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Summary

This study aim to assess changes in obesity and activity patterns among youths in

China during the COVID-19 lockdown. We used the COVID-19 Impact on lifestyle

change survey (COINLICS), a national retrospective survey distributed via social

media platforms in early May 2020 where more than 10 000 youth participants in

China have voluntarily reported their basic sociodemographic information, weight

status, and routine lifestyles in the months before and during COVID-19 lockdown.

The extended IOTF and WHO standards were used to define overweight and obesity

of the participants. We used paired t-tests or χ2 tests and non-parametric methods

to evaluate the significance of differences in weight-related outcomes and lifestyles

across education levels, between sexes, and before and during COVID-19 lockdown.

The mean body mass index of all participating youths has significantly increased

(21.8-22.6) and in all education subgroups during COVID-19 lockdown. Increases

also occurred in the prevalence of overweight/obesity (21.3%-25.1%, P < .001) and

obesity (10.5% to 12.9%, P < .001) in overall youths, especially in high school and

undergraduate students. Their activity patterns had also significantly changed, includ-

ing the decreased frequency of engaging in active transport, moderate−/vigorous-

intensity housework, leisure-time moderate−/vigorous-intensity physical activity,

and leisure-time walking, and the increased sedentary, sleeping, and screen time. Our

findings would inform policy-makers and clinical practitioners of these changes in

time, for better policy making and clinical practice. School administrators should also

be informed of these changes, so in-class and/or extracurricular physical activity pro-

grams could be designed to counteract them.
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1 | INTRODUCTION

Obesity is a health condition that occurs when a person carries excess

weight or body fat, which has been associated with the increased risk

of many chronic diseases, such as type 2 diabetes, heart disease and

stroke.1 The global prevalence of overweight and obesity has been

more than 1.9 billion in adults, 38 million in children under the age of

five, and over 340 million in children and adolescents aged 5-19.2 To

curb the obesity epidemic globally, access to healthy environments

has been promoted by multiple stakeholders in the past, in order to

encourage the healthy lifestyles.3,4Shujuan Yang and Bing Guo contributed equally to this study.
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However, the coronavirus disease 2019 (COVID-19) pandemic

has brought significant impact on human's lives. “Stay-at-home” has

been ordered by many governments around the world, aiming at con-

taining the spread of COVID-19, which, on the other side, may have

changed activity patterns and consequently weight status among peo-

ple at all ages. Furthermore, such contagious epidemics may cancel

out the existing efforts to curb obesity epidemic. Among all affected,

the youth is a particular vulnerable population to such changes, due to

their newly obtained freedom to manage their lifestyles with, how-

ever, relatively insufficient capacity of coping with such unexpected

changes. School or campus closures may have further aggregated the

impact of lockdown measures on them by creating physical activity

(PA) challenges.5,6 Millions of students are thus affected by school clo-

sures globally.

Limited studies have shown how the youth's obesity and activity

patterns have been changed by COVID-19. A recent study in Italy has

explored the changes in lifestyles associated with COVID-19 lock-

down among 41 children and adolescents with obesity.7 It revealed

that sports activities decreased, sleep time increased, and screen time

increased significantly. However, lifestyle changes in Italy may only

represent the situation in western countries; the neighbourhood envi-

ronment, lifestyles among the youth, and the degree to which lock-

down measures have been implemented are different in eastern

countries, especially in China, which has also been severely affected

by the COVID-19 at early stages. Also, further understanding on the

basis of larger samples is urgently needed.

Therefore, to obtain a timely, fuller picture of the impact of the

COVID-19 pandemic on obesity and activity patterns among the

youth worldwide, we need evidence from Eastern countries on obe-

sity and lifestyle changes, so future global strategies of obesity pre-

vention could be designed from evidence obtained across countries.

This study aimed to fill this critical, urgent gap by assessing changes in

nine key activity patterns of clinical and policy relevance, overweight,

and obesity among youths in China.

