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Introduction: The coronavirus disease 2019 (COVID-19) pandemic has had

widespread physical and psychological repercussions. Additionally, long COVID

symptoms such as fatigue, dyspnea, and cognitive impairment have been well-

documented; however, their associations with mental health symptoms remain

unclear. This study investigated the relationships between long COVID and

symptoms of anxiety, depression, and COVID-19-related fear using validated

psychological assessment tools.

Methods: This nationwide, prospective cohort study enrolled 1,066 individuals

who recovered from COVID-19. The participants completed self-report

questionnaires at 3, 6, and 12 months after diagnosis. Long COVID symptoms

and psychological status were assessed using the Hospital Anxiety and

Depression Scale (HADS) and Fear of COVID-19 Scale (FCV-19S). Statistical

analyses were used to examine associations between long COVID symptoms

and psychological scores while accounting for clinicodemographic factors.

Results: Three months after diagnosis, 20.1% of the participants exhibited high

anxiety (HADS-Anxiety [A] score ≥ 8), 23.6% had high depression (HADS-

Depression [D] score ≥ 8), and 35.3% reported high levels of COVID-19-related

fear (FCV-19S score ≥ 21). High HADS-A and HADS-D scores were significantly

associated with younger age, female sex, and mild initial illness severity.
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Individuals with high HADS scores reported significantly greater long COVID

symptoms; headaches and fatigue were associated with high anxiety scores and

impaired concentration was associated with high depression scores.

Conclusions: This study highlighted the significant associations between mental

health symptoms and long COVID, emphasizing the need for integrated

psychological support in post-COVID care. Addressing anxiety, depression, and

fear-related concerns may contribute to improved management of long COVID

symptoms and enhance overall patient well-being.
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1 Introduction

Coronavirus disease 2019 (COVID-19) caused a global

pandemic, which has led to severe health consequences for many

individuals (1). After recovery from the acute infection phase, some

patients experience persistent symptoms, collectively known as long

COVID. The symptoms of long COVID include fatigue, breathing

difficulties, impaired concentration, chest discomfort, joint pain,

muscle pain, headaches, altered senses of smell and taste, sleep

disturbances, fever, chills, sore throat, digestive complaints, and

skin manifestations, which significantly diminish an individual’s

quality of life (2).

In addition to its physical impacts, concerns have been raised

regarding the potential mental health consequences of COVID-19

(3). Anxiety, fear, and social isolation related to physical illness can

exacerbate psychological distress, leading to symptoms of anxiety

and depression in many patients (4, 5). Moreover, these mental

health challenges are associated with reduced labor productivity (6),

highlighting their broader societal implications beyond individual

well-being.

Long COVID is now increasingly recognized as a condition

with both physical and psychological components. Persistent

symptoms such as fatigue, dyspnea, and cognitive impairment

may contribute to the development or worsening of anxiety,

depression, and disease-specific fear. These domains are likely

interrelated, yet their interactions have not been fully elucidated.

Current evidence addressing the relationship between physical

manifestations of long COVID and mental health outcomes is

limited. Few studies have examined how clinical and

demographic factors influence susceptibility to psychological

distress in this population (7, 8). Clarifying these associations is

essential to identify at-risk groups, guide targeted interventions, and

reduce the long-term burden of the pandemic.

Therefore, this study investigated the associations between long

COVID and symptoms of anxiety, depression, and COVID-19-

related fear and identified clinicodemographic factors associated

with heightened susceptibility to these psychological symptoms.

Enhancing our understanding of these relationships is essential for
02
improving mental health assessments and facilitating effective

support in clinical practice.
2 Materials and methods

2.1 Study design and participants

The detailed eligibility criteria for this study have been

described previously (9). This prospective, nationwide cohort

study enrolled participants aged 18 years and older. Eligible

participants were admitted and discharged with a confirmed

COVID-19 diagnosis based on positive polymerase chain reaction

or antigen testing for severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) between January 2020 and February

2021 at 26 participating medical institutions.

