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A B S T R A C T

Background: Non-pharmacological interventions (NPI), including lockdowns, have been used to address the
COVID-19 pandemic. We describe changes in the environment and lifestyle of school children in Cyprus
before the lockdown and during school re-opening, and assess compliance to NPI, using the exposome
concept.
Methods: During June 2020, parents completed an online questionnaire about their children’s lifestyle/behav-
iours for two periods; school re-opening (May 21-June 26) following the population-wide lockdown, and the
school period before lockdown (before March).
Findings: Responses were received for 1509 children from over 180 primary schools. More than 72% of chil-
dren complied with most NPI measures; however, only 48% decreased the number of vulnerable contacts at
home. Sugary food consumption was higher in the post-lockdown period with 37% and 26% of the children
eating sugary items daily and 4�6 times/week, compared to 33% and 19%, respectively, for the pre-lockdown
period (p<0.001). Children’s physical activity decreased compared to pre-lockdown (p<0.001), while screen
time increased in the post-lockdown period, with 25% of children spending 4-7 hours/day in front of screens
vs. 10% in the pre-lockdown period (p<0.001). About half of the children washed their hands with soap
4�7 times/day post-lockdown vs. 30% in the pre-lockdown period (p<0.001).
Interpretation: This national survey showed a high degree of compliance to NPI measures among school chil-
dren. Furthermore, the exposome profile of children may be affected in the months following NPI measures
due to alterations in diet, physical activity, sedentary behaviour, and hand hygiene habits.
Funding: Partial funding by the EXPOSOGAS project, H2020 Research and Innovation Programme (grant
#810995).
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was declared as a
global pandemic by the World Health Organization on March 11,
2020 [1, 2]. As of December 6, 2020, over 65.87 million cases and
1.5 million deaths had been reported globally since the start of the
pandemic [3] and 12,181 cases of COVID-19 and 59 associated deaths
had been reported in Cyprus [4]. The first two COVID-19 cases in
Cyprus were reported on March 10, 2020, and non-pharmacological
interventions (NPI) were subsequently implemented to restrict the
spread of the virus [4]. School closures were among the first meas-
ures (March 13), followed by closures of dining and recreation areas
(March 16) [5]. Stay-at-home orders, also widely referred to as lock-
down, went in effect on March 24 [5]. As the daily reported cases
started decreasing, the gradual easing of measures was introduced in
early May 2020. Schools re-opened on May 21, following a strict pro-
tocol that included among others, a rotation of students with a maxi-
mum of 12 allowed in class and a defined break area for each class,
and with the Cyprus Ministry of Health conducting a random screen-
ing for SARS-CoV-2 infection among students and school personnel
[6, 7]. During the same period, recommendations were also made for
the implementation of personal measures including limitations in
the number of contacts (physical distancing) and reinforcement of
personal hygiene habits.
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Research in context

Evidence before this study

We searched PubMed for studies published until September 30,
2020 using the terms: COVID-19, children and lifestyle. Only
six peer-reviewed, English-language studies on the effect of
COVID-19 measures on children’s lifestyle were retrieved. The
impact of non-pharmacological intervention (NPI) measures on
children’s health during the pandemic period has been sporadi-
cally studied by focusing on a few risk factors at a time, without
using the methodological framework of the exposome, which is
defined as the comprehensive characterization of all environ-
mental exposures during one’s lifetime.

Added value of this study

A survey was used to target all primary schools in Cyprus to
comprehensively study the impact of the initial population-
wide NPI measures (lockdown) (March 13 - May 4) on the
children’s exposome during the school re-opening period (May
21 � June 26). To the best of our knowledge, this is the first
study looking at the post-confinement (lockdown) exposome
profile changes of children during school re-opening, after the
initial population-wide NPI measures as part of the COVID-19
response. The comprehensive and agnostic description of the
children’s exposome profile may help to comprehensively
account for both known and possibly unknown effects of NPI
measures on children’s health, and for delineating the child-
ren’s degree of compliance to infection prevention and control
protocols at school and at home.

Implications of all the available evidence

This dataset documented changes in the lifestyle and behav-
iours of primary school children following the lockdown period
when schools re-opened. Changes in food frequency consump-
tion, physical activity, screen time, digital communication and
hand hygiene habits were observed. Findings could inform
COVID-19 risk-based public health response strategies targeted
for school settings. Future response strategies to epidemics
should consider elements of promoting a healthy lifestyle for
children at school and at home. Public health policy could ulti-
mately benefit from the inclusion of the human exposome
methodological framework and its tools towards the improved
identification of susceptible sub-population groups and to facil-
itate the deployment of site-tailored public health measures.
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The implemented NPI measures required changes in routine
behaviours of primary school children, including changes in attend-
ing classes face to face or not, commuting to school, conducting
extracurricular activities and meeting with friends. These routine
behaviours, as well as the context in which they take place, the asso-
ciated environmental exposures, and personal and contextual param-
eters, define the exposome profile of children (i.e. the totality of
environmental exposures during one’s lifetime) [8, 9]. Given that rou-
tine activities are associated with a suite of exposures, compliance to
the NPI measures is expected to have led to changes in the exposome
profile of primary school children. The comprehensive assessment of
the totality of changes in lifestyle and behaviours could be conducted
by implementing the methodological framework of the human expo-
some and through the description of changes in exposome profiles
between different time frames.

