www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

The short-term and long-term
prognosis of discharged COVID-19
patients in Guangdong during the
first wave of pandemic
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Ming Fang®7"

COVID-19 survivors concerning about the rehabilitation and sustained sequelae of Coronavirus Disease
2019 (COVID-19) infection. We aimed to investigate the sequelae of patients’ psychological and
physical condition and its related factors in the early and late stages. This longitudinal study tracked
281 COVID-19 patients discharged from hospitals in Guangdong, China, for one year. Assessments
occurred at 2,4,12,24 and 48 weeks post-discharge. We define 2 weeks, 4 weeks, and 12 weeks as
early stage, and 24 weeks and 48 weeks as late stage. Psychological health was measured using the
Patient Health Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder-7 (GAD-7), Posttraumatic
Stress Disorder Checklist for DSM-5 (PCL-5), and Pittsburgh Sleep Quality Index (PSQI) scales. Physical
health was assessed through laboratory tests, chest computed tomography (CT) scans, and pulmonary
function tests. Data were analyzed using multivariate regression models to evaluate the influence of
demographic and clinical variables on health outcomes. COVID-19 survivors exhibited psychological
and physical sequelae in both the early and late stages. Compared to the early stage, the proportions
of patients with depression (early stage 14.6%, late stage 4.6%), anxiety (early stage 8.9%, late stage
5.3%), PTSD(early stage 3.6%, late stage 0.7%), abnormal liver function (early stage 24.6%, late stage
11.0%), abnormal cardiac function (early stage 10.0%, late stage 7.8%), abnormal renal function

(early stage 20.6%, late stage 11.0%) and abnormal pulmonary function (early stage 40.9%, late stage
13.5%) were significantly reduced in the late stage. Factors such as gender, age, severity of COVID-19,
hospitalization duration, and various comorbidities were significantly associated with these sequelae.
We noticed that psychological and physical sequelae occurred to COVID-19 survivors in short and

long stages, and these would gradually decrease as time went on. Male gender, age > 50 years old,
severe clinical condition, longer hospitalization time and comorbidity history were related factors that
significantly affected the rehabilitation of COVID-19 patients.
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COVID-19 Coronavirus disease 2019

PHQ-9 Patient Health Questionnaire-9

GAD-7 7-item Generalized Anxiety Disorder Questionnaire
PCL-5 The Posttraumatic Stress Disorder Checklist for DSM-5
PSQI Pittsburgh Sleep Quality Index

CT Computed Tomography

PTSD Post-Traumatic Stress Disorder
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SARS-CoV-2  Severe acute respiratory distress syndrome coronavirus 2

WHO World Health Organization

ALT Alanine Aminotransferase

AST Aspartate Aminotransferase

T-bil Total Bilirubin

KDIGO Kidney disease improving global outcomes
CK Creatine Kinase

CK-MB Creatine Kinase Isoenzyme-MB

BUN Blood Urea Nitrogen

FVC Forced Vital Capacity

FEV1 Forced Expiratory Volume in 1 s
COPD chronic obstructive pulmonary disease
NAFLD non-alcoholic fatty liver disease

ACE2 Angiotensin-converting enzyme 2
AKI Acute kidney injury

Coronavirus disease, commonly referred to as COVID-19, is an infectious disease caused by the SARS-CoV-2
virus. It primarily spreads through respiratory droplets from coughs, sneezes, or talk. COVID-19 symptoms can
range from mild to severe and include fever, cough, and difficulty breathing. Severe cases can lead to pneumonia,
multi-organ failure, and even death, particularly in older adults and those with underlying health conditions'.
The first case of COVID-19 pneumonia was reported on December 16th, 2019, in Wuhan, China, followed
by the first wave of outbreaks across China until May 7th, 2020, when the Chinese CDC issued a document
changing China’s prevention and control efforts from emergency status to normalization, and there are also
studies suggested the first wave of the novel coronavirus outbreak in China was from December 2019 to April
20202. The first wave of COVID-19 was highly contagious and pathogenic with high mortality rate, and there
was little experience with the treatment of this newly discovered virus at that time. COVID-19 patients in the
first wave of outbreaks were withstand huge tests both in physical and psychological station, and their prognosis
could be especially representative. Yet there are few studies on the short-term and long-term prognosis of
patients discharged from this first wave of COVID-19. As time develops, SARS-CoV-2 continues to generate
new mutant strains® and caused several waves of outbreak, and severe acute respiratory distress syndrome
coronavirus 2 (SARS-CoV-2) infections emerge to date persistently with great impact on society. People have
been inevitably exposed to SARS-CoV-2, according to World Health Organization (WHO) statistics, the number
of people infected with SARS-CoV-2 worldwide has exceeded 700 million, with more than 6 million deaths.
The U.S. has experienced over 100 million confirmed cases and 1.1 million deaths, making it one of the most
affected countries®. Brazil reported over 36 million cases and 700,000 deaths, with a notably high mortality rate,
particularly among vulnerable populations®.

