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Abstract
Background This study primarily aimed to evaluate the associations between mental distress and COVID-19-related changes in behavioral outcomes, and
potential modi�ers (age, gender, and educational attainment) of such associations.

Methods An online survey using anonymous network sampling was conducted in China during April-May, 2020 using a 74-item questionnaire distributed
through social media. A national sample of 10,545 adults in 31 provinces provided data on socio-demographic characteristics, COVID-19-related mental
distress, and changes in behavioral outcomes. Structural equation models were used for data analyses.

Results About 13% of adults reported experiencing at least one symptom of mental distress. After adjusting for covariates, greater mental distress was
associated with increased smoking and alcohol consumption (among current smokers and drinkers) and with both increased and decreased physical activity.
Underweight adults were more likely to lose body weight (≥ 1 kg) whereas overweight adults were more likely to gain weight by the same amount. Association
between mental distress and change in physical activity was stronger in adults aged 40 and above and those with high education.

Conclusions Mental distress was associated with increased smoking in males but not females. These �ndings inform the design of tailored public health
interventions aimed to mitigate long-term negative consequences of mental distress on outcomes.

Background
Globally, the COVID − 19 pandemic has led to elevated levels of mental distress (e.g., anxiety and depression) attributed to prolonged lockdowns, business
closures, and social isolation (1, 2). It is assumed that relaxing lockdown restrictions might reduce mental distress in China as the economy and social
connections begin to normalize (1) even while the global impact of the pandemic continues to escalate. It is important to investigate the magnitude and
associations of mental distress at various time-points during the COVID-19 pandemic. Studies from China during the initial COVID-19 outbreak showed that
socio-demographic factors (e.g., marital status and female gender) (3, 4) and preexisting health status (e.g., presence of chronic diseases) (1) were associated
with increased mental distress in adults, while associations with age were found to be mixed (5, 6). Socio-economic adversity (e.g., increasing unemployment
and �nancial insecurity) was associated with increased mental distress in adults (7).

Associations of mental distress with behavioral outcomes and body weight during the pandemic is less explored. Psychological theories have suggested that
mental distress can result in adaptive coping that include health promotion behaviors and/or maladaptive coping that involves health compromising
behaviors (8). There is ample empirical evidence existed prior to the COVID-19 pandemic. For example, systematic reviews showed that experiencing anxiety
and depression was associated with weight gain (9, 10). Mental distress also changed lifestyles such as heavy drinking, smoking, and less physical activity
(PA) in adults (11). Limited such studies however have been conducted during the COVID-19 pandemic (12). It is conceivable that lockdowns and social
distancing measures for controlling COVID-19 spread necessarily entail modifying people’s behavioral patterns (13). Therefore, it is contented that mental
distress may be associated with body weight and behavioral outcomes during the COVID-19 pandemic.

To �ll these knowledge gaps at this important time during the COVID-19 pandemic, this national cross-sectional study aims to: (a) examine the magnitude and
predictors of mental distress; (b) investigate the impacts of mental distress on change in behavioral outcomes (PA, smoking, and alcohol consumption) and
body weight; and whether such impacts were modi�ed by age, gender, and education attainment among Chinese adults.

Methods
Study design and participants

The China COVID-19 survey was an anonymous online study administered from April 25- May 11, 2020 via WeChat, China's leading social networking with
more than one billion users. Almost every Chinese adult uses WeChat daily. We used both snowball and convenience sampling to recruit a diverse national
sample across China. Data were obtained from 10,545 adults aged 18-80 years old in all 31 province-level administrative units in mainland China. The
Institutional Review Board at Xi'an Jiaotong University Health Science Center approved study procedures, and participants provided consent online. An
incentive of 1-10 RMB was provided after completing the survey.

 

Study variables and measurements

The China COVID-19 survey questionnaire included 74 questions.

