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Purpose: Globally, concerns have grown regarding the long-term effects of novel coronavirus disease (COVID-19) infection. There-
fore, we evaluated the long-term course of persistent symptoms and patient quality of life.

Materials and Methods: This prospective cohort study was conducted at a single tertiary university hospital from August 31, 2020
to March 29, 2021 with adult patients followed at 6 and 12 months after acute COVID-19 symptom onset or diagnosis. Clinical
characteristics, self-reported symptoms, EuroQol 5 dimension 5 level (EQ5D-5L) index scores, Korean version of the Patient Health
Questionnaire-9 (PHQ-9), Korean version of the Posttraumatic Stress Disorder Checklist-5 (PCL-5-K), and Generalized Anxiety
Disorder-7 (GAD-7) were investigated. Symptom persistent or non-persistent groups were defined according to persistency of CO-
VID-19 related symptoms or signs after acute COVID-19 infection, respectively.

Results: Of all 235 patients, 170 (64.6%) patients were eligible for analysis. The median age was 51 (interquartile range, 37-61)
years old, and 102 patients were female (60.0%). After 12 months from acute COVID-19 infection, in total, 83 (48.8%) patients still
suffered from COVID-19-related symptoms. The most common symptoms included amnesia (24.1%), insomnia (14.7%), fatigue
(13.5%), and anxiety (12.9%). Among the five EQ5D-5L categories, the average value of anxiety or depression was the most predomi-
nant. PHQ-9 and PCL-5-K scores were statistically higher in the COVID-19-related symptom persistent group than the non-persis-
tent group (p=0.001). However, GAD-7 scores showed no statistical differences between the two groups (p=0.051).

Conclusion: Neuropsychiatric symptoms were the major COVID-19-related symptoms after 12 months from acute COVID-19 in-

fection, reducing quality of life.
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INTRODUCTION

With the progression of the novel coronavirus disease (COV-
ID-19) pandemic, there have been growing concerns about
the long-term impact of COVID-19 infection. Long COVID or
an academic literature term post-acute COVID-19 syndrome

Received: September 13, 2021 Revised: March 4, 2022

Accepted: March 17, 2022

Corresponding author: Shin-Woo Kim, MD, PhD, Division of Infectious Disease,
Department of Internal Medicine, School of Medicine, Kyungpook National Uni-
versity, 130 Dongdeok-ro, Jung-gu, Daegu 41944, Korea.

Tel: 82-53-200-6525, Fax: 82-53-424-5542, E-mail: ksw2kms@knu.ac.kr

«The authors have no potential conflicts of interest to disclose.

© Copyright: Yonsei University College of Medicine 2022

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

www.eymj.org

is the collective term that describes the persistent or new symp-
toms in a subset of patients who have recovered from acute
COVID-19 infection.! Long COVID comprises various sequelae
that affect multiple organ systems, which, in turn, can have a
distinct impact on daily functioning and an individual’s ability
to work.2 Long COVID can affect recovered COVID-19 patients,
regardless of their sex, age, or disease severity, during acute CO-
VID-19 infection.** It has been reported that individuals with
COVID-19 experience a range of psychiatric symptoms that per-
sist even several months after acute COVID-19 infection, and
the mechanisms of neuropsychiatric sequelae have been associ-
ated with neuroinflammation, microvascular thrombosis, or
neurodegeneration.>® Although the frequency of long COVID
diminishes over a period of months after the acute phase of in-
fection,”® neurocognitive-related long COVID symptoms have
been reported to persist for at least 1 year after acute COVID-19.
In fact, the exact period of time for which these symptoms may
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still be prevalent in these patients remains unknown. In par-
ticular, persistent neuropsychiatric symptoms have been re-
ported in both older patients and young adult patients with mild
illness during acute COVID-19. Consequently, this can induce
a long-term social burden, and research studies pertaining to
the clinical progress and improvement of these symptoms is
needed. With respect to an individual’s quality of life, cognitive
and physical functioning are among the most important factors.
Research has shown that COVID-19 affects patients’ quality of
life, lifestyle, and mental health.’ However, little is known re-
garding the long-term consequences of COVID-19 on health-
related indices, such as quality of life, changes in lifestyle, and
mental health status, at 12 months after acute COVID-19 infec-
tion. Daegu is the first city in South Korea to experience a severe
COVID-19 outbreak that affected >5000 COVID-19 patients in
early 2020. Hence, a significant number of patients have re-
covered from COVID-19 infection, and this population sample
is suitable for analysis of the long-term consequences of COV-
ID-19. Therefore, the purpose of this study was to investigate
the impact of long-term consequences of COVID-19 on Korean
patients to determine the characteristics of persistent symp-
toms, quality of life, lifestyle, and mental health. To our knowl-
edge, no other studies have assessed the long-term conse-
quences of COVID-19 after 12 months from acute COVID-19
infection in South Korea.

