLL was
found to be high in men included in 50e64 years age group and in
women in 25e49 years age group and those who were old
(P < 0.001) (see Table 3).

During 1 year of the pandemic, premature death cost Turkey
227,396,694 USD, the cost for one premature deathwas 14,187 USD,
and the cost of any year of life lost was 1261 USD (see Table 4).

Discussion

Factors such as death due to COVID-19, number of cases, fatality
rate, vaccination rate, and mutation contribute in the pandemic
uncertainty day by day. Turkey has been one of the most affected
countries since the World Health Organization declared the new
coronavirus disease a pandemic. Calculation of cost of potential
productivity lost and productive YLL help to understand better the
impact of this pandemic on public health. The rapidly changing
epidemiology of the ongoing pandemic makes it more difficult for
the local health services to fight the disease. The burden of disease
and the demand for healthcare services are increasing with the
epidemic growth; countries are focusing on preventing and treat-
ing the conditions that cause the disease. Healthcare measures
presented in this study are predicted to be very helpful in guiding
the policy and decision makers.

Information about the economic impact of the current pandemic
also strengthens thedatapool of epidemiology. Itwas found from this
study that there is a significant difference between the average age at
death and the average age of YLL in the 1-year period of the pandemic
in Turkey, a countrywith a population of 84million. Therewas found
a 6-yeardifference inmen (mean age at death: 69.79 years;mean age
at YLL: 63.67 years) and women (72.68; 66.07, respectively). When
the analyses are made in terms of productivity, it shows that COVID-
19 has broughtmore social burden than expected. High YLL and YPLL
values are related to the age at which the disease was diagnosed, age
at death, and survival time.20AsCOVID-19 is an infectiousdisease, the
period between diagnosis and death is short. Therefore, although YLL
is expected to be seen in advanced ages, where deaths are

Table 2
Years of life lost (YLL) due to COVID-19 by gender and age groups, rates, and percentage distributions per 100,000 people in the population.

Age groups Male Female Total

YLLs YLL per 105 %YLL YLLs YLL per 105 %YLL YLLs YLL per 105 %YLL

0e4 810 21.5 0.4 635 21.3 0.5 1445 21.4 0.5
5e14 349 5.3 0.2 353 5.6 0.3 702 5.4 0.2
15e24 6566 66.7 3.2 3658 38.9 2.9 10,224 53.1 3.4
25e49 13,631 141.8 6.6 7750 82.3 6.2 21,381 112.4 7.0
50e64 59,104 800.2 28.8 25,793 351.4 20.6 84,897 576.5 28.0
65e69 56,123 1773.8 27.4 32,771 978.5 26.1 88,894 1364.8 29.3
70e79 48,745 3156.2 23.8 33,532 1726.1 26.8 82,277 2359.5 27.1
80-þ 19,849 3479.7 9.7 20,838 2176.6 16.6 40,687 2663.1 13.4
Total 205,177 419.2 100.0 125,330 300.6 100.00 303,653 360.5 100.0

Table 3
Numbers of potential years of life lost (YPLL) from COVID-19 by gender and age groups, rates, and percentage distributions per 100,000 people in the population.

Age groups Male Female Total

YPLL YPLL per 105 %YPLL YPLL YPLL per 105 %YPLL YPLL YPLL per 105 %YPLL

15e24 1209 12.3 1.9 1344 13.6 4.8 2553 13.3 2.8
25e49 30,144 313.5 46.2 14,292 148.6 51.6 44,436 233.5 47.8
50e64 33,827 458.0 51.9 12,087 163.6 43.6 45,914 311.8 49.4
Total 65,180 158.8 100.0 27,723 69.8 100.0 92,903 133.7 100.0

Table 4
Cost of premature death in the population aged >15 years ($, August 15, 2020).

Gender Total premature mortality cost Premature mortality cost per death Premature mortality cost per YLL

Men 1,331,149,879 ₺ 73,625.54 ₺ 6524.66 ₺
180,690,902.6 $ 9993.96 $ 885.66 $

Women 344,081,569.8 ₺ 30,892.58 ₺ 2767.22 ₺
46,705,792.01 $ 4193.37 $ 375.62 $

Total 1,675,231,449 ₺ 104,518.13 ₺ 9291.88 ₺
227,396,694.6 $ 14,187.34 $ 1261.28 $

YLL, years of life lost.

M.E. G€okler and S. Metintaş Public Health 203 (2022) 91e96

94



predominant, premature deaths are collected in the 50e69 years age
group. The YLL men/women ratio is lower, 0.95, in 5e14 years age
group and higher, 2.24, in 50e64 years age group. The high YLL and
YPLLvalues inyoung age groups inwomen comparing tomen are due
to the higher LE of women.

High % YLL/% mortality ratio indicates high mortality. Consid-
ering the values in this study, COVID-19 is the most mortal in men
and women aged >70 years. The high % YLL/% mortality ratio can be
considered as an indicator using two values. It can be considered as
a good indicator to evaluate the age distribution of deaths. A similar
indicator might be to show a strong positive correlation between
death rates and YLL.

The study of Nurchis et al. stated that the high disease burden of
COVID-19 is mainly caused by death. Almost 99.48% of Disability-
adjusted life years (DALYs) were from YLL.13 Studies show that 45
years and older age group contributes to more than 70% of YPLL in
all countries.5 In their studies across 81 countries, Arolas et al.
found that more than 20.5 million years of life were lost to COVID-
19 globally, three-quarters of YLL are from people dying in ages
below 75 years, and almost one-third of them from deaths below
55 years. Also, it was found that men had 45% more YLL than
women.21 Most of the data in articles come from developed
countries. The tragedy is in undeveloped and developing countries,
which have worse health systems.5

In this study, the human capital theory was used to calculate the
production loss. Compensation of loss in womenwas lower than in
men. This is because the participation rate of women in labor force
in Turkey is lower than that of men. This situation is similar to the
results in other developing countries. In this study, the labor force
participation rate was 72% for men and 34% for women, according
to OECD Turkey 2020 data.16

There are some limitations to this study. Restrictions caused by
COVID-19 pandemic, diagnostic treatment costs, and productivity
losses of patients were not included in the evaluations. One of the
most important limitations is the use of only non-reliable pro-
duction data in calculations. As the household activity is not
charged, women’s death due to COVID-19 pandemic is calculated
less than its real values. In the Nurchis et al. study, it was stated that
the productivity loss was largely due to premature deaths, and the
number of deaths in the 60e69 years working age group was 10
times higher than in the 40e49 years age group.13 Therewas a total
productivity loss of around 143 million Euros for the 60e69 years
age group, which represents 0.08% of national GDP, which is lower
than the loss in younger age groups. In this study, although the
productivity loss because of absenteeism is lower than the pro-
ductivity loss due to early death, the impact was found to cause an
average individual loss of approximately 915 Euros and a societal
loss of roughly 100 million Euros at both the individual and societal
level.13 Currently, national administration is making great efforts to
manage and control the pandemic by channeling their available
healthcare resources and measures to prevent an increase in cases.

The results of the first year of the COVID-19 pandemic related to
the burden of disease, such as YLL and YPLL, showed that the losses
were higher than those calculated by deaths. In the control mea-
sures such as quarantine practices, vaccination priorities to be
applied in COVID-19, and future pandemics, decisions should be
made by using not only death data but also indicators related to
disease burden.
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