2 | METHODS

2.1 | Study design, sample and setting

This study was based on the COVID-19 Impact on Lifestyle Change

Survey (COINLICS), a national retrospective survey distributed via

social media platforms in early May 2020 using a snowball sampling

method. An online questionnaire was initially distributed among sev-

eral WeChat and Tencent QQ groups of educators at three education

levels (high school, college, and graduate school). At least two educa-

tors in each province of China had shared the questionnaire with their

surrounding students through WeChat and Tencent QQ groups

and/or moments. Those who had completed the questionnaire were

also encouraged to forward it to others. As a result, more than 10 000

youth participants at three education levels in China have voluntarily

reported their basic sociodemographic information and routine

lifestyles in the months before (December 23, 2019 to January

23, 2020) and during COVID-19 lockdown (24 January to February

23, 2020). The study was approved by the Sichuan University Medical

Ethical Review Board (KS2020414).

2.2 | Weight status variables

Individuals' height at the time of survey and body weight 1 month

before (around December 23, 2019) and 1 month after implementing

COVID-19 lockdown (around February 23, 2020) were self-reported.

The body mass index (BMI, in kg/m2) for each youth was calculated

by dividing body weight by squared height. According to the World

Health Organization (WHO) guidance, obesity and overweight for

those aged >18 were defined as a BMI of ≥23 and ≥27 kg/m2,

respectively; and for those aged <18 were defined based on the

extended International Obesity Task Force recommended age-

sex-specific cut-offs corresponding to BMI ≥ 23 and ≥27 kg/m2 at

age 18, respectively.8-10

What is already known about this subject?

There are hypotheses that social distancing and stay-at-

home orders issued in many cities globally might reduce

physical activity opportunities and expand sedentary activi-

ties and screen time. An Italian study on the basis of 41 chil-

dren with obesity showed the reduced screen, sleeping, and

sports time after COVID-19 lockdown.

What are the new findings in your manuscript?

Findings from this national, large-sample retrospective sur-

vey, conducted in China, support the hypothesis of the

decreased physical activity opportunities and increased sed-

entary activities and screen time. This study further demon-

strated the unique changes in activity patterns among

youths in China during COVID-19 lockdown.

How might your results change the direction
of clinical practice?

Our results would inform policy-makers and clinical practi-

tioners of the changed activity patterns among youths dur-

ing COVID-19 lockdown for better policy making and

clinical practice. School administrators should also be

informed of these changes, so in-class and/or extracurricular

physical activity programs could be designed to

counteract them.
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2.3 | Measures of activity patterns

Activity patterns were measured using the International Physical

Activity Questionnaire (IPAQ)-long form.11 This study focused on

changes in nine weight-related activity patterns due to COVID-19.

The average time of engaging in active transport (ie, walking and

cycling) for commuting/errands, moderate−/vigorous-intensity house-

work (MVH), leisure-time moderate−/vigorous-intensity physical

activity (MVPA), and leisure-time walking, sedentary time during

workdays and weekends, sleeping time during workdays and week-

ends separately, and screen time spent on TV and computers were

reported as minutes/day.

2.4 | Statistical analyses

The participating youths' basic characteristics and weight-related out-

comes are described as mean and SD (SD) for continuous variables

and percentages for categorical variables, with their activity patterns

presented as median (25% and 75%). We used paired t-tests (or χ2

tests for categorical variables) to evaluate the significance of differ-

ences in basic characteristics and weight-related outcomes across

education levels, between sexes at each education level, and before

and during COVID-19 lockdown for each sex-education group. We

also used non-parametric methods to test the significance of differ-

ences in activity patterns among groups (Mann-Whitney U test and

Kruskal-Wallis H test for two and three groups, respectively). All sta-

tistical analyses were performed using R 3.6.2 and statistical signifi-

cance was declared if P < .05.

3 | RESULTS

A total of 10 082 youths responded to the survey, with 71.7% being

females, 4.7% being minority students, 63.2% living in non-urban

areas. There were no significant differences in the age and ethnic con-

stitution between males and females (Table 1). The majority of high

school and graduate participants majored in medical science; most of

undergraduate participants majored in social science.