Mental distress was assessed with a 5-item scale to assess the respondent's mental distress experienced during the COVID-19 pandemic. As we wanted to
evaluate symptoms related to COVID-19 stress, we adapted items from the widely used and validated DSM-IV based civilian version of the posttraumatic
stress disorder checklist (PCL-C) (14). The scale asks about symptoms in relation to “stressful experiences” and can be used with any population. It measures
the intensity of symptoms encountered in the past month: (a) Anhedonia: loss of interest in activities you liked in the past; (b) Sleep problems: di�culty falling
asleep, or staying asleep, or waking up frequently or early; (c) Anger: got easily irritable or angry; (d) Di�culty concentrating, and (e) Repeated disturbing
dreams related to COVID-19. Response options for each question include a �ve-point scale from “not at all” to “extremely”. We choose these items based on
our pilot study in more than 400 adults in China, which showed that these mental distress symptoms were most frequently reported in adults during the
pandemic.
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Changes in behavioral outcomes: Changes in PA, smoking, and alcohol consumption were measured by self-reported individual items extracted from Kadoorie
Study of Chronic Disease in China (15) and from the China Chronic Disease and Risk Factor Survey (16) developed by the China Center for Disease Control
Chronic Disease Control Center. The items, adapted for COVID-19, include: (a) Changes in PA measured by “Has your usual weekly PA changed compare to
that before the COVID-19 pandemic?” (b) Change in smoking was measured by “Has your smoking pattern changed compared to that before the COVID-19
pandemic?” (c) Changes in alcohol consumption was measured by “Whether your alcohol consumption has changed compare to that before the COVID-19
pandemic?” Each response used a 5-point Likert scale which ranged from “Increased a lot” =1 to “Reduced a lot” =5; Data analyses on changes in smoking
and alcohol consumption were limited to those who were current smokers (n=1,633) and alcohol drinkers (n=2,354) at the time of the survey.

 

Change in body weight: Participants’ self-reported weight changes (current weight compared to weight prior to the COVID-19 outbreak) were measured.
Responses included, “No change (change within 1kg)” =1, “Increased 1-2·5 kg” =2, “Increased>2·5kg” =3, “Decreased 1-2·5 kg” =4, “Decreased>2·5 kg” =5, and
“I don’t know” =99.

 

Other study variables: Associations of socio-demographic and pandemic-related factors with mental distress were examined, and socio-demographic factors
were included as covariates in the models for investigating the independent associations of mental distress with behavioral outcomes and body weight.
Socio-demographic factors included age, gender, marital status (unmarried, married, cohabiting, widowed, divorced or separated), ethnicity (Han and Not-Han),
educational attainment (≤ primary school, secondary school/technical secondary school/technical school, undergraduate/graduate school), current work
status (students, have job, jobless, and retirement), residence (urban, town, rural), health insurance (yes, no), and presence of any chronic diseases (e.g.,
hypertension and diabetes, total number of having chronic diseases were calculated).

Factors related to COVID-19 pandemic included impact on family income (great impact, slight impact, and no impact), impact on daily life due to �nancial
di�culties during the COVID-19 pandemic (great di�culty, slight di�culty, and no di�culty), and loss of job due to COVID-19 (yes, no). All these items were
based on a questionnaire developed by Conway and colleagues and used in previous surveys (17). Worry of contracting COVID-19 (not worried at all, a little
worried, somewhat worried, and very worried) and perceptions about the likely of contracting COVID-19 (not at all likely, not that likely, somewhat likely, and
very likely) were measured with respective single item adapted from a recent COVID-19 awareness, attitude, and action questionnaire (18).

 

Statistical analysis

First, descriptive analysis was conducted. Then, percentage differences in socio-demographic and pandemic-related factors by mental distress quartile were
tested. For descriptive purpose, the quartiles were formed based on the summed score of the �ve items. χ2 test and ANOVAs were used to compare categorical
and continuous variables, respectively.

For inferential analyses, we �rst evaluated the dimensionality and internal construct validity of mental distress scale using exploratory factor analysis in the
overall sample. To account for the ordinal scale of the item responses, poly choric correlations were used in model �tting by treating the ordinal scale for each
item as a discretized continuous latent response scale via a probit link. Based on principal components analysis in conjunction with Horn’s parallel analysis
(19), one common factor was found to be su�cient for explaining the co variation among the �ve indicators of mental distress. This one-factor model
accounted for 81% of the total variation, with a Cronbach’s alpha of 0.87 (Root Mean Square Error of Approximation (RMSEA)=0·124, 90% con�dence interval
= 0·117 – 0·131; Comparative Fit Index (CFI)=0·995; Tucker-Lewis Index (TLI)=0·989).