MATERIALS AND METHODS

Study design and population

This study was conducted at the Kyungpook National Univer-
sity Hospital as a noninterventional prospective cohort study
from August 31, 2020 to March 29, 2021. Adult patients diag-
nosed with COVID-19 by real-time reverse transcription poly-
merase chain reaction assay from February 17, 2020 to March
24, 2020 were enrolled. We included patients of ages from 20 to
70 years old and those isolated in their home, a therapeutic liv-
ing center, or a secondary or tertiary hospital during acute CO-
VID-19 infection. We excluded patients who could not com-
plete 12-month follow-up visits for final analysis. All the
patients voluntarily agreed to participate in the follow-up
study and visited the study hospital at 6 and 12 months after
the date of when either the disease symptoms or a positive di-
agnosis was confirmed. The long-term follow-up protocol was
based on the International Severe Acute Respiratory and
Emerging Infection Consortium.' We used surveys translated
to Korean, and patients visited the study hospital and complet-
ed the individualized questionnaire survey. We collected infor-
mation on sex, birth year and date, COVID-19 diagnosis date,
symptom onset date, isolated place during acute COVID-19
infection, oxygen treatment history, intensive care unit admis-
sion history, underlying diseases, symptoms during acute CO-
VID-19 infection, persistent symptoms after acute COVID-19
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infection, presence of newly diagnosed diseases after acute
COVID-19 infection, exacerbation of underlying diseases after
acute COVID-19 infection, and COVID-19 vaccination history.
Patients provided their responses to a general symptom ques-
tionnaire during acute COVID-19 infection and at 6 and 12
months follow-up visits post-COVID-19 infection. Furthermore,
disease severity clinical data were provided by the registry of
the Daegu Center for Infectious Diseases Control and Preven-
tion. All data were reviewed by infectious disease physicians.

Disease severity was classified as follows: 1) asymptomatic,
individuals who tested positive for severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2) using a virologic test,
but exhibited no symptoms consistent with COVID-19; 2) mild
illness, individuals who demonstrated any of the various signs
and symptoms of COVID-19, but who did not have shortness
of breath, dyspnea, or abnormal chest imaging; 3) moderate
illness, individuals who showed evidence of lower respiratory
disease during clinical assessment or imaging, but did not re-
quire oxygenation other than room air; 4) severe illness, indi-
viduals who showed evidence of lower respiratory disease dur-
ing clinical assessment or imaging and required oxygenation
therapy (nasal prong, facial mask, or high-flow oxygen thera-
py); and 5) critical illness, individuals who experienced respi-
ratory failure, septic shock, and/or multiple organ dysfunction
and required mechanical ventilation therapy and/or extracor-
poreal membrane oxygenation.'"*?

Definition

COVID-19-related symptoms were defined as newly identified
symptoms that did not exist before acute COVID-19 infection.
The duration of symptoms was defined as the date from the
start of the first COVID-19-related symptoms identified during
acute COVID-19 infection to the date of confirmation of the last
COVID-19-related symptoms (last survey date). The symptom
persistent group was defined as patients with at least one of 38
categorized persistent symptoms after acute COVID-19 infec-
tion. The non-persistent group was defined as patients with no
persistent symptoms or signs after acute COVID-19 infection.

Assessment of symptoms

All symptoms were distinguished in the following 38 categories:
fever, myalgia, arthralgia, chilly sense, fatigue (a different decline
in physical strength compared with pre-disease state), cough,
sore throat, rhinorrhea, sputum, dyspnea, chest discomfort, pal-
pitation, arrhythmia, headache, cognitive dysfunction (loss of
intellectual functions, such as thinking, remembering, and rea-
soning, severely enough to interfere with daily functioning),
concentration difficulty, amnesia (loss of memory and inabili-
ty to recall facts, information, and experiences), dizziness, ab-
normal directional sensibility, insomnia, hallucination, seizure,
depression, anxiety, social phobia, obsessive thinking, nausea
or vomiting, anorexia, diarrhea, anosmia, ageusia, tinnitus, alo-
pecia, skin rashes, itchy skin, COVID toes (painful red or purple
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lesions that typically form on the fingers or toes), globus pha-
ryngeus, or paresthesia.

Assessment of life quality and mental health

EuroQol 5 dimension 5 level (EQ5D-5L) index scores were used
to assess the quality of life associated with COVID-19-related
persistent symptoms. EQ5D-5L index scores were classified
into five categories as follows: Mobility, Self-care, Usual activi-
ties (e.g., work, study, housework, family or leisure activities),
Pain/Discomfort, Anxiety/Depression with five response levels
from “no problems” to “extreme problems” or “unable to per-
form” Scaled health status on visit day, modified Medical Re-
search Council dyspnea scale, intensity of fatigue, difficulties in
performing certain activities after acute COVID-19 infection,
and lifestyle changes since COVID-19 infection were evaluated
at 12 months after acute COVID-19 infection. Patients who stat-
ed that they suffered from psychological symptoms were asked
to perform additional mental status examination tests. The Ko-
rean version of the Patient Health Questionnaire-9 (PHQ-9) for
screening people at risk of depression, the Generalized Anxiety
Disorder-7 (GAD-7), and the Korean version of the Posttrau-
matic Stress Disorder (PTSD) Checklist-5 (PCL-5-K) were
used to evaluate mental health more specifically.

Statistical analyses

A descriptive analysis was conducted. Continuous variables
are presented as median values with interquartile range (IQR)
or mean values with standard deviation, and categorical vari-
ables are presented as numbers (%). The frequencies of persis-
tent symptoms were calculated at >6 and 12 months after
acute COVID-19 infection. Persistent symptoms and quality of
life assessment were compared between the symptom persis-
tent and non-persistent groups at 12 months after acute COV-
ID-19 infection. Categorical variables were compared using
Fisher’s exact test or the chi-square test, whereas noncategorical
variables were analyzed using Student’s t-test or the Mann-
Whitney U-test. All tests were considered to be statistically sig-
nificant at p<0.05. Statistical analyses were performed using R
statistics version 4.0.2 (The R Foundation; https://www.r-
project.org).

