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Abstract

Objective: To reveal the clinical features and assess risk factors linked to brain

fog and its societal implications, including labor productivity, providing valu-

able insights for the future care of individuals who have experienced coronavi-

rus disease 2019 (COVID-19). Methods: We analyzed a comprehensive cohort

dataset comprising 1,009 patients with COVID-19 admitted to Japanese hospi-

tals. To assess brain fog, we analyzed patients who responded to a questionnaire

indicating symptoms such as memory impairment and poor concentration.

Results: The prevalence of brain fog symptoms decreased 3 months posthospi-

talization but remained stable up to 12 months. Neurological symptoms such

as taste and smell disorders and numbness at hospitalization correlated with a

higher frequency of identifying brain fog as a long COVID manifestation. Our

findings indicated that advanced age, female sex, a high body mass index, oxy-

gen required during hospitalization, chronic obstructive pulmonary disease,

asthma, and elevated C-reactive protein and elevated D-dimer levels were risk

factors in patients exhibiting brain fog. Additionally, we demonstrated the nega-

tive impact of brain fog on labor productivity by presenteeism scores. Interpre-

tations: This study clarified the clinical characteristics of patients experiencing

brain fog as a long COVID manifestation, specifically emphasizing neurological

symptoms during hospitalization and their correlation with brain fog. Addition-

ally, the study identified associated risk factors for its onset and revealed that

the emergence of brain fog was linked to a decline in labor productivity.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic,

originated in Wuhan, China, in December 2019, has led

to infections and deaths worldwide, including in Japan1.

Long-lasting effects of COVID-19, commonly referred to

as long COVID, manifest in a range of symptoms includ-

ing persistent fatigue, breathing difficulty, muscle pain,

headache, anxiety, depression, and taste and smell

disorders2,3. Such systemic symptoms may persist even in

mild outpatient cases for 3–24 months4–6 and can

decrease patients’ quality of life and contribute to health

and social burdens7. According to the World Health

Organization (WHO), the term “post-COVID condition”

describes symptoms that continue for >12 weeks postre-

covery from infection and that cannot be attributed to

other medical conditions. Reports suggest that 10–30% of

individuals who have recovered from an infection con-

tinue to experience long COVID symptoms8. “Brain fog,”

a neurological symptom of long COVID, has particularly

gathered attention.

Although lacking precise diagnostic criteria and defini-

tions, brain fog refers to symptoms like memory impair-

ment, poor concentration, dissociative phenomena,

cognitive “slowness” and excessive effort, and communi-

cation difficulties9–13. Factors such as age14–18, COVID-19

severity16,18–20, prolonged hospitalization18, and preexist-

ing conditions (depression, anxiety, hyperlipidemia, car-

diovascular disease, chronic obstructive pulmonary

disease, and asthma)15,16,18,20,21 are reported as potential

risk factors for brain fog. Moreover, patients with brain

fog often exhibit concomitant respiratory and gastrointes-

tinal symptoms21,22. Hypotheses for the pathogenesis of

the condition include direct neural damage by the virus,

the presence of residual viral fragments, autoantibody

production, inflammation, blood–brain barrier disrup-

tion, microvascular inflammation, and hypoxia20,23. Medi-

cal professionals increasingly recognize postinfectious

brain fog symptoms, often associated with chronic fatigue

syndrome24,25. In clinical practice, patients with symp-

toms such as memory impairment, poor concentration,

and impaired executive function experience difficulties in

their daily lives, including work26. Identifying individuals

at a higher risk of developing brain fog is considered use-

ful for appropriately allocating healthcare and administra-

tive resources, particularly to provide medical care for

patients with COVID-19.

Some risk factors, such as the severity of the COVID-

19 in the acute phase and female, have consistently been

reported in previous studies15,27. However, several other

risk factors remain controversial. Firstly, the factors

considered in the analyses, including background

information, additional symptoms, and test results during

hospitalization, varied among the reports. Second,

although the impact of brain fog on employment is sig-

nificant, detailed reports, including quantitative scoring,

are limited. Third, research on brain fog is scarce in

Japan, and whether the findings of overseas studies apply

to the Japanese population remains uncertain. To address

these three items, clarifying the societal impact of brain

fog is crucial, as it aids in identifying patient groups in

need of support.

To elucidate these points, we utilized a large cohort

dataset of longitudinal questionnaire responses collected

>12 months from patients with COVID-19 in Japan28,29.

We analyzed the dataset to determine factors that may

increase patients’ brain fog risk based on their back-

ground information. Clinically, we have observed that

patients with specific combinations of symptoms during

hospitalization, particularly those involving neurological

symptoms, have tended to experience brain fog as part of

long COVID. Furthermore, we assessed the impact of

brain fog on labor productivity and revealed its negative

effect using the WHO’s presenteeism score30,31.

