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Abstract

Background: Health care workers (HCWs) played a key role in preventing and controlling COVID-19. Higher infection risks
and intensive work led to occupational burnout for many HCWs, which may affect their lifestyle behaviors and weight.

Objective: This study aimed to assess HCWs’ self-rated health status, overweight and obesity rates, lifestyle behaviors, and
psychoemotional changes from 2019 to 2022 across China and to analyze the factors associated with changes from underweight
or normal weight in 2019 to overweight or obese in 2022.

Methods: In this retrospective study, 100 health care institutions were randomly selected from 5 provinces or regions in China.
All HCWs who worked in the institutions for at ≥3 years were invited to complete the electronic questionnaire and participate in
the online survey from August 1, 2022, to August 31, 2022. Collected data included changes in lifestyle behaviors (dietary habits,
physical activity, sleep quality, smoking, alcohol consumption), psychoemotional conditions (persistent stress or recurrent anxiety
or depressed mood), health status, and chronic disease control from December 2019 to August 2022. Height and weight in 2019
and 2022 were retrieved from annual physical examination records. Overweight and obesity were defined as

24.0 kg/m2≤BMI<28.0 kg/m2 (overweight) and BMI≥28.0 kg/m2 (obesity). Chi square tests and ANOVAs were used to assess
the associations between groups. Logistic regression models were used to analyze the factors associated with HCWs becoming
overweight or obese from 2019 to 2022.

Results: The questionnaire was submitted by 23,234 HCWs. Of the underweight or normal weight HCWs in 2019, 12.67%
(1486/23,234) became overweight or obese in 2022; this change was associated with the following factors: 34-43 years old (OR
0.843, 95% CI 0.740-0.960), 44-53 years old (OR 0.738, 95% CI 0.635-0.960), and 54-63 years old (OR 0.503, 95% CI 0.368-0.685;
reference: 24-33 years old), reduction in or never or rarely engaging in physical activity (OR 1.201, 95% CI 1.055-1.368; reference:
increase in physical activity; P=.006), increased appetite (OR 2.043, 95% CI 1.788-2.034; reference: reduction or no change in
appetite; P<.001). From 2019 to 2022, 51.29% (11,917/23,234) of the respondents experienced increased persistent stress or
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recurrent anxiety or depressed mood; 44.38% (10,311/23,234) stayed up late more often. Increased persistent stress or recurrent
anxiety or depressed mood was associated with physical activity (OR 0.421, 95% CI 0.398-0.447; P<.001) and appetite (OR
1.601, 95% CI 1.483-1.728; P<.001).

Conclusions: The pandemic was associated with overweight and obesity for HCWs due to changes in lifestyle behaviors,
especially reduced physical activity and increased appetite related to increased persistent stress or recurrent anxiety or depressed
mood caused by excessive workload. An integrated approach is needed to address overweight and obesity and lifestyle changes
among HCWs by releasing negative psychoemotional conditions through workload reduction in future stressful events.

(Interact J Med Res 2024;13:e50754) doi: 10.2196/50754
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Introduction

Health care workers (HCWs) have played a key role in the
COVID-19 pandemic control since the end of 2019. The high
risk of infection [1], long-term isolation, and intensive work
not only caused burnout for many HCWs but also substantially
affected their mental health [2], daily routine [3,4], physical
activity, diet, and other lifestyle behaviors [5] and has put them
at high risk for obesity [6-9]. A literature review in 2020 showed
that HCWs gained weight and changed their lifestyles to varying
degrees during the pandemic [10]. A study in the United States
on lifestyle behaviors and weight changes among frontline
HCWs since the COVID-19 outbreak [11] showed that dietary
patterns of HCWs during the pandemic (January 2021) were
negatively impacted, with an increase in snack, fast food,
take-away food, and alcohol consumption and an average weight
increase of 2.99 pounds compared with prepandemic levels
(March 2021). Jin et al [12] found that 39.7% were less
physically active and 36% had less sleep in a survey of 589
Chinese HCWs. A study by Zhang et al [13] surveyed the
Chinese frontline medical staff who supported Hubei Province
during the initial stage of the pandemic and found that most had
an unbalanced diet and 26.2% gained weight. A survey of
Brazilian doctors by Gomes et al [6] found that 60% had less
physical activity, 39.9% consumed more alcohol, and 32.9%
gained weight.

Being overweight or obese and lifestyle behavior changes
increase the risk of various chronic diseases, such as
hypertension, type 2 diabetes mellitus, coronary heart disease,
stroke, certain cancers, and osteoporosis [14-20]. Being
overweight or obese can directly affect daily activities or even
lead to mental and emotional disorders [21], impairing work
performance [22], increasing the absenteeism rate due to illness
and frequent overtime [23-25], and increasing occupational
injuries, and can endanger the sustainable development of health
care institutions [26].

Basically, overweight and obesity result from consuming more
calories than expended [27]; hence, any factor that can increase
food calorie intake and reduce exercise expenditure may lead
to overweight and obesity. Studies indicated that occupational
factors such as working hours, work intensity, work stress, and
shifts are associated with overweight or obesity in HCWs
[28-31]. Shift nurses are more likely to consume excessive food,
have more coffee and snacks, and participate in less exercise

during night shifts [32-34], which further increases the
likelihood of overweight or obesity. Negative psychoemotional
conditions (eg, chronic stress, anxiety, and depression) can have
a substantial impact on a person’s diet and physical activity
[35-37]. According to a survey by the American Psychological
Association, 39% of adults cope with stress by overeating and
eating unhealthy foods [35]. A longitudinal study of nearly 1400
women in Australia showed an association between higher stress
and less physical activity and more frequent consumption of
fast food [36]. This is due to the fact that constant stress can
activate the hypothalamic-pituitary-adrenal axis in humans,
promote cortisol secretion, affect sleep, and increase the intake
of “self-rewarding foods” (high in fat and sugar), thereby
increasing the incidence of obesity, especially in the abdomen
[37].

HCWs are considered to experience a heavier workload and
mental stress than their counterparts in many other industries
due to their longer working hours, less personal time, and higher
burnout rates, possibly making them more susceptible to the
risk of overweight or obesity [38]. Over the past 3 years, the
extra burden from the COVID-19 pandemic has been substantial
for HCWs. A systematic review and meta-analysis of
anxiety-related symptoms among HCWs affected by the
pandemic reported that 42% showed characteristics of anxiety,
40% experienced acute stress, 37% experienced burnout, and
32% had posttraumatic stress disorder [39].

There have been many studies on the impact of the pandemic
on weight changes and lifestyle behaviors in the general
population [11,40-42]; however, few focused exclusively on
HCWs nationwide in China. Weight, lifestyle behavior, and
psychoemotional changes and the relationship between them
among the Chinese HCWs remain unknown.

The aim of this study was to assess HCWs’ self-rated health
status, overweight and obesity rates, lifestyle behaviors, and
psychoemotional changes from 2019 to 2022 across China as
well as to analyze the factors associated with weight changes
resulting in them moving from underweight or normal weight
in 2019 to overweight or obese in 2022.

Interact J Med Res 2024 | vol. 13 | e50754 | p. 2https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/50754
http://www.w3.org/Style/XSL
http://www.renderx.com/


Methods

Study Design
This study was based on a retrospective anonymous web survey
[43] using a structured self-administered questionnaire and was
conducted in accordance with the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES) [44]. The
respondents were randomly sampled, and relevant data were
collected via recall, including sociodemographic characteristics,
health status, and height and weight in 2019 and 2022, as well
as changes in lifestyle behaviors and psychoemotional states
from 2019 to 2022.

Study Population, Sampling Strategy, and Eligibility
Criteria
A multistaged, clustered, random sampling method was used.
First, 5 provincial administrative regions (Beijing City,
Shandong Province, Henan Province, Gansu Province, and
Xinjiang Uygur Autonomous Region) were selected at random
from 32 provinces, autonomous regions, and municipalities of
China. Second, 20 health care institutions were sampled from
each of the 5 provincial administrative regions considering
interprovincial differences and intraprovincial homogeneity of
the institutions. Third, HCWs from the selected institutions who
met the inclusion and exclusion criteria were included. A total
of 100 medical institutions were sampled. The survey was
conducted from August 1, 2022, to August 31, 2022.

The inclusion criteria were as follows: (1) age ≥24 years, (2)
working in the health care institutions for at least 3 years from
2019 to 2022, (3) possessing and using a smartphone with the
WeChat app, and (4) providing informed consent and voluntarily
participating in the survey.

Sample Size Estimation
The sample size of this study was estimated by using the formula
for staged clustered random sampling:

where p=6.5% (estimated obesity rate among HCWs) [45], d
is the absolute error and was calculated as 10% (error
tolerance)×6.5%, u=1.96, deff is the design efficiency with a
value of 2.0, and sampling was stratified into urban and rural
areas (×2). Considering nonresponse, an additional 10% of the
calculated sample size was added, leading to a required sample
size of 24,314 HCWs.

Survey Tools
The survey questionnaire was developed purposely by the study
group to collect data. First, we pooled the items based on a
literature review and expert interviews. Second, a nominal group
discussion with 10 senior experts in lifestyle was organized,
and only the items (questions) with face validity above 0.8 were
included [46,47]. Third, we invited 10 HCWs to conduct a
pretest using the initial questionnaire to validate all the items.
The weak items were removed or revised. The final
questionnaire was comprised of the following modules: informed
consent, answering guide, sociodemographic information,

general health status (self-rated, presently and in 2019), height
(m) and weight (kg) in 2019 and 2022 (based on their annual
physical examination record), and changes in lifestyle behaviors
(dietary habits, physical activity, sleep quality, smoking, alcohol
consumption, and persistent stress or recurrent anxiety or
depressed mood) from 2019 to 2022.

