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ABSTRACT

Background: As the coronavirus disease 2019 (COVID-19) pandemic has progressed, there 

has been a growing awareness of the long-term impacts of the COVID-19 infection. However, 

until recently, there was no published study that investigated COVID-19-related sequelae and 

related factors for greater than six months from the onset of COVID-19 symptoms or the time 

of COVID-19 diagnosis in Korea.

Materials and Methods: Online survey and statistical analysis were conducted by Kyungpook 

National University Hospital on 5,252 patients diagnosed as COVID-19 between February 18, 

2020 and March 14, 2020. Responders aged between 16 and 70 years were included. Long-

term sequelae were de�ned as persistent symptoms or signs ≥ 6 months a�er acute COVID-19 

infection. The survey was conducted from September 8, 2020 to September 10, 2020. 

Clinical characteristics and self-reported clinical sequelae of the responders were analyzed 

to investigate the prevalence and factors associated with sequelae using descriptive and 

multivariate logistic regression analysis.

Results: The median period from the date of the �rst symptom onset or COVID-19 diagnosis to 

the time of the survey was 195 (interquartile range [IQR] 191 - 200) days. The response rate was 

17.1% (900 out of 5,252). The median age was 31 (IQR 24.0 - 47.0) years old, and 627 responders 

were female (69.7%). Regarding the disease severity, 29 (3.2%) were asymptomatic, 763 

(84.8%) mild, 86 (9.6%) moderate, 17 (1.9%) severe, and 5 (0.6%) critical. In total, 591 (65.7%) 

responders su�ered from COVID-19-related long-term sequelae and 78 (8.6%) responders were 

receiving outpatient treatment for COVID-19-related long-term sequelae. The most common 

symptoms identi�ed during the isolation period were anosmia and ageusia at 44.5% and 

43.5%, respectively. Fatigue was the most common long-term sequelae, accounting for 253 

(26.2%) responders, followed by concentration di�culty, amnesia, cognitive dysfunction, 

anxiety, and depression, which accounted for over 20%. Female gender was identi�ed as the 

factor associated with mental and psychological long-term sequelae (P <0.05).

Conclusion: The results showed that the rate of COVID-19-related long-term sequelae 

was 65.7%. The most common long-term sequela was fatigue. The risk factor identi�ed 

was female gender. It was found that the long-term sequelae had various manifestations, 

including mental and psychological aspects. To improve the care of COVID-19 recovered 

patients with COVID-19-related long-term sequelae, the participation of a comprehensive and 

an interdisciplinary group of researchers is required.
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INTRODUCTION

With the progression of the novel coronavirus disease 2019 (COVID-19) pandemic, there 

has been a growing awareness about the long-term impacts of COVID-19 infection, 

including cardiac, neurological, metabolic, and respiratory long-term sequelae. The 

clinical characteristics, treatment, and prognosis of patients who recovered from COVID-19 

infection have been extensively studied [1-3]; however, to our knowledge, there are limited 

studies on the prevalence, nature, duration, and factors related to sequelae in convalescent 

COVID-19 patients.

Increasing evidence suggests that COVID-19 patients can experience long-lasting symptoms 

[4, 5], irrespective of the severity of the initial infection. Hence, detailed studies on COVID-19 

disease severity are required to establish the optimal management of such individuals.

We know from the previous studies that severe acute respiratory syndrome (SARS) and 

Middle East Respiratory Syndrome (MERS) from previous coronavirus epidemics were 

associated with a signi�cant psychiatric burden in the acute and postillness stages. In 

SARS and MERS, a�er recovery from the infection, fatigue, sleep disorder, and impaired 

concentration and memory were reported in more than 15% of patients at a follow-up 

period ranging between 6 weeks and 39 months [6-8]. It is identi�ed that individuals with 

COVID-19 experience psychiatric symptoms persisting months a�er the initial infection 

[9]. In particular, signi�cant psychological symptoms, such as depression and anxiety, were 

reported in up to 40% of patients following COVID-19, similar to patients with previous 

coronavirus infections [10, 11]. However, few studies have investigated the psychological 

sequelae [12] and associated factors in recovered COVID-19 patients. Furthermore, because 

COVID-19 is a new disease, much about the clinical course, including the long-term sequelae, 

remains uncertain.

