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Abstract 

Background Middle-aged  and elderly patients with cardiovascular disease (CVD) who have recovered from SARS-
CoV-2 infection may experience depressive symptoms due to the physical and psychological impact of the pandemic.

Objective To investigate the prevalence and predictors of depressive symptoms among the middle-aged and elderly 
with CVD who have recovered from SARS-CoV-2 infection in Wuhan, China, and to develop a prediction model 
for depressive symptoms.

Methods A cross-sectional study was conducted among 462 former SARS-CoV-2 middle-aged and elderly 
patients with CVD in Jianghan District, Wuhan, China from June 10 to July 25, 2021. Depressive symptoms were 
assessed by the Patient Health Questionnaire-9 (PHQ-9). Potential predictors of depressive symptoms were selected 
by the least absolute shrinkage and selection operator (LASSO) regression. A prediction model was developed 
by random forest (RF) and logistic regression models and compared by the area under the receiver operating char-
acteristic curve (AUROC). The discrimination, calibration, and practical utility of the prediction model were evaluated 
by the receiver operating characteristic (ROC) curve, calibration curve, and decision curve analysis (DCA). Bootstrap 
sampling was used for internal validation.

Results The prevalence of depressive symptoms among the participants was 35.93%. The prediction model included 
age, stethalgia after recovery, insomnia after recovery, post-traumatic stress disorder (PTSD), anxiety, fatigue, and per-
ceived social support as predictors. The AUROC of the logistic regression model was 0.909 (95%CI: 0.879 ~ 0.939), 
indicating good discrimination. The calibration curve showed good calibration. The DCA showed that the prediction 
model had a net benefit for a wide range of risk thresholds. The internal validation confirmed the stability of the pre-
diction model.
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Conclusion Depressive symptoms are common among middle-aged and elderly CVD patients who have recov-
ered from SARS-CoV-2 infection in Wuhan, China. A prediction model with satisfactory performance was developed 
to estimate the risk of depressive symptoms among this population. Interventions targeting long COVID symptoms 
and social support should be considered to prevent depressive symptoms in CVD patients.

Keywords Depressive symptoms, SARS-CoV-2, Cardiovascular disease, The middle-aged and elderly, Prediction 
model

Introduction
Cardiovascular disease (CVD) is the leading contribu-
tor to both mortality and premature death in China [1]. 
The Report on Cardiovascular Diseases in China 2017 
showed that more than 40% of deaths in the Chinese 
population were attributed to CVD [2]. The middle-aged 
and elderly population is at high risk for CVD, they may 
also experience serious mental disorders when suffering 
from CVD as a result of the complex emotional-cognitive 
adaptations required to manage cardiovascular illnesses, 
which could negatively impact their overall health [3–5]. 
According to the American Heart Association (AHA), 
the prevalence of depressive symptoms in patients with 
CVD was about twice that of those without any disease, 
and depressive symptoms have been identified as a risk 
factor for worse prognosis of CVD [4]. In China, a popu-
lation-based study showed that the prevalence of depres-
sive symptoms and anxiety in CVD patients were 31.9% 
and 22.3%, respectively, which was over three times 
higher than those observed in the general population [3]. 
A study has also shown that the prevalence of depressive 
symptoms and anxiety could increase substantially with 
the number of comorbid CVDs [6], which highlights the 
importance and urgency of prevention and intervention 
in the mental health of CVD patients.

In late 2019, a novel coronavirus named SARS-CoV-2 
emerged in Wuhan, China, causing an outbreak of a res-
piratory illness known as COVID- 19, and one popu-
lation that is particularly vulnerable to SARS-CoV-2 
infection is the middle-aged and elderly CVD patients 
who are more likely to have serious complications or 
even death after infection [7–9]. A prospective cohort 
study conducted during the early period of the COVID- 
19 pandemic in Hubei, China indicated that the elderly 
COVID- 19-infected population with CVD comorbidi-
ties had a fatality rate of 39.62% compared with an overall 
cohort fatality rate of 16.29% due to COVID- 19 infec-
tion, and CVD was associated with worse COVID- 19 
prognosis [10]. Several retrospective studies conducted 
during the COVID- 19 pandemic have also suggested 
that patients with CVD were at a higher risk of various 
complications when infected with SARS-CoV-2 com-
pared to those without CVD [11, 12]. Furthermore, 
apart from the COVID- 19 infections caused by the 

SARS-CoV-2 pandemic, isolation, treatment interrup-
tion, and long COVID symptoms such as chronic cough, 
shortness of breath, chest tightness, cognitive dysfunc-
tion, and extreme fatigue, which have further exacerbated 
the psychological distress experienced by patients with 
CVD [13–15]. A study investigating the mental health of 
Asian patients with CVD before and during the COVID- 
19 pandemic also revealed a notable 11% increase in the 
incidence of mental disorders among this population due 
to isolation policies and limited access to mental health 
and medical care services [16, 17].

The SARS-CoV-2 strain in Wuhan was characterized 
by high mortality and severe case rates among those 
infected, which had a profound impact on the men-
tal health of patients infected with COVID- 19 at the 
early stage [18]. A cross-sectional study conducted from 
June 10 to July 25, 2021, indicated that the prevalence 
of depressive symptoms, anxiety, and post-traumatic 
stress disorder (PTSD) among patients who have recov-
ered from SARS-CoV-2 infection in Wuhan were 36.2%, 
27.1%, and 15.2%, respectively [19]. These data demon-
strated the substantial impact of the initial COVID- 19 
outbreak on the physical and psychological well-being 
of Wuhan’s SARS-CoV-2 survivors. Among the men-
tal disorders mentioned above, depressive symptoms 
deserve the most attention [20]. Numerous studies have 
revealed the relationships between depressive symptoms 
and COVID- 19 infection. Specifically, Infection with 
COVID- 19 may lead to inflammatory reactions, physi-
cal discomfort, and the emergence of long COVID symp-
toms, resulting in a decreased quality of life, which can 
trigger or worsen depressive symptoms [21–23]. A retro-
spective cohort study also showed that patients who have 
recovered from SARS-CoV-2 may still face a higher risk 
of mental disorders during the rehabilitation stage after 
SARS-CoV-2 infection [24]. Additionally, the presence of 
depressive symptoms may increase an individual’s physi-
cal and psychological vulnerability, resulting in a higher 
likelihood of SARS-CoV-2 infection, hospitalization, 
admission to intensive care units (ICU), and mortality 
[25]. Moreover, patients with depressive symptoms have 
an increased susceptibility to CVD, since such individu-
als often engage in behaviors associated with cardiovas-
cular risk factors, such as insufficient sleep, physical 
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inactivity, smoking, and alcohol abuse [26, 27]. Therefore, 
it is crucial to pay attention to the depressive symptoms 
of patients with CVD who have recovered from SARS-
CoV-2 infection.

