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The occurrence of public health emergency in China often makes nurses more susceptible to anxiety. 
The present study aimed to investigate the prevalence of anxiety among Chinese nurses during the 
public health emergency and explore the association between family function and anxiety and its 
underlying mechanisms. Family care index questionnaire, Connor-Davidson Resilience scale, physical 
activity rating scale and 7-item Generalized Anxiety Disorder Scale were employed to measure 
family function, resilience, physical activity and anxiety among 779 Chinese nurses during public 
health emergency. The prevalence of anxiety among nurses during public health emergency was 
29.9%. Resilience partially mediated the association of anxiety with family function. Physical activity 
moderated the direct and indirect effects of family function on anxiety. The direct effect became 
insignificant when the standard scores of physical activity were 0.629 and over. In contrast, the indirect 
effect of family function on anxiety through resilience was stronger when the levels of physical activity 
increased. The present study suggested for nurses with low levels of physical activity, intervention 
enhancing family function should be designed to prevent anxiety. For those with higher levels of 
physical activity, programs aimed at strengthening family function and supporting resilience should be 
developed to manage anxiety.
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China, as a vast country with a large population, inevitably experiences periodic occurrences of significant 
natural disasters, accidents, as well as public health and safety incidents1. In the context of these incidents, 
medical staffs are the core of the rescue team and always present to the frontline. Nurses as the largest and most 
significant group of health professionals play pivotal roles in care provision and patient outcomes2,3. Mental 
wellbeing of nurses is vital for them to fulfill their duties4. However, during such incidents, nurses often face 
multiple challenges that can adversely affect their physical and mental health. These include physical exhaustion 
due to increased workload, anxiety caused by nosocomial transmission and inadequate personal protective 
equipment (PPE), and ethically challenging decisions related to care rationing5. Existing literature showed in 
comparison to other healthcare workers, nurses were more susceptible to stress and more likely to develop 
psychological problems6–8. Given the crucial role nurses play during major public health and safety incidents, 
their mental health deserves special attention and focus. It has been well-documented that anxiety is the most 
frequently observed mental health condition, which is of particular concern to us since it might impair cognitive 
functioning, decrease job performance or even lead to the medical accidents and needless workforce attrition9,10. 
Therefore, it is of great importance to explore the psychological impact and potential factors that influence the 
anxiety of nurses during these incidents, in order to develop effective strategies to support their mental health 
and wellbeing.
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Family function and anxiety
Family, as one of the fundamental resources of social support, plays an indispensable role in shaping both 
physical and psychological well-being11. The concept of family function encompasses the manner in which 
family members work collectively as a unit to navigate and cope with various stressors and challenges in their 
lives12,13. This definition is rooted in the theoretical framework provided by Olson’s Circular Pattern Theory, 
which emphasizes the intricate interplay between emotional bonds, governance structures, communication 
mechanisms, interpersonal engagement, and the family’s capacity to effectively manage urgent situations. 
The efficiency and effectiveness of family function are frequently correlated with the levels of intimacy and 
adaptability exhibited within the family unit14,15.

Research has consistently demonstrated that poor family function is associated with a range of internalizing 
symptoms, including depression, loneliness, and anxiety16–18. These findings are supported by numerous studies 
that underscores the negative correlation between family function and anxiety level19. For instance, Shao et 
al. found that positive family function played an important role in reducing the stress and improving their 
mental well-being among Chinese medical students20. Similarly, Bu et al. reported that family dysfunction had 
a negative effect on anxiety among nurses by the mediating effect of expressive suppression21. Nevertheless, 
evidence regarding whether the effect of family function on mental health could be replicated in a sample of 
nurses during the major public health and safety incidents is limited. Thus, the present study aimed to evaluate 
the association between family function and anxiety among nurses and its underlying mechanisms during the 
major public health and safety incidents.

