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Introduction: Studies have reported an association between attention deficit

hyperactivity disorder (ADHD) and somatic diseases; however, the correlation of

mental disorders with the association between ADHD and somatic diseases

remains uninvestigated. This study investigated and compared the prevalence of

somatic diseases among adults with/without ADHD, stratified by the presence or

absence of mental disorders.

Methods: This cross-sectional study (October 2020–September 2021), using

data (June 2013–September 2021) from a Japanese health insurance claims

database, included adult participants with a medical record of and receiving

medication for ADHD (ADHD group); the control group (matched 1:5 by age/sex)

comprised participants without ADHD. The prevalence and odds ratio (OR;

ADHD versus control) of type 2 diabetes mellitus (T2DM), diabetes

complications, hypertension, cardiovascular disease (CVD), dyslipidemia, gout

and hyperuricemia, chronic obstructive pulmonary disease (COPD), non-

alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH), and

atopic dermatitis were investigated. Pooled ORs for stratified analysis were

calculated using the Mantel-Haenszel method.

Results: In the matched analysis sets, the ORs for all somatic diseases were

significantly higher for the ADHD group (n=15,028) versus the control group

(n=74,796). On stratified analysis, the Mantel-Haenszel ORs were significant for

NAFLD/NASH (1.53; 95% confidence interval [CI]: 1.34, 1.73), diabetes

complications (1.39; 95% CI: 1.09, 1.77), and gout and hyperuricemia (1.34; 95%

CI: 1.19, 1.51). Furthermore, the stratum-specific ORs for T2DM, hypertension,
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and dyslipidemia were >1 and <1 in the presence and absence of mental

disorders, respectively. The prevalence of all somatic diseases except atopic

dermatitis increased with age. For participants aged ≥40 years, the Mantel-

Haenszel ORs were significant for all somatic diseases except CVD, COPD, and

atopic dermatitis.

Conclusions: The prevalence of several somatic diseases, including chronic

disorders, was high among adults with ADHD, particularly in those aged

≥40 years and those with mental disorders.
KEYWORDS

attention deficit hyperactivity disorder, health insurance claims database study,
observational, chronic diseases, somatic diseases, stratified analysis, mental
disorders, Japan
1 Introduction

Attention deficit hyperactivity disorder (ADHD) is characterized

by symptoms of inattention, hyperactivity, and impulsivity (1).

It commonly co-exists with other conditions (2). The Japan

National Health and Wellness Survey 2016 identified a

significantly higher rate of physical and mental comorbidities

among undiagnosed adults with potential ADHD symptoms

versus those without symptoms (3). According to the World

Federation of ADHD International Consensus Statement, the

global occurrence of ADHD is 5.9% among youth and 2.5%

among adults (4). In Japan, the prevalence of adult ADHD was

reported as 2.0%–2.5% (5), and the annual incidence of adult

ADHD was 6 per 10,000 person-years as reported by the National

Database of Health Insurance Claims and Specific Health

Checkups in 2018 (6).

Results from the National Comorbidity Survey Replication

undertaken in the United States of America (US) showed an

increased prevalence of a wide range of other mental disorders

according to the Diagnostic and Statistical Manual of Mental

Disorders (DSM)-4 in adults with ADHD (7). Similarly, the

prevalence of psychiatric comorbidities was high among

Japanese adults with ADHD in a post-marketing surveillance

(PMS) study undertaken in Japan (8). This PMS study found

that over 50% of adult patients with ADHD reported at least one
ivity disorder; ATC,

ence interval; COPD,

ascular disease; DSM,

assification of Diseases;

lcoholic steatohepatitis;
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co-existing psychiatric disorder, and of these, almost 40% reported

multiple psychiatric disorders (8). Moreover, an analysis of data

from the Adult Psychiatric Morbidity Survey conducted in the US

in 2007 reported an increased risk of non-psychiatric

comorbidities among patients with ADHD. According to this

survey, the odds for possible ADHD were over three times

higher in individuals who had ≥5 physical diseases than in those

who had no physical disease (odds ratio [OR]: 3.30, 95%

confidence interval [CI]: 2.48, 4.37) (9).

Several studies have identified a possible link between ADHD

and non-psychiatric disorders (10), including cardiovascular

disease (CVD) (11), atopic dermatitis (12, 13), and gout (14).

The health-risk behavior exhibited by patients as a result of

ADHD-associated symptoms and deficits along with a common

underlying pathophysiology (15) may increase the risk of

comorbidities, such as diabetes mellitus (4, 16–18), dyslipidemia

(11), and hyperuricemia (14), in patients with ADHD.

Moreover, a strong association between ADHD and nervous

system disorders and respiratory, musculoskeletal, and

metabolic diseases has been reported in a Swedish registry study

(10). Furthermore, studies have also conducted multivariate

analysis, adjusting for psychiatric comorbidities as confounding

factors, to assess whether ADHD confers additional risk of non-

psychiatric disorders, such as metabolic syndrome (19)

and CVD (11). However, it has not been investigated how

mental disorders correlate with the association between ADHD

and somatic diseases, stratified by the presence or absence of

mental disorders.

Using a large Japanese health insurance claims database,

we conducted a cross-sectional study to investigate and

compare the prevalence of somatic diseases among adults with

ADHD and those without ADHD. Furthermore, using stratified

analysis, we investigated the correlation of the presence or

absence of mental disorders with the association between

ADHD and somatic diseases.
frontiersin.org

https://doi.org/10.3389/fpsyt.2024.1197513
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Takaesu et al. 10.3389/fpsyt.2024.1197513
2 Methods

2.1 Study design

This cross-sectional study was conducted using data extracted

from the health insurance claims database developed by JMDC Inc.

(Tokyo, Japan). Data from June 1, 2013, to September 30, 2021

(data period), were retrospectively collected from the database and

assessed from October 1, 2020, to September 30, 2021 (assessment

period) (Figure 1). The data period was chosen considering the

approval date (August 24, 2012) for atomoxetine, the earliest

approved drug for adults with ADHD in Japan, and the release

date (May 2013) of DSM-5, a diagnostic criterion for ADHD.

This study was conducted in compliance with the Ethical

Guidelines for Medical and Health Research Involving Human

Subjects and its Guidance document (20). Informed consent was

not required because the JMDC database contains Anonymized

Processed Information, as defined in Article 2, Paragraph 6 of the

Act on the Protection of Personal Information (Act No. 57 of 2003)

(21). This study (UMIN000049401) is registered at the UMIN

Clinical Trials Registry (https://www.umin.ac.jp/ctr/).
2.2 Medical information database

The JMDC claims database (hereafter, JMDC database) is a

Japanese health insurance claims database that has been receiving

medical information from multiple health insurance associations

since 2005. As of September 2021, the JMDC database contained

cumulative data from approximately 14 million enrollees, including

employees and their dependents only. The JMDC database

facilitates the tracking of medical information across multiple

healthcare organizations for enrolled individuals unless they leave

health insurance. The JMDC database comprises very few enrollees

aged >65 years and no enrollees aged >75 years (22). This is because
Frontiers in Psychiatry 03
most enrollees in Japan exit the health insurance system on

retirement at the age of 65 years, and the remaining enrollees

aged >65 years exit by the age of 75 years.
2.3 Study population

This study included individuals aged ≥18 years (as of the end of

October 2020). The observation period (the period for which an

individual has been enrolled in/covered by health insurance) for a

study participant began prior to October 2020 and ended in

September 2021. The ADHD group included patients with at least

two medical records for ADHD (International Classification of

Diseases [ICD]-10 code: F90; no suspicion flag) in different months

and at least one dispensing date for ADHD medication

(methylphenidate [Anatomical Therapeutic Chemical {ATC}

code: N06BA04]/atomoxetine hydrochloride [ATC code:

N06BA09]/guanfacine hydrochloride [ATC code: C02AC02])

within the data period and a medical record for ADHD during

the assessment period. The control group included individuals who

had neither a medical record for ADHD nor a dispensing date for

ADHDmedication throughout the data period, and the observation

period started before June 2013 (Figure 1).