Many COVID-19 survivors complained about the remaining physical and mental discomfort though they
had been cured and discharged. There is a concept of “long COVID-19” referring that some COVID-19 patients
still have long-term sequelae after testing for nucleic acid has turned negative®. A large number of COVID-19
survivors complained of mental health problems, such as depression, anxiety, PTSD, sleep disorders”®. The
mental health impact of COVID-19 varied by age group: children and adolescents experienced increased
anxiety and depression due to disrupted routines; young adults faced heightened stress from uncertainties
about education, employment, and social life; middle-aged adults often struggled with burnout from balancing
work and caregiving responsibilities; and older adults were particularly vulnerable to loneliness and anxiety,
although some showed resilience?!2. COVID-19 has significantly exacerbated mental health problems through
several interconnected factors. Social isolation and lockdown measures led to increased loneliness and a sense
of abandonment, impacting emotional well-being'®. Additionally, increased screen time and digital overload,
along with difficulties in accessing mental health services and existing stigma, have complicated the situation'*.
Studies have also suggested physical sequelae in COVID-19 survivors, such as abnormalities in the respiratory,
digestive, cardiovascular and neurological systems®. A study conducted at Jinyintan Hospital in Wuhan showed
that as COVID-19 patients were discharged 1 year later, the proportion of patients with at least one sequelae
symptom decreased when compared to 6 months after discharge, but the proportion of depression and anxiety
did not decrease'®. Another study showed that COVID-19 survivors couldn’t return to the previous health status
even 2 years after acute infection'®. The above studies suggest that mental disorders and physical problems
are commonly reported from COVID-19 discharged patients, and although the incidence rate of COVID-19
sequelae varies under different times of discharge and may decrease with time, these health problems are
arresting and could be long-term. In terms of correlation between physical and psychological conditions, it has
been shown that long-term COVID-19 symptoms were associated with abnormal mental health'®.

This study differs from previous research by providing a more objective and comprehensive evaluation of
COVID-19 sequelae. While earlier studies largely relied on patients’ subjective reports for assessing cardiovascular
and digestive system function, with only the respiratory system being objectively measured through pulmonary
function tests and chest CT, this study aims to fill the gap by offering a more complete and long-term analysis
based on objective data across multiple systems. Nevertheless, there are studies also shown an increased risk
of certain clinical sequelae (e.g., mental health diagnoses) regardless of age and preexisting conditions!”. Up to
now, there are only a few studies on risk factors for COVID-19 sequelae, some studies have shown that women
are prone to occur long-term COVID-19%, such as depression, anxiety, post-traumatic stress disorder, or sleep
disorder sequelae!®!”. Women may be more prone to long-term COVID-19 due to stronger immune responses,
hormonal influences, and genetic factors that affect disease progression!®. To this end, we asked the following
questions: Is there any difference in the distribution of sequelae under different times in discharged COVID-19
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patients? Is there a relationship between psychological and physical conditions? What kind of patients are more
likely to develop long-term mental health or physical health abnormalities?

Methods

Study population

A total of 581 patients diagnosed and admitted to designated hospitals for COVID-19 infection from 2019/12/16
to 2020/05/07 in Guangzhou and Shenzhen city, Guangdong Province, China, met the inclusion criteria were
recruited to the study. Among them, 39 patients had a previous history of mental illness; 126 patients and/or
their families did not agree to participate in the subsequent follow-up; 30 patients had difficulty returning to
the designated hospital for follow-up and/or were unable to cooperate; 46 patients had a previous history of
severe cardiovascular, cerebrovascular, liver, kidney, respiratory diseases, during the 1-year follow-up period,
59 patients were completely lost to follow-up, and these patients were excluded from this study. Eventually, 281
patients became the research subjects of this study. (Fig. 1)

Inclusion criteria: (1) patients diagnosed with COVID-19 in Guangzhou and Shenzhen city, Guangdong
Province, China; (2) patients aged between 18 and 80 years old; (3) patients were admitted to hospital for
COVID-19 infection between 2019/12/16 to 2020/05/07; (4) patients cured and discharged after treatments.
Exclusion criteria were as follows: (1) patients with past history of mental illness; (2) patients or legal guardian
who did not agree to participate in follow-up; 3.patients who were difficult to return to the designated hospital
for follow-up or unable to cooperate; 4. patients with previous severe cardiovascular, cerebrovascular, liver,
kidney, respiratory diseases (according to clinical guideline, severe cardiovascular disease was defined as NYHA
class II; severe cerebrovascular disease was defined as hemiplegia and verbal cognitive dysfunction after stroke;
severe liver disease was defined as Alanine Aminotransferase (ALT)>80U/L or Aspartate Aminotransferase
(AST)>80U/L or Total Bilirubin (T-bil)>34.2umol/L; severe kidney disease was defined as stage 3 chronic kidney
disease according to the Kidney Disease Improving Global Outcomes (KDIGO) guidelines; severe respiratory
disease was defined as the presence of respiratory failure).

