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Objective: The existence of comorbidity
between attention deficit hyperactivity dis-
order (ADHD) and bipolar I disorder has
been documented in clinical and epidemi-
ological studies, in studies of children and
adults, and in diagnosed ADHD and bipolar
I patient samples. Yet questions remainabout
the validity of diagnosing bipolar I disorder
in ADHD youth. The authors aim to clarify
these issues by reviewing family genetic
studies of ADHD and bipolar I disorder.

Method: The authors applied random-
effects meta-analysis to family genetic
studies of ADHD and bipolar I disorder.
Twenty bipolar proband studies provided 37
estimatesof theprevalenceofADHD in4,301
relatives of bipolar probands and 1,937
relatives of comparison probands. Seven
ADHD proband studies provided 12 esti-
mates of the prevalence of bipolar I disorder
in 1,877 relatives of ADHD probands and
1,601 relatives of comparison probands.

Results: Thesestudies foundasignificantly
higher prevalence of ADHDamong relatives
of bipolar probands and a significantly
higher prevalence of bipolar I disorder
among relatives of ADHD probands. These
results could not be accounted for by
publication biases, unusual results from
any one observation, sample character-
istics, or study design features. The authors
found no evidence of heterogeneity in the
ADHD or bipolar family studies.

Conclusions: The results suggest that
ADHD plus bipolar comorbidity cannot
be accounted for by misdiagnoses, but
additional research is needed to rule out
artifactual sources of comorbidity. More
research is also needed to determine
whether comorbidity of ADHD and bipolar
I disorder constitutes a familial subtype
distinct from its constituent disorders, which
if confirmed would have implications for
diagnostic nosology and genetic studies.

(Am J Psychiatry 2012; 169:1256–1266)

The existence of comorbidity between attention deficit
hyperactivity disorder (ADHD) and bipolar I disorder has
long been noted in the scientific literature. In the 1950s,
Sadler (1) described hyperactive children developing
manic-depressive illness. In the 1970s and 1980s, addi-
tional cases of comorbidity were published (2–6), and in
the 1990s, systematic studies found ADHD in 57%–98%
of bipolar youths (7–9) and bipolar I disorder in 22%
of ADHD inpatients (10). In 2005, ameta-analysis of extant
studies estimated the prevalence of ADHD among bipolar
youths to be 62% (11). Higher rates of ADHD were
associated with better study quality, younger age, and use
of parent reports.

Significantly elevated rates of bipolar I disorder have
also been reported in studies of youthswith ADHD (12–15),
and this comorbidity has been confirmed in studies of
adults with bipolar disorder and ADHD. Sachs et al. (16)
found significant ADHD comorbidity in adults with an
onset of bipolar I disorder before age 19, but not for those
with older ages at onset. Likewise, several studies reported

that rates of bipolar I disorder were significantly elevated
in adults with ADHD (17, 18).
In youths, meta-analyses of epidemiological studies

have reported a clinically significant prevalence of both
ADHD and bipolar I disorder (19, 20). ADHD comor-
bid with bipolar I disorder is a particularly morbid and
disabling condition. For example, Butler et al. (10) found
high rates of bipolar I disorder (22%) in a hospitalized
sample of ADHD patients. Wozniak et al. (7) reported that
children with bipolar I disorder plus ADHD were at high
risk for major depression, psychosis, psychiatric hospi-
talization, and severely impaired psychosocial function-
ing. Compared with other children with ADHD, these
children also had significantly higher elevations on all of the
clinical scales of the Child Behavior Checklist (21). Brent
et al. (22) reported that adolescents who committed suicide
had higher rates of bipolar I disorder and ADHD compared
with those whose attempts were not successful. Likewise,
Arnold et al. (23) found that youths with both disorders had
poorer functioning, greater symptom severity, and more
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additional comorbidity than youths with only one of the
disorders.
In summary, the comorbidity between ADHD and

