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A B S T R A C T

Background: The COVID-19 pandemic has put the mental health of healthcare workers at risk. However, the
potential psychosocial factors underlying mental health problems, such as depression and anxiety, require further
investigation. The present study aimed to explore the factors that influence the mental state of healthcare
workers.
Methods: A total of 276 healthcare workers completed a set of online self-report questionnaires from February 4 to
7, 2020, in the following order: general information related to the COVID-19 outbreak, Biological Rhythms
Interview of Assessment in Neuropsychiatry, Beck Depression Inventory-II, Beck Anxiety Inventory, and Social
Support Rating Scale.
Results: Our study revealed that both social support and age moderated the ability of biological rhythm distur-
bance to exacerbate depression (R2 ¼ 0.47; effect size f2 ¼ 0.85). Higher levels of social support buffered the
amplification of depression associated with increased biological rhythm disturbance in all age groups, and
especially in younger individuals (mean age ¼ 26.57, se ¼ 0.04). Depressive symptoms were predicted by both
social and sleeping rhythms, whereas anxiety symptoms were predicted only by social rhythm. Married in-
dividuals had lower biological rhythm disturbance ratings and higher social support ratings. Females also re-
ported higher ratings in social support.
Conclusions: Our study suggests that biological rhythm intervention along with social support can reduce the
negative effect of biological rhythm disturbance on mood disorders, especially in younger people. We also provide
evidence for the ability of social support to buffer stress in a major health crisis and demonstrate the effects of
marital status and sex, which provide a different perspective for studying mental crisis management.
1. Introduction

Since the outbreak of the COVID-19 pandemic, the majority of the
world's health services have taken on serious responsibilities [1] and the
crisis management approach to mental health has come under the spot-
light [2, 3]. Recent studies have shown that more than 36.9% of
healthcare workers in Wuhan, China have experienced subthreshold
mental health disturbance, among which 6.2% have experienced severe
disturbance [4], 50.4% depression, 44.6% anxiety, and 34.0% insomnia
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[5]. However, little is understood about the psychosocial processes un-
derlying these mental disorders.

A potential psychosocial mechanism causing these disorders is the
intense workload of healthcare staff that disturbs their biological
rhythms, especially sleeping, appetite, and patterns of social interaction
[6]. Empirical studies have shown that low-quality sleep leads to
depression and anxiety [7, 8], which could explain the increased prev-
alence of mood disorders during the COVID-19 pandemic [5]. Moreover,
the effects of poor sleep on mood disorders are influenced by individual
factors, such as age [9]. However, there is limited research on biological
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Table 1. Demographic characteristics of the study participants.

Characteristic Category N ¼ 276 Proportion (%)

Age in yr, mean (SD; range) 33.80
(7.21; 22–57)

Sex Male 69 25.0

Female 207 75.0

Education Diploma 55 19.9

Undergraduate 188 68.1

Postgraduate 33 12.0

Ethnicity Han Chinese 235 85.1

Tibetan Chinese 3 1.1

Muslim Chinese 1 0.4

Yi Chinese 4 1.4

Other 15 5.4

Prefer not to say 18 6.5

Religion Yes 19 6.9

No 257 93.1

Marital status Single 60 21.7

Married 207 75.0

Divorced 9 3.3

Widow 0 0

Note: SD: standard deviation.
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rhythm disturbance in different age groups of healthcare workers during
the current pandemic.

Another potential factor affecting the development of mood disorders
is the limited social support available to healthcare workers during the
pandemic. Social support refers to support measures that are accessible to
individuals through their social relationships with other people, groups,
and the wider community [10, 11], and that can be divided into objective
support, subjective support, and utilisation of support [12]. Early
empirical studies have shown that depression and anxiety are negatively
associated with social support [13, 14], especially subjective support
[15]. A study also reported that social support available to healthcare
workers during the pandemic was negatively associated with depression
and anxiety [16].