Invitations for participation in this study were sent via mail to

all eligible inpatients at the participating hospitals within a defined

period. Patients who provided informed written consent were

invited to complete a questionnaire either in paper format (paper

patient-reported outcome [pPRO]) or via a smartphone application

(electronic patient-reported outcome [ePRO]) at 3, 6, and 12

months after their diagnosis.

This study was approved by the Ethics Committee of Keio

University School of Medicine (approval: #20200243). In addition,

ethical approval and permissions to conduct the study were

obtained from the institutional review boards of all the

participating institutions.
2.2 Patient enrollment and questionnaire
collection status

Overall, 2,923 study invitations were mailed from Keio

University and 25 participating hospitals. Informed written

consent was obtained from the 1,196 participants, and 1,066 valid

medical records were collected from the electronic data capture

system. Questionnaires were returned via pPRO or ePRO methods
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from 1,109, 1,034, and 840 patients at 3-, 6-, and 12-months post-

diagnosis, respectively. Ultimately, 1,066 patients with complete

medical information and 3-month post-diagnosis PRO data were

included in the analyses.
2.3 Questionnaire

The following symptoms were identified after the COVID-19

diagnosis: fever (>37 °C); cough; sputum; breathlessness (dyspnea);

hypersensi t iv i ty to sound, l ight , and smel l (sensory

hypersensitivity); weakness and fatigue (fatigue); hair loss

(alopecia); joint pain (arthralgia); muscle pain (myalgia); difficulty

with strength (muscle weakness); head pain (headache); sore throat;

r inging in the ears (t innitus) ; loss of consciousness

(unconsciousness); abdominal pain; diarrhea; skin manifestations,

such as bumps or redness (rash); numbness; eye-related symptoms

(eye pain, itching, foreign body sensation, redness, watery eyes, and

discharge); memory loss and difficulty finding words (memory

impairment); and reduced ability to think and concentrate

(poor concentration).

Participants were asked to indicate the presence of each

symptom at the time of hospitalization and at 3, 6, and 12

months after diagnosis. Symptom duration was categorized into

six time periods: <1 week, 1 week–1 month, 1–3 months, 3–6

months, 6–12 months, and >12 months. In this study, individuals

who reported symptoms lasting at least 3 months from the initial

onset were classified as having long COVID symptoms.

To investigate the mental health effects of COVID-19, we

employed two validated instruments: the Hospital Anxiety and

Depression Scale (HADS) and the Fear of COVID-19 Scale

(FCV-19S). The HADS is a widely used tool for quantitatively

assessing anxiety and depression (10), with proven validity and

reliability in Japanese populations (11). The FCV-19S, a brief and

easy-to-administer measure, specifically quantifies fear related to

COVID-19 and is suitable for both research and clinical use (12).

Participants completed questionnaires incorporating these scales,

along with other internationally validated measures of mental

health-related quality of life. A HADS-Depression [D] score ≥ 8

was classified as high depression, HADS-Anxiety [A] score ≥ 8 as

high anxiety (13), and FCV-19S score ≥ 21 as high fear (12).
2.4 Statistical analyses

The baseline characteristics were summarized using the median

and interquartile range for continuous variables and counts with

proportions for categorical variables. Continuous variables were

compared using Student’s t-test, whereas categorical variables were

analyzed using the chi-squared test.

For the longitudinal analyses, a generalized mixed-effects model

for repeated measures was employed, utilizing a logit link function

and assuming an unstructured covariance matrix for each visit. This

approach evaluated the impact of the post-acute sequelae and

patient characteristics on anxiety and depression while accounting
Frontiers in Psychiatry 03
for missing data. If model convergence was not achieved, the

covariance structure was adapted sequentially to Toeplitz,

heterogeneous compound symmetry, first-order autoregressive,

compound symmetry, and variance component until convergence

was reached. The model included time, age, sex, smoking, oxygen

requirement, comorbidity, use of antiviral drugs, education, use of

steroids, fever, cough, sputum, dyspnea, sensory hypersensitivity,

fatigue, alopecia, arthralgia, myalgia, muscle weakness, headache,

sore throat, tinnitus, unconsciousness, abdominal pain, rash,

numbness, eye-related symptoms, memory impairment, poor

concentration, sleeping disorders, taste disorders, olfactory

disorders, and diarrhea, and interaction terms between time and

other variables as fixed effects. Adjusted odd ratios (ORs) and their

95% confidence intervals (CIs) for associations with the outcomes

over time were estimated.