bipolar I disorder has been demonstrated in studies of
children and in studies of adults regardless of whether
samples were ascertained based on an ADHD or bipolar I
diagnosis. Because this comorbidity has been repeatedly
demonstrated across studies from different centers using
different methodologies, we cannot attribute the docu-
mented co-occurrence to the diagnostic traditions or
methods of a single research group. Nonetheless, these
observations of comorbidity raise several questions: Do
patients presenting with symptoms suggestive of bipolar I
disorder and ADHD have ADHD, bipolar I disorder, or
both? Is apparent comorbidity artifactual? Youngstrom
et al. (24) reviewed five artifacts that could lead to ADHD
and bipolar I comorbidity: 1) the two disorders could fall on
a continuum of psychopathology, 2) overlapping clinical
features could lead tomisdiagnoses, 3) the artificial splitting
of a single syndrome could lead to apparent comorbidity of
subsyndromes, 4) one disorder could be a developmental
precursor of the other, and 5) referral biases could ex-
aggerate comorbidity because people with two disorders
are more likely to be referred to treatment than those with
one disorder. Because diagnosis drives treatment and the
treatments for these two disorders are very different, de-
termining whether ADHDand bipolar I comorbidity is valid
or artifactual has considerable clinical, scientific, and public
health significance.
To help address these issues, we appliedmeta-analysis to

family genetic studies of ADHD and bipolar I probands. We
reasoned that if ADHDand bipolar I disorder are associated
by shared familial etiological factors, then family studies
should find bipolar I disorder in the families of ADHD
patients and findADHD in the families of bipolar I patients.
Furthermore, because the diagnosis of bipolar I disorder in
adulthood is not controversial, studies assessing ADHD in
the children of bipolar I adults or bipolar I disorder in the
parents of children with ADHDprovide a compelling cross-
generational assessment of the validity of the comorbid
condition. The application of family geneticmethods to this
issue is sensible given prior evidence that both disorders,
considered separately, are known to be highly heritable
(25–28). To the best of our knowledge, this report is the
most comprehensive evaluation of the familial association
between pediatric bipolar I disorder and ADHD.

Method

A PubMed literature search identified family genetic studies
that met the following criteria: 1) families were identified through
probands diagnosed with bipolar I disorder or ADHD; 2) proband
diagnoses were based on Research Diagnostic Criteria, DSM-II
or subsequent version criteria, or DSM-equivalent ICD version
criteria; 3) a group of families identified through nonaffected
probands was available for comparison; and 4) the publication
provided the numbers of ADHD and non-ADHD relatives (for
family studies of bipolar I probands) or the numbers of bipolar I

and non-bipolar I relatives (for family studies of ADHD pro-
bands). We used the following search algorithm: (family [Title/
Abstract] OR genetic [Title/Abstract] OR twin [Title/Abstract])
AND ([ADHD OR “attention deficit” OR hyperactive] AND [mania
OR manic OR bipolar OR mood OR affective]). Additional articles
from the reference sections of these articles were also examined.
Figure 1 depicts the number of articles identified and their
disposition. We reanalyzed data from the Massachusetts General
Hospital Pediatric Psychopharmacology Program to allow for
stratifying relatives by parents, children, and siblings (29–33).

In addition to the numbers of affected and nonaffected family
members, we extracted the following methodological features of
each article: mean age of relatives, mean age of probands, the
percent of male probands, the percent of male relatives, the
diagnostic system, themethod of diagnosis (structured interview or
rating scale), the source of probands (clinic, community, or both),
whether diagnoses of relatives were made blind to diagnoses of
probands, the fraction of the sample that was Caucasian, and
information on the informant providing diagnostic data on
children (interviewee, parent, teacher, or combinations of these).