Despite the World Health Organization’s (WHO) 
declaration on May 5, 2023, that COVID- 19 no longer 
constitutes a global health emergency, the challenges of 
mental health problems for infected individuals revealed 
during the initial phase of the SARS-CoV-2 pandemic 
warrant continued attention and evaluation, which could 
yield valuable insights for managing future potential 
infectious disease pandemics [28]. Several studies have 
identified the predictors of depressive symptoms among 
patients with SARS-CoV-2 infection history. Some stud-
ies showed that higher levels of psychological resilience 
and perceived social support were negatively associ-
ated with depressive symptoms; while anxiety and per-
ceived COVID- 19 stigma were positively associated with 
depressive symptoms among recovered SARS-CoV-2 
patients in Wuhan, China [19, 29]. A systematic review 
indicated that pre-existing psychiatric disorders, col-
leagues or family members infected, quarantine experi-
ence, and physical illness such as cancer, chronic diseases, 
and persistent physical pain were risk factors for depres-
sive symptoms caused by the infectious disease pandemic 
among the general population [30]. Another meta-anal-
ysis also revealed that sleep disorders were associated 
with depressive symptoms in COVID- 19 patients [31]. 
Some studies also developed depressive symptoms pre-
diction models for the sake of improving clinical practice. 
For example, a retrospective study developed a machine 
learning model with moderate predictive performance 
in predicting depressive symptoms among undergradu-
ate students using electronic health records [32]. A sys-
tematic review of prediction models for depression risk 
showed that older age, poor physical health, and cogni-
tive function were the most common risk predictors of 
depressive symptoms among the elderly [33]. However, 
few studies have focused on the depressive symptoms 
among CVD patients who have recovered from SARS-
CoV-2 infection. The predictors of depressive symptoms 
in this population also remain elusive. Additionally, there 
exists a gap in the literature regarding the development 
of prediction models for depressive symptoms among 
them, which highlights the need for further research in 
this area. The current study is aimed at investigating the 
prevalence of depressive symptoms among CVD patients 
who have recovered from SARS-CoV-2 infection in 
Wuhan, China, paying attention to the middle-aged and 
elderly due to their vulnerability to both CVD and SARS-
CoV-2, and developing a depressive symptoms prediction 
model with the potential physical and psychological pre-
dictors of depressive symptoms. This study is expected 

to improve the understanding of the key predictors of 
depressive symptoms among CVD patients influenced by 
SARS-CoV-2 infection and provide evidence to support 
the prevention and control of depressive symptoms in the 
event of future infectious disease outbreaks.

Methods
Study design and participants
In this study, we have strictly followed the Transparent 
Reporting of a Multivariable Prediction Model for Indi-
vidual Prognosis or Diagnosis (TRIPOD) statement to 
report the results [34]. For the sample size estimation, a 
single-group design was used to obtain a two-sided 95% 
confidence interval for a single proportion. The simple 
asymptotic formula was used to calculate the confidence 
interval. The sample proportion is assumed to be 0.4. To 
produce a confidence interval with a width of no more 
than 0.1, 369 subjects would be needed. Anticipating 
a 20% dropout rate, 462 subjects should be enrolled to 
obtain a final sample size of 369 subjects. The sample size 
was computed using PASS 2023, version 23.0.2.

This cross-sectional study was conducted among for-
mer SARS-CoV-2 patients in Jianghan District, Wuhan, 
China, from June 10 to July 25, 2021. According to the 
electronic medical records of the Health Bureau of Jiang-
han District, a total of 3059 SARS-CoV-2 patients were 
eligible for the study and they were infected with the 
original SARS-CoV-2 strain and were diagnosed between 
December 10, 2019, and April 20, 2020. Among them, 
1601 SARS-CoV-2 survivors were invited for a question-
naire survey on their physical and mental health status 
when they were receiving clinical re-examination by con-
venience sampling, and 1541 completed the survey. All 
investigators and support staff in this study were trained 
based on the same protocol and were required to have 
an educational background in medicine or public health. 
Digital informed consent was obtained from all partici-
pants to ensure their voluntary participation.

Self-administered electronic questionnaires and digital 
consent forms were sent to patients through REDCap, an 
online survey platform used for delivering online ques-
tionnaires. After reading the informed consent form and 
clicking the “I agree to participate in this study” button 
on the first page, participants could continue to fill in 
the electronic questionnaire. The questionnaire consists 
of demographic characteristics and long COVID-related 
physical and psychological symptoms. Ethics approval for 
the questionnaire survey was obtained from the Ethics 
Review Committee of the Institute of Pathogen Biology, 
Chinese Academy of Medical Sciences, Beijing, China 
(IPB- 2020–22). All work involved in this study was per-
formed in accordance with the Declaration of Helsinki. 
The participants had to meet the following criteria: 1) be 
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equal to or over 45 years old; 2) have a history of SARS-
Cov-2 infection; 3) have cardiovascular disease; 4) be 
proficient in Chinese; 5) be able to independently coop-
erate with researchers to complete various scale assess-
ments; 6) have mobile communication equipment such 
as a mobile phone, and a WeChat account; 7) be able to 
access the Internet with mobile equipment at any time; 
8) have not received interventions for mental disor-
ders within 1  month before enrollment or currently in 
the study. Those who met any of the following criteria 
were excluded: 1) had serious cognitive impairment; 2) 
were difficult to cooperate with the questionnaire study. 
Finally, 462 participants were included in the final analy-
sis based on the criteria above and no missing data was 
detected in the dataset.

