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Abstract
This cross-sectional study aimed to investigate the post-acute consequences of COVID-19. We conducted
a self-administered questionnaire survey on sequelae, psychological distress (K6), impairments in work
performance (WFun), and COVID-19–related experiences of stigma and discrimination in two designated
COVID-19 hospitals in Hiroshima Prefecture, Japan, between August 2020 and March 2021. The
prevalence of sequelae were calculated by age and COVID-19 severity. Factors independently associated
with sequelae or psychological distress were identi�ed using logistic regression analysis. Among 127
patients who had recovered from COVID-19, 52.0% had persistent symptoms at a median of 29 days [IQR
23–128] after COVID-19 onset. Among patients with mild COVID-19, 50.5% had sequelae. The most
frequent symptoms were olfactory disorders (15.0%), taste disorders (14.2%), and cough (14.2%).
Multivariate analysis showed that age was an independent risk factor for sequelae (adjusted odds ratios
[AOR] for ≥60 years vs. <40 years 3.84, p=0.0139). Possible psychological distress was noted in 30.7%
(17.9% of males and 45.0% of females). Female sex and the presence of sequelae were independent risk
factors for psychological distress. Of all participants 29.1% had possible impairments in work
performance. Experiences of stigma and discrimination were reported by 43.3% of participants. This
study revealed the signi�cant impacts of Long COVID on health in local communities. A large-scale, long-
term cohort study is desired.

Introduction
Coronavirus disease 2019 (COVID-19) is an illness caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). SARS-CoV-2 infects the host by invading cells via angiotensin-converting
enzyme 2 (ACE2) [1]. COVID-19 causes a variety of symptoms, including fever, cough, and olfactory and
taste disorders [2].

In Japan, the Ministry of Health, Labour and Welfare has released guidelines indicating that hospitalized
COVID-19 patients can be considered to be no longer harboring SARS-CoV-2 and discharged when (i) 72
hours have passed since symptom resolution and (ii) 15 and 10 days have passed since disease onset in
patients who did and did not need ventilatory support, respectively [3]. However, a subgroup of patients
infected with SARS-CoV-2 experience long-term effects of COVID-19 (Long COVID) [4]. The fact that Long
COVID can considerably reduce the quality of life of infected patients emphasizes the urgent need to
identify their effects [5]. Increasing numbers of studies on post-acute and prolonged symptoms of COVID-
19 have been published worldwide, helping clarify the long-term course of the disease. However, the types
and frequencies of sequelae vary greatly between studies, suggesting differences related to geography,
survey methods, and patient background factors [6].

In this study, patients at two local COVID-19 hospitals were asked to complete a self-administered survey
to identify their symptoms, the effects on psychological conditions and work performance, and their
experiences of stigma and discrimination related to COVID-19.
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Methods
This cross-sectional study was conducted with the help of two major COVID-19 hospitals in Hiroshima
Prefecture, Japan.

1) Study population
Hospital A is a designated medical institution for Class 2 infectious disease and a regional hub medical
center for mild and moderate COVID-19 in its catchment area. Patients who visited Hospital A for post–
COVID-19 follow-up between September 1, 2020 and March 15, 2021, were asked by their attending
physicians to participate in this study. One hundred and eighteen patients gave written consent to
participate.

Hospital B is a designated key medical institution for COVID-19 patients in Hiroshima Prefecture. Forty-
three patients who visited this hospital between April 11, 2020 and May 1, 2020, were identi�ed. In August
2020, they were sent a letter asking for participation in this study. Twenty-two patients who visited the
outpatient consultation of Hospital B for follow-up between August 25, 2020 and September 14, 2020,
provided written consent to participate.

Overall, 140 post–COVID-19 patients participated in this study.

2) Survey methods
Consenting post–COVID-19 patients were asked to complete a set of self-reported anonymous
questionnaires. The survey included age, sex, place of medical care, smoking status, medical history,
sequelae, screening for impairments in work performance using the Work Functioning Impairment Scale
(WFun), screening for mood or anxiety disorders using the 6-item Kessler Psychological Distress Scale
(K6), and COVID-19–related experiences of stigma and discrimination.

The WFun questionnaire comprised seven screening questions for measuring impaired work function,
and responses were made on a 5-point scale from 1 to 5 (total score range 7–35) [7]. Based on previous
�ndings, scores of 7–13 were classi�ed as normal and those ≥14 indicated possible de�cits in work
performance (14–20, mild; 21–27, moderate; and 28–35, severe) [8].

The K6 questionnaire consisted of six questions designed to assess the severity of psychological distress
on a 5-point scale from 0 to 4 (total score range 0–24) [9]. Based on the Comprehensive Survey of Living
Conditions conducted by the Ministry of Health, Labour and Welfare of Japan, total scores of 0–4 were
categorized as normal, and those ≥5 re�ected possible mood or anxiety disorders (5–9, mild; 10–14,
moderate; and 15–24, severe) [10].