We computed separate meta-analyses for the ADHD and
bipolar I family studies. Our meta-analysis used the random-
effects model of DerSimonian and Laird (34), which computes
a pooled relative risk weighted by sample size. For one study
(Massachusetts General Hospital adult ADHD), the relative risk
could not be computed because the risks to the relatives of
ADHD and comparison probands were both zero. To address that
problem, we added the smallest number of affected relatives to
both cells that maintained the lack of group difference. We used
the I2 index to assess the heterogeneity of effect sizes (35).
Its value lies between 0 and 100 and estimates the percentage of
variation among effect sizes that can be attributed to heteroge-
neity. A significant I2 suggests that the effect sizes analyzed are
not estimating the same population effect size. We used Egger’s
method (36) to assess for publication biases and adjusted stand-
ardized mean differences for publication bias using Duval and
Tweedie’s trim-and-fill method (37). To determine whether any
one observation was skewing the results, we reran the meta-
analysis deleting one observation at a time to determine whether
the statistical significance of the pooled effect could be accounted
for by any one observation.

We used meta-analytic regression to assess the degree to which
the effect sizes varied with the methodological features of each
study (38, 39). We estimated a separate model for each feature.
The meta-analyses and meta-analytic regressions were weighted
by the reciprocal of the variance of the effect size. Some research
groups contributed more than one data set to the meta-analysis.
Because measures reported from the same research group may
not be statistically independent of one another, standard sta-
tistical procedures would produce inaccurate p values. To address
this intrastudy clustering, variance estimates for the meta-analysis
regression were adjusted using Huber’s formula (40) as imple-
mented in Stata (41). This formula is a “theoretical bootstrap” that
produces robust statistical tests. The method works by entering
the cluster scores (i.e., the sum of scores within families) into the
formula for the estimate of variance. The Huber estimate is also
called the “sandwich” estimate because it is calculated as the
product of three matrices: the matrix formed by taking the outer
product of the observation-level likelihood score vectors is in the
middle, and this matrix is pre- and postmultiplied by the usual
model-based variance matrix. The resulting p values are valid
even when observations are not statistically independent.

Results

Figure 1 presents the selection of studies in the Preferred
Reporting Items for Systematic Reviews andMeta-Analyses
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(PRISMA) format. Twenty bipolar I studies provided 37
estimates of the prevalence of ADHD in 4,301 relatives of
bipolar I probands and 1,937 relatives of comparison
probands. Seven ADHD studies provided 12 estimates of
the prevalence of bipolar I disorder in 1,877 relatives of
ADHD probands and 1,601 relatives of comparison
probands.

Tables 1 and 2 summarize the characteristics of each
study’s sample. Most studies of bipolar I probands (Table 1)
ascertained parents with bipolar I disorder and reported
the prevalence of ADHD in their offspring. The only ex-
ceptions were the Geller et al. (48) and Massachusetts
General Hospital child studies, which ascertained pedi-
atric bipolar I probands and assessed the prevalence of
ADHD in parents and siblings. Most studies of ADHD
probands (Table 2) ascertained child probands and re-
ported the prevalence of bipolar I disorder in siblings or

parents. The only exception was the Massachusetts
General Hospital adult ADHD study, which ascertained
adults with ADHD and evaluated bipolar I disorder in
offspring, siblings, and parents. Tables 3 and 4 summarize
the design features for each study. Most of the ADHD and
bipolar I studies analyzed a mix of probands from clinical
and population sources and used structured interviews
and diagnoses of first-degree relatives by interviewers who
were blind to proband diagnoses. There was more variabil-
ity in the diagnostic systems used and in the informants
used for child diagnoses.
Across all bipolar I studies, our meta-analyses found

a statistically significant pooled relative risk for ADHD
in relatives (relative risk=2.6; 95% CI=2.1–3.2; z=8.8,
p,0.0005). These analyses report the risk to relatives for
ADHD, regardless of whether the relative also had bipolar I
disorder. For bipolar I probands, the weighted prevalence

FIGURE 1. PRISMA Flow Diagrama
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a PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses (http://www.prisma-statement.org/); RDC=Research Diagnostic
Criteria; MGH=reanalysis of child and adult proband studies from Massachusetts General Hospital’s Pediatric Psychopharmacology Research
Program.
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of ADHD was 27.0% in offspring, 30.1% in siblings, and
16.5% in parents. For comparison probands, the weighted
prevalence of ADHD was 9.6% in offspring, 11.6% in
siblings, and 4.5% in parents. Figure 2 is a forest plot of
these results. The pooled estimate remained significant
after deleting each observation or contributing study in
separate runs and then rerunning the meta-analysis. Thus,
no single observation accounted for our results. We found
no significant heterogeneity among studies, which suggests
that these studies were estimating a common relative risk