Daegu is a city with a population of 2.4 million and is the �rst city in Korea to experience a 

severe COVID-19 outbreak that a�ected > 5,000 COVID-19 patients in early 2020. Hence, a 

large number of patients were cured and recovered from COVID-19 infection, and the follow-

up duration for COVID-19 survivors from the Korea was longer than that of patients from other 

countries around the world. To our knowledge, no study has assessed the COVID-19-related 

sequelae in Korea. Therefore, we investigated the sequelae in Korean patients to determine 

whether multiple relevant symptoms subsided a�er recovering from the COVID-19 infection, 

and to identify the factors related to the occurrence and persistence of long-term symptoms.

MATERIALS AND METHODS

1. Study design and population

Google online survey with information of the researcher’s name and analyses were conducted 

by infectious disease physicians at the Kyungpook National University Hospital located in 

Daegu city. Among patients who were diagnosed with COVID-19 between February 18, 2020 

and March 14, 2020, 5,252 recovered patients aged between 16 and 70 years were identi�ed 

from the clinical data registry provided by the Daegu Center for Infectious Diseases Control 

and Prevention. The survey duration was 3 days and the survey period was from September 8, 

2020 to September 10, 2020.
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The questionnaire survey list included sex, birth year, birth date, residential address, 

COVID-19 diagnosis date, symptom onset date, health-care utilization during and a�er the 

infection, quarantine end date, oxygen treatment history, symptoms during the quarantine 

period with the option of an open text �eld to add other symptoms, symptoms that persisted 

beyond the quarantine period, newly diagnosed diseases a�er COVID-19, exacerbation of 

underlying diseases a�er COVID-19, undergoing outpatient treatment for COVID-19-related 

sequelae, and wanting to connect for medical treatment of sequelae.

Symptoms during the isolation period from acute COVID-19 included fever (≥37.5°C), febrile 

sense, myalgia, arthralgia, chilly sense, fatigue, cough, sore throat, nasal congestion or 

rhinorrhea, sputum, dyspnea, chest discomfort, chest tightness, palpitation, arrhythmia, 

headache, depression, anxiety, nausea or vomiting, diarrhea, gastrointestinal discomfort, 

anosmia, ageusia (loss of taste), and hypoacusis.

The sequelae were categorized into 45 symptoms and signs and included fever (≥37.5°C), 

febrile sense, myalgia, arthralgia, chilly sense, fatigue, cough, sore throat, nasal congestion 

or rhinorrhea, sputum, dyspnea, chest discomfort, chest tightness, palpitation, arrhythmia, 

headache, brain fog, cognitive dysfunction, concentration di�culty, amnesia, dizziness, 

abnormal directional sensibility, insomnia including poor sleep quality, hyperemia, 

hallucination, seizure, depression, anxiety, social phobia, posttraumatic stress disorder, 

obsessive thinking, nausea or vomiting, anorexia, diarrhea, gastrointestinal discomfort, 

anosmia, ageusia, hypoacusis, tinnitus, alopecia, skin rashes, itchy skin, COVID toes, swollen 

�ngers, and paresthesia.

Underlying diseases included hypertension, diabetes mellitus, heart diseases (heart failure, 

arrhythmia, valvular heart disease, and coronary heart disease), chronic pulmonary disease, 

chronic kidney disease, cerebrovascular disease, psychiatric disorders, etc.

In order to con�rm the reliability of the questionnaire survey results, we rea�rmed the 

clinical data (COVID-19 diagnosis date, �rst symptom onset date, and severity) of the 

respondents provided by the Daegu Center for Infectious Diseases Control and Prevention 

and compared it with the clinical information entered in the individual questionnaire. All the 

data were reviewed by infectious disease physicians.

2. Definitions

The presence of SARS-CoV-2 infection was con�rmed using real-time reverse transcription 

polymerase chain reaction (RT-PCR) assay performed using nasopharyngeal swabs or other 

upper respiratory tract specimens [13]. Symptom duration was de�ned as the period from the 

�rst COVID-19-related symptom onset to the online survey date in symptomatic COVID-19 

responders, and COVID-19 diagnosis date to the online survey date in asymptomatic 

COVID-19 responders. End of quarantine period was de�ned as having two consecutive 

negative PCR results with a 24-hour interval. Long-term sequelae in this study was de�ned as 

any remaining or newly identi�ed symptoms or signs related with COVID-19 that persisted ≥6 

months a�er COVID-19 infection.