Data were summarized for age (as of the end of October 2020),

age group (18–29 years, 30–39 years, and ≥40 years), sex, initial year

of ADHD diagnosis (ADHD group only; June–December 2013,

2014, 2015, 2016, 2017, 2018, 2019, 2020; January–September

2021), start year of observation period (<2013, 2014, 2015, 2016,

2017, 2018, 2019, 2020), and the presence or absence of mental

disorders. The presence of mental disorders was defined as having a

medical record for substance use disorder (ICD-10 codes: F10–F19;

no suspicion flag), depression (ICD-10 codes: F32, F33; no

suspicion flag), bipolar disorder (ICD-10 codes: F30, F31; no

suspicion flag), or anxiety (ICD-10 codes: F40, F41, F42, F44,

F45, F48; no suspicion flag) in a month during the data period (15).
FIGURE 1

Study design. ADHD, attention deficit hyperactivity disorder.
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2.4 Study outcomes

The comorbidities of interest identified in the ADHD and

control groups using outcome definitions from previous database

studies included type 2 diabetes mellitus (T2DM), diabetes

complications, hypertension, CVD, dyslipidemia, gout and

hyperuricemia, chronic obstructive pulmonary disease (COPD),

non-alcoholic fatty liver disease/non-alcoholic steatohepatitis

(NAFLD/NASH), and atopic dermatitis (Supplementary Table 1).
2.5 Statistical analysis

The ADHD and control groups comprising the analysis sets

were matched by coarsened exact matching algorithm at a ratio of

1:5 based on age and sex.

The prevalence of outcomes in the ADHD and control

populations was determined for the pre-matched study

population and the matched analysis set; ORs of the ADHD

population to the control population and 95% CIs were calculated

for the matched analysis set. Stratified analyses were conducted

using the presence or absence of mental disorders as stratification

factors in the matched analysis set. For matched pairs, the

observation period of the ADHD patient was shared with the

control in order to align the period for defining the presence or

absence of mental disorders. Pooled ORs and 95% CIs for the

strata were calculated using the Mantel-Haenszel method. The

Breslow-Day test was conducted to ascertain whether

the magnitude of the effect of ADHD on the prevalence of a

somatic disease differed between the strata (presence or absence

of mental disorders). The p values for homogeneity between the

strata were calculated. The Mantel-Haenszel OR could be

interpreted only when homogeneity was not rejected by the

Breslow-Day test; rejected when p<0.05. A p value of <0.05 on

the Breslow-Day test indicated that the ORs were not

homogeneous between the strata with and without mental

disorders, rendering the Mantel-Haenszel OR meaningless.

Therefore, for somatic diseases with p<0.05, Mantel-Haenszel

ORs were not calculated. To complement the results of the

stratified analyses, logistic regression analyses were also

performed, in which the population (ADHD or control), the

mental disorders (presence or absence), the mental disorders-age

group, and the mental disorders-sex were set as explanation

variables (the mental disorders-age group and the mental

disorders-sex were interaction terms). Subgroup analyses by

background factors, age categories (18–29 years, 30–39 years,

and ≥40 years), and sex (male and female) were performed as

secondary analyses. For the purpose of improving the robustness

of the results, sensitivity analyses were performed, in which two

types of criteria were applied to the definition of the ADHD

population: (1) having a yearly medical record for ADHD and (2)

having yearly medical records for both ADHD and dispensing

dates for ADHD medication.
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Statistical analyses were performed using SAS version 9.4 with a

two-sided significance level of 5%.
3 Results

3.1 Study population and characteristics

Of the 5,835,713 participants aged ≥18 years enrolled in the

JMDC database who met the inclusion criteria, 15,028 were

included in the ADHD group and 1,228,477 in the control group

(Figure 2). Furthermore, the ADHD and control groups were

matched in a 1:5 ratio and included 74,796 participants in the

control group for analysis. The ADHD group predominantly

comprised men (60.7%; Table 1). The proportion of participants

with ADHD showed a steep rise from 2017 onward (2014: 1.4%;

2017: 11.1%; and 2020: 25.4%). The proportion of patients in the

start year of observation period in the ADHD group was almost

evenly distributed (7.6% to 14.3%) except for 2014 (1.8%).

The proportion of participants with at least one mental

disorder was higher in the ADHD group (84.0%) than in the

control group (13.2%; Table 1). Furthermore, this proportion

tended to increase with age in the ADHD group, was the highest

(91.3%) in the ≥40-years age category (Supplementary Table 2), and

was also higher in women (89.3%) than in men (80.6%) with

ADHD (Supplementary Table 3).
3.2 Somatic diseases

In the matched analysis set, the ORs for all somatic diseases of

interest for the ADHD group versus the control group were

significantly higher (Table 2). The ORs for the ADHD group

versus the control group for T2DM, dyslipidemia, COPD, and

NAFLD/NASH were larger than two, and that for NAFLD/NASH

was the highest (2.35; 95% CI: 2.14, 2.59; Table 2).

Upon further stratification by the presence or absence of mental

disorders, the ORs for all somatic diseases of interest except for

CVD and COPD were significant in the presence of mental

disorders (Figure 3). The significant p values according to the

Breslow-Day test for T2DM (p=0.0023), hypertension (p=0.0065),

dyslipidemia (p=0.0004), and atopic dermatitis (p=0.0022)

indicated a lack of homogeneity between the strata. The stratum-

specific ORs for these somatic diseases were different (Figure 3).

Among the somatic diseases rejected by the Breslow-Day test, the

stratum-specific ORs for T2DM, hypertension, and dyslipidemia

were in opposite directions across OR=1 (mental disorders: present,

OR>1; absent, OR<1), whereas those for atopic dermatitis were in

the same direction (OR>1 for both; Figure 3). Analysis of the age

and sex distributions of the ADHD and control groups stratified by

the presence or absence of mental disorders showed differences

between the groups in the stratum without mental disorders, where

the ADHD group was biased toward younger age (mean age; 28.1
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years in the ADHD group versus 32.9 years in the control group,

18–29 years; 66.2% in the ADHD group versus 46.5% in the control

group) and males (73.7% in the ADHD group versus 62.1% in the

control group) (Supplementary Table 4). Logistic regression

analyses adjusted for the presence or absence of mental disorders,

the presence or absence of mental disorders-age, and the presence

or absence of mental disorders-sex (the last two were interaction

terms) confirmed significant ORs in the ADHD group

for all somatic diseases of interest except CVD and COPD

(Supplementary Figure 1).
3.3 Somatic diseases by age

Older age categories were associated with a higher prevalence of

all comorbidities of interest, with the exception of atopic dermatitis

(Table 3). For all somatic diseases except atopic dermatitis, the

prevalence was <2.0% among participants aged 18–29 years

(Table 3). The prevalence of diabetic complications and COPD

was low (<2.9%) compared with that of other comorbidities across

all age categories in the study population (Table 3).