Ethics statement

This study was reviewed and approved by the Institutional Re-
view Board of the Kyungpook National University Hospital (ap-
proval no.: 2020-05-004, 2021-02-003). All participants signed
informed consent approved by the IRB.

RESULTS

Demographics and characteristics
Of all 235 subjects followed up past the initial 6 months after
acute COVID-19 infection, 170 (64.6%, 170/235) included pa-
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tients who attended all scheduled follow-up visits and were,
therefore, eligible for evaluation in our analysis. The 6-month
visit from acute COVID-19 infection occurred at 193.0 days (IQR
188.0-206.0), and the 12-month visit from acute COVID-19 in-
fection occurred at 381.6+8.8 days. The majority of patients in-
cluded in this analysis were females, accounting for 102 (60%)
patients in total. The median age of the 170 patients was 51.0
years (IQR, 37.0-60.0). With respect to the age distribution, 29
(17.1%) respondents were aged 20-29 years, 24 (14.1%) were
aged 30-39 years, 26 (15.3%) were aged 40-49 years, 44 (25.9%)
were aged 50-59 years, and 47 (27.6%) were aged 60-70 years.
Regarding disease severity, 6 (3.5%) patients were asymptom-
atic, 86 (50.6%) had mild disease, 59 (34.7%) had moderate dis-
ease, 14 (8.2%) had severe disease, and 5 (2.9%) were in a criti-
cal condition.

We compared demographics in the symptom persistent
group and non-persistent group, and found that the median age
was 52 years old (IQR, 39.0-61.0) in the symptom persistent
group, which was significantly higher than the median age of
44 years old (IQR, 30.0-54.0) in the non-persistent group. How-
ever, there were no statistical differences between the two
groups in terms of age distribution. Furthermore, no statistical
differences were identified between the symptom persistent
group and non-persistent group up to 12 months in relation
to the time of visit, sex, severity, height, body weight, and un-
derlying disease status (p=0.050) (Table 1).

Evaluation of symptoms or newly diagnosed diseases
After 6 months from acute COVID-19 infection, 85 (50.0%)
patients were identified to have at least one COVID-19-related
symptom, and 83 (48.8%) patients were found to have at least
one COVID-19-related symptom after 12 months from acute
COVID-19 infection.

Among the symptoms identified during acute COVID-19 in-
fection, myalgia was the most common symptom, present in
105 (61.8%) patients, followed by cough in 101 (59.4%) patients,
fever in 97 (57.1%) patients, sputum in 91 (53.5%) patients, and
sore throat in 82 (48.2%) patients (Supplementary Fig. 1A, only
online). At 6 months after acute COVID-19 infection, we iden-
tified 45 (26.5%) patients with fatigue, followed by 37 patients
(21.8%) with amnesia, 35 (20.6%) patients with anxiety, in-
somnia, and cognitive disorder, and 31 (18.2%) patients with
concentration difficulties (Supplementary Fig. 1B, only on-
line). The most frequently identified symptoms at 12 months
after acute COVID-19 infection involved amnesia in 41 (24.1%)
patients, insomnia in 25 (14.7%) patients, fatigue in 23 (13.5%)
patients, anxiety in 22 (12.9%) patients, and arthralgia in 20
(11.8%) patients (Fig. 1).

Symptoms identified at the acute COVID-19 infection and
at 6 and 12 months after symptom onset or diagnosis were di-
vided into three categories to identify potential changes over
time: neuropsychiatric symptoms, constitutional symptoms,
and other persistent symptoms. With respect to neuropsychiat-
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Table 1. Clinical Characteristics of the 170 Respondents

Long COVID in Adult Patients

Characteristics

Symptom persistent group
(n=129)

Non-persistent group Total

(n=41) (n=170) AR

Duration from COVID-19 diagnosis to 6 months after acute

COVID-19 infection (days)

Duration from COVID-19 diagnosis to 12 months after acute

COVID-19 infection (days)

Days from COVID-19-related symptom onset to diagnosis

Sex
Male
Female
Age (yr)
Age distribution (yr)
20-29
30-39
40-49
50-59
60-70
Age (yr)
<50
>50
Height (cm)
Weight (kg)
Current smoker
Yes
No
Disease severity category
Asymptomatic
Mild
Moderate
Severe
Critical
Disease severity category
<Moderate
>Moderate
Isolated place during acute COVID-19
Secondary or tertiary hospital
Therapeutic living center
Self-home isolation
Oxygen treatment
Yes
No
ICU admission history
Yes
No
MV use
Yes
No
ECMO use
Yes
No

193.0[187.0-206.0]

381.6+8.5

2.0[1.0-4.0]

46(35.7)
83 (64.3)
52.0[39.0-61.0]

19(14.7)
18(14.0)
17(13.2)
35(27.1)
40(31.0)

54 (41.9)

75(58.1)

163.2£8.1
63.0 [55.0-70.0]

2(1.6)
127 (98.4)

2(1.6)
64 (49.6)
46(35.7)
12(9.3)

5(39)

66 (51.2)
63 (48.8)

110(85.3)
16(12.4)
3(23)

16 (12.4)
113 (87.6)

6(4.7)
123(95.3)

5(3.9)
124(96.1)

1(0.8)
128(99.2)

