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Objective: The long-term impact of COVID-19 on patient health has been a recent focus.

This study aims to determine the persistent symptoms and psychological conditions of

patients hospitalized with COVID-19 15 months after onset, that patients first developed

symptoms. The potential risk factors were also explored.

Methods: A cohort of COVID-19 patients discharged from February 20, 2020 to March

31, 2020 was recruited. Follow-ups were conducted using validated questionnaires and

psychological screening scales at 15 months after onset to evaluate the patients’ health

status. The risk factors for long-term health impacts and their associations with disease

severity was analyzed.

Findings: 534 COVID-19 patients were enrolled. The median age of the patients

was 62.0 years old (IQR 52.0–70.0) and 295 were female (55.2%). The median time

from onset to follow-up was 460.0 (451.0–467.0) days. Sleep disturbance (18.5%,

99/534) and fatigue (17.2%, 92/534) were the most common persistent symptoms.

6.4% (34/534) of the patients had depression, 9.2% (49/534) were anxious, 13.0%

(70/534) had insomnia and 4.7% (25/534) suffered from post-traumatic stress disorder

(PTSD). Multivariate adjusted logistic regression analysis showed that glucocorticoid use

during hospitalization (OR 3.58, 95% CI 1.12–11.44) was significantly associated with

an increased risk of fatigue. The OR values for anxiety and sleep disorders were 2.36

(95% CI 1.07–5.20) and 2.16 (95% CI 1.13–4.14) in females to males. The OR value

of PTSD was 25.6 (95% CI 3.3–198.4) in patients with persistent symptoms to those

without persistent symptoms. No significant associations were observed between fatigue

syndrome or adverse mental outcomes and disease severity.

Conclusions: 15-month follow-up in this study demonstrated the need of extended

rehabilitation intervention for complete recovery in COVID-19 patients.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is the pathogen responsible for the coronavirus disease 2019
(COVID-19) pandemic, which has resulted in global healthcare
crises and strained health resources (1). Globally, as of 12 March
2022, there have been 452,201,564 confirmed cases of COVID-19,
including 6,029,852 deaths, reported to WHO (2).

COVID-19-related symptoms have been intensively studied in
different systems since the pandemic outbreak. Most COVID-19
patients suffer from respiratory symptoms (such as fever, cough,
and dyspnea) and are subjected to multiple organ injuries caused
by SARS-CoV-2 infection together with the drugs used in the
treatment of this disease (3, 4). Currently, researchers are aware
of the persistent symptoms of COVID-19 after recovery, which
are defined as “post-COVID condition,” “long COVID” or “post-
COVID syndrome,” indicating a long-term course of various
physical and neuropsychiatric symptoms lasting more than 12
weeks without other explanation (5, 6).

Long COVID is a rapidly evolving medical problem that
requires action now. Several recent studies have reported specific
persistent symptoms in discharged patients, such as fatigue and
dyspnea (6). The severity of this disease in acute phase is likely
to be related to the long-term adverse outcome of the disease,
and gender may be an important risk factor affecting the adverse
psychological outcome (7). However, to date, most studies have
only examined adverse health effects up to 6 months after
Covid-19 diagnosis, and little is known about the long-term
mental health effects. It is still unclear how long COVID lasts,
what the risk factors for long COVID are, and the relationship
between long COVID and disease severity during the acute phase.
Therefore, there is an urgent need to clearly define the long-
term impact of COVID-19 on health in recovered patients and
its potential risk factors.

Recently, we conducted a research to describe the detailed
symptomatic features of COVID-19 at the onset and
rehabilitation stages (8). The data showed that COVID-19
patients presented atypical but diverse symptoms. The most
common remaining symptoms at the 3-month recovery stage
were cough and fatigue. The proportion and severity of dyspnea
as a remaining symptom after discharge in severe patients were
higher than those in non-severe patients.

In this study, we aimed to explore the clinical characteristics
of long COVID and especially to discuss the remaining long-
term mental and psychological problems and their related risk
factors. This study provide an important and critical update to
our previously published data on the symptomatic characteristics
and prognosis of COVID-19 (8).

METHODS

Study Design and Participants
All the patients enrolled in this study were from the same cohort
in our other recently published study (8). The subjects included
in our cohort were diagnosed with COVID-19 by reverse
transcription-polymerase chain reaction (RT–PCR) and were
discharged from the Optical Valley Branch of Hubei Maternal

and Child Hospital, a designated hospital for COVID-19 patients
in Wuhan, from February 20 to March 31, 2020.

The following patients were excluded: (1) patients who died
after discharge; (2) patients who were difficult to follow up due to
mental illness, dementia, or underlying diseases; (3) patients who
refused to cooperate; (4) patients who could not be contacted;
and (5) patients who lived in nursing homes or welfare homes. All
the study participants provided informed consent. The Research
Ethics Committee of Shanghai Changzheng Hospital approved
this study (2020SL007).