All statistical analyses were performed using SPSS version 26

(IBM Corp., Armonk, NY, USA) and SAS version 9.4 (SAS

In s t i t u t e , Ca r y , NC , USA) . P - v a l u e s < 0 . 05 we r e

considered significant.
3 Results

3.1 Participant characteristics

The participant characterist ics are summarized in

Supplementary Table S1. A total of 1,066 individuals who

recovered from COVID-19 participated in this study. The

participant mean age was 56 years; 387 were women (36.3%) and

679 were men (63.7%). Overall, 374 (36.8%) participants reported a

history of smoking.

The most commonly observed comorbidities were hypertension

(344 participants, 32.3%), diabetes mellitus (178 participants,

16.7%), chronic kidney disease (46 participants, 4.3%), and

bronchial asthma (55 participants, 5.2%). Overall, 343

participants (32.2%) had severe COVID-19 requiring oxygen

supplementation. Additionally, 328 participants (30.8%) received

systemic corticosteroid therapy, and 358 (33.3%) were treated with

antiviral agents.
3.2 HADS scores

Three months after diagnosis, 203 participants (20.1%)

exhibited high HADS-A scores (≥8) (Supplementary Table S2).

The mean HADS-A and HADS-D scores were 4.4 ± 3.9 and 4.5 ±

4.2, respectively. The mean HADS-A scores underwent a gradual

decline at 3, 6, and 12 months (4.4, 4.2, 4.0) (Figure 1). Participants

with high HADS-A scores were generally younger and had lower

rates of oxygen supplementation, corticosteroid usage, and antiviral

therapy across all time points. At 12 months, this group also

exhibited a lower prevalence of hypertension (29.2% vs. 37.8%)

and diabetes (12.3% vs. 18.5%).

Similarly, at 3 months, 236 participants (23.6%) had high

HADS-D scores (≥8) (Supplementary Table S3). The mean
frontiersin.org
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HADS-D scores also showed a gradual decrease over time (4.5, 4.4,

4.3) (Figure 1). At 6 months, participants with high HADS-D scores

were younger (54.3 ± 18.0 vs. 57.1 ± 16.0), had a lower body mass

index (BMI) (23.8 ± 4.7 vs. 24.4 ± 4.0), and lower rates of oxygen

supplementation(26.9% vs. 33.4%). Furthermore, the frequency of
Frontiers in Psychiatry 04
corticosteroid and antiviral therapy use was lower in this group at 6

and 12 months.
3.3 FCV-19S and its association with HADS
scores

The mean FCV-19S score was 17.9 ± 5.9. The FCV-19S scores

were elevated (≥21) in 35.3% of participants, with no discernible

downward trend observed at 3, 6, or 12 months (17.9, 17.5, 17.4)

(Supplementary Figure S1). Participants with high FCV-19S scores

were generally older, frequently women, and underwent oxygen

supplementation, corticosteroid administration, and antiviral agent

administration at higher rates. These participants also exhibited a

greater prevalence of comorbidities, including hypertension,

diabetes, and hyperuricemia (Supplementary Table S4).