Social support can reduce the impact of stressful or negative events on
depression, as strong social relationships help individuals cope with
stress, a process also known as the stress buffering effect [17, 18].
Empirical studies have led to numerous models that explore the ability of
social support to buffer effects of stress-related depression [19, 20, 21]
and stressful or negative life events [22] across various age groups.
Additional studies have shown that stress caused by negative life events
might be caused by the disturbance of social rhythm [23, 24]. As a
sub-factor of biological rhythm, the social rhythm of healthcare workers
is also severely affected by the pandemic due to various stressors, such as
the mandatory quarantine. Therefore, even limited social support is
likely to exert a buffering effect in the pandemic similar to that reported
in previous studies [19, 20, 21, 22]. However, the COVID-19 pandemic
differs from other stressful incidents, such as pregnancy, so the role of
social support requires further investigation.

During the pandemic, each healthcare worker may have access to
different levels of social support, as some people may have closer re-
lationships (e.g., marriage) than others. Accordingly, social support can
be divided into three components [25]: the social support which objec-
tively presents in one's relationships, or objective support; the support
one perceives to be available, or subjective support; and howmuch social
support one actually uses, or utilisation of support. Whether social sup-
port is sensitive to such differences among workers is unclear.

In the present study, we aimed to investigate the psychosocial pro-
cesses underlying depression and anxiety among healthcare workers
during the COVID-19 pandemic. First, we compared the consistency of
our results for depression and anxiety with previous studies. Second, we
explored whether biological rhythm and social support sub-factors could
serve as predictors of depression and anxiety, and we hypothesized that
sleeping rhythm and subjective social support would be the most sig-
nificant predictors. Finally, we tested whether social support can buffer
the ability of biological rhythm disturbance to amplify mood disorders in
different age groups.

2. Methods

2.1. Participants

In this study, we recruited medical staff who worked in Renmin
Hospital of Wuhan University at the early stages of the COVID-19
outbreak. At that time, most healthcare workers in the hospital were
voluntarily relocated from outside of Wuhan under the major health
crisis action by the National Health Commission of the People's Republic
of China. No other categories of medical staff, such as therapists, were
registered in the action. The 364 participants were from three hospitals in
China: West China Hospital, Sichuan University (n ¼ 126), The Second
Affiliated Hospital of Chongqing Medical University (n ¼ 120), and the
Cheeloo College of Medicine, Shandong University (n ¼ 118). All par-
ticipants were recruited through WeChat, a Chinese social media appli-
cation similar to Microsoft Teams, with a QR code linked to the survey
posted in the WeChat working group chat. All participants were asked to
sign an online informed consent form before participating. To ensure
anonymity and honest responses, the survey did not collect personal
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information, such as names, and it was conducted according to estab-
lished ethical guidelines. The study was approved by the Ethics Com-
mittee of West China Hospital, Sichuan University (No. 2020-178).

Healthcare workers were included if they (1) had a valid medical li-
cense; (2) were currently engaged in clinical work; and (3) have never
been diagnosed with any disorder listed in the Diagnostic and Statistical
Manual of Mental Disorders (4th edition).

2.2. Quality control

To ensure data quality, each IP address was allowed to submit only
one set of survey responses.

2.3. Procedure

A cross-sectional online survey was conducted from February 4 to 7,
2020. Healthcare works were invited to participate by snowball sam-
pling. A set of custom-made questionnaires was designed based on
literature and expert consultation in order to collect demographic data on
age, sex, educational background, ethnicity, religion, and marital status.
After participants had read a complete description of the survey and
signed informed consent, they filled out the questionnaires using the
WeChat Mini program. The initial set of invitees (n ¼ 10) was selected to
ensure a broad representation of sex, age, education level, academic or
medical specialty, as well as medical or academic institution. The
selected participants were then asked to forward the questionnaire to 10
other colleagues whom they considered suitable for the survey, and this
second set forwarded the questionnaire in the same way, and so on.