The mediating role of resilience
Resilience, defined as an individual’s capacity to adapt positively and recover from adversity, is pivotal in 
understanding human adaptability and mental well-being22. Central to resilience research is the Resilience 
Protection Model, a theoretical framework that emphasizes resilience’s crucial role as a protective factor. This 
model proposes that resilience not only alleviates the negative impacts of stressful situations but also promotes 
the enhancement and progression of mental health23,24. From a theoretical perspective, resilience can be 
conceptualized through three distinct orientations: trait, process, and outcome. The trait orientation views 
resilience as an enduring personality trait that provides individuals with a buffer against the adverse effects of 
adversity or traumatic events25,26. Conversely, the process orientation emphasizes resilience as a dynamic and fluid 
process, enabling individuals to actively and swiftly recover from significant adversities27,28. Lastly, the outcome 
orientation sees resilience as a functional or behavioral outcome that facilitates recovery in the aftermath of 
adversity29,30. All three orientations to resilience would suggest a protective role of resilience in anxiety. Hu et al. 
found the negative correlation between resilience and negative indicators of mental health (anxiety, depression 
and negative affect) and positively correlation between resilience and positive indicators of mental health (life 
satisfaction and positive affect) via meta-analysis31. Previous studies showed that the anxiety level and resilience 
were negatively correlated among different healthcare worker groups including physicians32, front-line nurses2, 
and overall healthcare professionals33 during the COVID-19 pandemic. Thus, mounting evidence has suggested 
the protective effect of resilience on anxiety among nurses2,34. Nurses with better resilience can actively handle 
the stress, quickly adapt to the challenges and rapidly recover from adversity34. Accordingly, resilient nurses are 
less likely to develop anxiety.

In addition, individuals with higher levels of family function tend to be more resilient. A recent study revealed 
the facilitating effect of family function on resilience among adolescents and adults with a parent with lung 
cancer35.Furthermore, resilience has been found to mediate the association between family function and health 
outcomes36–38. Narn and colleagues showed resilience fully mediated the effect of family cohesion upon the 
clinical depression among North Korean refugees37. Another study conducted by Lu and colleagues presented 
the mediating role of resilience in the association between family function and quality of life among the elderly38. 
Based on these evidence, we speculate that family function might act on the pathway of anxiety through the 
mediating effect of resilience among nurses during the major public health and safety incidents.

The moderating role of physical activity
Although family function may influence anxiety indirectly via resilience, not all nurses with lower levels of 
family function and resilience presented higher levels of anxiety. This inconsistency in findings necessitates 
a deeper investigation into the influential factors that moderate the association between family function and 
anxiety. One potential moderating factor that has garnered significant attention in recent years is physical 
activity. According to the integrated model of sports performance, the positive psychological manifestations 
(encompassing cognitive, emotional, and physiological experiences) elicited during sporting activities exert a 
protective influence on an individual’s physical and mental health, thereby effectively alleviating the impact of 
risk factors to a certain degree39.

Previous research has found that physical activity can counteract the effects of negative life events and medical 
conditions on mental symptoms40.Numerous epidemiological studies have provided evidence that physical 
activity could prevent41,42 and treat43,44 mental symptoms. Gordon et al. reported that resistance training could 
make moderate reduction in anxious symptoms45.

Besides, physical activity is likely to influence mental health via a combination of psychological, psycho-
social, biochemical and physiological pathways46. Physical activity has been shown to moderate the relationship 
between mental health and its associated factors47–50. Physical activity was also found to moderate the indirect 
association between childhood maltreatment and depressive symptoms among college students in China49. 
Additionally, a recent study presented the intensity of physical activity moderated the association between 
psychological resilience and negative emotions of Chinese college students50. Moreover, Sigfusdottir et al. 
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reported that the relationship between family conflict and stress was far stronger in those physically inactive 
adolescents, which indicated that physical activity can moderate the negative impact of family conflicts on 
depression for adolescents51. Based on this extensive literature review, it is reasonable to conclude that physical 
activity may moderate the effect of environmental and psychological factors, including family function and 
resilience, on mental health. Therefore, we hypothesize that physical activity may also moderate the influence of 
family function and resilience on anxiety among Chinese nurses during major public health and safety incidents.

Coronavirus Disease 2019 (COVID-19) was declared a disease of Public Health Emergency of International 
Concern by WHO on 30 January 2020, which posed a great challenge on Chinese and even the global health 
system52,53. Under such great challenge during typical public health emergency event, mental health problems 
were prevalent among nurses54,55. Therefore, this study conducted the cross-sectional survey by choosing the 
epidemic prevention and control of COVID-19 as a typical public health emergency event. The purpose of the 
present study was twofold: (1) to examine the prevalence of anxiety during public health emergency in China; 
(2) to investigate the mediating role of resilience and moderating role of physical activity in the association 
between family function and anxiety. Therefore, a moderated mediation model was constructed to examine 
the hypotheses that resilience might mediate the association between family function and anxiety and physical 
activity might moderate the direct and/or the indirect (resilience-anxiety path) effect of family function on 
anxiety among nurses in major public health and safety incidents in China (see Fig. 1).