So far, there have been limited data about the magnitude and
extent of possible changes in children’s lifestyle and behaviour profile
due to the implemented NPI measures for the COVID-19 pandemic.
Studies on changes of children’s lifestyle in Spain, Italy, Canada, U.S.,
and China during periods in which strict COVID-19 measures (e.g.
lockdowns) were implemented showed that parameters, such as
physical activity, screen time, diet, as well as sleep time were affected
[10�15]. Specifically, it was shown that physical activity levels
decreased and screen time/sedentary behaviour increased in all stud-
ied children’s populations during the measures [10�15], whereas
sleep time increased for the studied children in Canada and Italy [10,
11], and changes in diet were observed for Spanish and Italian chil-
dren [11, 12, 14]. Conversely, in a study among the Italian population
aged � 12 years, a slight increase in physical activity was reported
[16].

In parallel, the role of children in the COVID-19 disease spread as
well as the severity of COVID-19 in younger populations is still under
investigation. A meta-analysis conducted early on the COVID-19 pan-
demic provided preliminary evidence that children younger than 10
to 14 years have lower susceptibility to SARS-CoV-2 infection when
compared to adults [17], and a systematic review concluded that chil-
dren do not present with a different transmission potential of SARS-
CoV-2 infection compared to adults [18]. Moreover, it seems that a
lower percentage of children develop severe COVID-19-related
symptoms compared to adults, with cardiovascular disease being the
most frequent comorbidity in severe cases [19]. As new data become
available, they add to the knowledge on the role of children in SARS-
CoV-2 transmission and to the ongoing scientific discourse, that will
likely inform the implementation of NPI and compliance to them.

We implemented a national survey to study changes in the child-
ren’s exposome upon primary schools re-opening (after the popula-
tion-wide lockdown) and compared it against the children’s
exposome during the pre-lockdown period in Cyprus. The objectives
of this study were: (i) to describe the children’s environment, individ-
ual behaviour and lifestyle at school and at home (exposome profiles)
before and after the lockdown in Cyprus, and (ii) to assess the child-
ren’s compliance to the COVID-19 NPI protocols and recommenda-
tions, with special focus on personal hygiene and physical distancing
at both school and home settings, by adopting the methodological
context of the human exposome.
2. Methods

2.1. Study design and population

The Exposome@School | COVID-19 national survey was conducted
online. Information about the survey and links to the questionnaire
were forwarded to parents of primary school children via school
administrations, during the re-opening of schools following the lock-
down in the Republic of Cyprus (June 2020). Public schools and pri-
vate schools teaching in Greek language (330 and 6, respectively)
located in all government-controlled areas of the Republic of Cyprus
were contacted, and 253 of them agreed to distribute the survey to
their children’s parents. Eligible participants were children attending
a primary school. Per the study protocol, participants living in Cyprus
less than one year were not eligible. However, this exclusion was
amended, and in the main study all participants were included.
2.2. Data collection and ethics

Data was collected from June 1 until July 17, 2020 using REDCap
hosted on a server at the Cyprus University of Technology [20]. The
survey questionnaire was available in Greek, and parents were asked
to respond on behalf of the children. The study was approved by the
Cyprus National Bioethics Committee (EEBK/EP/2020.01.113) and
the Ministry of Education, Culture, Youth and Sport (21.11.06.10).
Parents were informed that the data collection was anonymous and



Fig. 1. Epidemiological curves for COVID-19 reported cases (top) and cumulative number of cases (bottom) in Cyprus based on WHO data (1). NPI measures are denoted with verti-
cal lines. The blue shaded areas indicate the two study periods for which the primary school children's lifestyle is described in our study.
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that, if they wished to, they could withdraw from the study at any
time while completing the questionnaire.

The study included questions about the children’s lifestyle and
behaviours for two periods (Fig. 1): (a) pre-lockdown, i.e. before
March 2020 and (b) post-lockdown when schools reopened (May 21-
June 26, 2020). The whole set of NPI measures implemented in
Cyprus during the period until September 2020 can be found in Fig.
S1. In this analysis, we included components from all three exposome
domains, i.e. the general external domain (socio-economic status),
the specific external domain (lifestyle and COVID-19 related parame-
ters) and the internal domain (background characteristics, intrinsic
properties, medical history) (Table 1). The BMI-for-age was calculated
based on the measurements reported by parents for child’s weight
and height, standardized for age and sex, using the WHO 2007
growth reference standard for children [21].