Severity of COVID-19 and the date of COVID-19 onset were taken from the patients’ medical records. The
United States National Institutes of Health classi�cations de�ne four levels of disease severity based on
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the need for respiratory support during hospitalization, as follows: no supplemental oxygen,
supplemental oxygen, non-invasive mechanical ventilation (non-IMV), and IMV [11].

3) Statistical analysis
Patient characteristics were summarized using medians and interquartile ranges (IQRs) for continuous
variables and counts and percentages for categorical variables. The chi-square and Cochran–Armitage
trend tests were performed to compare the proportions of patients with sequelae by age group, sex,
severity of COVID-19, place of medical care, smoking status, and comorbidities. The chi-square test was
also used to compare the prevalence rates of individual sequelae by age group, and to compare the
distributions of K6 and WFun total scores by sex and age group.

To identify factors independently associated with sequelae, adjusted odds ratios (AORs) and their 95%
con�dence intervals (CIs) were estimated using multivariate logistic regression analysis. The response
variable was the presence or absence of sequelae. The following explanatory variables were entered into
the model simultaneously (forced entry): sex (male or female), age (<40, 40–59, or ≥60 years), disease
severity (no supplemental oxygen or ventilatory support needed vs. supplemental oxygen or ventilatory
support needed), and smoking status (never smoker vs. current or former smoker). Moreover, the stepwise
variable selection method was employed to select additional explanatory variables from among the
following comorbidities: hypertension, diabetes mellitus, chronic obstructive pulmonary disease (COPD),
malignancy, and cerebrovascular disease (p<0.25).

Similarly, factors associated with psychological distress were investigated using multivariate logistic
regression analysis. The response variable was the K6 total score (cut-off: 5 points). The following
explanatory variables were entered into the model simultaneously: sex (male or female), age (<40, 40–59,
or ≥60 years), disease severity (no supplemental oxygen or ventilatory support needed vs. supplemental
oxygen or ventilatory support needed), smoking status (never smoker vs. current or former smoker),
presence of sequelae (yes or no), and COVID-19–related experience of stigma and discrimination (yes or
no).

All statistical analyses were performed using JMP® Version 14 (SAS Institute Japan, Ltd., Tokyo) at a
signi�cance level of 5%.

This study was approved by the Ethics Committee of Hiroshima University (E-2122) and conducted
according to the Helsinki declaration. Prior to any study procedures, all patients provided their informed
consent.

Results
One hundred and eighteen patients who visited Hospital A for post–COVID-19 follow-up between
September 1, 2020 and March 15, 2021, participated in this study and responded to the survey. These
patients contracted COVID-19 between April 14, 2020 and February 22, 2021 (during the �rst to third
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waves of the COVID-19 pandemic in Japan). During this period, 489 COVID-19 patients were admitted to
Hospital A, and 118 (24.1%) of them participated in this study. Of 43 patients who visited Hospital B for
COVID-19 treatment between April 11, 2020 and May 1, 2020 (during the �rst wave of the COVID-19
pandemic in Japan), 22 (51.2%) responded to the survey between August 25, 2020 and September 14,
2020. Among the 140 patients who responded to the survey, nine had no speci�c medical records on
COVID-19 severity, and four did not fully complete the questionnaires. These 13 patients were excluded,
and thus data of 127 patients were analyzed (Figure 1).

1) Patient characteristics
Table 1 summarizes the demographic and clinical characteristics of the study population. The median
age was 51 years [IQR 32–58], with ages <40, 40–59, and ≥60 years accounting for 35.4%, 43.3%, and
21.3%, respectively. 52.8% of the study participants were males.

A large majority (84.3%) of the study population did not need supplemental oxygen, while 13.4% required
supplemental oxygen, 1.6% used non-IMV, and 0.8% used IMV. Patients received medical care at hospitals
(89.0%), quarantine hotels (3.9%), or their homes (7.1%). Questionnaire responses were collected at a
median of 29 days [IQR 23–128] from COVID-19 onset, with a minimum of 11 days and a maximum of
173 days.

2) Prevalence rates of sequelae
At the time of the survey, 52.0% (66/127) of the study population reported one or more sequelae (Table
1). Older patients were signi�cantly more likely to have sequelae (p=0.0064, Cochran–Armitage trend
test). The prevalence of sequelae did not signi�cantly differ by sex, severity of COVID-19, place of
medical care, smoking status, or comorbidities (chi-square test).