Sociodemographic information included gender, age, education,
and working and living locations (urban or rural). General health
status was self-rated, and presence of chronic diseases (eg,
diagnosed hypertension, cardiovascular and cerebrovascular
diseases, cancer, diabetes, chronic obstructive pulmonary
disease, osteoporosis [48,49]) was compared with that in 2019.
Dietary habits included consumption of take-out food (generally
regarded as ultraprocessed), vegetables and fruits, fried food,
snacks or desserts, and sugar-sweetened beverages as well as
breakfast frequency. Data about sleep quality (staying up late
[not falling asleep after 12 AM due to specific affairs,
voluntarily or involuntarily [50]] and sleep duration) were also
collected. Overweight or obese was based on BMI (BMI=weight

[kg]/height [m]2); underweight was defined as BMI<18.5 kg/m2,

normal weight was defined as 18.5 kg/m2≤BMI<24.0 kg/m2,

overweight was defined as 24.0 kg/m2≤BMI<28.0 kg/m2, and

obese was defined as BMI≥28.0 kg/m2 [51].

To measure psychoemotional states, we defined persistent stress
with the following question: “Have frequently experienced
feelings of being under too much mental or emotional pressure
made one angry/irritated/moody/frustrated, worried, or unable
to sleep for at least 6 months?” We defined recurrent anxiety
with the following statement: “has experienced recurrent feelings
of being nervous or restless or a sense of impending danger,
panic, or doom with increased heart rate/sweating/ accelerated
breathing/trembling for at least 6 months.” We defined recurrent
anxiety or depressed mood with the following statement: “has
experienced persistent feelings of sadness, tearfulness, emptiness
or hopelessness, and loss of interest or pleasure in most or all
normal activities, such as sex, hobbies or sports, with angry
outbursts, irritability or frustration, even over small matters for
at least 6 months.”

Each item (question) was rated on a 5-point Likert scale [52]
using the responses “great increase/great improvement,”
“increase/improvement,” “no change,” “reduction/deterioration,”
“great reduction/great deterioration,” or “never or rarely” or
“no diagnosed such disease.” Except for height and weight,
which are continuous variables, all other variables in this study
are categorical. In order to increase the statistical power, we
merged 3 psychoemotional states into 1 variable of “persistent
stress and/or recurrent anxiety/depressed mood” for analysis,
and an increase in any of the 3 conditions were considered to
increase persistent stress or recurrent anxiety or depressed mood.

The Cronbach α of the final questionnaire was 0.82, with 3
factors explaining 63.55% of the total variance based on
exploratory factorial analysis [53].

Data Collection
The Wenjuanxing Web Survey System (an online questionnaire
research platform in Chinese) [54] was used to generate a QR
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code for the electronic questionnaire. The investigators contacted
the liaison of the selected health care institutions and sent the
QR code to all the HCWs at the institution. The respondents
were required to scan or press the QR code through WeChat to
fill out the electronic questionnaire and submit it to the
Wenjuanxing backstage after completion. Their WeChat ID
was used to ensure that each respondent could only submit the
questionnaire once.

Participants’ responses were anonymous and confidential. The
anonymity and confidentiality policy was declared at the
beginning of the electronic questionnaire. The respondents were
also informed that data would be used for research purposes
only. Participants completed the questionnaire when directly
connected to the Wenjuanxing platform. In total, 25,000
questionnaires were sent out, and 24,344 questionnaires were
returned, with a recovery rate of 97.38%. Each submitted
questionnaire was reviewed, and questionnaires with incomplete
or missing items, incorrect information, and obvious logical
errors were regarded as invalid (1110/24,344, 4.56%); 23,234
questionnaires entered the final analysis.

Statistical Analysis
Statistical analysis was performed using SPSS 25.0 (IBM Corp)
software. The sociodemographic characteristics were analyzed
using descriptive statistics, and the quantitative data are
represented by mean (SD). Chi square tests were used to assess
the association between categorical variables and trends within
a categorical variable. ANOVAs were performed to compare
continuous variables among 2 or more groups. Multivariate
binary logistic regression was used to test the independent
variables (changes in sociodemographic characteristics, lifestyle
behaviors, and psychoemotional states) related to the BMI
changes, and a multivariate binary logistic regression model
was constructed taking the identified statistically significant

lifestyle behaviors as dependent variables and “persistent stress
and/or recurrent anxiety/depressed mood” as the independent
variable. P<.05 was considered statistically significant for all
analyses.

Ethical Considerations
This study was conducted in compliance with the Declaration
of Helsinki and was reviewed and approved by the ethics
committee of Fuwai Hospital, Chinese Academy of Medical
Sciences (number 2021-1559). Informed consent was obtained
from participants in accordance with ethical guidelines. This
study abided by the principles of scientific research ethics,
clearly stated the purpose of this survey in the preface of the
electronic questionnaire, and strictly protected the privacy of
all respondents. All respondents were required to be honest in
their responses. Participants were able to stop answering and
leave the questionnaire at any stage before the end of the
process, with no answers being saved. Respondents’ answers
were saved just by clicking on the “submit” button. Upon
completing the survey, participants acknowledged their
voluntary consent to participate in this anonymous study. Every
participant could obtain daily necessities as rewards upon
submission, such as napkins, towels, soap, and hand sanitizer.

Results

Sociodemographic Characteristics of the Respondents
Of the 23,234 HCWs, 31.8% (7388/23,234) were male, and
68.2% (15,846/23,234) were female. The average age was 39.85
(SD 9.41; range 24-80) years, and more than 60%
(14,804/23,234, 63.72%) were in the following age groups:
34-43 years and 44-53 years. In total, 73.78% (17,143/23,234)
of the respondents had an education at the college or university
level, and 61.44% (14,276/23,234) worked and lived in urban
areas. See Table 1.
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Table 1. Sociodemographic characteristics of the respondents (N=23,234).

Results, n (%)Sociodemographic characteristics

Gender

7388 (31.8)Male

15,846 (68.2)Female

Age (years)a

6768 (29.13)24-33

7895 (33.98)34-43

6909 (29.74)44-53

1405 (6.05)54-63

222 (0.96)≥64

Education level

247 (1.06)Junior high school or less

5138 (22.11)Senior high school or secondary specialized school

17,143 (73.78)College or undergraduate degree

706 (3.04)Master’s degree or higher

Working and living location

14,276 (61.44)Urban

8958 (38.56)Rural

a35 missing responses.

Health Status of the Respondents
From 2019 to 2022, 31.19% (7247/23,234) of the respondents
reported that their health condition deteriorated; meanwhile,
18.76% (4359/23,234) reported that it improved, and 50.05%
(11,628/23,234) reported no change. In total, 22.45%
(5215/23,234) had chronic diseases, of which 66.17%
(3451/5215) reported their disease was better controlled and
33.83% (1764/5215) reported their disease was less controlled.

BMI Changes From 2019 to 2022
In 2019, the mean BMI of the participants was 23.63 (SD 3.48)

kg/m2; 32.26% (6651/20,619) were overweight, and 10.84%
(2236/20,619) were obese. In 2022, the mean BMI was 23.85

(SD 3.42) kg/m2; 34.26% (7403/21,608) were overweight, and
11.22% (2424/21,608) were obese. The difference in mean BMI
between 2019 and 2022 was statistically significant (P<.001).
Nevertheless, the proportion of those who were overweight or
obese increased by 2% (P<.001) and 0.38% (P<.001),
respectively (Table 2).
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Table 2. Sociodemographic characteristics by BMI categories in 2019 and 2022.

P valuebObese, n (%)Overweight, n
(%)

Normal weight,
n (%)

Underweight, n
(%)

P valueaBMI (kg/m2),
mean (SD)

Sociodemographic characteristics

2022d2019c2022d2019c2022d2019c2022d2019c2022d2019c

<.001<.001Gender

1400
(20.1)

1372
(20.37)

3317
(47.63)

3073
(45.63)

2159
(31)

2188
(32.49)

88
(1.26)

101
(1.5)

25.50
(3.33)

25.39
(3.43)

Male

1024
(6.99)

864
(6.22)

4086
(27.9)

3578
(25.77)

8708
(59.46)

8505
(61.25)

826
(5.64)

938
(6.76)

23.06
(3.18)

22.78
(3.17)

Female

<.001<.001Age (years)e

464
(7.69)

353
(6.33)

1315
(21.8)

981
(17.59)

3690
(61.16)

3569
(63.99)

564
(9.35)

674
(12.09)

22.63
(3.60)

22.08
(3.50)

24-33

854
(11.44)

788
(10.93)

2536
(33.96)

2313
(32.09)

3844
(51.47)

3842
(53.31)

234
(3.13)

264
(3.66)

23.88
(3.36)

23.71
(3.39)

34-43

880
(13.41)

875
(13.78)

2859
(43.57)

2664
(41.95)

2727
(41.56)

2731
(43.01)

96
(1.46)

80
(1.26)

24.69
(3.10)

24.61
(3.15)

44-53

202
(15.26)

201
(15.76)

586
(44.26)

582
(45.65)

523
(39.5)

479
(37.57)

13
(0.98)

13
(1.02)

24.92
(2.95)

25.00
(3.04)

54-63

24
(11.76)

19
(9.64)

102
(50)

107
(54.31)

73
(35.78)

66
(33.5)

5
(2.45)

5
(2.54)

24.60
(2.79)

24.77
(2.81)

≥64

<.001<.001Education level

29
(13.06)

31
(14.69)

105
(47.3)

94
(44.55)

83
(37.39)

79
(37.44)

5
(2.25)

7
(3.32)

24.80
(3.19)

24.71
(3.31)

Junior high school or less

728
(15.1)

715
(15.37)

2047
(42.45)

1931
(41.51)

1947
(40.38)

1917
(41.21)

100
(2.07)

89
(1.91)

24.73
(3.24)

24.66
(3.30)

Senior high school or sec-
ondary specialized school

1609
(10.13)

1443
(9.56)

5038
(31.71)

4430
(29.34)

8454
(53.21)

8311
(55.04)

787
(4.95)

917
(6.07)

23.58
(3.45)

23.32
(3.48)

College or undergraduate

degree

58
(8.58)

47
(7.18)

213
(31.51)

196
(29.92)

383
(56.66)

386
(58.93)

22
(3.25)

26
(3.97)

23.53
(3.10)

23.21
(3.16)

Master’s degree or higher

<.001<.001Working and living location

1165
(8.79)

1027
(8.15)

4113
(31.03)

3646
(28.93)

7296
(55.05)

7137
(56.64)

679
(5.12)

791
(6.28)

23.43
(3.34)

23.16
(3.37)

Urban

1259
(15.07)

1209
(15.08)

3290
(39.38)

3005
(37.48)

3571
(42.74)

3556
(44.35)

235
(2.81)

248
(3.09)

24.51
(3.44)

24.38
(3.52)

Rural

<.0012424
(11.22)

2236
(10.84)

7403
(34.26)

6651
(32.26)

10,867
(50.29)

10,693
(51.86)

914
(4.23)

1039
(5.04)

23.85
(3.42)

23.63
(3.48)

Total sample

aANOVA of the rates of overweight or obesity between 2019 and 2022.
bChi square analysis of the rates between 2019 and 2022.
c2615 missing.
f1626 missing.
e35 missing.