More specifically, the online survey consisted of questions related
to demographic and general characteristics of children (e.g., age, sex,
health status, height, weight, city, returned or not to school) and their
parents (educational level) as well as questions about the children’s
lifestyle/behaviour (physical activity, diet, digital communication,
screen time, personal hygiene, number of contacts and hours spent at
home) and parents’ habits (smoking and household cleaning activi-
ties) for the two study periods (pre- and post-lockdown). Questions
from four validated questionnaires and one diary were used: i) Diary
of contacts [22]: a contact was defined as either a two-way conversa-
tion with three or more words in the physical presence of another
Table 1.
Exposome domains and their specific components/variables included in the Exposome@Sc
questionnaire and not on sub-questions.

Exposome domain Study group of components Variables

General external Socio-economic status Parents’ educatio
Specific external Lifestyle (children) Exercise, diet, scr

Lifestyle (children) � related with NPI measures Personal hygiene
Lifestyle (parents) Parents’ smoking

Internal external Anthropometrics Weight, height
Medical history Chronic disease,
Background characteristics Age, sex, place of

postal code, sc
person or physical skin-to-skin contact (e.g. handshake, hug and kiss)
[22], ii) European Health Interview Survey for 2014 based on the
Cyprus Statistical Services [23], iii) European Urban Health Indicators
survey [24, 25], iv) Questionnaire on hand hygiene and cleaning of
home areas [26], and v) Questionnaire on physical activity for chil-
dren PAQ-C [27�29], where we used 3 out of 9 items included in the
original questionnaire, so a spare time activity score could be calcu-
lated by taking the mean of all activities (e.g. basketball, cycling, bal-
let). The questionnaire and details about methodology can be found
in the Supplementary Material S2.
2.3. Statistical analysis
2.3.1. Description of the children’s exposome profile
Frequencies and percentages were used for the description of cat-

egorical variables and means (standard deviations) or medians (inter-
quartile ranges) for the continuous variables, depending on the
distribution of the variable. In all categorical variables the “I don’t
know/I don’t want to answer” responses were re-coded to “missing”.
The pre- and post-lockdown differences in lifestyle/habits parame-
ters were compared using the non-parametric Wilcoxon rank sum
paired test and/or chi-square test for continuous and/or categorical
variables, respectively. For continuous variables with pre- and post-
lockdown values, the percent change was calculated as [(post � pre)/
pre)*100] for use in the analysis.
hool|COVID-19 survey. The number of variables is based on the main questions of the

# variables

nal level 2
een time, digital communication 34
, number of contacts, time spent at home weekdays and weekend 22
and household cleaning activities frequency 10

2
vaccination 4
birth, years living in Cyprus, district/city of residence, municipality,
hool

8



Fig. 2. Flow chart including number of schools contacted for the survey, those that
agreed to forward questionnaire to parents, number of parents who completed the
survey and number of children included in the analysis.
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2.3.2. Exposome-wide association study
We performed an exposome-wide association study (ExWAS) to

agnostically assess associations of demographic, lifestyle and behav-
ioural parameters with the degree of compliance to COVID-19 recom-
mended measures (Tables S1-S4). In a correlation analysis, all
variables were used as continuous with categorical variables being
assigned a score (Table S5). Spearman correlation coefficients were
calculated and results were visualized with a circo-plot.

Four indicators of compliance to COVID-19 protocols were used as
binary outcomes (1 and 0) in separate logistic regression models,
adjusted for age, sex, parents’ educational level and number of days
since school re-opening: (i) increase in the hours staying at home
during weekdays, (ii) decrease in the number of vulnerable contacts
at home during weekdays, (iii) decrease in the number of contacts at
school, and (iv) increase of hand washing frequency using antiseptic
or soap. People belonging in the vulnerable group were those over
60 years, pregnant, or having a chronic disease. These indicators
were categorized as 0 or 1 based on the responses for the pre- and
post-lockdown period for the number of hours staying at home (1 if
post > pre), the number of contacts at school (1 if post < pre), the
number of vulnerable contacts at home during weekdays (1 if post <
pre) and the hand washing frequency using antiseptic or soap (1 if
post > pre and 1 if post: > 7 times/day & pre: > 7 times/day). For the
compliance indicator of decreased number of contacts at school, we
used only the data from children who returned to school following
the re-opening of schools (n = 1331).

