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Introduction

The coronavirus disease 2019 (COVID-19) pandemic is 
a global health crisis caused by the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). Alongside 
the physical challenges faced by individuals infected with 
COVID-19 [18], there is a significant burden of mental 
health problems, including post-traumatic stress symptoms 
(PTSS), anxiety, and depression [10, 23]. Research indi-
cates that these mental health issues can persist for months 
to years even after recovering from COVID-19 [4, 11, 17, 
28, 29]. While the severity of these issues may decrease over 
time following acute COVID-19, a significant proportion of 
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Abstract
The COVID-19 pandemic has a profound and lasting impact on the mental health of recovered individuals. To investi-
gate the clinical risk factors associated with long-term post-traumatic stress symptoms (PTSS), anxiety, and depression 
in COVID-19 survivors, demographic information and medical records were collected during February 19 and March 
20, 2020. Assessments of PTSS, anxiety, and depressive symptoms were conducted at two months (April to May 2020, 
Session 1) and two years (April to May 2022, Session 2) post-discharge. Session 1 included 127 survivors who were 
infected with the early strains of SARS-CoV-2, and 54 of these participants took part in Session 2. PTSS (median: Ses-
sion 1 = 9, Session 2 = 7; p = 0.522) and depression (median: Session 1 = 5, Session 2 = 4; p = 0.127) remained unchanged 
over the two years following COVID-19 infection, while anxiety (median: Session 1 = 5, Session 2 = 2; p < 0.001) sig-
nificantly decreased at the two-year mark. Severe COVID-19 symptoms were consistently identified as significant risk 
factors for depression at both time points (Session 1: dyspnea [beta = -0.268, p = 0.016], nausea or vomiting [beta = 0.239, 
p = 0.031]; Session 2: headache [beta = 0.414, p = 0.014]). They also emerged as risk factors for PTSS and anxiety at the 
two-month mark (PTSS: cough [beta = -0.334, p = 0.002]; anxiety: continued oxygen therapy [beta = 0.343, p = 0.002], 
cough [beta = -0.267, p = 0.013]). At the two-year mark, blood sample characteristics were identified as risk factors for 
PTSS (albumin: beta = 0.455, p = 0.010), anxiety (total bilirubin: beta = 0.440, p = 0.013), and depression (total bilirubin: 
beta = 0.386, p = 0.021). Mann-Whitney U-tests showed that female survivors had higher anxiety (p = 0.012) and depres-
sion (p = 0.046) levels than males at the two-month mark. The sample size was relatively small, and further investigation 
is needed to determine whether our findings can be directly applied to other samples, including those involving different 
variants of SARS-CoV-2. Our study may highlight the differences between short-term and long-term clinical risk factors 
for PTSS, anxiety, and depression in COVID-19 survivors. The identified predictors could provide valuable insights for 
tailoring interventions to improve the PTSS, anxiety, and depression outcomes at different stages of recovery in COVID-
19 survivors.
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survivors continue to experience a high burden of physical 
or mental sequelae for at least 12 months [29, 32]. In par-
ticular, female survivors have been found to exhibit higher 
levels of PTSS and depression compared to female con-
trols for up to two years [4]. This underscores the critical 
need to identify risk factors associated with PTSS, anxiety, 
and depression in COVID-19 patients at different stages of 
recovery. Identifying these factors not only aids in develop-
ing effective interventions to mitigate the psychological risk 
associated with COVID-19 but also provides valuable guid-
ance for addressing similar mental health problems in future 
disease outbreaks.

Several risk factors have been reported in relation to 
PTSS, anxiety, and depression due to COVID-19. These 
include demographic factors like age and sex, lifestyle hab-
its like smoking and alcohol consumption, past traumatic 
experiences, COVID-19 severity (e.g., pulmonary inflam-
mation, COVID-19-related symptoms, and treatments), and 
comorbidities (e.g., hypertension and diabetes) [4, 15, 26, 
27, 30, 31]. However, since most studies have focused on 
risk factors within the first 12 months post-infection, there is 
a relative paucity of research on long-term risk factors (e.g., 
2 years post-infection). Notably, the long-term risk factors 
may differ from the short-term risk factors.