The mean BMIs of males in 2019 and 2022 were 25.39 (SD

3.43) kg/m2 and 25.50 (SD 3.33) kg/m2, respectively, and both

were higher than those of females (mean 22.78, SD 3.17 kg/m2

in 2019 and mean 23.06, SD 3.18 kg/m2 in 2022). The male
overweight and obesity rates in 2019 and 2022 were 66.01%
(4445/6734) and 67.73% (4717/6964), respectively, and both
were higher than those of women (4442/13,885, 31.99% in 2019
and 5110/14,644, 34.89% in 2022). The proportions of
overweight or obesity in those aged ≥64 years (126/197, 63.95%
in 2019 and 126/204, 61.76% in 2022) and with a junior high

school education or less (125/211, 59.24% in 2019 and 134/222,
60.36% in 2022) were higher than those of the other age groups
and education groups, respectively. The overweight and obesity
rates for those working and living in rural areas (4214/8108,
52.56% in 2019 and 4549/8355, 54.45% in 2022) were higher
than those working and living in urban areas (Table 2).

From 2019 to 2022, 12.67% (1486/11,732) of underweight or
normal weight respondents became overweight or obese, and
the rates were higher for men (425/2289, 18.57%) and those in
rural areas (536/3804, 14.09%) than for women (1061/9443,
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11.24%) and those in urban areas (950/7928, 11.98%),
respectively. In total, 10.51% (934/8887) of overweight or obese
respondents became underweight or normal weight; the rates
were higher for women (638/4442, 14.36%) and those in urban
areas (570/4673, 12.2%) than for men (296/4445, 6.65%) and
those in rural areas (364/4214, 8.64%), respectively.
Additionally, a statistically significantly higher proportion of

overweight or obese respondents aged 24-33 years (213/1334,
15.97%) became underweight or normal weight than the other
age groups. With an increase in education level, the proportion
who moved from overweight or obese to underweight or normal
weight increased. All of these differences were statistically
significant (Table 3).

Table 3. Proportion of participants who changed BMI from 2019 to 2022 (N=23,234).

P valueOverweight or obese to under-
weight or normal weight, n (%)

P valueUnderweight or normal weight
to overweight or obese, n (%)

Sociodemographic characteristics

<.001<.001Gender

296 (6.65)425 (18.57)Male

638 (14.36)1061 (11.24)Female

<.001.26Age (years)a

213 (15.97)520 (12.26)24-33

348 (11.22)523 (12.74)34-43

291 (8.22)383 (13.63)44-53

70 (8.94)51 (10.37)54-63

12 (9.52)9 (12.68)≥64

<.001.66Education level

7 (5.6)9 (10.47)Junior high school or less

218 (8.24)269 (14.76)Senior high school or secondary specialized school

677 (11.53)1154 (12.51)College or undergraduate degree

32 (13.17)54 (13.11)Master’s degree or higher

<.001<.001Working and living location

570 (12.2)950 (11.98)Urban

364 (8.64)536 (14.09)Rural

934 (10.51)1486 (12.67)Total sample

a35 missing responses.

Lifestyle Behavior and Psychoemotional Changes for
Chinese HCWs From 2019 to 2022
The proportions of respondents with a great increase or increase
in physical activity, vegetable and fruit consumption, breakfast
frequency, staying up late, and persistent stress or recurrent
anxiety or depressed mood were statistically significantly higher
than those of respondents with a reduction or great reduction
in these factors. Of the respondents, 51.29% (11,917/23,234)
reported a great increase or increase in persistent stress or
recurrent anxiety or depressed mood. The top 3 lifestyle
behaviors with a “great increase/increase” were staying up late

(10,311/23,234, 44.38%), physical activity (9729/23,234,
41.87%), and vegetable and fruit consumption (9268/23,234,
39.89%). The proportions of respondents with a great increase
or increase in their consumption of take-out food, fried food,
snacks or desserts, and sugar-sweetened beverages; cigarette
smoking; alcohol consumption; and sleep duration were
significantly lower than those with a reduction or great
reduction. The top 3 lifestyle behaviors that were reduced or
greatly reduced were sleep duration (10,648/23,234, 45.83%),
fried food consumption (8328/23,234, 35.84%), and
sugar-sweetened beverage consumption (7781/23,234, 33.49%).
All of these differences were statistically significant (Figure 1).
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Figure 1. Lifestyle and psychoemotional changes of respondents from 2019 to 2022.

Univariate Analyses of Lifestyle Behavior and
Psychoemotional Changes Associated With HCWs
Becoming Overweight or Obese From 2019 to 2022
Among the respondents, those who regularly exercised
(539/8656, 6.23%) and consumed vegetables and fruit
(546/8207, 6.65%) were less likely to have a change in BMI
from underweight or normal weight to overweight or obese.
Fewer respondents became overweight or obese from

underweight or normal weight in those with a reduction or great
reduction in their consumption of take-out food (369/3954,
9.33%), fried food (178/1623, 10.97%), snacks or desserts
(221/2081, 10.62%), and sugar-sweetened beverages (192/1866,
10.29%); appetite (428/3427, 12.49%); alcohol consumption
(84/882, 9.52%); persistent stress or recurrent anxiety or
depression (819/10,584, 7.74%); and staying up late (740/9115,
8.12%) than the opposite. All of these were statistically
significant (Table 4).
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Table 4. Univariate analyses of lifestyle behavior and psychoemotional changes associated with health care workers becoming overweight or obese
from 2019 to 2022.

P valueχ² (df)Great reduction/reduction, n (%)Great increase/increase, n (%)Lifestyle behavior

<.00133.367 (3)470 (8.67)539 (6.23)Physical activity

<.00128.326 (3)245 (5.77)740 (8.12)Staying up late

<.00145.434 (3)425 (7.59)369 (9.33)Take-out food consumption

.00214.875 (3)291 (8.51)546 (6.65)Vegetable and fruit consumption

.048.170 (3)263 (8.34)306 (7.25)Breakfast frequency

<.00142.139 (3)489 (6.67)178 (10.97)Fried food consumption

<.00148.245 (3)435 (6.36)221 (10.62)Snack or dessert consumption

<.00143.987 (3)406 (6.48)192 (10.29)Sugar-sweetened beverage consumption

.106.160 (3)86 (6.66)95 (9.24)Smoking

.048.208 (3)215 (6.9)84 (9.52)Alcohol consumption

.029.657 (3)138 (6.27)819 (7.74)Persistent stress or recurrent anxiety or depressed mood

.019.126 (3)721 (7.66)200 (7.79)Sleep duration

<.001173.898 (3)197 (5.42)428 (12.49)Appetite

Multinomial Binary Logistic Regression Analyses of
Factors Associated With HCWs Becoming Overweight
or Obese From 2019 to 2022
Logistic regression analyses showed that the following were
significant factors for BMI changes from underweight or normal

weight in 2019 to overweight or obese in 2022: being 34-43
years (OR 0.843, 95% CI 0.740-0.960), 44-53 years (OR 0.738,
95% CI 0.635-0.960), and 54-63 years (OR 0.503, 95% CI
0.368-0.685) old; reduced physical activity (OR 1.201, 95% CI
1.055-1.368); and increased appetite (OR 2.043, 95% CI
1.788-2.034; Table 5).
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Table 5. Multinomial binary logistic regression analyses of factors associated with health care workers becoming overweight or obese from 2019 to
2022.

P valueOR (95% CI)Variables

.171.095 (0.962-1.247)Gender (reference: male)

Age (years; reference: 24-33 years)

.010.843 (0.740-0.960)34-43

<.0010.738 (0.635-0.857)44-53

<.0010.503 (0.368-0.685)54-63

.150.599 (0.301-1.193)≥64

Education level (reference: junior high school or less)

.401.341 (0.677-2.658)High school or technical secondary education

.321.415 (0.717-2.794)College or undergraduate degree

.271.512 (0.724-3.159)Master’s degree or higher

Main working and living location (reference: urban)

.811.015 (0.900-1.145)Rural

Physical activity (reference: great increase/increase)

.0061.201 (1.055-1.368)Great reduction/reduction/no change/never or rarely

Staying up late (reference: great reduction/reduction/no change/never or rarely)

.791.017 (0.896-1.155)Great increase/increase

Take-out food consumption (reference: great reduction/reduction/no change/never or rarely)

.481.056 (0.909-1.227)Great increase/increase

Vegetable and fruit consumption (reference: great reduction/reduction/no change/never or rarely)

.640.968 (0.846-1.108)Great increase/increase

Breakfast frequency (reference: great reduction/reduction/no change/never or rarely)

.410.938 (0.805-1.093)Great increase/increase

Fried food consumption (reference: great reduction/reduction/no change/never or rarely)

.421.097 (0.875-1.375)Great increase/increase

Snack or dessert consumption (reference: great reduction/reduction/no change/never or rarely)

.201.152 (0.928-1.431)Great increase/increase

Sugar-sweetened beverage consumption (reference: great reduction/reduction/no change/never or rarely)

.460.918 (0.732-1.150)Great increase/increase

Smoking (reference: great reduction/reduction/no change/never or rarely)

.351.140 (0.867-1.498)Great increase/increase

Alcohol consumption (reference: great reduction/reduction/no change/never or rarely)

.990.999 (0.750-1.330)Great increase/increase

Persistent stress or recurrent anxiety or depressed mood (reference: great reduction/reduction/no change/never or rarely)

.470.956 (0.847-1.080)Great increase/increase

Appetite (reference: great reduction/reduction/no change)

<.0012.043 (1.788-2.334)Great increase/increase

Sleep duration (reference: great reduction/reduction/no change)

.650.961 (0.807-1.143)Great increase/increase
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Associations Between Persistent Stress or Recurrent
Anxiety or Depressed Mood and Physical Exercise and
Appetite

The results of the logistic regression analysis are shown in Table
6. Note that the sociodemographic characteristics were included
as independent variables.

