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Abstract

Comorbid psychiatric disorders in adults with ADHD are important because these comorbid-
ities might complicate the diagnosis of ADHD and also worsen the prognosis. However, the
prevalence of comorbid psychiatric disorders in adult ADHD varies according to the diag-
nostic tools used and the characteristics of target populations. The purpose of this review
was to describe the prevalence of comorbid psychiatric disorders in adults with ADHD com-
pared with adults without ADHD. Thirty-two studies published before August 2022 were
identified and classified according to diagnosis of other psychiatric disorder in those with
ADHD. The most frequent comorbid psychiatric disorder in the ADHD group was substance
use disorder (SUD), followed by mood disorders, anxiety disorders, and personality disor-
ders. The prevalence of these four disorders was higher in the ADHD group, whether or not
subjects were diagnosed with other psychiatric disorders. In addition, the diversity of ADHD
diagnostic tools was observed. This also might have affected the variability in prevalence of
comorbidities. Standardization of ADHD diagnostic tools is necessary in the future.

Introduction

ADHD(attention-deficit/hyperactivity disorder) is a common psychiatric disorder presenting
persistent inattention and/or with hyperactivity/impulsivity [1], which is associated with con-
siderable problems in personal, social, and occupational areas [2]. While ADHD is well studied
in children, it is recently being studied in adults as well. According to a previous meta-analysis,
65% of children who were diagnosed with ADHD have persistent ADHD symptoms in adult-
hood [3]. In addition, the prevalence of ADHD in adults is known to reach 2.5% [4], which is
moderate compared to its prevalence in children, which is about 5% [5].

Although comorbid psychiatric disorders are common in both adults and children, the
comorbidity rate is higher in adults; as many as 80% of adults with ADHD are reported to
have at least one comorbid psychiatric disorder [6-8]. In clinical adult ADHD samples, sub-
stance use disorder (SUD), mood disorder, anxiety disorder, and antisocial personality
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disorder (ASPD) are the most common comorbid disorders [9, 10], and these mental disorders
can adversely affect patient prognosis. Furthermore, research revealed that comorbid psychiat-
ric disorders cause considerable functional impairment in individuals with ADHD and place a
great burden on society [11].

For this reason, several cross-sectional studies have been conducted on various populations
including clinical and general settings over 30 years to evaluate the prevalence of comorbid
psychiatric conditions in adults with ADHD. However, the prevalence of comorbid psychiatric
disorders varied according to characteristics of the subjects, including country, race, gender,
and other socioeconomic characteristics as well as the screening or diagnostic tools applied
[10, 12]. Moreover, since ADHD has been recognized in adults, diagnostic tools for adult
ADHD and its comorbid disorders have changed over time [13], and the interest in clinical
diagnoses and optimal treatments in adults with ADHD has also increased [14]. These factors
might have contributed to the divergent prevalence rate of ADHD and comorbid disorders in
adults.

However, to the best of our knowledge, despite the high prevalence of psychiatric disorders
documented in previous studies in the adult ADHD subjects [10, 11, 15, 16] and their impor-
tance in the clinical field, no systematic literature review has specifically compared the preva-
lence of comorbid psychiatric disorders between adults with and without ADHD. Considering
the high prevalence of adult ADHD and its impact on quality of life, a perspective on frequent
comorbid psychiatric disorders would be helpful for individuals with ADHD and clinicians.
Thus, the aim of our study was to ascertain the difference in the prevalence rates of comorbid
psychiatric disorders between adults with and without ADHD including both clinical and gen-
eral populations.

Methods
Study search and data sources

The methodology of the present review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) [17]. Following PRISMA guideline, we conducted
research based on PICO (Population, Intervention, Comparison and Outcome). The target
population was adults with diagnosed ADHD. We compared the prevalence of comorbid psy-
chiatric disorders between ADHD and non-ADHD patients. We searched electronic libraries
of PubMed, EMBASE, PsycINFO, PsycNET, and Google Scholar for publications regarding
the epidemiology and prevalence rate of comorbidities of adult ADHD published from 1 Janu-
ary 1990 to 1 August 2022. The initial search was conducted by two authors (WSC, YSW)
using the following terms: Prevalence AND (ADHD OR ADD OR Attention Deficit) AND
Adult AND (comorbidity OR comorbid) in titles or abstracts. Each database was updated as
appropriate when preparing this submission for publication. Full electronic search strategies
are provided in the S1 Text.

Study selection

First, articles obtained from the initial search were de-duplicated by EndNote 20. Then, inclu-
sion/exclusion screening was performed by lead authors (WSC, YSW) based on exclusion cri-
teria of non-relevant articles (e.g., did not focus on adult patients or did not include
psychiatric comorbidity data), non-English articles, full text not available, abstract-only papers,
and articles that were not peer-reviewed. We included all types of research except a systematic
review or meta-analysis defined by title and method. The initial inclusion/exclusion review
was based on titles and abstracts; if the relevance of the article was unclear, a full-text review
was performed to determine the eligibility of each study. After this initial process, the full texts

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022 2/28


https://doi.org/10.1371/journal.pone.0277175

PLOS ONE

The prevalence of psychiatric comorbidities in adult ADHD

of all included articles were retrieved to evaluate our detailed eligibility criteria. Articles were
included in the study if they 1) used samples of adult populations aged 18 years or older, 2)
defined clear ADHD and non-ADHD groups by clinically diagnoses or using any diagnostic
criteria (e.g., DSM (Diagnostic and Statistical Manual of Mental Disorders)) or tools for
screening/diagnosing ADHD in adults (e.g., ASRS (Adult ADHD Self-report Scale)), 3)
defined the prevalence rate of comorbid psychiatric disorders using any diagnostic tools for
each psychiatric disorder (e.g. SCID (Structured Clinical Interview for DSM-IV)), and 4)
directly compared ADHD and non- ADHD groups using statistical analysis. Any discrepancy
between the two lead authors during study selection was resolved through discussion, and
other authors were consulted if necessary. The inclusion consistency between the two authors
was 94.1% (32/34).