Methods
Participants
This cross-sectional survey was conducted in early January, 2022, during the epidemic prevention and control 
of COVID-19, which was a typical public health and safety incidents. A total of 784 participants from five 
local hospitals in Jiangsu province were selected by multi-stage random cluster sampling. The sampling process 
included three stages. In the first stage, one city (Suzhou) was randomly chosen from Jiangsu Province, with the 
city serving as the cluster sampling unit. In the second stage, five hospitals were randomly selected from all the 
local hospitals of Suzhou, each hospital acting as a cluster sampling unit. In the third stage, a random selection 
of 784 nurses was made across these five hospitals in Jiangsu Province. G Power 3.1.9.7 was employed for the 
sample size calculation for a multiple linear regression analysis with an alpha error of 0.05, a power of 95% and 
an effect size of 0.15. The minimum sample size was computed to be 89. The inclusion criteria for the present 
study were as follows: (1) aged > 18 years, (2) working in the hospital during the epidemic prevention and control 
(3) volunteered to participant in the survey and (4) no dyslexia. The exclusion criterion was that the participants 
had a history of mental illnesses. Finally, 779 nurses were included in the formal analysis. This research received 
approval and written informed consent was obtained from all participants prior to the online questionnaire.

Measures
Family function has been investigated using the 5-item family care index questionnaire56. The scale included 
five dimensions: adaptation, partnership, growth, affection, and resolve. A 3-point Likert scale (0 = hardly ever; 
2 = almost always) is used to rate each item, with total scores ranging from 0 to 10. A higher score suggested a 
more highly functional family. The scale has shown impressive reliability and validity. In the present study, the 
Cronbach’s alpha for the scale was 0.957.

Resilience was assessed by the Connor-Davidson Resilience scale (CD-RISC), which is a 25-item scale. Each 
item is rated on a 5-level Likert scale, ranging from 0 (never) to 4 (very often). The CD-RISC scale contains three 
factors including optimism (i.e., “See the humorous side of things”), strength (i.e., “Pride in your achievements”), 
and tenacity (i.e., “One can achieve one’s goals”). The scale has been widely used and demonstrated sufficient 

Fig. 1.  The conceptual model.

 

Scientific Reports |         (2025) 15:7047 3| https://doi.org/10.1038/s41598-025-91435-9

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


reliability and validity based on Chinese population (7, 33). The Cronbach’s alpha was 0.977 for the total scale, 
0.812 for optimism subscale, 0.950 for strength subscale and 0.966 for tenacity subscale.

The Physical Activity Rating Scale (PARS-3) developed by Liang et al.57 was employed to measure the 
participation level of physical activity from three aspects: intensity, duration and frequency. Each item is rated 
from 1 to 5. Physical activity score = intensity score × (duration score – 1) × frequency score. Thus, the total score 
ranges from 0 to 100. The Chinese version of the PARS-3 has been widely used in Chinese samples with adequate 
psychometric properties58.

Anxiety was measured with the 7-item Generalized Anxiety Disorder Scale (GAD-7)59. The questionnaire 
employs a Likert 4-level scoring response model, 1(not at all), 2(several days), 3(more than half the days), 
4(nearly every day). The total score ranges from 0 to 28, with higher scores denoting higher levels of anxiety. The 
cut-off point for screening anxiety is 79. The scale has demonstrated excellent reliability and validity based on 
Chinese population59. The Cronbach’s alpha in the present study was 0.958.

Demographic variables in the present study included age (“1 = ≤ 30” or “2 = > 30”), gender (“1 = male” 
or “2 = female”), marital status (“1 = unmarried” or “2 = married”), years of working (“1 = 10 years or less” or 
“2 = More than 10 years”) and technical title (“1 = Junior” or “2 = Intermediate or higher”).