To address this gap, we conducted a longitudinal cohort 
study to investigate the potential clinical risk factors asso-
ciated with the long-term (> 2 years) PTSS, anxiety, and 
depression and compare them with the short-term (~ 2 
months) risk factors following the acute phase of COVID-
19 infection in discharged patients. The study enrolled 
individuals who had recovered from COVID-19 between 
February 29 and March 20, 2020. Demographic informa-
tion and medical records during hospitalization (including 
vital signs, peripheral blood samples, physical health con-
dition, diagnosis of pulmonary inflammation, the severity 
of COVID-19 symptoms, COVID-19-related symptoms 
and treatments, comorbidities, and hospitalization dura-
tion) were collected. Additionally, mental health status (i.e., 
PTSS, anxiety, and depression) and their clinical risk factors 
were assessed at two months and two years after discharge.

Methods

Subjects

All participants were COVID-19 survivors who had been 
discharged from the hospital between February 29 and 
March 20, 2020, in Wuhan, China. The study was approved 
by the Ethics Committee of the Institutional Review Board 
at the Guanggu Branch of Hubei Maternal and Child Health 
Care Hospital and was conducted in accordance with the 

Declaration of Helsinki. Informed consent was obtained 
from all participants, and we assured participants that their 
personal information would remain confidential. The inclu-
sion criteria were as follows: patients who survived for at 
least two months after hospital discharge, aged 18 years or 
older, and had been hospitalized for a minimum of 24 hours 
primarily due to COVID-19. Exclusion criteria included 
patients who were lost of follow-up within two months 
after discharge. Medical charts of patients were reviewed to 
ensure that they met the eligibility criteria.

Hospitalization

Demographics, vital signs, peripheral blood samples taken 
upon admission, physical conditions, severity of COVID-
19 symptoms, symptoms experienced, treatments received, 
diagnosis based on chest computed tomography (CT) scans, 
comorbidities, and duration of hospitalization were col-
lected from medical records during hospitalization (Febru-
ary 19 and March 20, 2020; Tables 1 and 2). The duration 
between hospital discharge and follow-up was recorded for 
each participant.

Psychological assessments

At two months (April to May 2020, Session 1) and two 
years (April to May 2022, Session 2) after hospital dis-
charge, patients were contacted via telephone by interview-
ers and asked to complete a series of online self-reported 
questionnaires assessing their PTSS, anxiety, and depres-
sive symptoms. Specifically, PTSS was measured using a 
post-traumatic stress disorder checklist for DSM-5 (PCL-
5) [5], consisting of 20 questions rated on a 5-point Likert 
scale [0–4], with a cutoff value of ≥ 31 indicating the pres-
ence of post-traumatic stress disorder symptoms. Anxiety 
was assessed using the General Anxiety Disorder-7 (GAD-
7) [24], comprising 7 items rated on a 4-point Likert scale 
ranging from 0 (not at all) to 3 (nearly every day). Cutoff 
scores of 5, 10, and 15 were used to indicate mild, moder-
ate, and severe anxiety, respectively. Depression was evalu-
ated using the Patient Health Questionnaire-9 (PHQ-9) 
[14], which includes 9 questions rated on a 4-point Likert 
scale ranging from 0 (not at all) to 3 (nearly every day). 
Cutoff scores of 5, 10, 15, and 20 were used to indicate 
mild, moderate, moderately severe, and severe depression, 
respectively.