Table 6. Associations between persistent stress and/or recurrent anxiety/depressed mood (reference: reduction/no change/never or rarely) and physical
activity and appetite.

P valueOdds ratio (95% CI)Variables

<.0010.421 (0.398-0.447)Increased physical activitya

<.0011.601 (1.483-1.728)Increased appetiteb

aPhysical activity was the dependent variable.
bAppetite was the dependent variable.

Discussion

This study investigated the self-rated health status, overweight
and obesity rates, and lifestyle behavior changes of HCWs from
2019 to 2022 across China and analyzed the factors associated
with weight changes from underweight or normal weight in
2019 to overweight or obese in 2022.

Principal Findings
This study found that more HCWs reported a deteriorated health
status than an improved status from 2019 to 2022. More than
one-fifth reported having chronic diseases, which is significantly
lower than that of a cross-China survey (34.29%) [55], and more
of the chronic diseases improved rather than worsened, which
is consistent with earlier findings in China [56].

The results demonstrated that, in 2019 and 2022, the overweight
and obesity rates of HCWs were 43.1% and 45.48%,
respectively, which is close to the survey in some Chinese cities
among HCWs (44.98%) [57] but lower than that of the general
population across China during the same period (49.6%) [58].
From 2019 to 2022, although the overweight and obesity rates
among HCWs only increased by 2.38%, with an average annual
growth rate that was slightly lower than that across China during
the same period [58], the proportion of those changing from
underweight or normal weight to overweight or obese was much
higher than that of those changing from overweight or obese to
underweight or normal weight.

This study showed that, from 2019 to 2022, the lifestyle
behaviors of Chinese HCWs generally improved, and more had
increased physical activity, vegetable and fruit consumption,
and breakfast frequency as well as reduced consumption of
take-out food, fried food, snacks or desserts, and sugary
beverages as well as cigarette smoking.

Wang et al [59] conducted a study among doctors and nurses
in north China in the same period and found that the top 5
predictors of a BMI change were an unbalanced diet, poor sleep
quality, work-family conflict, lack of exercise, and soft drink
consumption. This study’s univariate analyses revealed that
increased physical activity and vegetable and fruit consumption
could reduce the likelihood of going from underweight or normal
weight to overweight or obese, while increasing the frequency
of staying up late and consumption of take-out food, fried food,
snacks or desserts, sugary beverages, and alcohol as well as

appetite could increase the likelihood. These findings showed
that lifestyle behavior changes are closely related to weight
changes [60]. Multinomial binary logistic regression analyses
demonstrated that increased appetite and reduced physical
activity were significant risk factors for HCWs becoming
overweight or obese from underweight or normal weight,
suggesting that healthy dietary patterns and promotion of
physical activity should be highlighted for the prevention of
overweight or obesity among HCWs [61]. This study found that
younger HCWs (24-33 years old) were more likely to become
overweight or obese from underweight or normal weight than
other age groups, which might be related to their increased
involvement in frontline work in the pandemic [62].

An excessive workload can have a significant impact on lifestyle
behaviors, resulting in becoming overweight or obese [63].
Studies have shown that the level of physical activity by HCWs
was greatly reduced due to participating in pandemic prevention
and control [64]. Liu et al [65] found that the risk of shift
workers being overweight or obese increased by 25% and 17%,
respectively. A study in China found that 48.5% of nurses
developed sleep disorders during the COVID-19 pandemic due
to overwork [66]. Mu et al [67] found that, during the pandemic,
doctors slept significantly less. This survey found that, since
the outbreak of COVID-19 in 2019, nearly 44.38% of HCWs
stayed up late more or much more often and nearly 45.83% had
a reduction or great reduction in sleep duration. Additionally,
the relationship between sleep disorders and being overweight
or obese has been confirmed by a substantial body of studies
[68]. In this study, although univariate analysis found that an
increased frequency of staying up late was statistically
significantly associated with becoming overweight or obese,
the increase was not a significant predictor in the logistic
regression analysis. This discrepancy may stem from the fact
that we only collected and analyzed changes in sleep duration
(great increase/increase) without investigating and analyzing
the actual sleep duration.

Increased stress and fear due to intensive work and a high risk
of infection can have significant psychological and emotional
effects [69-71]. A recent retrospective study revealed that, due
to the impact of the COVID-19 pandemic, 40% of medical staff
suffered from anxiety disorders and 37% suffered from
depression disorders [72]. This survey discovered that persistent
stress or recurrent anxiety or depressed mood among Chinese
HCWs increased significantly, higher than the Chinese national
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average [73]. Psychological problems such as anxiety,
depression, and stress can affect physical activity [74] and
diet-related behaviors [75-77] and thus affect weight gain.
Depression and obesity are reciprocal risk factors [78], and
stress can lead to sleep disturbances [79], resulting in reduced
physical activity and metabolic disorders [80]. This study
demonstrated that increased persistent stress or recurrent anxiety
or depressed mood were significantly associated with reduced
physical activity and increased appetite. Therefore, providing
psychological support for HCWs during the pandemic could
not only benefit their mental health but could also reduce the
possibility of becoming overweight or obese.

As far as the results of this study are concerned, an integrated
approach is needed to address the problem of becoming
overweight or obese and lifestyle changes among HCWs. At
the national level, the right to rest and physical and mental health
promotion should be ensured under a legal framework [81,82],
especially in the event of a pandemic. At the institutional level,
a system of rotational rest for HCWs should be established while
ensuring institutional continuity. Second, regular psychological
counselling and support services should be provided to ensure
that stress and emotions are addressed in a timely manner
[83,84]. Third, routine healthy lifestyle guidance (eg, by health
coaches) and the modification of unhealthy dietary patterns and
physical inactivity should be provided systematically and
specifically [85]. Fourth, for those who are overweight or obese,
lifestyle medicine intervention services should be given based
on the principle of informed voluntary participation [86].

Notably, the impact of the COVID-19 epidemic on HCWs’
weight and lifestyle behaviors might be temporary. For instance,
Oliver et al [11] found that, compared with before March 2020
(before the COVID-19 outbreak), in January 2021, nearly 70%
of American HCWs experienced an increase in snacking, 60%
consumed more fast food or take-out food, and 50% consumed
more alcohol; however, by January 2022, the dietary habits of
American HCWs returned to prepandemic patterns. More
research is needed on the persistence of the impact of the
pandemic on overweight and obesity rates and lifestyle
behaviors of HCWs.

Comparison With Prior Work
This study used a retrospective methodology to explore the
weight gain status of Chinese HCWs during the pandemic period
from December 2019 to August 2022, along with their
psychoemotional and lifestyle exposures. To our knowledge,
this is the first nationwide, large-scale study in China focusing
on weight gain and influencing factors of HCWs during the
pandemic. Compared with previous studies, its advantages are
mainly manifested in 4 ways. First, this study adopted a 3-year
retrospective cohort study design, making the conclusion on
the correlation between the influencing factors and weight
changes more reliable than previous studies using cross-sectional
methods [13,32-34,66]. Second, although previous studies only
analyzed the association between lifestyle behaviors and weight
gain for HCWs during the pandemic [6,11], this study took

lifestyle behaviors as both the independent variables of weight
gain and the dependent variables of persistent stress or recurrent
anxiety or depressed mood to conduct a correlational study,
uncovering the significant effects of psychoemotional changes
on lifestyle behaviors. Third, this study highlights the
fundamental contributions of persistent stress or recurrent
anxiety or depressed mood caused by high-risk and
high-intensity work to weight gain rather than lifestyle behaviors
[6,11,13], which were the mediating factors. Fourth, this study
suggests that intervention and policy should focus on effectively
alleviating intensive work-related stress to reduce the risk of
weight gain for HCWs instead of only on lifestyle behavior
interventions [6,13] during the pandemic.

Limitations
This study had the following limitations. First, the data in this
study were collected through online self-reporting; their
accuracy largely depended on the respondents’ ability to
understand and willingness to answer questions. They may have
underestimated or exaggerated the truth. However, because the
respondents are medical and health personnel with professional
backgrounds, the information collected is accurate to a certain
extent. Second, this study did not divide the respondents into
frontline personnel and nonfrontline personnel for a comparative
analysis; hence, the conclusions should be cautiously accepted.
Third, recall bias might not be excluded due to the retrospective
nature of the study. However, the sample size of this study is
large enough to compensate for these limitations to a certain
extent, and the conclusions of this study still have validity.

Future Directions
This study provides a new perspective for understanding the
impact of psychological stress on HCW weight gain during the
pandemic period. Further research might be needed to
distinguish the pattern of the effect of psychological stress on
lifestyle behaviors and weight gain among the different nature
of pandemic-related work (ie, frontline and nonfrontline) and
occupational categories (such as doctors, nurses, and disease
prevention and control personnel). Additionally, a nested case
control study [87] design can be adopted to more effectively
distinguish the intensity of the impact of psychological stress
on different lifestyle behaviors and weight gain. Finally, it could
be of great significance to conduct research on the effectiveness
of different psychological support strategies for improving the
lifestyles of HCWs during an epidemic.