Statistical analysis
Firstly, Harman single factor test was conducted to examine common method bias60 and descriptive analyses 
were performed to describe demographic characteristics. Independent t-test was employed to compare group 
differences in anxiety. Secondly, Pearson’s correlation analyses were used to explore the bivariate correlations 
between all the study variables (family function, resilience, physical activity and anxiety). Thirdly, the mediating 
role of resilience in the association between family function and anxiety was examined by MacKinnon’s four 
step procedure61. Four conditions should be satisfied: (1) a significant association between family function 
and anxiety; (2) a significant association between family function and resilience; (3) a significant relationship 
between resilience and anxiety when controlling for family function; (4) a significant coefficient for the indirect 
association between family function and anxiety through resilience. The last condition was tested by the bias-
corrected percentile bootstrap method (5000 repeats), calculating a 95% bias-corrected confidence interval (CI) 
for the indirect effect. If zero was not included in the CI, the mediating effect was established. The parameters 
for the mediating effect were computed by Hayes PROCESS macro (Model 4)62. Finally, Hayes PROCESS macro 
(Model 15) was applied to test the moderated mediation model62. As mentioned above, the 95% bias-corrected 
CI that did not contain zero suggested the establishment of moderated mediation model. Then, we plotted the 
conditional effects and confidence bands at different values of physical activity based on Johnson-Neyman 
technique.

Z-scores for each variable were calculated before modelling. SPSS 26.0 (IBM Corporation) was utilised for 
statistical analyses in the present study. All analyses were two-tailed, and a P-value of < 0.05 indicated statistical 
significance.

Results
Common method Bias test
Considering the research data were collected by self-reported questionnaires, there might be a common 
method bias problem. Thus, Harman single factor test was performed to examine the common method bias9,60. 
The results presented that the variance of the first factor was 22.916%, less than the reference value of 40% 9. 
Therefore, common method bias was not an issue in the present study.

Demographic characteristics and anxiety
Table 1 showed the demographic characteristics and the group comparisons on anxiety. Most participants were 
female (94.4%), married (63.2%), and aged 30 or less (69.8%), worked 10 years or less (69.8%) and had junior 
technical titles (64.8%). The prevalence of anxiety among nurses during public health emergency was 29.9%.

There was a significant difference in anxiety among nurses with different technical titles. Specifically, nurses 
with intermediate titles or higher reported higher levels of anxiety than those with junior titles (t = -2.072, 
p = 0.039). Nurses aged more than 30 reported higher levels of anxiety than those aged 30 or less with a marginal 
significance (p = 0.053). No significant differences were found in anxiety by gender, marital status and years of 
working (p > 0.05).

Bivariate analysis
Descriptive statistics and correlations among variables were presented in Table 2. The results presented family 
function was significantly and positively correlated with resilience and all three subscales (all p < 0.001). Anxiety 
was negatively related to family function and resilience and all three subscales (all p < 0.001)). Physical activity 
was only positively associated with tenacity subscale of CD-RISC (p < 0.05). No significant association was found 
between physical activity and anxiety (p > 0.05).

Analysis of resilience as a mediator
Mackinnon’s four-step procedure was employed to test the mediation effect (see Table 3). Firstly, family function 
was negatively associated with anxiety (β = -0.284, p < 0.001) (see Model 1 in Table 3). Secondly, family function 
was positively related to resilience (β = 0.510, p < 0.001) (see Model 2 in Table 3). Thirdly, resilience was negatively 
associated with anxiety after controlling for family function (β = 0.256, p < 0.001) (see Model 3 in Table 3). Finally, 
the indirect effect of family function on anxiety via resilience was significant (ab = -0.131, SE = 0.023, 95% CI = 
[-0.177, -0.088]). The mediation effect accounted for 46.09% of the total effect. Therefore, all four requirements 
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for the mediation effect were satisfied and resilience mediated the effect of family function on anxiety during 
public health emergency.

Testing for moderated mediation
The present study hypothesized that physical activity might moderate the direct and indirect (the second 
stage of the mediation pathway: resilience-anxiety) effects of family function on anxiety. The results of the 
moderated mediation analysis were shown in Table 4. The interaction between resilience and physical activity 
had a significant effect on anxiety (β = -0.009, p = 0.032), indicating the association of resilience with anxiety was 
moderated by physical activity. Additionally, physical activity also moderated the direct effect of family function 
on anxiety (β = 0.009, p = 0.047).