Although the characteristics of the participants with high FCV-

19S scores differed from those with high HADS-A or HADS-D

scores, participants with high HADS-A and HADS-D scores

exhibited elevated FCV-19S scores. Moderate correlation was

identified between HADS-A, and FCV-19S scores (correlation

coefficient = 0.45, p < 0.0001), and similarly between HADS-D

and FCV-19S (correlation coefficient = 0.38, p < 0.0001)

(Supplementary Figure S2).
3.4 Association between HADS scores and
long COVID

The analysis across 3, 6, and 12 months revealed that the

characteristics and long COVID symptoms associated with high

HADS-A scores included younger age (OR, 0.94; 95% CI, 0.88-

1.00), headache (OR, 1.80; 95%CI, 1.10-2.95), and fatigue (OR, 1.77;

95%CI, 1.18-2.66) (Figure 2). Interestingly, factors such as age,

oxygen supplementation, corticosteroid use, and antiviral agent use,

which differed significantly between the high and low HADS-A

groups (Supplementary Table S2), were not associated with high

HADS-A scores in this analysis.

For HADS-D, high scores were associated with younger age

(OR, 0.92; 95%CI, 0.85-1.00) and impaired concentration (OR, 3.01;

95%CI, 1.43-6.34) (Figure 3). Similarly, factors such as BMI, oxygen

supplementation, corticosteroid use, and antiviral agent use, which

differed significantly between the high and low HADS-D groups

(Supplementary Table S3), were not associated with high HADS-D

scores in this analysis.

The relationships between the 24 sequelae symptoms and

HADS scores were also examined. The participants with higher

HADS-A scores reported significantly greater long COVID

symptoms at 3, 6, and 12 months than those with low scores

(Figure 2). A similar trend was observed in participants with high

HADS-D scores (Figure 3).

High FCV-19S scores were associated with female sex (OR, 0.52;

95%CI, 0.31-0.89) and headache (OR, 3.45; 95%CI, 1.31-9.09)

(Supplementary Figure S3). Additionally, participants with high

FCV-19S scores reported significantly greater long COVID
FIGURE 1

Longitudinal changes in the HADS-A and HADS-D scores. This
figure illustrates the changes in Hospital Anxiety and Depression
Scale-Anxiety (HADS-A) and Depression (HADS-D) scores over time,
measured at 3, 6, and 12 months post-diagnosis.
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symptoms at 3, 6, and 12 months than those with low scores

(Supplementary Figure S3).
4 Discussion

This study highlighted the association between mental health,

as assessed by the HADS, and the prevalence of post-COVID

symptoms by conducting a longitudinal evaluation of individuals

recovering from COVID-19. Notably, this was the first study to

demonstrate that individuals with high HADS-A and HADS-D
Frontiers in Psychiatry 05
scores consistently experienced multiple post-COVID symptoms

over time. Furthermore, these individuals tended to exhibit

elevated scores on the FCV-19S, a tool specifically designed to

measure fear related to COVID-19 infection. These findings

underscore the significant relationship between mental health

and post-COVID symptoms, which was quantified using

validated indices. Although there are several previous studies

showing an association between long COVID symptoms and

mental health (14–17), this study conducted a longitudinal

analysis over 12 months and used multiple assessment tools to

robustly clarify this association.
FIGURE 2

Association between HADS-A and long COVID symptoms. (A) Specific long COVID symptoms associated with high HADS-A scores. (B) Relationship
between the HADS-A scores and the number of long COVID symptoms reported by the participants. **** P < 0.0001. COVID, coronavirus disease;
HADS-A, Hospital Anxiety and Depression Scale-Anxiety.
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The participants with high HADS-A and HADS-D scores

shared similar characteristics, including younger age, female sex,

and mild severity of illness. Previous studies have reported that

younger individuals are more likely to exhibit elevated HADS scores

(18), potentially due to heightened vulnerability to social stressors

and uncertainties about the future (19). Similarly, women are more

prone to higher HADS scores than men (20), possibly due to factors

such as life events (pregnancy and childbirth), hormonal

fluctuations, and exposure to social stressors at home or work

(21). The stress and anxiety induced by COVID-19 may have
Frontiers in Psychiatry 06
exacerbated these pre-existing vulnerabilities, particularly in

younger individuals and women.