Data collection process

Microsoft Excel was used to develop a data extraction spreadsheet, and all included full-text
articles were reviewed by both researchers (WSC, YSW), who also conducted the initial data
search and study selection process. The extracted data were reviewed for consistency, and any
queries that arose were resolved by discussion among the researchers. The lead author decided
whether to include/exclude data by reviewing the specific articles.

Measurements

Because there are various methods for diagnosing ADHD and psychiatric disorders in adults,
we extracted the following variables from the articles ultimately included: 1) data describing
the study characteristics, such as year of publication, country, or study design; 2) data describ-
ing the target population, like sample size, age range or mean age/SD, or gender composition;
3) diagnostic tools for adult ADHD and comorbid psychiatric disorders, whether clinical diag-
nosis was performed, and the diagnostic criteria for ADHD/psychiatric comorbidity; 4) study
results including the prevalence rate of ADHD in the target population, prevalence rate of
each psychiatric comorbidity in each ADHD and non-ADHD group, and any statistically sig-
nificant comparable variables including odd ratios(ORs) with 95% confidence intervals or chi-
square () test variables.

Classification of studies

Based on several studies targeting nation-wide psychiatric comorbidities [18-20], assuming
that the prevalence of comorbid psychiatric disorders is higher in groups of psychiatric
patients, we decided to divide the study populations into general population group studies and
clinical group studies. A clinical group study was defined as one in which the study population
included patients who had previously been clinically diagnosed with any psychiatric disorder
or had visited/been admitted either voluntarily or involuntarily to a hospital for treatment. A
general group study was defined as that in which the whole study population was not diag-
nosed with any psychiatric disorders before the start of each study.

In addition, considering the specificity that the prevalence of ADHD among incarcerated
people was five to 10 times higher than that of the general population [21], and that the preva-
lence of comorbid psychiatric disorders among inmates was higher than that of the general
population [22], we classified data of incarcerated patients separately from other population
groups. The incarcerated group study was defined as a study that only included incarcerated
participants.
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Results

In total, 1768 articles were identified by the search method described above, and 335 duplicates
were removed. After the duplicates were excluded, an additional 1121 articles were excluded
by screening titles and abstracts. The remaining 292 articles were read in full and included in
the analysis if they met the inclusion criteria of our study. Based on our study criteria, 260 arti-
cles were excluded for reasons noted in Fig 1. Thus, 32 studies comparing the prevalence rates
of comorbid psychiatric disorders between ADHD and non-ADHD adult subjects were
selected for systematic review.
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Fig 1. PRISMA flow diagram. Flow diagram of the manual screening process for eligible literature.

https://doi.org/10.1371/journal.pone.0277175.9001
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Of the 32 studies comparing the prevalence of comorbid psychiatric disorder between sub-
jects with and without adult ADHD, according to our classification criteria, 11 studies
involved general populations, 18 studies included psychiatric populations, and three studies
focused on incarcerated populations. One of the three studies dealing with incarcerated popu-
lations involved only female inmates [23], and the other one study involved only male inmates
[24].

Diagnostic tools of included studies

In this review, 12 diagnostic tools including clinical diagnostic criteria like DSM or ICD(Inter-
national Classification of Disease), were used to evaluate adult ADHD. In addition, five diag-
nostic tools were mainly used for comorbid psychiatric disorders. The most used evaluation
tool for adult ADHD was Adult ADHD Self-Report Scale (ASRS) [25, 26], which was used in
12 studies. Five studies used the ASRS alone to evaluate ADHD in adults, and the rest of the
studies used more than one tool to evaluate ADHD. The next most frequently used evaluation
tools were Conner’s Adult ADHD Diagnostic Interview for DSM-IV(CAADID) [27] and the
Wender Utah Rating Scale (WURS) [28].

Prevalence of mood disorders

Nineteen studies provided data comparing the prevalence of mood disorders (including
depressive disorders and bipolar disorders) between ADHD patients and non-ADHD individ-
uals 6, 16, 29-45]. In the general populations, the prevalence of any depressive disorder in the
non-ADHD group was estimated at 1.2% [16] to 12.5% [35], compared to 8.6% [36] to 55% [6]
in the ADHD group. In clinical populations, the prevalence of any depressive disorder in the
non-ADHD group was estimated at 5.8% [32] to 39.6% [34], compared to 15.4% [32] to 39.7%
[44] in the ADHD group. In the general population, the prevalence of any bipolar disorder in
the non-ADHD group was estimated at 0.2% [35] to 3.6% [16] compared to 4.48% [42] to
35.3% [16] in the ADHD group. In clinical populations, the prevalence of any bipolar disorder
in the non-ADHD group was estimated at 2.0% [37] to 19.5% [40], compared to 7.4% [34] to
80.0.% [29] in the ADHD group. There were no differences reported in the prevalence of
mood disorders between ADHD and non-ADHD groups in the incarcerated population stud-
ies. Detailed information from each study is summarized in Table 1.

Prevalence of anxiety and related disorders

Sixteen studies provided data comparing the prevalence of anxiety disorders including obses-
sive-compulsive disorder, somatoform disorders and trauma/stress-related disorders between
ADHD patients and non-ADHD individuals [12, 16, 31, 34-36, 38, 39, 41-43, 45-49]. In gen-
eral population, the prevalence of any anxiety disorders in the non-ADHD group was esti-
mated at 0.5% [39] to 9.5% [36] compared to 4.3% [39] to 47.1% [36] in ADHD group. In
clinical populations, the prevalence of any anxiety disorders in the non-ADHD group was esti-
mated at 5.4% [46] to 40% [49] compared to 3.9% [34] to 84% [49] in the ADHD group. Only
one study of incarcerated populations showed a difference in the prevalence of social phobia
between non-ADHD and ADHD individuals [47]. Detailed information from each study is
summarized in Table 2.