2.4. Instruments

A Chinese translation of the Biological Rhythms Interview of
Assessment in Neuropsychiatry (BRIAN) [6, 26], which is a 21-item
self-report questionnaire, was used to measure biological rhythms such
as sleeping, activity, socialisation, eating, and circadian patterns (e.g.,
“Do you have problems waking up at your usual time? How
frequently?”). Responses were ranked from 1 (¼ never) to 4 (¼ always).

Depression was measured with a Chinese version of Beck Depression
Inventory-II (BDI-II) [27], which is a self-report questionnaire containing
21 instructive items addressing the severity of depression in adolescents



Figure 1. Differences in social support depending on (A) marital status and (B) sex. Married healthcare workers reported higher social support score than unmarried
workers, while females reported higher use of social support than males.

Figure 2. Differences in feeding rhythm depending on marital status. Unmar-
ried healthcare workers reported higher disturbance in their feeding rhythm
than married workers.
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and adults Beck, Steer [28]. Every four instructive items were presented
in a progressive order with possible scores of 1 (¼ I do not feel sad), 2¼ (I
feel sad), 3¼ (I am sad all the time and I cannot snap out of it), and 4¼ (I
am so sad and unhappy that I cannot stand it).

Anxiety was measured using a Chinese version of the Beck Anxiety
Inventory (BAI) [29], a self-report questionnaire of 21 instructive items
addressing the severity of anxiety (e.g., feeling wobbliness in legs) in
adolescents and adults Beck, Epstein [30]. The responses were ranked
from 1 (¼ not at all) to 4 (¼ severely, it bothers me a lot).

Social Support was assessed using the Social Support Rating Scale
(SSRS), which consists of 10 items and three dimensions: objective
support, subjective support, and utilisation of support [31]. The total
score was the sum of the scores on each dimension, and higher scores
reflected higher levels of social support.

2.5. Statistical analysis

Statistical analysis was performed with SPSS 26.0. Differences in the
demographic characteristics between participants were assessed using
analysis of variance (ANOVA). Comparisons of more than two subgroups
were performed using post-hoc analysis with Bonferroni adjustment when
a main effect was detected. Pearson correlation analysis was then used to
explore associations between input and output variables, and correlated
factors were entered into a multiple linear regression model to determine
the largest predictor. Exploratory moderation analysis was carried out to
explore pathways underlying these associations. Post-hoc power analysis
was performed using G-Power 3.1 with an alpha level of p < 0.05. The
recommended effect sizes were as follows: small (effect size f2 ¼ 0.02),
medium (effect size f2 ¼ 0.15), and large (effect size f2 ¼ 0.35) [32].

3. Results

3.1. Participants

Of the 364 healthcare workers invited to the study, 276 completed the
survey. The average age of the whole sample (207 females, 69 males) was
33.80 years. Most of the participants reported being Han Chinese (n ¼
235), married (n ¼ 207), not having a religion (n ¼ 257) and having an
undergraduate education (n ¼ 188) (Table 1).

3.2. Individual differences in social support

Participants’ characteristics were matched to detect significant indi-
vidual differences in social support. Marital status had a significant group
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effect on overall social support [F (1,274)¼ 34.07, p< 0.001, ηp2¼ 0.111]
and its sub-factors [subjective: F (1,274) ¼ 30.01, p < 0.001, ηp2 ¼ 0.099;
objective: F (1,274)¼ 34.07, p< 0.001, ηp2 ¼ 0.100; utilisation: F (1,274)
¼ 4.60, p ¼ 0.033. ηp2 ¼ 0.017] (Figure 1A), suggesting that married
healthcare workers received higher overall social support than unmar-
ried workers. In addition, female participants rated their utilisation of
social support as higher than males [F (1,274) ¼ 8.64, p ¼ 0.004, ηp2 ¼
0.031] (Figure 1B), but two-way ANOVA revealed no effect of marital
status or sex on the utilisation of support [F (1,274)¼ 0.69, p ¼ 0.406, ηp2

¼ 0.003].