The null hypotheses of CVD (p=0.0179) and NAFLD/NASH

(p=0.0221) were rejected by the Breslow-Day test in the 18–29

years age category (Supplementary Figure 2), whereas there were

no rejections by the Breslow-Day test in the other age categories

(Supplementary Figure 3, Figure 4). For T2DM, hypertension,

dyslipidemia, and gout and hyperuricemia, the Mantel-Haenszel
Frontiers in Psychiatry 05
ORs were significantly higher in all age categories. In the

≥40 years age category, the Mantel-Haenszel ORs were

significant for all somatic diseases except CVD, COPD, and

atopic dermatitis (Figure 4).
3.4 Somatic diseases by sex

T2DM, diabetic complications, hypertension, dyslipidemia,

gout and hyperuricemia, and NAFLD/NASH were more common

in men than in women in both the ADHD and control groups

(Table 4). The ORs for the ADHD versus control group for all

somatic diseases except atopic dermatitis and COPD were higher in

women than in men.
3.5 Sensitivity analyses

In the ADHD group, there were 13,829 patients having yearly

medical records for ADHD, of whom 11,505 patients had both

medical records for ADHD and dispensing dates for ADHD

medication, and matched control sets were 68,951 and 57,487

participants, respectively. There were no differences in

characteristics between the main and sensitivity analyses

(Supplementary Table 5). For somatic diseases, the main and

sensitivity analyses yielded almost the same results regardless of

stratification, whereas the null hypothesis for hypertension was not
FIGURE 2

Participant flowchart. ADHD, attention deficit hyperactivity disorder.
frontiersin.org

https://doi.org/10.3389/fpsyt.2024.1197513
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Takaesu et al. 10.3389/fpsyt.2024.1197513
rejected but for CVD was rejected by the Breslow-Day test in one

sensitivity analysis with the ADHD group having yearly medical

records for both ADHD and dispensing dates for ADHD

medication. (Supplementary Table 6, Supplementary Figures 4, 5).
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4 Discussion

In our study, we observed a high prevalence of comorbid

systemic disorders, including chronic diseases, in adult patients

with ADHD, indicating that not only mental disorders but also

somatic diseases could be prevalent in adult patients with ADHD.

Thus, our results demonstrate that ADHD may be associated with

disease burden arising from both ADHD and non-ADHD

comorbidities. The outcomes from our study have the potential to

enhance societal awareness toward ADHD and its associated

burden, contributing to improved understanding of the challenges

and impact of ADHD. Despite progress in the understanding of

ADHD in Japan, apprehensions about negative social associations

with ADHD still persist (23) and diagnosed adults are known to

experience self-stigma associated with their diagnosis (24).

The prevalence of most somatic diseases increased with

advancing age, and association of several somatic diseases with

ADHD became more pronounced in the presence of mental

disorders. In patients aged ≥40 years, the results of stratified

analysis showed high ORs for all somatic diseases except CVD,

COPD, and atopic dermatitis. In addition, ADHD was associated

with chronic systemic diseases, particularly lifestyle disorders such

as T2DM, hypertension, and dyslipidemia, whose prevalence

increases with age, highlighting the importance of lifestyle

management and careful monitoring of comorbidities in patients

with ADHD as their age advances. The results from our study might

provide a deeper understanding on the possibility of the complex

interplay between mental disorders and somatic diseases in patients

with ADHD. The additional insights emphasize a need for greater

collaboration between psychiatrists and other specialists to prevent

the onset of somatic diseases and timely identify and manage these

conditions in patients with ADHD and other mental disorders.

In the ADHD group, according to the distribution of the initial

year of ADHD diagnosis, the number of patients increased in the

later years of the data period, which is understandable, given the

21.1-fold increase in the incidence of ADHD among Japanese adults

over the past decade (6). This finding could be attributed to the

fact that it has become increasingly easier to diagnose patients

with ADHD instead of an increase in patients with true

ADHD. The incidence of ADHD reportedly plateaued to

approximately 6/10,000 person-years in 2018 and became

comparable with the incidence of ADHD among Asian adults

residing in the US in 2016 (6.88/10,000 person-years) (6), which

may imply that the sensitivity of ADHD diagnosis among Japanese

adults has reached a standard level (6). During the same period in

Japan, DSM-5 was introduced and atomoxetine (in August 2012),

methylphenidate (in December 2013), and guanfacine (in June

2019) were approved for the treatment of ADHD in adults, which

may have also increased disease awareness. In addition, it could be

mentioned only for the ADHD patient population in this study that

the number of enrollees in the JMDC database has slightly increased

over the years (except for 2014, when the number of health

insurances JMDC Inc. contracted was small).

The ADHD population was younger (mean age: 33.1 years)

than the pre-matched control population (mean age: 45.5 years),

which may suggest that it could be challenging for patients with
TABLE 1 Population demographics and characteristics.

Pre-matched Matched*

Variables
ADHD

N=15,028
n (%)

Control
N=1,228,477

n (%)

Control
N=74,796

n (%)

Age, years

Mean ± SD 33.1 ± 11.4 45.5 ± 12.8 33.2 ± 11.4

18–29 years 6,912 (46.0) 150,672 (12.3) 34,216 (45.7)

30–39 years 3,690 (24.6) 211,851 (17.2) 18,450 (24.7)

≥40 years 4,426 (29.5) 865,954 (70.5) 22,130 (29.6)

Sex

Female 5,903 (39.3) 463,323 (37.7) 29,171 (39.0)

Male 9,125 (60.7) 765,154 (62.3) 45,625 (61.0)

Initial year of ADHD diagnosis

2013
(June–December)

435 (2.9) – –

2014 203 (1.4) – –

2015 671 (4.5) – –

2016 1,039 (6.9) – –

2017 1,674 (11.1) – –

2018 2,215 (14.7) – –

2019 2,899 (19.3) – –

2020 3,815 (25.4) – –

2021
(January–September)

2,077 (13.8) – –

Start year of observation period

<2013 1,599 (10.6) 760,601 (61.9) 44,008 (58.8)

2013 1,136 (7.6) 467,876 (38.1) 30,788 (41.2)

2014 278 (1.8) 0 (0) 0 (0)

2015 1,917 (12.8) 0 (0) 0 (0)

2016 1,841 (12.3) 0 (0) 0 (0)

2017 2,096 (13.9) 0 (0) 0 (0)

2018 2,110 (14.0) 0 (0) 0 (0)

2019 2,148 (14.3) 0 (0) 0 (0)

2020 1,903 (12.7) 0 (0) 0 (0)

Number of mental disorders

0 2,408 (16.0) 992,049 (80.8) 64,960 (86.8)

≥1 12,620 (84.0) 236,428 (19.2) 9,836 (13.2)
*Population matched 1:5 for age and sex.
ADHD, attention deficit hyperactivity disorder; SD, standard deviation.
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ADHD to remain employed. The number of men in both groups

was high (>60.0%), which could be due to the characteristics of the

JMDC database, a health insurance claims database that covers

employees and, therefore, may comprise a greater proportion of

men than women. This is consistent with the results of an

epidemiological survey for ADHD in Japan that reported no

notable differences in the estimated prevalence of adult ADHD

between men and women (25). However, a preponderance of

ADHD in men has been reported in a systematic review of

studies investigating the gender-based prevalence of ADHD (26).