To identify predictors that were associated with mental distress, we �t a structural equation models (SEM) with mental distress factor as the dependent latent
variable with covariates including age, sex, marital status, ethnicity, education, health insurance, residence, current work status, household size, body mass
index, self-reported health, number of chronic conditions, COVID’s impact on family income, daily life, and job loss, and worries about self or family getting
infected. The model was �t using a weighted least square minimum variance estimator.

We �t a SEM that consisted of a factor measurement model for mental distress and a multinomial logistic structural model for associations between mental
distress during COVID-19 pandemic and changes in the behavioral outcome and body weight. Age, gender, ethnicity, marital status, educations, residence, and
number of chronic conditions were adjusted in all models.

To explore the potential modi�cation of the relationships between mental distress and behavioral changes by pre-COVID-19 factors including age, gender, and
educational attainment, multiple-group SEMs were conducted under the assumptions of measurement invariance and structural variance. Separate models
were �t for each outcome variable with and without constraining the path coe�cient between mental distress and the outcome to be same between levels of
the effect modi�er. The effect modi�cation was tested using the Satorra-Bentler scaled χ2difference test (20). The SEMs were �t using maximum likelihood
with robust standard errors in Mplus version 8.

Analyses were performed by using STATA 16.1 (Stata Corporation, College Station, TX, U.S.), except Mplus version 8.0 was used for SEM. Statistical
signi�cance was considered when p<0·05.

Results
Mental distress
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Figure 1 shows the distribution of symptoms of mental distress of participants. About 13% of them reported experienced “a lot” or “extreme” anhedonia, and a
similar proportion reported sleep problems, repeated disturbing dreams or irritability, and anger in the past month. About 15% had “a lot” to “extreme”
di�culties in concentrating.

 

Socio-demographic and COVID-19 related factors associated with mental distress

The SEM with all covariates in the models revealed that those with higher levels of mental distress tendered to be male, of younger age, cohabiting, absence of
health insurance, either having a job or jobless, having a household size of >5 people, underweight, self-reported poor health, having chronic diseases, having
family income impacted by COVID-19, experiencing at least mild di�culty with the family’s daily life due to COVID-19-related �nancial strain, being somewhat
or very worried about contracting COVID-19, and perceiving self or family somewhat or very likely to contracting COVID-19. In contrast, educational attainment,
ethnicity, and residence were not associated with mental distress (Table 1).

Adjusted associations between mental distress and changes in behavioral outcomes and body weight during the COVID-19 pandemic

Figure 2 shows the distribution of changes in PA, smoking, alcohol consumption and body weight by quartiles of mental distress summary score. Across the
quartiles of the mental health score from low to high, the proportion of stable body weight decreased. 

In order to account for the effect of baseline weight status on the associations between mental distress and changes in body weight, we strati�ed our
population by weight status (i.e., underweight, normal weight, and overweight/obesity). Age, gender, marital status, educational attainment, residence, and
total number of chronic diseases were adjusted in all models. We found that among underweight participants, the odds of reporting an increase or decrease in
body weight by at least 1kg versus no change was, respectively, 40% and 63% higher per one standard deviation (SD) increase in mental distress; among
overweight or obese participants, the odds of reporting an increase or decrease of body weight by at least 1kg versus no change was, respectively, 61% and
48% higher per one SD increase in mental distress; and among participants with normal weight, the odds of reporting an increase or decrease of body weight
by at least 1kg versus no change was, respectively, 52% and 62% higher per one SD increase in mental distress (Table 2).

After adjusting for the same covariates, we found that among current smokers (n=1,633) and alcohol drinkers (n=2,354), greater mental distress was
associated with signi�cant increase (“some” or “a lot”) in smoking [odds ratio (OR)=1·42, 95% CI: 1·20-1·68 and OR=1·54, 95% CI: 1·31-1·82 per one SD
increase in mental distress]. Similar increase was seen in alcohol consumption (OR=1·67, 95% CI: 1·45-1·92 and OR=1·47, 95% CI: 1·24-1·75 per one SD
increase in mental distress) (Table 2).