Table 4 also presented the conditional direct effect of family function on anxiety and conditional effect of 
resilience on anxiety at different values of physical activity (1 SD above the mean, the mean, and 1SD below the 
mean). The direct effect of family function on anxiety was attenuated at 1SD above the mean (β= -0.062, 95% CI: 

Model 1(Anxiety)
Model 2 
(Resilience) Model 3(Anxiety)

β t β t β t

Family function -0.284*** − 8.182 0.510*** 16.481 − 0.153** − 3.895

Resilience − 0.256*** − 6.526

 R2
adj 0.080*** 0.266*** 0.127***

 F 12.299 48.037 17.194

Table 3.  Mediation analysis (N = 779). All models are adjusted for age, gender, marital status, years of working 
and technical title.  **p < 0.01.  ***p < 0.001.

 

Mean SD 1 2 3 4 5

1. Family function 6.80 2.78

2. Tenacity subscale of CD-RISC 32.02 9.60 0.487***

3. Strength subscale of CD-RISC 21.09 6.01 0.487*** 0.909***

4. Optimism subscale of CD-RISC 9.91 3.04 0.445*** 0.793*** 0.846***

5. Resilience (CD-RISC) 63.02 17.88 0.501*** 0.977*** 0.968*** 0.880***

6. Physical activity 5.63 10.42 0.060 0.072* 0.070 0.047 0.070

7. Anxiety 3.57 4.00 − 0.286*** − 0.313*** − 0.334*** − 0.244*** − 0.322***

Table 2.  Descriptive statistics and correlations among the variables of interest (N = 779). *p < 0.05. ***p < 
0.001.

 

Respondents(n(%)) Anxiety(M ± SD)

t P-valuen % M SD

Gender 0.187 0.852

 Male 44 5.6 3.68 4.10

 Female 735 94.4 3.57 3.99

Marital status 0.217 0.828

 Unmarried 287 36.8 3.61 4.02

 Married 492 63.2 3.55 3.99

Years of working -1.632 0.103

 10 years or less 544 69.8 3.42 3.89

 More than 10 
years 235 30.2 3.93 4.21

Age (mean = 30.41, SD = 6.56) -1.937 0.053

 ≤30 462 59.3 3.34 3.94

 >30 317 40.7 3.91 4.06

Technical title -2.072 0.039

 Junior 505 64.8 3.35 3.89

 Intermediate 
or higher 274 35.2 3.97 4.16

Table 1.  The demographic characteristics of respondents and group comparisons on anxiety (N = 779).
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-0.179, 0.055) than 1 SD below the mean (β= -0.199, 95% CI: -0.289, -0.108). As presented by Johnson-Neyman 
technique, physical activity would moderate the direct effect of family function on anxiety when the standard 
scores of physical activity were lower than 0.629 since the 95% CI did not contain zero (see Fig. 2a). The direct 
effect became attenuated as physical activity increased.

Nonetheless, the effect of resilience on anxiety was stronger at 1 SD above the mean (β= -0.102, 95% CI: 
-0.157, -0.053) in comparison to 1 SD below the mean (β= -0.183, 95% CI: -0.251, -0.118). Johnson-Neyman 
technique showed with the increasing physical activity, the effect of resilience on anxiety became stronger (see 
Fig. 2b).

Discussion
The present study investigated the prevalence of anxiety in major public health and safety incidents and its 
influential factors. The prevalence of anxiety among nurses during public health emergency in China was 29.9%, 
indicating nearly one-third of nurses experience anxiety. This is consistent with the result of a similar study 
investigating the psychological status among 1803 registered nurses from Jiangsu province in China under the 
normalized COVID-19 pandemic prevention and control (29.8%). In addition, the prevalence was slightly lower 
than that (37%) among nurses during the COVID-19 pandemic reported by a systematic review and meta-
analysis63. When it comes to the comparison with the prevalence (7.3%) around the globe during the non-

Fig. 2.  The conditional effect at different values of physical activity. (a) The conditional direct effect of family 
function on anxiety. (b) The conditional effect of resilience on anxiety.