Asymptomatic patients were de�ned as those who had no symptoms or signs, including 

feeling feverish or chills, cough, shortness of breath or di�culty in breathing, fatigue, muscle 

or body aches, headache, new loss of taste or smell, sore throat, congestion or runny nose, 

nausea or vomiting, and diarrhea. Fatigue was de�ned as a di�erent decline in physical 
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strength compared with the predisease state. Brain fog was de�ned as lack of sharp memory 

or sharp focus. Cognitive dysfunction was de�ned as loss of intellectual functions, such as 

thinking, remembering, and reasoning, severely enough to interfere with daily functioning. 

Amnesia refers to loss of memory and inability to recall facts, information, and experiences. 

COVID toe was characterized as painful red or purple lesions that typically form on the 

�ngers or toes.

Illness severity scores were assigned as per the following clinical information: 1) 

asymptomatic: no symptoms or discomfort throughout the entire disease period, with body 

temperature <37.5°C; 2) mild: presence of symptoms with or without fever (≥37.5°C), but not 

manifesting or identi�ed pneumonia; 3) moderate: pneumonia diagnosed by a clinician, 

but not requiring oxygenation other than room air; 4) severe: pneumonia diagnosed by a 

clinician, requiring oxygenation therapy (nasal prong, facial mask, or high-�ow oxygen 

therapy); and 5) critical: pneumonia diagnosed by a clinician and need for mechanical 

ventilation therapy and/or extracorporeal membrane oxygenation or death.

3. Statistical analyses

A descriptive analysis was conducted. Continuous variables are presented as median 

(interquartile range, IQR) values, and categorical variables are presented as numbers 

(percentage, %). Categorical variables were compared using Fisher’s exact test or chi-square 

test and noncategorical variables were analyzed using Student’s t-test or Mann-Whitney 

U-test to compare the di�erences between the respondents with and without sequelae and 

for the comparison of the age, severity group, and sex di�erences according to the sequelae. 

Multivariate regression analysis was performed to control the confounding factors and to 

determine the factors associated with the prevalence of long-term sequelae. All the tests were 

considered to be statistically signi�cant at P <0.05. Statistical analyses were performed using 

R statistics version 4.0.2 (The R Foundation; https://www.r-project.org).

4. Ethics statement

This study was reviewed and approved by the Institutional Review Board of Kyungpook 

National University Hospital (approval no.: 2020-03-044). All the respondents provided 

digital informed consent before the questionnaire was administered. Without the informed 

consent, the remaining questionnaire could not be completed. All methods were performed 

in accordance with relevant guidelines and regulations.

RESULTS

1. Demographics and characteristics

Of the total 5,252 subjects followed up past the initial 6 months a�er COVID-19 symptom 

onset or diagnosis, the response rate was 17.1% (900 out of 5,252). The female sex 

distribution was 63.1% (2,748 out of 4,352) in nonrespondents and 69.7% (627 out of 900) 

in respondents (P <0.001). Median age was 42.0 (IQR 25.0 - 55.0) in nonrespondents 

and 30.5 (IQR 24.0 - 47.0) in respondents (P <0.001). Moderate disease severity or higher 

was found in 16.2% (704 out of 4,352) of non-respondents and 12.0% (108 out of 900) of 

respondents (P = 0.002). Days from COVID-19 diagnosis to survey were 194 (IQR 191 - 200) 

in nonrespondents and 195 (IQR 191 - 200) in respondents (P = 0.002). The median age of 

the 900 respondents was 31 years (IQR 24.0 - 47.0 years), ranging between 16 and 70 years, 

and 627 (69.7%) of the respondents were female. Regarding the age distribution, 433 (48.1%) 
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respondents were aged 16 - 29 years, 130 (14.4%) were aged 30 - 39 years, 149 (16.6%) were 

aged 40 - 49 years, 141 (15.7%) were aged 50 - 59 years, and 47 (5.2%) were aged 60 - 69 years. 