Methods

Patients

We utilized data from a prospective nationwide observa-

tional study conducted in Japan28,29. The detailed proto-

col for this study has been previously reported28. The

study was conducted from January 2020 to the end of

February 2021, encompassing 26 participating medical

institutions and targeting confirmed cases of COVID-19

(diagnosed via SARS-CoV-2 polymerase chain reaction

[PCR] or antigen testing). The 26 participating facilities

that received ethical approval and research authorization

sent research invitations via mail to patients aged

≥18 years postdischarge. Those who consented were asked

to complete a questionnaire regarding the presence or

absence of symptoms, socioeconomic background, and to

complete a survey based on a scoring system, including

the World Health Organization Health and Work Perfor-

mance Questionnaire (WHO-HPQ), on paper or via a

smartphone application at 3, 6, and 12 months postdiag-

nosis. Additionally, symptoms during hospitalization

were simultaneously assessed in a survey conducted at

3 months postdiagnosis. Comprehensive medical informa-

tion covering 168 clinical survey items at each facility was

collected from each medical institution through an elec-

tronic data system. Data concerning cognitive impairment

or psychiatric disease prior to COVID-19 were not col-

lected uniformly, but information concerning these
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conditions was collected from the open-ended fields in

relation to medical history.

We obtained consent from 1,200 individuals to partici-

pate in the survey, with 1066 cases having matched partial

survey responses and medical information29. In this study,

we analyzed 1,009 cases in which information regarding

“memory impairment” and “poor concentration” was

available from patients at least once (Fig. S1).

Questionnaire

This study assessed 24 representative symptoms and other

symptoms, if present, following COVID-19 diagnosis,

including cough; sputum production; shortness of breath

(dyspnea); sensitivity to sound, light, and smell (sensory

hypersensitivity); fatigue and malaise; hair loss; joint pain;

muscle pain; muscle weakness; headache; sore throat; ear

ringing; altered consciousness; abdominal pain; diarrhea;

rash; numbness in hands or feet; eye-related symptoms

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

watery eyes); memory impairment (forgetfulness and dif-

ficulty finding words); and poor concentration (decreased

thinking and concentration abilities)29.

Notably, the term “brain fog” was not explicitly included

among the 24 symptoms and specific diagnostic criteria or

definitions for “brain fog” were not established10,11,13.

Although its definition remains incomplete, the term

“brain fog” is widely used. Previous reports have com-

monly encompassed a spectrum of brain fog experiences,

including patients exhibiting symptoms such as “memory

impairment” and “poor concentration.”13 In line with pre-

vious studies, we defined the experience of brain fog as the

presence of either symptom.

WHO-HPQ

The globally recognized WHO-HPQ serves as an indicator

to assess current work performance and was utilized to

conduct evaluations. We employed the Japanese version

of the translated WHO-HCP criteria to assess presentee-

ism, evaluating brain fog’s effect on work30–32. We

administered the questionnaire following the report by

Suzuki and colleagues, in which patients were asked two

questions to assess their presenteeism: Question 1, on a

scale from 0 to 10, where 0 is the worst job performance

anyone could achieve in your job, and 10 is the perfor-

mance of a top worker, how would you rate the usual

performance of most workers in a job similar to your

job?; and Question 2, using the same 0–10 scale, how

would you rate your overall job performance on the days

you worked during the past 4 weeks (28 days)?

Based on these two questions, we calculated relative

and absolute presenteeism, in which relative presenteeism

comprised Questions 2 and 1 and absolute presenteeism

equaled Questions 2 9 10. For relative presenteeism,

values <0.25 were set to 0.25, and values >2.0 were set to

2.0. A score of 0.25 represented the lowest relative perfor-

mance, signifying ≤25% compared to the performance of

other workers, whereas a score of 2.0 indicated the high-

est level of performance, signifying ≥200%. While for

absolute presenteeism, the score ranged from 0 to 100, in

which 0 represented complete performance loss, and 100

represented the absence of any performance deficit.

Definition of variables

Continuous variables included age, body mass index

(BMI), D-dimer, fibrinogen, and C-reactive protein

(CRP) levels, and absolute and relative presenteeism.

Patient admission data concerning D-dimer, fibrinogen,

and CRP levels were collected from each participating

facility. However, upon summarizing patient characteris-

tics in stratified groups, we categorized age into three

groups: young (18–40 years), middle-aged (41–64 years),

and older adults (≥65 years). Similarly, BMI was classified

in four groups: underweight (<18.5 kg/m2), normal range

(18.5–24.99 kg/m2), pre-obese (25–29.99 kg/m2), and

obese (≥30 kg/m2). Educational level was categorized as

having a Bachelor’s degree or higher, or lower than a

Bachelor’s degree, while work types were divided into reg-

ular and nonregular employment.

