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A B S T R A C T

Objective: The incidence of post-traumatic stress disorder (PTSD) increased among healthcare workers (HCWs)
during the outbreak of COVID-19. The purpose of this study was to examine the relationship between eating
behavior and PTSD, considering the mediation effect of anxiety, depression and sleep.
Methods: A total of 101 HCWs completed a survey. The Food-Frequency Questionnaires (FFQ) were used to
evaluate the diet. A special survey was conducted on the eating time of each shift mode. The PTSD Checklist-
Civilian Version (PCL-C), Self-Rating Anxiety Scale (SAS), Self-Rating Depression Scale (SDS), Pittsburgh Sleep
Quality Index (PSQI), and Morning-Evening Questionnaire (MEQ) were utilized to assess clinical symptoms.
Results: There was a statistically significant correlation between the night shift eat midpoint (NEMP) and PTSD
symptoms, anxiety and depression as significant mediators. The last meal jet lag between night shift and day shift
(NDLM) was related to PTSD symptoms significantly, and sleep and anxiety were significant mediators. The
relationship between animal-based protein pattern and PTSD symptoms was statistically significant, and anxiety
was the significant mediator.
Conclusions: The earlier the HCWs eat in the night shift, the lighter the symptoms of PTSD. This is mediated by
improving anxiety, depression and sleep disorder. Furthermore, the consumption of animal protein could reduce
symptoms of PTSD by improving anxiety.
1. Introduction

In December 2019, China experienced the first outbreak of severe
acute respiratory syndrome corona virus 2 (SARS-CoV-2), a highly in-
fectious virus that causes corona virus disease 2019 (COVID-19). As of 27
February 2022, there have been over 430 million documented cases of
COVID-19, and over 5.9 million deaths [1]. With SARS-CoV-2 spreading
rapidly, health systems around the world have faced unprecedented
challenges in resourcing a health care response [2].

Healthcare workers (HCWs) may be at particular risk, working at the
frontline of what was referred to as ‘the war against COVID-19’ [3, 4, 5].
That is, compared to other professions, HCWs are exposed to a high risk
of infection, working under highly challenging conditions (e.g., increased
work, exposure to negative emotions and mortality of patients, inade-
quate protection against contamination and sleep deprivation), while
isolated from family and friends. Furthermore, previous studies on
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corona virus pandemics, severe acute respiratory syndromes (SARS) and
Middle Eastern respiratory syndrome (MERS), have found a significant
increase in symptoms of post-traumatic stress disorder (PTSD) among
nurses who have come into contact with infected patients [6, 7]. More-
over, elevated levels of PTSD symptoms have been reported in HCWs
from the current corona-virus outbreak worldwide [4, 8, 9, 10]. There-
fore, it is necessary to pay attention to the PTSD risk of HCWs in the
context of the current epidemic.

COVID-19 is widely acknowledged as a severe traumatic event [11].
As the front-line workers in the fight against the epidemic, HCWs are
most obviously affected by the epidemic. Studies have found that the
incidence rate of PTSD among HCWs after the outbreak of the epidemic is
25.1–71.5% [12]. Significantly higher than the average incidence rate of
3.9% before the outbreak [13]. However, we believe that COVID-19 is
the acute stress leading to PTSD among HCWs. In normal humans, the
HPA axis, with the signaling effector molecule glucocorticoids, is a center
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for coordinated oscillations of central rhythm and peripheral rhythms
[14]. When acute stress occurs, the suprachiasmatic nucleus (SCN)
maintains its intrinsic circadian rhythm, and peripheral rhythms appear
phase delayed by modulation of the HPA axis to more effectively resist
stress challenges [14]. When stress is stopped, the SCN returns its
maintained initial principal phase through the HPA axis to the periphery
[15]. The shift pattern of HCWs has changed their eating habits, sleep
rhythm, and metabolism, putting HCWs under chronic stress for a long
time. Furthermore, long-term chronic stress has been found to alter the
stability of the SCN [16], resulting in an imbalance between central and
peripheral rhythms, which makes health workers unable to combat
challenges such as acute stress from COVID-19, thus contributing to the
pathogenesis of PTSD.

PTSD is a psychiatric disorder caused by a terrifying event, perceived
as a trauma, that affects the individual directly or indirectly the indi-
vidual. PTSD is often associated with sleep disorder, anxiety and
depression [17, 18]. The effect between sleep disturbances and mental
disorders is often reciprocal. Psychiatric disorders such as PTSD,
depression, and anxiety can cause sleep disturbances, and sleep distur-
bances can cause psychiatric disorders [19]. The relationship between
PTSD and anxiety and depression is often reciprocal as well. Depression
and anxiety may increase the risk of PTSD; PTSD may be a causal risk
factor for anxiety and depression. Moreover, PTSD, anxiety, and
depression may be independent disorders sharing common risk factors
[20]. The initial hypothesis of this study was that symptoms of PTSDmay
be exacerbated by the presence of sleep disturbances, depression, and
anxiety. To clarify the relationship between PTSD and sleep disorder,
anxiety, depression and eating behavior in HCWs after the epidemic, the
mediation model analysis was used following the cross-sectional study
design.

2. Materials and methods

A cross-sectional study was used to investigate the association be-
tween eating behaviors and influence factors of PTSD in HCWs after the
epidemic from April, 2020 and December, 2020. Due to the policy re-
quirements in the early stage of the epidemic in Xi'an, by using the cluster
sampling method, ten hospitals from grade 2 A hospitals in Xi'an, Shaanxi
Province, China were selected. The questionnaires were distributed to
HCWs at fever clinics and respiratory clinics. An individual in this study
must meet the following inclusion criteria: (1) be aged between 20 and
50; (2) work at least one night shift each month; (3) have worked at least
one year; (4) have consented to participate in the study voluntarily. The
study was approved by China Clinical Trials Institutional Review Board
(ChiCTR2000033364). All participants have signed informed consent.

During the survey, a trained investigator issued Food Frequency
Questionnaires (FFQ) to HCWs to obtain their eating habits. This ques-
tionnaire has been verified in the Chinese population [21]. The ques-
tionnaire asked HCWs to recall how often they ate an average of one
standard serving of food a month over the past three months, ranging
from never to six times a day. The total amount of food consumed per
month is calculated according to frequency and standard quantity.