Study design

In this study, COVID-19 pneumonia patients discharged from Guangzhou and Shenzhen city, Guangdong
Province, China, were systematically followed for 12 months to assess both their psychological and physical
health. The diagnosis of COVID-19 for all patients included in the study was confirmed under standard clinical
procedures, and each patient received standardized treatments as per the relevant guidelines'*?°.Referring to
our previous research and other study, COVID-19 cases can be categorized into mild, moderate, severe, and
critical based on the severity of symptoms and clinical findings'*. Mild cases involve symptoms such as fever,
cough, sore throat, fatigue, headache, muscle pain, nausea, vomiting, diarrhea, and loss of taste or smell, without
evidence of pneumonia or hypoxia. Moderate cases are characterized by clinical or imaging evidence of lower
respiratory tract involvement, with oxygen saturation (SpO2) >94% on room air. Severe cases are identified by
severe pneumonia symptoms, including a respiratory rate >30 breaths per minute, severe respiratory distress,
SpO2 <94% on room air, or lung infiltrates covering more than 50% of the lung fields on imaging. Critical cases
involve life-threatening conditions such as respiratory failure requiring mechanical ventilation, septic shock, or
multiple organ dysfunction or failure.

The study involved follow-up visits at five specific time points post-discharge: 2 weeks, 4 weeks, 12 weeks,
24 weeks, and 48 weeks. During these visits, patients underwent comprehensive assessments that included both
psychological and physical evaluations.

For the psychological assessments, patients were asked to self-administer several standardized questionnaires
designed to measure various aspects of their mental health. These questionnaires are widely recognized and
validated tools in clinical research and practice?!-3*, These questionnaires included the PHQ-9 (Patient Health
Questionnaire-9), which evaluates the severity of depressive symptoms through a 9-item scale with scores
ranging from 0 to 27°%; the GAD-7 (Generalized Anxiety Disorder-7), a 7-item scale used to assess the severity
of anxiety symptoms, with scores ranging from 0 to 21° the PCL-5 (Posttraumatic Stress Disorder Checklist
for DSM-5), a 20-item checklist used to determine the presence and severity of PTSD symptoms, with scores
ranging from 0 to 80%%; and the PSQI (Pittsburgh Sleep Quality Index), which assesses sleep quality over the
past month through 19 self-rated questions that produce a global score ranging from 0 to 21%”. Higher scores
on these scales indicate greater severity of the respective psychological conditions**~*2. After patients completed
these questionnaires, the scores were collected, verified, and entered into a database by specialized medical staff
to ensure accuracy and consistency in the data collection process.

In parallel with the psychological assessments, the physical health of the patients was closely monitored
through a series of laboratory tests and imaging studies. Blood samples were taken to evaluate various organ
functions: heart function was assessed through markers such as Creatine Kinase (CK) and Creatine Kinase
Isoenzyme-MB (CK-MB)); liver function was evaluated using ALT, AST, and T-bil; and kidney function was
measured through serum creatinine levels and Blood Urea Nitrogen (BUN). In addition to these laboratory
tests, patients underwent chest CT scans to monitor lung recovery and to identify any lasting pulmonary damage
resulting from COVID-19. Pulmonary function tests were also conducted to assess lung capacity and efficiency,
including measurements of Forced Vital Capacity (FVC) and Forced Expiratory Volume in 1 s (FEV1).

To facilitate the analysis, the five follow-up time points were categorized into two stages: the early stage, which
included the 2-week, 4-week, and 12-week visits, and the late stage, which included the 24-week and 48-week
visits. If a patient exhibited an abnormal result at any time point within a stage, this abnormality was recorded as
representative of that entire stage. The comprehensive data collected from these assessments, along with patients’
demographic and clinical information (such as gender, age, comorbidities, severity of COVID-19, and duration
of hospitalization), were systematically recorded and analyzed to provide insights into the long-term effects of
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Inclusion criteria:

1.patients diagnosed with COVID-19 in Guangdong Province, China;
2. patients aged between 18 to 80 years old;

3. patients were admittedbetween 2019/12/16 to 2020/05/07;

4. patients cured and discharged after treatments.

581 patients were enrolled in the study

YES
Was patient with past history
of mental illness?

Not included in study
(39 patients were excluded)

Did patient or legal
guardian Not included in study
agree to participate in the (126 patients were excluded)
follow-up?

Was patient difficult
to return to designated hospital
for follow-up or unable
to cooperate?

YES

Not included in study
(30 patients were excluded)

Was patient with YES
previous severe cardiovascular,
cerebrovascular, liver, kidney,

espiratory diseases?

Not included in study
(46 patients were excluded)

340 patients were enrolled in the study

l 59 patients lost to follow-up

281 patients were included in the analysis

Fig. 1. Selection of discharged COVID-19 patients for inclusion in the study.