Categorical variables were grouped so that they would have a
maximum of 4 levels (2�4 levels) in order to decrease the number of
tests in the regression models. The p-values of all model parameters
that were used for inference (i.e., excluding the intercept, age, sex,
days since school re-opening and parents’ educational level coeffi-
cients) were summarized and adjusted for Benjamini�Hochberg false
discovery rate (FDR) [30]. Only parameters with FDR-adjusted p-
value � 0.05 were considered statistically significant.

2.3.3. Sensitivity analysis
We conducted a sensitivity analysis by excluding seven children

that either reported living in Cyprus less than 1 year (n = 2) or they
had no response about the years living in Cyprus (n = 5), as per the
original study protocol.

All analyses were conducted in R 4.0.2 with RStudio 1.3.1093 [31,
32]. The input data, scripts, and output are available in the Supple-
mentary Material S3.

2.4. Role of the funding source

The funders of this study had no role in the study design, data
analysis, data interpretation, or writing of the report. The corre-
sponding author had full access to all the data and final responsibility
for the decision to submit for publication.

3. Results

3.1. Study population characteristics

A total of 1509 primary school children from more than 180
schools all over Cyprus were included in the study analysis (Fig. 2).
There were 2807 entries which were not complete, and they were
not included in the analysis (visits of the questionnaire link but not
submitted questionnaire). Participating children had a mean age of
9.6 years (SD: 1.7), a balanced sex ratio (52% males and 48% females),
and the majority of them were born in Cyprus (96%) (Table 2). The
reported parents’ educational level was relatively high with about
half of them holding at least one university degree (57% of mothers
and 44% of fathers). Most parents completed the survey for one child
(97%), 42 parents for two children (2.9%) and 1 for three children
(0.1%).

Most children’s health status was reported as healthy (92%) while
for 8%, a chronic disease was reported by their parents; the most fre-
quently reported diseases were allergies (34%) and asthma (33%)
(Table S6). Most children were vaccinated according to the recom-
mended vaccination schedule and received all recommended vaccine
doses (93% and 92%, respectively). About half of the children had a
normal BMI for their age (57%), while 23% were overweight and 15%
were obese. We observed higher obesity levels for boys compared to
girls (18% and 10%, respectively, Table S7).

A small portion of children did not go to school following the re-
opening of schools on May 21 (12%). Out of the 1331 children who
returned to school, 211 (16%) were tested for SARS-CoV-2 with a
diagnostic test (PCR) in random sampling taking place in school
premises; this testing campaign was initiated by the Cyprus Ministry
of Health [7] and only one child was tested positive (0.5%).

3.2. Children’s exposome profile in the pre- and post-lockdown periods

3.2.1. Diet
Some of the children’s dietary habits seem to have changed

between the pre- and post-lockdown periods (fish, sugar, salty/
savoury foods, breakfast, ready-made food and supplements),
whereas for others no change was observed (fruits, vegetables,
legumes and meat). In effect, about half of the children consumed
fruits daily (54% for both pre- and post-lockdown periods), whereas a
third of them consumed vegetables daily (34% and 31%, pre- and
post-lockdown, respectively) (Fig. S2). The weekly meat consumption
frequency was relatively high, with half of the children eating meat
2�3 times per week and about one third of them, eating meat
4�6 times per week in both study periods (Fig. S3). Regarding
legumes consumption, half of the children consumed legumes
2�3 times per week and one third of them, once a week (Fig. S3).

There were statistically significant differences in the frequency of
fish consumption before and post-lockdown (p<0.001), however the
ratio of children consuming fish once per week before was similar to



Table 2.
Demographics and general characteristics of participating children.

Overall (n = 1509)

Sex (%)
Female 709 (47.6)
Male 780 (52.4)
Age in years (mean (SD)) 9.6 (1.7)
Age groups (%)
5�6 year old 4 (0.3)
7�8 year old 476 (31.5)
9�10 year old 481 (31.9)
11�12 year old 531 (35.2)
13�14 year old 17 (1.1)
BMI for age* (%)
Thinness 77 (5.5)
Normal 789 (56.8)
Overweight 320 (23.1)
Obese 202 (14.6)
Place of birth (%)
Cyprus 1448 (96.0)
EU country 49 (3.2)
Non-EU country 12 (0.8)
Years living in Cyprus (mean (SD)) 9.1 (2.1)
District/City (%)
Nicosia 613 (40.6)
Limassol 375 (24.9)
Larnaca 274 (18.2)
Paphos 97 (6.4)
Famagusta 150 (9.9)
Self-reported chronic disease (%)
No 1367 (91.5)
Yes 127 (8.5)
Vaccination with at least one of the recommended vac-