(I2=25, x2=28, df=21, p=0.14). We found no significant
effects of the study sample and design features listed in
Tables 1–4 (p.0.10 in all cases). Egger’s test for publication
bias was borderline significant (t=2.01, p=0.05). After
adjusting for publication bias, the estimated relative risk
became smaller (2.2) but was still statistically significant
(z=10.7, p,0.0005). The relative risks for parents, offspring,
and siblings were 3.7, 2.1, and 2.6, respectively.
Across all ADHD studies, our meta-analyses revealed

a statistically significant pooled relative risk for bipolar I

TABLE 1. Bipolar I Study Sample Characteristicsa

Probands Relatives
Bipolar
Probands

Comparison
Subjects

Study Mean Age (Years) % Male Relation Mean Age (Years) % Male N N

Birmaher et al. (42) 40 21 Offspring 12 NA 233 143
Birmaher et al. (43) 34 83 Offspring 4 NA 83 65
Carlson and Weintraub (44) 35 NA Offspring NA NA NA NA
Decina et al. (45) NA NA Offspring 11 45 18 14
Duffy et al. (46) NA NA Offspring 19 45 NA NA
Duffy et al. (47) NA NA Offspring 16 NA 63 41
Geller et al. (48) 11 69 Parent/sibling 34 52 95 77
Gershon et al. (49) NA NA Offspring NA NA NA NA
Giles et al. (50) NA NA Offspring 14 49 NA NA
Grigoroiu-Serb�anescu
et al. (51) 42 40 Offspring 13 47 47 110

Hammen et al. (52) 38 0 Offspring 12 49 13 17
Henin et al. (53) NA NA Offspring 14 52 88 NA
Kron et al. (54) NA NA Offspring 11 NA 18 NA
MGH adult (33) 5 56 Offspring 29 52 23 56
MGH child (31) 12 NA Sibling 13 51 402 127
MGH child (31) 12 NA Parent 43 47 402 127
Neslihan Inal-Eiroglu
et al. (55) NA NA Offspring 12 NA 29 29

Nurnberger et al. (56) NA NA Offspring 16 50 88 58
Petresco et al. (57) 39 0 Offspring 12 51 43 53
Simeonova et al. (58) 43 19 Offspring 14 38 40 18
Singh et al. (59) NA NA Offspring 10 41 NA NA
Zahn-Waxler et al. (60) NA NA Offspring NA NA 7 NA
a MGH=reanalysis of child and adult proband studies from Massachusetts General Hospital Pediatric Psychopharmacology Program (see
Method section); NA=not available.

TABLE 2. ADHD Study Sample Characteristicsa

Probands Relatives ADHD Probands Comparison Subjects

Study Mean Age (Years) % Male Relation Mean Age (Years) % Male N N

Bhatia et al. (61) NA NA Parent/sibling NA NA 112 112
Cantwell (62) NA 100 Parent NA 50 50 50
Geller et al. (48) 11 64 Sibling 15 NA 47 77
Geller et al. (48) 11 65 Parent 44 NA 47 77
MGH adult (63) 34 NA Offspring 14 53 111 73
MGH adult (63) 34 NA Sibling 31 42 111 73
MGH adult (63) 34 NA Parent 58 32 111 73
MGH child (64, 65) 11 NA Sibling 13 55 280 242
MGH child (64, 65) 11 NA Parent 42 49 280 242
Nigg and Hinshaw (66) 41 100 Parent 9 47 80 62
Stewart and Morrison (67) NA NA Parent/sibling NA NA 59 41
a MGH=reanalysis of child and adult proband studies from Massachusetts General Hospital Pediatric Psychopharmacology Program (see
Method section); NA=not available.
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disorder in relatives (relative risk=1.8, 95% CI=1.3–2.6;
z=3.3, p=0.001). These analyses report the risk to relatives
for bipolar I disorder, regardless of whether the relative
also had ADHD. For ADHD probands, the weighted
prevalence of bipolar I disorder was 6.8% in offspring,
5.9% in siblings, and 5.1% in parents. For comparison
probands, the weighted prevalence of bipolar I was 3.5% in
offspring, 2.8% in siblings, and 3.1% in parents. Figure 3
is a forest plot of these results. The pooled estimate re-
mained significant after deleting each observation or
contributing study in separate runs and then rerunning
the meta-analysis. We found no significant heterogeneity
among studies, which suggests that these studies were
estimating a common relative risk (I2=0, x2=7.1, df=10,
p=0.72). We found no significant effects of study sample
and design features (p.0.06 in all cases) and found no