 

β SE LLCI ULCI

Mediator variable model (Outcome: Resilience)

 Family function 0.5103*** 0.0310 0.4495 0.5711

Dependent variable model (Outcome: Anxiety)

 Family function − 0.1507** 0.0393 − 0.2277 − 0.0736

 Resilience − 0.2562*** 0.0392 − 0.3331 − 0.1793

 Physical activity − 0.0041 0.0034 − 0.0107 0.0025

 Family function * Physical activity 0.0085* 0.0043 0.0001 0.017

 Resilience * Physical activity − 0.0099* 0.0046 − 0.019 − 0.0008

β Boot SE BootLLCI BootULCI

Conditional direct effect analysis

 1 SD below the mean − 0.1987 0.0462 − 0.2894 − 0.1081

 Mean − 0.1507 0.0393 − 0.2277 − 0.0736

 1 SD above the mean − 0.0618 0.0595 − 0.1785 0.055

Conditional indirect effect analysis

 1 SD below the mean − 0.1023 0.0266 − 0.1568 − 0.0534

 Mean − 0.1307 0.0224 − 0.1771 − 0.0893

 1 SD above the mean − 0.1833 0.0336 − 0.2512 − 0.1181

 Index of moderated mediation − 0.005 0.0024 − 0.0099 − 0.0003

Table 4.  Testing the moderated mediation effect (N = 779). All models are adjusted for age, gender, marital 
status, years of working and technical title. *p < 0.05. **p < 0.01. ***p < 0.001.
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epidemic stage, our finding is more than 4 times higher64. Hence, despite a decline of anxious symptoms in the 
normalisation of COVID-19 epidemic prevention and control, the prevalence was still considerably high and 
special attentions should be paid to mitigating anxiety of nurses during this stage.

Our results revealed the technical title of nurses was significantly associated with anxiety, which is in line 
with the previous literature9. Nurses with higher technical titles had a higher likelihood of reporting anxiety 
than those with lower technical titles. This might be explained by different division of labor in nurses with 
different technical titles. Intermediate and senior nurses usually bear more responsibility in comparison to the 
junior nurses who are usually inexperienced and lack professional skills and clinical experience. Apart from care 
provision, nurses with higher technical titles usually serve as the leaders to manage the team, make the decisions, 
and supervise and guide junior nurses, which might make them more vulnerable to anxiety. Our results showed 
a marginal significance in higher anxiety levels among nurses aged over 30 compared to those 30 or younger. 
However, this did not definitively establish a statistically significant difference based on age, as some studies have 
reported mixed findings.While some studies have found a significant weak inverse correlation between anxiety 
and age65,66, others have reported no statistically significant difference67,68. Therefore, further investigation in 
larger and more diverse samples is crucial to confirm the validity and generalizability of this potential trend.

Consistent with our hypothesis, we found nurses’ resilience partially mediated the effect of family function 
on anxiety, revealing the mechanisms by which family function would impact anxiety. Specifically, our 
results indicated that family dysfunction not only had a direct influence on nurses’ anxiety but also indirectly 
contributed to higher levels of anxiety by weakening their resilience. The present result is in line with previous 
literature concerning the mediating role of resilience in the association of family function with health outcomes. 
Notably, recent studies have similarly identified resilience as a mediator in the effects of family satisfaction on 
anxiety among Chinese adolescents69 and in the relationship between family function and mental health among 
diabetic patients70. Nurses with good family functions may exhibit enhanced resilience, which is nurtured by the 
positive influences of their familial environments35. This resilience stems not only from the profound emotional 
bonds and mutual support among family members but also from the family’s collective ability to communicate 
effectively and resolve life challenges24. In such supportive family environments, nurses develop resilience by 
acquiring the ability to maintain an optimistic outlook during adversity, adeptly manage negative emotions, and 
adeptly employ proactive coping strategies to overcome a wide range of life’s challenges. Consequently, when 
confronted with pressures in major public health and safety incidents, they are capable of swiftly adjusting their 
mental states, thereby mitigating the emergence of anxiety symptoms.