Statistical analysis

The normality of the data was assessed using Shapiro-Wilk 
tests. For variables with skewed distributions, nonparamet-
ric methods such as Mann-Whitney U-tests and Spearman 
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Session 1 (n = 127) Session 2 (n = 54)
Demographics
Age at discharge, y 53 (44–64) 49 (35–57)
Sex
  Women 87 (68.5) 34 (63.0)
  Men 40 (31.5) 20 (37.0)
Weight, mean (SD), kg 61 (55–70) 62 (56–72)
Height, cm 162 (158–164) 163 (159–164.75)
Vital Sign Records at admission
Body temperature, ℃ 36.4 (36.2–36.8) 36.5 (36.3–36.8)
Peak body temperature during hospitalization, ℃ 37.1 (36.9–37.4) 37.1 (36.9–37.2)
≤ 37.2 88 (69.3) 42 (77.8)
37.3–38.0 35 (27.6) 10 (18.5)
38.1–39.0 1 (0.8) 1 (1.9)
≥ 39.1 3 (2.4) 1 (1.9)
Number of days with a body temperature greater than 37.2 ℃, d 0 (0–1) 0 (0–0)
Heart rate, bpm 86 (78–98) 86.5 (78–100)
Respiratory frequency, times/min 20 (18–20) 20 (18–20)
Blood oxygen saturation, % 98 (97–98.75) 98 (97–99)
Systolic pressure, mmHg 132 (120–141) 128.5 (115–139)
Diastolic pressure, mmHg 83 (76–91) 83 (76–90)
Usual Physical Condition before admission
Excellent 11 (8.7) 8 (14.8)
General 115 (90.5) 45 (83.3)
Poor 1 (0.8) 1 (1.9)
Severity of COVID-19 during hospital stay
Asymptomatic or presymptomatic infection 0 (0) 0 (0)
Mild illness 1 (0.8) 0 (0)
Moderate illness 115 (90.5) 52 (96.3)
Severe illness 11 (8.7) 2 (3.7)
Critical illness 0 (0) 0 (0)
Symptoms at admission
Cough 89 (70.1) 41 (75.9)
Fever 84 (66.1) 36 (66.7)
Insomnia 67 (52.8) 27 (50.0)
Low vitality 66 (52.0) 29 (53.7)
Loss of appetite 65 (51.2) 27 (50.0)
Fatigue 64 (50.4) 29 (53.7)
Dyspnea 52 (41.0) 21 (38.9)
Muscle soreness 47 (37.0) 22 (40.7)
Expectoration 24 (18.9) 11 (20.4)
Chest pain 12 (9.4) 6 (11.1)
Headache 7 (5.5) 2 (3.7)
Nausea or vomiting 3 (2.4) 2 (3.7)
Diarrhea 8 (6.3) 3 (5.6)
Hemoptysis 2 (1.6) 2 (3.7)
Incontinence 1 (0.8) 0 (0)
Chest CT scan during hospital stay
Abnormality in lung CT scan 121 (95.3) 51 (94.4)
Persistent ground-glass opacities 27 (21.3) 12 (22.2)
Pleural thickening 23 (18.1) 4 (7.4)
Lung fibrotic lesions 9 (7.1) 2 (3.7)
Treatments received during hospital stay
Arbidol hydrochloride tablets 83 (65.4) 33 (61.1)
Continued oxygen therapy 38 (29.9) 15 (27.8)
Comorbidities at admission

Table 1  Baseline characteristics of COVID-19 survivors who completed the two-month and two-year follow-up assessments
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employed to examine the impact of sex, physical conditions, 
lung CT scan abnormalities, COVID-19-related symptoms, 
treatments, and comorbidities on PTSS, anxiety, and depres-
sion. Spearman rank correlation analyses were performed to 
assess the association between PTSS, anxiety, and depres-
sion (i.e., PCL-5, GAD-7, and PHQ-9 scores) and each 
potential independent variable recorded during hospital-
ization (e.g., age, weight, height, vital signs, blood sample 
variables, hospitalization duration, and time between hospi-
tal discharge and follow-up) for each session. Paired-sample 
t-tests were conducted to evaluate changes in PTSS, anxiety, 
and depression over time, as assessed by the total scores of 
the PCL-5, GAD-7, and PHQ-9 in 54 patients. Additionally, 
McNemar’s tests were employed to examine differences in 
PTSS, anxiety, and depression across different severity lev-
els between the two time points in these patients. All statis-
tical analyses were performed using R statistical package 
version 4.2.1 (R Foundation for Statistical Computing).