Conclusions
In summary, the pandemic had an impact on Chinese HCWs
becoming overweight or obese due to lifestyle behavior changes,
especially reduced physical activity and increased appetite
related to increased persistent stress or recurrent anxiety or
depressed mood caused by an excessive workload. An integrated
approach is needed to address overweight and obesity rates and
lifestyle changes among HCWs, by releasing negative
psychoemotional states through workload reduction in future
stressful life events.

Interact J Med Res 2024 | vol. 13 | e50754 | p. 12https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors would like to thank all survey participants.

The conception and writing of the manuscript were not performed using ChatGPT or other AI software.

Data Availability
The data sets used or analyzed in this study are available from the corresponding author on reasonable request.

Authors' Contributions
XT (healthtian@163.com) and SG (1963149992@qq.com) have contributed equally to this work and should be considered
co-corresponding authors.
XF, XT, XG, SG, YC, and XH designed the research. XF, XT, XG, SG, YC, XH, TS, JW, ZW, JH, XZ, and SW collected the
data. XG, XT, SG, YC, and XH analyzed the data. XG wrote the original draft. XT, XF, SG, XH, and ZC revised the manuscript.
All authors read and agreed to the published version of the manuscript.

Conflicts of Interest
None declared.

References

1. Nguyen L, Drew D, Graham M, Joshi AD, Guo C-G, Ma W, et al. COronavirus Pandemic Epidemiology Consortium. Risk
of COVID-19 among front-line health-care workers and the general community: a prospective cohort study. Lancet Public
Health. Sep 2020;5(9):e475-e483. [FREE Full text] [doi: 10.1016/S2468-2667(20)30164-X] [Medline: 32745512]

2. Alanazi TNM, McKenna L, Buck M, Alharbi RJ. Reported effects of the COVID-19 pandemic on the psychological status
of emergency healthcare workers: A scoping review. Australas Emerg Care. Sep 2022;25(3):197-212. [FREE Full text]
[doi: 10.1016/j.auec.2021.10.002] [Medline: 34802977]

3. Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and sleep quality during COVID-19 outbreak in
China: a web-based cross-sectional survey. Psychiatry Res. Jun 2020;288:112954. [FREE Full text] [doi:
10.1016/j.psychres.2020.112954] [Medline: 32325383]

4. Zhang W, Wang K, Yin L, Zhao W, Xue Q, Peng M, et al. Mental health and psychosocial problems of medical health
workers during the COVID-19 epidemic in China. Psychother Psychosom. Apr 9, 2020;89(4):242-250. [FREE Full text]
[doi: 10.1159/000507639] [Medline: 32272480]

5. Mojtahedzadeh N, Neumann FA, Rohwer E, Nienhaus A, Augustin M, Harth V, et al. The health behaviour of German
outpatient caregivers in relation to the COVID-19 pandemic: a mixed-methods study. Int J Environ Res Public Health. Aug
03, 2021;18(15):8213. [FREE Full text] [doi: 10.3390/ijerph18158213] [Medline: 34360505]

6. Gomes CM, Favorito LA, Henriques JVT, Canalini AF, Anzolch KMJ, Fernandes RDC, et al. Impact of COVID-19 on
clinical practice, income, health and lifestyle behavior of Brazilian urologists. Int. braz j urol. Dec 2020;46(6):1042-1071.
[doi: 10.1590/s1677-5538.ibju.2020.99.15]

7. de Lira CRN, Akutsu RDCCDA, Coelho LG, Zandonadi RP, Costa PRDF. Dietary patterns, occupational stressors and
body composition of hospital workers: a longitudinal study comparing before and during the COVID-19 pandemic. Int J
Environ Res Public Health. Jan 25, 2023;20(3):2166. [FREE Full text] [doi: 10.3390/ijerph20032166] [Medline: 36767533]

8. Chou C, Johnson PJ. Health disparities among America's health care providers: evidence from the Integrated Health Interview
Series, 1982 to 2004. J Occup Environ Med. Jun 2008;50(6):696-704. [FREE Full text] [doi:
10.1097/JOM.0b013e31816515b5] [Medline: 18545097]

9. Skaal L, Pengpid S. Obesity and health problems among South African healthcare workers: do healthcare workers take
care of themselves? South African Family Practice. Aug 15, 2014;53(6):563-567. [doi: 10.1080/20786204.2011.10874153]

10. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological impact of quarantine
and how to reduce it: rapid review of the evidence. The Lancet. Mar 2020;395(10227):912-920. [doi:
10.1016/s0140-6736(20)30460-8]

11. Oliver TL, Shenkman R, Diewald LK, Bernhardt PW, Chen M, Moore CH, et al. A year in the life of U.S. frontline health
care workers: impact of COVID-19 on weight change, physical activity, lifestyle habits, and psychological factors. Nutrients.
Nov 17, 2022;14(22):4865. [FREE Full text] [doi: 10.3390/nu14224865] [Medline: 36432550]

12. Jin L, Zhang N, Zhu J. Healthy lifestyle changes and mental health of healthcare workers during the COVID-19 pandemic
in China. Curr Psychol. Aug 13, 2022;43(15):1-10. [FREE Full text] [doi: 10.1007/s12144-022-03562-5] [Medline:
35990210]

13. Zhang J, Lai S, Lyu Q, Zhang P, Yang D, Kong J, et al. Diet and nutrition of healthcare workers in COVID-19
epidemic-Hubei, China, 2019. China CDC Wkly. Jul 03, 2020;2(27):505-506. [FREE Full text] [doi:
10.46234/ccdcw2020.121] [Medline: 34594689]

Interact J Med Res 2024 | vol. 13 | e50754 | p. 13https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(20)30164-X
http://dx.doi.org/10.1016/S2468-2667(20)30164-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32745512&dopt=Abstract
https://europepmc.org/abstract/MED/34802977
http://dx.doi.org/10.1016/j.auec.2021.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34802977&dopt=Abstract
https://europepmc.org/abstract/MED/32325383
http://dx.doi.org/10.1016/j.psychres.2020.112954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32325383&dopt=Abstract
https://doi.org/10.1159/000507639
http://dx.doi.org/10.1159/000507639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32272480&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18158213
http://dx.doi.org/10.3390/ijerph18158213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34360505&dopt=Abstract
http://dx.doi.org/10.1590/s1677-5538.ibju.2020.99.15
https://www.mdpi.com/resolver?pii=ijerph20032166
http://dx.doi.org/10.3390/ijerph20032166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36767533&dopt=Abstract
https://europepmc.org/abstract/MED/18545097
http://dx.doi.org/10.1097/JOM.0b013e31816515b5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18545097&dopt=Abstract
http://dx.doi.org/10.1080/20786204.2011.10874153
http://dx.doi.org/10.1016/s0140-6736(20)30460-8
https://www.mdpi.com/resolver?pii=nu14224865
http://dx.doi.org/10.3390/nu14224865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36432550&dopt=Abstract
https://europepmc.org/abstract/MED/35990210
http://dx.doi.org/10.1007/s12144-022-03562-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35990210&dopt=Abstract
https://europepmc.org/abstract/MED/34594689
http://dx.doi.org/10.46234/ccdcw2020.121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34594689&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Poloz Y, Stambolic V. Obesity and cancer, a case for insulin signaling. Cell Death Dis. Dec 31, 2015;6(12):e2037-e2037.
[FREE Full text] [doi: 10.1038/cddis.2015.381] [Medline: 26720346]

15. Chakraborti CK. Role of adiponectin and some other factors linking type 2 diabetes mellitus and obesity. World J Diabetes.
Nov 10, 2015;6(15):1296-1308. [FREE Full text] [doi: 10.4239/wjd.v6.i15.1296] [Medline: 26557957]

16. Parikesit D, Mochtar CA, Umbas R, Hamid AR. WITHDRAWN: The impact of obesity towards prostate diseases. Prostate
International. Oct 2015:1. [doi: 10.1016/j.prnil.2015.09.004]

17. Roever L, Resende E, Diniz A, Penha-Silva N, Veloso FC, Casella-Filho A, et al. Abdominal obesity and association with
atherosclerosis risk factors: the Uberlândia Heart Study. Medicine (Baltimore). Mar 2016;95(11):e1357. [FREE Full text]
[doi: 10.1097/MD.0000000000001357] [Medline: 26986094]

18. Han TS, Lean ME. A clinical perspective of obesity, metabolic syndrome and cardiovascular disease. JRSM Cardiovasc
Dis. Mar 03, 2016;5:2048004016633371. [FREE Full text] [doi: 10.1177/2048004016633371] [Medline: 26998259]

19. Fellinger P, Fuchs D, Wolf P, Heinze G, Luger A, Krebs M, et al. Overweight and obesity in type 1 diabetes equal those
of the general population. Wien Klin Wochenschr. Feb 7, 2019;131(3-4):55-60. [FREE Full text] [doi:
10.1007/s00508-018-1434-9] [Medline: 30617710]

20. Chen Z, Iona A, Parish S, Chen Y, Guo Y, Bragg F, et al. China Kadoorie Biobank collaborative group. Adiposity and risk
of ischaemic and haemorrhagic stroke in 0.5 million Chinese men and women: a prospective cohort study. Lancet Glob
Health. Jun 2018;6(6):e630-e640. [FREE Full text] [doi: 10.1016/S2214-109X(18)30216-X] [Medline: 29773119]

21. Vallis M. Quality of life and psychological well-being in obesity management: improving the odds of success by managing
distress. Int J Clin Pract. Mar 04, 2016;70(3):196-205. [FREE Full text] [doi: 10.1111/ijcp.12765] [Medline: 26842304]