3.3. Individual differences in biological rhythm

As shown in Figure 2, the feeding subscale of BRIAN was lower in the
unmarried group than in the married group [F (1,274)¼ 4.57, p¼ 0.033,
ηp
2 ¼ 0.016], suggesting that married healthcare workers had better diet
regulation. No significant difference was found in other characteristic
factors such as sleeping rhythm [F (1,274)¼ 2.52, p¼ 0.113, ηp2 ¼ 0.009]
or circadian rhythm [F (1,274) ¼ 0.203, p ¼ 0.652, ηp2 ¼ 0.001].



Table 2. Correlation matrix of social support subscales, depression level, anxiety level, and sample age.

N ¼ 276 1 2 3 4 5 6

1. Objective Support

2. Subjective Support rs ¼ 0.53*

3. Support Utilisation rs ¼ 0.53** rs ¼ 0.52**

4. Depression rs ¼ �0.19* rs ¼ �0.30* rs ¼ �0.17*

5. Anxiety rs ¼ �0.10 rs ¼ �0.08 rs ¼ �0.02 rs ¼ 0.56**

6. Age rs ¼ 0.08 rs ¼ 0.16* rs ¼ 0.01 rs ¼ �0.09 rs ¼ �0.04

Mean 21.57 8.89 7.49 6.77 5.48 33.79

Standard deviation 5.90 3.50 1.99 8.19 7.97 7.21

Range 4–28 3–16 3–9 0–40 0–54 22–57

Note: *p < 0.05; **p < 0.001. Cronbach's alpha was 0.828 for the SSRS questionnaire, 0.921 for the BDI-II questionnaire, and 0.944 for the BAI questionnaire. Age did
not significantly correlate with overall social support.
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3.3.1. Exploratory correlations in social support subscales
The correlation matrix of social support subscales, depression level,

anxiety level, and sample age (Table 2) showed that healthcare workers
with greater access to overall social support were less likely to report
depressive symptoms(rs¼�0.25,ps<0.001),butno significant correlation
was found between social support and anxiety (rs ¼ �0.10, ps¼ 0.088).

3.3.2. Exploratory correlations in biological rhythm subscales
The correlation matrix of BRIAN subscales, depression, level, anxiety

level, and sample age (Table 3) showed that overall BRIAN score posi-
tively correlated with depression (rs¼ 0.63, ps< 0.001) and anxiety (rs¼
0.52, ps < 0.001).

3.3.3. Linear regression and moderation effect
To identify potential predictors of depression, SSRS subscales were

entered into linear regression analysis, which showed that depression
could be predicted by subjective support (β ¼ �0.30, t ¼ �5.19, p <

0.001) (Table 1). Similarly, BRIAN subscales were entered into linear
regression analysis, which indicated that depression could be predicted
by social rhythm (β ¼ 2.03, t ¼ 13.46, p< 0.001) and sleeping rhythm (β
¼ 1.24, t ¼ 9.67, p < 0.001) (Table 2), while anxiety could be predicted
only by social rhythm (β ¼ 0.24, t ¼ 9.70, p < 0.001) (Table 3). BRIAN
and SRSS also significantly correlated with each other as predictors (rs ¼
�0.21, ps < 0.001), and the collinearity test suggested that there was no
multi-collinearity in the regression model (BRIAN, Tolerance ¼ 0.96, VIF
¼ 1.05; SRSS, Tolerance ¼ 0.94, VIF ¼ 1.06).

To examine the buffering effect of social support and age on the as-
sociation between biological rhythm disturbance and depression, a
double moderation analysis was performed, which indicated that higher
amplification of depressive scores was significantly associated with an
increase in biological rhythm disturbance in younger population with
low social support [ΔR2 ¼ 0.47, F (1,270) ¼ 46.96, p < 0.001] (Table 4).
Table 3. Correlation matrix of BRIAN subscales, depression, level, anxiety level, and

N ¼ 276 1 2 3 4

1. Sleeping

2. Activity rs ¼ 0.61**

3. Social rs ¼ 0.58** rs ¼ 0.69**

4. Feeding rs ¼ 0.56** rs ¼ 0.56** rs ¼ 0.53**

5. Circadian rs ¼ 0.45** rs ¼ 0.37** rs ¼ 0.45** rs

6. Depression rs ¼ 0.50** rs ¼ 0.55** rs ¼ 0.63** rs

7. Anxiety rs ¼ 0.50** rs ¼ 0.43** rs ¼ 0.51** rs

8. Age rs ¼ �0.05 rs ¼ 0.07 rs ¼ 0.04 rs

Mean 9.63 8.26 6.30 6.