The odds for occurrence of all comorbidities of interest,

including lifestyle disorders, were significantly higher in

participants with ADHD than in those without ADHD in our

study. The prevalence of T2DM and hypertension observed among

adults with ADHD in our study was 2.9% and 6.6%, respectively,

which is comparable with that observed in a previous large Swedish

national register study conducted in patients with ADHD (T2DM,

3.9%; hypertension, 8.5%) (15). These slight discrepancies in

prevalence might be partially due to differences in the duration of

the assessment period. Consistent with our results, both T2DM and

hypertension were more common in men than in women with

ADHD in the Swedish study. The prevalence of T2DM in patients

with ADHD in a pooled analysis of five studies was higher than that

in the control population (OR: 2.05, 95% CI: 1.37, 3.07, I2 = 92%,

p<0.01) (16). Moreover, a Taiwanese study showed a higher

incidence of T2DM in young adults with ADHD (18). On

stratified analysis in our study, the Breslow-Day test rejected the

homogeneity of the three components of metabolic syndrome, and

the stratum-specific OR was >1 in the presence of mental disorders

but <1 in the absence of mental disorders, suggesting that mental

disorders may enhance the association between ADHD and T2DM,

hypertension, and dyslipidemia. Previous research suggests that
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ADHD itself is not related to chronic disorders, unlike depressive

symptoms or affective disorders (19, 27–30). However, stratum-

specific OR of <1 and >1 in the absence and presence of mental

disorders, respectively, for chronic disorders in our study, imply

that ADHD could potentially be an interacting factor that enhances

the association between certain mental disorders and components

of metabolic syndrome. Alternatively, this may be due to the fact

that patients with ADHD with mental disorders were relatively

young. Subgroup analyses by age category showed significantly

higher Mantel-Haenszel ORs for all age categories for these

disorders. For CVD and COPD, although the ORs were

significantly higher in the ADHD group on non-stratified analysis

in the present study, no significant results were derived from

stratified analysis and logistic regression analysis, suggesting that

mental disorders may be mediators for CVD and COPD. Previous

studies regarding CVD have shown inconsistent results (11, 31). On

the other hand, there is a previous registry study that reported a 3.2

times higher odds of having COPD in patients with ADHD than in

those without ADHD (10). Furthermore, previous reports

have indicated that genetic susceptibility to ADHD could have a

partial causative role in COPD development (32) and that young

patients with ADHD have a greater tendency to start smoking (33),

which is a risk factor for COPD. It might be necessary to consider

that the prevalence (1.7%) was low for COPD. Therefore, the

association between ADHD and CVD and COPD warrants

further investigation.

The Mantel-Haenszel OR was >1 and significant for diabetic

complications (1.39; 95% CI: 1.09, 1.77); however, the prevalence

(1.0%) was low in our study. Nevertheless, the significant ORs for

diabetic complications suggest that ADHD characteristics could

negatively impact treatment adherence in patients with comorbid

T2DM, leading to T2DM progression and additional complications.
TABLE 2 Proportion of patients with somatic diseases.

Pre-matched Matched*

Somatic diseases
n (%)

ADHD
N=15,028

n (%)

Control
N=1,228,477

n (%)

Control
N=74,796

n (%)

Odds ratio**

(95% CI)

T2DM 435 (2.9) 51,786 (4.2) 1,072 (1.4) 2.05 (1.83, 2.29)

Diabetes complications 155 (1.0) 17,988 (1.5) 400 (0.5) 1.94 (1.61, 2.34)

Hypertension 994 (6.6) 157,327 (12.8) 2,891 (3.9) 1.76 (1.64, 1.90)

CVD 448 (3.0) 56,378 (4.6) 1,256 (1.7) 1.80 (1.61, 2.01)

Dyslipidemia 1,104 (7.4) 136,009 (11.1) 2,722 (3.6) 2.10 (1.95, 2.26)

Gout and hyperuricemia 667 (4.4) 75,583 (6.2) 1,936 (2.6) 1.75 (1.60, 1.91)

COPD 251 (1.7) 16,208 (1.3) 576 (0.8) 2.19 (1.89, 2.54)

NAFLD/NASH 619 (4.1) 41,987 (3.4) 1,341 (1.8) 2.35 (2.14, 2.59)

Atopic dermatitis 1,331 (8.9) 53,110 (4.3) 4,432 (5.9) 1.54 (1.45, 1.64)
*Population matched 1:5 for age and sex.
**Odds ratio for the ADHD/control group in the matched analysis set.
ADHD, attention deficit hyperactivity disorder; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; NAFLD, non-alcoholic fatty liver disease;
NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus.
A bolded value indicates that the lower limit of the odds ratio is greater than 1 and implies that the prevalence of the somatic disease is significantly higher in the ADHD patient group than the
control one.
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The OR for NAFLD/NASH (2.35; 95% CI: 2.14, 2.59) in patients

with ADHD versus the control group was the highest among all

somatic diseases reported in our study. Lifestyle factors may play an

underlying role in the development of NAFLD/NASH (34), similar

to that observed in T2DM, hypertension, and dyslipidemia.

However, in contrast to T2DM, hypertension, and dyslipidemia,

the Mantel-Haenszel OR (1.53; 95% CI: 1.34, 1.73) in our study

demonstrated an association between NAFLD/NASH and ADHD

regardless of mental disorders. This difference could have arisen

from the fact that NAFLD is a continuum, with obesity as a

precursor of NAFLD, whereas metabolic syndrome and T2DM

develop gradually following NAFLD (34). Intestinal microbiota, a

suspected common pathological factor for both ADHD and

NAFLD/NASH (34), could be another reason for the significant
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association observed between ADHD and NAFLD/NASH in our

analysis. The Mantel-Haenszel OR for gout and hyperuricemia

(1.34; 95% CI: 1.19, 1.51) was consistently and significantly

higher than 1 through all subgroup analyses and sensitivity

analyses, which also suggested an association with ADHD. A

previous genome-wide association study has reported a significant

genetic correlation between gout and hyperuricemia, and

ADHD (14).