Greater mental distress was signi�cantly associated with both increase and decrease in PA after adjusting for the same covariates (ORs ranged from 1·32 to
1·56, p<0·001) (Table 2). 

Potential modifying effects of age, gender, and educational attainment on associations between mental distress and behavioral outcomes

Educational attainment signi�cantly moderated the association between mental distress and change in PA. In general, the odds of PA increase “some” or “a
lot”, or “decrease a little” among adults with undergraduate/graduate school (OR=1·77, 95% CI: 1·58, 1·98; OR=1·64, 95% CI: 1·49, 1·79; OR=1·43, 95% CI: 1·30,
1·56, respectively, per one SD increase in mental distress) were higher than those education attainment less than undergraduate/graduate school (OR=1·36,
95% CI: 1·22, 1·51; OR=1·57, 95% CI: 1·42, 1·73; OR=1·25, 95% CI: 1·12, 1·39, respectively, per one SD increase in mental distress) (Supplemental Table 1). 

Age signi�cantly moderated the association between mental distress and change in PA. In general, the odds of PA “increase a little” or decrease “a little” or “a
lot” (OR=2·05, 95% CI: 1·72, 2·46; OR=1·54, 95% CI: 1·31, 1·81; OR=1·93, 95% CI: 1·62, 2·29, respectively, per one SD increase in mental distress) among adults
aged ≥40 years were higher than among those adults aged 30-39 years (OR=1·50, 95% CI: 1·34, 1·67; OR=1·16, 95% CI: 1·03, 1·30; OR=1·61, 95% CI: 1·41, 1·84,
respectively, per one SD increase in mental distress) or 18-29 years old (OR=1·51, 95% CI: 1·38, 1·65; OR=1·40, 95% CI: 1·27, 1·55; OR=1·38, 95% CI: 1·24, 1·54,
respectively, per one SD increase in mental distress) (Supplemental Table 2).

Gender signi�cantly moderated the association between mental distress and change in smoking. Among current smokers, the odds of smoking increase
“some” or “a lot” were signi�cant among male (OR=1·60, 95% CI: 1·37, 1·87 per one SD increase in mental distress) not among female (OR=1·11, 95% CI: 0·82,
1·51per one SD increase in mental distress) (Supplemental Table 3).

Discussion
To our knowledge, this is the �rst large nationwide survey in China on adults’ mental distress related to COVID-19 pandemic and its impact on changes in
behavioral outcomes and body weight. The study provides an opportunity to explore patterns of associations between mental distress and changes in health-
related behaviors within the COVID-19 context, and highlights the issues that are likely to confront the public health systems in China and globally.

About 13% of participants reported experiencing at least one symptom of mental distress in the past month (March-April 2020). Studies conducted earlier in
the pandemic showed greater mental distress and problems (21, 22). For example, a study conducted on 1,738 adults from 190 Chinese cities in January 31 to
February 2 reported that 28·8% and 16·5% reported moderate-to-severe anxiety and depression at the initial outbreak, and no signi�cant changes in these
symptoms at four weeks later (3, 22). However, direct comparisons of the prevalence of mental distress across studies at different time-points of the
pandemic are di�cult due to the different measurement scales used. Many factors may contribute to the change in mental distress over time, such as
controlling the spread of COVID-19, establishing con�dence in public health measures, and supporting of material strategies (21, 23, 24).
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We found that economic impacts and risk for contracting COVID-19 negatively affected mental health in our population. A reduction in family income or
�nancial strains due to COVID-19 were associated with greater mental distress. The links between mental health and poverty are well known. The potential
fallout of an economic downturn on mental health is likely to be profound. It will be vital to understand the mental health implications of policies to manage
the pandemic in the short-term, and the challenges of reviving the economy in the longer term, all of which would inevitably have serious effects on mental
health by increasing unemployment, loss of job, and poverty (2). Worry about being infected and perception of self or family members being infected by the
COVID-19 were associated with greater mental distress. These �ndings indicate that effective and rapid communication about the COVID-19 information is
essential, as is ensuring that vital general and medical supplies are available to maintain a sense of security in the population (25).