COVID-19 and the recovery process. (The scores and related meanings of each psychological scale are shown
in Table 1, and the indexes and normal ranges/recorded results of each organ function are shown in Table 2)

Data source
All data were obtained from the telemedicine platform for COVID-19 in Guangdong Province with the
authorization of the COVID-19 prevention and control group of the Guangdong Provincial Health Commission.
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Psychological Scale | Scores | Meaning
PHQ-9/GAD-7 0-4 No Depression/Anxiety
5-9 Mild Depression/Anxiety

10-14 | Moderate Depression/Anxiety

>15 Severe Depression/Anxiety

PCL-5 <33 No PTSD
>33 PTSD

PSQI 0-5 Good Sleep Quality
>5 Poor Sleep Quality

Table 1. The scores of each psychological scale and the related meaning. The cut-offs are derived from37-3%4344,

Organ | Index Normal range/recorded results | Unit
Liver Alanine Aminotransferase (ALT) 0-40 U/L
Aspartate Aminotransferase (AST) 0-40 U/L
Total Bilirubin (T-bil) 3.4-17.1 umol/L
Heart | Creatine Phosphokinase (CK) Male 15-174 U/L
Female 3-140 U/L
Serum Creatine Kinase Isoenzyme (CK-MB) 0-25 U/L
Kidney | Urea Nitrogen (BUN) 3.2-7.1 mmol/L
Blood Creatinine (Scr) Male 53-106 pmol/L
Female 44-97 umol/L
Lung | Pulmonary Function Test Abnormal/Normal
Chest CT Results Lesion Increase Abnormal
Lesion No Change Normal
Lesion More Previous Absorption | Normal

Table 2. The functional indexes and normal ranges/recorded results of each organ. As for the lung, whether
the pulmonary function test was normal or not was recorded based on the findings reported by each
designated hospital.

Ethics approval and consent to participate

We did not contact any individual subjects. This follow-up study is an investigator initiated multi-center clinical
observation study, which is authorized by COVID-19 prevention and control group of the Guangdong Provincial
Health Commission, so as to provide scientific basis for further pandemic prevention and control in Guangdong
Province. No intervention with medication or medical devices was involved, and patients’ personal identifiable
information was concealed in this study. Written informed consent was waived due to the use of deidentified
data for the purpose of public health surveillance by the Ethics Review Committee of Guangdong Provincial
People’s Hospital. This study was approved by the Ethics Review Committee of Guangdong Provincial People’s
Hospital (NO.KY-Q-2021-241-01). And we confirmed that all experiments were performed in accordance with
relevant guidelines and regulations.

Statistical analysis

SPSS 27.0 software was used for statistical analysis. We used chi-square test or Fisher’s exact test and binary
logistic regression to analyze the related factors for different outcomes under the two stages, and the main
outcomes included the risk of having depression, anxiety, PTSD, sleep disorder, and abnormal heart, liver,
kidney, and lung organ function. We need to exclude the effect of comorbidity on organ function, so the effect
of that comorbidity on the prognosis of that organ is not discussed if the organ itself has a comorbidity. And
patients with comorbidity of each organ were excluded before the analysis was performed. We analyzed the
relationship between psychological and physical states using Chi-square or Fisher’s exact tests, based on sample
size. Additionally, the Phi coefficient was calculated to quantify the association’s strength between the variables.

Results

General characteristics of COVID-19 discharged patients

Among the 281 COVID-19 discharged patients, there was little difference between the proportion of males
and females (52.3% vs.47.7%), 69.4% of the recruited patients are concentrated under the age of 50 years old,
65.5% of the patients with a hospitalization duration of more than 14 days and 73% with no previous underlying
medical history. Only a small proportion of the patients had underlying diseases previously like diabetes (6.8%),
hypertension (12.1%), coronary heart disease (2.1%), chronic liver disease (6.0%), chronic kidney disease (2.8%)
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Characteristics N (%)
Gender

Female 134 (47.7)
Male 147 (52.3)
Age(yr)

<50 195 (69.4)
>50 86 (30.6)
Hospitalization time(day)

<14 95 (33.8)
>14 184 (65.5)
Comorbidity

Any 76 (27)
Diabetes 19 (6.8)
Hypertension 34 (12.1)
Coronary heart disease 6(2.1)
Stroke 3(1.1)
Chronic renal disease 8(2.8)
COPD 10 (3.6)
Chronic liver disease 17 (6)
Tumor 4(1.4)
Severity of COVID-19

Mild 34 (12.1)
Moderate 215 (76.5)
Severe 26(9.3)
Critical 4(1.4)

Table 3. General characteristics of discharged COVID-19 patients(N=281). Missing Data: In Tables 2 and 3
patients lack admission date and severity of COVID-19 due to incomplete admission records.

and chronic obstructive pulmonary disease (COPD) (3.6%). None of the 281 discharged patients reported a
documented history of psychiatric systemic disorders. Most patients were moderate cases (76.5%), followed by
the mild cases (12.1%), severe cases (9.3%) and a few critical cases (1.4%) (Table 3).