The findings of the Breslow-Day test in our study show that

atopic dermatitis may have interacted with mental disorders. On

evaluation of the stratum-specific ORs, those for atopic dermatitis

were significant in both patients with and without mental

disorders, suggesting an association between this comorbidity

and ADHD, irrespective of the presence or absence of mental
FIGURE 3

Somatic diseases stratified by the presence or absence of mental disorders (matched analysis set). *Odds ratio for the ADHD/control group in the
matched analysis set, including stratification results. **P values in bold font were significant and rejected by the Breslow-Day test. The Mantel-
Haenszel odds ratio (Mantel-Haenszel OR) was not indicated if rejected by the Breslow-Day test. ADHD, attention deficit hyperactivity disorder; CI,
confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; N/A, not applicable; NAFLD, non-alcoholic fatty
liver disease; NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus.
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disorders. This view is also likely supported by the results of the

logistic regression analysis. For atopic dermatitis, the OR was

higher among those without mental disorders (1.57; 95% CI: 1.36,

1.82) than among those with mental disorders (1.20; 95% CI: 1.09,

1.32) and could be attributed to the age difference; the obvious

difference between the ORs may have led to rejection by the

Breslow-Day test. The symptoms of atopic dermatitis and

increased sensitivity to stimuli arising from the upregulation of

neuroimmune factors, leading to sleep disturbances, have been

previously hypothesized to increase the risk of ADHD in patients

with atopic dermatitis (12). Neuroimmunological pathways and

psychological stress from atopic diseases have been reported to

increase vulnerability to ADHD (35). According to such reports,

atopic diseases may impact the severity of ADHD symptoms.

Moreover, a previous study showed significantly higher odds

(OR=1.48) of the occurrence of ADHD in patients with atopic

dermatitis than in those without, alluding to an association

between these conditions (13).

ORs were higher in women than in men for all comorbidities

except COPD and atopic dermatitis. It is possible that the severity of

ADHD was greater in women than in men in our study, given that

women were older and had a higher prevalence of mental disorders

than men. However, previous evidence indicates that diagnosis and

treatment are possibly delayed in women with ADHD and other

mental disorders likely coexist (36).
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5 Strengths and limitations

Our study has several strengths. The importance of

demonstrating the association between ADHD and comorbidities

may increase with age, as is evident from our results, which

demonstrated the highest prevalence of chronic diseases in both

the ADHD and control groups among participants aged ≥40 years.

As the JMDC database is primarily for individuals with health

insurance and covers employees of large companies and their

dependents, its use allowed us to focus on the patient population

aged ≥40 years. Further, as long as an individual does not withdraw

from health insurances, we can obtain all receipt information

including hospitalization, Diagnosis Procedure Combination,

outpatient, and dispensing for him/her. In addition, we were able

to collect data on several comorbidities, potentially because the

universal health insurance system in Japan allows patients to

consult their doctors even in the case of mild symptoms and to

reach an early diagnosis. Furthermore, stratified analysis (versus

multivariate analysis) in the presence or absence of mental disorders

conducted to investigate their association has several advantages,

including that it makes both the investigator and readers aware of

the data distribution by key study variables, and reduces the

likelihood of the occurrence of some bias because analysis models

are not required (37). Therefore, according to Rothman, the first

step should always be a stratified analysis, and multivariate analysis
TABLE 3 Somatic diseases (prevalence and odds ratio) by age categories (matched analysis set).

18–29 years old 30–39 years old ≥40 years old

Somatic
diseases
n (%)

ADHD
N=6,912

Control
N=34,216

Odds
ratio*

(95% CI)

ADHD
N=3,690

Control
N=18,450

Odds
ratio*

(95% CI)

ADHD
N=4,426

Control
N=22,130

Odds
ratio*

(95% CI)

T2DM 37 (0.5) 70 (0.2)
2.63

(1.76, 3.91)
80 (2.2) 129 (0.7)

3.15
(2.38, 4.17)

318 (7.2) 873 (3.9)
1.88

(1.65, 2.15)

Diabetes
complications

13 (0.2) 31 (0.1)
2.08

(1.09, 3.97)
23 (0.6) 43 (0.2)

2.68
(1.62, 4.46)

119 (2.7) 326 (1.5)
1.85

(1.49, 2.29)

Hypertension 94 (1.4) 112 (0.3)
4.20

(3.19, 5.53)
139 (3.8) 279 (1.5)

2.55
(2.07, 3.13)

761 (17.2) 2,500 (11.3)
1.63

(1.49, 1.78)

CVD 81 (1.2) 233 (0.7)
1.73

(1.34, 2.23)
63 (1.7) 166 (0.9)

1.91
(1.43, 2.56)

304 (6.9) 857 (3.9)
1.83

(1.60, 2.10)

Dyslipidemia 83 (1.2) 150 (0.4)
2.76

(2.11, 3.61)
201 (5.5) 334 (1.8)

3.12
(2.61, 3.74)

820 (18.5) 2,238 (10.1)
2.02

(1.85, 2.21)

Gout
and
hyperuricemia

123 (1.8) 231 (0.7)
2.67

(2.14, 3.32)
154 (4.2) 392 (2.1)

2.01
(1.66, 2.43)

390 (8.8) 1,313 (5.9)
1.53

(1.36, 1.72)

COPD 69 (1.0) 170 (0.5)
2.02

(1.52, 2.67)
60 (1.6) 140 (0.8)

2.16
(1.59, 2.93)

122 (2.8) 266 (1.2)
2.33

(1.88, 2.89)

NAFLD/NASH 134 (1.9) 168 (0.5)
4.01

(3.19, 5.04)
165 (4.5) 357 (1.9)

2.37
(1.97, 2.86)

320 (7.2) 816 (3.7)
2.04

(1.78, 2.33)

Atopic
dermatitis

731 (10.6) 2,609 (7.6)
1.43

(1.31, 1.56)
327 (8.9) 915 (5.0)

1.86
(1.63, 2.13)

273 (6.2) 908 (4.1)
1.54

(1.34, 1.77)
f

*Odds ratio for the ADHD/control group in the matched analysis set.
ADHD, attention deficit hyperactivity disorder; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; NAFLD, non-alcoholic fatty liver disease;
NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus.
A bolded value indicates that the lower limit of the odds ratio is greater than 1 and implies that the prevalence of the somatic disease is significantly higher in the ADHD patient group than the
control one.
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ought to be thought of as a supplement to it (37). Following this

policy, we performed a supplementary logistic regression analysis in

addition to the stratified analysis. Stratified analyses based on the

presence or absence of mental disorders were also important, given

that most participants (84%) with ADHD reported mental

disorders compared with approximately 19% of those without

ADHD. Moreover, the ADHD group may have had different

mental disorders than the control population. Although we had

the option of including individuals without mental disorders, this

approach could have led to the selection of a unique patient group

in the ADHD population.

ADHD is a developmental disorder (38), and disease

characteristics may be present at birth. In Japan, screening for

developmental disorders, including childhood ADHD, is optional

despite the availability of screening tools for ADHD in children,
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which may often lead to a missed diagnosis of ADHD in children

(39). The developmental nature of ADHD makes it challenging to

investigate the longitudinal relationship of ADHD diagnosis and

onset of comorbidities as setting an index date for the ADHD group

(i.e., the date of the first diagnosis of ADHD) in a cohort study

design could raise the concern of missing the true outcome

information during the look-back period. Thus, a cross-sectional

study design was adopted. The cross-sectional study design can also

limit the investigation of causality between ADHD and somatic

diseases of interest, as the time of ADHD diagnosis, drug

dispensing, or onset of mental disorders or somatic diseases of

interest could not be ascertained. Among the mental disorders,

there are cases in which the medication drugs may be risk factors for

somatic diseases. However, due to the above reason, the effects of

treatment could not be investigated in this study. Thus, the
FIGURE 4

Somatic diseases stratified by the presence or absence of mental disorders in the ≥40 years age category (matched analysis set). *Odds ratio for the
ADHD/control group in the matched analysis set, including stratification results. ADHD, attention deficit hyperactivity disorder; CI, confidence
interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis; OR, odds ratio; T2DM, type 2 diabetes mellitus.
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outcomes should be interpreted cautiously, and causal inferences

and definitive claims should be avoided. Additionally, this was an

exploratory study with the aim of assessing the prevalence of

somatic diseases in patients with ADHD and comparing it with

that in a control population, stratified by mental disorders.