Binary variables included sex, comorbidities (asthma,

immunodeficiency, chronic obstructive pulmonary disease

[COPD], cardiovascular disease [CVD]), intensive care

unit [ICU] admission, oxygen requirement during hospi-

talization, and long COVID symptoms during hospitaliza-

tion (memory impairments, poor concentration, and

brain fog). We categorized oxygen requirements during

hospitalization into two groups: patients without the need

for oxygen and those with oxygen requirements. For the

longitudinal outcome measures, we included memory

impairments, poor concentration, and brain fog during

hospitalization and at 3, 6, and 12 months posthospitali-

zation. The four time points for “visits” were specified to

be during hospitalization, and at 3, 6, and 12 months.

Statistical analysis

Patient characteristics were summarized using means and

standard deviations for continuous variables and numbers

and percentages for categorical variables. The association

between candidate risk factors and the presence of brain

fog was evaluated using a generalized linear mixed-effects

model (GLMM) with a logit-link function for memory

impairment or poor concentration. We included visits,

age, BMI, D-dimer, fibrinogen, and CRP levels, sex,
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asthma, immunodeficiency, COPD, CVD, ICU

admission, and oxygen requirement as covariates in the

GLMM. These covariates were selected based on potential

risk factors identified from previous studies

(Table S1)12,14–22,27,33–37. We specified an unstructured

covariance matrix for the GLMM. If convergence was not

achieved, we then used a first-order autoregressive struc-

ture, and if that also failed, a compound symmetry

structure.

Mixed-effects models for repeated measures (MMRM)

were employed to examine the association between abso-

lute or relative presenteeism at 3, 6, and 12 months and

brain fog, memory impairment, or poor concentration

during hospitalization. For the MMRM, we incorporated

covariates identical to those in the GLMM, adding an

interaction term between visits and brain fog during hos-

pitalization. The variance–covariance structure of the

MMRMs was specified as unstructured. As a sensitivity

analysis, we also conducted a complete case analysis using

the same model. All analyses were performed using SAS

(v.9.4; SAS Institute, Cary, NC, USA) at a two-sided 5%

significance level.

Results

Patient characteristics

The number of study respondents decreased over time

(1,009 patients during hospitalization, 924 at 3 months,

865 at 6 months, and 724 at 12 months). Patient charac-

teristics were compared based on the presence or absence

of brain fog, memory impairment, or poor concentration

at 3 months postdiagnosis (Table 1). The respective

patient characteristics are summarized for the overall

group and for each brain fog, memory impairment, and

poor concentration subgroup. Owing to missing data at

various time points, only patient background data con-

cerning 690 patients who completed the questionnaire at

all time points are summarized. Study patients comprised

young (19.0%), middle-aged (45.7%), and older (35.1%)

adults, and patients of unknown age (0.2%). In total,

11.9% of patients required oxygen support, and 63.3% of

patients were male. The highest level of education

attained was a bachelor’s degree or higher, with percent-

ages of 51.7% (522/1009) or 54.3% (522/962). In terms of

employment, the proportion of regular employees was

50.3% (508/1009) or 68.6% (508/740) (Table 1). Among

patients with brain fog, 11.9% required oxygen support,

and 63.3% were male. The prevalence of specific condi-

tions included CVD at 6.4%, autoimmune disorders at

1.9%, COPD at 3.2%, asthma at 5.4%, and ICU admis-

sion at 9.7%. Laboratory findings showed the mean value

of CRP levels at 4.24 mg/dL, D-dimer at 1.44 lg/mL, and

fibrinogen at 485.75 mg/dL. Of 119 patients with brain

fog, two had a history of psychiatric disease (one with

panic disorder and one with insomnia), and no patients

had a history of dementia. Of 890 patients without brain

fog, nine had a history of psychiatric disease (five with

depression, two with schizophrenia, one with anxiety dis-

order, and one with unspecified psychiatric disease), and

six had a history of dementia.

Frequency and trends of brain fog

Next, we determined the number of individuals with

brain fog, memory impairment, or poor brain concen-

tration (Fig. 1A). The frequency of individuals reporting

brain fog symptoms decreased from 26.3% during hospi-

talization to 12.2% at 3 months postdiagnosis. However,

6 months postdiagnosis, it remained constant at 13.0%,

and at 13.1% at 12 months postdiagnosis, indicating that

the proportion of individuals with brain fog remained

stable at 3 months postdiagnosis. When focusing on

each symptom, memory impairment slightly increased

from 3 to 12 months after diagnosis (6.9% at 3 months,

7.5% at 6 months, and 8.1% at 12 months). Poor con-

centration consistently decreased up to 12 months post-

diagnosis, although the rate of decrease between 6 and

12 months was modest (10.4% at 3 months, 10.9% at

6 months, and 9.1% at 12 months). Some patients

exhibited brain fog symptoms (memory impairment or

poor concentration) that emerged during the follow-up

period.