Psychological and physical Follow-Up results of COVID-19 discharged patients under two
stages

The following results show the percentage of abnormal scores on psychological scales and abnormal laboratory
testing results of heart, liver, kidney, and lung function in the early and late stages. Compared to the early stage,
the proportions of patients with depression (early stage 14.6%, late stage 4.6%), anxiety (early stage 8.9%, late
stage 5.3%), PTSD(early stage 3.6%, late stage 0.7%), abnormal liver function (early stage 24.6%, late stage 11.0%),
abnormal cardiac function (early stage 10.0%, late stage 7.8%), abnormal renal function (early stage 20.6%, late
stage 11.0%) and abnormal pulmonary function (early stage 40.9%, late stage 13.5%) were significantly reduced
in the late stage. The proportion of sleep disorders did not change in both stages (Figs. 2 and 3; see in Additional
file 1 and Additional file 2).

Comparison of Follow-Up results of COVID-19 discharged patients in different populations in
the early stage
For psychological aspects, patients with hospitalization > 14 days (17.4% vs. 8.4%, p=0.043) and severe clinical
condition (50% vs. 38.5% vs. 12.1% vs. 5.9%, p=0.043) were prone to present depression. Critical cases were
prone to present depression and anxiety. Patients with no comorbidity (4.9%, p=0.067) were prone to get PTSD.

For liver function, patients in male gender (37%, p=0.043), severe clinical condition (75% vs. 73.1% vs.
20.5% vs. 23.1%, p<0.001), comorbidities such as chronic kidney disease (71.4%, p=0.017)were prone to show
abnormality.

For cardiovascular function, patients in critical cases (66.7%, p =0.002) and with chronic liver disease (28.6%,
p<0.001) and COPD (30%, p=0.090) were prone to show abnormality.

For renal function, patients with age>50 years old (36%, p<0.001), critical cases (100%, p<0.001),
comorbidities (38.9%, p<0.001) such as cardiovascular disease (48.7%, p<0.001) were prone to show abnormality.

For lung function, patients with age > 50 years old (68.6%, p<0.001), severe cases (76.9%, p<0.001), critical
cases (75%, p<0.001), comorbidities (51.3%, p<0.001) such as diabetes (63.2%, p<0.001), chronic liver disease
(64.7%, p<0.001) and cardiovascular disease (61.5%, p<0.001) were prone to show abnormality. (Figures 2 and
3; see in Additional file 1 and Additional file 3)
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Fig. 2. Characteristics of abnormal psychological and physical results in different groups during the two
stages. As shown in Al, in early stage the proportion of abnormal liver and lung in females was lower than that
in males; the proportion of abnormal liver, heart, kidney and lung of people aged > 50 years was higher than
that of people aged < 50 years; the proportion of abnormal PHQ-9 and lung in patients with hospitalization
time > 14 days was higher than that in patients with hospitalization time < 14 days; the proportion of abnormal
PHQ-9 in mild patients was lower than that in moderate, severe and critical patients; the proportion of
abnormal GAD-7 in critical patients was higher than the other three; the proportion of abnormal heart in
critical patients was higher than the other three; the proportion of abnormal kidney in critical patients was
higher than the other three; the proportion of abnormal liver and lung in severe and critical patients was
significantly higher than the other two. As shown in A2, in late stage the proportion of abnormal liver and
heart in females was lower than that in males, and the proportion of abnormal kidney in females was higher
than that in males; the proportion of abnormal liver, kidney and lung of people aged > 50 years was higher than
that of people aged < 50 years; the proportion of lung abnormalities in patients with hospitalization time > 14
days was higher than the other; the proportion of patients with abnormal PHQ-9, GAD-7, liver, heart and
kidney was higher than that of patients with the other three; the proportion of severe and critical patients with
abnormal lung was higher than the other two.

Comparison of Follow-Up outcomes of COVID-19 discharged patients in different
populations in late stage

For psychological aspects, critical cases (50%, p=10.016) were prone to present depression. Patients with diabetes
(20%, p=0.054) were prone to present anxiety.

For liver function, patients in male gender (17.7%, p=0.019), age > 50 years old (19.5%, p=0.041), critical
cases (50%, p<0.001), comorbidities like chronic kidney disease (50%, p=0.011) were prone to show abnormality.

For cardiovascular function, patients in male gender (12.6%. p=0.044), critical cases (50%, p=0.001) and
with chronic liver disease (25%, p =0.044) were prone to show abnormality.

For renal function, patients in female gender (16.7%, p=0.160), age > 50 years old (25.9%, p<0.001), critical
cases (100%, p<0.001), comorbidities (23.5%, p=0.003) such as cardiovascular disease (34.3%, p<0.001) were
prone to show abnormality.