191.0[188.0-205.0] 193.0[188.0-206.00  0.959

381.7£9.7 381.6+8.8 0.957
1.0[0.0-3.0] 2.0[0.0-4.0] 0.037
0.062
22(53.7) 68 (40.0)
19(46.3) 102 (60.0)
44.0[30.0-54.0] 51.0[37.0-60.0]  0.032
10 (24.4) 29(17.1) 0.216
6(14.6) 24.(14.1)
9(22.0) 26(15.3)
9(22.0) 44.(25.9)
7(17.1) 47(27.6)
0.050
25(61.0) 79 (46.5)
16 (39.0) 91(53.5)
164.8+10.6 163.6+8.8 0.399
68.0 [56.0-76.0] 63.0[55.0-72.0]  0.199
>0.999
1(2.4) 3(1.8)
40(97.6) 167 (98.2)
0.075
4(9.8) 6(3.5)
22 (53.7) 86 (50.6)
13(31.7) 59(34.7)
2(4.9) 14(82)
0(0.0) 5(2.9)
0.233
26 (63.4) 92 (54.1)
15 (36.6) 78(45.9)
0.320
31(75.6) 141 (82.9)
9(22.0) 25(14.7)
1(2.4) 4(2.4)
0.283
2(4.9) 18(10.6)
39(95.1) 152 (89.4)
0.357
0(0.0) 6(3.5)
41(100.0) 164 (96.5)
0.454
0(0.0) 5(2.9)
41(100.0) 165 (97.1)
>0.999
0(0.0) 1(0.6)
41(100.0) 169 (99.4)
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Table 1. Clinical Characteristics of the 170 Respondents (continued)

YMJ

Characteristics Symptom (|l1‘e=r1s2|;;ent group Non-pe:z:;:;lt D (::.:z;:]) pvalue

Emergent hemodialysis during acute COVID-19 hospitalization NA
Yes 0(0.0) 0(0.0) 0(0.0)
No 129(100.0) 41(100.0) 170(100.0)

Allergic rhinitis 0.871
Yes 32(24.8) 9(22.0) 41 (24.1)
No 97(75.2) 32(78.0) 129(75.9)

DM 0.507
Yes 20(15.5) 4(9.8) 24.(14.1)
No 109 (84.5) 37(90.2) 146 (85.9)

HTN 0.498
Yes 34.(26.4) 8(19.5) 42 (24.7)
No 95(73.6) 33(80.5) 128 (75.3)

CKD 0.761
Yes 3(2.3) 0(0.0) 3(1.8)
No 126(97.7) 41(100.0) 167(98.2)

Liver disease 0.061
Yes 14(10.9) 0(0.0) 14(8.2)
No 115(89.1) 41(100.0) 156 (91.8)

Hematologic malignancy NA
Yes 0(0.0) 0(0.0) 0(0.0)
No 129(100.0) 41(100.0) 170(100.0)

Solid tumor >0.999
Yes 3(2.3) 1(2.4) 4(2.4)
No 126(97.7) 40(97.6) 166 (97.6)

CVA >0.999
Yes 2(1.6) 0(0.0) 2(1.2)
No 127(98.4) 41(100.0) 168 (98.8)

COPD >0.999
Yes 1(0.8) 0(0.0) 1(0.6)
No 128(99.2) 41(100.0) 169(99.4)

Heart diseases 0.583
Yes 4(3.1) 0(0.0) 4(2.4)
No 125(96.9) 41(100.0) 166 (97.6)

COVID-19, coronavirus disease; ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation; MV, mechanical ventilation; DM, diabetes mellitus; HTN,
hypertension; CKD, chronic kidney disease; CVA, cerebrovascular accident; COPD, chronic obstructive pulmonary disease; NA, not available.
Data are presented as median [interquartile range], meanstandard deviation, or n (%).

ric symptoms, the majority of the relevant symptoms improved
at 12 months after acute COVID-19 infection. However, a sus-
tained increase in the incidence of amnesia symptoms, the most
frequent of all symptoms noted, was confirmed (p=0.289). More
specifically, amnesia was identified in 41 (24.1%) patients at
12 months from acute COVID-19 infection, compared to 31
(18.2%) patients during the acute period of COVID-19, which
reflects a 5.9% increase (Fig. 2A). Furthermore, 73 (42.9%) pa-
tients were diagnosed with anosmia during acute COVID-19
infection, and 5 (2.9%) patients exhibited persistent symptoms
after 12 months from acute COVID-19 infection (Fig. 2A). In
the case of ageusia, a total of 44 (25.9%) patients was diagnosed

https://doi.org/10.3349/ym;.2022.63.6.499

with this symptom during acute COVID-19 infection, whereas
symptoms persevered for 3 (1.8%) patients after 12 months
from acute COVID-19 infection (Fig. 2A). Also, our findings
confirmed that, unlike neuropsychiatric symptoms, constitu-
tional symptoms significantly improved over time (p<0.050). In
the case of dizziness, it was confirmed that 13 (7.6%) patients
continued to have symptoms after 12 months from acute CO-
VID-19 infection (Fig. 2B). Finally, alopecia and tinnitus symp-
toms were identified in 16 (9.4%) patients and 13 (6.5%) patients,
respectively after 12 months from acute COVID-19 infection
(Fig. 2C).