Greater mental distress was associated with both increase and decrease in PA. While long-standing distress is known to be associated with chronic physical
conditions, impact of acute distress on behaviors is less well known. It could lead to positive behaviors, for example, a survey in the UK (n = 344) found that
negative emotions, especially anxiety in response to the COVID-19 pandemic predicted adaptive health-compliant behavior change (e.g., hand washing) (26). A
2014 systematic review with 55 studies also showed that the majority of studies reported negative associations between mental distress and PA while some
studies reported positive associations (27). These �ndings indicate that individuals’ response to mental distress due to COVID-19 may vary by one’s baseline
attitudes to PA (27). In some individuals, engaging in PA could be a task-oriented way of dealing with mental distress. PA may serve to both deal with and
steer away from mental distress. In this study, for adults with higher mental distress, 57.5% of them reported increased “a lot” or “a little”, 26.2% of them
reported decreased “a lot” or “a little”. Additional strategies to promote PA among adults reduced their PA are needed.

However, our study indicates that some distressed people had chosen unhealthy coping behaviors. We found that among current smokers and alcohol
drinkers, mental distress was associated with increase in smoking and alcohol consumption. This might also indicate that individuals with mental distress
might increase these behaviors to cope with or relieve psychological distress during the pandemic (28). Our �ndings indicate that people adopt both adaptive
and maladaptive behaviors to cope with mental distress during COVID-19 pandemic. Thus, one-size-�t-all public health strategies may not be the answer to the
array of behaviors adopted to relieve mental distress and associated behaviors, and a more tailored approach might be warranted.

Age and educational attainment moderated associations between mental distress and change in PA. Our �ndings indicate that during this pandemic, the
associations between mental distress and increase in PA was stronger among adults with more education and among adults aged ≥ 40 years. Among current
smokers, increase in mental distress resulted in increasing “some” or “a lot” in smoking were found only among male not female. Future policy makers and
researchers should consider these pre-COVID-19 effect modi�ers to maximize the effects of psychological intervention on behavioral outcomes. For example,
psychological interventions could be effective to reduce smoking among male by improving their mental distress.

This study has several public health implications. On 13th May, 2020, the United Nation’s Director General stated: “The mental health and wellbeing of whole
societies have been severely impacted by this crisis and are a priority to be addressed urgently.” (29). This study shows that acute distress of signi�cant
severity persisted in about 13% of the population as the immediate effects of the lockdown began to ease. However, signi�cant mental distress symptoms in
over 1 in 10 and more were alarmingly. Mental distress is likely to be exacerbated when economic hardships, joblessness, and disparities set in. Moreover, our
�ndings suggest variability in the associations of mental distress with adaptive and maladaptive coping behaviors. Those who are already vulnerable, e.g.,
smokers and alcohol consumers were more likely to adopt maladaptive coping behaviors. Until a vaccine is found, access to face-to-face psychological care is
likely to be very limited. Effective ways must be found to provide both psychological and behavioral interventions so chronic conditions can be avoided.
Digital technology holds promise for improving access to, and quality of mental health care (30).

The present study has limitations. First, this survey is cross-sectional, making causal inferences di�cult at best. Considering the mental health status may
change during the pandemic, dynamic observation is necessary. Second, mental distress was based on self-administered questionnaires. Moreover, the items
were extracted from PCL-C, not the full scale, this may lead to underestimate of the prevalence of mental distress. Nevertheless, mental distress is personal
feelings, and self-reporting was paramount and convenient during the COVID-19 pandemic (1). Third, we could not rule out the possibility that some of the
respondents might have been infected with COVID-19. Mental distress and behavioral outcomes of participants infected with COVID-19 may be different from
those who were not being infected. Fourth, we did not do a sensitivity analyses to see if the results may be different in some provinces, such as Hubei where
the pandemic started. Future studies may further explore.

The study has a number of strengths such as its collection of comprehensive information from a large national sample. Such anonymous surveys can better
gauge people’s honest answers, especially in questions about sensitive information. Moreover, they are more feasible in such special situation like COVID-19
than using traditional interpersonal methods.