22. Tonnon SC, Robroek SRJ, van der Beek AJ, Burdorf A, van der Ploeg HP, Caspers M, et al. Physical workload and obesity
have a synergistic effect on work ability among construction workers. Int Arch Occup Environ Health. Aug 2,
2019;92(6):855-864. [doi: 10.1007/s00420-019-01422-7] [Medline: 30941545]

23. Reber KC, König H-H, Hajek A. Obesity and sickness absence: results from a longitudinal nationally representative sample
from Germany. BMJ Open. Jun 06, 2018;8(6):e019839. [FREE Full text] [doi: 10.1136/bmjopen-2017-019839] [Medline:
29880564]

24. Pihlajamäki M, Uitti J, Arola H, Ollikainen J, Korhonen M, Nummi T, et al. Self-reported health problems and obesity
predict sickness absence during a 12-month follow-up: a prospective cohort study in 21 608 employees from different
industries. BMJ Open. Oct 31, 2019;9(10):e025967. [FREE Full text] [doi: 10.1136/bmjopen-2018-025967] [Medline:
31676640]

25. Kudel I, Huang J, Ganguly R. Impact of obesity on work productivity in different US occupations: analysis of the National
Health and Wellness Survey 2014 to 2015. J Occup Environ Med. Jan 2018;60(1):6-11. [FREE Full text] [doi:
10.1097/JOM.0000000000001144] [Medline: 29065062]

26. Fitzgerald S, Kirby A, Murphy A, Geaney F. Obesity, diet quality and absenteeism in a working population. Public Health
Nutr. May 27, 2016;19(18):3287-3295. [doi: 10.1017/s1368980016001269]

27. Camacho S, Ruppel A. Is the calorie concept a real solution to the obesity epidemic? Glob Health Action. May 09,
2017;10(1):1289650. [FREE Full text] [doi: 10.1080/16549716.2017.1289650] [Medline: 28485680]

28. Brown WJ, Miller YD, Miller R. Sitting time and work patterns as indicators of overweight and obesity in Australian adults.
Int J Obes Relat Metab Disord. Nov 23, 2003;27(11):1340-1346. [doi: 10.1038/sj.ijo.0802426] [Medline: 14574344]

29. Nigatu YT, van de Ven HA, van der Klink JJ, Brouwer S, Reijneveld SA, Bültmann U. Overweight, obesity and work
functioning: the role of working-time arrangements. Appl Ergon. Jan 2016;52:128-134. [doi: 10.1016/j.apergo.2015.07.016]
[Medline: 26360203]

30. Sun M, Feng W, Wang F, Li P, Li Z, Li M, et al. Meta-analysis on shift work and risks of specific obesity types. Obes Rev.
Jan 04, 2018;19(1):28-40. [doi: 10.1111/obr.12621] [Medline: 28975706]

31. Xu C, Zhu H, Fang L, Hu R, Wang H, Liang M, et al. Gender disparity in the associations of overweight/obesity with
occupational activity, transport to/from work, leisure-time physical activity, and leisure-time spent sitting in working adults:
A cross-sectional study. J Epidemiol. Sep 2017;27(9):401-407. [FREE Full text] [doi: 10.1016/j.je.2016.08.019] [Medline:
28778528]

32. Heath G, Dorrian J, Coates A. Associations between shift type, sleep, mood, and diet in a group of shift working nurses.
Scand J Work Environ Health. Jul 01, 2019;45(4):402-412. [FREE Full text] [doi: 10.5271/sjweh.3803] [Medline: 30806474]

33. Gifkins J, Johnston A, Loudoun R. The impact of shift work on eating patterns and self-care strategies utilised by experienced
and inexperienced nurses. Chronobiology International. May 08, 2018;35(6):811-820. [doi: 10.1080/07420528.2018.1466790]
[Medline: 29737884]

34. Fernandes JDC, Portela LF, Rotenberg L, Griep RH. Working hours and health behaviour among nurses at public hospitals.
Rev. Latino-Am. Enfermagem. Sep 2013;21(5):1104-1111. [doi: 10.1590/s0104-11692013000500013]

35. Stress in America. American Psychological Association. Oct 2024. URL: https://www.apa.org/news/press/releases/stress/
[accessed 2022-11-10]

36. Mouchacca J, Abbott GR, Ball K. Associations between psychological stress, eating, physical activity, sedentary behaviours
and body weight among women: a longitudinal study. BMC Public Health. Sep 11, 2013;13(1):828. [FREE Full text] [doi:
10.1186/1471-2458-13-828] [Medline: 24020677]

Interact J Med Res 2024 | vol. 13 | e50754 | p. 14https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://doi.org/10.1038/cddis.2015.381
http://dx.doi.org/10.1038/cddis.2015.381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26720346&dopt=Abstract
https://www.wjgnet.com/1948-9358/full/v6/i15/1296.htm
http://dx.doi.org/10.4239/wjd.v6.i15.1296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26557957&dopt=Abstract
http://dx.doi.org/10.1016/j.prnil.2015.09.004
https://europepmc.org/abstract/MED/26986094
http://dx.doi.org/10.1097/MD.0000000000001357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26986094&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2048004016633371?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2048004016633371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26998259&dopt=Abstract
https://europepmc.org/abstract/MED/30617710
http://dx.doi.org/10.1007/s00508-018-1434-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30617710&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(18)30216-X
http://dx.doi.org/10.1016/S2214-109X(18)30216-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29773119&dopt=Abstract
https://europepmc.org/abstract/MED/26842304
http://dx.doi.org/10.1111/ijcp.12765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26842304&dopt=Abstract
http://dx.doi.org/10.1007/s00420-019-01422-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30941545&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=29880564
http://dx.doi.org/10.1136/bmjopen-2017-019839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29880564&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31676640
http://dx.doi.org/10.1136/bmjopen-2018-025967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31676640&dopt=Abstract
https://europepmc.org/abstract/MED/29065062
http://dx.doi.org/10.1097/JOM.0000000000001144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29065062&dopt=Abstract
http://dx.doi.org/10.1017/s1368980016001269
https://www.tandfonline.com/doi/10.1080/16549716.2017.1289650?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/16549716.2017.1289650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28485680&dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0802426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14574344&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2015.07.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26360203&dopt=Abstract
http://dx.doi.org/10.1111/obr.12621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28975706&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0917-5040(17)30109-0
http://dx.doi.org/10.1016/j.je.2016.08.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28778528&dopt=Abstract
https://www.sjweh.fi/article/3803
http://dx.doi.org/10.5271/sjweh.3803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30806474&dopt=Abstract
http://dx.doi.org/10.1080/07420528.2018.1466790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29737884&dopt=Abstract
http://dx.doi.org/10.1590/s0104-11692013000500013
https://www.apa.org/news/press/releases/stress/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-828
http://dx.doi.org/10.1186/1471-2458-13-828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24020677&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Kumar R, Rizvi M, Saraswat S. Obesity and stress: a contingent paralysis. Int J Prev Med. 2022;13:95. [FREE Full text]
[doi: 10.4103/ijpvm.IJPVM_427_20] [Medline: 35958362]

38. Dyrbye LN, Burke SE, Hardeman RR, Herrin J, Wittlin NM, Yeazel M, et al. Association of clinical specialty with symptoms
of vurnout and career choice regret among US resident physicians. JAMA. Sep 18, 2018;320(11):1114-1130. [FREE Full
text] [doi: 10.1001/jama.2018.12615] [Medline: 30422299]

39. Aymerich C, Pedruzo B, Pérez JL, Laborda M, Herrero J, Blanco J, et al. COVID-19 pandemic effects on health worker's
mental health: Systematic review and meta-analysis. Eur Psychiatry. Jan 21, 2022;65(1):e10. [FREE Full text] [doi:
10.1192/j.eurpsy.2022.1] [Medline: 35060458]

40. Chew HSJ, Lopez V. Global impact of COVID-19 on weight and weight-related vehaviors in the adult population: a scoping
review. Int J Environ Res Public Health. Feb 15, 2021;18(4):1876. [FREE Full text] [doi: 10.3390/ijerph18041876] [Medline:
33671943]

41. González-Monroy C, Gómez-Gómez I, Olarte-Sánchez CM, Motrico E. Eating behaviour changes during the COVID-19
pandemic: a systematic review of longitudinal studies. Int J Environ Res Public Health. Oct 22, 2021;18(21):11130. [FREE
Full text] [doi: 10.3390/ijerph182111130] [Medline: 34769648]

42. Griffin T, Grey E, Lambert J, Gillison F, Townsend N, Solomon-Moore E. Life in lockdown: a qualitative study exploring
the experience of living through the initial COVID-19 lockdown in the UK and its impact on diet, physical activity and
mental health. BMC Public Health. Mar 29, 2023;23(1):588. [FREE Full text] [doi: 10.1186/s12889-023-15441-0] [Medline:
36991457]

43. van Gelder MMHJ, Bretveld RW, Roeleveld N. Web-based questionnaires: the future in epidemiology? Am J Epidemiol.
Dec 01, 2010;172(11):1292-1298. [doi: 10.1093/aje/kwq291] [Medline: 20880962]

44. Eysenbach G. Improving the quality of web surveys: the Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
J Med Internet Res. Sep 29, 2004;6(3):e34. [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

45. Zang D. Analysis of changes and influencing factors of overweight and obesity of medical staff in a tertiary hospital in
Changsha City. China National Knowledge Infrastructure. 2022. URL: https://tinyurl.com/32cf93mj [accessed 2022-11-10]

46. McMillan SS, King M, Tully MP. How to use the nominal group and Delphi techniques. Int J Clin Pharm. Jun 5,
2016;38(3):655-662. [FREE Full text] [doi: 10.1007/s11096-016-0257-x] [Medline: 26846316]

47. Trakman GL, Forsyth A, Hoye R, Belski R. Developing and validating a nutrition knowledge questionnaire: key methods
and considerations. Public Health Nutr. Jul 24, 2017;20(15):2670-2679. [doi: 10.1017/s1368980017001471]