Therefore, further studies are warranted to investigate the causal

relationship between ADHD and somatic diseases. Another

limitation in the methodology was that the observation period for

the control population had to be started earlier compared with that

for the ADHD population to allow for the investigation of their data

over a longer period to rule out any history of ADHD diagnosis or

medication. An observation period starting at the same time for the

ADHD population could have increased the likelihood of excluding

several cases with ADHD and including relatively healthy cases or

cases with milder ADHD due to the persistent enrollment of such

cases in the insurance system, leading to biased outcomes.

Furthermore, the ICD-10 code definitions may not be entirely

precise in identifying mental disorders and somatic diseases,

which could impact the outcomes; some definitions for mental

disorders may include acute stress reactions.

Our results could have underestimated the association between

ADHD and somatic diseases, given that the JMDC database

includes only employees with health insurance and their

dependents, and may exclude dependent persons, particularly

those who were previously employed but who were unemployed

during the data period. In addition, the study population may have

primarily comprised patients with relatively mild ADHD, as it could

be challenging for patients with severe disease to seek frequent

medical consultation. Thus, more pronounced results could be

obtained if data are collected in routine clinical practice.

Moreover, the higher odds of occurrence of several comorbidities

in the ADHD group versus the control group could be attributed to

greater awareness among both patients and treating physicians, and

to more frequent health checkups due to ADHD leading to the
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diagnosis of these conditions. However, the significantly higher ORs

for a majority of somatic diseases on stratified analysis suggest that

there was possibly no difference in the frequency of hospital visits

between the ADHD and the control group for the stratum with

mental disorders. Additionally, the impact of unmeasured

confounding factors in the database on the study results cannot

be ruled out; therefore, the results should be interpreted

with caution.
6 Conclusion

The analysis of a health insurance claims database in Japan

suggested that the prevalence of several somatic diseases is higher in

adults with ADHD than in those without ADHD, which may lead to

additional disease burden in patients with ADHD. Patients with

ADHD need to be closely monitored, especially those with mental

disorders. Furthermore, the prevalence of chronic diseases was high

in relatively older (aged ≥40 years) individuals with ADHD;

therefore, future research should focus on this patient population.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

This study was conducted in compliance with the Ethical

Guidelines for Medical and Health Research Involving Human

Subjects and its Guidance document (20). The studies were
TABLE 4 Somatic diseases (prevalence and odds ratio) by sex (matched analysis set).

Female Male

Somatic diseases
n (%)

ADHD
N=5,903

Control
N=29,171

Odds ratio*

(95% CI)
ADHD

N=9,125
Control

N=44,285
Odds ratio*

(95% CI)

T2DM 146 (2.5) 295 (1.0) 2.48 (2.03, 3.03) 289 (3.2) 777 (1.7) 1.89 (1.65, 2.16)

Diabetes complications 53 (0.9) 124 (0.4) 2.12 (1.54, 2.93) 102 (1.1) 276 (0.6) 1.86 (1.48, 2.33)

Hypertension 305 (5.2) 848 (2.9) 1.82 (1.59, 2.08) 689 (7.6) 2,043 (4.5) 1.74 (1.59, 1.91)

CVD 187 (3.2) 477 (1.6) 1.97 (1.66, 2.34) 261 (2.9) 779 (1.7) 1.70 (1.47, 1.95)

Dyslipidemia 364 (6.2) 778 (2.7) 2.40 (2.11, 2.73) 740 (8.1) 1,944 (4.3) 1.98 (1.82, 2.17)

Gout and hyperuricemia 73 (1.2) 145 (0.5) 2.51 (1.89, 3.33) 594 (6.5) 1,791 (3.9) 1.70 (1.55, 1.88)

COPD 120 (2.0) 284 (1.0) 2.11 (1.70, 2.62) 131 (1.4) 292 (0.6) 2.26 (1.84, 2.78)

NAFLD/NASH 165 (2.8) 305 (1.1) 2.72 (2.25, 3.30) 454 (5.0) 1,036 (2.3) 2.25 (2.01, 2.52)

Atopic dermatitis 533 (9.0) 1,867 (6.4) 1.45 (1.31, 1.61) 798 (8.8) 2,565 (5.6) 1.61 (1.48, 1.75)
*Odds ratio for the ADHD/control group in the matched analysis set.
ADHD, attention deficit hyperactivity disorder; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; NAFLD, non-alcoholic fatty liver disease;
NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus.
A bolded value indicates that the lower limit of the odds ratio is greater than 1 and implies that the prevalence of the somatic disease is significantly higher in the ADHD patient group than the
control one.
frontiersin.org

https://doi.org/10.3389/fpsyt.2024.1197513
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Takaesu et al. 10.3389/fpsyt.2024.1197513
conducted in accordance with the local legislation and institutional

requirements. Informed consent was not required because the

JMDC database contains Anonymized Processed Information, as

defined in Article 2, Paragraph 6 of the Act on the Protection of

Personal Information (Act No. 57 of 2003) (21). This study

(UMIN000049401) is registered at the UMIN Clinical Trials

Registry (https://www.umin.ac.jp/ctr/).
Author contributions

YT, YS, SI, PT, HM, YI, and TK conceived and designed the

study. SI and HM performed the analyses. YT, YS, SI, PT, HM, YI,

and TK interpreted the data. SI and HM accessed and verified the

data. YT, YS, SI, and YI were involved in the writing of the

manuscript. YT, YS, SI, PT, HM, YI, and TK were responsible for

the decision to submit the manuscript for publication. All authors

contributed to the article and approved the submitted version.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was funded by Shionogi & Co., Ltd. and Takeda Pharmaceutical

Co., Ltd.
Acknowledgments

Editorial support in the form of medical writing, assembling

tables, and creating high-resolution images based on the authors’

detailed directions and collating author comments, copyediting, fact

checking, and referencing was provided by Dr. Deepali Garg,

MBBS, PGDHA, of Cactus Life Sciences (part of Cactus

Communications) and funded by Shionogi & Co., Ltd. and

Takeda Pharmaceutical Co., Ltd. Consultation support for
Frontiers in Psychiatry 12
planning the study and reviewing the analysis results was

provided by Minami Nishimura of the Japan Medical Office,

Takeda Pharmaceutical Co., Ltd; Keiichi Honda of the Shionogi

Pharmacovigilance Center Co., Ltd., and Takuji Komeda of

Shionogi & Co., Ltd.
Conflict of interest

YI and YS are employees of Shionogi & Co., Ltd. SI and HM are

employees of Shionogi Pharmacovigilance Center Co., Ltd. PT is an

employee of Takeda Pharmaceutical Co., Ltd.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