Standard deviation 2.96 3.61 2.46 2.

Range 5–16 5–19 4–13 4–

Note: *p < 0.05; **p < 0.001. Cronbach's alpha of the BRIAN questionnaire was 0.9
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BRIAN subscales were entered into linear regression analysis to
determine the predictor(s) of depression and anxiety. As shown in Table 5,
depression was predicted by the social rhythm (β ¼ 2.03, t ¼ 13.46, p <

.001) and sleeping rhythm (β ¼ 1.24, t ¼ 9.67, p < .001). Anxiety was
predicted by social rhythm (β ¼ .24, t ¼ 9.70, p < .001; Table 6).

Specifically, among the different levels of social support, high social
support (mean ¼ 47.60) had the strongest buffering effect on the
amplification of depression symptoms associated with biological rhythm
disturbance in all age groups [ young age (mean age¼ 26.57): β ¼ 0.45, se
¼ 0.06 t¼ 7.20, p< 0.001;middle age (mean age¼ 33.79): β ¼ 0.32, se¼
0.05, t¼ 6.53, p< 0.001; old age (mean age¼ 41.00): β ¼ 0.21, se¼ 0.06,
t ¼ 3.52, p ¼ 0.005)] (Figure 3A). Among the three age groups, the
buffering effect was the highest in the younger population, followed by
the middle and old age groups. A similar trend was observed with
moderate social support, which however had a weaker buffering effect
than high social support in all age groups [young age: β¼ 0.54, se¼ 0.46, t
¼ 11.90, p < 0.001; middle age: β ¼ 0.42, se ¼ 0.03, t ¼ 12.68, p < 0.001;
old age: β ¼ 0.30, se ¼ 0.04, t ¼ 6.13, p < 0.001) (Figure 3B). Low social
support had the weakest buffering effect among the three tested groups,
and the effect was again higher in the young age group (β ¼ 0.62, se ¼
0.05, t ¼ 11.97, p < 0.001) than in the middle age (β ¼ 0.50, se ¼ 0.05, t
¼ 11.11, p< 0.001) and old age groups (β ¼ 0.38, se¼ 0.06, t¼ 6.26, p<
0.001) (Figure 3C). Low social support was also associated with the
highest relative overall depression score.

4. Discussion

The present study explored the differences in biological rhythms and
social support and their association with depression and anxiety among
healthcare workers during the early stages of the COVID-19 epidemic. Our
results showed that the overall SSRS negatively correlated with depression
but not with anxiety, partially consistent with the results of a recent study
sample age.

5 6 7 8

¼ 0.50**

¼ 0.45** rs ¼ 0.35**

¼ 0.36** rs ¼ 0.30** rs ¼ 0.56**

¼ �0.16* rs ¼ �0.03 rs ¼ �0.09 rs ¼ �0.04

48 6.30 6.77 5.48 33.79

59 2.67 8.19 7.97 7.21

12 3–12 0–40 0–54 22–57

13. BRIAN: Biological Rhythms Interview of Assessment in Neuropsychiatry.



Table 4. Simple slope analysis of the ability of social support to moderate the effect of biological disturbance on depressive symptoms among different age groups (N ¼
276).