Prevalence of substance use disorders and gambling disorder

Twenty-two studies provided data comparing the prevalence of substance use disorders
(including addiction to alcohol, opioids, stimulants, cannabis, anxiolytics, and nicotine) and
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gambling disorders between ADHD and non-ADHD individuals [6, 12, 16, 23, 24, 31-33, 35—
42,45, 47, 48, 50-52]. In general populations, the prevalence of any substance use disorder in
the non-ADHD group was estimated at 0% [6] to 16.6% [39] compared to 2.3% [35] to 41.2%
[16] in the ADHD group. In clinical populations, the prevalence of any substance use disorder
in the non-ADHD group was estimated to be 2.0% [45] to 72.2% [41] compared to 10.0% [48]
to 82.9% [41] in the ADHD group. Two studies compared the prevalence of gambling disorder
between ADHD and non-ADHD patients, and there was one study for each general/psychiat-
ric population group, showing a statistically significant difference in prevalence [37, 39]. Two
studies of incarcerated populations showed differences in the prevalence of benzodiazepine
use disorder [47] and drug dependence [23]. Detailed information from each study is summa-
rized in Table 3.

Prevalence of personality disorders

Fourteen studies provided data comparing the prevalence of personality disorders (including
borderline personality disorder and antisocial personality disorder) between ADHD and non-
ADHD individuals [12, 16, 23, 24, 30, 33, 34, 38, 41-44, 47, 53]. In general populations, the
prevalence of any personality disorders in the non-ADHD group was estimated at 0% [42] to
3.9% [16] compared to 0.31% [42] to 33.8% [16] in the ADHD group. In clinical populations,
the prevalence of any personality disorder in the non-ADHD group was estimated at 6.6% [33]
to 34.4% [12] compared to 21.9% [34] to 65.95% [12] in the ADHD group. Two studies of
incarcerated populations showed differences in the prevalence of borderline personality disor-
der and antisocial personality disorder. The prevalence of antisocial personality disorder was
higher in the ADHD group in both studies [23, 47], and the prevalence of borderline personal-
ity disorder was higher in one study [47]. Detailed information from each study is summarized
in Table 4.

Discussion

In our systematic review, we included 32 studies conducted over 16 years dealing with the
prevalence of psychiatric comorbidities between adults with and without ADHD. To our
knowledge, this is the first systematic review comparing the prevalence of comprehensive
comorbid psychiatric disorders between adults with and without ADHD and including both
general and clinical populations. Articles published from 2006 to 2022 were included in this
review. This might because the interest in adult ADHD had increased based on the results of
longitudinal follow-up studies on children and adolescents with ADHD [54, 55].

The studies included in this review most commonly used ASRS as a diagnostic tool for
adult ADHD (12 of 32), followed by CADDID and WURS. As a self-report scale, due to its
simplicity and cost-effectiveness, ASRS can be preferred by ADHD investigators. However, the
variability in the evaluation tools for adult ADHD is thought to be due to the lack of estab-
lished diagnostic criteria [56]. Many psychiatric disorders are diagnosed based on observation
of an assessor and complaint of a patient. The lack of standardized diagnostic tools can lead to
over-diagnosis or under-diagnosis of psychiatric disorders [57, 58] and can cause inconsis-
tency in diagnosis, which complicates comparison studies [59, 60]. Heterogeneity of diagnostic
tools observed in this study not only prevented meta-analysis, but also might affect the vari-
ability in the reported prevalence of adult ADHD.

In addition, the prevalence of ADHD in adults varied from 1.1% [39] to 8.8% [50] in gen-
eral population samples and from 5.12% [52] to 35.75% [53] in psychiatric population samples.
A previous systematic review of ADHD prevalence in and adult psychiatric population shows
a similar range, from 6.9% to 38.75% [61]. In this previous study [61], the authors assumed

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022 13/28


https://doi.org/10.1371/journal.pone.0277175

The prevalence of psychiatric comorbidities in adult ADHD

PLOS ONE

(panuspuo))
sisougerp
(98'6-79°6) (8£9°06¥°S Apmis 064 :01-aDI [1€]
vL6=4d ans | /6T1°719) %11 | d[dues [erousn [BUON}O3S-SS01D ani P1¢€ :6-ADI $9-81 | 9%I8°0S | L08TSS‘S | ABMION | 8107 | [e3d USYD
los€ ‘12T] [oyooe Surpnpout
8,7 =40 asn aoueIsqns-£Joq
[eTe00T]
¥$'7 =40 asn aoueIsqns-AJog
[9£7798°1]
LTT=490
(89T ‘08°1] asn Snap 1o1|
61T =40 siqeuue)
[9€T69T]
L6'T =40 sayerdO
[se¢6LT]
SFT =40 sjue[nWNg
6V ‘98°C] AnsiSoy
85°¢ =0 | 2ouapuadap [0YooTy UIM [, YSIPamMS Apmys
(9% C F¥°1] (69591 -uonyerndod ?uﬁmoﬁoﬁm&ﬁaw RLIILID [os] e 30
88’1 =40 asNqe [0YO[Y | /865°T) %8'8 [e12u2D) | paseq-uonendog I-dIds AIFINSA SP-0T | %800V | L9IQT | UIPIMS | 610C uesnde)
L0TLT = X (Sunjuuip Aaeay
(%01°57) SOE -Aep 1ad syyurrp
SA (%¥0°CT) IOW IO AT —
$90°C 7 2d£y) asn [oyoory
91°08L = X
(%09°0%) €0S
SA (%€6F1) sisougerp auav
6£9T ANS 2wnayry ur 95'g7
9¢'61s = X ‘aHav
(%¢€0°L1) (Apms _uou
11z sA sisougerp NS (6€T°1T | ordures Areypuy | Auwre [Iy) Apmys NVS-1AIO urz/ 8T [16] e
(%¥0%) P1L sfep-0g SO | /FL9LT) %99 | —d[duwes [eI1oUD) | [eUONIAS- SSOID) ¥ 1dI0 (+)S-SYSY | 2Beuwday | 9%€'88 | €161 Sn | ozoz | duofody
sdures [erauan
SISPIOSIp dLnerydAsd
piqiowod
(%) Jo ddudpesdrd (@aHav IapIosIp
u‘aqHav pue JHAV | /AHAV-uou) steryassd
SA (%) U pue QHAV-uUou| (%)AHAV pigrowod dHav Spewt
‘qHaV-uou | Surredwods sSurpury Joraduaq s1dureg uSIsa(] | JO JUSUISSISSY | JO JUIWISSISSY By Jo 9o N| 4Anuno) | reax aoymny