Speci�c Long COVID symptoms included olfactory disorders (15.0%), taste disorders (14.2%), cough
(14.2%), fatigue (11.0%), and dyspnea (10.2%) (Figure 2). The following symptoms showed age-
dependent differences in prevalence: fatigue, palpitations, and dry eye or mouth (p=0.0401, 0.0327, and
0.0028, respectively), with younger age groups having lower prevalence rates. Other symptoms
investigated did not vary by age group.

Multivariate logistic regression analysis showed that the risk of sequelae was signi�cantly higher in older
age groups compared with patients <40 years old (AOR for 40–59 years vs. <40 years 2.56, 95% CI 1.11–
5.91, p=0.0279; AOR for ≥60 years vs. <40 years 3.84, 95% CI 1.32–11.20, p=0.0139) (Table 2). Sex,
severity of COVID-19, smoking status, and comorbidities were not signi�cantly associated with sequelae.

3) COVID-19–related experiences of stigma and
discrimination
In this study, 43.3% of the study population experienced stigma and discrimination as a result of
contracting COVID-19 (Figure 3). The most common complaints were being treated as contagious despite
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being cured (61.8%), harmful rumors (29.1%) and verbal harassment (25.5%).

4) Impairments in work performance
On the WFun questionnaire, 67.7% of the study population had normal scores, whereas 29.1% had
possible impairments in work performance (Figure 4). More speci�cally, 11.8%, 9.4%, and 7.9% had mild,
moderate, and severe impairments, respectively. The frequency distributions of WFun-based impairments
were not signi�cantly in�uenced by sex or age group.

5) Psychological distress
On the K6 questionnaire, 69.3% of the study population had normal scores, and 30.7% had possible mood
or anxiety disorders (Figure 5). More speci�cally, 21.3%, 7.1%, and 2.4% had mild, moderate, and severe
disorders, respectively. The risk of psychological distress was higher in females than in males, with 45.0%
of females and 17.9% of males having K6 scores ≥5 (p=0.0012, chi-square test). Age did not signi�cantly
affect the distribution of patients with mood or anxiety disorders.

Multivariate logistic regression analysis showed that female sex (AOR 3.97, 95% CI 1.55–10.16,
p=0.0040) and the presence of sequelae (AOR 4.98, 95% CI 1.92–12.90, p=0.0009) were independent risk
factors for psychological distress (Table 3). The risks of psychological distress were typically higher,
though not signi�cantly so, in patients who reported stigma and discrimination compared with those who
did not (AOR 2.39, 95% CI 0.97–5.91, p=0.0593). Age, severity of COVID-19, and smoking status were not
signi�cantly associated with psychological distress.

Discussion
To investigate the clinical characteristics of Long COVID, we conducted a cross sectional self-
administered questionnaire survey in patients treated at two major COVID-19 hospitals in Hiroshima
Prefecture, Japan. Analysis of the responses from 127 recovered patients showed that 52.0% had
sequelae at a median of 29 days [IQR 23–128] from COVID-19 onset. The prevalence rates of post-acute
or prolonged sequelae of COVID-19 reported in the literature vary considerably depending on the
geographic location of the study area and patient background factors [6]. In a recent Japanese follow-up
study of 63 patients who recovered after hospital-based treatment, sequelae were reported in 76% at 14
days, in 48% at 2 months, and in 27% at 4 months after COVID-19 onset [12].

In our study, multivariate logistic regression analysis revealed that older age was an independent and
signi�cant risk factor for sequelae. Our �ndings are consistent with previous research showing that Long
COVID was more likely with increasing age [13], emphasizing the need for follow-up focusing on Long
COVID in elderly patients.

Long COVID symptoms are wide ranging, and include olfactory disorders, taste disorders, cough, fatigue,
and dyspnea. COVID-19 affects various tissues and organs, such as those in the respiratory,
cardiovascular, and neurological systems. Possible mechanisms underlying Long COVID may include
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immunologic aberrations and in�ammatory damage in response to the acute infection, as well as virus-
speci�c pathophysiologic changes [14]. ACE2, the major cell entry receptor for SARS-CoV-2, is extensively
expressed in numerous human tissues and organs. Respiratory and other sequelae of Long COVID have
been found to be common in organs with high ACE2 expression [15, 16]. In our study, patients aged ≥60
years were more likely than other age groups to report fatigue, palpitations, dry eye or mouth, dyspnea,
and sputum production, whereas patients aged <40 years reported lower prevalence rates of all sequelae
except for olfactory and taste disorders. Indeed, the fact that olfactory and taste disorders were more
common in younger patients was consistent with a previous report [17], and may help distinguish
symptoms that are more likely to persist in speci�c age groups.