Prior to COVID-19, the mean BMI of all youths was 21.8 kg/m2,

with the prevalence of overweight/obesity and obesity being 21.3%

and 10.5%, respectively. BMI was similar between genders in under-

graduates, with a mean BMI of 21.4 kg/m2; and was higher in female

than male high school students (23.0% vs 21.7%, P < .05) and higher

in male than female graduate students (23.0% vs 20.8%, P < .05). The

group with the highest prevalence of overweight/obesity was the

male graduate student (45.6%), although the sample size was rela-

tively small. Within the month during COVID-19 lockdown, BMI has

significantly increased in overall youths (21.8-22.6, P < .001) and in all

subgroups: high school (22.7-23.8, P < .001), undergraduate (21.4 to

22.2, P < .001), and graduate students (21.4-22.3, P < .001). More-

over, the prevalence of overweight/obesity has significantly increased

generally (21.3%-25.1%, P < .001) and in high school (26.6%-30.3%,

P < .01) and undergraduate students (19.1%-22.8%, P < .001); obesity

prevalence has also significantly increased generally (10.5%-12.9%,

P < .001) and in high school (16.0%-18.8%, P < .01) and undergradu-

ate students (8.5%-10.7%, P < .001) (Table 1).

The youths' activity patterns had significantly changed during

COVID-19 lockdown, with heterogeneities existing to different extent

between sexes and across education levels (Table 2). The significant

decreases were observed in the frequency of engaging in active trans-

port for commuting/errands (P < .001), MVH (P < .05), leisure-time

MVPA (P < .05), and leisure-time walking (P < .001) during the lock-

down period. The average sedentary time increased during both

workdays (P < .001) and weekends (P < .001), so did the average

sleeping time during workdays (P < .001) and weekends (P < .001), as

well as the screen time (P < .001). These changes were also observed

in all subgroups.

In addition, in the analyses for individual-level changes in activity

patterns, most youths had maintained their activity levels, varying

from 50.2% for MVH to 78.5% for MVPA; most of the remaining

youths had experienced a decrease in PA, from 18.0% for MVPA to

37.0% for MVH (Table 3). Comparatively, less youths had maintained

their sleeping (about 50%) and screen time (57%), with about 30%

increasing their sleeping time and 36% increasing their screen time.

Furthermore, more youths (about 42%) had increased their sedentary

time during both workdays and weekends, compared to their counter-

parts who had maintained the level before COVID-19 (about 37%).

4 | DISCUSSION

This study revealed results from COINLICS that the prevalence of

overweight/obesity and obesity has significantly increased in overall

youths, specifically in high school and undergraduate students. Also,

significant changes during COVID-19 lockdown have been observed

in patterns of all PA, sedentary, sleeping, and screen use variables,

with more youths increasing their sedentary, sleeping, and screen time

relative to their counterparts who had decreased their PA frequency.

Findings from this large-sample survey demonstrated the unique

changing patterns of activities in China, which supports the previous

hypotheses that social distancing and stay-at-home orders issued in

many cities might reduce PA opportunities and expand sedentary

activities and screen time.6 Also, our findings corroborate a small-

sample Italian study showing reduced screen, sleeping, and sports

time.7 Some other patterns we found include that, although weight

status and sedentary time had increased in all youth groups, more

than half of participating youths had maintained their activity fre-

quency at the same level as before COVID-19; also, a larger propor-

tion of medical higher school and graduate students, compared to

their counterparts in other major disciplines, may have reflected their

increased awareness of the importance of this type of surveys.

The findings of this study should be treated with caution. First,

COINLICS generated a convenience sample that may not be fully rep-

resentative of the Chinese youth. Also, recalling what have happened

about 2 to 4 months ago, including self-reported body weight, may be
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subject to recall bias; moreover, height was only self-reported once at

the time of survey, which may affect the precise calculation of the

time-varying BMI. However, our participants were aged about 20 on

average (with the youngest aged >16) which had been at least 5 to

7 years after the major growth spurt happened, so the effect was rea-

sonably considered minimal. Second, without assistance of the trained

TABLE 3 Changes in activity patterns among participating youths before and during COVID-19 lockdown

Variable

Percentage

High school students Undergraduate students Graduate students All

Male Female Total Male Female Total Male Female Total
Grand total
(n = 10 082)(n = 678) (n = 2146) (n = 2824) (n = 2106) (n = 4918) (n = 7024) (n = 68) (n = 166) (n = 234)