Post-traumatic stress symptoms were evaluated with the PTSD
Checklist-Civilian Version (PCL-C). PCL-C was developed based on the
Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) [22].
The scale has been verified in the Chinese population and has been
proven to have good reliability and validity [23]. The total scores ranged
from 17-85. With a PCL-C scores of 38 and 50 as the diagnostic cut-offs,
scores in the range of 50–85 indicate more obvious PTSD symptoms,
which may be diagnosed as PTSD. This diagnostic cut-off point (a score of
50) was used in the present study to identify PTSD symptoms [24].

Sleep [17], anxiety and depression [18] are closely related to PTSD,
so this study also added PSQI, SAS and SDS scale. Pittsburgh Sleep
Quality Index (PSQI) [25] is widely used to evaluate sleep quality, which
can reflect the sleep status of respondents in the past month. The 19 items
are divided into seven component scores that reflect the severity of
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various sleep problems in the following aspects: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance,
use of sleep medication and daytime dysfunction. The global PSQI score,
ranging from 0 to 21, can be collected by summing the seven components
after weighting them on a scale ranging from 0 to 3. The higher the score,
the worse the quality of sleep.

Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale
(SDS) are each composed of 20 items, the score of each item is 1–4 points,
and the total score is 20–80 points as a result of the original score. Adding
1.25 to the original score calculates a standard score that ranges from 25-
100. A score over 50 indicates anxiety or depression. Scores higher
indicate more severe anxiety/depression [26, 27].

To observe the diet and sleep rhythm of HCWs. Each HCW was also
asked to recall their diet rhythm during the night, rest and day shifts in
the last month. And times for each meal were collected during day shift,
night shift and rest day. The Morning-Evening Questionnaire (MEQ) [28]
was used to observe the types of sleep of the HCWs. A total of 19 items are
included in the MEQ, including sleep and wake times, preferred times for
physical and mental activities, and subjective alertness levels. In order to
indicate the preferred time for activities, multiple choice options are
provided along with an ordinal scale. Scale scores range from 16 to 86,
and five categories are proposed: definitely evening type (16–30),
moderately evening type (31–41), intermediate type (42–58), moder-
ately morning type (59–69), and definitely morning type (70–86).

3. Statistical analyses

Data coding, cleaning and analysis were performed using Amos 24.0
and R Project 4.0.1.

Eating time According to the collected daily feeding time of day shift,
rest day and night shift, the time of last meal, eat duration [29], eat
midpoint [30] and Last meal jet lag.

Eating midpoint is defined as the middle time point between the first
and the last meal. This parameter was calculated for weekdays and
weekends based on the methodology proposed to estimate the midpoint
of sleep [31].

Eating midpoint (local time) ¼ ([Timing of the last meal � Timing of
the first meal]/2) þ Timing of the first meal.

One study found that during night shift days, nurses usually ate the
last meal later by nurses [32], so, last meal jet lag [30] was used to assess
the delay or advance of the last meal during night shift.

last meal jet lag between night shift and day shift (h) ¼ Time on night shift �
Time on day shift (NDLM)

last meal jet lag between night shift and rest day (h) ¼ Time on night shift �
Time on rest day (NRLM)

last meal jet lag between rest day and day shift (h)¼ Time on rest day� Time on
day shift (RDLM)

Eating pattern The daily food intake was calculated according to the
results of FFQ scale. To facilitate the analysis, the daily food intake of
some of the same types of food is combined. Three dietary patterns are
determined by principal component analysis (Supplementary Table 1).
The first pattern, called the plant-based protein pattern, was character-
ized by a high frequency of soybean, kernel, fresh beans, citrus, drupe,
animal oil and melon. The second pattern, called the animal-based pro-
tein pattern, was characterized by a high frequency of egg, leaves, beef,
mutton, pork, melon, freshwater fish and shrimp. The third pattern,
called the relative vegetarian pattern, was characterized by a high fre-
quency of eggplant, berry, fresh milk, leaves, kernel and rice. Each HCW
gets a score for each of the three dietary patterns, and the higher the
score, the closer to the dietary pattern. Dietary pattern scores were used
for subsequent analysis.

Kruskal-Wallis tests were used to present demographic data, Wil-
coxon rank sum test to compare the differences in dietary rhythms, and
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then conducted a Pearson's correlation analysis to discover the re-
lationships between dietary rhythm, dietary content, PCL-C, PSQI, SAS,
SDS and MEQ. Third, the PCL-C score was used as the dependent vari-
able, the eating variables that were significantly associated with PCL-C
were used as the independent variables, and the scale scores that were
significantly associated with the independent and dependent variables
were used as the mediating variables, and the mediating model was built.
Because the effects between PTSD and anxiety, depression, and sleep are
usually mutual, to test the results, three test models were built with SAS
score as the dependent variable, PCL-C score as the mediator variable,
and eating variables from the prior model as the independent variable.
Finally, the mediation effect was tested based on bootstrap results. The
indirect effect could be statistically significant if the 95% confidence
interval (CI) with 5,000 bootstrapping re-samples did not include zero.

4. Result

4.1. Demographic and general characteristics

A total of 120 questionnaires were sent, 108 responses were received,
and 101 of those were valid (Supplementary Figure 1). Among the valid
questionnaire respondents, the average age was 30.23 � 4.44 years
(86.1% female), including 38 doctors (37.6%) and 63 nurses (62.3%).
Table 1. PCL-C, PSQI, SAS, SDS scores were analyzed by stratification according to s