A total of 1,524 patients with COVID-19 discharged from
the Guanggu District of Hubei Maternal and Child Healthcare
Hospital between February 20 andMarch 31, 2020 were screened.
As shown in Figure 1, 990 patients were excluded, of which
454 refused to cooperate, 366 could not be contacted, 78 had
dementia or psychotic disease who could not complete the
interview, 77 lived in nursing or welfare home, and 15 died.
Lastly, 534 patients were enrolled in this study, including 114
severe cases and 420 non-severe cases.

Procedures
The collected data of acute phase were extracted from electronic
medical records of patients with COVID-19 hospitalized in
Optical Valley Branch of Maternal and Child Hospital of
Hubei Province, including demographic information and clinical
characteristics, which were described in our previous study
(8). We confirmed the data for demographic and self-reported
comorbidity with participants at the 15-month follow-up visit.

All participants were interviewed by a group of certified
doctors by telephone and were asked to complete a series of
questionnaires, including a self-reported symptom questionnaire
(shown in Appendix), the modified British Medical Research
Council (mMRC) dyspnoea scale, psychological status
questionnaire and Ischemic Stroke and Cardiovascular
Events Registry. In the self-reported symptom questionnaire,
participants were asked to report new and persistent symptoms
or any more severe symptoms than before the onset of COVID-
19(9). The mMRC dyspnea scale is a five-level scoring scale used
to describe the degree of dyspnea caused by physical activity.
A higher mMRC dyspnea scale score indicates more severe
dyspnea (10).

Psychological conditions were measured using various scales:
the GAD-7 anxiety scale (0–4 points for no anxiety disorder, 5–
9 points for mild anxiety, 10–14 points for moderate anxiety,
and 15–21 points for severe anxiety) (11), the PHQ-9 depression
scale (0–4 points for no depression, 5–9 points for mild
depression, 10–14 points for moderate depression, 15–19 points
for moderate-severe depression, and 20–27 points for severe
depression) (12) and the ASI scale for insomnia (0–7 points
indicate no insomnia, 8–14 points indicate mild insomnia, 15–
21 points indicate moderate insomnia and 22–28 points indicate
severe insomnia) (13). We used the PC-PTSD (primary care
PTSD screen) to identify PTSD symptoms, which was developed
to quickly detect PTSD based on DSM-IV PTSD diagnostic
criteria (14). The PC-PTSD included four items, and each
item was designed to report whether the following symptoms
were present or not, including reexperiencing, avoidance,
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FIGURE 1 | Flow chart of hospital patients with COVID-19.

hyperarousal and numbing. Answering “yes” was scored as
1, answering “no” as 0, and the scores of four items were
added to get a total score. Generally, a total score of 3 or
above is considered a positive result, indicating a clinically
significant PTSD.

The EuroQol five-dimension five-level (EQ-5D-5L)
questionnaire was used to assess patient quality of life by
evaluating the following five factors: mobility, self-care, daily
activities, pain or discomfort, and anxiety or depression (15). The
classification of each element is divided into five levels, ranging
from no problem to extreme problems. The post-COVID-19
functional status (PCFS) scale is recommended for use during
the current COVID-19 pandemic (9). It is proposed that it could
be used to display the direct retrieval and functional sequelae
of COVID-19.

The follow-up was conducted from April 30 to May 9, 2021.
A group of certified medical staff completed the follow-ups
through telephone interviews. REDCap electronic data collection
tools were used to manage the data, which helped to minimize
missing inputs and allow for real-time data verification and
quality control.

Definition
Onset was defined as the date on which patients with confirmed
COVID-19 first developed symptoms, excluding those with
asymptomatic infection.

Severe cases are defined in accordance with the seventh
edition of Chinese COVID-19 diagnosis and treatment guideline
(16), which means that adults meet any of the following:
① Shortness of breath, RR > 30 times/min; ② In resting
state, oxygen saturation when inhaling air degree of ≤93%;
③ arterial partial pressure of oxygen (PaO2)/inhaled oxygen
concentration (FiO2) ≤300 mmHg; ④ progressive worsening of

clinical symptoms, and lung imaging showed that the lesions
progressed significantly within 24–48 h > 50%.

The new-onset diabetes mellitus in our study was based
on glycated hemoglobin A1C (HbA1C) with a threshold of
≥6.5% or fasting plasma glucose of above 7.0 mmol/L. Deep
venous thrombosis (DVT) was defined as forming a blood clot
within a deep vein. The diagnosis of DVT of the lower limbs
in our study was performed by duplex ultrasound imaging.
Autoimmune thyroid disease (AITD) was defined as having
thyroid antibodies that can be detected in the blood, including
thyroglobulin antibodies, thyroid microsomal antibodies, and
TSH receptor antibodies.

Patient Outcomes
Primary outcomes included persistent symptoms (fatigue, sleep
disturbance, cough, dyspnea, loss of taste, loss of smell, loss
of appetite, hair loss, or photophobia) and psychological
consequences (anxiety, depression, insomnia and PTSD as
assessed by a series of standard scales) at the 15-month follow-up.

Secondary outcomes included health-related quality of life
(pain or discomfort, anxiety or depression, mobility, personal
nursing, and daily activities), PCFS scales, and all-cause
death and extrapulmonary organ function (including major
adverse cardiovascular events, deep vein thrombosis of the
lower extremities, new-onset autoimmune thyroid disease,
new-onset diabetes, and newly diagnosed cancer) at the
15-month follow-up.