Age Low Social Support Moderate Social Support High Social Support

B SE t B SE t B SE t

Young age �0.62 .05 �11.97** 0.54 0.05 11.90** 0.45 0.06 7.20**

Middle age �0.50 .05 �11.11** 0.42 0.03 12.68** 0.33 0.05 6.53**

Old age �0.38 0.06 �6.26** 0.30 0.05 6.13** 0.21 0.06 3.52**

R2 0.47

F 46.96**

Note: *p< 0.05; **p< 0.001. Post-hoc power analysis was conducted using G-Power 3.1 with a sample size of 276 and an alpha level of p< 0.05. R2¼ 0.47 indicated an
effect size of f2 ¼ 0.85 and revealed a multiple regression power of 0.99. The recommended effect sizes used for this assessment were: small (f 2 ¼ 0.02), medium (f 2 ¼
0.15), and large (f 2 ¼ 0.35).
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[16]. We also found that subjective support positively correlated with age
and could be therefore used to predict depression. Social support and
utilisation of support were sensitive to marital status, with unmarried
healthcare workers (single, divorced and widowed) receiving less social
support than married ones. Moreover, the total BRIAN score positively
correlated with depression and anxiety, consistent with previous results
[33, 34, 35], while social and sleeping rhythms proved to be effective
predictors of depressive symptoms in contrast to activity and feeding
rhythms. Taken together, our study showed that social support may buffer
the negative effects of biological rhythm disturbance on the development
of depressive symptoms, especially in younger people.

Married healthcare workers reported higher social support and use of
support than single and divorced participants. An earlier study has shown
that high levels of social support are associated with a strong sense of
belonging [35] which, in this case, comes from the married family.
Future studies could investigate whether providing stronger external
support to unmarried healthcare workers can help them improve their
sense of belonging.

Female participants were found to use more social support than
males, consistent with previous results [36]. This may be explained by
the fact that women tend to care more for other people, which may in-
crease their desire to seek support [36, 37]. Therefore, psychoeducation
programs relating to social support could be designed and delivered
specifically to male healthcare workers.

Our results suggested that social and sleeping rhythms can effectively
predict depression symptoms, which is partially consistent with previous
studies in other populations [33, 34, 38]. Decreased social rhythms
reduce people's ability and opportunities to seek social support, leading
to higher risk of developing depression [39, 40]. Indeed, unmarried
healthcare workers in our study had difficulty using social support.
Sleeping rhythms have also been significantly associated with mood
disorders [41]. Thus, social and sleeping rhythms can be considered as
key predictors of depressive symptoms in healthcare workers involved in
the management of severe health crises.

In contrast to a recent study [38], we found that activity or feeding
rhythms cannot predict depressive symptoms. The feeding rhythm is
Table 5. Linear regression analysis of BRIAN subscales to identify potential
predictors of depression (N ¼ 276).

BRIAN subscale B SE β t

Social rhythm 1.35 .22 0.42 6.21**

Sleeping rhythm 0.34 0.16 0.14 2.20*

Activity rhythm 0.34 0.18 0.13 1.89*

Feeding rhythm 0.21 0.19 0.07 1.08

Circadian rhythm 0.05 0.18 0.02 0.27

R2 0.44

F 42.49**

Note: *p < 0.05; **p < 0.001. BRIAN: Biological Rhythms Interview of Assess-
ment in Neuropsychiatry; SE: standard error.
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considered a “zeitgeber” (timer) for the regulation of the circadian clock,
as the molecules generated by biochemical reactions during a meal
regulate other biological rhythms [42]. Thus, delaying a meal could lead
to metabolic syndrome due to chrono-disruption [43]. However, this
seems to be case sensitive to the pandemic. The eating patterns of our
participants were only slightly disrupted, as the meal times of healthcare
workers are relatively fixed by local authorities. Physical activity
rhythms are also believed to reduce depressive symptoms [44], but the
typical daily shift rotation of healthcare workers in the present case was
disrupted by the pandemic. These results suggest that eating and activity
rhythms may not be good predictors of depression among healthcare
workers during the COVID-19 pandemic.