Sociodemographic Characteristics N PCL-C

Gender

Man 14 28.64 � 9.48

Woman 87 31.85 � 13.42

P-value 0.55

Occupation

doctor 38 28.76 � 11.25

nurse 63 33.00 � 13.72

P-value 0.12

Age

�25 12 33.50 � 14.47

26 to �30 47 31.13 � 12.15

31 to �35 27 33.48 � 15.16

>35 15 26.87 � 9.37

P-value 0.54

Education

collage and high 8 28.25 � 9.77

undergraduate 70 33.37 � 13.98

master 19 26.79 � 9.29

doctor 4 25.25 � 7.37

P-value 0.21

BMI

<18 8 39.75 � 15.82

18 to <24 71 29.97 � 12.94

�24 22 33.00 � 11.02

P-value 0.10

Average of night shifts per month

1~4 37 29.97 � 14.55

5~9 52 32.02 � 11.39

10~14 12 33.17 � 14.8

P-value 0.37

Working Year

1~5 45 31.87 � 12.94

6~10 38 30.66 � 13.53

�11 18 31.83 � 12.37

P-value 0.91

P-value from Kruskal–Wallis tests.
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The average score of PCL-C was 31.41 � 12.95, of which 11 (10.9%)
exceeded the diagnostic criteria. The average score of PSQI was 6.23 �
2.99, of which 9 (8.9%) exceeded the diagnostic criteria. The average
score of SDS was 51.86 � 12.34, of which 63 (62.4%) exceeded the
diagnostic criteria. The average score of SAS was 40.19� 13.10, of which
25 (24.8%) exceeded the diagnostic criteria. The average score of MEQ
was 47.21 � 9.49. Among the scores of MEQ, there were definitely
evening type 5, moderately evening type 19, intermediate type 63,
moderately morning type 14 and definitely morning type 0.

Kruskal-Wallis tests revealed that occupation was closely related to
PSQI, SAS and SDS. The PSQI, SAS and SDS scores of nurses were
significantly higher than those of doctors. SDS and SAS scores for master's
and Ph.D. degrees were significantly lower than those of other academic
degrees. The SDS scores of HCWs aged 26–30 years were significantly
higher than those of the other age groups. PCL-C analysis showed that
sociodemographic characteristics were not related to PCL-C (Table 1).

The average eating frequency was 2.57 (SE 1.65, range 1–12) on night
shift, 3.97 (SE 1.10, range 2–9) on day shift and 3.00 (SE 1.69, range
1–11) on rest day. In the Wilcoxon rank sum test, eating duration was not
significantly different between night shift and rest day (p ¼ 0.30).
However, the eating duration of night shift (7.90/5.60 h) was signifi-
cantly shorter than day shift (11.05/2.84 h) (p < 0.001). The eat
midpoint on the night shift (15:21 � 3:34) was significantly later than
ociodemographic characteristics.

PSQI SAS SDS

5.71 � 1.54 37.14 � 13.11 49.91 � 12.28

6.31 � 3.16 40.68 � 13.18 52.17 � 12.47

0.65 0.23 0.54

5.18 � 2.39 36.74 � 12.37 46.51 � 11.39

6.86 � 3.16 42.26 � 13.29 55.08 � 11.95

0.00 0.01 0.00

5.08 � 2.07 43.13 � 12.53 51.88 � 11.76

6.68 � 2.75 40.82 � 13.28 55.11 � 10.98

6.78 � 3.6 41.25 � 14.24 51.99 � 12.16

4.73 � 2.63 33.92 � 10.32 41.42 � 12.95

0.05 0.2 0.01

6.13 � 3.44 40.31 � 7.16 53.44 � 15.17

6.54 � 3.00 42.21 � 14.07 54.09 � 11.78

5.63 � 2.85 34.54 � 10.31 44.41 � 11.51

3.75 � 1.71 31.25 � 7.97 45.00 � 8.23

0.19 0.04 0.02

7.88 � 3.14 49.84 � 16.74 56.41 � 8.88

5.85 � 3.04 38.59 � 12.52 50.72 � 12.62

6.86 � 2.59 41.82 � 12.77 53.86 � 12.61

0.09 0.08 0.41

6.27 � 3.02 39.83 � 15.81 49.86 � 14.15

6.29 � 3.19 40.38 � 10.29 53.51 � 10.97

5.83 � 2.08 40.42 � 16.29 50.83 � 12.57

0.91 0.55 0.53

6.09 � 2.85 41.06 � 13.80 52.67 � 11.19

6.42 � 3.14 39.90 � 13.69 52.24 � 12.92

6.17 � 3.17 38.61 � 10.67 49.03 � 14.39

0.94 0.96 0.71



Table 2. Correlations, means and standard deviations among NDLM, NEMP, Animal-based protein, anxiety, depression, sleep and PTSD.

PCL-C SAS SDS PSQI NDLM NEMP Animal-based protein

PCL-C 1.00

SAS 0.83** 1.00

SDS 0.51** 0.60** 1.00

PSQI 0.56** 0.56** 0.50* 1.00

NDLM 0.24* 0.42*** 0.19 0.23* 1.00

NEMP 0.21* 0.32** 0.25* 0.16 0.64** 1.00

Animal-based protein 0.21* 0.20* �0.24* �0.23* �0.08 �0.12 1.00

Mean � SD 31.41 � 12.95 40.19 � 13.17 51.86 � 12.41 6.23 � 2.99 1.41 � 3.80 15.35 � 3.56 0.000 � 1

NDLM, last meal jet lag between night shift and day shift; NEMP, Night shift eat midpoint; SD, standard deviation; *, p < 0.05; **, p < 0.01; ***, p < 0.001; p from
Pearson correlation analysis.

Table 3. The mediating effect of models.

Path Estimate Percentile 95% CI P

lower upper
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that on the day shift (13:02 � 1:39) and rest day (14:01 � 2:05) (p <

0.001). Meanwhile, the time of the last meal on night shift (19:18 to
3:37) was significantly later than on day shift (17:53 to 2:44) as well as
on rest days (18:24 to 2:50) (p ¼ 0.001) (Supplementary Table 3).
Model 1

NEMP → SDS → PCL-C 0.02 �0.10 0.15 0.66

NEMP → SAS → PCL-C 0.55 0.08 1.17 0.02

NEMP → SDS → SAS → PCL-C 0.42 0.11 0.85 0.01

Total indirect effects 0.99 0.40 1.79 0.00

Total 0.77 0.16 1.51 0.01

Model 2

NDLM → PSQI → PCL-C 0.11 �0.01 0.37 0.12

NDLM → SAS → PCL-C 0.83 0.42 1.41 0.00

NDLM → PSQI → SAS → PCL-C 0.31 0.01 0.74 0.045

Total indirect effects 1.25 0.60 2.14 0.00

Total 0.82 0.15 1.57 0.02

Model 3

Animal-based protein → SAS → PCL-C �1.97 �4.39 �0.42 0.01

Animal-based protein → SDS → PCL-C 0.06 �0.41 0.52 0.78

Animal-based protein → PSQI → PCL-C �0.41 �1.15 0.07 0.10

Total indirect effects �2.32 �4.90 �0.69 0.00

Total �2.65 �5.07 �0.91 0.00

Model 1, Serial multiple mediation model of effect of NEMP on PTSD; Model 2,
Serial multiple mediation model of effect of NDLM on PTSD; Model 3, The
multiple mediation model of effect of animal-based protein pattern on PTSD;
4.2. Correlation of measured variables