Those aged 16 - 29 years accounted for the largest proportion (48.1%), whereas those aged 

≥50 years accounted for 20.9% of the study population. Regarding disease severity, 29 (3.2%) 

patients were asymptomatic, 763 (84.8%) had mild disease, 86 (9.6%) had moderate disease, 

17 (1.9%) had severe disease, and 5 (0.6%) were in a critical condition. The majority of the 

respondents (84.8%) had mild disease and 12.0% had moderate or more severe disease. 

Results of the comparative analysis between those with and without symptoms or signs 

identi�ed during acute COVID-19 infection showed that 822 (91.3%) of the respondents had 

at least one symptom and 78 respondents (8.7%) had no other symptoms. The prevalence 

of symptoms was higher in women (596, 72.5%) than in men (226, 27.5%; P <0.001). The 

median age was higher in the presence of symptom group (P <0.001). Furthermore, none of 

the asymptomatic respondents showed severe or more disease severity (Table 1).

2. Characteristics of clinical sequelae

The distribution of persistent symptoms or signs was identi�ed in 822 respondents. The 

most common symptoms identi�ed during the isolation period were anosmia and ageusia 

at 44.5% and 43.5%, respectively. However, the respondents su�ering from anosmia and 

ageusia decreased to 8.0% and 6.1%, respectively, a�er at least 6 months from the symptom 
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Table 1. Clinical characteristics of 900 respondents who had recovered from COVID-19 infection, based on the presence of symptoms or signs identified during 

the acute COVID-19 infection

Characteristics No symptom  

(N = 78)

Presence of symptoms 

(N = 822)

Total  

(N = 900)

P-value

Days from COVID-19 diagnosis to survey [IQR] (days) 194.0 [191.0;199.0] 196.0 [192.0;200.0] 195.0 [191.0;200.0] 0.027

Days from COVID-19-related symptom onset to diagnosis [IQR] (days) 0.0 [0.0;3.0] 0.0 [0.0;4.0] 0.0 [0.0;4.0] 0.087

Sex <0.001

Male 47 (60.3%) 226 (27.5%) 273 (30.3%)

Female 31 (39.7%) 596 (72.5%) 627 (69.7%)

Age, median [IQR] (years) 24.0 [21.0;36.0] 32.0 [24.0;48.0] 30.5 [24.0;47.0] <0.001

Age distribution (years) 0.002

16 – 29 50 (64.1%) 383 (46.6%) 433 (48.1%)

30 – 39 14 (17.9%) 116 (14.1%) 130 (14.4%)

40 – 49 10 (12.8%) 139 (16.9%) 149 (16.6%)

50 – 59 4 (5.1%) 137 (16.7%) 141 (15.7%)

60 – 70 0 (0.0%) 47 (5.7%) 47 (5.2%)

Age (years) 0.001

<50 74 (94.9%) 638 (77.6%) 712 (79.1%)

≥50 4 (5.1%) 184 (22.4%) 188 (20.9%)

Disease severity <0.001

Asymptomatic 25 (32.1%) 4 (0.5%) 29 (3.2%)

Mid 51 (65.4%) 712 (86.6%) 763 (84.8%)

Moderate 2 (2.6%) 84 (10.2%) 86 (9.6%)

Severe 0 (0.0%) 17 (2.1%) 17 (1.9%)

Critical 0 (0.0%) 5 (0.6%) 5 (0.6%)

Disease severity 0.012

< Moderate 76 (97.4%) 716 (87.1%) 792 (88.0%)

≥ Moderate 2 (2.6%) 106 (12.9%) 108 (12.0%)

Isolation period [IQR] (days) 28.5 [22.0;37.0] 27.0 [21.0;37.0] 27.0 [21.0;37.0] 0.409

Isolation period 0.479

<3 weeks 16 (20.5%) 204 (24.8%) 220 (24.4%)

≥3 weeks 62 (79.5%) 618 (75.2%) 680 (75.6%)

Isolated place <0.001

Tertiary hospital 14 (17.9%) 364 (44.3%) 378 (42.0%)

Therapeutic living center 64 (82.1%) 441 (53.6%) 505 (56.1%)

Home isolation 0 (0.0%) 17 (2.1%) 17 (1.9%)

COVID-19, coronavirus disease 2019; IQR, interquartile range.



onset. Among the identi�ed symptoms during isolation period, fatigue, depression, and 

anxiety accounted for 36.4%, 29.7% and 29.5%, respectively. It was found that respondents 

with fatigue, depression, and anxiety decreased over time, but these symptoms remained 

persistently high a�er 6 months from acute COVID-19 infection, with fatigue accounting for 

24.8%, and both depression and anxiety 19.1% (Fig. 1).