A graph was used to visualize symptom differences

between patients with or without brain fog. Patients with

brain fog generally had more symptoms compared with

those without brain fog (Fig. S2).

The relationship between the symptoms of memory

impairment or poor concentration during hospitalization

and at 3, 6, and 12 months after diagnosis was visual-

ized using Venn diagrams (Fig. 1B). During hospitaliza-

tion, most individuals who reported memory

impairment also presented poor concentration. However,

as time passed, during hospitalization and at 3, 6, and

12 months after diagnosis, the number of individuals

with poor concentration decreased (139, 51, 47, and 25).

Furthermore, the number of cases with only memory

impairment remained unchanged (20, 17, 20, and 23).

On the contrary, concerning poor concentration, almost

half of the cases had memory impairment throughout

the observation period.

Brain fog has been reported to have a strong associa-

tion with fatigue38. We analyzed the association between

fatigue and brain fog in our study cohort and identified

>40% of patients with brain fog who reported experienc-

ing fatigue (Fig. S2).
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Table 1. Baseline characteristics of all patients.

All (n = 1009)

Brain fog (�) at 3

months (n = 816)

Brain fog (+) at 3

months (n = 119)

Memory

impairment

(n = 68)

Poor

concentrarion

(n = 102)

Answer at all time

point (n = 690)

Severity (n (%))

Oxygen not

required

881 (87.3) 715 (87.6) 94 (79.0) 50 (73.5) 80 (78.4) 599 (86.8)

Oxygen

required

120 (11.9) 94 (11.5) 24 (20.2) 18 (26.5) 21 (20.6) 86 (12.5)

Missed 8 (0.8) 7 (0.9) 1 (0.8) 0 (0) 1 (1.0) 5 (0.7)

Age group (n (%))

Young (18–

40)

192 (19.0) 153 (18.8) 21 (17.6) 9 (13.2) 21 (20.6) 108 (15.7)

Middle (41–

64)

461 (45.7) 377 (46.2) 56 (47.1) 29 (42.7) 48 (47.0) 323 (46.8)

Eldery (64<) 354 (35.1) 285 (34.9) 42 (35.3) 30 (44.1) 33 (32.4) 259 (37.5)

NA 2 (0.2) 1 (0.1) 0 (0) 0 (0) 0 (0) 0 (0)

BMI (n (%))

Underweight

(<18.5)

49 (4.9) 36 (4.4) 8 (6.7) 4 (5.9) 8 (7.8) 29 (4.2)

Normal (18.5

–24.99)

538 (53.3) 437 (53.6) 60 (50.4) 35 (51.5) 53 (52.1) 374 (54.2)

Pre-obese (25

–29.99)

284 (28.1) 235 (28.8) 33 (27.7) 21 (30.9) 25 (24.5) 204 (29.6)

Obese (30<) 79 (7.8) 95 (11.6) 15 (12.6) 5 (7.3) 13 (12.7) 48 (7.0)

NA 59 (5.8) 13 (1.6) 3 (2.5) 3 (4.4) 3 (2.9) 35 (5.1)

Smoke (n (%))

Current 108 (10.7) 88 (10.8) 14 (11.8) 11 (16.2) 10 (9.8) 72 (10.4)

Past 248 (28.1) 206 (25.2) 28 (23.5) 17 (25.0) 23 (22.5) 178 (25.8)

Sex (n (%))

Male 639 (63.3) 522 (64.0) 73 (61.3) 41 (60.3) 60 (58.8) 428 (62.0)

Female 370(36.7) 294 (36.0) 46 (38.7) 27 (39.7) 42 (41.2) 262 (38.0)

HT (n (%))

Yes 334 (33.1) 282 (34.6) 34 (28.6) 24 (35.3) 26 (25.5) 242 (35.1)

No 668 (66.2) 528 (64.7) 84 (70.6) 44 (64.7) 75 (73.5) 444 (64.3)

NA 7 (0.7) 6 (0.7) 1 (0.8) 0 (0) 1 (1.0) 4 (0.6)

DM (n (%))

Yes 172 (17.0) 136 (16.7) 21 (17.6) 18 (26.5) 14 (13.7) 109 (15.8)

No 827 (82.0) 672 (82.4) 96 (80.8) 49 (72.0) 87 (85.3) 573 (83.0)

NA 10 (1.0) 8 (0.9) 2 (1.6) 1 (1.5) 1 (1.0) 8 (1.2)

CVD (n (%))

Yes 64 (6.3) 56 (6.9) 3 (2.5) 3 (4.4) 2 (1.9) 41 (6.0)

No 937 (92.9) 754 (92.4) 114 64 (94.1) 99 (97.1) 628 (91.0)