Measurements
Outcome

Depressive symptoms The 9-item Patient Health Ques-
tionnaire (PHQ- 9) was used for screening participants’ 
depressive symptoms in the last 2  weeks. This ques-
tionnaire was developed by Kroenke in 2001 and has 
been validated among various Chinese populations 
[35–37]. The PHQ- 9 evaluates the presence of the fol-
lowing symptoms over the previous 2-week period: (a) 
depressed mood; (b) anhedonia; (c) sleep problems; (d) 
feelings of tiredness; (e) changes in appetite or weight; (f ) 
feelings of guilt or worthlessness; (g) difficulty concen-
trating; (h) feelings of sluggishness or worry; (i) suicidal 
ideation [38]. The items of the PHQ- 9 are scored on a 
4-point Likert scale with a range of 0 to 3. A score of ≥ 5 
could indicate depressive symptoms. Cronbach’s alpha of 
the instrument was 0.901 in this study.

Predictors

Demographic characteristics Participants were asked 
about their age, gender, weight, region, educational level, 
marital status, annual income, alcohol use, smoking sta-
tus, hospitalization of SARS-CoV-2 infection, the SARS-
CoV-2 infection status of family members and friends, 
living conditions, ICU experience due to SARS-CoV-2 
infection, psychological counseling status, drug use dur-
ing SARS-CoV-2 infection, and whether seeking for med-
ical advice due to personal health during SARS-CoV-2 
infection.

Physical symptoms Participants were asked about their 
physical symptoms during SARS-CoV-2 infection and 
after recovery. Symptoms during SARS-CoV-2 infection 
included fever, respiratory symptoms, gastrointestinal 
symptoms, and cardiovascular symptoms. Symptoms 

after recovery included cough, stethalgia, chest distress, 
dyspnea, headache, fatigue, dysosmia, dysgeusia, loss of 
appetite, insomnia, alopecia, giddiness, nausea and vom-
iting, myalgia, and arthralgia.

Psychological symptoms

Post‑traumatic stress disorder The Impact of Events 
Scale-Revised (IES-R) was used to evaluate the SARS-
CoV-2-related PTSD of the participants. IES-R is a 
22-item scale aiming at screening posttraumatic stress 
symptoms in adults or older people in the last 2 weeks. 
The IES-R evaluates the presence of intrusion, avoidance, 
and hyperarousal symptoms over the previous 2-week 
period [39, 40]. The items of this instrument are rated 
on a 5-point Likert scale from 0–4 [39, 40]. A total score 
equal to or above 35 can be regarded as positive PTSD 
symptoms. This instrument has been validated in the 
Chinese population and has been proven valid and reli-
able among SARS-CoV-2 patients [41, 42]. In this study, 
the Cronbach’s alpha of the instrument was 0.963.

Anxiety The Generalized Anxiety Disorder Ques-
tionnaire (GAD-7) was used to measure anxiety in this 
study. The GAD-7 evaluates the presence of the follow-
ing symptoms over the previous 2-week period: (a) feel-
ing nervous, anxious, or on edge; (b) not being able to 
control worrying; (c) worrying much about different 
things; (d) being difficulty in relaxing; (e) being restless; 
(f ) being easily annoyed; (g) being afraid as if awful things 
might happen [43]. This scale consists of 7 items that are 
rated on a 4-point Likert scale from 0–3. The scores of 
the instrument range from 0 to 21. A score of ≥ 5 could 
indicate anxiety symptoms. This instrument has been 
demonstrated to be reliable and valid among the Chinese 
population [44, 45]. In this study, the Cronbach’s alpha of 
the instrument was 0.948.

Perceived COVID‑ 19 stigma The Short Version of the 
COVID- 19 Stigma Scale (CSS-S) was used to evaluate 
the perceived stigma caused by SARS-CoV-2 infection in 
this study. The CSS-S evaluates the presence of person-
alized stigma, disclosure concerns, concerns about pub-
lic attitudes, and negative self-image over the previous 
2-week period [46, 47]. CSS-S is a 12-item scale modified 
from the 12-item HIV stigma scale, which has 4 dimen-
sions (personalized stigma, disclosure concerns, con-
cerns about public attitudes, and negative self-image) [46, 
47]. CSS-S was initially developed and used in patients 
with COVID- 19 illness in Lahore, Pakistan, and we 
translated the English version of CSS-S through a rigor-
ous translation-back translation process. The Cronbach’s 
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alpha of the instrument was 0.932 in this study. We also 
conducted confirmatory factor analysis (CFA) to validate 
this scale in the Chinese SARS-CoV-2 survivors in the 
current study. The CFA model fit indices showed χ2/df 
= 10.393, RMSEA = 0.085, CFI = 0.937, TLI = 0.930, and 
SRMR = 0.096, suggesting a good model fit and structural 
validity of CSS-S. The standardized factor loadings of the 
12 items in CSS-S were all above 0.6 and statistically sig-
nificant. The values of composite reliability (CR) for the 
4 dimensions were all above 0.8. The average variance 
extracted (AVE) of the 4 dimensions were all above 0.6, 
suggesting good reliability and convergent validity of the 
CSS-S. The square root of each dimension’s AVEs were all 
greater than the absolute value of the correlation between 
this dimension and the other three dimensions, indicat-
ing good discriminant validity of this scale. Therefore, we 
conclude that CSS-S showed good reliability and valid-
ity among Chinese SARS-CoV-2 survivors. Each item on 
the scale is scored on a Likert scale of 1–4. A total score 
of ≥ 20 indicates a high level of perceived SARS-CoV-2 
stigma [48].