Multiple linear regression analyses

To explore the potential risk factors of PTSS, anxiety, and 
depression, we conducted multiple linear regression analy-
ses at each time point. These analyses assessed the impact 
of all collected variables—including demographic informa-
tion, medical records during hospitalization, and the time 
elapsed between hospital discharge and follow-up—on the 
PCL-5, GAD-7, and PHQ-9 scores among COVID-19 survi-
vors. Please note that activated partial thromboplastin time 
and fasting blood glucose were excluded from the regres-
sion analyses due to excessive missing values (> 25% of the 
total sample) at both time points. The regression analyses 
were carried out in SPSS 25.0 (SPSS Inc., New York, USA).

rank correlation analyses were employed. Parametric meth-
ods, including independent-samples t-tests, Welch’s t-tests, 
and Pearson correlation analyses, were utilized for normally 
distributed variables. The results indicated that PCL-5, 
GAD-7, and PHQ-9 scores exhibited skewed distributions 
(all p < 0.001). Therefore, Mann-Whitney U-tests were 

Table 2  Post-traumatic stress symptoms, anxiety, and depression in 
COVID-19 survivors

Session 1 
(n = 127)

Session 1 
(n = 54)a

Ses-
sion 2 
(n = 54)a

p value

PTSS
PCL-5 scores 9 (3.25–

15.75)
8.5 (3–13) 7 (3–14) 0.522b

  ≥ 31 8 (6.3) 3 (5.6) 2 (3.7) 1.000c

Anxiety
GAD-7 scores 5 (1–7) 4.5 (1–7) 2 (0–5) <0.001b

  0–4 (none) 60 (47.2) 27 (50.0) 37 (68.5) 0.031c

  5–9 (mild) 47 (37.0) 21 (38.9) 16 (29.6) 0.359c

  10–14 (moderate) 15 (11.8) 4 (7.4) 1 (1.9) 0.375c

  15–21 (severe) 5 (3.9) 2 (3.7) 0 (0)
Depression
PHQ-9 scores 5 (2–9) 5 (2–8) 4 (1–8) 0.127b

  0–4 (none) 57 (44.9) 23 (42.6) 28 (51.9) 0.383c

  5–9 (mild) 42 (33.1) 22 (40.7) 18 (33.3) 0.541c

  10–14 (moderate) 20 (15.7) 7 (13.0) 6 (11.1) 1.000c

  15–19 (moderately 
severe)

6 (4.7) 1 (1.9) 2 (3.7) 1.000c

  ≥ 20 (severe) 2 (1.6) 1 (1.9) 0 (0)
a Fifty-four patients completed all assessments during both the two-
month and two-year follow-up periods. b Paired-sample t-tests were 
conducted to analyze changes in PTSS, anxiety, and depression over 
time, as assessed by the total scores of the PCL-5, GAD-7, and PHQ-9 
in 54 patients. c McNemar’s tests were employed to examine the dif-
ferences in PTSS, anxiety, and depression across different severity 
levels between two time points in 54 patients. Data are median (IQR) 
or n (%), where n is the total number of patients with available data. 
Abbreviations: PTSS, post-traumatic stress symptom; PCL-5, post-
traumatic stress disorder checklist for DSM-5; GAD-7, General Anx-
iety Disorder-7; PHQ-9, Patient Health Questionnaire-9

Session 1 (n = 127) Session 2 (n = 54)
Demographics
Hypertension 32 (25.2) 9 (16.7)
Diabetes mellitus 13 (10.2) 2 (3.7)
Coronary heart disease 7 (5.5) 1 (1.9)
Respiratory disease 7 (5.5) 1 (1.9)
Thyroiditis 4 (3.1) 0 (0)
Reproductive system disease 3 (2.4) 2 (3.7)
Digestive Disorder 3 (2.4) 2 (3.7)
Cancer 1 (0.8) 0 (0)
Cerebral infarction 1 (0.8) 0 (0)
Total duration of hospitalization, median (IQR), d 13 (9–17) 11.5 (9–17)
Time from hospital discharge to follow-up, median (IQR), d 53 (39–62) 758 (750–763)
Data are median (IQR) and n/total (%)