For lung function, patients with age> 50 years old (38.8%, p<0.001), severe cases (50% p<0.001), critical
cases (50% p<0.001), comorbidities (28.4%, p<0.001) such as diabetes (27.8%, p=0.149), chronic liver disease
(41.2%, p=0.004), cardiovascular disease (39.5%, p<0.001) and chronic kidney disease (50%. P=0.016) were
prone to show abnormality. (Figures 2 and 3, see in Additional file 2 and Additional file 3)

The correlation between psychological and physical conditions

In the early stage, there were correlations between liver function abnormality and depression (P=0.0007,
¢=0.167), results also observed correlations between pulmonary function abnormality and depression
(P=0.036, ¢=0.125), pulmonary function abnormality and anxiety (P=0.046, ¢=0.120), and pulmonary
function abnormality and PTSD (P=0.018, ¢ =0.152), all ¢ values less than 0.2, which showed their correlations
were weak. And in the late stage, there was no correlation between psychological and physical conditions.
(Table 4).

Factors associated with the prognosis of discharged COVID-19 patients

The results suggest that gender, age, duration of hospitalization, severity of COVID-19, and comorbidities
(e.g., chronic liver disease, cardiovascular disease, chronic kidney disease and COPD were associated with
psychological and physical conditions (see in Additional file 4), and for further validation of the results, we
included the above related factors in the logistic regression model.
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Fig. 3. Characteristics of abnormal psychological and physical results in patients in two stages with different
diseases. As shown in BI, in early stage the proportion of abnormal liver, kidney and lung in patients with
comorbidity was higher than patients without comorbidity, while the proportion of PTSD in patients without
comorbidity was higher than patients with comorbidity; the proportion of abnormal GAD-7, liver, kidney

and lung in patients with diabetes was higher than patients without diabetes; the proportion of abnormal
heart, kidney, and lung in patients with chronic liver disease was higher than patients without chronic liver
disease; the proportion of abnormal liver, kidney and lung in patients with cardiovascular disease was higher
than patients without cardiovascular disease; the proportion of abnormal liver, heart and lung in patients with
chronic renal disease was higher than patients without chronic renal disease; the proportion of abnormal

liver, heart and kidney in patients with COPD was higher than patients without COPD, and the proportion of
abnormal GAD-7 in patients with COPD was lower than patients without COPD. As shown in B2, in late stage
the proportion of abnormal liver, heart, kidney and lung in patients with comorbidity was higher than patients
without comorbidity; the proportion of abnormal GAD-7 and lung in patients with diabetes was higher than
patients without diabetes; the proportion of abnormal PHQ-9, heart, kidney and lung in patients with chronic
liver disease was higher than the other; the proportion of abnormal liver, kidney and lung in patients with
cardiovascular disease was higher than patients without cardiovascular disease; the proportion of abnormal
PHQ-9, GAD-7, liver, heart and lung in patients with chronic renal disease was higher than the other; the
proportion of abnormal liver and kidney in patients with COPD was higher than the other, and the proportion
of abnormal PHQ-9, GAD-7 and heart in patients with COPD was lower than the other.

GAD-7 PCL-5 PSQI

Time PHQ-9 P-Value (Phi coefficient)

gt?gl}e, Liver 0.007 (0.167) * | 0.459 (0.046) 0.706 (0.027) 1 (-0.038)
Heart 0.391 (-0.075) | 0.487 (-0.070) | 0.603 (-0.069) | 1 (-0.023)
Kidney 0.547 (0.038) 0.549 (0.038) 0.123 (-0.112) | 0.232(0.115)
Lung 0.036 (0.125) * | 0.046 (0.120) * | 0.018 (0.152) * | 1 (-0.050)

g:’lat;e Liver 0.695 (0.012) 0.698 (-0.051) |1 (-0.039) 1 (-0.028)
Heart 1 (-0.020) 1 (-0.026) 1 (-0.033) 1 (-0.023)
Kidney 0.222 (0.080) | 1 (0.004) 1(-0.038) 1(-0.027)
Lung 0.402 (0.063) 0.238 (0.095) 1 (-0.037) 1 (-0.026)

Table 4. The relationship between physical and psychological conditions in two stages (N=281). Comparing
psychological and physical conditions in pairs, using the chi-square test, or Fisher’s exact test, as appropriate.
* A two-sided a of <0.1 was considered statistically significant. The Phi(¢) coefficient reflects the strength of
association between the two.

As shown in Additional file 4, in early stage, the results of the binary logistic regression model analysis
demonstrate as below. When compared to mild and moderate cases, severe (OR=14.101, 95% CI 2.311-86.026,
P=0.004) and critical case (OR=67.539, 95% CI 2.561-1781.459, P=0.012) were related factors for depression.
Severe case was also a related factor for liver (OR=21.256, 95% CI 4.111-109.903, P<0.001), heart (OR=8.331,
95% CI 1.168-59.420, P=0.034), renal (OR=9.332, 95% CI 1.947-44.715, P=0.005) and pulmonary
(OR=9.622,95% CI 2.391-38.726, P=0.001) function abnormality.
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Medical history of chronic liver disease (OR=11.666, 95% CI 1.350-100.776, P=0.026) and COPD
(OR=17.827,95% CI 1.561-203.555, P=0.02) were related factors for heart function abnormality, age > 50 years
old (OR=4.446, 95% CI 2.376-8.317, P=<0.001) was related factor for pulmonary function abnormality.