Perceived social support The Perceived Social Support 
Scale (PSSS) was employed to measure the social support 
level perceived by participants during the past 2  weeks. 
The PSSS evaluates the ability to perceive material and 
emotional support over the previous 2-week period 
[49]. The scale was developed by Li, et al. in 2017 in the 
Chinese cultural context and has been used among the 
Chinese MSM population [49]. It contains two items, 
each scored on an 11-point Likert scale from 0 to 10 (0 
= Strongly Disagree; 10 = Strongly Agree). Higher total 
scores indicated a higher level of perceived support. The 
Cronbach’s α of the questionnaire in this study was 0.912.

Resilience The Resilience Style Questionnaire (RSQ) 
was used to evaluate participants’ psychological resil-
ience. The RSQ evaluates the ability to successfully adapt 
to difficult or challenging life experiences over the pre-
vious 2-week period [50, 51]. This questionnaire consists 
of 16 items that are rated on a 5-point Likert scale from 
1 to 5. Higher total or mean scores of the 16 items indi-
cate a greater ability to recover from negative events. This 
instrument was developed and validated among the Chi-
nese [52, 53]. In this study, the Cronbach’s alpha of the 
instrument was 0.977.

Peace of mind Peace of mind is marked by a serene 
sense of happiness and a low-arousal positive affect 
[54]. The Peace of Mind Scale (PoM) was used to evalu-
ate the participants’ levels of a peaceful mind. The PoM 
evaluates the presence of the following feelings over the 
previous 2-week period: (a) mind is free and at ease; (b) 

being content and comfortable with themselves; (c) peace 
and stability in life; (d) having peace and harmony in my 
mind; (e) difficulty in feeling settled; (f ) living peacefully 
and comfortably; (g) anxious and uneasy in mind [55]. 
This scale is composed of 7 items rated on a 5-point scale 
ranging from 1 (“not at all”) to 5 (“all of the time”). Higher 
total scores indicate a more peaceful mind. This instru-
ment was validated in the Chinese population and has 
proven its effectiveness and reliability [55]. In this study, 
Cronbach’s alpha of the instrument was 0.870.

Fatigue The Fatigue Scale- 14 (FS- 14) was used to 
assess the degree of perceived physical and psychologi-
cal fatigue in this study [56]. This scale is a 14-item scale 
aiming at measuring the severity of fatigue during the 
past two weeks [56]. The items of this instrument are 
rated on a 2-point scale of 0 and 1. Higher total scores 
on the 14 items indicate a higher level of fatigue. This 
instrument has been proven valid and reliable among the 
general population in China [57]. In this study, the Cron-
bach’s alpha of the instrument was 0.845.

Statistical analysis
Frequency and percentage were used to describe cat-
egorical variables, and mean ± SD was used to describe 
continuous variables. The whole dataset with 462 sam-
ples based on our eligibility criteria was used as the 
training set. The least absolute shrinkage and selec-
tion operator (LASSO) regression was used to select a 
subset of predictors from demographic characteristics, 
Physical symptoms, and psychological symptoms that 
are most associated with depressive symptoms based 
on the lambda (λ) value that could achieve minimum 
binomial deviance. The selected variables were further 
employed in both the random forest (RF) model and 
backward stepwise logistic regression in the train set. In 
the RF model, the prediction ability was evaluated by an 
out-of-bag (OOB) estimate of error rate and classifica-
tion errors. The importance of each predictor was deter-
mined by mean decrease accuracy and mean decrease 
gini. The predictors in the stepwise logistic regression 
model were determined based on the Akaike informa-
tion criterion (AIC). The prediction abilities of the two 
models were compared by the area under the receiver 
operating characteristic curve (AUROC) using DeLong’s 
test and Hanley&McNeil test. The discrimination of the 
prediction model was evaluated by the receiver operating 
characteristic (ROC) curve and AUROC. The calibration 
of the prediction model was evaluated by the calibra-
tion curve [58]. Decision curve analysis (DCA) was used 
to evaluate the practical utility of the prediction model. 
The bootstrap method with 100 bootstrap sampling was 
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employed to generate an internal validation set, where 
AUROC, calibration curve, and DCA were used to assess 
the internal validity of the prediction model. All the sta-
tistical analyses were performed using R 4.3.0.

Results
Characteristics of participants
In this study, the average age of 462 participants was 
(64.71 ± 8.75) years old; 225 (48.70%) were male; 150 
(32.47%) were of normal weight; 426 (92.21%) lived in 
urban; 355 (76.84%) had an educational level of equal 
or below middle school; 391 (84.63%) were married; 283 
(61.26%) had an annual income of less than 60,000 Yuan. 
397 (85.93%) were hospitalized due to SARS-CoV-2 
infection; 20 (4.33%) had ICU experience due to SARS-
CoV-2 infection. 72 (15.58%) had PTSD symptoms; 117 
(25.32%) had anxiety symptoms; 418 (90.48%) perceived 
SARS-CoV-2 stigma; 166 (35.93%) developed depressive 
symptoms. The details are displayed in Table 1.

Selection of predictors
In the LASSO regression, the minimum binomial value 
was achieved when λ equals 0.017, where 12 predictors 
were selected: age, alcohol use; cardiovascular symp-
toms during SARS-CoV-2 infection; stethalgia, insom-
nia, myalgia, and arthralgia after recovery, PTSD, anxiety, 
fatigue, peace of mind, and perceived social support. Fig-
ure  1 illustrates how the binomial deviance and model 
coefficients change for λ.