evidence of publication bias (t=0.99, p=0.35). The relative
risks for parents, offspring, and siblings were 1.7, 2.0, and
2.2, respectively.
The above two meta-analyses demonstrate the trans-

mission of ADHD in bipolar I families and of bipolar I
disorder in ADHD families, but they do not address the
potential for heterogeneity in the familial transmission of
comorbid ADHD and bipolar I disorder. Because only the
Massachusetts General Hospital studies addressed the
issue of heterogeneity, we could not conduct a multistudy
meta-analysis. Instead, we present a combined analysis of
the Massachusetts General Hospital pediatric samples. In
these samples, the prevalence of comorbid ADHD and
bipolar I disorder was 1.6% among 61 relatives of 19 bipo-
lar I probands, 2.3% among 511 relatives of 162 ADHD
probands, 5% among 626 relatives of 220 comorbid ADHD

TABLE 3. Bipolar I Study Design Characteristicsa

Study Ascertainment Source Diagnostic System Diagnostic Method Blinded Study? Informant for Child Diagnoses

Birmaher et al. (42) Both DSM-IV SI Yes Self
Birmaher et al. (43) Both DSM-IV SI Yes Self
Carlson and Weintraub (44) Clinic DSM-III RS Yes Parent, self
Decina et al. (45) Both RDC SI Yes Teacher
Duffy et al. (46) Clinic DSM-IV SI Yes Self
Duffy et al. (47) Both DSM-IV SI Yes Self
Geller et al. (48) Both DSM-IV SI Yes Self
Gershon et al. (49) Both DSM-III SI No Parent, self
Giles et al. (50) Both DSM-IV RS Yes Parent
Grigoroiu-Serb�anescu

et al. (51) Both DSM-III SI Yes Self
Hammen et al. (52) Both DSM-III SI Yes Self
Henin et al. (53) Clinic DSM-IV SI Yes Self
Kron et al. (54) Clinic RDC, DSM-III SI NA Self
MGH adult (33) Both DSM-III-R SI Yes Parent, self
MGH child (31) Both DSM-IV SI Yes Parent, self
Neslihan Inal-Eiroglu

et al. (55) Both DSM-IV RS No Self
Nurnberger et al. (56) Clinic DSM-IV SI Yes Self
Petresco et al. (57) Clinic DSM-IV SI Yes Self
Simeonova et al. (58) Both DSM-IV SI NA Teacher
Singh et al. (59) Both DSM-IV SI Yes Teacher
Zahn-Waxler et al. (60) Clinic DSM-III SI NA Parent
a MGH=reanalysis of child and adult proband studies from Massachusetts General Hospital Pediatric Psychopharmacology Program; NA=not
available; SI=structured interview; RS=rating scale; Clinic=clinical diagnoses; RDC=Research Diagnostic Criteria.