The elevated HADS scores in individuals with mild COVID-19

suggest that even those with less severe illness may experience

significant mental health challenges. Younger individuals, who are

more frequently represented among mild cases, may contribute to

this trend. These findings emphasize the importance of addressing

the mental health of individuals with mild COVID-19, a group that

is often overlooked in clinical practice. Similar trends have been

noted in previous studies, which linked younger age and female sex
FIGURE 3

Association between the HADS-D and long COVID symptoms. (A) Specific long COVID symptoms associated with high HADS-D scores. (B)
Relationship between HADS-D scores and the number of long COVID symptoms reported by the participants. **** P < 0.0001. COVID, coronavirus
disease; HADS-D, Hospital Anxiety and Depression Scale-Depression.
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to higher levels of anxiety and depression (14) and reported a

greater prevalence of anxiety and depression in mild cases

compared with severe cases requiring hospitalization (22).

The participants with high HADS-A and HADS-D groups also

exhibited elevated FCV-19S scores. As mentioned earlier, the FCV-

19S provides a quantitative assessment of COVID-19-specific fears.

This suggests that individuals experiencing general anxiety and

depressive symptoms may be more susceptible to an intensified fear

of COVID-19 infection, potentially exacerbating their psychological

distress. Conversely, the heightened fear and uncertainty

surrounding COVID-19 may act as a psychological stressor,

contributing to the onset or worsening of general anxiety and

depressive symptoms. Although prior studies have evaluated

HADS-A and HADS-D in individuals with COVID-19 (23–25),

only few have explored the multifaceted relationships among

mental health symptoms, fear of COVID-19, and post-COVID

symptoms (7, 17). This study is significant because it assessed

anxiety and depressive symptoms and fear of COVID-19 over

time, examined their interrelationships, and evaluated their

association with post-COVID sequelae.

The findings of the present study indicated that individuals with

high HADS-A and HADS-D scores were not only prone to vague

feelings of insecurity and depression but also experienced specific

fears and anxieties about COVID-19. This underscores the need for

educational interventions targeting individuals with persistent

mental health symptoms after COVID. Previous studies have

shown that patient education improves the quality of life of

COVID-19 survivors (26), suggesting the potential benefit of

providing accurate information about COVID-19 to mitigate

psychological distress.

In the analysis of the relationship between mental health and

long COVID symptoms, individuals with high HADS-A and

HADS-D scores reported a significantly greater number of

symptoms. Specifically, high HADS-A scores were associated with

headaches and fatigue, whereas high HADS-D scores were linked to

impaired concentration. Headaches are frequently triggered by

stress and anxiety, possibly due to sympathetic nervous system

imbalances or muscle tension induced by stress responses (27).

Impaired concentration is a hallmark symptom of depression.

These findings suggest a strong relationship between mood and

anxiety symptoms and long COVID. The role of stress in

exacerbating physical symptoms has been well-documented (28),

emphasizing the importance of addressing mental health

complementary to direct treatment of post-COVID symptoms.

However, individuals with certain physical illnesses or symptoms

have a higher incidence of mental disorders (29), suggesting that

these physical conditions may contribute to depression onset.

This study had a few limitations. First, the baseline mental

health status prior to COVID-19 was not recorded, encumbering

assessment of the extent of changes in HADS scores compared to

pre-COVID levels. As a result, the causal relationship between

COVID-19 infection, post-COVID conditions, and mental health

symptoms remains uncertain. It cannot be ruled out that this only

reflects the mental state prior to COVID-19 infection, and the lack
Frontiers in Psychiatry 07
of such data is a major limitation. Second, the study focused on

individuals infected with the Delta variant of SARS-CoV-2 between

January 2020 and February 2021. Future analyses of other variants,

such as Omicron BA.1, BA.2, and BA.5, would strengthen the

generalizability of the findings.

In conclusion, this study underscores the critical importance of

understanding the mental health of individuals with post-COVID

conditions. Recognizing the psychological needs of these

individuals and providing comprehensive support and education

may improve the management of post-COVID conditions.

Specifically, in clinical practice, it may be useful to provide early

intervention by psychiatrists and psychologists to patients with

multiple long COVID symptoms. Future research is warranted to

determine whether psychological interventions can directly alleviate

long COVID symptoms.
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