Random forest model
The variables selected by LASSO regression were used 
to develop RF and logistic regression models. In the RF 
model, the error rate was minimized when the number 
of trees was set as 261. The OOB estimate of error rate 
was 14.97%, with classification error rates of 10.91% and 
22.81%, respectively. The results of the RF model indi-
cated that anxiety and fatigue were important predictors 
of depressive symptoms, see Fig. 2.

Logistic regression model
The results of backward stepwise logistic regression 
showed that age (β = 0.036, P = 0.029), stethalgia after 
recovery (β = 0.904, P = 0.093), insomnia after recov-
ery (β = 0.645, P = 0.079), PTSD (β = 1.356, P = 0.006), 
anxiety (β = 2.926, P < 0.001), and fatigue (β = 0.247, P < 
0.001) were positively associated with depressive symp-
toms. Perceived social support (β = − 0.064, P = 0.010) 
was negatively associated with depressive symptoms. See 
Table 2.

The AUROC of the RF and logistic regression models 
were 0.926 (95% CI: 0.899 ~ 0.952) and 0.909 (95%CI: 
0.879 ~ 0.939), respectively. The result of DeLong’s test 

Table 1 Characteristics of participants (N = 462)

Variables N Percentage (%) Mean ± SD

Age 64.71 ± 8.75

Gender
 Female 237 51.30

 Male 225 48.70

Weight
 Normal 150 32.47

 Less weight 10 2.16

 Overweight 302 65.37

Region
 Rural areas 36 7.79

 Urban 426 92.21

Educational level
 Equal or below middle school 355 76.84

 Above middle school 107 23.16

Marital status
 Unmarried/divorced/widowed 71 15.37

 Married 391 84.63

Annual income (CNY)
 Less than 60,000 283 61.26

 Equal to or more than 60,000 179 38.74

Alcohol use
 No 344 74.46

 Yes 118 25.54

Smoking
 No 399 86.36

 Yes 63 13.64

Hospitalization due to SARS-CoV-2 infection
 No 65 14.07

 Yes 397 85.93

Having family members infected with SARS-CoV-2
 No 242 52.38

 Yes 220 47.62

Having friends infected with SARS-CoV-2
 No 347 75.11

 Yes 115 24.89

Dwelling state
 Living alone 57 12.34

 Living with others 405 87.66

ICU experience due to SARS-CoV-2 infection
 No 442 95.67

 Yes 20 4.33

Psychological counseling history before SARS-CoV-2 infection
 No 428 92.64

 Yes 34 7.36

Psychological counseling during SARS-CoV-2 infection
 No 442 95.67

 Yes 20 4.33

Glucocorticoids use during SARS-CoV-2 infection
 No 427 92.42
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for the two AUROCs was: Z = 1.189, P = 0.234, and the 
result of the Hanley&McNeil test for the two AUROCs 
was: Z = 0.896, P = 0.371, both suggesting similar predic-
tion abilities of the two models. Considering the inter-
pretability of the prediction model, the logistic regression 
model was finally employed in this study to predict 
depressive symptoms.

The prediction model’s nomogram was constructed 
using the final predictors determined by the logistic 
regression model. Points are assigned for each predictor 
and summed to yield a total score, as indicated by the top 
of the ruler. The corresponding probability of develop-
ing depressive symptoms is displayed below, with higher 

Table 1 (continued)

Variables N Percentage (%) Mean ± SD

 Yes 35 7.58

Immunosuppressants use during SARS-CoV-2 infection
 No 456 98.70

 Yes 6 1.30

Used to seek medical advice due to personal health during SARS-
CoV-2 infection
 No 293 63.42

 Yes 169 36.58

Symptoms during SARS-CoV-2 infection
Fever
 No 196 42.42

 Yes 266 57.58

Respiratory symptoms
 No 241 52.16

 Yes 221 47.84

Gastrointestinal symptoms
 No 385 83.33

 Yes 77 16.67

Cardiovascular symptoms
 No 425 91.99

 Yes 37 8.01

Symptoms after recovery
Cough
 No 376 81.39

 Yes 86 18.61

Stethalgia
 No 427 92.42

 Yes 35 7.58

Chest distress
 No 364 78.79

 Yes 98 21.21

Dyspnea
 No 404 87.45

 Yes 58 12.55

Headache
 No 422 91.34

 Yes 40 8.66

Fatigue
 No 335 72.51

 Yes 127 27.49

Dysosmia
 No 431 93.29

 Yes 31 6.71

Dysgeusia
 No 432 93.51

 Yes 30 6.49

Loss of appetite
 No 430 93.07

 Yes 32 6.93

Table 1 (continued)

Variables N Percentage (%) Mean ± SD

Insomnia
 No 370 80.09

 Yes 92 19.91

Alopecia
 No 413 89.39

 Yes 49 10.61

Giddiness
 No 422 91.34

 Yes 40 8.66

Nausea and vomiting
 No 456 98.70

 Yes 6 1.30

Myalgia
 No 412 89.18

 Yes 50 10.82

Arthralgia
 No 382 82.68

 Yes 80 17.32

PTSD (IES-R)
 No 390 84.42

 Yes 72 15.58

Anxiety (GAD-7)
 No 345 74.68

 Yes 117 25.32

Perceived SARS-CoV-2 stigma (CSS-S)
 No 44 9.52

 Yes 418 90.48

Depressive symptoms (PHQ- 9)
 No 296 64.07

 Yes 166 35.93

Perceived social support (PSSS) 14.11 ± 5.61

Resilience (RSQ) 56.27 ± 14.48

Peace of mind (PoM) 25.12 ± 6.07

Fatigue (FS- 14) 6.08 ± 3.97
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scores indicating greater risk, see Fig. 3. a. For practical 
convenience, an online program was created and can be 
accessed at https:// zhenw eidai. shiny apps. io/ depre ssion 
riskc alcul ator/. After entering the relevant parameters, 
the risk of developing depressive symptoms can be calcu-
lated by clicking the ‘predict’ button, see Fig. 3. b.