48. Kim HC, Oh SM. Noncommunicable diseases: current status of major modifiable risk factors in Korea. J Prev Med Public
Health. Jul 31, 2013;46(4):165-172. [FREE Full text] [doi: 10.3961/jpmph.2013.46.4.165] [Medline: 23946874]

49. Noncommunicable diseases. World Health Organization. URL: https://www.who.int/news-room/fact-sheets/detail/
noncommunicable-diseases [accessed 2022-11-10]

50. Wu M, Shen X, Yang J. Analysis on the status and influence factors of habitual late night addiction of medical college
students. Chinese Journal of Health Education. 2022;2:38. [doi: 10.16168/j.cnki.issn.1002-9982.2022.02.014]

51. Wang Y, Zhao L, Gao L, Pan A, Xue H. Health policy and public health implications of obesity in China. The Lancet
Diabetes & Endocrinology. Jul 2021;9(7):446-461. [doi: 10.1016/s2213-8587(21)00118-2]

52. Sullivan G, Artino AR. Analyzing and interpreting data from likert-type scales. J Grad Med Educ. Dec 2013;5(4):541-542.
[FREE Full text] [doi: 10.4300/JGME-5-4-18] [Medline: 24454995]

53. Guo X, Gong S, Chen Y, Hou X, Sun T, Wen J, et al. Lifestyle behaviors and stress are risk factors for overweight and
obesity in healthcare workers: a cross-sectional survey. BMC Public Health. Sep 14, 2023;23(1):1791. [FREE Full text]
[doi: 10.1186/s12889-023-16673-w] [Medline: 37710220]

54. Wenjuanxing. URL: https://tinyurl.com/3zbd46tv [accessed 2022-11-10]
55. 2020 China Health Statistics Yearbook. Statistical Information Center. URL: http://www.nhc.gov.cn/mohwsbwstjxxzx/

tjtjnj/202112/dcd39654d66c4e6abf4d7b1389becd01.shtml [accessed 2022-11-10]
56. Peng S, Zhou B. Current situation of chronic non-infectious disease (CNID) among the active duty medical personnel in

Shijingshan District, Beijing. Chronic Pathematology Journal. 2015;16:641. [doi: 10.16440/j.cnki.1674-8166.2015.06.016]
57. Zhong Y, Chen C, Zhao X. Analysis of the current status and influencing factors of overweight and obesity of medical staff

in grass-roots medical and health institutions in Tianjin. China National Knowledge Infrastructure. 2021. URL: https:/
/tinyurl.com/4f3rr4np [accessed 2022-11-10]

58. The National Center for National Physical Fitness Monitoring issued the Fifth Communique on National Physical Fitness
Monitoring. General Administration of Sport of China. URL: https://www.sport.gov.cn/n315/n329/c24335066/content.html
[accessed 2022-11-10]

59. Wang Q, Chu H, Qu P, Fang H, Liang D, Liu S, et al. Machine-learning prediction of BMI change among doctors and
nurses in North China during the COVID-19 pandemic. Front Nutr. Jan 26, 2023;10:1019827. [FREE Full text] [doi:
10.3389/fnut.2023.1019827] [Medline: 36776607]

60. Safaei M, Sundararajan EA, Driss M, Boulila W, Shapi'i A. A systematic literature review on obesity: Understanding the
causes and consequences of obesity and reviewing various machine learning approaches used to predict obesity. Comput
Biol Med. Sep 2021;136:104754. [FREE Full text] [doi: 10.1016/j.compbiomed.2021.104754] [Medline: 34426171]

Interact J Med Res 2024 | vol. 13 | e50754 | p. 15https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35958362
http://dx.doi.org/10.4103/ijpvm.IJPVM_427_20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35958362&dopt=Abstract
https://europepmc.org/abstract/MED/30422299
https://europepmc.org/abstract/MED/30422299
http://dx.doi.org/10.1001/jama.2018.12615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30422299&dopt=Abstract
https://europepmc.org/abstract/MED/35060458
http://dx.doi.org/10.1192/j.eurpsy.2022.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35060458&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18041876
http://dx.doi.org/10.3390/ijerph18041876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33671943&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph182111130
https://www.mdpi.com/resolver?pii=ijerph182111130
http://dx.doi.org/10.3390/ijerph182111130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34769648&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-15441-0
http://dx.doi.org/10.1186/s12889-023-15441-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36991457&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwq291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20880962&dopt=Abstract
https://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
https://kns.cnki.net/kcms2/article/abstract?v=YoFA4grnCX4KYXDvo_qgVVZsxRC9sATYz2W8_oQ9zz5nXJwAi2rfYmwK1CZyRmCI88WyFVafdYryk0E8eZnPQipu0bD-Haz4zlFHOReNl0EPZpWK1jvhY-1ha0hJN4H02257l1Bq8ND7DobG6oCMXA==&uniplatform=NZKPT&language=CHS
https://europepmc.org/abstract/MED/26846316
http://dx.doi.org/10.1007/s11096-016-0257-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26846316&dopt=Abstract
http://dx.doi.org/10.1017/s1368980017001471
https://europepmc.org/abstract/MED/23946874
http://dx.doi.org/10.3961/jpmph.2013.46.4.165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23946874&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://dx.doi.org/10.16168/j.cnki.issn.1002-9982.2022.02.014
http://dx.doi.org/10.1016/s2213-8587(21)00118-2
https://europepmc.org/abstract/MED/24454995
http://dx.doi.org/10.4300/JGME-5-4-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24454995&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-16673-w
http://dx.doi.org/10.1186/s12889-023-16673-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37710220&dopt=Abstract
https://www.wjx.cn/?source=baidu&plan=%E9%97%AE%E5%8D%B7%E6%98%9F%EF%BC%88%E6%AD%A3%E5%B8%B8%EF%BC%89PC&keyword2=%E9%97%AE%E5%8D%B7%E6%98%9F%E5%93%81%E4%B8%93%E6%A0%87%E9%A2%98
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202112/dcd39654d66c4e6abf4d7b1389becd01.shtml
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202112/dcd39654d66c4e6abf4d7b1389becd01.shtml
http://dx.doi.org/10.16440/j.cnki.1674-8166.2015.06.016
https://kns.cnki.net/kcms2/article/abstract?v=YoFA4grnCX5AyXNBdD98H2kpNfVXyuMfRUysEYueoX2ZBCjRFdbyRU-mQzEbW7rz23kmzVbd9ARM0DD3oc0sCy7Yi8tt0_tDKoqR8LAWdlHJ5Dek_S3tBbiQy7yhpFCghR1BjqHmeQO665FpUH0xIg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=YoFA4grnCX5AyXNBdD98H2kpNfVXyuMfRUysEYueoX2ZBCjRFdbyRU-mQzEbW7rz23kmzVbd9ARM0DD3oc0sCy7Yi8tt0_tDKoqR8LAWdlHJ5Dek_S3tBbiQy7yhpFCghR1BjqHmeQO665FpUH0xIg==&uniplatform=NZKPT&language=CHS
https://www.sport.gov.cn/n315/n329/c24335066/content.html
https://europepmc.org/abstract/MED/36776607
http://dx.doi.org/10.3389/fnut.2023.1019827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36776607&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0010-4825(21)00548-5
http://dx.doi.org/10.1016/j.compbiomed.2021.104754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34426171&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


61. Dubnov-Raz G, Berry EM. Dietary approaches to obesity. Mt Sinai J Med. Oct 14, 2010;77(5):488-498. [doi:
10.1002/msj.20210] [Medline: 20960551]

62. Transcript of the regular press conference of the National Health Commission on October 16, 2020. Department of Publicity,
National Health Commission. Oct 16, 2020. URL: http://www.nhc.gov.cn/xcs/s3574/202010/
e9b313092c724ed3a6e5d0ccea510d5b.shtml [accessed 2022-11-10]

63. Solovieva S, Lallukka T, Virtanen M, Viikari-Juntura E. Psychosocial factors at work, long work hours, and obesity: a
systematic review. Scand J Work Environ Health. May 01, 2013;39(3):241-258. [FREE Full text] [doi: 10.5271/sjweh.3364]
[Medline: 23592217]

64. Plaza-Ccuno JNR, Vasquez Puri C, Calizaya-Milla YE, Morales-García WC, Huancahuire-Vega S, Soriano-Moreno AN,
et al. Physical inactivity is associated with job burnout in health professionals during the COVID-19 pandemic. RMHP.
Apr 2023;16:725-733. [doi: 10.2147/rmhp.s393311]

65. Liu Q, Shi J, Duan P, Liu B, Li T, Wang C, et al. Is shift work associated with a higher risk of overweight or obesity? A
systematic review of observational studies with meta-analysis. Int J Epidemiol. Dec 01, 2018;47(6):1956-1971. [doi:
10.1093/ije/dyy079] [Medline: 29850840]

66. Li Y, Lv X, Li R, Wang Y, Guan X, Li L, et al. Predictors of shift work sleep disorder among nurses during the COVID-19
pandemic: a multicenter cross-sectional study. Front Public Health. Dec 2, 2021;9:785518. [FREE Full text] [doi:
10.3389/fpubh.2021.785518] [Medline: 34926396]

67. Mu S, O'Driscoll DM, Ogeil RP, Young AC. Effect of shift work on frontline doctors' mood and sleep during the COVID-19
pandemic. Sleep Biol Rhythms. Jul 27, 2022;20(4):601-604. [FREE Full text] [doi: 10.1007/s41105-022-00407-3] [Medline:
35915639]

68. Antza C, Kostopoulos G, Mostafa S, Nirantharakumar K, Tahrani A. The links between sleep duration, obesity and type 2
diabetes mellitus. J Endocrinol. Dec 13, 2021;252(2):125-141. [FREE Full text] [doi: 10.1530/JOE-21-0155] [Medline:
34779405]

69. Giorgi G, Lecca LI, Alessio F, Finstad GL, Bondanini G, Lulli LG, et al. COVID-19-related mental health effects in the
workplace: a narrative review. Int J Environ Res Public Health. Oct 27, 2020;17(21):7857. [FREE Full text] [doi:
10.3390/ijerph17217857] [Medline: 33120930]