Pearson correlation analysis showed that the night shift eat midpoint
(NEMP) was positively correlated with SDS (r¼ 0.25, P¼ 0.01), SAS (r¼
0.32, P ¼ 0.001) and PCL-C (r ¼ 0.21, P ¼ 0.03) (Table 2). Time of last
meal was positively correlated with SAS (r ¼ 0.23, p ¼ 0.02) on night
shift (Supplementary Table 2). On day shift, time of last meal was
negatively correlated with PSQI (r ¼ �0.20, p ¼ 0.04) and SAS (r ¼
�0.28, p¼ 0.01) (Supplementary Table 2). On rest day, eat duration was
negatively correlated with SAS (r ¼ �0.22, p ¼ 0.03) (Supplementary
Table 2). The rest day eat midpoint (REMP) was negatively correlated
with MEQ (r ¼ �0.21, p ¼ 0.03). NDLM was positively correlated with
PSQI (r¼ 0.23, p¼ 0.02), SAS (r¼ 0.42, p< 0.001) and PCL-C (r¼ 0.24,
p¼ 0.02) (Table 2). NRLMwas positively correlated with PSQI (r¼ 0.26,
p < 0.01) and SAS (r ¼ 0.32, p < 0.01). Scores of plant-based protein
pattern was negatively correlated with MEQ (r ¼ �0.28, p < 0.001)
(Supplementary Table 2). Scores of animal-based protein pattern was
positively correlated with MEQ (r ¼ 0.21, p ¼ 0.04) (Supplementary
Table 2), meanwhile negatively correlated with PSQI (r ¼ �0.23, p ¼
0.02), SAS (r ¼ �0.20, p ¼ 0.04), SDS (r ¼ �0.24, p ¼ 0.02), PCL-C (r ¼
�0.20, p ¼ 0.04) (Table 2).
NDLM, last meal jet lag between night shift and day shift; NEMP, Night shift eat
midpoint.
4.3. Establish structural model

According to the theoretical framework and the result of Pearson
correlation analysis, two serial multiple mediation models and one
multiple mediation model were constructed. The first serial multiple
mediation model (Supplementary Figure 2) takes NEMP as independent
variables, SDS and SAS as chain mediator variables, PCL-C as dependent
variables (Model 1). The second serial multiple mediation model (Sup-
plementary Figure 3) takes NDLM as independent variables, PSQI and
SAS as chain mediator variables, PCL-C as dependent variables (Model
2). The multiple mediation model (Supplementary Figure 4) takes scores
of animal-based protein pattern as independent variables, SDS, PSQI and
SAS as mediator variables, PCL-C as dependent variables (Model 3).
Bootstrapping results supported these three models.

Three test models were built with SAS score as the dependent vari-
able, PCL-C score and another scale score which was significantly
correlated with both independent and dependent variables (PSQI or SDS)
as the mediator variable, and NEMP/NDLM/animal-based protein
pattern as the independent variable, respectively, to test the result of
mediation model. Model 4 takes NDLM as independent variables, PCL-C
and SDS as chain mediator variables, SAS as dependent variables. Model
5 takes NEMP as independent variables, PCL-C and PSQI as chain
4

mediator variables, SAS as dependent variables. Model 6 takes scores of
animal-based protein pattern as independent variables, SDS, PSQI and
PCL-C as mediator variables, SAS as dependent variables. Bootstrapping
results supported these three models.
4.4. Serial multiple mediation model of effect of NEMP on PTSD

In model 1, the total indirect effect was significant (β ¼ 0.99, p <

0.001). The mediation effect of the path NEMP → SDS → PCL-C was
nonsignificant (β ¼ 0.02, p ¼ 0.66). But the mediation effect of path
NEMP→ SAS→ PCL-C (β¼ 0.55, p¼ 0.02) and path NEMP→ SDS→ SAS
→ PCL-C (β ¼ 0.42, p ¼ p < 0.01)) was significant (Table 3).

In this model, path coefficient analysis revealed no relationship be-
tween SDS and PCL-C (path coefficient ¼ 0.03, p ¼ 0.66). But other path
coefficients were significant (p < 0.05) (Supplementary Figure 2 and
Table 4). The total effect of NEMP on PTSD was significant (β¼ 0.77, p¼
0.01) (Table 3). However, the direct effect of NEMP on PTSD was not
significant (path coefficient ¼ -0.22, p ¼ 0.27) (Supplementary Figure 2
and Table 4), suggesting a complete mediation model.



Table 4. Path coefficients for mediation models.

Path Unstandardized
path coefficient

p (Percentile
method)

Model 1

NEMP → SDS 0.86 0.01

SDS → SAS 0.59 0.00

NEMP → SAS 0.68 0.02

NEMP → PCL-C �0.22 0.27

SDS → PCL-C 0.03 0.66

SAS → PCL-C 0.82 0.00

Model 2

NDLM → PSQI 0.18 0.045

PSQI → SAS 2.16 0.00

NDLM → SAS 1.05 0.00

NDLM → PCL-C �0.43 0.04

PSQI → PCL-C 0.60 0.09

SAS → PCL-C 0.79 0.00

Model 3

Animal-based protein → SAS �2.65 0.01

Animal-based protein → SDS �2.94 0.01

Animal-based protein → PSQI �0.68 0.00

SAS → PCL-C 0.75 0.00

SDS → PCL-C �0.02 0.78

PSQI → PCL-C 0.60 0.10

Animal-based protein→ PCL-C �0.33 0.62

Model1, Serial multiple mediation model of effect of NEMP on PTSD; Model2,
Serial multiple mediation model of effect of NDLM on PTSD; Model3, The mul-
tiple mediation model of effect of animal-based protein pattern on PTSD; NDLM,
last meal jet lag between night shift and day shift; NEMP, Night shift eat
midpoint.
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4.5. Serial multiple mediation model of effect of NDLM on PTSD

In model 2, both the total effect (β ¼ 0.82, p ¼ 0.02) and the total
indirect effect (β ¼ 1.25, p ¼ 0.001) were significant. The mediation
effect of the path NDLM→ PSQI→ PCL-C was nonsignificant (β¼ 0.11, p
¼ 0.12). But the mediation effect of path NDLM → SAS → PCL-C (β ¼
0.83, p < 0.001) and path NDLM→ PSQI → SAS → PCL-C (β ¼ 0.31, p ¼
0.045) was significant (Table 3).