Table 1  (continued) 
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COVID-19 severity, symptoms, and treatments

Table 1 displays the categorization of COVID-19 patients 
based on the severity of their symptoms, ranging from mild 
to moderate and severe illness. The predominant symptoms 
associated with COVID-19 comprised cough, fever, insom-
nia, low vitality, loss of appetite, fatigue, and dyspnea. Less 
commonly reported symptoms included muscle soreness, 
expectoration, chest pain, headache, nausea or vomiting, 
diarrhea, hemoptysis, and incontinence. Chest CT scans 
revealed lung abnormalities, including ground-glass opaci-
ties, pleural thickening, fibrotic lesions, and other manifes-
tations. In terms of treatment, patients underwent antiviral 
therapy (i.e., arbidol hydrochloride tablets) and/or received 
oxygen therapy. Notably, a considerable number of patients 
presented comorbid conditions, such as hypertension, dia-
betes mellitus, coronary heart disease, respiratory diseases, 
and others.

PTSS, anxiety, and Depression Changes over Time

No significant differences in PCL-5 and PHQ-9 scores were 
observed between sessions (Table  2; Fig.  2). However, 
GAD-7 scores exhibited a notable reduction in Session 2 
compared to Session 1 (Table 2; Fig. 2). Concerning post-
traumatic stress disorder symptoms, 8 (6.3%) out of 127 
patients experienced such symptoms in Session 1, with this 
proportion slightly decreasing to 2 (3.7%) out of 54 patients 
in Session 2 (p = 1.000). Regarding anxiety symptoms, 67 
(52.8%) out of 127 patients reported mild to severe anxiety 
symptoms in Session 1, and this proportion decreased to 17 
(31.5%) out of 54 patients in Session 2 (p = 0.031). In terms 

Results

Participants and follow-up information

A total of 1144 patients diagnosed with COVID-19 were 
discharged from hospital in Wuhan, China between Feb-
ruary 29 and March 20, 2020. Out of these patients, 127 
patients completed the assessment at the two-month follow-
up (i.e., Session 1), while 54 patients completed the assess-
ment at the two-year follow-up (i.e., Session 2) (Fig. 1). The 
demographic and clinical characteristics of these patients 
are shown in Table  1. The median duration of follow-up 
after hospital discharge was 53 days (interquartile range 
[IQR], 39 to 62) for the two-month assessment and 758 days 
(IQR, 750 to 763) for the two-year assessment. The median 
duration of hospitalization was 13 days (IQR, 9 to 17) for 
the participants assessed at two months and 11.5 days (IQR, 
9 to 17) for those assessed at two years.

Blood sample characteristics

Upon admission, the blood counts of certain patients in both 
session 1 and session 2 exhibited abnormalities, including 
lower white blood cells, reduced Lymphopenia, elevated 
levels of Asparate aminotransferase levels, and higher 
Hypersensitive troponin I. The majority of patients exhib-
ited normal serum levels for other blood immune indexes 
(Supplementary Table 1).