Statistical Analysis
Continuous variables are expressed as the median, and
categorical variables are expressed as a percentage of the
sum of absolute values. The participants were divided into
two groups according to their symptom severity during
hospitalization: severe and non-severe. We compared the
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demographic characteristics and long-term health outcomes of
the two groups of participants. We also compared the long-
term health outcomes of males and females. To compare the
symptoms, physical activity, and health-related quality of life
between men and women, we used the Mann–Whitney U test,
χ2 test, or Fisher’s exact test where appropriate.

The multivariate-adjusted logistic regression model was
used to estimate the odds ratio (OR) and 95% confidence
interval between disease severity and subtype outcome. For the
relationship between disease severity and continuous outcome,
a multivariate-adjusted linear regression model was used to
estimate β estimates and 95% Cis. Confounding factors include
age, sex, smoking (never smoker, current smoker, and former
smoker), comorbidities (hypertension, diabetes, cardiovascular
disease, cerebrovascular disease, malignant tumor, chronic
obstructive pulmonary disease, and chronic kidney disease),
corticosteroids, antiviral drugs (arbidol, chloroquine phosphate,
and hydroxychloroquine), convalescent plasma therapy, and
intravenous immunoglobulin.

Multivariate adjusted logistic regression analysis was used to
explore the risk factors related to PTSD, ASI-sleep disorders,
GAD-anxiety, and fatigue syndrome. Adverse mental outcomes
occurred in ∼20% of enrolled subjects, we followed accepted
statistical practice and considered 10 variables in our multiple
regression model. Variables associated with outcome measures
(age, sex, comorbidities, severity of illness, corticosteroids, special
oxygen therapy, length of hospital stay, symptoms remaining
after discharge, and COVID-19 recovery status scale) were all
included in the model. For the association of comorbidity
with outcome, the above-mentioned variables except for disease
severity were all included.

All the tests were two-sided, and a P-value of <0.05 was
considered statistically significant. We included all the follow-
up participants in the final analysis without entering any
missing data. All statistical analyses were performed using SAS
version 9.4.

RESULTS

Baseline Characteristics of the Study
Population
The demographic and clinical characteristics of the participants
are shown in Table 1. The median age of the enrolled patients
was 62.0 (52.0–70.0) years old, with 239 males (44.8%) and
295 females (55.2%). The most common comorbidities were
hypertension (198 patients, 37.08%), followed by diabetes (85
patients, 15.92%) and atherosclerotic cardio-cerebrovascular
disease (ASCVD) (71 patients, 13.30%). A total of 403 (75.47%)
of 534 participants required supplemental oxygen therapy during
hospitalization, 15 (2.81%) required high-flow nasal oxygen
inhalation (HFNC), non-invasive mechanical ventilation (non-
IMV), or both, and 3 (0.56%) required extracorporeal membrane
oxygenation (ECMO), IMV, or both. The median duration of
hospitalization was 29.0 (17.0–40.0) days. The median time from
symptom onset to follow-up was 460.0 (451.0–467.0) days, and
the median time from discharge to follow-up was 414.0 (408.0–
420.0) days (Table 1).

Persistent Symptoms and Psychological
Consequences at the 15-Month Follow-Up
There were still many patients who had persistent symptoms.
As shown in Table 2 and Supplementary Table S2, 44.57%
of participants (238 of 534 patients) reported at least one
symptom at follow-up, and a higher percentage was observed
in women. The most common self-reported symptoms at 15
months after SARS-CoV-2 infection were sleep difficulties
(99/534, 18.54%, Table 2) and fatigue (92/534, 17.23%),
followed by memory loss (86/534, 16.10%). In addition, at
15 months after SARS-CoV-2 infection, 11.42% (61/534,
Table 2) of patients still reported chest tightness, 9.93%
(53/534) reported cough, and 8.05% (43/534) reported
hair loss. A total of 5.43% (29/534) of patients reported
dyspnea, 3.18% (17/534) reported smell disorder, 2.81%
(15/534) reported taste disorder, and 2.62% (14/534)
reported photophobia.

The long-term impact of COVID-19 on the psychological
consequences of patients after discharge from the hospital
should not be ignored. As measured by the PHQ-9 and GAD-
7 scales, 6.4% (34/534, Table 2) of patients had varying degrees
of depression, and 9.2% (49/534) had different degrees of
anxiety. According to the ASI questionnaire test, 13.0% (70/534)
had various degrees of insomnia. The results from the PTSD
screening scale showed that 4.7% (25/534) of patients had PTSD
at 15 months after acute infection. The incidence rates of these
adverse psychological conditions were higher in women than in
men (see Supplementary Tables S2, S3, P < 0.05).