NA 8 (0.8) 6 (0.7) 2 (1.6) 1 (1.5) 1 (1.0) 21 (3.0)

Malignancy (n (%))

Yes 69 (6.8) 53 (6.5) 6 (5.0) 2 (2.9) 6 (5.9) 39 (5.7)

No 931 (92.3) 757 (92.8) 110 (92.4) 65 (95.6) 93 (91.2) 646 (93.6)

NA 9 (0.9) 6 (0.7) 3 (2.5) 1 (1.5) 3 (2.9) 5 (0.7)

Autoimmune disease (n (%))

Yes 19 (1.9) 15 (1.8) 3 (2.5) 3 (4.4) 2 (1.9) 10 (1.4)

No 980 (97.1) 794 (97.3) 114 (95.8) 64 (94.1) 99 (97.1) 673 (97.5)

NA 10 (1.0) 7 (0.9) 2 (1.7) 1 (1.5) 1 (1.0) 7 (1.0)

COPD (n (%))

Yes 32 (3.2) 24 (3.0) 7 (5.9) 4 (5.9) 6 (5.9) 22 (3.2)

No 967 (95.8) 784 (96.1) 110 (92.4) 63 (92.6) 95 (93.1) 662 (95.9)

NA 10 (1.0) 8 (0.9) 2 (1.7) 1 (1.5) 1 (1.0) 6 (0.9)

(Continued)
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Combination of brain fog with symptoms
during hospitalization

To determine the clinical features of patients experiencing

neurological symptoms as part of long COVID, we used

heat maps to visualize the association between symptoms

during hospitalization and brain fog, memory impairment,

and poor concentration as long COVID manifestations after

3 months. For brain fog as a long COVID manifestation,

strong associations were observed between combinations of

symptoms during hospitalization, for example, numbness

and loss of smell (63.16%), numbness and loss of taste

(62.96%), numbness and hair loss (62.50%), or numbness

and sleep disturbances (60.87%) during hospitalization and

brain fog at any point at 3, 6, and 12 months postdischarge

(Fig. 2). Similarly, combinations of sleep disturbances and

hair loss (65.45%), or sleep disturbances and stomach aches

(62.16%) during hospitalization were strongly associated

with brain fog as long COVID manifestations. For memory

impairment (Fig. S2) and poor concentration (Fig. S3), the

most frequent symptom combinations were numbness and

loss of smell (55.56%) or taste (55.56%). These findings

suggest that these neurological symptoms (brain fog, mem-

ory impairment, and poor concentration) are associated

with sensory disturbances such as numbness, smell, and

taste disorders during hospitalization.

Table 1 Continued.

All (n = 1009)

Brain fog (�) at 3

months (n = 816)

Brain fog (+) at 3

months (n = 119)

Memory

impairment

(n = 68)

Poor

concentrarion

(n = 102)

Answer at all time

point (n = 690)

Asthma (n (%))

Yes 54 (5.4) 42 (5.2) 9 (7.6) 6 (8.8) 9 (8.8) 37 (5.4)

No 940 (93.2) 763 (93.5) 107 (89.9) 60 (88.2) 92 (90.2) 646 (93.6)

NA 15 (1.5) 11 (1.3) 3 (2.5) 2 (3.0) 1 (1.0) 7 (1.0)

HUA (n (%))

Yes 103 (10.2) 90 (11.0) 9 (7.6) 7 (10.3) 6 (5.9) 75 (10.9)

No 897 (88.9) 719 (88.1) 108 (90.8) 60 (88.2) 95 (93.1) 608 (88.1)

NA 9 (0.9) 7 (0.9) 2 (1.6) 1 (1.5) 1 (1.0) 7 (1.0)

CLD (n (%))

Yes 35 (3.5) 29 (3.6) 4 (3.4) 3 (4.4) 2 (1.9) 27 (3.9)

No 958 (94.9) 773 (94.7) 113 (95.0) 65 (95.6) 98 (96.2) 654 (94.8)

NA 16 (1.6) 14 (1.7) 2 (1.6) 0 (0) 2 (1.9) 9 (1.3)

CKD (n (%))

Yes 44 (4.4) 39 (4.8) 3 (2.5) 1 (1.5) 3 (2.9) 34 (4.9)

No 948 (94.0) 763 (93.5) 113 (95.0) 66 (97.0) 96 (94.2) 624 (90.4)

NA 17 (1.7) 14 (1.7) 3 (2.5) 1 (1.5) 3 (2.9) 32 (4.6)

ICU hospitalization (n (%))

Yes 98 (9.7) 80 (9.8) 13 (10.9) 8 (11.8) 11 (10.8) 68 (9.9)

No 894 (88.6) 722 (88.5) 103 (86.6) 60 (88.2) 88 (86.3) 609 (88.3)