Fig. 1  Study flowchart. Out of 
1144 patients with COVID-19 
discharged from the hospital 
between February 29 and March 
20, 2020, 127 patients completed 
the assessment at the two-month 
follow-up, while 54 patients 
completed the assessment at the 
two-year follow-up
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1. Patients with hypertension had lower anxiety scores than 
those without hypertension in Session 2 (U (Nhypertension = 9, 
Nnon−hypertension = 45) = 109.5, z = -2.27, p = 0.024; Fig.  2). 
Correlation results showed that activated partial thrombo-
plastin time (r (31) = -0.365, p = 0.044), total (r (50) = 0.349, 
p = 0.013) and direct bilirubin levels (r (50) = 0.281, 
p = 0.048) were significantly correlated with GAD-7 scores 
in Session 2 (Fig. 3). For depression, Mann-Whitney U-tests 
showed that females and patients who received oxygen ther-
apy had higher depression scores in Session 1 than males (U 
(Nfemale = 87, Nmale = 40) = 1357.5, z = -1.99, p = 0.046) and 
patients who did not receive oxygen therapy (U (Nreceive = 
38, Nnon−receive = 89) = 1315.0, z = -1.99, p = 0.047), respec-
tively (Fig.  2). Having COVID-19-related symptom (i.e., 
muscle soreness) were associated with higher PHQ-9 scores 
in Session 2 (U (Nmuscle soreness = 22, Nnon−muscle soreness = 
32) = 238.5, z = -2.01, p = 0.044; Fig. 2). Correlation results 
showed that total (r(50) = 0.369, p = 0.008) and direct biliru-
bin levels (r (50) = 0.346, p = 0.014) were significantly posi-
tively correlated with PHQ-9 scores in Session 2 (Fig. 3).

At two months post-hospital discharge (Table  3), mul-
tiple linear regression results indicated that the time from 

of depression symptoms, 70 (55.1%) out of 127 patients 
exhibited mild to severe depression symptoms in Session 1, 
and this proportion decreased slightly to 26 (48.1%) out of 
54 patients in Session 2 (p = 0.383; Table 2).

Variables Associated with PTSS, anxiety, and 
depression

For PTSS, Mann-Whitney U-tests showed that COVID-
19 patients who received oxygen therapy reported higher 
PCL-5 scores than patients who did not receive oxygen ther-
apy in Session 1 (U (Nreceive = 38, Nnon−receive = 89) = 1260.5, 
z = -2.27, p = 0.023; Fig. 2). Correlation results showed that 
the PCL-5 scores were significantly positively correlated 
with the duration between discharge and the date of par-
ticipating in Session 1 (r (127) = 0.276, p = 0.002; Fig. 3). 
For anxiety, Mann-Whitney U-tests showed that females 
and patients who received oxygen therapy had higher lev-
els of GAD-7 scores than males (U (Nfemale = 87, Nmale = 
40) = 1259.0, z = -2.51, p = 0.012) and patients who did 
not receive oxygen therapy (U (Nreceive = 38, Nnon−receive = 
89) = 1105.5, z = -3.10, p = 0.002) respectively in Session 

Fig. 2  Results for Mann-Whitney U-tests. PTSS and depression scores 
remained unchanged within two years after acute COVID-19 infec-
tion, while anxiety scores decreased at the two-year mark after dis-
charge. At two months post-hospital discharge (i.e., S1), survivors who 
received oxygen therapy reported higher levels of PTSS (i.e., PCL-5), 
anxiety (i.e., GAD-7), and depression (i.e., PHQ-9) than patients who 
did not receive oxygen therapy. Females had higher levels of anxiety 

and depression than males. At two years post-hospital discharge (i.e., 
S2), survivors with hypertension had lower anxiety scores. Having 
COVID-19-related symptom (i.e., muscle soreness) was associated 
with higher PHQ-9 scores. Abbreviations: PTSS, post-traumatic stress 
symptom; PCL-5, post-traumatic stress disorder checklist for DSM-5; 
GAD-7, General Anxiety Disorder-7; PHQ-9, Patient Health Ques-
tionnaire-9. *, p < 0.05; **, p < 0.01; ***, p < 0.001
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Discussion

In the present study, we evaluated the longitudinal changes 
in PTSS, anxiety, and depression among COVID-19 survi-
vors and examined their potential clinical risk factors. We 
observed that the scores for PTSS and depression did not 
change significantly within two years after acute COVID-
19 infection, while anxiety scores decreased significantly 
at the two-year mark after discharge. Notably, the experi-
ence of severe COVID-19 symptoms consistently emerged 
as significant risk factors for depression at both two months 
and two years after hospital discharge, and for PTSS and 
anxiety at the two-month mark. Additionally, blood sample 
characteristics were identified as risk factors for PTSS, anx-
iety, and depression at the two-year post-hospital discharge 
point. These findings highlighted the differences of short-
term and long-term clinical risk factors of PTSS, anxiety, 
and depression in COVID-19 survivors.