Health-Related Quality of Life, PCFS Scales
and All-Cause Death and Extrapulmonary
Organ Function at the 15-Month Follow-Up
The results from the EQ-5D-5 L questionnaire showed that
19.10% (102/534) of the patients had trouble with mobility,
13.11% (70/534) had personal care problems, 15.92% (85/534)
reported difficulties with performing their usual activities, 19.10%
(102/534) had pain or discomfort and 20.79% (111/534) had
anxiety or depression. The severe COVID-19 patients reported
more problems in each sub-item of the EQ-5D-5L questionnaire
and had worse quality of life than non-severe patients (all P <

0.05, Table 3).
The PCSF rating results showed that 65.17% (348/534) of

patients recovered well in functional status, reaching the F0
grade. That means 65.17% of the patients were able to recover
to their pre-sick condition, and their life and work were not
affected by COVID-19. There was no significant difference in the
proportion of F0 grade individuals between severe patients and
non-severe patients (P > 0.05, Table 3).

Notably, 15 patients died after discharge. The primary
reason was the deterioration of lung, heart, and kidney
conditions. The detailed characteristics are shown in
Supplementary Table S1. In addition, seven patients reported
non-fatal myocardial infarctions or ischemic strokes after
discharge. Five patients were readmitted for hospitalization
again due to heart failure. Eleven patients underwent arterial
revascularization or stent implantation. Nine patients suffered
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TABLE 1 | Characteristics of 534 enrolled patients with COVID-19.

Total (n = 534) Non-severe (n = 420) Severe (n = 114) P-value

Age, years

Median (IQR) 62.0 (52.0, 70.0) 60.0 (50.0, 68.0) 70.0 (61.0, 78.0) <0.0001

Distribution-n (%) <0.0001

14–49 106 (19.85) 99 (23.57) 7 (6.14)

50–64 205 (38.39) 177 (42.14) 28 (24.56)

>65 223 (41.76) 144 (34.29) 79 (69.30)

Sex <0.0001

Male 239 (44.76) 169 (40.24) 70 (61.40)

Female 295 (55.24) 251 (59.76) 44 (38.60)

Cigarette smoking 0.0463

Never-smoker 293 (83.24) 236 (84.29) 57 (79.17)

Current smoker 23 (6.53) 22 (7.86) 1 (1.39)

Former smoker 36 (10.23) 22 (7.86) 14 (19.44)

Comorbidities

Hypertension 198 (37.08) 145 (34.52) 53 (46.49) 0.0190

Diabetes 85 (15.92) 61 (14.52) 24 (21.05) 0.0911

ASCVD 71 (13.30) 38 (9.05) 33 (28.95) <0.0001

Asthma 2 (0.37) 2 (0.48) 0 (0.00) 1.0000

COPD 22 (4.12) 10 (2.38) 12 (10.53) 0.0003

Chronic kidney disease 7 (1.31) 2 (0.48) 5 (4.39) 0.0053

Chronic liver disease 24 (4.49) 19 (4.52) 5 (4.39) 0.9498

Cancer 23 (4.31) 16 (3.81) 7 (6.14) 0.4082

Highest seven-category scale during hospital stay

3: not requiring supplemental oxygen 113 (21.16) 108 (25.71) 5 (4.39) <0.0001

4: requiring supplemental oxygen 403 (75.47) 312 (74.29) 91 (79.82) 0.2229

5: requiring HFNC or non-IMV, or both 15 (2.81) 0 (0.00) 15 (13.16) <0.0001

6: requiring ECMO or IMV, or both 3 (0.56) 0 (0.00) 3 (2.63) 0.0095

Admission into ICU 3 3

Length of ICU hospitalization 32.0 (20.0–42.0) 32.0 (20.0–42.0)

Treatment received during hospital stay

Antivirals 499 (93.45) 394 (93.81) 105 (92.11) 0.5144

Antibiotics 231 (43.26) 160 (38.10) 71 (62.28) <0.0001

Corticosteroids 35 (6.55) 16 (3.81) 19 (16.67) <0.0001

Tocilizumab 11 (2.06) 0 (0.00) 11 (9.65) <0.0001

Convalescent plasma therapy 20 (3.75) 11 (2.62) 9 (7.89) 0.0186

Intravenous immunoglobulin 18 (3.37) 9 (2.14) 9 (7.89) 0.0064

CRRT 1 (0.22) 0 (0.00) 1 (1.09) 0.1991

Length of hospital stay, days 29.0 (17.0, 40.0) 28.0 (17.0, 40.0) 30.50 (20.0, 42.0) 0.0354

Time from symptom onset to admission, days 12.0 (4.0, 26.0) 13.0 (4.0, 27.0) 8.0 (2.0, 22.0) 0.0033

Time form discharge to follow-up, days 414.0 (408.0, 420.0) 415.0 (409.0, 420.0) 411.0 (404.0, 419.0) 0.0016

Time form symptom onset to follow-up, days 460.0 (451.0, 467.0) 461.0 (451.0, 468.0) 456.0 (444.0, 467.0) 0.0123

Data are n (%) or median (IQR). IQR, interquartile range; ASCVD, atherosclerotic cardio-cerebrovascular disease; COPD, chronic obstructive pulmonary disease; HFNC, high-flow nasal

cannula for oxygen therapy; ECMO, extracorporeal membrane oxygenation; IMV, invasive mechanical ventilation; CRRT, continuous renal replacement therapy; COVID-19, corona virus

disease 2019.

from acute pulmonary embolism due to deep lower limb
venous thrombosis. One patient underwent dialysis treatment
due to worsening renal failure. Nineteen patients were
diagnosed with new-onset diabetes, ten reported new-onset
autoimmune thyroid disease, and four were newly diagnosed
with malignant tumors.