NA 17 (1.7) 14 (1.7) 3 (2.5) 0 (0) 3 (2.9) 13 (1.9)

Blood test (Mean (SD))

WBC (/lL) 5359.76 (2162.99) 5323.27 (2186.28) 5407.83 (2033.30) 5633.48 (2023.19) 5380.68 (2059.16) 5405.74 (2170.85)

Neu (%) 67.32 (12.62) 67.46 (12.77) 68.38 (12.10) 69.51 (12.92) 67.97 (12.79) 68.19 (12.55)

Lym (%) 23.42 (10.39) 23.3 (10.43) 22.76 (10.03) 22.41 (11.32) 23.11 (10.45) 22.81 (10.20)

Hb (g/dL) 14.06 (1.82) 14.12 (1.75) 14.17 (1.76) 14.07 (1.82) 14.08 (1.86) 14.10 (1.70)

PLT (910^4/

lL)

37.74 (56.69) 38.07 (58.75) 35.29 (46.38) 39.38 (53.56) 32.86 (40.68) 38.29 (59.56)

Cr (mg/dL) 0.87 (0.52) 0.88 (0.57) 0.84 (0.28) 0.84 (0.32) 0.84 (0.30) 0.88 (0.47)

LDH (U/L) 252.89 (96.76) 252.88 (93.30) 273.00 (124.68) 290.88 (123.31) 269.33 (126.66) 256.98 (97.56)

KL-6 (U/mL) 276.88 (185.56) 277.00 (177.84) 295.94 (255.32) 322.12 (303.36) 270.92 (180.56) 280.14 (192.96)

Fibrinoge

(mg/dL)

485.75 (152.34) 486.27 (150.87) 495.82 (166.57) 517.63 (179.78) 491.45 (153.49) 492.29 (153.98)

D-dimer (lg/

mL)

1.44 (3.43) 1.37 (3.29) 1.97 (4.82) 2.25 (4.86) 1.77 (4.33) 1.50 (3.62)

CRP (mg/dL) 4.24 (5.42) 4.33 (5.45) 4.75 (5.96) 5.72 (6.90) 4.47 (5.47) 4.55 (5.66)

BMI, body mass index; CKD, chronic kidney disorder; CLD, chronic liver disorder; COPD, chronic obstructive pulmonary disease; CVD, cardiovascu-

lar disease; DM, diabetes mellitus; HT, hypertension; HUA, hyperuricemia.
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Risk factor analysis of cognitive symptoms
as Long COVID

Following, we performed a GLMM analysis to identify the

risk factors for brain fog, memory impairment, and poor

concentration. Forest plots show the odds ratio of each

risk factor for brain fog (Fig. 3, on the left), memory

impairment (Fig. 3, on the middle), and poor concentra-

tion (Fig. 3, on the right). The odds ratios for brain fog,

at 3–12 months consistently exceeded 1 across most cate-

gories, including age, 1.001 (95% CI: 0.990 to 1.010); sex,

1.27 (0.86–1.88); oxygen requirement, 1.14 (0.68 to 1.93);

autoimmune disorders, 0.76 (0.22 to 2.65); COPD, 1.59

(0.69–3.66); asthma, 1.73 (0.85 to 3.53); CRP, 1.042 (1.00

to 1.09); and D-dimer, 1.022 (0.97 to 1.07). A similar

trend, with odds ratios exceeding 1 in most categories,

was also observed for memory impairment and poor con-

centration. Notably, memory impairment was significantly

associated with age 1.024 (95% CI: 1.010 to 1.040,

p = 0.009).

Social impact of brain fog sequelae:
Association with absolute and relative
presenteeism

The average absolute presenteeism score was lower in par-

ticipants with brain fog (42.7 points) than in those with-

out (63.7 points) at 3 months postdiagnosis (Fig. 4, on

Figure 1. Trends of patients who had brain fog, memory impairment, and poor concentration as sequelae at 3, 6, and 12 months. The trends in

patients with brain fog, memory impairment, and poor concentration are shown (A). The red area represents patients with symptoms, the blue

area represents those without symptoms, and the white area represents cases in which information is missing. The blue curve illustrates the

progression in individuals who remained asymptomatic during their hospital stay, whereas the red curve represents individuals who developed

symptoms during hospitalization. Furthermore, we showed the distribution of patients with overlapping symptoms during hospitalization at 3, 6,

and 12 months (B). The gray area represents patients with memory impairment, and the blue area represents those with poor concentration. The

numbers within each circle indicate the number of patients. MI, memory impairment; PT, poor concentration.
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the left). In patients experiencing brain fog, a similar

trend of low absolute presenteeism was observed at both

6 and 12 months. Additionally, differences in scores based

on the presence or absence of brain fog were minimal for

relative presenteeism (Fig. 4, on the right).