Overall, the frequency of key long-term sequelae including anosmia and ageusia decreased; 

however, the number of people su�ering from concentration di�culty, cognitive 

dysfunction, and amnesia remained high, near the baseline level (Fig. 2).
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Figure 1. Distribution of persistent symptoms or signs including identified symptoms during the isolation period according to the symptom persistent period.
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The most common persistent symptoms a�er 1 and 2 months from acute COVID-19 infection 

were fatigue, anxiety, and depression (Supplementary Fig. 1A, 1B). A�er 3 and 6 months 

from acute COVID-19 infection, the most common persistent symptoms were fatigue, 

concentration di�culties, and amnesia (Supplementary Fig. 1C, 1D).

The 45 long-term sequelae were identi�ed in 591 (65.7%) respondents. In this study, fatigue 

was the most common persistent symptom (238, 26.4%), followed by concentration di�culty 

(226, 25.1%), amnesia (219, 24.3%), cognitive dysfunction (200, 22.2%), anxiety (183, 

20.3%), depression (183, 20.3%), insomnia (173, 19.2%), hair loss (139, 15.4%), and long-

term persistent respiratory symptoms, such as dyspnea (52, 5.8%) (Fig. 3).
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The most common long-term sequelae according to age distribution were as follows: 

concentration di�culties in 16 - 29 age groups, fatigue in 30 - 59 age groups, and amnesia in 

60–70 age groups (Supplementary Fig. 2A-E). The most common long-term sequelae based 

on disease severity during acute COVID-19 is shown in Supplementary Fig. 3. Fatigue and 

concentration di�culties were the most frequent long-term sequelae in disease severity mild 

to severe groups. In the critical disease severity group, amnesia and concentration di�culties 

were identi�ed as the most frequent symptoms (Supplementary Fig. 3). The most common 

long-term sequelae based on sex were identi�ed as fatigue, concentration di�culties, and 

amnesia. No di�erences were observed in most frequent long-term sequelae in both females 

and males (Supplementary Fig. 4).

According to age distribution, key long-term sequelae were found to be higher in the 50 years 

or over age group than in the less than 50 years old age group (Supplementary Fig. 5).  

Distribution of key long-term sequelae based on the disease severity showed that the 

higher the disease severity, the higher the frequency of concentration di�culties, cognitive 

dysfunction, and amnesia (Supplementary Fig. 6).

In total, 291 of the 900 respondents (32.3%) developed a new disease because of COVID-19. 

The number of respondents in whom the underlying disease got aggravated because of 

COVID-19 was 202 (22.4%, 202/900). Aggravated underlying diseases were identi�ed as 10.4% 

psychological disease, 5.1% hypertension, 2.6% chronic lung disease, 2.0% heart disease, 

2.0% diabetes, 1.4% kidney disease, 0.6% cerebral vascular disease, and 1.7% others. Thus far, 

77 (8.6%) patients receiving constant outpatient medical care due to COVID-19-related long-

term persistent symptoms were identi�ed. In addition, 120 (13.3%) respondents expressed the 

desire to connect for medical care and to follow-up the long-term sequelae.

3. Factors associated with the prevalence of long-term sequelae

A�er observing the prevalence of COVID-19-related sequelae among the respondents, factors 

that could a�ect the prevalence of the sequelae were investigated. Multivariate analysis was 

performed for the most frequent long-term sequelae. The occurrence of long-term sequelae 

was signi�cantly associated with moderate to severe disease, age ≥50 years, and female sex. 

In particular, fatigue, cognitive dysfunction, and amnesia were signi�cantly associated with 

all moderate to severe disease, age ≥50 years, and female sex. Long-term sequelae of anosmia 

and ageusia were associated with age ≥50 years (Table 2).

DISCUSSION

To the best of our knowledge, this is one of the largest long-term studies on COVID-19-

related sequelae in patients who recovered from COVID-19 in Korea. In this online survey, 

we demonstrated that 65.7% of the respondents still su�ered from at least one long-term 

sequelae, although the individual’s condition with respect to the identi�ed sequelae improved 

over time. Furthermore, 8.6% of the respondents were receiving constant outpatient 

treatment for COVID-19-related sequelae. Long-term persistent symptoms were manifested 

as adverse mental and psychological e�ects.