Our study found that 14 (8.2%) patients were found to have
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Amnesia

Insomnia

Fatigue

Anxiety

Arthralgia

Itchy skin
Paresthesia
Alopecia
Depression

Social phobia
Concentration difficulties
Dizziness

Tinnitus

Sputum

Globus pharyngeus
Cognitive dysfunction
Abnormal directional sensibility
Anosmia
Obsessive thinking
Skin rashes
Anorexia
Headache

Dyspnea

Ageusia

Sore throat
Myalgia
Rhinorrhea

Covid toes
Diarrhea
Palpitation

Cough

Seizure
Hallucination
Arrhythmia

Chest discomfort
Nausea & Vomiting
Chily sense

Febrile sense

Symptoms of signs

Long COVID in Adult Patients

At 12 months
24.1

0.0 10.0

30.0 40.0 50.0 60.0 70.0
Patients (%)

Fig. 1. Distribution of symptoms or signs after 12 months from acute COVID-19 infection.

newly diagnosed diseases. Heart disease was found in 1 pa-
tient (0.6%), and deep vein thrombosis was found in 2 patients
(1.2%). In the non-persistent group, no patient was diagnosed
with a new disease since acute COVID-19 infection, while in the
symptom persistent group, 14 (10.9%) patients suffered from
new diseases including cardiovascular disease and deep vein
thrombosis (Supplementary Table 1, only online).

Evaluation of quality of life

Twelve months after acute COVID-19 infection, a total of 39
(23.0%) patients reported that they had not yet fully recovered
from COVID-19. In particular, 38 (29.4%) patients felt that they
had not fully recovered for up to 12 months, a number which is
significantly higher than 1 (2.4%) in the non-persistent group
(p<0.001). However, none of the patients required hospitaliza-
tion due to COVID-19-related complications after acute COV-
ID-19 infection in either the symptom persistent or non-per-
sistent group. The distribution of EQ5D-5L average values for
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all 170 enrolled patients after 12 months from acute COVID-19
infection is shown in Fig. 3. Among the five EQ5D-5L catego-
ries, the average value of anxiety or depression was the most
predominant. The EQ5D-5L test conducted in relation to chang-
es in the health conditions of the enrolled patients showed no
statistical significant differences between the symptom persis-
tent or non-persistent groups in relation to mobility, self-care,
and usual activities (Table 2). However, the assessment of pain/
discomfort and anxiety/depression in the symptom persistent
group, as opposed to the non-persistent group, showed that
there were more individuals affected by these related symp-
toms (p=0.001 and p=0.015, respectively). Among the five
EQ5D-5L categories, anxiety or depression were the most fre-
quent symptoms noted, accounting for 60 (35.4%) patients af-
ter 12 months from acute COVID-19 infection. On the day of
the survey, when patient health status was assessed on a scale
from 0 to 100 (100 representing the best), the symptom persis-
tent group and non-persistent groups reported median values
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Fatigue  Dizziness ~ Sputum Globus ~ Sorethroat Headache Dyspnea Rhinorrhea  Cough Diarrhea Fever  Chilly sense  Chest
pharyngeus discomfort

60.0

Percentage of the patients

Arthralgia [tchy skin Alopecia

o

Paresthesia

Symptoms or signs

B Acute COVID-9 6 months @ 12 months

Tinnitus Anorexia Skin rashes

Symptoms or signs

Fig. 2. Symptoms identified during acute COVID-19 infection at 6 and 12 months after acute COVID-19 infection. (A) Distribution of neuropsychiatric
symptoms. (B) Distribution of constitutional symptoms. (C) Distribution of other symptoms. COVID-19, coronavirus disease.

Mobility

Anxiety/depression Self-care

Pain/discomfort Usual activities

Fig. 3. Distribution of EQ5D-5L average values at 12 months after acute
COVID-19 infection in all enrolled patients. Each domain of EQ5D-5L is
scored on a 5 point scale: 1, no problem; 2, slight problem; 3, moderate
problem; 4, severe problem; and 5, unable to do or extreme problem.
EQ5D-5L, EuroQol 5 dimension 5 level.
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of 80 [70.0-90.0] and 90 [80.0-95.0], respectively, thus indicat-
ing that symptom persistent patients perceived their health
status as significantly worse than that in patients in the non-
persistent group (p<0.001). Regarding the evaluation of the
difficulty in breathing in the past day (24 hours), 92 (54.1%) pa-
tients responded that they were “out of breath only when they
exercised hard,” of whom 63 (48.8%) patients were in the symp-
tom persistent group and 29 (70.7%) patients in the non-persis-
tent group. Therefore, difficulty in breathing in the symptom
persistent group could last for a significantly longer period of
time (p=0.048). When fatigue was confirmed over the past day,
no statistical difference was identified between the symptom
persistent and non-persistent groups (p=0.077) (Table 2).
Assessing discomfort in performing certain activities, we
found that, similar to the assessment of difficulty in breathing,
32 (24.9%) patients in the symptom persistent group and 3
(7.3%) patients in the non-persistent group had difficulty in
walking including climbing situations (p=0.031). Among all pa-
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tients included in this study, 70 (41.2%) patients responded that or had prominent difficulties in daily life conversations, but no
they had difficulties in concentrating or remembering, of statistical significance was identified between the symptom
whom 64 (49.6%) were in the symptom persistent group and 6 persistent and non-persistent groups (p=0.148) (Supplemen-
(14.6%) were in the non-persistent group (p<0.001). Further- tary Table 2, only online).

more, 16 (9.4%) patients stated they either failed to understand

Table 2. Quality of Life Assessment of the 170 Respondents at 12 Months from Acute COVID-19 Infection

Symptom persistent Non-persistent
group (n=129) group (n=41)