Previous studies have reported that individuals who 
survived COVID-19 experienced higher levels of PTSS, 
anxiety, and depression compared to those who were not 
infected with COVID-19 at the two-month mark following 
the acute infection [25]. Moreover, a positive correlation 
between PTSS scores and the time between discharge and 

hospital discharge to follow-up, cough, and Immuno-
globulin G were significant risk factors for PCL-5 scores, 
explaining 19.6% of the variance (adjusted R2 = 0.196, F(3, 
76) = 7.185, p < 0.001). For GAD-7 scores, continued oxy-
gen therapy and cough were identified as significant risk 
factors, accounting for 16.5% of the variance (adjusted 
R2 = 0.165, F(2, 76) = 8.527, p < 0.001). Dyspnea and nausea 
or vomiting were significant risk factors for PHQ-9 scores, 
explaining 10.3% of the variance (adjusted R2 = 0.103, F(2, 
76) = 5.373, p = 0.007).

At two years post-hospital discharge (Table 3), multiple 
linear regression results revealed that albumin was a signifi-
cant risk factor for PCL-5 scores, explaining 17.9% of the 
variance (adjusted R2 = 0.179, F(1, 30) = 7.556, p = 0.010). 
Total bilirubin was a significant risk factor for GAD-7 
scores, accounting for 16.6% of the variance (adjusted 
R2 = 0.166, F(1, 30) = 6.982, p = 0.013). For PHQ-9 scores, 
headache and total bilirubin were significant risk factors, 
explaining 25.6% of the variance (adjusted R2 = 0.256, F(2, 
30) = 6.153, p = 0.006).

Fig. 3  Correlation results. At two months post-hospital discharge (i.e., 
Session 1), PTSS (i.e., PCL-5) were significantly positively correlated 
with the time from hospital discharge to two-month follow-up. At two 
years post-hospital discharge (i.e., Session 2), total and direct biliru-
bin levels were positively correlated with anxiety (i.e., GAD-7) and 

depression (i.e., PHQ-9). Activated partial thromboplastin time was 
negatively correlated with anxiety. Abbreviations: PTSS, post-trau-
matic stress symptom; PCL-5, post-traumatic stress disorder check-
list for DSM-5; GAD-7, General Anxiety Disorder-7; PHQ-9, Patient 
Health Questionnaire-9
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two years post-discharge. Third, COVID-19 severity was a 
predictor of depression both two months and two years after 
discharge, with higher total bilirubin levels also predicting 
depression at the two-year mark. Collectively, experiencing 
severe COVID-19 symptoms emerged as a key risk fac-
tor for PTSS, anxiety, and depression at two months after 
hospital discharge. In contrast, blood sample characteristics 
were prominent risk factors for these conditions two years 
post-discharge. These findings suggest a dynamic evolution 
in the factors influencing this mental health status over the 
long term. This dynamic nature emphasizes the importance 
of considering evolving factors in the development of tar-
geted interventions for mental health in individuals recover-
ing from COVID-19.

In line with previous studies [19], our findings indicate 
that the severity of COVID-19 symptoms is primarily pre-
dictive of PTSS, anxiety, and depression at two months post-
discharge among survivors. Common symptoms reported 
by COVID-19 survivors included cough, headache, fever, 
insomnia, low vitality, loss of appetite, and fatigue [6, 8]. 
When examining the association between COVID-19 symp-
toms and PTSS, anxiety, and depression, we found that the 
severity of cough was a predictor for PTSS and anxiety at 
the two-month follow-up. Additionally, survivors who expe-
rienced nausea or vomiting had higher depression scores 
two months post-discharge, while those who had head-
aches showed elevated depression scores at the two-year 
follow-up. Muscle soreness during their hospitalization was 
also associated with higher depression scores at two-year 
follow-up. Notably, our study revealed that survivors who 
received treatments (i.e., oxygen therapy) exhibited ele-
vated levels of PTSS, anxiety, and depression at two months 
post-discharge. This finding aligns with prior research sug-
gesting that COVID-19 patients who underwent treatments 
like orotracheal intubation or were admitted to intensive 
care units were more susceptible to developing PTSD, anxi-
ety, and depression [2]. These results suggest that individu-
als with more severe COVID-19 symptoms, who normally 
required more treatments during their hospital stay, were at a 
higher risk of developing long-term mental health problems.