Individuals with brain fog exhibited significantly lower

presenteeism than those without brain fog, regardless of

the time point. To analyze longitudinal changes, we

conducted an MMRM analysis based on the presence of

brain fog at 3 months. In terms of absolute presenteeism

scores, BMI (�0.10, 95% CI �0.70 to 0.49), CRP level

(�0.25, 95% CI �0.91 to 0.40), sex (�0.85, 95% CI

�6.77 to 5.07), ICU admission (�8.30, 95% CI �17.14 to

0.54), education level (�0.89, 95% CI �5.92 to 4.15), and

work type (�5.60, 95% CI �10.84 to 0.36) were factors

associated with a score reduction (Table 2). In terms of

Figure 2. Pattern of symptoms during hospitalization in patients with brain fog at either 3, 6, or 12 months. The percentages in this figure

indicate how frequently patients, who had a combination of two symptoms observed during hospitalization, experienced brain fog at 3, 6, and

12 months postdiagnosis. Symptoms refer to a combination of 24 symptoms assessed during hospitalization.

Figure 3. Risk factors for having brain fog symptoms between 3, 6, and 12 months. Odds ratios (ORs) were analyzed for patients with brain fog,

memory impairment, or poor concentration using risk factors identified in previous reports. BMI, body mass index; COPD, chronic obstructive

pulmonary disease; CI, confidence interval; ICU, intensive care unit.
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changes over time, reductions of 8.53, 4.34, and 11.01

points were estimated at 3, 6, and 12 months, respec-

tively, compared with during hospitalization. In contrast,

relative presenteeism scores showed modest estimates in

factors and slight temporal changes (Table S2). Similarly,

the estimated scores for memory impairment and poor

Figure 4. Brain fog causes a decrease in presenteeism values at 3, 6, and 12 months. Comparison of absolute and relative presenteeism in

patients with persistent symptoms (red) and those with recovered symptoms (dark blue) at 3, 6, and 12 months after diagnosis. The horizontal

dashed line represents the median, while the dotted lines indicate the upper and lower 25th percentiles. Patients with brain fog tend to have

lower presenteeism scores than those without.
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concentration showed decreases at almost all time points

in absolute presenteeism scores (Tables S3 and S4). Fur-

thermore, the relative presenteeism scores for memory

impairment and poor concentration did not significantly

change (Tables S5 and S6). Our results in relation to pre-

senteeism showed similar trends even when the study

population was reduced to 690 patients (Tables S7–S12).

Discussion

Although clinicians frequently encounter patients with

brain fog, comprehensive studies on this phenomenon are

lacking. In this study, we analyzed brain fog considering

the presence or absence of memory impairment or poor

concentration using data collected from 1,009 individuals

across 26 institutions in Japan. The questionnaire

approach confirming 24 symptoms allowed for visualizing

symptom patterns during hospitalization in cases in

which brain fog persisted as a long COVID manifestation.

A GLMM analysis incorporating patient background fac-

tors examined the risk factors for brain fog. Furthermore,

we assessed the impact of brain fog on occupational

productivity using WHO-HPQ scores. This is Japan’s first

large-scale cohort study on brain fog associated with

COVID-19.

This study revealed that brain fog symptom prevalence

decreases from during hospitalization to 3 months after

diagnosis yet remains stable until 12 months. Consistent

with previous studies39,40, from 3 to 12 months postdiag-

nosis, only limited improvement was observed in symp-

toms related to brain fog, memory impairment, and poor

concentration. Moreover, to clarify the clinical features of

patients with brain fog during hospitalization, we visual-

ized the symptoms that tended to be combined with brain

fog using a heat map. Through this approach, we suggest

that neurological symptoms, such as loss of smell, taste,

and numbness, tend to be associated with brain fog dur-

ing hospitalization. The association between neurological

symptoms during hospitalization and brain fog aligns

with the findings of basic research suggesting that the

SARS-CoV-2 virus affects the nervous system41. We

believe that understanding the clinical features of patients

with brain fog during hospitalization could be helpful in

clinical settings and in the basic research field.

We evaluated previously reported risk factors for brain

fog to elucidate their association in our data set, includ-

ing the infection severity during hospitalization (oxygen

requirements and high CRP levels), autoimmune disor-

ders, asthma, and COPD (Table S1).12,14–22,27,33–37 Despite

being reported as a risk factor for brain fog in previous

research, items such as dyslipidemia were not collected in

this study and could not be assessed. Our findings suggest

potential risk factors for the onset of brain fog similar to

those previously reported, and an association was

observed between the presence of brain fog and combina-

tions of symptoms during hospitalization. Evaluating

these factors may indicate their potential for predicting

brain fog symptoms.

Previous studies have reported a significant association

between the onset of dementia post-COVID-19 infection

and the presence of multiple risk factors for dementia42,43.