Risk Factors for Long-Term Health Impacts
and Their Association With Disease
Severity
After adjusting for confounding factors such as age, sex, smoking,
comorbidities, length of stay, oxygen therapy, and medication,
the risk of chest tightness, chest pain, and photophobia in severe
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TABLE 2 | Persistent symptoms and psychological consequences at 15-month follow-up.

Total (n = 534) Non-severe (n = 420) Severe (n = 114) P OR or β (95%CI)* P for regression

Self-report symptoms—n (%)

Any 238 (44.57) 175 (41.67) 63 (55.26) 0.0096 1.46 (0.92, 2.34) 0.1097

Sleep disorder 99 (18.54) 80 (19.05) 19 (16.67) 0.5618 0.81 (0.44, 1.48) 0.4902

Fatigue 92 (17.23) 68 (16.19) 24 (21.05) 0.2228 1.25 (0.69, 2.29) 0.4601

Memory loss 86 (16.10) 61 (14.52) 25 (21.93) 0.0564 1.34 (0.74, 2.43) 0.3399

Arthralgia 66 (12.36) 50 (11.90) 16 (14.04) 0.5399 1.30 (0.67, 2.49) 0.4354

Chest tightness 61 (11.42) 37 (8.81) 24 (21.05) 0.0003 2.55 (1.34, 4.87) 0.0046

Dizziness 55 (10.30) 37 (8.81) 18 (15.79) 0.0297 1.73 (0.87, 3.42) 0.1177

Cough 53 (9.93) 40 (9.52) 13 (11.40) 0.5517 0.93 (0.45, 1.95) 0.8574

Sore throat 52 (9.74) 35 (8.33) 17 (14.91) 0.0356 1.46 (0.71, 3.02) 0.3029

Headache 47 (8.80) 35 (8.33) 12 (10.53) 0.4636 1.37 (0.64, 2.93) 0.4251

Hair loss 43 (8.05) 34 (8.10) 9 (7.89) 0.9444 1.40 (0.59, 3.34) 0.4440

Myalgia 41 (7.68) 26 (6.19) 15 (13.16) 0.0132 2.14 (1.00, 4.60) 0.0506

Palpitation 37 (6.93) 24 (5.71) 13 (11.40) 0.0339 1.99 (0.88, 4.50) 0.0974

Chest pain 36 (6.74) 23 (5.48) 13 (11.40) 0.0252 2.63 (1.18, 5.86) 0.0180

Anorexia 31 (5.81) 20 (4.76) 11 (9.65) 0.0478 1.89 (0.79, 4.48) 0.1503

Dyspnea 29 (5.43) 18 (4.29) 11 (9.65) 0.0250 2.21 (0.92, 5.31) 0.0777

Diarrhea 25 (4.68) 23 (5.48) 2 (1.75) 0.0953 0.35 (0.08, 1.57) 0.1682

Rash 22 (4.12) 15 (3.57) 7 (6.14) 0.3379 1.87 (0.66, 5.29) 0.2410

Smell disorder 17 (3.18) 13 (3.10) 4 (3.51) 1.0000 1.54 (0.45, 5.31) 0.4923

Taste disorder 15 (2.81) 12 (2.86) 3 (2.63) 1.0000 0.72 (0.17, 2.97) 0.6480

photophobia 14 (2.62) 6 (1.43) 8 (7.02) 0.0029 6.93 (2.08, 23.11) 0.0016

Nausea or vomiting 10 (1.87) 7 (1.67) 3 (2.63) 0.7760 1.43 (0.31, 6.57) 0.6439

Intermittent fever 3 (0.56) 3 (0.71) 0 (0.00) 1.0000 0.00 (0.00, 454E94) 0.9361

mMRC 0.0124 0.45 (0.19, 1.07) 0.0702

mMRC4 3 (0.56) 0 (0.00) 3 (2.63)

mMRC3 4 (0.75) 3 (0.71) 1 (0.88)

mMRC2 6 (1.12) 4 (0.95) 2 (1.75)

mMRC1 16 (3.00) 11 (2.62) 5 (4.39)

mMRC0 505 (94.57) 402 (95.71) 103 (90.35)

PHQ-9 scale of depression 0.0030 0.57 (0.30, 1.06) 0.0768

No depression 470 (88.01) 375 (89.29) 95 (83.33)

Mild depression 37 (6.93) 30 (7.14) 7 (6.14)

Moderate depression 12 (2.25) 9 (2.14) 3 (2.63)

Severe depression 15 (2.81) 6 (1.43) 9 (7.89)

GAD-7 scale of anxiety 0.0944 0.65 (0.31, 1.34) 0.2397

No anxiety 485 (90.82) 386 (91.90) 99 (86.84)