cines (%)
Yes 1460 (98.9)
No 16 (1.1)
Vaccine doses (if more than one dose is required) (%)
Yes 1304 (92.3)
No, vaccine not available 15 (1.1)
No, we thought that more than one dose wasn't needed 13 (0.9)
No, we neglected but they will be provided 73 (5.2)
No, only one dose was needed 8 (0.6)
Vaccination, according to recommended schedule (%)
Yes 1302 (93.2)
No 95 (6.8)
Returned to school following school re-opening (%)
Yes 1330 (88.1)
No 179 (11.9)
Tested for SARS-CoV-2 in school (%)
No 1119 (84.1)
Yes 211 (15.9)
Result of test for SARS-CoV-2 in school (%)
Negative 135 (99.3)
Positive 1 (0.7)
Mother’s educational level (%)
Has not completed primary school 70 (4.6)
Primary School 68 (4.5)
Middle School (3 years) 21 (1.4)
High School/Vocational High School (diploma) 207 (13.7)
Higher (after high school) non-tertiary Education 83 (5.5)
Higher Tertiary Education (non-University) 195 (12.9)
University (bachelor’s degree) 445 (29.5)
University-postgraduate (only Master's degree) 385 (25.6)
PhD 32 (2.1)
Father’s educational level (%)
Has not completed primary school 13 (0.9)
Primary School 35 (2.3)
Middle School (3 years) 78 (5.2)
High School/Vocational High School (diploma) 480 (31.9)
Higher (after high school) non-tertiary Education 89 (5.9)
Higher Tertiary Education (non-University) 146 (9.7)
University (bachelor’s degree) 320 (21.3)
University-postgraduate (only Master's degree) 300 (19.9)
PhD 44 (2.9)
Primary school children in family (mean (sd)) 1.4 (0.6)
Siblings participating in the survey (%) 87 (5.8)

* Based on WHO 2007 cut-off points for BMI-for-age (21). BMI standard devia-
tion scores taking in account age and sex were calculated and then based on the
specific cut-offs, the BMI-for-age categories were created (��2: Thinness; �2 h
Normal �1; 1< Overweight � 2; i 2: Obese).
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the ratio of children consuming fish once per week post-lockdown
(45.8% and 46.3%, respectively) and there was a slight decrease in the
percentage of children consuming fish 2�3 times per week (15% and
13%, respectively). Moreover, the consumption frequency of salty/
savoury foods decreased with 33% of children eating them 2�3 times
per week in the post-lockdown period compared to 37%, in the pre-
lockdown period (Fig. S4, p<0.001). The consumption of food items
that contained sugar was high in both periods, but even higher in the
post-lockdown period with 37% and 26% of the children eating sugary
items every day and 4�6 times per week, respectively, in the post-
lockdown period, compared to 33% and 19% for the pre-lockdown
period (p<0.001) (Fig. S4). Similarly, the proportion of children
eating breakfast daily increased in the post-lockdown period (80%
compared to 76%, p = 0.002) (Fig. S5). On the other hand, follow-
ing the re-opening of schools, children ate ready-made food less
frequently with 20% of children never consuming ready-made
food in the post-lockdown period, compared to 6% in the pre-
lockdown period (p<0.001) (Fig. S6). Furthermore, there were sta-
tistically significant differences in the use or not of supplements
pre- and post-lockdown (p<0.001), however the percentage of
people not using supplements was similar for the two periods
(80 and 82%, respectively) (Fig. S7).

3.2.2. Physical activity
Following the re-opening of schools, children’s physical activity

decreased both in school and in their free time compared to the
period before lockdown (p<0.001). The spare time activity score,
which is based on the weekly frequency of activities children engage
with during their free-time, was significantly reduced in the post-
lockdown period (median [Q1, Q3]: 1.38 [1.25, 1.62]) vs. 1.5 [1.38,
1.75] in the pre-lockdown period, suggesting that the children’s
physical activity was reduced following the lockdown (p<0.001, Fig.
S8). About half of the children engaged with activities that involved
little physical effort during their free time (51%) and were sitting
down during school break (46%) in the post-lockdown period com-
pared to 29% and 9%, respectively for the pre-lockdown period
(p<0.001, Figs. S9 and S10).

3.2.3. Digital communication and screen time
Daily communication of children with friends and family using

telephone or internet increased in the post-lockdown period (46%
and 45%, respectively compared to 32% and 34% for the pre-lockdown
period, p<0.001) (Fig. S11). Screen time in the form of watching TV or
using a computer, mobile phone, tablet, and game console also
increased in the post-lockdown period (p<0.001), with screen time
being 1�3 h/day for 62% of children, and 4�7 h/day for 25% of chil-
dren (Fig. S12).

3.2.4. Personal hygiene habits
Children increased the frequency of hand hygiene with antiseptic

products and hand washing with soap in the post-lockdown period,
with about half of the children washing their hands with soap
4�7 times/day (51% vs. 30% in the pre-lockdown period) and using
hand antiseptic 1�3 times/day (44% vs. 19% in the pre-lockdown
period, p<0.001) (Fig. S13).