In late stage, female gender (OR =3.489, 95% CI 1.257-9.681, P=0.016) and age > 50 years (OR=3.508, 95%
CI 1.299-9.469, P=0.013) were related factors for renal function abnormality, age > 50 years (OR =20.357, 95%
CI 6.521-63.556, P <0.001) and medical history of cardiovascular disease (OR =12.878, 95% CI 1.384-119.800,
P=0.025) were related factors for pulmonary abnormality. Male gender is more likely to develop liver function
both in early and late stage.

Discussion

The COVID-19 epidemic has been ongoing since the WHO declared the pandemic on March 11, 2020, and a
highly transmissible Delta variant was identified in late May 2021 in Guangdong Province, China®. Studies have
shown that inactivated vaccines effectively reduce Delta transmission, with no deaths reported in Guangdong
until June 18, 2021, emphasizing the importance of widespread vaccination®®. Vaccines significantly reduce the
spread of the virus and associated risks of infection and hospitalization?”. Although the new variants like Omicron
continue to emerge, they pose less threat, being more transmissible but resulting in fewer hospitalizations and
deaths compared to previous waves®3. In contrast, the initial outbreak was devastating, causing severe physical
and psychological harm due to a lack of vaccines and clinical guidelines, with a high mortality rate among
severe cases in China’s first wave’®. Therefore, the first wave of pandemic can particularly represent the novel
coronavirus pneumonia, research on patients suffered from the first wave of pandemic could especially help
us understand the psychological and physiological prognosis of COVID-19. This study focused on the short-
term and long-term psychological and physiological prognosis of patients discharged from the first wave of the
epidemic.

Unlike previous studies of which the assessment of patients’ physical functions relied mostly on the description
of patients’ subjective symptoms, our study collected laboratory test results of organ function to systematically
and objectively assess the physical functions of the first wave discharged patients.

The results demonstrated that discharged COVID-19 patients had persistent psychological and physical
sequelae in both stages, including depression, anxiety, PTSD, sleep disorder, and abnormal cardiac, liver,
renal and pulmonary functions. It is evident that psychological and physical sequelae do persist in patients
after the infection of COVID-19°°-%*, and our study even confirmed the occurrence of various organ function
abnormalities from objective perspective.

Some studies have shown that patients with residual symptoms tend to reduce over time in a long-term
follow-up!®17:55-57_ From our results, we noticed that only a few of patients would leave over partial sequelae after
6 to 12 months’ rehabilitation. The proportion of psychological and physical sequelae in discharged COVID-19
patients under the two stages also differed, with a gradual decrease over time. It indicates the prognosis of
COVID-19 patients is promising and most patients could recover from sequelae.

Due to the lack of reports investigating the incidence of PTSD in the general population in China, we refer
to a survey from other countries which reported the incidence of PTSD in general population ranged from
1-14%38. The results of our study found that patients without any previous comorbidities had a higher chance
of developing PTSD (4.9%), and no significant difference showed between gender. For patients without any
previous comorbidities, the sudden appearance of novel coronavirus pneumonia symptoms could bring huge
impact to them, they are more likely to induce PTSD.

The results suggested that depression and anxiety of discharged COVID-19 patients were correlated with
severity of COVID-19, which is consist of other studies!?*. The more severe the patient’s clinical condition is,
the more complications, more possible invasive operations, more discomfortable symptoms and longer duration
of hospitalization would be, patients would generate more worries, leading to a higher incidence rate of anxiety
and depression. A national survey published in 2021 indicated that the prevalence of depression among Chinese
adults ranges between 6% and 7%. In early stage, our study did observe that patients who were hospitalized > 14
days prone to develop depression (17.4% vs. 8.4%).

One study reported that the lifetime prevalence of anxiety disorder among Chinese adults is 7.6%, and
multiple studies have found that anxiety disorder occurs more frequently in women than in men®. In the late
stage, we found that patients with diabetes (20% vs. 5.2%) were prone to be anxious. Patients with diabetes
develop more activated immunity and inflammatory response, inflammatory factors are significantly elevated,
increasing the oxidative stress in the brain and inducing psychiatric disorders, leading to an increased incidence
rate of anxiety®!~%5.

However, the results of this study found no significant difference in the incidence rate of anxiety between
different genders, and incidence rate of sleep disorder was especially low, this remains to be further investigate.