's192(qns QHAV Pue QHV-UOU U29M)3q IopIosip Surjquies pue IopIosIp asn adue)sqns jo adudpeadrd ay) Surredurod sarpmyg “¢ [qe],

14/28

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022


https://doi.org/10.1371/journal.pone.0277175

The prevalence of psychiatric comorbidities in adult ADHD

PLOS ONE

(panuguo))
dnoi3 jonyuoo
sA qHAV MITATIUT
we=1X (112 paNnIaY Apmys 1I-amns paInionas [8€]
ans aHay 4uy /TST) ‘YN | -oduues [e1ousD) [0TU03-358D) ‘1-dIds R SAvs— L€-81 %0°1S €9¢ SN | £00T | TB38 IOMIAN
[96'92-€9°C]
€7'8 40 Supqured
%P1 SA%L0 [eo18o[oyreq
[627°6-05°T]
18290
%€°0C
SA 05/ | @ouapuadop SUNOJIN
(8c€ %S"0S
U1l L6'T (1amio -aQHAVY
A0 % 0€ souspuadap Apnis | 19\ uea10y) (+) %Y 65 + BII0Y [6€]
SA %991 /3snqe [0YOdTy (¢10°9/69) | opdwres [erouan | eordojorwapidy 1a1o-x1 I'TAS-S4SV 65-81 | dHAV 1809 qnos | 1102 [e19341ed
()4
[T'6 1T as) ¢og
¥y [pe o sjoxyu0o
(9%5°97) 81 asnqe/aouspuadap auav
A (%9'9) TT aoueIsqng -uoN
[£9°07] srdures (HINI| (61as)
9'¢ [PE YO H0q0o g NP dHAV (4013
(%T°1¥) 8T asnqe -uone[ndod Apmis peynuspt | HAV [o1] e 30
SA (%Z'ST) TS | /2oudpuadap [0YOdY | (S€€/89) YN [eRURD [01U03-9s587) TNTIN -pooyp[yD | a8e ueay VN 81LG SN | 9T0T | TNSeWIYSOx
200’
1001 =X
(%S°€) L1 ouapuadap
sA (%9°0) € Snap 19O
(430}
509 =X
(%€7) 11 aduapuadap
A (%9°0) € siqeuue)
10
9L£'9=7X
(%LT) €1
sA (%9°0) € asnqe siqeuue)) (feuorssajord
100° HWW-SHOD qreay
€801 =X AaaIns yyreay Jjo spaau oy | e £q pasouSerp)
(%9°S) £z | 2ouspuadap [oyooTy [eIUSW [eUOTJEU- Apmys | 10] pagrpouwr auay [s¢] 1opmog
SA (%L'T) 8 puow-z1 (VN) %6C | ordues [erousn [013u0d-3s8D) IAID-OHM |  Jorodar-gpg ¥9-0C VN LS69T | ®peURD | 8I0C | PUB UOSSIH
SI9paosIp dSrnjerydAsd
pIqiowod
(%) Jo ddudresdxd (aHav IIPIOSIp
u‘qHav pPue QHAV | /AHAV-Uou) srneryAsd
s (%) u pPue qHQV-uou |  (%)AHAV pIqIomrod aHav arewr
‘qHaV-uou | Surredurod sSurpury Jo'adxg srdureg udIsa( | JO JUSWISSISSY |  JO JUIUISSISSY a8y Jo 9 N| Anuno)| xeax aoyny

(panunuoD) ‘¢ 3[qe],

15/28

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022


https://doi.org/10.1371/journal.pone.0277175

The prevalence of psychiatric comorbidities in adult ADHD

PLOS ONE

(panuguo))
870°0 juanedur prem
(%8°ST) (61 | o1sudrog- ayduues Aprus [c7] errexez
€54(%07) T 9snqe [oYyoo[y | /10T) %8'ST oRIYdAsd [eU0n}95-5S0ID I'NTIN diavvo S9-81 %T76 0T1 | eiskee]y | 6107 | PpuE UOOM
000
€6'07 =X
%9°6C
SA %€’ | [EMIOE SN 2doURISANS
100°
$8°01=12X
%9°YS awnayI
SA 9G°0€ asn aoueISqNg
90°61 = X
%0°5T [enjoe
SA 969°9 ‘asnqe aoue)sqng
ve9=2X £pmis (H)woqoC
%9'6C Wy (24 siuanedino [eUOnEAISSqO VAIQ pu® (+) [cs] e
SA%I'ST ‘osnqe duesqnS | /065) %TI'S SIRIYAS] [eUO1}O35-SS01D snd I'NTIN ['1A S-SUSV 0£-81 %T LY 065 A®a | 120T [233sTe A
odures feotur)
%IT'S asnqe (csee|  aseqeep WdH Apms [ev]
SA %L8'T [oyoore 10 8niq /TSTT) ‘YN | —o1dues [e1ousn [o13u03-9se) 6-dOI 6-dOI >81 %EF ¥0Sy SN | S00T | [e 39 Iud9s
[s9-¥1]
0°¢ O %T'ST IopIOSTp (SY-aHav)
SA 949°G 2oue)sqns Auy T1ASADV
g2 x ASojoped
-€7] 6240 Asams feuonjeu Apmys pooypiy> [9¢]
%V SA %T1°0 auspuadep Sniq (VN) %9°C | -o[dures erouany o13ojorwaprdy 1dIio 103 AI-SIA 981 VN 661°€ SN | 900T | Te 3o I9[ssa
[ACEEN
(%¥'11) aouspuadap
8 SA (9%0) 0 duRISqNg
$01°8 = X
(%1°21) C1
SA (%6°C) T asnqe dueISqNg
(0ot
908'L1 =X as) 8'6s
(%S°82) 0T -quav
SA (%6°7) T [e101 sadUBISqNS 06
16€CT =7X dnoi3 jonyuos sa as) 8'9¢
(%0°0¢€) 1T [£30) S12pI0STP AHQYV pa11eja1- Apmys saavd | +aHav (o]0
SA(%T°L) S pajeprdueIsqns | (0£/0£) ‘YN | o[dures [erousny [onuos-asen 1-dIos ¥ -SINM | 98 ueay %ETS ov1 | Auewran | £00T p{sueqos
SI9paosIp dSrnjerydAsd
pIqiowod
(%) Jo ddudTesdxd (aHav IIPIOSIp
u‘qHav pue QHAV | /AHAV-Uou) srneryAsd
SA (%) U pue qHQV-uou | (%)AHAV piqiowod dHav spewr
‘qHaV-uou | Surredurod sSurpury Jo'adxg srdureg udIsa(] | JO JUSWISSISSY |  JO JUIUISSISSY a8y Jo 9 N| Anuno)| xeax aoyny