3.2.5. Number of contacts and number of hours staying at home
Children decreased the number of physical contacts during school

re-opening after the population-wide lockdown (p<0.001) (Fig. 3).
Specifically, the median number of contacts during weekdays was
about halved in school, home and elsewhere (10, 4 and 4, respec-
tively, compared to 24, 6 and 10, in the pre-lockdown period)
(p<0.001, Fig. S14). Similar decreases in contacts were observed dur-
ing weekends (Fig. S15). Children of all ages (5�14 years) decreased



Fig. 3. Average number of contacts at home (separately for vulnerable contacts), at school and elsewhere by age for the 2 periods: (a) following the re-opening of schools (post-lock-
down) and (b) before the lockdown (pre-lockdown) during weekdays and weekends.
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their average number of contacts in all settings during both week-
ends and weekdays, with children of younger age (6 years old) having
a low number of vulnerable and total contacts at home in both pre-
and post-lockdown periods (Fig. 3).

Statistically significant (p<0.001) decreases were also observed in
the number of vulnerable group contacts at home, for both weekends
and weekdays (median [Q1, Q3]: 2[1, 3] in the pre-lockdown period
and 1[0, 2] in the post-lockdown period) (Figs. S14 and S15). It is
important to note that, before the lockdown, the percentage of chil-
dren who were coming in contact at their home with at least one per-
son belonging to the vulnerable groups (i.e., those > 60 years old,
pregnant, or presence of chronic diseases) was higher compared to
the period following the lockdown, for both weekends and weekdays
(Table S8).

The median change (%) in the number of contacts during
weekdays was negative for contacts at home, school and else-
where, but it was zero for vulnerable contacts at home (�30
[�67, 0], �60 [�76, �47], �60 [�81, �30] and 0 [�60, 0], respec-
tively) (Fig. S16). Similar changes were observed for contacts dur-
ing weekends (Fig. S17).

Similarly to the decrease in contacts, children stayed more hours
at home following the re-opening of schools (p<0.001), both in week-
ends and weekdays (median [Q1, Q3]: 20 [12, 24] and 15 [10, 20],
respectively, compared with 15 [10, 19] and 12 [7, 15] in the pre-
lockdown period) (Fig. S18). The median change (%) in the hours stay-
ing at home was positive for both weekdays and weekends (31 [0, 67]
and 20 [0, 60], respectively) (Fig. S19).
Fig. 4. Circo plot for exposome variables adjusted for age, sex, mother's and father's
educational level. Only correlations with |r| � 0.7 are shown. Only positive correlations
were observed for |r| � 0.7. “Post” refers to the post-lockdown period and “pre” to the
pre-lockdown period. The width of the line indicates the level of correlation (larger
width indicates higher r).
3.2.6. Parents’ smoking habits and household cleaning activities
frequency

Parents’ smoking habits did not change between the two study
periods with most parents not smoking in the house (about 70%)
and about 26% of them smoking in the house daily (median [Q1,
Q3]: 10 [5, 15] cigarettes per day) in both periods (p>0.05, Fig.
S20). As parents reported, the frequency of all household cleaning
activities with the use of disinfectants or antiseptic products
increased in the post-lockdown period, with the majority of
parents cleaning the kitchen 7 times/week (72% compared to 51%
in the pre-lockdown period); about half of them reported clean-
ing the bathroom 7 times/week (43% compared to 29%) and about
one third of them mopping and cleaning other surfaces 7 time-
s/week (33% and 32%, compared to 21% and 22%, accordingly)
(p<0.001, Fig. S21).
3.3. Exposome-wide associations

3.3.1. Correlations among exposome variables
A circo plot for all exposome variables adjusted for age, sex, moth-

er's and father's educational level did not show any unexpected pat-
terns of correlation among the variables (Fig. 4). Notable positive
correlations (r � 0.7) were observed for dietary variables [fish, vege-
tables, sugar, fruits, meat, savoury/salty foods (snacks) and legumes]
among the pre- and post-lockdown study periods (Table S9).

3.3.2. Assessment of children’s compliance to COVID-19
recommendations and hygiene protocols

Based on three out of four compliance indicators, the children’s
compliance to COVID-19 measures following the lockdown was rela-
tively high (73�85%), with the exception of the indicator of reduced
number of contacts belonging in the vulnerable groups at home



Table 3.
Summary tables for compliance indicators.