Even in patients with mild COVID-19 who did not require supplemental oxygen or ventilatory support,
sequelae were reported by 50.5% of them. Previous studies also reported that 53–55% of non-
hospitalized COVID-19 patients had Long COVID symptoms [17, 18]. These �ndings suggests that COVID-
19 patients should be followed up for persistent symptoms regardless of severity of COVID-19.

Regarding the impact on occupational performance, 17.4% of the post–COVID-19 patients had moderate
or severe impairments (WFun scores ≥ 21). In a previous study that used the WFun questionnaire to
investigate degrees of impairment in work performance associated with insomnia, 20% of control
subjects without insomnia and 34% of subjects undergoing insomnia treatment had WFun total scores
≥21 [19]. This simple comparison suggests that post–COVID-19 conditions may in�uence work
performance to only a limited extent.

The prevalence of possible mood or anxiety disorders (K6 total scores ≥ 5) were 17.9% for males and
45.0% for females. Compare to the result of the general population (males 24.8%, females 29.6%) [20],
the prevalence was lower in male patients and higher in female patients. The results of logistic regression
analysis revealed that female sex and the development of sequelae after COVID-19 were independent and
signi�cant risk factors for post–COVID-19 mood or anxiety disorders. For female patients as well as
patients with sequelae should receive long-term follow-up with a particular focus on the risks of mood or
anxiety disorders.

Overall, 43.3% of our study participants reported exposure to stigma and discrimination related to COVID-
19, suggesting that patients may face social challenges as they resume their everyday activities after
recovery. Further expansion of the support system for ex-COVID-19 patients by the government and
medical institutions and measures to eradicate discrimination are needed.

Limitations
There are several limitations to this study. First, patient selection may have been biased. At Hospital A,
outpatient follow-up appointment schedules were based on each patient’s personal preferences, condition
at discharge, and imaging �ndings. Consequently, our patient selection procedure may have skewed the
study population towards those who were still symptomatic at discharge. Hospital B mailed their patients
a letter asking for cooperation in this study, and positive responses were obtained from 51.2% of them.
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This process may have resulted in overestimation of the prevalence of Long COVID symptoms due to
potential selection bias, wherein patients affected by persistent conditions were more likely to participate
in this study. Second, because of its cross-sectional nature, this study was not able to evaluate the
duration of individual symptoms. Third, the medical institutions of this study were designated for the
treatment of patients with mild-to-moderate COVID-19. Consequently, this study did not allow for in-depth
analysis of severe cases. Fourth, since the survey was conducted using self-administered questionnaires,
it was not possible to make an objective evaluation for each symptoms. Despite these limitations, this
study identi�ed Long COVID in 50.5% of mild cases and demonstrated that COVID-19 may have
potentially profound impacts on local communities.

Conclusion
Long COVID was noted in 52.0% of the study population at a median of 29 days [IQR 23–128] after
COVID-19 onset. Common symptoms included olfactory disorders, taste disorders, and cough. The
prevalence rates of Long COVID varied by age group, with older patients having higher rates. We identi�ed
Long COVID in half (50.5%) of mild cases and analyzed the potentially profound impacts of Long COVID
on local communities. Our results warrant a large-scale, long-term cohort study in the future.
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Figure 1

 Selection of the study population
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Figure 2

Prevalence of Long COVID symptoms by age

Responses were collected at a median of 29 days [IQR 23–128] after COVID-19 onset. Asterisks (*)
indicate statistically signi�cant differences between age groups (p<0.05, chi-square or Fisher’s exact test).
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Figure 3

COVID-19–related experiences of stigma and discrimination
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Figure 4

Prevalence rates of de�cits in work performance assessed using the WFun questionnaire

The Work Functioning Impairment Scale (WFun) was developed to evaluate de�cits in work performance.
Total scores of 7–13 were classi�ed as normal, and scores ≥14 suggested possible impairments in work
performance (14–20, mild; 21–27, moderate; and 28–35, severe). The gray, blue, and orange colors show
the distribution of WFun scores for all subjects, males, and females, respectively. The intensity of the
color relates to the severity of impairments in work performance.

Chi-square test was applied to compare the distributions of WFun scores by sex and age group.
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Figure 5

Prevalence of psychological distress assessed using the K6 questionnaire

The 6-item Kessler Psychological Distress Scale (K6) was developed to screen for mood and anxiety
disorders. Total scores of 0–4 were classi�ed as normal, and scores ≥5 suggested possible mood and
anxiety disorders (5–9, mild; 10–14, moderate; and 15–24, severe). The gray, blue, and orange colors
show the distribution of K6 scores for all subjects, males, and females, respectively. The intensity of the
color relates to the severity of psychological distress.

Chi-square test was applied to compare the distributions of K6 scores by sex and age group. Asterisk (*)
indicates statistically signi�cant difference (p<0.05).
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