Mild anxiety 36 (6.74) 27 (6.43) 9 (7.89)

Moderate anxiety 6 (1.12) 4 (0.95) 2 (1.75)

Severe anxiety 7 (1.31) 3 (0.71) 4 (3.51)

ASI scale of insomnia 0.2412 1.25 (0.62, 2.53) 0.5321

No insomnia 464 (86.89) 364 (86.67) 100 (87.72)

Mild insomnia 52 (9.74) 43 (10.24) 9 (7.89)

Moderate insomnia 15 (2.81) 12 (2.86) 3 (2.63)

Severe insomnia 3 (0.56) 1 (0.24) 2 (1.75)

PTSD screen 0.0671 2.00 (0.77, 5.17) 0.1546

Negative 509 (95.32) 404 (96.19) 105 (92.11)

Positive 25 (4.68) 16 (3.81) 9 (7.89)

Data are n (%) or median (IQR).
*OR or β (95%CI) obtained by logistic regression, rank logistic regression and linear regression, adjusted for age, comorbidities, length of hospital stay, corticosteroid, 5: admitted to

hospital, requiring HFNC or non-IMV or both, 6: admitted to hospital, requiring ECMO or IMV or both.

mMRC, modified British medical research council; PHQ-9, patient health questionnaire version 9; GAD-7, generalized anxiety disorder version 7; ASI, Arabic scale of insomnia; PTSD,

post-traumatic stress disorder.
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TABLE 3 | Health-related quality of life, PCFS scales and extrapulmonary organ function at 15-month follow-up.

Total (n = 534) Non-severe (n = 420) Severe (n = 114) p OR or β (95%CI)* P for regression

Events in one-year after

discharge—n (%)

Non-fatal myocardial

infarction or non-fatal stroke

7 (1.31) 4 (0.95) 3 (2.63) 0.3505 2.09 (0.39, 11.09) 0.3887

Heart failure hospitalization 5 (0.94) 1 (0.24) 4 (3.51) 0.0076 7.52 (0.66, 85.11) 0.1031

Arterial revascularization

therapy

11 (2.06) 8 (1.90) 3 (2.63) 0.9102 0.43 (0.05, 3.74) 0.4449

New-onset venous

thrombotic disease

9 (1.69) 7 (1.67) 2 (1.75) 1.0000 0.59 (0.10, 3.51) 0.5613

Exacerbation of renal

disease requires dialysis or

kidney transplantation

1 (0.19) 1 (0.24) 0 (0.00) 1.0000 0.00 (0.00, 161E90) 0.9413

New-onset diabetes 19 (3.56) 12 (2.86) 7 (6.14) 0.1635 2.12 (0.76, 5.91) 0.1491

New-onset AITD 10 (1.87) 9 (2.14) 1 (0.88) 0.6209 0.53 (0.06, 4.54) 0.5617

New-onset neuropsychiatric

disease

3 (0.56) 1 (0.24) 2 (1.75) 0.1167 4.12 (0.29, 58.35) 0.2951

New-onset cancer 4 (0.75) 3 (0.71) 1 (0.88) 1.0000 0.00 (0.00, 6E166) 0.9524

EQ-5D-5L questionnaire

Mobility: problems with

walking

102 (19.10) 56 (13.33) 46 (40.35) <0.0001 2.63 (1.52, 4.57) 0.0006

Personal care: problems

with washing or dishing

70 (13.11) 34 (8.10) 36 (31.58) <0.0001 2.88 (1.55, 5.36) 0.0008

Usual activity: problems with

usual activity

85 (15.92) 47 (11.19) 38 (33.33) <0.0001 2.29 (1.28, 4.09) 0.0052

Pain or discomfort 102 (19.10) 56 (13.33) 46 (40.35) <0.0001 3.85 (2.25, 6.57) <0.0001

Anxiety or depression 111 (20.79) 69 (16.43) 42 (36.84) <0.0001 2.38 (1.41, 4.04) 0.0013

Quality of life 85.50 (80.00, 90.00) 89.00 (80.00, 90.50) 80.00 (70.00, 90.00) 0.0023 −4.99 (−9.02, −0.96) 0.0154

PCFS scale 0.0043 0.61 (0.39, 0.97) 0.0348

F0 348 (65.17) 291 (69.29) 57 (50.00)

F1 13 (2.43) 10 (2.38) 3 (2.63)

F2 13 (2.43) 9 (2.14) 4 (3.51)

F3 95 (17.79) 66 (15.71) 29 (25.44)

F4 65 (12.17) 44 (10.48) 21 (18.42)

Data are n (%).
*OR or β (95%CI) obtained by logistic regression, rank logistic regression and linear regression, adjusted for age, comorbidities, length of hospital stay, corticosteroid, 5: admitted to

hospital, requiring HFNC or non-IMV or both, 6: admitted to hospital, requiring ECMO or IMV or both.