Characteristics Total (n=170) pvalue

Mobility 0.325
No problems in walking about 109 (84.5) 38(92.7) 147 (86.5)
Slight problems in walking about 18(14.0) 2(4.9) 20(11.8)
Moderate problems in walking about 1(0.8) 0(0.0) 1(0.6)
Severe problems in walking about 1(0.8) 1(2.4) 2(1.2)
Unable to walk about 0(0.0) 0(0.0) 0(0.0)
Self-care 0.190
No problems washing or dressing 127 (98.4) 39(95.1) 166 (97.6)
Slight problems washing or dressing 2(1.6) 1(2.4) 3(1.8)
Moderate problems washing or dressing 0(0.0) 1(2.4) 1(0.6)
Severe problems washing or dressing 0(0.0) 0(0.0) 0(0.0)
Unable to wash or dress 0(0.0) 0(0.0) 0(0.0)
Usual activities 0.104
No problems doing usual activities 105 (81.4) 37(90.2) 142 (83.5)
Slight problems doing usual activities 21(16.3) 3(7.3) 24(14.7)
Moderate problems doing usual activities 3(2.3) 0(0.0) 3(1.8)
Severe problems doing usually activities 0(0.0) 1(2.4) 1(0.6)
Unable to do usual activities 0(0.0) 0(0.0) 0(0.0)
Pain/discomfort 0.001
No pain or discomfort 82 (63.6) 35(85.4) 117 (68.8)
Slight pain or discomfort 47 (36.4) 4(9.8) 51(30.0)
Moderate pain or discomfort 0(0.0) 1(2.4) 1(0.6)
Severe pain or discomfort 0(0.0) 1(2.4) 1(0.6)
Extreme pain or discomfort 0(0.0) 0(0.0) 0(0.0)
Anxiety/depression 0.015
Not anxious or depressed 75(58.1) 35(85.4) 110 (64.7)
Slightly anxious or depressed 49 (38.0) 6(14.6) 55(32.4)
Moderately anxious or depressed 4(3.1) 0(0.0) 4(2.4)
Severely anxious or depressed 1(0.8) 0(0.0) 1(0.6)
Extremely anxious or depressed 0(0.0) 0(0.0) 0(0.0)
The best health you can imagine on today (the scale is numbered from 0 to 100) 80.0[70.0-90.0] 90.0[80.0-95.0] 85.0(75.0-90.0] 0.004
Breathless you feel today (within the last 24 hours) 0.048
Not troubled by breathlessness except on strenuous exercise 63 (48.8) 29(70.7) 92 (54.1)
Short of breath when hurrying or when walking up a slight hill 62 (48.1) 11(26.8) 73 (42.9)
Walks slower than most people of my age because of breathlessness,
or have to stop for breaFt)h vShen WaTkir?g at own pace 461 124 5(29)
Stops for preath after walking 100 yards/ 90—100 meters, or after 0(00) 0(00) 0(0.0)
a few minutes on level ground
Too breathless to leave the house, or breathless when dressing/undressing 0(0.0) 0(0.0) 0(0.0)
Intensity of fatigue on average over the last 24 hours, on a scale from 0—10 2.0[2.0-5.0] 20[2.0-5.0] 2.0(2.0-5.0] 0077

(0=no fatigue, 10=fatigue as bad as you can imagine)*

COVID-19, coronavirus disease.
Data are presented as median [interquartile range] or n (%).
*Intensity of tiredness (0—10): 0: none/2: mild fatigue/5: moderate fatigue/10: severe fatigue.
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Evaluation of lifestyle modification

Following infection with COVID-19, a survey of lifestyle chang-
esrevealed that changes in smoking habits occurred in 3 (1.8%)
patients. In the case of drinking, 38 (22.3%) patients showed life-
style changes. More specifically, 3 (2.3%) patients in the symp-
tom persistent group and 2 (4.9%) patients in the non-persis-
tent group responded that they had increased their drinking
habits, compared to pre-COVID-19 infection. In contrast, it
was confirmed that the symptom persistent group reduced
their drinking habits, compared to the non-persistent group.
More specifically, 27 (20.9%) patients in the symptom persis-
tent group, and 6 (14.6%) patients in the non-persistent group
had their drinking habits reduced. In the case of healthy food
ingestion, 72 (42.6%) patients reported changes in their intake
behavior. Sixty-two (48.4%) patients in the symptom persis-
tent group and 8 (19.5%) patients in the non-persistent group
responded that they adopted a lifestyle of eating healthier
food on a more frequent basis, compared to before COVID-19.
In particular, this tendency was higher in the symptom persis-
tent group, compared to the non-persistent group (p=0.005).
In the case of physical activity (exercise through walking or cy-
cling), lifestyle changes were confirmed in 85 (50.6%) patients.
More specifically, 58 (45.7%) patients in the symptom persis-
tent group and 10 (24.4%) patients in the non-persistent group
responded that they exercised more frequently than before
infection, although no statistical significant differences were
identified between the two groups (p=0.117) (Table 3).