Conclusions
Economic impacts and risk for contracting COVID-19 negatively impact mental distress of adults, and greater mental distress was associated with some
positive and negative changes in behavioral outcomes during the pandemic. Our �ndings can inform the design of tailored public health interventions to
mitigate negative consequences of COVID-19 and mental distress.
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Table 1. Study sample characteristics in all and by mental distress status of Chinese adults attending the 2020 China COVID-19 survey(n=10,545)
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Variables N(%) or
Mean±SD

Mental distress quartile   Mental distress total score (as a latent de

1 2 3 4 Pa Estimate SE Estimate/SE 95%

(Low mental distress)  (High
mental
distress)

All   2223(21·1) 2935(27·9) 2614(24·8) 2773(26·2)           

Gender      <0·001       

   Male 4605(43·7) 968(43·5) 1131(38·5) 1092(41·8) 1414(51·0)    Reference    

   Female 5940(56·3) 1255(56·5) 1804(61·5) 1522(58·2) 1359(49·0)    -0·05 0·02 -2·43 -0·0

Age (years) 31·8±9·9 32·7±10·3 33·2±10·6 31·8±9·9 29·5±8·5 <0·001   -0·01 0·00 -8·74 -0·0

Marital status      <0·001       

  Unmarried 3427(32·5) 646(29·1) 910(31·0) 850(32·5) 1021(36·8)    Reference    

  Married 6545(62·1) 1495(67·3) 1905(64·9) 1641(62·8) 1504(54·2)    -0·07 0·03 -2·49 -0·1

  Cohabiting 365(3·5) 36(1·6) 64(2·2) 70(2·7) 195(7·0)    0·17 0·06 3·04 0·0

  Widowed 64(0·6) 12(0·5) 17(0·6) 11(0·4) 24(0·9)    0·02 0·13 0·16 -0·2

  Divorced or separated 144(1·3) 34(1·5) 39(1·3) 42(1·6) 29(1·1)    -0·15 0·09 -1·76 -0·3

Ethnicity      0·006       

   Han 9942(94·3) 2108(94·8) 2782(94·8) 2477(94·8) 2575(92·9)    Reference    

   Not-Han 581(5·5) 113(5·1) 144(4·9) 131(5·0) 193(7·0)    0·01 0·04 0·29 -0·0

   Foreigner 22(0·2) 2(0·1) 9(0·3) 6(0·2) 5(0·2)    0·02 0·18 0·10 -0·3

Educational attainment      <0·001       

    ≤ Primary school 191(1·8) 46(2·1) 29(1·0) 33(1·3) 83(3·0)    Reference    

Secondary
school/Technical
secondary
school/Technical school

3985(37·8) 835(37·6) 979(33.4) 970(37·1) 1201(43·3)    -0·07 0·07 -1·01 -0·2

Undergraduate/Graduate
school

6369(60·4) 1342(60·3) 1927(65·6) 1611(61·6) 1489(53·7)    -0·12 0·07 -1·66 -0·2

Health insurance (yes,
%)

     <0·001       

   Yes 9238(87·6) 1977(88·9) 2655(90·5) 2285(87.4) 2321(83·7)    Reference    

   No 1307(12·4) 246(11·1) 280(9·5) 329(12·6) 452(16·3)    0·117 0·033 3·53 0·0

Residence      0·015       

City 6493(61·6) 1414(63·6) 1825(62·2) 1576(60·3) 1678(60·5)    Reference    

Town 2470(23.4) 505(22·7) 682(23·2) 653(25·0) 630(22·7)    0·01 0·02 0·38 -0·0

Village 1582(15·0) 304(13·7) 428(14·6) 385(14·7) 435(16·8)    -0·05 0·03 -1·68 -0·1

Current work status      <0·001       

   Students 2075(19·7) 400(18) 590(20·1) 498(19·1) 587(21·2)    Reference    

   Have job 7015(66·5) 1554(69·9) 1970(67·1) 1727(66·1) 1764(63·6)    0·15 0·03 4·83 0·0