Discrimination, calibration, and practical utility 
of the prediction model
The discrimination of the developed depressive symp-
toms prediction model was evaluated using ROC curve 
analysis. The AUROC was 0.909 (95%CI: 0.879 ~ 0.939). 

Fig. 1 Predictor selection in LASSO regression. a: Plot of the binomial deviance test based on lambda value; b: Model coefficients change 
for lambda value

Fig. 2 Importance of variables based on random forest model

Table 2 Multivariate analysis of predictors of depressive 
symptoms

Predictor β S.E Z P

Intercept − 4.786 1.154 − 4.149  < 0.001
Age 0.036 0.017 2.181 0.029
Stethalgia after recovery (Yes) 0.904 0.539 1.678 0.093

Insomnia after recovery (Yes) 0.645 0.367 1.757 0.079

PTSD 1.356 0.489 2.770 0.006
Anxiety 2.926 0.366 7.994  < 0.001
Fatigue 0.247 0.043 5.725  < 0.001
Perceived social support − 0.064 0.025 − 2.583 0.010

https://zhenweidai.shinyapps.io/depressionriskcalculator/
https://zhenweidai.shinyapps.io/depressionriskcalculator/
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The optimal cut-off value of prediction probability was 
0.242, with a sensitivity and specificity of 0.880 and 0.797, 
respectively, indicating good discrimination, see Fig.  4. 
The result of the calibration curve indicated that the SI 
prediction model had a good prediction effect requir-
ing no further calibration, see Fig. 5. a. The DCA curve 
showed that the depressive symptoms prediction model 
could yield a net benefit to a wide range of approximately 
between 1.4% and 95.5%, indicating this model is benefi-
cial in making decisions in practical settings, see Fig. 5. b.

Internal validation of the prediction model
Bootstrap sampling was used for the internal validation 
of our prediction model. The AUROC of the samples 
in the internal validation set was 0.909 (95%CI: 0.906 
~ 0.912). The optimal cut-off value of prediction proba-
bility was 0.275, with a sensitivity and specificity of 0.854 
and 0.822, respectively. These values suggest that the 

discrimination of the model in the validation set is nearly 
identical to that in the training set. This consistency in 
performance across different sets further indicated the 
robustness of our model, see Fig.  6. a. The calibration 
curve of the internal validation set is shown in Fig. 6. b. 
The DCA curve of the internal validation set showed that 
the depressive symptoms prediction model could yield a 
net benefit when the risk threshold is between 1.3% and 
97.9%, See Fig. 6. c.

Discussion
Cardiovascular diseases, such as heart disease and stroke, 
are more prevalent in older age groups due to various 
factors, including the natural aging process, unhealthy 
lifestyles, and the accumulation of risk factors over time 
[59, 60]. Moreover, research has revealed that patients 
with CVD are more likely to experience depressive symp-
toms, and there is an interactive association between 

Fig. 3 Nomogram and online program of the depressive symptoms prediction model. a: Nomogram for predicting depressive symptoms; b: Online 
program for predicting depressive symptoms

Fig. 4 Discrimination of the depressive symptoms prediction model. a: ROC curve of the prediction model; b: Cut-off plot of the prediction model
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depressive symptoms and CVD [61, 62]. Additionally, the 
elderly and patients with CVD are more susceptible to 
COVID- 19 infection and experience poorer prognoses, 
which could exacerbate both physical and psychologi-
cal well-being [63]. Therefore, we developed a depressive 
symptoms prediction model with satisfactory discrimi-
nation, calibration, practical applicability, and internal 
validity among the middle-aged and elderly with CVD 
who have recovered from COVID- 19 infection. The 
predictors include age, stethalgia after recovery, insom-
nia after recovery, PTSD, anxiety, fatigue, and perceived 
social support. Among the predictors, the risk predic-
tors in the model were older age and long COVID symp-
toms, including stethalgia, insomnia, PTSD, anxiety, and 
fatigue. The protective predictor in the model was per-
ceived social support. The prediction model could help 
to estimate the risk of depressive symptoms among this 
population in practice.

Among the COVID- 19 survivors with CVD history 
in this study, the prevalence of depressive symptoms 
was 35.93%, which was higher than that reported among 
the general population in China during the early stage 
of the COVID- 19 pandemic [64]. This may be because 
patients infected with the SARS-CoV-2 experienced 
negative events such as isolation and discrimination, 
along with the wide range of symptoms and subsequent 
treatment caused by COVID- 19, leading to a higher 
incidence of depressive symptoms [65]. Additionally, 
the relationship between CVD and depressive symp-
toms may have a biological basis. A review has shown 
that inflammation, the abnormity of the hypothalamic–
pituitary–adrenal (HPA) axis, and genetic factors may 
play important roles in mediating this relationship [66]. 
Furthermore, CVD can impact various aspects of a per-
son’s life, including their daily mood, sense of certainty 

about the future, and confidence in fulfilling roles. It may 
also evoke feelings of guilt about past habits that could 
have contributed to CVD, as well as embarrassment and 
self-doubt over diminished physical capabilities, which 
could increase the likelihood of developing depressive 
symptoms [67]. In addition, individuals with depressive 
symptoms but no previously detected CVD may have 
an increased likelihood of developing CVD compared 
to the general population [68]. This may be due to the 
presence of uncommonly sticky platelets in people with 
depressive symptoms, which can accelerate atheroscle-
rosis and increase the likelihood of developing CVD [69, 
70]. Evidence has also suggested that in the middle-aged 
and elderly, depressive symptoms are associated with an 
increased risk of death and disability [71]. Additionally, 
cognitive and functional impairment are more prevalent 
in the elderly with depressive symptoms compared to 
their younger counterparts [72]. The association between 
SARS-CoV-2 infection and CVD has also been shown 
to be considerable. A study has demonstrated a notable 
association between SARS-CoV-2 infection and CVD, 
with a long-term increase in the risk of CVD-related 
complications, such as heart attacks and strokes, even 
in cases of mild infection [73]. Furthermore, individu-
als with pre-existing CVD are more susceptible to severe 
forms of COVID- 19 compared to the general population 
[74]. Consequently, it is imperative to monitor depressive 
symptoms in CVD patients to improve their psychologi-
cal and physical health, as well as the prognosis of both 
COVID- 19 and CVD.