Physical activity

Active transport for commuting/errands

Increased 2.2 2.3 2.3 2.0 1.9 1.9 1.5 1.8 1.7 2.0

Constant 81.0 76.4 77.4 70.3 61.5 64.2 50.0 41.6 44.0 67.4

Decreased 16.8 21.3 20.3 27.7 36.6 33.9 48.5 56.6 54.3 30.6

Housework activity

Increased 6.9 12.0 10.8 8.5 15.5 13.4 16.2 22.3 20.5 12.8

Constant 62.1 46.3 50.1 61.4 45.3 50.1 64.7 46.4 51.7 50.2

Decreased 31.0 41.7 39.1 30.1 39.2 36.5 19.1 31.3 27.8 37.0

Moderate to vigorous physical activity

Increased 2.4 3.8 3.5 2.0 4.1 3.5 1.5 7.8 6.0 3.5

Constant 79.5 80.7 80.4 77.7 77.9 77.8 79.4 74.1 75.6 78.5

Decreased 18.1 15.5 16.1 20.3 18.0 18.7 19.1 18.1 18.4 18.0

Walking for leisure

Increased 1.4 2.1 1.9 1.6 2.1 1.9 2.9 4.2 3.8 2.0

Constant 83.9 78.6 79.9 76.0 67.4 70.0 64.7 59.0 60.7 72.5

Decreased 14.7 19.3 18.2 22.4 30.5 28.1 32.4 36.7 35.5 25.5

Sedentary time

During workdays

Increased 31.7 37.9 36.4 37.8 48.7 45.4 36.4 33.9 34.6 42.7

Constant 44.0 36.8 38.6 41.5 32.3 35.1 40.9 30.3 33.3 36.0

Decreased 24.3 25.3 25.0 20.7 19.0 19.5 19.7 35.8 32.1 21.3

During weekends

Increased 29.5 39.8 37.4 37.6 47.8 44.7 39.4 44.5 43.1 42.6

Constant 47.4 38.4 40.5 42.1 33.9 36.3 40.9 26.2 30.4 37.4

Decreased 23.1 21.8 22.1 20.3 18.3 19.0 22.7 29.3 26.5 20.0

Sleeping time

During workdays

Increased 25.1 29.7 28.6 30.4 39.7 36.9 50.0 57.0 55.0 35.0

Constant 53.5 48.7 49.9 49.3 41.8 44.1 36.4 30.3 32.0 45.4

Decreased 21.4 21.6 21.5 20.3 18.5 19.0 13.6 12.7 13.0 19.6

During weekends

Increased 25.0 27.1 26.6 25.9 31.1 29.6 39.4 40.6 40.3 29.0

Constant 54.3 52.1 52.6 52.7 48.6 49.8 43.9 44.9 44.6 50.5

Decreased 20.7 20.8 20.8 21.4 20.3 20.6 16.7 14.5 15.1 20.5

Screen time

Increased 22.9 32.2 29.9 30.4 41.8 38.4 36.8 36.1 36.3 36.0

Constant 69.0 59.5 61.8 62.9 52.2 55.4 51.5 50.6 50.9 57.0

Decreased 8.1 8.3 8.3 6.7 6.0 6.2 11.7 13.3 12.8 7.0
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staff, variation in understanding the same questions among different

individuals, especially across different education levels, might affect

the comparability of results among different education groups.

Third, it is worth noting that the IPAQ form was not originally

designed for the purpose it has been used for in this study, so its

applicability to this context and the possibility of using alternative

survey instruments need to be further discussed. Last, considering

that the length of the questionnaire may affect the quality and even

the completeness of responses, we did not ask more questions

which might have better assisted in explaining the current findings

reported.

Despite these limitations, this online survey presents unique

strengths by accumulating a prompt and large sample size in a

targeted population, which is of particular importance in the context

of public health emergencies.12 The design of the online question-

naire used is also a strength, where questions on each lifestyle

before and during COVID-19 lockdown were placed next to each

other for participants to better recall and compare. Therefore, their

answers can be considered as robust indicators of their lifestyle

changes (at least, perceived lifestyle changes) which are usually

highly correlated with actual lifestyle changes. In conclusion, the

information from this timely, large-scale national survey should be

useful for multiple stakeholders including policy makers when mak-

ing future decisions regarding when and how to loosen restrictions.

School administrators should also be informed of these changes, so

in-class and/or extracurricular PA programs could be designed to

counteract them.
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