(panunuoD) ‘¢ 3[qe],

16/28

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022


https://doi.org/10.1371/journal.pone.0277175

The prevalence of psychiatric comorbidities in adult ADHD

PLOS ONE

(ponutyuop)
aeos
uonenyesyg
juaned dHav
1887 =X ys1a Juanedino - /dav Impy
(%0°81) £ snqy (Lot arduues Apmis 1-dI0S | sAe8in, g 9¢< 43
A (%8°S) 1 adurIsqng YO /6€) %6'ST oLRIYIAsq [BUOT}538-SS01D) ‘ADI-AIDS 91008 SYNM 09-81 VN 9pz | AoyanL | $10z | [e39 uemq
SIa)0
I TNTIN
srurpd jusryedino add
uonIppe 103 I1-AIOS
%0°8S aduapuadap (291 —ardures Apms 110100 ans [g€]
SA %6°ST siqeuued /0S) %0°'€T SIeIYdAsq [eUON}98-sS0ID 10) AI-INSA aiavvo S9-81 %¥"99 L1C odueL | 9T0T | [B39 Se9sie]
01-ddI
05'9 =X (czi/auav 03 Surpioode (e
(%€97) 61 A SIOPIOSIp | JUaLMO-Tf) | Xp qD-ddures Apms 0€ <X-S4NM | ds) Tov [e1]
(%L°0€) 0S¥ asn aoueIsqng %T'ST SIJRIYOASd | [eUONO3S-SSOID) 01-adI ¥ GINSA | e UBIN | %S98 €91 | AuewaD | 910T [e 30 2394
(%8
'SA 96°C) | oSN 2OUBISqNS JATOY
(stsouder()
Bungqured 0 VAIQ +
(%T SA %T) S1jRUId[qOI] syuanedino (Suruaa108)
(%8 (soz | eorurp-ajdues Apmys 31040d §<SAS® Suoy [£€] ueyD
SA %¥%'C) | 2SN [OYOI[e dTUOIYD) /6¥%) %€ 61 oerydAsq [EUOI}I9S-SSOID S-NSA | LI< T'TA-SYSV 79-81 %L'8C 1414 8uoy | L10z pue Suna
(%0°01) Ju2.LIMd
€57 (%07) 6 snqe prordo sisoueip ANV
AL-AI-INSA
Ac&mMMV ¥ JjuaI1Ind PIm uﬁoﬂm&uzo
SA (%6°€) LT | ‘osnqe aurwrejoydury 39 Juanedur
(%L'97) 8 Jua1m) (Tv¥ -apdures Apms [87]
SA (%€°6) T ‘asnqe siqeaue) /0€) %9€°9 SIeIYdAsq [BUOT238-S501D) NSTdd WSdd 08-81 %9%9 wy SN | 6107 | &30 sahoy
(86T 91'1]
98'T 40 69
= X %6T8 souapuadap
SA %TTL Sunjowg
[0S “T¥°T]
§'€ 40 S99
= X %e€s
SA 9%9'%7 | douapuadap aureso)) syuanyed
[90°€ any suppss
‘9¢'1] $0°C jusUIIeaI)
MO €Tl =X souspuadap (es1 -sjuanjed Apmys [17] 1
%6°0€ SA %81 sIqeuue) | /€/G) %I'1T JIRIYAS] [euonoas-sso1) | YI-AI-INSA (>v1) SASY >81 %S°TL 9tL uredg | 610C 0I20u0y
SI9paosIp dSrnjerydAsd
piqiowod
(%) Jo ddudTesdxd (aHav IIPIOSIp
u‘qHav pue QHAV | /AHAV-Uou) srneryAsd
s (%) u pPue qHQV-uou |  (%)AHAV pIqIomrod aHav arewr
‘qHaV-uou | Surredurod sSurpury Jo'adxg srdureg udIsa(] | JO JUSWISSISSY |  JO JUIUISSISSY by Jo 9 N| 4Anunop | reax aoyny

(panunuoD) ‘¢ 3[qe],

17/28

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022


https://doi.org/10.1371/journal.pone.0277175

The prevalence of psychiatric comorbidities in adult ADHD

PLOS ONE

€00V S/ 2 /¢0"auod [euinol/L g 10 1/610"10p//sd1y

UOISI9 A URIDIUID) ‘SIOPIOSI(T [ SIXY AT-INS 10 MIIATIIU]

[ed1urD paimonng :AD-I-AIDS ‘AI-INSA 2y} 10§ aareuuonsanb onsouSerp 1opIosip Aeuosiag H-Odd 9[eds Suner yeyn) 19pusp| Y3 JO WLI0J JI0YS UBWLIID) H-SY M D[S Suney yeln) Jopusp
'SANM SUNPY UT HAY 10J MITAINU] d1souser( 'Y ATJ OedS AN[IQeSI UBYDIYS :SS SIOPIOSIP [BIUSW PUB d0UBISqNS J0J MITAIUI YDIBIST JLIeIYdASJ NS O[E9S I9PIOSIP DI UOT UL
umoIg :SAAV 2[e2S 10y J[2S INPY :SYSV “IUI0G-3[edS 110day J[2S INPY :S-SUSV ‘AT-INSA 10 matazau] spsouSerq QHAV HOPY SI2UU0D QIAYVD ‘MdIAI3u] srnerydisdomaN
[BUOTIRWIUT-TUTIAL :['N'T' N ‘Md1a1a)u] onsouder( [euoneuraju] a)rsoduro)) ay jo uorsiaa uoneziueSiQ yedH PHOM IAID-OHM SI2PIOSI(T [ SIXY AT-INS 10J MIIAIIU] [eITUT]D) PIINJONIIS
I-AIDS QMPOIN asSNqY duesqnS-1AID (NVS-IAID ‘Ma1a1ayu] onsouder( [euoneuraju] ajisodwo)) :[(ID IOpIosIp Jurquues) :(Jo) I9PIOSIp asn [0YOI[Y (Y FIPIOSI(] 3] 20UeIsqng :(INS