In this model, path coefficient analysis revealed no relationship be-
tween PSQI and PCL-C (path coefficient¼ 0.60, p¼ 0.09). But other path
coefficients were significant (p < 0.05). The direct effect of NDLM on
PTSD was significant (path coefficient ¼ �0.43, p ¼ 0.04) (Supplemen-
tary Figure 3 and Table 4), but opposite to the total effect, suggesting a
suppressing effect [33].
4.6. The multiple mediation model of effect of animal-based protein pattern
on PTSD

In model 3, the total indirect effect was significant (β ¼ �2.32, p <

0.01). The mediation effect of the path animal-based protein pattern →
SDS→ PCL-C (β¼ 0.06, p¼ 0.78) and path animal-based protein pattern
→ PSQI → PCL-C (β ¼ �0.41, p ¼ 0.07) was nonsignificant. But the
mediation effect of the path animal-based protein pattern→ SAS → PCL-
C (β ¼ �1.97, p ¼ 0.01) was significant, indicating that animal-based
protein pattern may alleviate PTSD by alleviating anxiety (Table 3).

In this model, path coefficient analysis revealed no relationship be-
tween either SDS (path coefficient ¼ �0.02, p ¼ 0.78) or PSQI (path
coefficient ¼ 0.60, p ¼ 0.10) and PCL-C. But other path coefficients were
significant (p < 0.05) (Supplementary Figure 4 and Table 4). The total
effect of animal-based protein pattern on PTSD was significant (β ¼
�2.56, p < 0.01) (Table 3). But the direct effect of animal-based protein
pattern on PTSD was not significant (path coefficient ¼ �0.33 p ¼ 0.62)
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(Supplementary Figure 4 and Table 4), suggesting a full mediation
model.

4.7. Test models

The results of the test models suggested that the models were all
significant. NEMP may improve PTSD, depressive symptoms, and
consequently anxiety symptoms (model 4). NDLM may improve PTSD
and, in turn, anxiety symptoms (model 5). Animal-based protein pattern
can improve PTSD, depressive symptoms, and consequently anxiety
(model 6) (For details, see Supplementary Table 4).

5. Discussion

Results from this trial found indicate that the PTSD was associated
with eating behavior in HCWs after COVID-19. Eating earlier on night
shift days in shift HCWs may alleviate PTSD by relieving anxiety and
depression. Eating more animal protein may improve sleep and anxiety
and further alleviate PTSD.

Since the outbreak of COVID-19 in late 2019, HCWs have been under
more psychological pressure. As a result, HCWs are at a higher risk for
depression, anxiety, insomnia, and stress than the general population
[34, 35, 36]. In addition, consistent with the findings of this study, a large
study of Chinese HCWs shows a higher risk of anxiety and depression
among nurses [37]. Moreover, no association between PTSD and social
factors such as age and gender among HCWs.

Previous studies have shown an association between meal timing ir-
regularity, overtime work, and night shift work [38]. Additionally, night
shift workers demonstrated behaviors of irregular meal timing and un-
healthy eating habits [38]. This study found that the time of last meal and
eat midpoint of the night shift was later than that of the day shift, indi-
cating that the eating rhythm of the night shift moved backward as a
whole. The current data cannot prove that this backward was related to
COVID-19. However, it has been demonstrated that personal health
problems, including obesity, blood glucose cholesterol, and blood pres-
sure, were associated with irregular meal timing. These problems may
lead to changes in leptin/ghrelin function, which might, in turn, lead to
changes in mental health through metabolism [39].

When PTSD was used as the dependent variable for the night shift
analysis alone, the results suggested that the earlier HCWs eat, the lighter
the symptoms of depression and anxiety, and the lighter the PTSD. In
terms of social jet lag, NDLM was also related to PTSD. The earlier
advance of the last meal on the night shift predicted the lighter of PTSD
symptoms compared to the day shift. Anxiety and depression play an
essential role in the relationship between eating time and PTSD. A study
of Canadian veterans suggests that anxiety and depression should be
addressed when treating PTSD and pain [40]. Another study found that
anxiety and depression play a critical mediating role in physical multi-
morbidity caused by PTSD [41]. In addition, another study shows that
treating sleep problems during a COVID-19 pandemic can help reduce
trauma-related symptoms [42]. It is confirmed that food intake is a
powerful zeitgeber in alignment with the central circadian pacemaker
[43]. Circadian rhythm is an essential regulator of various systems, such
as monoamine signaling, immune function, HPA axis regulation, meta-
bolic peptides, redox/mitochondria/apoptosis and neurogenesis. These
systems play an important role in the development of emotional disor-
ders such as anxiety and depression [44], and are also one of the factors
that affect sleep. Therefore, eating time may theoretically be mediated by
anxiety, depression and sleep to improve the symptoms of PTSD, which is
also verified by the present study.

Collectively, these results could explain why shift workers have an
increased risk of PTSD and highlight the importance of effective behav-
ioral interventions, for example, meal timing to mitigate internal circa-
dian misalignment during shift work schedules [45, 46]. But few studies
have reported which diet is beneficial for PTSD. This study found that the
animal-based protein pattern is associated with lighter PTSD, which is
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achieved by improving anxiety. Previous studies have supported that the
Mediterranean diet based on vegetables, fruits, and fish is more benefi-
cial to mental health [46]. However, this does not conflict with our
findings. Additionally, research has shown that anxiety is associated with
poor diet quality [47]. Therefore, the consumption of animal-based
protein as a high-quality diet would be a possible intervention for anxi-
ety and even PTSD. Shift work in HCWs, which is inevitably associated
with decoupling the clock from the natural day-night cycles, has multiple
detrimental effects on nutrient metabolism [48]. A high-quality diet with
an animal-based protein pattern might regulate the nutrient-responsive
pathways to provide feedback to circadian oscillators, which may be
involved in PTSD proposed mechanism [44].