What’s more, the results of moderated mediation analysis revealed physical activity of nurses could 
moderate the direct and indirect association between family function and anxiety. As shown by Johnson-
Neyman technique, the direct association of family function with anxiety was attenuated with enhancement 
of physical activity. The direct effect became insignificant when the standard scores of physical activity were 
0.629 and over. In contrast, Johnson-Neyman technique also presented the indirect effect of family function 
on anxiety through resilience was stronger when the levels of physical activity increased. This is consistent with 
previous studies47–50, suggesting the effect of environmental and psychological factors on mental health could 
be moderated by physical activity. For example, Zhang et al. suggested the association between psychological 
resilience and negative emotions was stronger for individuals with physical activity50. The beneficial effects of 
physical activity might be driven by the hypothalamic-pituitary-adrenal axis, which was associated with the 
release of cortisol71,72. Besides, physical activity might influence the neurophysiological processes via stimulating 
the expression of the brain nerve growth factor (BDNF) and supporting the functioning of the Trk-B receptor 
and BDNF-Trk-B signaling, which could be beneficial on affective, cognitive and social functioning in turn73–75. 
Alternatively, physical activity could positively affect mental health through altering neurotransmitters and 
hormones76,77, reducing chronic inflammation78 and improving endocannabinoid system function75. Physical 
activity could help individuals maintain a healthy body and be prepared to make positive changes. Under this 
circumstance, the protective effects of family function and resilience against anxiety might be stronger.

The results have profound implications for the amelioration of nurses’ anxiety in major public health and 
safety incidents, both theoretically and practically. On the one hand, the present study provided a theoretically 
grounded foundation for an in-depth understanding of the association between family function and anxiety and 
its underlying mechanisms among Chinese nurses in major public health and safety incidents. This theoretical 
framework serves as a cornerstone for future investigations into the psychological well-being of nurses in 
similar high-stress environments. On the other hand, the findings could inform public health policy of the 
potential preventive measures of anxiety. Mental health education courses and training programs should be 
designed with the primary objective of improving family function, which in turn has the potential to prevent 
and mitigate anxiety among Chinese nurses in major public health and safety incidents. By participating in 
such courses and training, nurses should acquire the skills necessary to communicate openly, refrain from 
suppressing negative emotions, and actively seek comfort and assistance from their family and friends. This 
enhanced ability to engage with and utilize family support will contribute to strengthening family function, 
ultimately leading to a reduction in anxiety among nurses during such critical times21. Furthermore, resilience-
focused program should be developed and prioritized to Chinese nurses with higher levels of physical activity. 
Healthcare organization managers must take a proactive role in implementing psychological resilience training 
and support measures. These measures should encompass a diverse array of resources and interventions, such as 
coping skill training, stress management techniques, and the cultivation of a supportive work environment35,79.
By employing structured intervention strategies within these programs, the psychological resilience of nurses can 
be significantly enhanced. This, in turn, has the potential to mitigate the adverse impact of family dysfunction 
on anxiety, thereby fostering a more resilient and adaptive nursing workforce capable of effectively managing the 
challenges posed by major public health and safety incidents.
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Several limitations should be noted when interpreting the results. First, a cross-sectional study design 
was employed in the present study, which is difficult to explore the causal relationship between variables. In 
the future, longitudinal or experimental study design should be adopted to further determine the temporal 
sequence among variables. Second, the current research utilized self-reported questionnaires. This might result 
in self-reported biases, leading to the underestimation or overestimation of the associations. Further research 
could use multi-informant measures to collect both self-report and other-report information. Thirdly, another 
limitation for the present study was that all participants were only from Jiangsu province, which might limit 
the generalization of the results to all nurses worldwide. Further study could recruit participants from different 
regions to verify the results. Finally, the current model could only partially explain the relationship between 
family function and anxiety of Chinese nurses during public health emergency since anxiety could be affected 
by many variables, such as working department or roles during the public health emergency. Notably, research 
has shown that the working department moderated the effect of resilience on anxiety during the COVID-19 
pandemic, with those working in high-risk departments exhibiting a stronger influence of resilience on their 
anxiety levels9. Nurses work in emergency department has also been found to report higher levels of anxiety 
during the COVID-19 pandemic due to the highly stressful environment, life-threatening conditions, long 
working hours66,80. Thus, a more integral and comprehensive model with more factors could be constructed to 
better understand the anxiety of nurses in the future.

Nurses experienced higher levels of anxiety in public health emergency in China. Resilience partially 
mediated the association between family function and anxiety and physical activity moderated both the direct 
effect of family function on anxiety and the meditating effect of resilience. Specifically, the indirect effect became 
stronger and the direct effect became weaker with the increase of physical activity.

Data availability
The data that support the findings of this study are available on request from the corresponding authors. The data 
are not publicly available due to the de-identified data possibly containing information that could compromise 
the privacy and safety of the research participants.
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