   Jobless 1135(10·8) 199(9) 256(8·7) 320(12·2) 360(13·0)    0·16 0·04 3·94 0·0

   Retirement 320(3·0) 70(3·1) 119(4·1) 69(2·6) 62(2·2)    0·08 0·07 1·17 -0·0

Household size (Total number)       <0·001       

1 92(0·9) 27(1·2) 22(0·7) 24(0·9) 19(0·7)    Reference    

2 684(6·5) 160(7·2) 187(6.4) 163(6·2) 174(6·3)    0·14 0·11 1·30 -0·0

3 4383(41·6) 991(44·6) 1379(47) 1036(39·6) 977(35·2)    0·15 0·11 1.46 -0·0

4 2680(25.4) 557(25) 713(24·3) 702(26·9) 708(25·5)    0·17 0·11 1·64 -0·0

5 1692(16·0) 308(13·9) 415(14·1) 420(16·1) 549(19·8)    0·21 0·11 2·02 0·0
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Variables N(%) or
Mean±SD

Mental distress quartile   Mental distress total score (as a latent de

1 2 3 4 Pa Estimate SE Estimate/SE 95%

≥6 1014(9·6) 180(8·1) 219(7·5) 269(10·3) 346(12·5)    0·25 0·11 2·35 0·0

Weight status             

Normal weight 6429(61·0) 1397(62·8) 1834(62·5) 1601(61·3) 1597(57·6)    Reference    

Underweight 1093(10·3) 200(9·0) 219(7·5) 290(11·0) 384(13·9)    0·11 0·03 3.40 0·0

Overweight 2108(20·0) 436(19·6) 642(21·8) 506(19.4) 524(18·9)    -0·04 0·02 -1.47 -0·0

Obesity 915(8·7) 190(8·6) 240(8·2) 217(8·3) 268(9·6)    -0·07 0·04 -1·88 -0·1

Impact on family income by COVID-19     <0·001       

   No impact 1245(11·8) 484(21·8) 392(13.4) 184(7·0) 185(6·7)    Reference    

   Great impact 3997(37·9) 624(28·1) 883(30·1) 1058(40·5) 1432(51·6)    0·15 0·04 3·80 0·0

   Slight impact 5303(50·3) 1115(50·1) 1660(56·5) 1372(52·5) 1156(41·7)    0·14 0·03 4·19 0·0

Impact on daily life by �nancial di�culties during the COVID-19 pandemic  <0·001       

   No di�culty 3463(32·8) 749(33·7) 1281(43·7) 1399(53·5) 1273(45·9)    Reference    

   Great di�culty 2380(22·6) 1090(49) 1287(43·8) 669(25·6) 417(15)    0·56 0·04 16·25 0·4

   Slight di�culty 4702(44·6) 384(17·3) 367(12·5) 546(20·9) 1083(39·1)    0·35 0·03 14·34 0·3

Loss of job because of COVID-19     <0·001       

   Yes 3561(33·8) 520(23.4) 751(25·6) 932(36·7) 1358(49·0)    Reference    

   No 6984(66·2) 1703(76·6) 2184(74.4) 1682(64·3) 1415(51·0)    -0·12 0·02 -4·93 -0·1

Total number of chronic diseasesc     <0·001       

    0 (no chronic disease) 8431(80·0) 1953(87·8) 2528(86·1) 2118(81) 1832(66·1)    Reference    

1 1024(9·7) 142(6.4) 266(9·1) 272(10·4) 344(12·4)    0·23 0·03 6·66 0·1

2 591(5·6) 68(3·1) 79(2·7) 139(5·3) 305(11·0)    0·46 0·05 10·22 0·3

   ≥ 3 499(4·7) 60(2·7) 62(2·1) 85(3·3) 292(10·5)    0·55 0·05 12·28 0·4

How worried are you about being infected with COVID-19?   <0·001       

Not worried at all 484(4·6) 211(9·5) 108(3·7) 54(2·0) 111(4·0)    Reference    

A little worried 2375(22·5) 603(27·1) 785(26·8) 515(19·7) 472(17·0)    0·02 0·05 0·49 -0·0

Somewhat worried 3608(34·2) 651(29·3) 1096(37·3) 974(37·3) 887(32·0)    0·13 0·05 2·66 0·0