Our results suggest that gender is associated with cardiac function in late stage and that chronic kidney disease
is associated with liver function in both stages. These results can be understood from the following studies.
Studies have shown that gender differences in immunology contribute to male susceptibility to cardiovascular
diseases and COVID-19%%%, And evidence suggests a link between non-alcoholic fatty liver disease (NAFLD)
and chronic kidney disease, and the two can influence each other, with NAFLD being the most common chronic
liver disease®”.

Patients with COPD and chronic liver disease are prone to heart function abnormality in the early stage. As
we know that Angiotensin-converting enzyme 2 (ACE2) is the main target for SARS-CoV-2 to enter host cells,
which is highly expressed in the lung of COPD patient®®®, and the systemic inflammatory response associated
with COPD is associated with an increased risk of myocardial injury’’. Besides, there is a statement about the
heart-liver axis, which mentions the mutual interaction between the liver and the heart’!. This evidences above
support our results.

Scientific Reports |

(2024) 14:23994 | https://doi.org/10.1038/s41598-024-76013-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Notably, the present data showed that liver function abnormality was more likely to occur in the male in both
stages, we hypothesized it was related to more alcohol consumption in the male, but data support is lacking.

Renal and pulmonary function abnormalities were the most common physical sequelae. Especially for lung,
more than 1/3 of the patients showed pulmonary function abnormality in the early stage, which may be the
reason that infection of SARS-CoV-2 mainly manifest with respiratory symptoms, and respiratory abnormality
is more likely to remained. Studies have shown that advanced age is an independent risk factor for Acute kidney
injury (AKI) during COVID-1972, while our results showed that age > 50 years is a related factor for abnormal
renal function in late stage. Some studies reported that the incidence of COVID-19 renal injury was as high as
28-34%, and even higher in ICU patients, among which male patients with comorbidities were even possible
to develop renal injury’>”%. The renal injury could not only induce by the direct damage to renal podocytes
and proximal tubular cells by SARS-CoV-2, but also the virus-induced inflammatory response which causing
endothelial cell damage and microvascular thrombosis”>”%. The incidence rate of liver and cardiac function
abnormalities was less likely to occur.

In addition, the results didn’t show effective correlation between psychological and physical conditions in
discharged COVID-19 patients in both stages. A study reported that psychological condition was associated
with the presence of COVID-19 symptoms at the time of COVID-19 infection!®. This seems inconsistent with
our findings, but in fact, the physical conditions in our study mainly referred to the organ function condition
but not the subjective symptoms described by the patients, and secondly, we did not analyze each pulmonary
function index separately, but assessed overall pulmonary function.

Analysis of the composition of populations in our study showed that the critical cases were male gender with
comorbidities, most of them aged > 50 years old, these were related factors for physical prognosis, especially for
renal and pulmonary function. A lot of studies have shown that male gender, elder age, and comorbidities were
risk factors for progression and mortality in patients with COVID-19%7>-78 It could be seen that the related
factors affecting physical prognosis screened by our findings were consistent with the study above’s, indicating
that the above-mentioned population was not only susceptible to COVID-19 in the uninfected stage, but also
prone to develop severe cases in the infected stage and to leave long-term sequelae in the recovered stage, so
clinicians need to devote more medical resources to them in order to improve their prognosis.

Nevertheless, there are limitations in our study, most of the patients recruited in this study are diagnosed
in the first wave of COIVD-19 infection, of which SARS-CoV-2 RNA variant these patients got infected was
unknow, neither we could obtain. These would need further study to explore, whether different variants could
cause different impacts on short-term and long-term sequelae in patients. At the same time, we were unable to
determine whether the discharged patients had received the COVID-19 vaccine or this behavior had an impact
on their physical and psychological conditions.

Conclusion

In a 1-year-long longitudinal study conducted on COVID-19 patients admitted to hospital in the first wave of
pandemic, we concluded that (1) a range of sequelae existed in COVID-19 discharged patients, psychological
sequelae included depression, anxiety, PTSD, sleep disorders, and physical sequelae included abnormal liver,
heart, kidney, and lung function; (2) psychological and physical sequelae decreased as COVID-19 patients
discharged from the hospital, and the correlation between them was not significant; (3) the elderly, male, severe
clinical condition of COVID-19, and comorbidity were related factors that significantly affect the prognosis
of COVID-19 discharged patients. However, our study has certain limitations. Firstly, we used self-reported
psychological scales so we could only evaluate mental health and could not clinically confirm the diagnosis
of psychiatric disorders. Secondly, we could only determine that the patient had an abnormality in that organ
among the organ indicators we included, and could not confirm that the patient had an irreversible lesion in that
organ. Finally, the psychological and physical conditions observed at our follow-up cannot be directly attributed
to COVID-19 due to the lack of baseline data and the fact that people cannot be separated from the various
contingencies of social life.

Data availability

The data involved in this study contain privacy and sensitive information. According to the regulations of the
COVID-19 prevention and control group of the Guangdong Provincial Health Commission, the data cannot be
publicly shared. If readers have any questions or need further discussion regarding this study, please contact the
corresponding author: Ming Fang, Email: drfangming@163.com.
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