(%¥'16) T€
A (%¥'H9) Ly
(%¥°'1L) ST
A (%8%S) 0F

%00T SA %8S

([ee1e
‘0¢€'1])

0€'Ss =40
€€SSA %L ET

IL=2%
(%1Th) 8

SA (%T'81) 1
Iy=10%
(%€°97)
GSA(%1'6) L

(%)
u‘qHayv
SA (%) U
‘aHQV-uou

JOPIOSIP asn 2UTed0D)

uaw

JI9pIOSIp Auo -sdures

asn siqeuue)) | (£4/S€) %h'TE pajeraoIedU]

UIWOM

A[uo -sdures

souapuadop Sniq | (0%/91) %6C pajeraoIedu]
(suumayty)

souapuadop ordures

surdazerpozuag | (££/ST) %0°L1 pajeraoIedU]
JIopIOSIp

asn adue)Sqng pasouSerp

ISPIOSIp IT ‘T
rejodig -ardures

[0Y0ITV | (LL/61) %8°61 steryoAsq
SIdpIOSIp dLayerydAsd
Pp1qIowod
Jo dudpesdxd (QHav

pue HAYV | /HQV-uou)
pue qHQV-uou| (%)AHAV
Surredwos surpury Jo'adxg srdureg

Apmys
[BUOT}D35-8S01D)

Apms
[BUOT}D35-SS01D)

Apmys
[BUOT)D35-8S01D)

Apnis uoneAIasqo
[eUO11095-5S01)

udisaq

S-INSA

I'NTIN

1I-dIds
F-0dd
snd INTIN

AIFINSA

I9pIOSIP
suyerydLsd
p1qrowod

JO JUDWISSISSY

(3ronae U paynUSPI JoU) J[qe[IeAR JON (YN ‘OneY 20UdeAdld Nd ‘Ouey PPO MO

I'TA S4SV [pe] oo

¥ ST-SYNM S9-81 %001 801 A1 | zzot rzznde)
aiavvo L'6€ ezl

39 (+)S-SYSV | 28 ueay %0 96 | USPIMS | GTOT | SNIUISUOY
(+) snd I'N'TIN [£¥]
R (+) S-SUSVY 7,81 %9L 88 | eIenNsNy | 9107 | [e 32 9I00IN

s[dures pajeradreouy

Xs HAV Ym
£ 93e 1o11d 39 [0¥]
(+) TTASYSY G9-81 %¥°6S 96 A1 | €107 | Te30218nI0g
aHav srewr
JO JUSUISSISS Y a8y Jo 9 N| Anuno)| xeax aoyny

(panunuoD) ‘¢ 3[qe],

18/28

PLOS ONE | https://doi.org/10.1371/journal.pone.0277175 November 4, 2022


https://doi.org/10.1371/journal.pone.0277175.t003
https://doi.org/10.1371/journal.pone.0277175

PLOS ONE The prevalence of psychiatric comorbidities in adult ADHD

Table 4. Studies comparing the prevalence of personality disorder between non-ADHD and ADHD subjects.

Author Year | Country N Male; | Age Assessment | Assessment |Design |Sample Prev.of Findings non-

% of ADHD of comorbid ADHD(%) | comparing ADHD, n
psychiatric (non- non-ADHD | (%) vs
disorder ADHD/ and ADHD |ADHD,n

ADHD) and (%)
prevalence of
comorbid
psychiatric
disorders
General sample
Solbergetal | 2018 | Norway 1,701,206 | 51.2% | 18< ADHD ICD-10 Cross- General 2.4% Personality | Women
[43] medication sectional | sample (40,103/ disorder 14,079
at adult or study 1,661,103) (1.7%) vs
ADHD 2,428
diagnosis (13.6%)
registered Men 8909
(1.1%) vs
2030 (9.1%)
Yoshimasu 2016 | US 5,718 NA Mean Childhood- | M.LN.L. Case- General NA, (68/ Antisocial 13 (3.9%)
etal [16] age identified control | population- | 335) personality | vs 23
ADHD | ADHD with study Birth cohort disorder (33.8%) OR
30.2 M.IN.I (+) sample adj 12.2
(SD [5.3,27.9]
1.9)
Non-
ADHD
controls
30.2
(SD
2.0)
Miller et al 2007 | US 363 51.0% | 18-37 | K-SADS & | SCID-I, Case- General NA, (152/ ASPD (Any |x2=7.32
[38] structured SCID-II control | sample- 211) ADHD)
interview study Recruited
ADHD vs
control
group
Secnik et al 2005 | US 4504 64.3% | 18< ICD-9 ICD-9 Case- General NA, (2,252/ | Antisocial 0% vs
[42] control | sample— 2,252) disorder 0.31%
study HPM Oppositional | 0.04% vs
database disorder 0.53%
Clinical sample
Sanchez- 2021, | Puerto-rico, | 402 79.6% | 18-65 | CAADID M.LN.IPlus | Cross- Psychiatric | 35.75% ASPD 25.41% vs
Garcia et al Hungary, sectional | inpatients & | (257/143) | BPD 53.90% OR
[53] Australia study outpatients 3.26 [2.09,
with SUD 5.08]
20.82% vs
57.45% OR
5.48 [3.40,
8.83]
Roncero etal | 2019 | Spain 726 72.5% | 18< ASRS (14<) | DSM-IV-TR | Cross- Psychiatric | 21.1% (573/ | Any 14.8% vs
[41] sectional | patients— 153) personality | 37.4%
study treatment disorder x*=38.17
seeking .0001 OR
AUD 3.45[2.29,
patients 5.17]
Gorlinetal | 2016, | US 1,134 42% | Mean | DSM-IV SCID Cross- Psychiatric | 18.0% (204/ | Borderline 7.6% vs
[34] age 39.7 | based semi- sectional | sample- 903) personality | 21.9%
(SD structured study clinical disorder OR=3.11
14.4) clinical outpatient (2.02-4.76)
interview
(Continued)
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Table 4. (Continued)