In this study, the prevalence of PTSD and anxiety 
among CVD patients were 15.58% and 25.32% respec-
tively, which were all positive predictors of depressive 
symptoms. A previous study has shown that among 
elderly patients with CVD, anxiety and depressive 

Fig. 5 Calibration and decision curve analysis of the depressive symptoms prediction model. a: Calibration of the prediction model; b: Decision 
curve analysis of the prediction model
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symptoms are linked to reduced telomere length, which 
is a marker of cellular aging that plays a role in the 
pathogenesis of CVD [75, 76]. In addition, the telomere 
length is associated with the adverse results of COVID- 
19 infection [77, 78]. Senile cells will adopt an inflam-
matory phenotype and secrete high levels of cytokines, 
which may lead to more serious symptoms in COVID- 
19 rehabilitation patients, which also emphasizes the 
importance of identifying and predicting depressive 
symptoms in COVID- 19 rehabilitation patients [77, 

78]. Research also indicated that an anxiety reduction 
could allow individuals to view stressful events as less 
perilous and intimidating, thereby mitigating nega-
tive emotions such as nervousness and decreasing the 
likelihood of developing depressive symptoms [79]. 
Considering the psychological impact of anxiety on the 
middle-aged and elderly with CVD who have recovered 
from SARS-CoV-2 infection, health authorities could 
consider implementing interventions for them, such as 
mindfulness exercises, thought challenging, and graded 
exposure and systematic desensitization, to improve 

Fig. 6 Internal validation of the prediction model. a: ROC curves of the train and validation sets; b: Calibration of the validation set; c: Decision curve 
analysis of the validation set
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their psychological well-being and prevent depressive 
symptoms in this population [80, 81].

During the COVID-19 pandemic, a robust associa-
tion has been observed between PTSD and depressive 
symptoms among both CVD patients and the middle-
aged and elderly [82–85]. PTSD symptoms during SARS-
CoV-2 infection may be induced by either the immune 
response to the virus or psychological stress factors. At 
the initial stage of COVID- 19, the mental health of indi-
viduals infected by COVID- 19 was affected due to social 
isolation, misinformation about COVID- 19, the sever-
ity of potential diseases, fear of infecting others, and 
stigma, which is associated with the occurrence of PTSD 
after recovery [86]. In addition, the biological associa-
tion between PTSD and depressive symptoms has been 
implied by various research. PTSD is associated with 
dysregulated inflammation, characterized by elevated 
levels of proinflammatory cytokines such as interleukin 
(IL)− 1β, IL- 6, and tumor necrosis factor-α (TNF-α) 
[87, 88]. These dysregulated inflammations could lead to 
compromised neurocognitive functions, and were also 
associated with the development of depressive symptoms 
[89, 90]. Previous research has suggested that PTSD may 
be also an important risk factor for CVD, given its inde-
pendent association with adverse cardiovascular health 
outcomes through biological, behavioral, and societal 
mechanisms [91]. The interaction between PTSD and 
depressive symptoms could increase individuals’ distress 
and dysfunction [92]. Consequently, greater attention 
should be given to PTSD induced by SARS-CoV-2 among 
CVD patients. Health authorities could consider imple-
menting professional psychotherapy such as Cognitive 
Behavioral Therapy (CBT), prolonged exposure therapy 
(PE Therapy), and stress inoculation therapy (SIT) to 
help COVID- 19 survivors effectively manage stress and 
anxiety, and further decrease their PTSD symptoms [93, 
94]. In addition, providing active health education to 
middle-aged and elderly COVID- 19 survivors with CVD 
is crucial since it can help them understand and accept 
the adverse events caused by SARS-CoV-2 infection his-
tory and CVD, thereby reducing their emotional burden 
and PTSD symptoms [95, 96]. For patients themselves, 
encouraging social interaction, regular exercise, adequate 
sleep, and reducing consumption of harmful substances 
such as tobacco and alcohol could promote recovery 
from PTSD [97, 98].

Equally important, insomnia after recovery is another 
symptom that could contribute to depressive symp-
toms among CVD patients. The present study revealed 
a 19.91% prevalence of insomnia among participants, 
which is higher than the results of meta-analyses con-
ducted on the general population in China both before 
and during the COVID- 19 pandemic [99, 100]. Studies 

have shown that the elderly who have recovered from 
SARS-CoV-2 infection are at an increased risk of devel-
oping sleep disorders such as obstructive sleep apnea 
and insomnia, potentially due to the lack of spousal sup-
port, pre-existing mental health conditions, underlying 
medical issues, negative life events, and acute or recur-
ring psychosocial stressors related to their history of 
SARS-CoV-2 infection [101]. Moreover, it is particularly 
imperative to emphasize the negative impact of insom-
nia among CVD patients, given that insomnia has been 
shown to confer a 45% increased risk of mortality from 
CVD in this population [102]. Furthermore, insomnia 
may exert an influence on the functionality of the brain 
neurotransmitter serotonin, which has been implicated 
in the development of depressive symptoms [103, 104]. 
Insomnia can also affect the body’s stress system, disrupt-
ing circadian rhythms and thereby increasing suscepti-
bility to the development of depressive symptoms [105]. 
Hence, health authorities could consider actively screen-
ing for insomnia among the middle-aged and elderly with 
CVD who have recovered from SARS-CoV-2 infection, 
and implement interventions aimed at improving their 
sleep quality to mitigate both the progression of CVD 
and the development of depressive symptoms [106].