YMJ

Evaluation of mental health

A simple depression-specific test (PHQ-9), which was conduct-
ed to assess mental health conditions over the past 2 weeks,
demonstrated that 19 (11.2%) patients who recovered from
COVID-19 showed moderate or higher depression. Moderate
or higher depression scores were confirmed only in the symp-
tom persistent group, as opposed to none in the non-persistent
group. The PHQ-9 scores were statistically higher in the symp-
tom persistent group than the non-persistent group (p=0.001)
(Supplementary Fig. 2, only online). Anxiety screening results
identified 8 (4.7%) patients with moderate or higher anxiety
levels, but moderate or higher anxiety level was confirmed only
in the symptom persistent group, as opposed to none in the
non-persistent group. Overall statistical differences in the symp-
tom persistent and non-persistent groups were not identified
(p=0.051) (Supplementary Fig. 3, only online). The median
PCL-5-K score in the responded patients was 5.0 (2.0-12.0). The
PCL-5-K results showed scores of 2 points (0.0-5.0) in the non-
persistent group and 6 points (2.0-14.0) in the symptom per-
sistent group. Points were found to be higher in the symptom
persistent group, compared to the non-persistent group (p<
0.001) (Supplementary Fig. 4, only online).

DISCUSSION

To our knowledge, this is the largest long-term prospective co-

Table 3. Lifestyle Change Assessment among the 170 Respondents at 12 Months after Acute COVID-19 Infection

Characteristics Symptom ([:le=r1s2|;;ent il Non-pezzf;t:;l tgroup (:::;:]) pvalue
Smoking 0.245
| do this more often 0(0.0) 1(2.4) 1(0.6)
| do this less often 1(0.8) 1(2.4) 2(1.2)
No difference 10(7.8) 4(9.8) 14(8.2)
| did not do this before COVID-19 118(91.5) 35(85.4) 153 (90.0)
Drinking alcohol 0.042
| do this more often 3(2.3) 2(4.9) 5(2.9)
| do this less often 27(20.9) 6(14.6) 33(19.4)
No difference 32(24.8) 19(46.3) 571(30.0)
| did not do this before COVID-19 67(51.9) 14(34.1) 81 (47.6)
Eating healthy food 0.005
| do this more often 62 (48.4) 8(19.5) 70(41.4)
| do this less often 1(0.8) 1(2.4) 2(1.2)
No difference 43(33.6) 17 (41.5) 60 (35.5)
| did not do this before COVID-19 22(17.2) 15(36.6) 37(21.9)
Physical activity (including walking & cycling) 0.117
| do this more often 58 (45.7) 10(24.4) 68 (40.5)
| do this less often 12 (9.4) 5(12.2) 17(10.1)
No difference 45(35.4) 21(51.2) 66 (39.3)
| did not do this before COVID-19 12 (9.4) 5(12.2) 17(10.1)

COVID-19, coronavirus disease.
Data are presented as n (%).
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hort study on persistent COVID-19-related symptoms and
health consequences in adult patients after acute COVID-19
infection in Korea. The major findings of this study indicate that
48.8% of the respondents still suffered from COVID-19-related
symptoms or signs after 12 months from acute COVID-19 in-
fection. Long-term consequences of COVID-19 can be pre-
sented in various symptoms or signs reducing quality of life,
but the majority of symptoms tended to improve over time.

COVID-19-related long COVID symptoms have been found
to vary in type and frequency depending on the time that as-
sessments were made. After discharge, the most commonly
reported symptoms involved fatigue, dyspnea, memory loss,
sleep disorders, and concentration difficulty."*'* In a previous
study, the most frequently reported symptoms at 12 months
involved reduced exercise capacity, fatigue, dyspnea, concen-
tration problems, problem finding words, and sleeping prob-
lems.” This study, which included patients with a similar female
to male ratio to our study, identified that anosmia improved
over time, as opposed to reduced exercise capacity and difficul-
ty finding words, which continued to increase up to 12 months
post-disease infection." Similar to a previous study, our study
demonstrated that the most common symptoms at 12 months
were amnesia, insomnia, fatigue, and anxiety. Anosmia contin-
ued to improve, while amnesia continued to increase until 12
months after acute COVID-19 infection. Similar to a previous
12-month follow-up study, neurological long-term symptoms
were the most frequently observed symptoms.'®

To date, it is unclear why recovered COVID-19 patients ex-
perience long-term symptoms after acute COVID-19 infection.
The possible mechanisms of neurological symptoms in COV-
ID-19 survivors are explained by a disruption in the blood-brain
barrier caused by inflammation leading to increased permea-
bility for cytokines to enter the central nervous system."” Neu-
roinflammation from microglial activation and oxidative stress
might contribute to severe long-term cognitive and functional
decline. Furthermore, high levels of inflammation, such as cy-
tokine storm in the brain, could impact the long-term conse-
quences of neurodegeneration, thus resulting in Alzheimer’s
disease, Parkinson’s disease, or amyotrophic lateral sclerosis de-
cades later because coronaviruses, such as SARS-CoV-2, could
remain inside neurons without inducing toxic effects.®'#*
Therefore, continuous follow-up processes in patients recov-
ered from COVID-19 would be needed to identify the true re-
lationship between SARS-CoV-2 infection and neurodegener-
ative disorders.

Anosmia and ageusia, which are considered to be significant
symptoms and clues for the diagnosis of COVID-19, showed
that the median time to recovery was 7 days for both symptoms,
and most patients with these symptoms recovered within a pe-
riod of 3 weeks.?! Our findings revealed that anosmia was iden-
tified in 42.9% of the included patients during acute COVID-19
infection, and the majority of patients had symptom improve-
ment within a year, as opposed to 2.9% patients who still suf-
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fered from anosmia. Furthermore, ageusia was identified in
25.9% of patients during acute COVID-19 infection, and the
majority of patients had improved symptoms within a year, as
opposed to 1.8% of patients who continued to suffer from this
symptom.

