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Objective: Because attention deficit hy-
peractivity disorder (ADHD) is relatively in-
frequent among girls, little is known about
the causes of ADHD in girls. To help fill this
gap in the literature, the authors assessed
the familial transmission of ADHD in fam-
ilies ascertained through girls.

Method: Interviewers who were blind to
diagnosis administered structured psychi-
atric interviews to 140 girls with ADHD
and their 417 first-degree relatives and to
122 girls without ADHD and their 369
first-degree relatives.

Results: The relatives of the ADHD girls
had a significantly higher prevalence of
ADHD, according to either the DSM-I1I-R or
DSM-IV definition, than the relatives of

the comparison girls. However, this did
not differ from the prevalence the au-
thors reported previously for families of
boys with ADHD. Like the boys’ families,
the relatives of the girl probands also had
significantly higher prevalences of antiso-
cial, mood, anxiety, and substance use
disorders, although the prevalence of fa-
milial antisocial disorders was lower than
had been observed in the boys’ families.
There was no association between the
DSM-1V subtypes of the probands and
relatives.

Conclusions: The familial transmission
of ADHD and comorbid disorders general-
izes to families of girls with ADHD. Neither
proband gender nor subtype influences
the familial transmission of ADHD.

(Am J Psychiatry 2000; 157:1077-1083)

B ecause of gender differences in attention deficit hy-
peractivity disorder (ADHD) and the limited amount of
research on girls (1), the National Institute of Mental
Health’s Conference on Sex Differences in ADHD con-
cluded that inferences drawn from studies of boys with
ADHD could not be routinely applied to girls with ADHD
(2). One notable gap in our knowledge about girls with
ADHD is in the literature on family studies. Whereas there
have been many family studies of ADHD boys (3, 4), little
is known about the transmission of ADHD and related
disorders in families of ADHD girls. Extant studies pro-
vide conflicting data regarding sex effects on familial
transmission, and to our knowledge, these studies have
not looked at the familial transmission of psychiatric co-
morbidity or ADHD subtypes.

Family studies are well suited to clarifying the most con-
spicuous sex difference in ADHD: its lower prevalence
among girls (1). In the “familial dose” model, this differ-
ence is accounted for by the assumption that girls, in com-
parison with boys, need more familial risk factors to de-
velop ADHD (5, pp. 94-106). Because it is assumed that
ADHD girls carry a higher dose of familial risk factors, then
their relatives should also carry more and thus be at
greater risk for ADHD than are the relatives of ADHD boys.
This pattern has been observed in two family studies (6, 7)
but not in others (8-10). Also, the results of these latter
family studies, which suggest that ADHD is as familial in
boys as it is in girls, concur with the findings from twin
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studies (11-14), which indicate that the heritability of
ADHD does not differ by gender. Further work is needed to
assess the “familial dose” model because its rejection
would point ADHD researchers to nonfamilial environ-
mental events as the cause of the differing prevalence of
ADHD between genders.

Another gap in the ADHD literature stems from the near
absence of studies that have examined the familial trans-
mission of other disorders in ADHD families ascertained
through girl probands. In our DSM-III-based family study
of girls with attention deficit disorder (ADD) (10), their
families were strikingly like the families of boys with
ADHD in their high risks for antisocial, affective, and anx-
iety disorders. To our knowledge, other studies have not
examined this issue.

Prior family studies of ADHD girls were limited in sev-
eral respects. The number of ADHD girl probands was
small, ranging from 12 to 33 with a mean of 21. Three of
the studies used DSM-II criteria, and three used DSM-III
criteria. Thus, we know of no large family studies of ADHD
girls and none that have used either DSM-III-R or DSM-IV
criteria. These studies were also limited by having as-
sessed only a limited number of outcomes, primarily
ADHD, in the relatives.

To remedy these limitations, we have conducted a large
family study of ADHD and non-ADHD girl probands (15).
In the first report on this study group (15) we showed that
ADHD in girls was characterized by prototypical symp-
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toms of the disorder, comorbid psychopathology, social
dysfunction, cognitive impairments, and school failure.
The only notable differences from our prior study of boys
(16) were the prevalences of conduct and oppositional de-
fiant disorders in ADHD girls, which were one-half of
those reported for boys.

The present report focuses on the families of girls with
ADHD and on tests of several hypotheses. Hypothesis 1
was the prediction that the familial transmission of ADHD
we previously reported for families of boy probands (17)
would be replicated. We predicted that the relatives of
ADHD girls would be at higher risk for ADHD than would
relatives of non-ADHD girls. We then sought to assess the
familial transmission of the DSM-IV subtypes. Thus, hy-
pothesis 2 was that relatives of girls with DSM-IV ADHD
would be at higher risk for each DSM-IV subtype of ADHD
than would relatives of non-ADHD girls.

According to hypothesis 3, that the DSM-IV subtypes of
ADHD arise from separate familial risk factors, ADHD
subtypes would “breed true” in families (e.g., relatives of
inattentive probands would be at high risk for inattentive
ADHD but not other subtypes).

Hypothesis 4 was the “familial dose” explanation for the
low prevalence of ADHD in girls. We predicted that rela-
tives of girl probands would have higher rates of ADHD
than the rates we previously observed among relatives of
boy probands (17).

Hypothesis 5followed up on our report of psychiatric co-
morbidity in this study group (15). We reasoned that if co-
morbid disorders in girl probands had a familial etiology
similar to that seen in our study of boy probands (17), then
relatives of ADHD girls would be at higher risk for mood,
antisocial, and anxiety disorders than would relatives of
non-ADHD girls.