In the test models, when PTSDwas used as the mediating variable and
SAS as the dependent variable, the mediating effect still existed, which
illustrated that eating behavior can directly ameliorate PTSD symptoms.
This may be due to the interrelationship between PTSD and sleep, anx-
iety, and depression.

In summary, HCWs have been under chronic stress for a long time
because of their profession and shift patterns. After COVID-19, the stress
of shift HCWs suddenly increases and the likelihood of PTSD rises. This
study provides novel evidence of prospective associations between high
PTSD symptoms and eating behaviors. We suggest that eating earlier on
night shift and eating more animal protein may alleviate PTSD. These
findings add urgency to recent recommendations to implement an inte-
grated approach to the treatment of PTSD workers under the impact of
COVID-19.

6. Limitations

The present study has several limitations. First, the cross-sectional
design precluded the investigation of causal relationships between
variables of interest. Although the eating habits investigated are a
long-term longitudinal process, the identified causal relationship be-
tween variables should be tested in future prospective studies. Second,
in this study, cluster sampling was used to investigate the HCWs of the
fever clinic and respiratory medicine department in 10 hospitals in
Xi'an after the outbreak of COVID-19, but the small sample size
limited the representativeness of the samples. Third, no relevant
influencing factors were found in the sociodemographic analysis of
PTSD, so this study did not assess confounders into the mediation
model. Fourth, some factors during COVID-19, such as workload
during a shift, the number of traumatic experiences in work, and
stressful living beyond work due to the pandemic, also affect the
psychological of HCWs, which was not investigated in this study. Last
but not the least, eating behavior is not the only behavioral factor that
affects emotion, and other positive factors need to be further explored
in future studies.

Declarations

Author contribution statement

Zhen Yao: Performed the experiments; Contributed reagents, mate-
rials, analysis tools or data; Wrote the paper.

Jun Chen; ZhenLiang Hui: Conceived and designed the experiments.
ShaoWei Li; Yanna Ma: Performed the experiments.
RuoXue Bai; Lan Li; Xu Zhang: Analyzed and interpreted the data.
XiaoXia Xie: Contributed reagents, materials, analysis tools or data;

Wrote the paper.
Funding statement

This work was supported by the Special Support Scheme for Shaanxi
Province and Shaanxi province administration of traditional Chinese
medicine (#2021-ZZ-JC018).
6

Data availability statement

Data associated with this study has been deposited at Mendely Data
under the accession number: 7709397904@qq.com; password：
YAOzhen4568213.

Declaration of interest’s statement

The authors declare no conflict of interest.

Additional information

The clinical trial described in this paper was registered at China
Clinical Trials Institutional Review Board under the registration number
ChiCTR2000033364.

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e10892.

References

[1] WHO Coronavirus (COVID-19) Dashboard. https://covid19.who.int/. (Accessed 27
February 2022).

[2] J.H. Tanne, E. Hayasaki, M. Zastrow, P. Pulla, P. Smith, A.G. Rada, Covid-19: how
doctors and healthcare systems are tackling coronavirus worldwide, BMJ 368
(2020) m1090.

[3] G. Boyraz, D.N. Legros, Coronavirus disease (COVID-19) and traumatic stress:
probable risk factors and correlates of posttraumatic stress disorder, J. Loss Trauma
25 (2020) 6–7.

[4] N.W.S. Chew, G.K.H. Lee, B.Y.Q. Tan, M. Jing, Y. Goh, N.J.H. Ngiam, et al.,
A multinational, multicentre study on the psychological outcomes and associated
physical symptoms amongst healthcare workers during COVID-19 outbreak, Brain
Behav. Immun. 88 (2020) 559–565.

[5] J. DePierro, S. Lowe, C. Katz, Lessons learned from 9/11: mental health perspectives
on the COVID-19 pandemic, Psychiatr. Res. 288 (2020), 113024.

[6] R.G. Maunder, W.J. Lancee, S. Rourke, J.J. Hunter, D. Goldbloom, K. Balderson, et
al., Factors associated with the psychological impact of severe acute respiratory
syndrome on nurses and other hospital workers in Toronto, Psychosom. Med. 66 (6)
(2004) 938–942.

[7] S.M. Lee, W.S. Kang, A.R. Cho, T. Kim, J.K. Park, Psychological impact of the 2015
MERS outbreak on hospital workers and quarantined hemodialysis patients, Compr.
Psychiatr. 87 (2018) 123–127.

[8] K. Wu, X. Wei, Analysis of psychological and sleep status and exercise rehabilitation
of front-line clinical staff in the fight against COVID-19 in China, Med Sci Monit
Basic Res 26 (2020), e924085.

[9] M. Di Tella, A. Romeo, A. Benfante, L. Castelli, Mental health of healthcare workers
during the COVID-19 pandemic in Italy, J. Eval. Clin. Pract. 26 (6) (2020)
1583–1587.

[10] X. Song, W. Fu, X. Liu, Z. Luo, R. Wang, N. Zhou, et al., Mental health status of
medical staff in emergency departments during the Coronavirus disease 2019
epidemic in China, Brain Behav. Immun. 88 (2020) 60–65.

[11] N. Wei, B.C. Huang, S.J. Lu, J.B. Hu, X.Y. Zhou, C.C. Hu, et al., Efficacy of internet-
based integrated intervention on depression and anxiety symptoms in patients with
COVID-19, J. Zhejiang Univ. - Sci. B 21 (5) (2020) 400–404.

[12] B. Al Falasi, M. Al Mazrouei, M. Al Ali, M. Al Dhamani, A. Al Ali, M. Al Kindi, et al.,
Prevalence and determinants of immediate and long-term PTSD consequences of
coronavirus-related (CoV-1 and CoV-2) pandemics among healthcare professionals:
a systematic review and meta-analysis, Int. J. Environ. Res. Publ. Health 18 (4)
(2021) 2182.