We observed that the blood sample characteristics 
recorded during their hospital stay were linked to PTSS at 
both the two-month and two-year follow-ups, as well as 
with anxiety and depression of COVID-19 survivors two 
years after discharge. For example, higher levels of Immu-
noglobulin G were identified as risk factors for PTSS, while 
higher levels of total bilirubin were identified as risk factors 
for depression and anxiety. Immunoglobulin G, the primary 
antibody produced in response to a new infection, plays a 
key role in the body’s immune response to COVID-19 [3]. 
Therefore, the level of Immunoglobulin G to some extent 
represents the functionality of the immune system and its 

the two-month follow-up has been reported, suggesting that 
the immediate period after recovering from COVID-19 may 
be a critical time for triggering PTSS. Our findings indicate 
that the COVID-19 survivors continue to experience ele-
vated levels of PTSS and depression over the two years after 
acute COVID-19 infection. Interestingly, we observed that 
female survivors had higher anxiety and depression levels 
than males at two months post-discharge. This observation 
aligns with previous studies extensively reporting higher 
self-reported levels of mental health issues, including stress, 
anxiety, and depression, among females [9, 22]. Therefore, 
it is crucial to pay attention to the mental well-being of 
COVID-19 survivors post-discharge, especially female sur-
vivors in the early stages following their discharge, as this 
will yield long-term benefits [12].

In exploring the risk factors associated with the PTSS, 
anxiety, and depression of COVID-19 survivors, we 
observed the following findings. First, factors such as 
COVID-19 severity, higher Immunoglobulin G levels, and 
time elapsed since discharge were predictive of PTSS two 
months after discharge. Additionally, blood sample char-
acteristics (i.e., higher albumin level) were predictive of 
PTSS two years post-discharge. Second, COVID-19 sever-
ity (i.e., continued oxygen therapy and cough) was a pre-
dictor of anxiety two months after discharge. Higher total 
bilirubin level in blood samples was predictive of anxiety 

Table 3  Significant variables included in the multiple linear regression 
analyses for predicting PCL-5, GAD-7, and PHQ-9 scores across two 
sessions
Model Beta p value R2

Session 1
PCL-5 Constant 0.609 0.196***

Time from hospital dis-
charge to follow-up

0.307 0.005

Cough -0.334 0.002
Immunoglobulin G 0.253 0.017

GAD-7 Constant < 0.001 0.165***

Continued oxygen 
therapy

0.343 0.002

Cough -0.267 0.013
PHQ-9 Constant < 0.001 0.103**

Dyspnea -0.268 0.016
Nausea or vomiting 0.239 0.031

Session 2
PCL-5 Constant 0.028 0.179**

Albumin 0.455 0.010
GAD-7 Constant 0.999 0.166*

Total bilirubin 0.440 0.013
PHQ-9 Constant 0.484 0.256**

Headache 0.414 0.014
Total bilirubin 0.386 0.021

Beta values represent standardized betas. R2 values represent 
adjusted R2 values, which explained the variance expressed by the 
model. ***p ≤ 0.001, **p ≤ 0.01, *p ≤ 0.05
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risk factors of PTSS, anxiety, and depression in COVID-19 
patients at different time points after hospital discharge and 
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lier strains of SARS-CoV-2. Given the differences in dis-
ease severity and physical and mental health issues caused 
by various types of the SARS-CoV-2 virus, as well as the 
relatively small sample size in our study, it remains unclear 
whether our findings, based on participants infected with 
the wild-type SARS-CoV-2, can be directly applied to other 
samples, including those affected by different variants.
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