TABLE 4. ADHD Study Design Characteristicsa

Study Ascertainment Source Diagnostic System Diagnostic Method Blinded Study? Informant for Child Diagnoses

Bhatia et al. (61) Clinic DSM-III Clinical NA Parent, self
Cantwell (62) Clinic DSM-II SI NA Parent
Geller et al. (48) Both DSM-IV SI Yes Self
Geller et al. (48) Both DSM-IV SI Yes Self
MGH adult (63) Both DSM-IV SI Yes Parent, self
MGH child (64, 65) Both DSM-III-R SI Yes Parent, self
Nigg and Hinshaw (66) Both DSM-III-R RS NA Self
Stewart and Morrison (67) NA DSM-II Clinical NA Parent, teacher
a MGH=reanalysis of child and adult proband studies from Massachusetts General Hospital Pediatric Psychopharmacology Program; NA=not
available; SI=structured interview; RS=rating scale; Clinic=clinical diagnoses; RDC=Research Diagnostic Criteria.
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and bipolar I probands, and 1% among 411 relatives of 136
comparison probands (x2=35.1; p,0.0001). Pairwise com-
parisons revealed significant differences between the rela-
tives of comorbid ADHD and bipolar I probands and the
relatives of ADHD probands (odds ratio=2.21; 95% CI=1.11–
4.44; p=0.03) and comparison probands (odds ratio=6.58;
95% CI=1.99–21.75; p=0.002). No significant differences were
found 1) between relatives of comorbid ADHD and bipolar I
probands and relatives of bipolar I probands; 2) between
relatives of ADHD probands and comparison probands; 3)
between relatives of bipolar I probands and comparison
probands; and 4) between relatives of ADHD probands and
relatives of bipolar I probands.

Discussion

From our two meta-analyses, we can draw several firm
conclusions based on 6,238 relatives in pediatric bipolar I
family studies and 3,478 relatives in ADHD family studies.
These studies found a significantly higher prevalence of
ADHD among relatives of bipolar I probands and a sig-
nificantly higher prevalence of bipolar I disorder among
relatives of ADHD probands. These results could not be

accounted for by publication biases, unusual results from
any one observation, sample characteristics, or study de-
sign feature. We also found no evidence of heterogeneity
among the ADHD or bipolar I family studies.
The family studies of pediatric bipolar I disorder are

especially compelling because there are many studies and
all of them found a greater risk for ADHD among relatives.
However, in contrast to the bipolar I family studies, four of
the ADHD family studies reported relative risks less than
or equal to 1.0, which suggests no familial link between
ADHD and bipolar I disorder. Notably, two of these studies
used DSM-II criteria, and all of the negative studies
had wide confidence intervals that overlapped with the
pooled relative risk. Thus, although those findings were
nominally negative, they are consistent with the signif-
icant pooled relative risk that we report here, a conclusion
that is also supported by the lack of heterogeneity among
studies.
Our meta-analyses cannot completely address all the

potential artifacts that might compromise the diagnosis of
ADHD and bipolar I disorder in youths (24), but our
findings do provide some insights. One potential artifact is

FIGURE 2. Meta-Analysis of the Relative Risk of ADHD Among Relatives of Bipolar I Probandsa
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a For each comparison, the dot is the relative risk and the horizontal line is the 95% confidence interval (95% CI). The center of the diamond at
the bottom is the weighted relative risk across all studies, and the width of the diamond is its 95% CI. MGH=reanalysis of child and adult
proband studies from Massachusetts General Hospital Pediatric Psychopharmacology Program (see Method section).
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overlap in clinical features. The mood criterion associated
with mania in youths is frequently that of severe and
pervasive irritability, which, although not a diagnostic
criterion for ADHD, is observed (albeit to a much lesser
degree) in people with ADHD because of deficits in emo-
tional self-regulation (68–71). In addition,mania andADHD
share the symptoms of talkativeness, distractibility, and
hyperactivity. Although the pressured speech and agi-
tation of mania differ phenomenologically from the talk-
ativeness and hyperactivity of ADHD, it is possible that
these symptom classes could be confused in some cases.

Given the greater predominance of irritable mood in
youths compared with adults, if misdiagnosis from over-
lapping symptomscausesADHDandbipolar I comorbidity in
pediatricbipolardisorder,weshouldhaveobservedastronger
relative risk for studies diagnosing bipolar I disorder in
children compared with those diagnosing it in adults. In
contrast to this prediction, the relative risk for ADHD from the
child studies (2.8, 95% CI=2.1–3.7) was similar to the relative
risk from the adult proband studies (2.6, 95% CI=1.9–3.4).