In this study, we evaluated newly diagnosed diseases in re-
covered COVID-19 patients. Heart disease was found in 0.6%
and deep vein thrombosis was found in 1.2%, which was low-
er than 2.4% deep vein thrombosis events within the first year
after recovering from acute COVID-19, as shown in a previous
study.” Patients with cardiovascular complications during
acute infection or patients experiencing persistent cardiac
symptoms may be monitored because cardiovascular sequel-
ae from myocarditis can be persistent, thus causing arrhyth-
mia or cardiomyopathy even in patients with mild or asymp-
tomatic SARS-CoV-2 infection.?* Various retrospective studies
have noted that the prevalence of venous thromboembolisms
was < 5% in post-acute COVID-19.%%

There is accumulating evidence that COVID-19 has a long-
term impact on both hospitalized and non-hospitalized pa-
tients, which includes not just symptoms, but can have a broad-
er impact on patient quality of life, including mental health.”
Patients with at least one long COVID symptom were previous-
ly found to have significantly reduced physical and mental
quality of life compared to patients without symptoms."> Our
study showed a similar result in that patients experienced mul-
tisystem symptoms for over 12 months, resulting in a significant
impact to the patients’ lives, compared to individuals with non-
persistent symptoms, after acute COVID-19 infection. After one
year, only 95 (55.9%) patients managed to recover completely
from COVID-19 infection. Furthermore, when the subjective
body condition scale was implemented, lower scores were
found in patients with symptoms that lasted for 1 year com-
pared to patients with non-persistent symptom after acute CO-
VID-19 infection.

A telephone survey study focusing on health-related quality
of life at 3 months after hospital discharge, with a mean par-
ticipant age of 53 years old, revealed an overall worsening of
EQ5D scores, compared to the time before the onset of COV-
ID-19 symptoms, and participants responded that they were af-
fected by all five domains, especially pain/discomfort and anxi-
ety/depression.” Although the comparison target group was not
the same, our study showed similar results in that patients with
persistent symptoms showed a reduced level of pain/discom-
fort and anxiety/depression, compared to other EQ5D-5L cat-
egories and to patients with non-persistent symptoms after
acute COVID-19 infection. One year later, 60 (35.4%) patients
reported that anxiety or depression affected their quality of life
through EQ5D-5L measurements. A total of 70 (41.2%) patients
was identified to have difficulties in remembering or concen-
trating. Our study showed that the adverse impact of COVID-19
on recovered COVID-19 patients is multifactorial and affects
aspects of mental health that are related to quality of life in par-

https://doi.org/10.3349/ymj.2022.63.6.499



Yoonjung Kim, et al.

ticular.

A previous study conducted among patients who were aged
60 years and older showed that more than half of the patients
reported a negative change in their health-related quality of
life at 6 months following hospitalization due to COVID-19
and that one out of three patients experienced persistently im-
paired mobility and ability to perform activities of daily living.*
The risk for severe illness with COVID-19 increases with age,
and patients who had already experienced severe COVID-19
had the largest decline in health-related quality of life.** Pre-
vention of aggravating COVID-19 with vaccination might be
an effective measure to prevent a long-term functional de-
cline.

Moreover, a previous study showed that COVID-19 itself can
have a significant impact on patients’ lifestyles, not only on
their mental health and quality of life. Our study revealed that
patients with persistent symptoms lasting up to 12 months af-
ter acute COVID-19 infection had a higher tendency to eat
healthier foods and to drink less, compared to patients with
non-persistent symptoms, after acute COVID-19 infection. Al-
though government restrictions or social distancing can facili-
tate lifestyle modifications, our study shows that long COVID
by itself have an impact on patients’ daily lifestyle.

In our study, PHQ-9 tests conducted to verify mental health
conditions showed statistical differences between symptom
persistent and non-persistent groups. More specifically, we
found that depression in recovered COVID-19 patients can be
present in varying degrees. In addition to the effects of sociologi-
cal environmental changes caused by COVID-19, breakdown of
social support structures, or the stigmatization of patients,*
long COVID holds the possibility of affecting the mental health
of recovered COVID-19 patients.

This study has limitations. First, this was a single center study,
and we could not include patients who could not visit a hospital
by themselves. Therefore, our results may not be generalized to
patients over 70 years old or to patients with immunocompro-
mised state as our study mostly included patients with no un-
derlying diseases. Further research is needed for the impact of
these clinical factors with treatment on long COVID. Second,
a control group who had not suffered from COVID-19 was not
included to completely distinguish the impact of the disease
from the social and economic burdens of the SARS-Cov-2 pan-
demic on overall health-related quality of life and mental health.
Third, with only health-related quality of life identified at 1 year
after acute COVID-19 infection, we were unable to confirm
whether health-related quality of life had improved over time
or not. However, previous studies have shown that post-dis-
charge health-related quality of life was poor in all patients but
improved during follow up.* Further research is needed on
the progress of continuous improvement in recovered COV-
ID-19 patients with regard to their health-related quality of life.

The main strength of our prospective study is that it high-
lights the importance of continuous tracking of neuropsychi-
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atric symptoms and the impact of COVID-19 on patient quali-
ty of life. The present study assessed patient health-related
quality of life with the widely used EQ5D-5L in both non-hos-
pitalized and hospitalized patients of various ages in Korea.

In conclusion, the clinical manifestations of the long-term
consequences of COVID-19 occurred in various forms, and
neuropsychiatric symptoms were the major COVID-19-relat-
ed symptoms after 12 months from acute COVID-19 infection,
thus reducing patient quality of life.
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