As COVID-19 continues to spread, the need for research on chronic complications in 

COVID-19 survivors and on long-term follow-up of patients is emphasized worldwide [14].
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A previous study performed in Italy evaluated patients who had recovered from COVID-19 a�er 

~60 days from the �rst appearance of COVID-19 symptoms; this study consisted of patients 

with a mean age of 56.5 years (range, 19 - 84 years), while our study consisted of respondents 

with a mean age of 31 years (range, 24 - 47), relatively younger than those in the Italy study. The 

Italy study showed that 87.4% of the patients reported persistence of at least one symptom, 

particularly fatigue (53.1%) and dyspnea (43.4%). Our study showed similar �ndings in that 

fatigue was the most common presenting symptom in the post-COVID-19 follow-up. However, 

only 5.8% of the respondents reported long-term sequelae of dyspnea. This can be attributed 

to the fact that the Italian study included 104 patients (72.7%) who had pneumonia, including 

28 ventilator-supported patients (19.6%), whereas in our study, 84.8% of the respondents were 

in the mild disease severity group and the time of survey from the COVID-19 related symptom 

onset was di�erent. The di�erence in the �ndings could also be attributed to the fact that 

the Italian study did not investigate COVID-19-related psychological sequelae, whereas we 

assessed various types of sequelae, including mental and psychological e�ects [15].

A cohort study of the 6 months consequences of COVID-19 conducted in Wuhan, China 

showed that fatigue (63%), sleep di�culties (23%), and anxiety or depression (23%) were 

the main problems in COVID-19 survivors [16]. Similar results were found in our study that 

long-term psychological sequelae were identi�ed and it accounted for ≥20% of all sequelae. 

In our study, particularly, amnesia was the third most common long-term sequelae that 

persisted for a median period of >6 months. While the China cohort study included survivors 

with a median age of 57 (47 – 65) years, of which 75% of the total needed oxygen treatment 

during hospital admission, most of the respondents enrolled in our study were young, did not 
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Table 2. Univariate and multivariate logistic regression analysis for the factors associated with long-term sequelae

Sequelae Factors Univariate OR Multivariate OR

95% CI P-value 95% CI P-value

Fatigue ≥ Moderate severity 1.94 (12.7 – 2.93) 0.002 1.60 (1.03 – 2.48) <0.001

≥50 years old 1.65 (1.16 – 2.32) 0.005 1.51 (1.05 – 2.17) 0.025

Female 2.41 (1.69 – 3.52) <0.001 2.36 (1.65 – 3.45) <0.001

Anxiety ≥ Moderate severity 2.09 (1.33 – 3.22) 0.001 1.89 (1.17 – 2.92) 0.008

≥50 years old 1.36 (0.92 – 1.98) 0.114 1.20 (0.80 – 1.78) 0.370

Female 2.19 (1.48 – 3.32) <0.001 2.12 (1.43 – 3.22) <0.001

Depression ≥ Moderate severity 2.09 (1.33 – 3.22) 0.001 1.74 (0.95 – 2.75) 0.018

≥50 years old 1.58 (1.08 – 2.28) 0.017 1.42 (0.95 – 2.10) 0.079

Female 3.02 (1.98 – 4.76) <0.001 2.94 (1.92 – 4.64) <0.001

Insomnia ≥ Moderate severity 1.65 (1.03 – 2.60) 0.033 1.67 (0.84 – 2.19) 0.200

≥50 years old 1.67 (1.14 – 2.43) 0.008 1.57 (1.06 – 2.32) 0.024

Female 1.92 (1.30 – 2.90) 0.001 1.89 (1.27 – 2.86) 0.002

Concentration difficulty ≥ Moderate severity 2.52 (1.66 – 3.82) <0.001 2.22 (1.44 – 3.43) <0.001

≥50 years old 1.44 (1.01 – 2.05) 0.042 1.24 (0.85 – 1.79) 0.263

Female 2.46 (1.70 – 3.62) <0.001 2.36 (1.63 – 3.49) <0.001

Cognitive dysfunction ≥ Moderate severity 2.32 (1.51 – 3.55) <0.001 1.89 (1.20 – 2.94) 0.005