The ADHD proband studies also provided some insights
into the issue of misdiagnosis. Among the positive studies,
three diagnosed bipolar I disorder in adult relatives of
ADHD probands and two diagnosed bipolar I disorder
among the child relatives of ADHD probands. The relative
risk for bipolar I disorder was 2.2 in the studies of adult
relatives (95% CI=1.4–3.6) and 2.1 in the studies of child
relatives (95% CI=0.9–4.6). These nearly identical relative
risks suggest that misdiagnosing emotionally dysregulated
ADHD youths as pediatric bipolar I in relatives may not
account for the positive results. These data suggest that
the familial link between ADHD and bipolar I disorder
cannot be attributed to the diagnostic controversies about

pediatric bipolar disorder unless one posits that those
same controversies apply to adults.
Regarding misdiagnosis, the samples diagnosed by the

Massachusetts General Hospital group (data collected by
the authors of this article) have been described as de-
viating from “classic” presentations of bipolar I disorder by
allowing “severe, nonepisodic irritability” to qualify for the
mood criterion (72). It is more accurate to describe the
Massachusetts General Hospital pediatric bipolar I sam-
ples as including patients who meet DSM-IV criteria by
having distinct episodes of severe irritable mood lasting 1
week or longer on a background of chronic psychopathol-
ogy. However, despite these concerns, if we exclude the
Massachusetts General Hospital studies (or any other
research group) from our meta-analyses, the estimated
relative risks do not change and remain significant. More-
over, as Figures 2 and 3 show, the estimates of relative risk
and confidence intervals from the Massachusetts General
Hospital child proband studies are clearly consistent with
the work of Geller et al. (48), which is considered a more
conservative approach to the diagnosis of pediatric bipolar
I disorder.
The existence of two potential artifacts that could cause

comorbidity suggests that ADHDandbipolar I are the same
disorder but that the diagnostic nomenclature hasmade an
error by splitting one categorical syndrome into two or by
separating a developmental precursor or causal risk factor
(ADHD) from its ultimate outcome (bipolar I disorder) (24).
The idea that ADHD and bipolar I disorder are the same
disorder predicts that the familial risk for comorbid ADHD
and bipolar I disorder should be the same for relatives of
ADHD, bipolar I, and comorbid ADHD and bipolar I
probands. As our pooled analysis of the Massachusetts

FIGURE 3. Meta-Analysis of the Relative Risk of Bipolar I Disorder Among Relatives of ADHD Probandsa
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DSM-IV

DSM-IV

DSM-IV

DSM-IV

DSM-III-R

DSM-III-R

DSM-III-R

DSM-II

Author (Reference)
Type of
Relative

Diagnostic
System

Relative Risk (Log Scale)

25510.05

a For each comparison, the dot is the relative risk and the horizontal line is the 95% confidence interval (95% CI). The center of the diamond at
the bottom is the weighted relative risk across all studies, and the width of the diamond is its 95% CI. MGH=reanalysis of child and adult
proband studies from Massachusetts General Hospital Pediatric Psychopharmacology Program (see Method section).
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General Hospital data sets showed, this prediction was
rejected. Moreover, if ADHD and bipolar I are a unitary
disorder, then rates of comorbidity should be the same
regardless of whether they are estimated from samples
ascertained for ADHDor bipolar I disorder, yet the rates are
much higher for the lattermethod of ascertainment (11–14,
29). Finally, the idea that the two disorders are the same
suggests that the treatments of the two disorders would be
the same, which is not the case (25, 73, 74).
Another potential artifact suggests that ADHD and

bipolar I comorbidity is due to a referral bias whereby
people with two disorders are more likely to be clinically
referred than peoplewith one disorder. This bias is unlikely
because ADHD and bipolar I comorbidity has been
observed in epidemiological samples (17, 18). In family
studies of ADHD and bipolar I probands, if comorbidity in
the probands was due to referral biases, we would not
expect to see comorbidity among the relatives because
theywere not selected based on clinical referral. In contrast
to this prediction, comorbidity among relatives has been
seen in ADHD (29, 30) or bipolar I (48, 75) family studies
that addressed this issue.
More research is needed to fully assess the idea that