This study received funding from Shionogi & Co., Ltd. and

Takeda Pharmaceutical Co., Ltd. The funder had the following

involvement with the study: the study design, collection, analysis,

interpretation of data, the writing of this article and the decision to

submit it for publication.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1197513/

full#supplementary-material
References
1. Salvi V, Migliarese G, Venturi V, Rossi F, Torriero S, Viganò V, et al. ADHD in
adults: clinical subtypes and associated characteristics. Riv Psichiatr (2019) 54:84–9.
doi: 10.1708/3142.31249

2. Jensen PS, Martin D, Cantwell DP. Comorbidity in ADHD: implications for
research, practice, and DSM-V. J Am Acad Child Adolesc Psychiatry (1997) 36:1065–79.
doi: 10.1097/00004583-199708000-00014

3. Naya N, Tsuji T, Nishigaki N, Sakai C, Chen Y, Jung S, et al. The burden of
undiagnosed adults with attention-deficit/hyperactivity disorder symptoms in Japan: a
cross-sectional study. Cureus (2021) 13:e19615. doi: 10.7759/cureus.19615

4. Faraone SV, Banaschewski T, Coghill D, Zheng Y, Biederman J, Bellgrove MA,
et al. The World Federation of ADHD International Consensus Statement: 208
evidence-based conclusions about the disorder. Neurosci Biobehav Rev (2021)
128:789–818. doi: 10.1016/j.neubiorev.2021.01.022

5. Narishige R. Hyperactivity disorder (attention deficit/hyperactivity disorder
ADHD). Jpn J Psychiatr Treat (2015) 44:567–72.

6. Sasayama D, Kuge R, Toibana Y, Honda H. Trends in diagnosed attention-deficit/
hyperactivity disorder among children, adolescents, and adults in Japan from April 2010 to
March 2020. JAMANetw Open (2022) 5:e2234179. doi: 10.1001/jamanetworkopen.2022.34179
7. Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler O, et al. The
prevalence and correlates of adult ADHD in the United States: results from the
National Comorbidity Survey Replication. Am J Psychiatry (2006) 163:716–23.
doi: 10.1176/ajp.2006.163.4.716

8. Ohnishi T, Kobayashi H, Yajima T, Koyama T, Noguchi K. Psychiatric
comorbidities in adult attention-deficit/hyperactivity disorder: prevalence and
patterns in the routine clinical setting. Innov Clin Neurosci (2019) 16:11–6.

9. Stickley A, Koyanagi A, Takahashi H, Ruchkin V, Inoue Y, Kamio Y. Attention-
deficit/hyperactivity disorder and physical multimorbidity: a population-based study.
Eur Psychiatry (2017) 45:227–34. doi: 10.1016/j.eurpsy.2017.07.010

10. Du Rietz E, Brikell I, Butwicka A, Leone M, Chang Z, Cortese S, et al. Mapping
phenotypic and aetiological associations between ADHD and physical conditions in
adulthood in Sweden: a genetically informed register study. Lancet Psychiatry (2021)
8:774–83. doi: 10.1016/S2215-0366(21)00171-1

11. Li L, Chang Z, Sun J, Garcia-Argibay M, Du Rietz E, Dobrosavljevic M, et al.
Attention-deficit/hyperactivity disorder as a risk factor for cardiovascular diseases: a
nationwide population-based cohort study. World Psychiatry (2022) 21:452–9.
doi: 10.1002/wps.21020
frontiersin.org

https://www.umin.ac.jp/ctr/
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1197513/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1197513/full#supplementary-material
https://doi.org/10.1708/3142.31249
https://doi.org/10.1097/00004583-199708000-00014
https://doi.org/10.7759/cureus.19615
https://doi.org/10.1016/j.neubiorev.2021.01.022
https://doi.org/10.1001/jamanetworkopen.2022.34179
https://doi.org/10.1176/ajp.2006.163.4.716
https://doi.org/10.1016/j.eurpsy.2017.07.010
https://doi.org/10.1016/S2215-0366(21)00171-1
https://doi.org/10.1002/wps.21020
https://doi.org/10.3389/fpsyt.2024.1197513
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Takaesu et al. 10.3389/fpsyt.2024.1197513
12. Strom MA, Fishbein AB, Paller AS, Silverberg JI. Association between atopic
dermatitis and attention deficit hyperactivity disorder in U.S. children and adults. Br J
Dermatol (2016) 175:920–9. doi: 10.1111/bjd.14697

13. Ahn HJ, Shin MK, Seo JK, Jeong SJ, Cho AR, Choi SH, et al. Cross-sectional study of
psychiatric comorbidities in patients with atopic dermatitis and nonatopic eczema, urticaria,
and psoriasis. Neuropsychiatr Dis Treat (2019) 15:1469–78. doi: 10.2147/NDT.S191509

14. Kafle OP, Wang X, Cheng S, Ding M, Li P, Cheng B, et al. Genetic correlation
analysis and transcriptome-wide association study suggest the overlapped genetic
mechanism between gout and attention-deficit hyperactivity disorder. Can J
Psychiatry (2021) 66:1077–84. doi: 10.1177/0706743720970844

15. Chen Q, Hartman CA, Haavik J, Harro J, Klungsoyr K, Hegvik TA, et al.
Common psychiatric and metabolic comorbidity of adult attention-deficit/
hyperactivity disorder: a population-based cross-sectional study. PloS One (2018) 13:
e0204516. doi: 10.1371/journal.pone.0204516

16. Ai Y, Zhao J, Liu H, Li J, Zhu T. The relationship between diabetes mellitus and
attention deficit hyperactivity disorder: a systematic review and meta-analysis. Front
Pediatr (2022) 10:936813. doi: 10.3389/fped.2022.936813

17. Landau Z, Pinhas-Hamiel O. Attention deficit/hyperactivity, the metabolic syndrome,
and type 2 diabetes. Curr Diabetes Rep (2019) 19:46. doi: 10.1007/s11892-019-1174-x

18. ChenMH, Pan TL, Hsu JW, HuangKL, Su TP, Li CT, et al. Risk of type 2 diabetes in
adolescents and young adults with attention-deficit/hyperactivity disorder: a nationwide
longitudinal study. J Clin Psychiatry (2018) 79:17m11607. doi: 10.4088/JCP.17m11607

19. Wynchank D, Bijlenga D, Lamers F, Kooij JJS, Bron TI, Beekman ATF, et al. The
association between metabolic syndrome, obesity-related outcomes, and ADHD in
adults with comorbid affective disorders. J Atten Disord (2018) 22:460–71. doi: 10.1177/
1087054716659137

20. Ministry of Health, Labour and Welfare, Japan. Ethical Guidelines for Medical
and Health Research Involving Human Subjects . Available at: https://www.mhlw.go.jp/
file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf
(Accessed March 20, 2023).

21. Act on the Protection of Personal Information (2003). Available at: https://www.
Japaneselawtranslation.go.jp/en/laws/view/2781/en (Accessed March 20, 2023).