[13] K.C. Koenen, A. Ratanatharathorn, L. Ng, K.A. McLaughlin, E.J. Bromet, D.J. Stein,
et al., Posttraumatic stress disorder in the world mental health surveys, Psychol.
Med. 47 (13) (2017) 2260–2274.

[14] C.E. Koch, B. Leinweber, B.C. Drengberg, C. Blaum, H. Oster, Interaction between
circadian rhythms and stress, Neurobiol Stress 8 (6) (2016) 57–67.

[15] M.S. Bartlang, S.A. Savelyev, A.S. Johansson, S.O. Reber, C. Helfrich-F€orster,
G.B. Lundkvist, Repeated psychosocial stress at night, but not day, affects the
central molecular clock, Chronobiol. Int. 31 (9) (2014) 996–1007.

[16] C. Helfrich-F€orster, Interactions between psychosocial stress and the circadian
endogenous clock, PsyCh J. 6 (4) (2017) 277–289.

[17] F. Fan, Y. Zhou, X. Liu, Sleep disturbance predicts posttraumatic stress disorder and
depressive symptoms: a cohort study of Chinese adolescents, J. Clin. Psychiatr. 78
(7) (2017) 882–888.

[18] R.M. Bowler, E.S. Kornblith, J. Li, S.W. Adams, V.V. Gocheva, R. Schwarzer, et al.,
Police officers who responded to 9/11: comorbidity of PTSD, depression, and
anxiety 10-11 years later, Am. J. Ind. Med. 59 (6) (2016) 425–436.

[19] W. Chance Nicholson, K. Pfeiffer, Sleep disorders and mood, anxiety, and post-
traumatic stress disorders: overview of clinical treatments in the context of sleep
disturbances, Nurs. Clin. 56 (2) (2021) 229–247.

[20] M.L. O'Donnell, M. Creamer, P. Pattison, Posttraumatic stress disorder and
depression following trauma: understanding comorbidity, Am. J. Psychiatr. 161 (8)
(2004) 1390–1396.

mailto:7709397904@qq.com
https://doi.org/10.1016/j.heliyon.2022.e10892
https://covid19.who.int/
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref2
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref2
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref2
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref3
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref3
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref3
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref3
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref4
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref4
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref4
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref4
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref4
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref5
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref5
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref6
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref6
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref6
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref6
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref6
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref7
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref7
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref7
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref7
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref8
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref8
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref8
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref9
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref9
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref9
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref9
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref10
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref10
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref10
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref10
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref11
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref11
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref11
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref11
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref12
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref12
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref12
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref12
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref12
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref13
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref13
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref13
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref13
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref14
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref14
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref14
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref15
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref15
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref15
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref15
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref15
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref16
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref16
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref16
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref16
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref17
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref17
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref17
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref17
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref18
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref18
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref18
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref18
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref19
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref19
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref19
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref19
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref20
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref20
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref20
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref20


Z. Yao et al. Heliyon 8 (2022) e10892
[21] W. Zhao, K. Hasegawa, J. Chen, The use of food-frequency questionnaires for
various purposes in China, Publ. Health Nutr. 5 (6A) (2002) 829–833.

[22] L. Zhang, Y. Wang, X. Huang, M. Lan, H. Ji, Influence of post-traumatic status on
health-related quality of life among survivors 10 years after the Wenchuan
earthquake in China, Ann. Palliat. Med. 10 (3) (2021) 3059–3066.

[23] K. Pereira-Lima, S.R. Loureiro, L.M. Bolsoni, T.D. Apolinario da Silva, F.L. Os�orio,
Psychometric properties and diagnostic utility of a Brazilian version of the PCL-5
(complete and abbreviated versions), Eur. J. Psychotraumatol. 10 (1) (2019),
1581020.

[24] D. Forbes, M. Creamer, D. Biddle, The validity of the PTSD checklist as a measure of
symptomatic change in combat-related PTSD, Behav. Res. Ther. 39 (8) (2001)
977–986.

[25] D.J. Buysse, C.F. Reynolds 3rd, T.H. Monk, S.R. Berman, D.J. Kupfer, The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research,
Psychiatr. Res. 28 (2) (1989) 193–213.

[26] G. Gainotti, C. Cianchetti, M. Taramelli, C. Tiacci, The guided self-rating anxiety-
depression scale for use in clinical psychopharmacology, Act. Nerv. Super. 14 (1)
(1972) 49–51.

[27] W.W. Zung, J.A. Gianturco, Personality dimension and the self-rating depression
scale, J. Clin. Psychol. 27 (2) (1971) 247–248.

[28] L. Di Milia, A. Adan, V. Natale, C. Randler, Reviewing the psychometric properties
of contemporary circadian typology measures, Chronobiol. Int. 30 (10) (2013)
1261–1271.

[29] M.C. Mota, C.M. Silva, L.C.T. Balieiro, B.F. Gonçalves, W.M. Fahmy, C.A. Crispim,
Association between social jetlag food consumption and meal times in patients with
obesity-related chronic diseases, PLoS One 14 (2) (2019), e0212126.

[30] M.F. Zer�on-Rugerio, �A. Hern�aez, A.P. Porras-Loaiza, T. Cambras, M. Izquierdo-
Pulido, Eating jet lag: a marker of the variability in meal timing and its association
with body mass Index, Nutrients 11 (12) (2019) 2980.

[31] T. Roenneberg, A. Wirz-Justice, M. Merrow, Life between clocks: daily temporal
patterns of human chronotypes, J. Biol. Rhythm. 18 (1) (2003) 80–90.

[32] T. Yoshizaki, Y. Kawano, O. Noguchi, J. Onishi, R. Teramoto, A. Sunami, et al.,
Association of eating behaviours with diurnal preference and rotating shift work in
Japanese female nurses: a cross-sectional study, BMJ Open 6 (11) (2016), e011987.