Outcome OverallN (%) MalesN (%) FemalesN (%)

Increase in hours staying at
home �weekdays (n = 1509)

1096 (72.9) 562 (72.4) 515 (72.9)

Decrease in number of vulnera-
ble contacts at home - week-
days (n = 1190)

573 (48.2) 308 (48.4) 257 (48.2)

Decrease in number of contacts
at school (n = 1330)

1100 (85.1) 569 (85.1) 516 (84.9)

Increase in hand washing using
soap or antiseptic (n = 1509)

1099 (74.4) 549 (71.5) 532 (77.2)
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during weekdays, for which only about half of the children (48%)
decreased the number of vulnerable contacts at home (Table 3). No
significant differences were observed for the compliance indicators
between boys and girls (p>0.05).

3.3.3. ExWAS associations with indicators of compliance to COVID-19
protocols

In the ExWAS models of compliance to COVID-19 measures for
which the outcome was the increase in hours staying at home during
weekdays, four parameters had an FDR-corrected p-value < 0.05. In
effect, consuming meat 4�7 times/week, and not returning to school
in the post-lockdown period were positively associated with
increased time spent at home. Living in Paphos (smaller town com-
pared to the capital of Nicosia), and use of hand antiseptic � 4 times/-
day in the pre-lockdown period were negatively associated with this
compliance indicator (Fig. 5).

The percent change in the total number of contacts at home dur-
ing weekdays and of vulnerable contacts at home during weekends
were negatively associated with the indicator of reduced number of
vulnerable contacts at home during weekdays (FDR-adjusted p-value
< 0.05).

The only variable positively associated with the compliance indi-
cator of reduced number of contacts at school was never communi-
cating with friends using phone or internet in the pre-lockdown
Fig. 5. Odds ratios vs. -log10 (FDR-adjusted p-value) for ExWAS models of compliance indic
contacts at school, decrease in the number of vulnerable contacts at home during weekda
home during weekdays.
period, whereas < 4 times/week sugar consumption before and after
the lockdown, use of hand antiseptic � 4 times/day in the pre-lock-
down period, change (%) in the number of contacts outside of home
and school and change (%) in the number of hours staying at home on
weekends were negatively associated with this compliance indicator
(FDR-adjusted p-value < 0.05). No variable was found to be associ-
ated with the compliance indicator of increase of hand hygiene fre-
quency. All significant parameters with FDR-adjusted p-value � 0.05
can be found in Table S10.

In the sensitivity analysis, in which seven children living in Cyprus
for less than a year or with missing information were excluded, the
trends observed were the same as those of the main analysis. The
number of missing data per variable can be found in Table S11.

4. Discussion

The pandemic and its impact on lifestyle and behaviours can be
better understood using comprehensive frameworks such as the one
of the human exposome, which has been previously used in the
assessment of chronic health outcomes due to environmental expo-
sures [33]. In this national survey, we employed the exposome con-
cept and its tools to evaluate the impact of the population-wide
lockdown and other restrictive measures on lifestyle and behaviours
of children. A representative sample was obtained from the majority
of schools located in all government-controlled areas of the Republic
of Cyprus (Table S12). The study also described children’s compliance
to post-lockdown NPI measures and health protocols during school
re-opening period (May-June 2020).

The impact of the COVID-19 pandemic and its associated NPI
measures (lockdown, school closures) on children’s exposome profile
was evident by the changes in relevant exposome parameters, such
as physical activity, diet, digital communication, screen time, per-
sonal hygiene habits, number of contacts and hours staying at home
as well as their parents’ frequency of household cleaning activities.
Specifically, the changes observed in the children’s exposome (behav-
iours and living environment) within 1�2 months after the lockdown
compared to the period before the introduction of NPI measures in
ators. Compliance indicators from top left to bottom right: Decrease in the number of
ys, increase in hand hygiene using soap or antiseptic and increase in hours staying at
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March were the following: reduced physical activity, increased con-
sumption of sugary food items, decreased consumption of ready-
made food, increased screen time, increased frequency of digital
communication with friends and family, decreased number of con-
tacts at home, school and elsewhere, increased time spent at home,
increased frequency of hand washing and antiseptic use and higher
frequency of passive exposure to cleaning products through the
increased frequency of household cleaning activities [34]. Several of
these changes in exposome parameters were observed in factors/
parameters already linked with population health trends such as
increasing obesity [35], and include inadequate daily consumption of
sugary items and sedentary lifestyle including lower physical activity
and higher screen time.