70. Greenberg N, Docherty M, Gnanapragasam S, Wessely S. Managing mental health challenges faced by healthcare workers
during covid-19 pandemic. BMJ. Mar 26, 2020;368:m1211. [doi: 10.1136/bmj.m1211] [Medline: 32217624]

71. Costa A, Caldas de Almeida T, Fialho M, Rasga C, Martiniano H, Santos O, et al. Mental health of healthcare professionals:
two years of the COVID-19 pandemic in Portugal. Int J Environ Res Public Health. Feb 10, 2023;20(4):3131. [FREE Full
text] [doi: 10.3390/ijerph20043131] [Medline: 36833822]

72. Saragih ID, Tonapa SI, Saragih IS, Advani S, Batubara SO, Suarilah I, et al. Global prevalence of mental health problems
among healthcare workers during the Covid-19 pandemic: A systematic review and meta-analysis. Int J Nurs Stud. Sep
2021;121:104002. [FREE Full text] [doi: 10.1016/j.ijnurstu.2021.104002] [Medline: 34271460]

73. Hu N, Deng H, Yang H, Wang C, Cui Y, Chen J, et al. The pooled prevalence of the mental problems of Chinese medical
staff during the COVID-19 outbreak: A meta-analysis. J Affect Disord. Apr 15, 2022;303:323-330. [FREE Full text] [doi:
10.1016/j.jad.2022.02.045] [Medline: 35183620]

74. Stults-Kolehmainen MA, Sinha R. The effects of stress on physical activity and exercise. Sports Med. Jan 13,
2014;44(1):81-121. [FREE Full text] [doi: 10.1007/s40279-013-0090-5] [Medline: 24030837]

75. Chwastiak LA, Rosenheck RA, Kazis LE. Association of psychiatric illness and obesity, physical inactivity, and smoking
among a national sample of veterans. Psychosomatics. May 2011;52(3):230-236. [FREE Full text] [doi:
10.1016/j.psym.2010.12.009] [Medline: 21565594]

76. Adam TC, Epel ES. Stress, eating and the reward system. Physiol Behav. Jul 24, 2007;91(4):449-458. [doi:
10.1016/j.physbeh.2007.04.011] [Medline: 17543357]

77. Yau YHC, Potenza MN. Stress and eating behaviors. Minerva Endocrinol. Sep 2013;38(3):255-267. [FREE Full text]
[Medline: 24126546]

78. Milaneschi Y, Simmons WK, van Rossum EFC, Penninx BW. Depression and obesity: evidence of shared biological
mechanisms. Mol Psychiatry. Jan 16, 2019;24(1):18-33. [doi: 10.1038/s41380-018-0017-5] [Medline: 29453413]

79. Kim E, Dimsdale JE. The effect of psychosocial stress on sleep: a review of polysomnographic evidence. Behav Sleep
Med. Oct 29, 2007;5(4):256-278. [FREE Full text] [doi: 10.1080/15402000701557383] [Medline: 17937582]

80. Hargens T, Kaleth AS, Edwards ES, Butner KL. Association between sleep disorders, obesity, and exercise: a review. NSS.
Mar 2013:27. [doi: 10.2147/nss.s34838]

81. Law of the People's Republic of China on Basic Medical and Health Care and the Promotion of Health. National People's
Congress of the People's Republic of China. URL: http://www.npc.gov.cn/englishnpc/c23934/202012/
0e545b3ed6544a4fa93a1bb2feb13b3a.shtml [accessed 2023-06-11]

82. Trade Union Law of the People’s Republic of China. National People's Congress of the People's Republic of China. URL:
http://en.npc.gov.cn.cdurl.cn/2021-12/24/c_791373.htm2021-12-24 [accessed 2023-06-11]

83. Weiner L, Berna F, Nourry N, Severac F, Vidailhet P, Mengin AC. Efficacy of an online cognitive behavioral therapy
program developed for healthcare workers during the COVID-19 pandemic: the REduction of STress (REST) study protocol

Interact J Med Res 2024 | vol. 13 | e50754 | p. 16https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1002/msj.20210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20960551&dopt=Abstract
http://www.nhc.gov.cn/xcs/s3574/202010/e9b313092c724ed3a6e5d0ccea510d5b.shtml
http://www.nhc.gov.cn/xcs/s3574/202010/e9b313092c724ed3a6e5d0ccea510d5b.shtml
https://www.sjweh.fi/article/3364
http://dx.doi.org/10.5271/sjweh.3364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23592217&dopt=Abstract
http://dx.doi.org/10.2147/rmhp.s393311
http://dx.doi.org/10.1093/ije/dyy079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29850840&dopt=Abstract
https://europepmc.org/abstract/MED/34926396
http://dx.doi.org/10.3389/fpubh.2021.785518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34926396&dopt=Abstract
https://europepmc.org/abstract/MED/35915639
http://dx.doi.org/10.1007/s41105-022-00407-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35915639&dopt=Abstract
https://europepmc.org/abstract/MED/34779405
http://dx.doi.org/10.1530/JOE-21-0155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34779405&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17217857
http://dx.doi.org/10.3390/ijerph17217857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33120930&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m1211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217624&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20043131
https://www.mdpi.com/resolver?pii=ijerph20043131
http://dx.doi.org/10.3390/ijerph20043131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36833822&dopt=Abstract
https://europepmc.org/abstract/MED/34271460
http://dx.doi.org/10.1016/j.ijnurstu.2021.104002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34271460&dopt=Abstract
https://europepmc.org/abstract/MED/35183620
http://dx.doi.org/10.1016/j.jad.2022.02.045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35183620&dopt=Abstract
https://europepmc.org/abstract/MED/24030837
http://dx.doi.org/10.1007/s40279-013-0090-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24030837&dopt=Abstract
https://europepmc.org/abstract/MED/21565594
http://dx.doi.org/10.1016/j.psym.2010.12.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21565594&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2007.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17543357&dopt=Abstract
https://europepmc.org/abstract/MED/24126546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24126546&dopt=Abstract
http://dx.doi.org/10.1038/s41380-018-0017-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29453413&dopt=Abstract
https://europepmc.org/abstract/MED/17937582
http://dx.doi.org/10.1080/15402000701557383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17937582&dopt=Abstract
http://dx.doi.org/10.2147/nss.s34838
http://www.npc.gov.cn/englishnpc/c23934/202012/0e545b3ed6544a4fa93a1bb2feb13b3a.shtml
http://www.npc.gov.cn/englishnpc/c23934/202012/0e545b3ed6544a4fa93a1bb2feb13b3a.shtml
http://en.npc.gov.cn.cdurl.cn/2021-12/24/c_791373.htm2021-12-24
http://www.w3.org/Style/XSL
http://www.renderx.com/


for a randomized controlled trial. Trials. Oct 21, 2020;21(1):870. [FREE Full text] [doi: 10.1186/s13063-020-04772-7]
[Medline: 33087178]

84. Wahlster S, Hartog C. Coronavirus disease 2019 aftermath: psychological trauma in ICU healthcare workers. Curr Opin
Crit Care. Dec 01, 2022;28(6):686-694. [doi: 10.1097/MCC.0000000000000994] [Medline: 36302198]

85. Edman JS, Galantino ML, Hutchinson J, Greeson JM. Health coaching for healthcare employees with chronic disease: A
pilot study. WOR. May 24, 2019;63(1):49-56. [doi: 10.3233/wor-192907]

86. Worley V, Fraser P, Allender S, Bolton KA. Describing workplace interventions aimed to improve health of staff in hospital
settings - a systematic review. BMC Health Serv Res. Apr 07, 2022;22(1):459. [FREE Full text] [doi:
10.1186/s12913-021-07418-9] [Medline: 35392894]

87. Feifel J, Dobler D. Dynamic inference in general nested case-control designs. Biometrics. Mar 13, 2021;77(1):175-185.
[doi: 10.1111/biom.13259] [Medline: 32145031]

Abbreviations
CHERRIES: Checklist for Reporting Results of Internet E-Surveys
HCW: health care worker

Edited by T de Azevedo Cardoso; submitted 11.07.23; peer-reviewed by X Sun; comments to author 10.02.24; revised version received
06.04.24; accepted 29.10.24; published 10.12.24

Please cite as:
Guo X, Gong S, Chen Y, Hou X, Sun T, Wen J, Wang Z, He J, Sun X, Wang S, Chen Z, Feng X, Tian X
Weight and Lifestyle Behavior Changes in Chinese Health Care Workers During the COVID-19 Pandemic: 3-Year Retrospective
Survey
Interact J Med Res 2024;13:e50754
URL: https://www.i-jmr.org/2024/1/e50754
doi: 10.2196/50754
PMID:

©Xinyue Guo, Shaoqing Gong, Ying Chen, Xiaohui Hou, Tong Sun, Jianqiang Wen, Zhiyao Wang, Jingyang He, Xuezhu Sun,
Sufang Wang, Zhixin Chen, Xue Feng, Xiangyang Tian. Originally published in the Interactive Journal of Medical Research
(https://www.i-jmr.org/), 10.12.2024. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Interactive Journal of Medical Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.i-jmr.org/, as well as this copyright and license
information must be included.

Interact J Med Res 2024 | vol. 13 | e50754 | p. 17https://www.i-jmr.org/2024/1/e50754
(page number not for citation purposes)

Guo et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-020-04772-7
http://dx.doi.org/10.1186/s13063-020-04772-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33087178&dopt=Abstract
http://dx.doi.org/10.1097/MCC.0000000000000994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36302198&dopt=Abstract
http://dx.doi.org/10.3233/wor-192907
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-07418-9
http://dx.doi.org/10.1186/s12913-021-07418-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35392894&dopt=Abstract
http://dx.doi.org/10.1111/biom.13259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32145031&dopt=Abstract
https://www.i-jmr.org/2024/1/e50754
http://dx.doi.org/10.2196/50754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