≥50 years old 1.79 (1.24 – 2.56) 0.002 1.60 (1.09 – 2.34) 0.015

Female 3.01 (2.01 – 4.65) <0.001 2.94 (1.95 – 4.55) <0.001

Amnesia ≥ Moderate severity 2.42 (1.59 – 3.68) <0.001 1.87 (1.20 – 2.89) 0.005

≥50 years old 2.24 (1.58 – 3.17) <0.001 2.03 (1.41 – 2.91) <0.001

Female 2.51 (1.73 – 3.73) <0.001 2.47 (1.69 – 3.68) <0.001

Anosmia ≥ Moderate severity 1.10 (0.52 – 2.12) 0.781 - -

≥50 years old 2.22 (1.33 – 3.63) 0.002 2.22 (1.33 – 3.63) 0.002

Female 1.18 (0.71 – 2.03) 0.542 - -

Ageusia ≥ Moderate severity 1.38 (0.62 – 2.76) 0.396 - -

≥50 years old 1.94 (1.07 – 3.40) 0.240 1.94 (1.07 – 3.40) 0.024

Female 1.15 (0.65 – 2.15) 0.638 - -

OR, odds ratio; CI, confidence interval.



have any chronic medical condition, and had mild disease severity during the acute COVID-19 

infection. Long-term psychological sequelae can seriously threaten not only the overall social 

well-being, but also the personal day-to-day functional status, resulting in a social burden.

A large array of atypical symptoms appears regardless of disease severity several months a�er 

the COVID-19 infection. Therefore, in-depth studies on management during or a�er the acute 

stage of COVID-19 infection are crucial for preventing and reducing sequelae.

During and a�er the SARS and MERS outbreaks, infected patients were commonly reported 

to experience psychological distress, anxiety or depression symptoms, psychiatric disorders, 

and chronic fatigue [6, 17, 18]. The processing of these psychological manifestations were 

found to be at its peak at one year [19]. However, it is unclear if the risk of developing 

these can be attributed to the viral infections or to the host immune response [20]. From a 

biological point of view, the immune response in SARS-CoV-2 infection is associated with 

proin�ammatory cytokines, such as TNF alpha and IL-6, that cause activation of microglia 

cells and lead to brain damage [21]. Postviral fatigue studies have shown that levels of IL-6 

and IL-10 in blood in the acute phase can predict the development of subsequent chronic 

fatigue [22]. The association of in�ammation with depression has been described in the 

literature and might explain some of the psychiatric morbidities in in�ammatory conditions 

[23]. Therefore, psychological sequelae identi�ed in our study may provide evidence 

regarding the long-term damage caused by COVID-19 infection to the patient’s central 

nervous system.

A previous study showed that neurologic symptoms are more common in patients with 

severe COVID-19 infection, given that 84% of the patients admitted to the intensive care 

unit showed one or more neurologic symptoms [24]. Likewise, our study con�rmed that 

disease severity is an important factor associated with the long-term sequelae, especially 

psychological sequelae.

Finally, we found that alopecia may be a unique long-term sequela of COVID-19 present in 

15.4% of the patients. Moreover, 23.8% of the respondents had experienced alopecia at least 

once a�er COVID-19 infection in this research. Alopecia areata has been noted to �are up 

in the presence of infection, stress of quarantine, and/or fear of infection [25, 26]. As per a 

case report, new-onset alopecia areata forms may be nonspeci�c cutaneous manifestations 

of SARS-CoV-2 [27]. Whether in�ammation from COVID-19 promotes hair loss has not 

been reported, and its pathogenesis, clinical course, and treatment require further research. 

Therefore, if the clinical situations are relevant, physicians need to be aware of the possibility 

of a recent COVID-19 infection and perform appropriate COVID-19 testing.