[33] D.P. MacKinnon, J.L. Krull, C.M. Lockwood, Equivalence of the mediation,
confounding and suppression effect, Prev. Sci. 1 (4) (2000) 173–181.

[34] J. Lai, S. Ma, Y. Wang, Z. Cai, J. Hu, N. Wei, et al., Factors associated with mental
health outcomes among health care workers exposed to coronavirus disease 2019,
JAMA Netw. Open 3 (3) (2020), e203976.

[35] Y. Liang, K. Wu, Y. Zhou, X. Huang, Y. Zhou, Z. Liu, Mental health in frontline
medical workers during the 2019 novel coronavirus disease epidemic in China: a
7

comparison with the general population, Int. J. Environ. Res. Publ. Health 17 (18)
(2020) 6550.

[36] R. Rossi, V. Socci, F. Pacitti, G. Di Lorenzo, A. Di Marco, A. Siracusano, et al., Mental
health outcomes among frontline and second-line health care workers during the
coronavirus disease 2019 (COVID-19) pandemic in Italy, JAMA Netw. Open 3 (5)
(2020), e2010185.

[37] Y. Qianlan, L. Ying, C. Aibin, S. Xiangrui, C. Wenpeng, D. Guanghui, et al., Risk
perception and emotion reaction of Chinese health care workers varied during COVID-
19: a repeated cross-sectional research, Int. J. Publ. Health 66 (2021), 613057.

[38] Y. Tahara, S. Makino, T. Suiko, Y. Nagamori, T. Iwai, M. Aono, et al., Association
between irregular meal timing and the mental health of Japanese workers,
Nutrients 13 (8) (2021) 2775.

[39] R. Horne, J.A. Foster, Foster, Metabolic and microbiota measures as peripheral
biomarkers in major depressive disorder, Front. Psychiatr. 9 (2018) 513.

[40] K.C. Irwin, C. Konnert, M. Wong, T.A. O'Neill, PTSD symptoms and pain in
Canadian military veterans: the mediating roles of anxiety, depression, and alcohol
use, J. Trauma Stress 27 (2) (2014) 175–181.

[41] L. Jacob, J.M. Haro, A. Koyanagi, Post-traumatic stress symptoms are associated
with physical multimorbidity: findings from the Adult Psychiatric Morbidity Survey
2007, J. Affect. Disord. 232 (2018) 385–392.

[42] L.D. Straus, E.A. Dolsen, K. Nishimi, T.C. Neylan, A. O'Donovan, Worse sleep,
worsening post-traumatic stress disorder (PTSD): poor sleep quality associated with
increases in PTSD symptoms amongst those experiencing high threat of the COVID-
19 pandemic, J. Sleep Res. (2022), e13568.

[43] J.A. Hawley, P. Sassone-Corsi, J.R. Zierath, Chrono-nutrition for the prevention and
treatment of obesity and type 2 diabetes: from mice to men, Diabetologia 63 (11)
(2020) 2253–2259.

[44] C.A. McClung, How might circadian rhythms control mood? Let me count the ways,
Biol. Psychiatr. 74 (4) (2013) 242–249.

[45] J.M. C�enat, J.N. Mukunzi, P.G. Noorishad, C. Rousseau, D. Derivois, J. Bukaka,
A systematic review of mental health programs among populations affected by the
Ebola virus disease, J. Psychosom. Res. 131 (2020), 109966.

[46] A. S�anchez-Villegas, M. Delgado-Rodríguez, A. Alonso, J. Schlatter, F. Lahortiga,
L. Serra Majem, et al., Association of the Mediterranean dietary pattern with the
incidence of depression: the Seguimiento Universidad de Navarra/University of
Navarra follow-up (SUN) cohort, Arch. Gen. Psychiatr. 66 (10) (2009) 1090–1098.

[47] M. Aucoin, L. LaChance, U. Naidoo, D. Remy, T. Shekdar, N. Sayar, et al., Diet and
anxiety: a scoping review, Nutrients 13 (12) (2021) 4418.

[48] R. Salgado-Delgado, M. Angeles-Castellanos, N. Saderi, R.M. Buijs, C. Escobar, Food
intake during the normal activity phase prevents obesity and circadian desynchrony
in a rat model of night work, Endocrinology 151 (3) (2010) 1019–1029.

http://refhub.elsevier.com/S2405-8440(22)02180-6/sref21
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref21
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref21
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref22
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref22
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref22
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref22
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref23
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref23
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref23
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref23
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref23
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref24
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref24
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref24
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref24
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref25
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref25
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref25
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref25
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref26
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref26
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref26
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref26
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref27
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref27
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref27
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref28
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref28
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref28
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref28
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref29
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref29
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref29
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref30
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref30
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref30
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref30
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref30
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref30
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref31
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref31
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref31
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref32
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref32
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref32
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref33
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref33
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref33
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref34
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref34
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref34
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref35
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref35
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref35
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref35
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref36
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref36
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref36
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref36
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref37
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref37
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref37
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref38
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref38
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref38
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref39
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref39
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref40
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref40
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref40
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref40
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref41
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref41
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref41
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref41
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref42
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref42
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref42
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref42
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref43
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref43
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref43
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref43
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref44
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref44
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref44
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref45
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref45
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref45
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref45
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref46
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref46
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref46
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref46
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref46
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref46
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref47
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref47
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref48
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref48
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref48
http://refhub.elsevier.com/S2405-8440(22)02180-6/sref48

	The impact of eating behaviors during COVID-19 in health-care workers: A conditional process analysis of eating, affective  ...
	1. Introduction
	2. Materials and methods
	3. Statistical analyses
	4. Result
	4.1. Demographic and general characteristics
	4.2. Correlation of measured variables
	4.3. Establish structural model
	4.4. Serial multiple mediation model of effect of NEMP on PTSD
	4.5. Serial multiple mediation model of effect of NDLM on PTSD
	4.6. The multiple mediation model of effect of animal-based protein pattern on PTSD
	4.7. Test models

	5. Discussion
	6. Limitations
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Additional information

	References