AITD, autoimmune thyroid disease; EQ-5D-5L, EuroQol 5-Dimension Questionnaire 5-level version; PCSF, post-COVID-19 functional status.

patients was still significantly higher than that of non-severe
patients, with OR values of 2.55 (95% CI 1.34–4.87, Table 2),
2.63 (1.18–5.86) and 6.93 (2.08–23.11), respectively. However,
the risk of fatigue and sleep disturbance in severe patients was
not significant, and the OR values were 1.25 (95% CI 0.69–
2.29, Table 2) and 0.81 (0.44–1.48), respectively. There was no
significant difference in the proportion of cough, dyspnea, hair
loss, smell disorder, or taste disorder between severe and non-
severe patients (P > 0.05, Table 2).

Multivariate adjusted logistic regression analysis showed that
glucocorticoid treatment during hospitalization (OR 3.58, 95%CI
1.12–11.44, P = 0.0312, Figure 2) was significantly associated
with an increased risk of fatigue and GAD-7 anxiety score (OR
3.48, 95%CI 1.09–11.17, P = 0.0358, Figure 2). No significant

associations were observed between fatigue syndromes and age,
gender or disease severity.

Multivariate adjusted logistic regression analysis showed
that gender and the presence of self-reported symptoms were
significantly associated with adverse mental consequences.
Compared with men, women had an OR of 2.7 (95% CI 0.93–
7.28, Figure 2) for PTSD, an OR of 2.36 (1.07–5.20) for GAD-7
anxiety, and an OR of 2.16 (1.13–4.14) for ASI sleep disorder.
Participants with self-reported symptoms showed OR values of
25.6 (95% CI 3.3–198.4) for PTSD, 18.09 (5.23–62.54) for GAD-7
anxiety, and 26.97 (9.34–77.91) for ASI sleep disorder compared
with participants without self-reported symptoms. No apparent
associations were observed between age or disease severity and
PTSD, GAD-7 anxiety, or ASI-sleep disorder.
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FIGURE 2 | Risk factors associated with PTSD and GAD-7 anxiety (A), fatigue and sleep disorder (B) at 15-month follow-up.

DISCUSSION

In this study, we reported the health outcomes of patients
who were hospitalized with COVID-19 at 15 months after
acute infection during the first pandemic in Wuhan, China. To
our knowledge, this is the longest follow-up cohort study of
hospitalized COVID-19 patients.

Our data showed that the most common persistent symptoms
at 15 months after onset were sleep difficulties and fatigue,
followed by memory loss, chest tightness and cough. Compared
with the published data of this cohort 3 months after discharge
(8), most of the acute symptoms of COVID-19 patients were
significantly relieved or even disappeared, and no serious
respiratory complications remained. This is consistent with the
data of the previous 12-month long-term follow-up study of
COVID-19 (7). Our data also showed that residual psychological
problems remain prominent. At the 15-month follow-up, 6.4%
(34/534) of the patients had depression, 9.2% (49/534) had
anxiety, 13.0% (70/534) had insomnia and 4.7% (25/534)
had PTSD. These results suggested that the psychological
consequences of long-term COVID-19 should be noted.

Compared to the general public, patients that were infected
by COVID-19 have in fact a higher risk of developing these
adverse mental and psychological symptoms. The prevalence of
generalized anxiety disorder (GAD) in adult was very common
both in community and in clinic. According to the review of
epidemiological studies in Europe, the 12-month prevalence rate
of GAD was 1.7–3.4% (17) and the lifetime prevalence was 4.3–
5.9% (18). The prevalence rate of GAD in COVID-19 patients
in this study was 9.2%, which was significantly higher than
that of the general public. Data from a multi-country study
involving 252,503 cases from 68 countries showed that the 1-
year prevalence rate of mild depression was 2.8% (19). Another
community survey in Taiwan, China, including 5,664 individuals
aged≥55, showed that the prevalence rate of mild depression was
4% (20, 21). In our study, the prevalence rate of depression in
COVID-19 patients reached 6.4%, which was also significantly
higher than that of the general public. In the sample from general
adult population in the United States and Canada, the 1-year
prevalence rate of PTSD is 3.5–4.7 (22, 23). The prevalence rate
of PTSD in COVID-19 patients in this cohort was as high as 25%
at 3 months after discharge (data not published). Although the

Frontiers in Medicine | www.frontiersin.org 8 May 2022 | Volume 9 | Article 854788

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Sun et al. 15-Month Follow-Up of COVID-19 Patients

prevalence rate of PTSD at 15 months after onset has dropped to
4.7%, it is still in the high level when compared with that in the
general public. Given all of that, COVID-19 patients still have a
higher risk of adverse mental and psychological illness, even 15
months after onset.

Unlike individual-level traumatic events, the COVID-19
outbreak has been a continuing crisis for every member of society
(24). Globally, the epidemic has led to an increase of about 53
million in the incidence of depression in 2020, an increase of
about 27.6% (25).

Furthermore, we attempted to analyze the potential risk
factors related to health outcomes and the relationship with
the severity of the disease. Our data demonstrated that female
COVID-19 patients were more likely to have residual symptoms,
such as fatigue and sleep disorders, and a range of adverse
psychological and psychiatric consequences. Patients with long-
term legacy symptoms are more likely to develop PTSD. Before
the outbreak, women had higher rates of depression and anxiety
disorders than men worldwide (25). In China, the prevalence of
any depressive disorder in women is higher than that in men,
and its lifetime prevalence is 1.44 times that of men (26). After
the outbreak of pandemic, an even greater difference in mental
disorder prevalence was found between the two genders, which
was speculated that females are more likely to be affected by the
social and economic consequences of the pandemic (27–29).