Reported risk factors for dementia include hypertension,

diabetes mellitus, a history of psychiatric disorders, alco-

hol consumption, the use of antipsychotic medications,

and the used of stimulants. Some of these risk factors,

including hypertension and diabetes mellitus, were consis-

tently observed in this study, whereas factors such as a

history of learning disabilities, head trauma, and the use

of stimulants were not investigated. MRI images and cere-

brospinal fluid examinations suggest that disruption of

the blood–brain barrier may be associated with the onset

of dementia; however, we did not obtain sufficient data

to analyze this association.

Additionally, our study identified a link between persis-

tent brain fog symptoms and decreased absolute

Table 2. The relationship between the presence of brain fog symp-

toms and absolute presenteeism.

Absolute presenteeism 3, 6, and 12 months (MMRM)

Index Estimated value Lower Upper p

Intercept 67.55 47.86 87.23 <.0001

Age 0.02 �0.17 0.21 0.846

Asthma 1.84 �8.57 12.24 0.728

Autoimmune_disease 9.22 �6.58 25.01 0.252

BMI �0.10 �0.70 0.49 0.733

COPD 5.38 �6.71 17.46 0.382

CRP �0.25 �0.91 0.40 0.443

CVD 1.88 �8.96 12.73 0.733

Oxygen requirement 3.57 �3.08 10.21 0.292

Sex(female) �0.85 �6.77 5.07 0.777

D-dimer 0.21 �0.50 0.93 0.555

Fibrinogen 0.00 �0.02 0.02 0.964

ICU hospitalization �8.30 �17.14 0.54 0.066

Education �0.89 �5.92 4.15 0.729

Work �5.60 �10.84 �0.36 0.036

Visit 6 months �0.09 �2.42 2.24 0.938

Visit 12 months 2.03 �1.24 5.30 0.223

Brain fog 3 months* �8.53 �15.95 �1.11 0.024

Brain fog 6 months* �4.34 �12.02 3.34 0.267

Brain fog 12 months* �11.01 �19.54 �2.47 0.012

Brain fog_XX meaning is Brain fog at XX months after diagnosis.

BMI, body mass index; COPD, chronic obstructive pulmonary disease;

CVD, cardiovascular disease.

*Brain fog_XX months was calculated as the sum of the fixed effect

for brain fog during hospitalization and the interaction term, which

was between brain fog during hospitalization and the visit at XX

months.
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presenteeism scores. Conversely, no significant correlation

between brain fog symptoms and scores in relative pre-

senteeism was identified. Absolute presenteeism measures

the work performance of an individual, while relative pre-

senteeism evaluates the ways in which their performance

compares to that of others in the same workplace or at

similar jobs. Absolute presenteeism seems to be more

closely linked to health indicators compared to relative

presenteeism, based on a previous study44. Consistent

with that report, we found that brain fog has a stronger

impact on absolute presenteeism compared with relative

presenteeism. Furthermore, this is the first report to

examine the relationship between labor productivity and

brain fog in Japan and aligns with similar existing reports

from overseas45.

Our study has some limitations, including the absence

of data from individuals not infected with COVID-19 and

the lack of pre-infection status information for infected

individuals. The decreasing number of responses over

time, owing to responses not having been obtained, is

another limitation of this study. We analyzed the patients

who provided all of the required responses; however, cau-

tion is warranted in interpreting the findings. Addition-

ally, challenges arise owing to the clinic’s lack of objective

diagnostic tests or indicators for brain fog. We catego-

rized brain fog based on memory impairment or poor

concentration; however, if a more objective and quantita-

tively assessable method for evaluating brain fog becomes

available, conducting a reanalysis based on that indicator

would be desirable. Extended long-term follow-up is

additionally crucial to identify the necessary medical (e.g.,

psychological or neurological assessments) and social

interventions (e.g., reintegration into society and work-

place support) for individuals with brain fog symptoms.

Future research should prioritize overcoming these limita-

tions to enhance the understanding of the potential for

symptom improvement and specify the required medical

and social interventions for patients enduring prolonged

symptoms, including incorporating objective measures.

In conclusion, this study depicted the clinical character-

istics of patients with brain fog, especially for the symp-

toms during hospitalization, as the patients with

in-hospital neurological symptoms tended to experience

brain fog as a long COVID manifestation. This study also

indicated that brain fog was associated with the severity

of COVID-19 in most patients, including oxygen require-

ment, CRP levels at the time of hospitalization, autoim-

mune disorders, asthma, and COPD. Furthermore, the

study revealed that the persistence of brain fog is linked

to a decrease in the workplace productivity indicator pre-

senteeism. Validation of the findings of this study

through larger-scale research could provide valuable data

that may be useful for efficiently allocating social

resources to address this issue.
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