Very worried 4078(38·7) 758(34·1) 946(32·2) 1071(41) 1303(47·0)    0·17 0·05 3.46 0·0

Do you think you or your family might be infected with COVID-19 this year  <0·001       

Not at all likely 2024(19·2) 696(31·3) 517(17·6) 381(14·6) 430(15·5)    Reference    

Very likely 1237(11·7) 215(9·7) 182(6·2) 247(9.4) 593(21.4)    0·27 0·04 7·36 0·2

Somewhat likely 2573(24.4) 380(17·1) 625(21·3) 743(28.4) 825(29·8)    0·21 0·03 7·10 0·1

Not that likely 4711(44·7) 932(41·9) 1611(54·9) 1243(47·6) 925(33.4)    0·04 0·03 1·50 -0·0

Self-reported health            

Excellent 4211(39·9) 1371(61·7) 1055(36·0) 757(29·0) 1028(37·1)    Reference    

Very good 4235(40·2) 648(29·1) 1372(46·8) 1170(44·8) 1045(37·7)    0·32 0·02 14·68 0·2

Good 1790(17·0) 182(8·2) 473(16·1) 594(22·7) 541(19·5)    0·48 0·03 17·21 0·4

Fair/poor 309(2·9) 22(1·0) 35(1·1) 93(3·6) 159(5·7)    0·80 0·05 15·73 0·7

aχ2test for categorical variables.

bAssociations between socio-demographic and diseases factors and mental distress were examined using structural equation model, all the variables were in
the same model.
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cThe chronic diseases measured in this survey included high blood pressure, diabetes, heart disease, stroke, tumor/cancer, asthma, chronic lung disease,
chronic kidney disease, liver disease, compromised immune system, depression, and others.

 

Table 2. Adjusted* odds ratio (95% con�dence interval) of change (vs. no change) in body weight and behavioral outcomes of Chinese adults during COVID-19
pandemic associated with one standard deviation unit increase in mental distress

Outcome Baseline status Response category Total score of mental distress(per SD) P

Change in body weight

(n=10,545)

Underweight

(n= 1,093)

No Change Reference  

Decreased by ≥1kg 1·63 (1·30, 2·04) <0·001

Increased by ≥1kg 1.40 (1·20, 1·63) <0·001

Normal weight

(n= 6,429)

No Change Reference  

Decreased by ≥1kg 1·62 (1.45, 1·82) <0·001

Increased by ≥1kg 1·52 (1.43, 1·62) <0·001

Overweight/Obese

(n=2,876)

No Change Reference  

Decreased by ≥1kg 1.48 (1·26, 1·73) <0·001

Increased by ≥1kg 1·61 (1.46, 1·78) <0·001

Change in smoking

(n=1,633)

No change Reference  

Increased a lot 1·54 (1·31, 1·82) <0·001

Increased some 1.42 (1·20, 1·68) <0·001

Decreased some 1·04 (0·87, 1·23) 0·679

Decreased lot 0·81 (0·65, 1·02) 0·068

Change in alcohol consumption

(n=2,354)

No change Reference  

Increased a lot 1.47 (1·24, 1·75) <0·001

Increased some 1·67 (1.45, 1·92) <0·001

Decreased some 1·15 (1·01, 1·32) 0·032

Decreased lot 1·12 (0·97, 1·28) 0·116

Change in physical activity

(n=10,545)

No change Reference  

Increased a lot 1·53 (1.42, 1·64) <0·001

Increased a little 1·56 (1.47, 1·66) <0·001

Decreased a little 1·32 (1·24, 1.41) <0·001

Decreased lot 1·51 (1.40, 1·62) <0·001

*Age, gender, marital status, educational attainment, ethnicity, residence, and number of chronic diseases were adjusted in all structural equation models.
Separate models were �t for each outcome variable, respectively.
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Figure 1

Percentage of �ve items related to mental distress of Chinese adults (n=10,545) during the pandemic of COVID-19

Figure 2

Distribution of changes in behavioral outcomes and body weight of Chinese adults (n=10,545) by quartile of mental distress summary score
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