In addition, our study first showed that the use of
glucocorticoids during hospitalization was significantly related
to an increased risk of chronic fatigue and anxiety in patients
with COVID-19 after discharge. High-dose corticosteroids were
administered to many critically ill patients in Wuhan (30) and
were associated with higher mortality risk. Previous research
on SARS patients found that high-dose corticosteroid use
could lead to osteonecrosis of the femoral head (OFNH) (31).
Unfortunately, we were unable to obtain specific dose and use
time of each patient in this cohort which limits the conclusions
we can draw from these data. Future studies are urgently needed
that are specially designed to address the relation between
glucocorticoid use and adverse psychological outcomes.

The underlying mechanism of long COVID-19 is complicated
and cannot be simply attributed to SARS-CoV-2 infection. The
pathogenesis of psychiatric symptoms and disorders that arise
during the COVID-19 pandemic may include biologic and
psychosocial factors.

On one hand, several retrospective studies also suggest that
COVID-19 may affect the brain (32, 33). In addition, a literature
review demonstrated that past viral epidemics were associated
with neuropsychiatric symptoms such as demyelination,
encephalopathy, and neuromuscular dysfunction, as well as
mood changes and psychosis (34). The symptoms occurred
during infection or following recovery from the infection in
the ensuing weeks, months, or longer. Multiple studies suggest
that COVID-19 may indirectly affect the central nervous
system through the associated inflammatory immune response
and medical interventions that are administered (32, 33, 35).
Immunologic findings in patients with COVID-19 include
elevated serum C-reactive protein and pro-inflammatory
cytokines (e.g., IL-6) and decreased total blood lymphocyte

counts (34). Critical illness and resultant intensive care unit
stays commonly expose patients to extreme physiological and
psychological stressors that are life-threatening and traumatic,
and frequently precipitate persistent psychiatric illness (35, 36).

On the other hand, psychiatric illnesses that occur during
the pandemic may stem from psychosocial factors such as (37–
41): frequency and extent of exposure to individuals infected
with the virus, fear of infecting family members, fear of being
discriminated against, lack of access to testing and medical
care for COVID-19, physical distancing, home confinement,
quarantining, and loneliness, shortages of available resources
(e.g., personal protective equipment), diminished personal
freedoms, continuous media reporting about the pandemic and
the uncertainty surrounding its eventual outcome. The role
of those mentioned above social and psychological factors is
particularly serious in Wuhan, where the first outbreak occurred.
Thus, psychological and social intervention of this disease carries
great importance for the COVID-19 patients in recovery phase.
The rehabilitation of COVID-19 patients is a long-term and
systematic project. Our research will help inform decision-
making on care service design and priorities for these patients.

We also investigated the long-term performance of
extrapulmonary organs and deaths during follow-up. For
example, it has been observed that some patients have new-
onset diabetes, are newly diagnosed with AITD, and have
venous thromboembolic diseases, including cardiovascular and
cerebrovascular events. The receptor angiotensin-converting
enzyme 2 (ACE2), which modulates the invasion of SARS-
CoV-2 into the body, is also expressed in many vital metabolic
organs and tissues, including pancreatic β cells (42), adipose
tissue (43), intestines (44), and kidneys (44); SARS-CoV-2
infection may cause pleiotropic changes in glucose metabolism,
complicate the pathophysiology of existing diabetes, or cause
new hyperglycemia or new diabetes (45). There have been some
precedents of ketosis-prone diabetes caused by coronaviruses.
A previous study showed that the incidence of high fasting
blood glucose and acute new-onset diabetes in SARS coronavirus
pneumonia patients is higher than that in non-SARS patients
(46). Our study showed that 3.5% (19/534) of the patients had a
new fasting blood glucose of >7 mmol/L or HbA1c ≥ 6.5% at
the 15-month follow-up and had no previous history of diabetes.
We deduced that COVID-19 has potential diabetic effects.

This study has several limitations. First, for the new symptoms
that appeared after COVID-19, there was no further stratification
to determine whether the symptoms continued after COVID-19,
worsened after COVID-19 recovery, or occurred after discharge
from the hospital. Second, the cases included in this study were
all hospitalized COVID-19 patients, with a lack of data from
outpatients. Lastly, this is a single-center study in a specific region
which challenges the generalizability of the study findings.We are
in urgent need of multi-center studies covering a wider range of
patient cohorts over different regions especially when describing
the causes of a pandemic affecting the entire world population.

In conclusion, we conducted a 15-month follow-up and
reported the persistent symptoms and psychological conditions
in a COVID-19 patient cohort in Wuhan. Relevant risk factors,
such as female gender and use of glucocorticoids for long
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COVID, were identified. All these findings were of great
significance for managing COVID-19 patients during the long-
term rehabilitation period.
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