The degree of children’s compliance to NPI measures (assessed
with either increasing time spent at home, or decreasing number of
contacts at school, or decreasing number of vulnerable contacts at
home, or increasing frequency of personal hygiene) was associated
with certain lifestyle habits. These habits/behaviours were: higher
consumption of sugar and meat, or using less frequently hand anti-
septic and never communicating with friends in the pre-lockdown
period. Such habits and lifestyle changes might be presumably driven
by recommendations to stay at home and reduce contacts at school,
and limit face-to-face extracurricular activities. On the other hand,
living in the smaller district/city of Paphos (with population of about
36,000) was negatively associated with increased time spent at home
when compared with living in the district/city of Nicosia (capital city
of Cyprus). This association could be attributed to the fact that living
in smaller in population size urban settings may provide easier access
to green/blue spaces, such as parks and the beach, and it may be also
linked with perceptions of higher sense of safety and trust being out-
doors, when compared with people living in larger cities [36]. Reduc-
ing contact with vulnerable individuals at home was the metric that
children followed the least among all compliance indicators. This
may be important to consider in future public health response meas-
ures for better protecting vulnerable population groups during pan-
demics.

Previous studies showed that the COVID�19 confinement may
have affected specific parameters in children’s lifestyle e.g. decreased
physical activity and increased sedentary behaviour [10�15],
increased sleep time [11, 13], and diet changes [11, 12, 14]. These
studies were mainly focused on the period during COVID-19 strict
restrictions (lockdown and school closures), whereas our study
describes the children’s lifestyle in the period following the gradual
relaxation of measures and re-opening of schools in Cyprus, using
the exposome approach. Our results are aligned with those of previ-
ous studies for the parameters of physical activity and screen time
[10�15], indicating that possibly these changes in children’s lifestyle
may have occurred during the COVID-19 lockdown period and per-
sisted afterwards. However, our data cannot provide information
about the lifestyle/behaviour changes during the lockdown period
for primary school children in Cyprus.

It is necessary to examine whether these exposome changes per-
sist in the longer-term and to assess the impact of children’s seden-
tary behaviour and sugary food consumption on their later in life
odds of developing chronic diseases. The fact that the majority of
children conformed to a sedentary lifestyle in combination with the
higher consumption of sugar following the re-opening of schools
needs to be reassessed in future prospective studies and should
inform future policy making of promoting healthy lifestyle for chil-
dren when measures such as stay-at-home orders are in place. The
use of exposome tools will be important to identify susceptible sub-
population groups and to facilitate the deployment of site-tailored
public health measures [37], promoting a healthier lifestyle during
periods in which physical distancing is necessary.

Strengths of this study are its relatively large sample size (at a
minimum, children from 54% of the contacted schools were
included), being representative of the Cyprus children’s population.
This is also the first study demonstrating the application of the expo-
some’s concept during the COVID-19 pandemic, where comprehen-
sive understanding of primary school children’s behaviours took
place. Limitations of this study include the possible recall bias of the
participating parents, the cross-sectional design, the fact that parents
completed the questionnaire on behalf of their children and that the
survey was limited to parents who had access to the internet and
who were comfortable completing an online survey using their
device (e.g. mobile phone, computer). Recall bias might have differ-
entially affected the responses about the period before the lockdown
compared to the responses about the period after the lockdown that
referred to the current habits/activities of the children. The interpre-
tation of the results should be done cautiously taking into account
both the strengths and the limitations.

Overall, the methodology on the description of the profile of chil-
dren following and before the lockdown can be used for future expo-
some studies in primary school children. Detailed and
agnostic description of the children’s exposome helps in weighing in
known and possibly unknown effects of NPI measures, and thereby
better informing decision making for pandemic response. Future
studies could further benefit from broadening the number and type
of exposome variables considered and by including biospecimen in
their study design so that children’s internal exposome may be better
captured (biomarkers of effect, omics platforms).

The NPI measures implemented were deemed necessary to reduce
the SARS-CoV-2 transmission. However, as our results show, they
modified the exposome profile of primary school children. If the
modifications, e.g. sedentary lifestyle have a longer-term effect, they
can potentially alter chronic disease risk. Modifiable risk factors for
chronic diseases such as diabetes, obesity and cardiovascular diseases
are unhealthy diet and physical inactivity [38], and as seen in our
results, diet and physical activity are parameters which were affected
between the two studied periods. Hence, it is important that the
impacts of any NPI measure are considered in their totality prior to
its implementation and strategies are developed to minimize health
risks when population-wide measures are in effect. The study’s find-
ings could inform health policy guidelines towards decreasing the
impacts of future epidemics and the impact of NPI measures. The
COVID-19 pandemic brought up challenges for all sectors (health,
social, and economic) and revealed the urgent need for an integrated
assessment of the impacts and response plans to major public health
events, as well as for sustainable development that benefit both the
environment and public health [39]. Monitoring the degree of com-
pliance of children to NPI measures and health protocols could ulti-
mately help towards improving interventions that, within the
context of a public health emergency, do not compromise multiple
determinants of health. Additionally, this study could inform the
monitoring of determinants of compliance to emergency public
health measures, such as those implemented during the pandemic
for children, towards further improvement of the degree of compli-
ance at school and home settings.
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