Author Year | Country N Male; | Age Assessment | Assessment |Design |Sample Prev.of Findings non-

% of ADHD of comorbid ADHD(%) | comparing ADHD, n
psychiatric (non- non-ADHD | (%) vs
disorder ADHD/ and ADHD |ADHD,n

ADHD)  |and (%)
prevalence of
comorbid
psychiatric
disorders
Retz et al 2016 | Germany 163 86.5% | Mean | DSM-5 & ICD-10 Cross- Psychiatric | 25.2% Personality | 56 (34.4%)
[12] age 40.2 | WURS- sectional | sample-GD | (41-current | disorders vs 27
(SD k>30 study dx according | ADHD/ Cluster B (65.9%)
9.4) to ICD-10 122) X2 = 26.84
11 (6.7%)
vs 7
(17.1%)
x2 = 30.49
Fatséasetal | 2016 | France 217 66.4% | 18-65 | CAADID DSM-1V for | Cross- Psychiatric | 23.0% (50/ | Antisocial 6.6% vs
[33] SUD sectional | sample— 167) personality 26.0%
SCID-II for | cohort addiction disorder 13.0% vs
BPD study outpatient Borderline 34.7%
M.LN.I for clinic personality
others disorder
van 2014 | Australia, 18-65 | CAADID M.LN.IPlus | Cross- Psychiatric | 13.9% (168/ | ASPD 17.0% vs
Emmerik- Belgium, SCID-II sectional | sample- 1,037) BPD 51.8% OR
van France, study treatment- 2.8 [1.8-
Oortmerssen Hungary, seeking SUD 4.2]
et al [44] Netherlands, patients -alcohol
Norway, 8.2% vs
Spain, 34.5% OR
Sweden, 7.0 [3.1-
Switzerland, 15.6]
US (IASP -drugs
study) (37) 16.7% vs
29.0% OR
3.4[1.8-
6.4]
Olssonetal |2022 | Sweden 804 67.3% | 18< ICD-10 or ICD-10 Cross- Psychiatric 11.6% (711/ | Personality 142 (20%)
[30] prescription sectional | sample— 93) disorder vs 28 (30),
of ADHD study psychiatric x2 =5.07
medication emergency
patient with
NSSI
Incarcerated sample
Moore et al 2016 | Australia 88 76% 18-72 | ASRS-S(+) | M.IN.I Cross- Incarcerated | 17.0% (15/ | BPD 13.7% vs
[47] & MINI plus | plus, PDQ- | sectional | sample 73) ASPD 60.0%
(+) 4, SCID-II study OR=7.34
([1.72,
31.37])
27.4% vs
93.3%
OR =26.00
([2.58,
262.30])
Konstenius 2015 | Sweden 96 0% Mean ASRS-S (+) | M.LN.I Cross- Incarcerated | 29% (16/40) | ASPD 30% vs 81%
etal [23] age 39.7 | & CAADID sectional | sample- only
study women
(Continued)
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Table 4. (Continued)

Author Year | Country N Male; | Age Assessment | Assessment |Design |Sample Prev.of Findings non-

% of ADHD of comorbid ADHD(%) | comparing ADHD, n
psychiatric (non- non-ADHD | (%) vs
disorder ADHD/ and ADHD |ADHD,n

ADHD) and (%)

prevalence of

comorbid

psychiatric

disorders
Capuzzietal | 2022 | Italy 108 100% | 18-65 | WURS-25 & | DSM-5 Cross- Incarcerated | 32.4% (35/ | Personality | 26 (35.6%)
[24] ASRS V1.1 sectional | sample- only | 73) disorders vs 21

study men (60.0%)

OR: Odd Ratio, NA: Not available (not identified in article)

SUD: Substance Use Disorder, AUD: Alcohol use disorder, GD: Gambling disorder BPD: Borderline Personality Disorder, ASPD: Antisocial personality disorder
SCID: Structured Clinical Interview for DSM-IV, M.LN.I: Mini-International Neuropsychiatric Interview, ASRS-S: Adult Self-Report Scale-Screener, ASRS: Adult Self-
Report Scale, CAADID: Conner’s Adult ADHD Diagnostic Interview for DSM-IV, WURS-k: German short form of the Wender Utah rating scale, K-SADS: Kiddie
Schedule for Affective Disorders and Schizophrenia, PDQ-4: Personality disorder diagnostic questionnaire for the DSM-IV

HPM: Health and Productivity Management

ISAP: International ADHD in Substance use disorder Prevalence

https://doi.org/10.1371/journal.pone.0277175.t1004

that this variation might be due to the diversity of diagnostic methods and the inclusion and
exclusion criteria in the studies. Similarly, in our study, the aforementioned variability of diag-
nostic methodologies for ADHD might have affected this various range of prevalence. In a
general population, the estimated mean prevalence rate of ADHD in adults was 2.8% in a pre-
vious study [15]. Except in two studies included in our review, targeting special populations of
army soldiers [51] and twins of Sweden [50], which had higher than estimated prevalence, the
range of ADHD prevalence in the general population was 1.1% to 2.9% in our study, similar to
that previously observed [11, 56].

The most frequent comorbid psychiatric disorder in the ADHD group was SUD, its preva-
lence ranging from 2.3% and 41.2% in the general population and between 10.0% and 82.9%
in the clinical population; two of three studies showed significant prevalence difference
between ADHD and non-ADHD subjects. This finding correlates with a previous meta-analy-
sis that reported that almost one out of every four adolescent and adult patients with SUD
presents with ADHD [62, 63], which supports SUD as one of the most frequent comorbid psy-
chiatric conditions in adult ADHD. There are some theoretical opinions of shared key charac-
teristics and pathophysiology between ADHD and SUD, like dopaminergic dysregulation of
motivational and reward systems, or reduced frontal function including executive functions
and response inhibition [64, 65]. In addition, considering that childhood ADHD is a promi-
nent risk factor for substance misuse and development of SUD due to the most frequent
comorbidities in childhood ADHD, like conduct disorder or oppositional defiant disorder
[66], untreated and preserved ADHD in adults might have influenced the cross-sectional dif-
ference of prevalence rate between ADHD and non- ADHD patients.