In regards to the factors associated with psychological symptoms, the study conducted 

in China found no association between age, sex, pneumonia severity, and psychological 

morbidities or fatigue. However, this China study was performed during the acute stage of 

COVID-19 infection and detect no factors associated with long-term sequelae [28]. A previous 

study focused on the clinical characteristics of the sequelae using univariate analysis and 

showed that sequelae were more common in female patients [12]. Our multivariate analysis 

showed that the di�erence in long-term sequelae prevalence was associated with age, sex, 

and disease severity. In particular, for the long-term sequela, fatigue, cognitive dysfunction, 

and amnesia were found to be all associated with and higher in recovered COVID-19 patients 

age ≥50 years, female, or having ≥moderate disease severity. Other psychological symptoms, 
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such as anxiety, were found not to be associated with patient’s age ≥50 years. It is possible 

that other factors, such as social support and background, might exert a stronger impact than 

the biological age over time.

Susceptibility to symptomatic COVID-19 was found to be higher in the elderly [29]. None of 

the asymptomatic patients over the age of 60 have been identi�ed in our study. Our study 

showed that a�er COVID-19-related symptom onset, long-term sequelae was also associated 

with older age, especially ≥50 years.

Our study also demonstrated that sequelae can manifest in various forms and be present 

in a wide range of age groups, similar to the previous study [30]. In particular, we found 

that various types of long-term sequelae could be present even in young patients with mild 

symptoms, although the total number of sequelae frequency decreases over time. This was 

also demonstrated in an earlier study that investigated sequelae for up to the median of 

79 days [31]. Continuous research and careful monitoring are necessary for determining 

whether these sequelae continue for a longer period of time or show full recovery in the 

majority of patients.

This study has certain limitations. First, respondents with sequelae may have a higher 

tendency to actively participate in the survey, accounting for the relatively high sequelae in 

the COVID-19 recovered patients. However, a relatively large number of identical groups were 

included in the online survey research. Second, only those who could respond to the online 

survey were enrolled. Hence, our study may have less data from the elderly or respondents 

with severe sequelae who had di�culty in responding to an online survey. Further research 

on patients with severe sequelae or in the elderly population is required. Third, investigations 

on simultaneous infections in the convalescent period have not been conducted, and further 

studies on simultaneous infections that can a�ect sequelae will be needed. Fourth, as this 

study was an online survey study, information of persistent symptoms was reported directly 

by respondents, and was not based on an objective evaluation.

Despite the limitations, we performed a detailed investigation of 45 symptoms or signs, and, 

to our knowledge, it represents the largest study on COVID-19-related sequelae in Korea. In 

addition, this study involved the largest number of young respondents who were diagnosed 

as mild disease severity, which accounts for most of the COVID-19 patients diagnosed 

worldwide. Our research provides a reference for the evaluation of symptoms in patients 

recovering from COVID-19 infection. Moreover, our results highlight the need to enhance the 

preparedness and competence of health-care professionals in the detection and management 

of the psychological sequelae related to the current COVID-19 pandemic.

In conclusion, until the survey date, 65.7% of the respondents complained of long-term 

sequelae. In addition, 8.6% of those who had been constantly receiving outpatient treatment 

for COVID-19 were found to have related sequelae. The results demonstrated that the rates 

of psychiatric morbidities and resultant functional disabilities were persistently high as 

well as clinically signi�cant. To improve the care of patients who have recovered from 

COVID-19 infection with long-term sequelae, the participation of a comprehensive and an 

interdisciplinary group of researchers is required.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1

Clinical characteristics of 5,252 subjects who had recovered from COVID-19 infection, and 

were followed up past the initial 6 months a�er COVID-19 symptom onset or diagnosis

Click here to view

Supplementary Table 2

Age distribution of 900 respondents who had recovered from COVID-19 infection, based on 

their sex

Click here to view

Supplementary Figure 1

Percentage of the responders with persistent symptoms or signs based on a persistent 

duration of over 1, 2, 3, and 6 months a�er acute COVID-19 infection.

Click here to view

Supplementary Figure 2

Percentage of the responders with long-term sequelae based on the age range groups.

Click here to view

Supplementary Figure 3

Percentage of the responders with long-term sequelae based on the four disease severity 

groups during the acute COVID-19 infection.

Click here to view

Supplementary Figure 4

Percentage of the responders with long-term sequelae based on sex.

Click here to view

Supplementary Figure 5

Percentage of the responders with key long-term sequelae based on the 15 - 49 and 50 - 70 

years age groups.

Click here to view

Supplementary Figure 6

Percentage of the responders with long-term sequelae based on disease severity during the 

acute COVID-19 infection.

Click here to view
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