Our study revealed a double moderating role of social support and
age, suggesting that social support can buffer the amplification of
depressive symptoms associated with biological rhythm disturbance in
all age groups. Our findings are comparable to previous studies reporting
that social support may reduce the impact of stress on depression [19, 20,
21] and greatly influence the psychosocial stress caused by negative
events [45]. Hence, the social relationships of our participants may have
reduced the severe stress caused by the COVID-19 crisis, thus preventing
the development of depression. Nevertheless, it should be noted that
most previous studies focused on the effects of stress rather than the
stressful event itself, and that the literature has reported contradictory
results regarding the ability of social support to buffer the effects of
stressful life events [45, 46],. In addition, most studies on the social
buffering effect in real-life scenarios included moderate stress events,
such as job loss or relationship breakdown [46]. The present study is the
first to observe the buffering effect of social support during a global
health crisis and may provide valuable information for future research in
the same field. However, we focused on mood disorder symptoms among
healthcare workers, so additional studies are needed to investigate the
buffering effect by monitoring their stress levels.

The buffering effect of all levels of social support was stronger in the
younger age group than in middle-aged and older participants. This
result suggests that younger healthcare workers are more susceptible to
Table 6. Linear regression analysis of BRIAN subscales to identify potential
predictors of anxiety (N ¼ 276).

BRIAN subscale B SE β t

Social rhythm 1.00 0.24 0.32 4.24**

Sleeping rhythm 0.47 0.17 0.20 2.76*

Activity rhythm 0.15 0.20 0.06 0.73

Feeding rhythm 0.10 0.21 0.03 0.46

Circadian rhythm 0.11 0.20 0.03 0.56

R2 0.30

F 22.74**

Note: *p < 0.05; **p < 0.001. BRIAN: Biological Rhythms Interview of Assess-
ment in Neuropsychiatry; SE: standard error.



Figure 3. Buffering effect of (A) high social support, (B) moderate social support, and (C) low social support on the amplification of depressive symptoms associated
with biological rhythm disturbance in different age groups.
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disturbances in biological rhythms, although older people are known to
be more vulnerable to biological rhythm disturbances that can lead to
depression and anxiety [47]. This discrepancy between age groups could
be explained by the fact that altered biological rhythms may not cause
depression, but instead may result from it. Indeed, insomnia and sleeping
issues may sometimes result from, rather than cause, depression [48],
and disturbances in biological rhythms may emerge only during
depression and anxiety episodes [49].

Older healthcare workers may have greater experience in managing
negative emotions and stress than younger staff, which means they may
be less affected by altered biological rhythms. A previous study found
that older individuals used more passive strategies such as avoidance to
regulate emotion, whereas the younger population preferred pro-active
strategies such as social support [50]. In our case, there was limited ac-
cess to pro-active strategies, which might have enhanced the effect of
passive emotion regulation strategies. Future studies can focus on iden-
tifying individual differences in emotion regulation strategies in order to
develop new intervention models against future major health crises.

4.1. Limitations

The present study was an exploratory cross-sectional study and did
not compare healthcare workers with normal population or pre-
pandemic with post-pandemic characteristics. In addition, our sample
was small and demographically imbalanced by sex and marital status,
6

which may reduce the generalizability of the findings to other categories
of medical staff. The snowball sampling method may also cause selection
bias, also reducing the generalizability of our results. Moreover, the study
did not consider that influence factors related to the pandemic are
constantly changing and that initial conditions differed across countries.

Despite these limitations, the present study may serve as a guide for
the development of targeted psychological intervention to strengthen the
mental health status of healthcare workers during infectious disease
epidemics. Nevertheless, our results should be verified in future research,
and follow-up studies should investigate the long-term psychological
effects of the COVID-19 epidemic on healthcare staff. Such research
should also further explore the role of social support and biological
rhythms in mitigating the effects of the pandemic on depressive and
anxiety symptoms.

5. Conclusions

Our study suggests that high levels of social support may buffer the
increase in depressive scores associated with biological rhythm distur-
bance, especially in younger healthcare workers. The present research
evaluates for the first time the buffering effect of social support on
depressive symptoms during a major health crisis and provides essential
information on how social support and interventions in biological
rhythms can reduce mental health problems among healthcare workers
in potential future epidemics of serious infectious diseases.
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