Mood disorders, including depressive disorders and bipolar disorders, were also frequently
observed comorbid psychiatric disorders in ADHD subjects compared to non-ADHD sub-
jects. The estimated prevalence of depressive disorders in the ADHD group ranged from 8.6%
to 55% in the general population and 15.4% to 39.7% in the clinical population. Also, the prev-
alence of bipolar disorder in the ADHD group was estimated at 4.45% to 35.3% in the general
population and 7.4% to 80.8% in the clinical population. For depression, previous studies have
also shown a higher prevalence of depressive disorders in young adults with ADHD compared
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to non-ADHD subjects as well as higher risk of suicidal behavior [67, 68]. This can be
explained by a previous cross-sectional study showing the association between ADHD symp-
toms and depressive symptoms in young adults as identified by low hedonic responsivity [69].
In addition, according to biologic aspects of depression and ADHD, the two disorders might
share similar pathophysiologic regions of the brain including decreased activity in the prefron-
tal [70, 71], amygdala, and hippocampus regions [72-74]. Furthermore, 10 studies showed a
higher prevalence of bipolar disorder, including current hypomania diagnosed by SCID-II, in
ADHD subjects than in non-ADHD subjects. Considering that the worldwide prevalence rate
of bipolar disorder is estimated as 1-3% [75, 76], which was similar to that of the non-ADHD
general population in our study, the prevalence of bipolar disorder in the ADHD group was
greater than 3% in all 10 studies. This finding correlated with previous studies reporting recip-
rocal high comorbidity rates between ADHD and bipolar disorder, which suggests possible
shared genetic effects or diagnostic overlap between the two disorders [77].

In anxiety disorder, almost two of three studies showed a higher prevalence in the ADHD
group than the non-ADHD group. The prevalence rate in the ADHD group was estimated to
range from 4.3% to 47.1% in the general population and from 3.9% to 84% in the clinical popu-
lation. Only one study of a clinical population dealing with psychiatric outpatients in the US
[34] showed a higher prevalence of adjustment disorder in the non-ADHD group. These find-
ings correlate with previous studies that revealed a high prevalence of anxiety in the adult
ADHD population [78, 79]. ADHD seems to show different characteristics from anxiety,
namely fearlessness and impulsivity. Therefore, various theories have been suggested to
explain this phenomenon using developmental or biologic aspects in children and adolescents
[80]. Similarly, in adults, as far as we know, the two disorders have been related to several com-
mon neuroanatomical regions like the dorsolateral prefrontal cortex or the anterior cingulate
cortex, which are critically involved with the executive function control network [10]. In addi-
tion, considering a previous study about increased risk of accidents in ADHD over the lifespan
[81], traumatic events might have influenced the higher prevalence of anxiety disorders. From
a developmental viewpoint, as in depressive disorders, this frequently higher prevalence of
anxiety disorder might represent the social and relational difficulties induced by ADHD.

The estimated prevalence of personality disorders in the ADHD group was ranged from
0.31% to 33.8% in the general population and from 21.9% to 65.95% in the clinical population.
Previous studies have reported that personality disorders, mostly cluster B or C personality dis-
orders, are present in almost 50% of adults with ADHD [82]. The association between ADHD
and personality disorders might be mediated by the symptomatic dimensions of ADHD such
as emotional dysregulation and oppositional symptoms [83]. In our review, most studies
showed a higher prevalence of cluster B personality disorders in ADHD than in non-ADHD
groups. Specifically, in the clinical population, more than 20% of adult ADHD subjects were
estimated to have comorbid cluster B personality disorder including borderline personality
disorder and antisocial personality disorder. Additionally, most clinical population studies
included patients diagnosed with substance use disorders, which correlates with previous
observational studies of young male adults with ADHD that revealed associations of antisocial
personality disorder with ADHD [84].

Limitations

There are several limiting factors in this review. As mentioned previously, there is significant
heterogeneity across studies diagnosing both ADHD and comorbid psychiatric disorders. This
prohibited meta-analysis. Furthermore, except for two international studies [44, 53], the
included studies were conducted in high-income regions like Europe or North America. Ina
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previous epidemiologic study investigating cross-national ADHD prevalence in adults [15],
the prevalence differed by country income, with higher rates observed in higher-income coun-
tries. This difference in prevalence among countries affects the degree of interest in the disease,
which might be why the included studies were mainly conducted in Europe and North Amer-
ica. In addition, we did not differentiate patients according to ADHD or comorbid psychiatric
disorder treatment status, which might also have affected the prevalence of comorbid psychiat-
ric disorders. Of the included studies, most explored the prevalence cross-sectionally, so we
could not infer a correlation or antecedent relationship between ADHD and comorbidities.
Only limited estimates of the associations between ADHD and comorbidities can be provided
by our review at the study level. Additionally, we did not assess the risk of bias in each study.
To include as many studies as possible to reflect broad and various studies of different coun-
tries, populations, and comorbid psychiatric disorders, we omitted the risk of bias assessment.
Also, there was no pre-registration for our systematic literature review. These points are limita-
tions to this study.

Conclusion

In conclusion, our findings indicate a higher prevalence of comorbid psychiatric disorders in
ADHD subjects compared to non-ADHD subjects, whether they were previously diagnosed
with other psychiatric disorders or not. Furthermore, our results suggest a complex association
between the multiple comorbidities of ADHD. Given that ADHD is often unrecognized and
under-diagnosed in adults, screening for ADHD might be beneficial for patients presenting
multiple psychopathologies including substance abuse, mood disorders, and anxiety disorders.
In the future, research on standardization of ADHD diagnosis in adults and its comorbid psy-
chopathologies will be required to distinguish adult ADHD from comorbid psychiatric disor-
ders, and to enable comparison among study conditions. This standardization will aid in
differential diagnosis and allow provision of earlier treatment in adult ADHD. In addition,
research on the neurobiological and developmental bases of ADHD and its comorbid psychiat-
ric disorders should continue to improve the understanding of the connectivity and associa-
tions between various comorbid psychiatric disorders and ADHD in adults.
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