ADHD and bipolar I comorbidity is an artifact. Such
research should assess the mechanisms that explain the
comorbidity of these disorders and their cotransmission in
families. One possibility is that the condition we refer to as
comorbid ADHDand bipolar I disorder is familially distinct
from both ADHD and bipolar I disorder when these
disorders are not comorbid with one another. As described
by Pauls et al. (76), if two comorbid disorders form a
familially distinct syndrome, the elevated risk to relatives
for the comorbid condition should be limited to the
relatives of comorbid patients. This idea was supported
by our pooled analysis of the transmission of comorbid
ADHD and bipolar I disorder in theMassachusetts General
Hospital samples. Relative to comparison subjects, the risk
for comorbid ADHD and bipolar I disorder was signifi-
cantly higher among relatives of comorbid ADHD and
bipolar I probands but not among relatives of probands
with only one of these disorders. However, one ambiguity
in these analyses is that although the risk in relatives for
comorbid ADHD and bipolar I disorder was significantly
higher in those of comorbid ADHD and bipolar I probands
compared with those of ADHD probands, it did not differ
from the risk to relatives of bipolar I probands, possibly
because of the low number of bipolar I probands, which
limited statistical power. Thus, these data provide fairly
strong evidence that comorbid ADHD and bipolar I dis-
order is familially distinct from ADHD, but more research
is needed to conclude that it is familially distinct from
bipolar I disorder.
The validation of a distinct syndrome expressing both

ADHD and bipolar I psychopathology requires more
research. If confirmed, it could prove useful for research-
ers seeking to create homogeneous samples and to

increase statistical power, as we have shown empirically
for genetic studies (77). Considering the possibility that
such a distinct syndrome exists might also provide a useful
paradigmatic shift in howwe view pediatric-onset bipolar I
disorder. Rather than debating whether pediatric-onset
bipolar I disorder is truly bipolar I disorder or whether it is
misdiagnosed as ADHD, it might be more productive to
study the empirical features of this syndrome to define it
more accurately, assessing its concurrent and predictive
validity and determining which ADHD youths are at
highest risk for bipolar I comorbidity.
For clinicians, our findings establish that relatives of

bipolar I patients have a greater risk for ADHD, and
relatives of ADHD patients have a greater risk for bipolar I
disorder. Although the risk for ADHD in bipolar I families is
relatively high (27% for offspring and 30% for siblings), the
risk for bipolar I in ADHD families is much lower (6.8% for
offspring, 5.9% for siblings, and 5.1% for parents). Thus,
although clinicians should be alert to the cotransmission
of these disorders in families, the overall risk—especially
for bipolar I disorder—should not be overemphasized.
The conclusions from our review of ADHD and bipolar I

family studies are limited by some methodological issues.
Like all meta-analyses, our analyses of covariates were
limited by the information provided in the articles we
reviewed. As is apparent in Tables 1–4, data were not
uniformly available for some covariates, and other covar-
iates did not have substantial variability among studies.
Both of these problems limited our ability to detect sig-
nificant covariate effects, but they would not have created
spurious results. Although we found many relevant family
studies of bipolar I disorder, we found fewer relevant
family studies of ADHD, and two of these used DSM-II
criteria. Nevertheless, because the power of meta-analysis
derives from the total number of subjects across studies,
we had sufficient power for our primary analyses.
Despite these limitations, our meta-analyses provide

substantial evidence for a greater prevalence of ADHD
among relatives of bipolar I probands and a significantly
greater prevalence of bipolar I disorder among relatives of
ADHD probands. These results could not be accounted for
by publication biases, unusual results from any one ob-
servation, sample characteristics, or study design fea-
tures. Our results suggest that ADHD and bipolar I
comorbidity cannot be accounted for by misdiagnoses,
but further work is needed to rule out artifactual sources
of comorbidity.
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