The results of our study suggested that CVD patients 
with more severe fatigue after recovery from SARS-
CoV-2 infection were more likely to develop depressive 
symptoms. Because of diminished cardiovascular func-
tion, fatigue has become one of the most common and 
distressing symptoms reported by CVD patients [107, 
108]. In addition, systemic inflammation, dyspnea, 
increased metabolic demand, and other kinds of path-
ogen-mediated damage and physical discomfort caused 
by SARS-CoV-2 also further led to CVD patients being 
more prone to fatigue after infection [109, 110]. Studies 
have shown that fatigue can lead to changes in the sys-
temic immune system and inflammatory changes in the 
brain, releasing inflammatory mediators such as TNF-α 
and Type I interferons, leading to excitotoxic damage 
in the surrounding neuron and an increased risk of 
depressive symptoms [111]. Moreover, previous quali-
tative studies also found that fatigue can bring negative 
emotions to CVD patients such as vulnerability and 
helplessness, as well as feelings of loss related to their 
physical energy and their increased dependence upon 
other people, which could further lead to the occur-
rence of depressive symptoms [112, 113]. Caregivers 
can alleviate the fatigue of the middle-aged and elderly 
with CVD who have recovered from SARS-CoV-2 
infection by improving their nutritional status and liv-
ing conditions, and appropriately increasing physical 
activity and cardiac rehabilitation interventions [114, 
115]. Furthermore, previous studies have described 
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that psychological interventions based on mindfulness 
or CBT have a positive effect on reducing fatigue and 
depressive symptoms, and similar interventions can be 
considered in this population in the future [116–118].

In this study, participants with stethalgia after recov-
ery from SARS-CoV-2 were more likely to develop 
depressive symptoms, which is similar to the results of 
previous research [119]. SARS-CoV-2 infection could 
have a negative impact on the progression of CVD in 
the middle-aged and elderly, and the worsening of CVD 
is often characterized by stethalgia due to insufficient 
oxygen-rich blood in the heart muscle [120, 121]. As 
a result, CVD patients may develop depressive symp-
toms when experiencing stethalgia since they may be 
concerned about the negative progression of their CVD 
caused by SARS-CoV-2 infection and the potential 
impact of long-COVID on their physical health [122–
124]. Additionally, a prospective cohort study revealed 
that depressive symptoms were associated with stethal-
gia through several biomarkers or biological pathways 
such as the sympathetic nervous system, the HPA axis, 
C-reactive protein, ILs, and TNF [125]. Consequently, 
health agencies may consider implementing regular 
physical examinations for the middle-aged and elderly 
with CVD, particularly those experiencing stethal-
gia after SARS-CoV-2 infection, to timely identify the 
cause of their symptoms and prevent the progression of 
CVD as well as the occurrence of depressive symptoms 
[126, 127].

By contrast, we found that perceived better social sup-
port was a protective factor against depressive symptoms 
among our study population. The COVID- 19 prevention 
and control measures, such as containment and isola-
tion, have destroyed interpersonal communication and 
social connections. In this case, social support can pro-
tect against depressive symptoms during unexpected 
crises [128, 129]. Consistent with previous studies, per-
ceived social support plays a crucial role in influencing 
and improving mental health among CVD patients dur-
ing COVID- 19 [130, 131]. Those who have a higher level 
of perceived social support would perceive less social 
isolation and loneliness, and could more easily perceive 
the support and care from families, friends, or others, 
which can buffer stressful life events and adverse circum-
stances, and serve as an important protector of physical 
and mental health among the middle-aged and elderly 
patients with CVD recovering from SARS-CoV-2 [132, 
133]. Based on this, the government, health authori-
ties, and people around the patients with CVD recover-
ing from SARS-CoV-2 should adopt multi-dimensional 
approaches to provide emotional and material support 
for this population, and encourage them to actively par-
ticipate in social activities to help patients more easily 

perceive the support of the surrounding environment, to 
avoid the occurrence of depressive symptoms [134].

This study has several limitations. First, the causal 
relationships between the predictors and depressive 
symptoms in the prediction model cannot be proved con-
sidering the drawback of a cross-sectional study. Second, 
this study only recruited participants who had mobile 
communication devices, which may cause selection bias. 
Third, the use of convenience sampling may weaken the 
representativeness of our research sample. Fourth, the 
study population was all from Jianghan District, Wuhan, 
China, and were all above or equal to 45 years old, which 
restricted the generalizability of the prediction model. 
Fifth, the model may omit some potential predictors, 
such as the number of comorbid CVDs and cardiovascu-
lar risk factors.

However, this is the first large-sample study to explore 
the predictors of depressive symptoms among the mid-
dle-aged and elderly with CVD who have recovered from 
SARS-CoV-2 infection, which developed both a nomo-
gram and an online program to predict the risk of depres-
sive symptoms among this population. Further screening 
of depressive symptoms among the middle-aged and 
elderly with CVD after recovery from infectious disease 
could be applied based on the developed model in this 
study. Interventions targeting insomnia, anxiety, PTSD, 
fatigue, and social support could be incorporated into 
personalized plans to mitigate their depressive symp-
toms. More longitudinal research could be conducted to 
further assess the generalizability of the prediction model 
in other context or among different populations, thus 
optimizing the model with more reasonable and robust 
predictors.

Conclusion
The prevalence of depressive symptoms among the CVD 
patients who have recovered from SARS-CoV-2 infection 
in Wuhan, China was 35.93%. A prediction model was 
developed to practically predict depression risk among 
this population. The model indicated good discrimina-
tion, calibration, internal validity, and practical utility. 
Tailored intervention on alleviating long COVID symp-
toms such as stethalgia, insomnia, anxiety, PTSD, and 
fatigue, and improving perceived social support should 
be considered to reduce depressive symptoms among the 
middle-aged and elderly with CVD who have recovered 
from infectious disease infection.
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