22. Nagai K, Tanaka T, Kodaira N, Kimura S, Takahashi Y, Nakayama T. Data
resource profile: JMDC claims database sourced from health insurance societies. J Gen
Fam Med (2021) 22:118–27. doi: 10.1002/jgf2.422

23. Armstrong-Hough MJ. ADHD in Japan: a sociological perspective. In: Bergey
MR, Filipe AM, Conrad P, Singh I, editors. The Global Perspectives on ADHD: Social
Dimensions of Diagnosis and Treatment in Sixteen Countries. Baltimore, MD: Johns
Hopkins University Press (2018). p. 261–9.

24. Aoki Y, Tsuboi T, Furuno T,Watanabe K, KayamaM. The experiences of receiving
a diagnosis of attention deficit hyperactivity disorder during adulthood in Japan: a
qualitative study. BMC Psychiatry (2020) 20:373. doi: 10.1186/s12888-020-02774-y

25. Nakamura K, Ohnishi M, Uchiyama S, Takebayashi K, Ninomiya T, Suzuki K,
et al. Epidemiological survey of adult attention deficit hyperactivity disorder (ADHD)
in Japan. Jpn J Psychiatr Treat (2013) 28:155–62.
Frontiers in Psychiatry 13
26. Faheem M, Akram W, Akram H, Khan MA, Siddiqui FA, Majeed I. Gender-
based differences in prevalence and effects of ADHD in adults: a systematic review.
Asian J Psychiatr (2022) 75:103205. doi: 10.1016/j.ajp.2022.103205

27. Hidese S, Asano S, Saito K, Sasayama D, Kunugi H. Association of depression
with body mass index classification, metabolic disease, and lifestyle: a web-based survey
involving 11,876 Japanese people. J Psychiatr Res (2018) 102:23–8. doi: 10.1016/
j.jpsychires.2018.02.009

28. Kawakami N, Takatsuka N, Shimizu H, Ishibashi H. Depressive symptoms and
occurrence of type 2 diabetes among Japanese men. Diabetes Care (1999) 22:1071–6.
doi: 10.2337/diacare.22.7.1071

29. Kayano H, Koba S, Matsui T, Fukuoka H, Kaneko K, Shoji M, et al. Impact of
depression on masked hypertension and variability in home blood pressure in treated
hypertensive patients. Hypertens Res (2015) 38:751–7. doi: 10.1038/hr.2015.75

30. Kayano H, Koba S, Matsui T, Fukuoka H, Toshida T, Sakai T, et al. Anxiety
disorder is associated with nocturnal and early morning hypertension with or without
morning surge: ambulatory blood pressure monitoring. Circ J (2012) 76:1670–7.
doi: 10.1253/circj.cj-11-1085

31. Instanes JT, Klungsoyr K, Halmoy A, Fasmer OB, Haavik J. Adult ADHD and
comorbid somatic disease: a systematic literature review. J Atten Disord (2018) 22:203–
28. doi: 10.1177/1087054716669589

32. Garcia-Marin LM, Campos AI, Cuellar-Partida G, Medland SE, Kollins SH,
Renteria ME. Large-scale genetic investigation reveals genetic liability to multiple
complex traits influencing a higher risk of ADHD. Sci Rep (2021) 11:22628.
doi: 10.1038/s41598-021-01517-7

33. van Amsterdam J, van der Velde B, Schulte M, van den Brink W. Causal factors
of increased smoking in ADHD: a systematic review. Subst Use Misuse (2018) 53:432–
45. doi: 10.1080/10826084.2017.1334066

34. Soto-Angona O, Anmella G, Valdes-Florido MJ, De Uribe-Viloria N, Carvalho
AF, Penninx B, et al. Non-alcoholic fatty liver disease (NAFLD) as a neglected
metabolic companion of psychiatric disorders: common pathways and future
approaches. BMC Med (2020) 18:261. doi: 10.1186/s12916-020-01713-8

35. Chuang YC, Wang CY, Huang WL, Wang LJ, Kuo HC, Chen YC, et al. Two
meta-analyses of the association between atopic diseases and core symptoms of
attention deficit hyperactivity disorder. Sci Rep (2022) 12:3377. doi: 10.1038/s41598-
022-07232-1

36. Attoe DE, Climie EA. Miss. Diagnosis: a systematic review of ADHD in adult
women. J Atten Disord (2023) 27:645–57. doi: 10.1177/10870547231161533

37. Rothman KJ. Epidemiology: An Introduction. Oxford: Oxford University Press
(2012). Available at: https://ebookcentral.proquest.com/lib/oxford/detail.action?
docID=5763681.

38. Schmidt S, Petermann F. Developmental psychopathology: attention deficit
hyperactivity disorder (ADHD). BMC Psychiatry (2009) 9:58. doi: 10.1186/1471-
244X-9-58

39. Ministry of Health, Labour and Welfare, Japan. Survey (2019). Available at:
https://www.soumu.go.jp/main_content/000458765.pdf (Accessed June 10, 2023).
frontiersin.org

https://doi.org/10.1111/bjd.14697
https://doi.org/10.2147/NDT.S191509
https://doi.org/10.1177/0706743720970844
https://doi.org/10.1371/journal.pone.0204516
https://doi.org/10.3389/fped.2022.936813
https://doi.org/10.1007/s11892-019-1174-x
https://doi.org/10.4088/JCP.17m11607
https://doi.org/10.1177/1087054716659137
https://doi.org/10.1177/1087054716659137
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf
https://www.mhlw.go.jp/file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/0000080278.pdf
https://www.Japaneselawtranslation.go.jp/en/laws/view/2781/en
https://www.Japaneselawtranslation.go.jp/en/laws/view/2781/en
https://doi.org/10.1002/jgf2.422
https://doi.org/10.1186/s12888-020-02774-y
https://doi.org/10.1016/j.ajp.2022.103205
https://doi.org/10.1016/j.jpsychires.2018.02.009
https://doi.org/10.1016/j.jpsychires.2018.02.009
https://doi.org/10.2337/diacare.22.7.1071
https://doi.org/10.1038/hr.2015.75
https://doi.org/10.1253/circj.cj-11-1085
https://doi.org/10.1177/1087054716669589
https://doi.org/10.1038/s41598-021-01517-7
https://doi.org/10.1080/10826084.2017.1334066
https://doi.org/10.1186/s12916-020-01713-8
https://doi.org/10.1038/s41598-022-07232-1
https://doi.org/10.1038/s41598-022-07232-1
https://doi.org/10.1177/10870547231161533
https://ebookcentral.proquest.com/lib/oxford/detail.action?docID=5763681
https://ebookcentral.proquest.com/lib/oxford/detail.action?docID=5763681
https://doi.org/10.1186/1471-244X-9-58
https://doi.org/10.1186/1471-244X-9-58
https://www.soumu.go.jp/main_content/000458765.pdf
https://doi.org/10.3389/fpsyt.2024.1197513
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Prevalence of somatic diseases in adults with attention deficit hyperactivity disorder in Japan is highest in people aged &ge;40 years with mental disorders: a cross-sectional study of a Japanese health insurance claims database
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Medical information database
	2.3 Study population
	2.4 Study outcomes
	2.5 Statistical analysis

	3 Results
	3.1 Study population and characteristics
	3.2 Somatic diseases
	3.3 Somatic diseases by age
	3.4 Somatic diseases by sex
	3.5 Sensitivity analyses

	4 Discussion
	5 Strengths and limitations
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