Method

Subjects

We studied two groups of girls: 140 patients with ADHD and
122 comparison subjects without ADHD. These groups had 417
and 369 first-degree biological relatives, respectively, who pro-
vided data. All of the ADHD girls met the full DSM-III-R diagnos-
tic criteria for ADHD at the time of the clinical referral; at the time
of recruitment they all had active symptoms of the disorder. Of
these, 127 met the DSM-IV criteria for inattentive ADHD (N=37),
hyperactive-impulsive ADHD (N=9), and combined-type ADHD
(N=81). All subjects older than 12 gave written informed consent
for participation. Parents gave written informed consent for par-
ticipation of children under 12, and these children participated
only if they assented to the study procedures.

We identified 63 girls with ADHD from lists of consecutive pa-
tients in the pediatric psychiatry clinic at the Massachusetts
General Hospital. Another 77 girls with ADHD were identified
from lists of children having evidence of ADHD in the computer-
ized medical records of a health maintenance organization
(HMO). Within each setting, we selected normal comparison
subjects from lists of outpatients at pediatric medical clinics
(Massachusetts General Hospital, N=55; HMO, N=67). The frac-
tions of subjects selected from the hospital and HMO sources did
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not differ between the ADHD and comparison groups (x2=0.0,
df=1, p=0.99).

We selected potential ADHD families if evidence in the medical
record and the results of an initial interview suggested a child
might have ADHD. We selected potential comparison families if
evidence in the medical record and the results of an initial inter-
view suggested a child did not have ADHD. Among the subjects
who were eligible to participate on the basis of our interview, 84%
of the 167 potential ADHD families participated and 96% of the
127 potential comparison families participated. The families who
did not participate were either ineligible or refused. These rates
were statistically different (x?=11.1, df=2, p=0.001).

Procedures

We used DSM-III-R-based structured interviews supple-
mented with questions for DSM-1IV diagnoses. The psychiatric as-
sessments of the girls used the Schedule for Affective Disorders
and Schizophrenia for School-Age Children—Epidemiologic Ver-
sion (K-SADS-E) (18). Diagnoses were based on independent in-
terviews with the mothers and direct interviews with the children.
Children younger than 12 years of age were not interviewed di-
rectly. Parental diagnoses were based on direct interviews using
the Structured Clinical Interview for DSM-III-R—Non-Patient
Edition (19). To assess childhood diagnoses in the parents, we ad-
ministered modules from the K-SADS-E. We assessed socioeco-
nomic status with the Hollingshead-Redlich scale (20).

The interviewers were blind to proband diagnosis and ascer-
tainment site. The direct interviews of the mothers and the direct
interviews of the children were conducted by different raters. For
about 90% of the families, the mother’s interview about her chil-
dren occurred after the direct interview with the mother about
herself. The raters were trained and supervised by board-certified
psychiatrists (J.B., T.S.).

The psychiatrists making the diagnoses were board certified in
both child and adult psychiatry and were blind to ascertainment
group, ascertainment site, all data collected from family mem-
bers, and all nondiagnostic data. As suggested by others (21), we
diagnosed major depression only if the depressive episode was
associated with marked impairment. We considered impairment
to be severe enough for the diagnosis of depression if the episode
led to either hospitalization or a persistent disruption in perfor-
mance of a major role at home or work. We also examined a sum-
mary diagnosis of anxiety disorders; the subject had a positive di-
agnosis if he or she had two or more anxiety disorders and was
rated negative otherwise. We did so because 1) our prior work has
shown this measure to have high test-retest reliability (22) and
2) it allowed for direct comparisons with other studies in which
we used this measure (17, 23).

Statistical Analyses

Our statistical analyses addressed the nonindependence of ob-
servations within families by adjusting variance estimates with
Huber’s formula (24), a “theoretical bootstrap” that produces ro-
bust statistical tests. The method works by entering the cluster
score (i.e., sum of scores within families) into the formula for the
estimate of variance. The resulting p values are robust to distribu-
tional assumptions. Results of Yates-corrected chi-square tests
are also presented for the benefit of future meta-analyses. All sta-
tistical tests were two-tailed and used the 0.01 level of statistical
significance.

Results

The ADHD and comparison families did not differ sig-
nificantly in sex distribution of relatives, ethnicity, or
number of relatives (Table 1). We found statistically signif-

Am | Psychiatry 157:7, July 2000



FARAONE, BIEDERMAN, MICK, ET AL.

TABLE 1. Demographic Information for Girls With ADHD, Girls Without ADHD, and Their First-Degree Relatives

ADHD Probands

Comparison Probands

Characteristic (140 probands, 417 relatives) (122 probands, 369 relatives) Analysis (df=1)
Mean SD Median Range Mean SD Median Range X2 p
Age of probands (years)? 11.2 34 11 6-18 12.2 3.0 12 6-18 6.2 0.01
Number of relatives? 3.0 1.0 3 1-6 3.0 0.8 3 1-5 0.2 0.69
ParentsP 2.0 0.2 2 1-2 2.0 0.2 2 1-2 0.1 0.81
Siblings®¢ 1.0 09 1 04 1.0 0.8 1 0-3 0.2 0.63
Age of relatives (years)d 319 14.7 37 6-60 329 15.5 39 6-63 1.2 0.26
Parentsd 41.7 6.1 42 28-60 43.7 5.7 44 28-63 7.4 0.01
Siblingsch 13.5 5.4 13 6-29 13.2 4.5 13 6-23 0.1 0.76
Socioeconomic status? 1.9 0.9 2 1-5 1.7 0.8 2 1-5 31 0.08
N % N % X2 p
Mothers participating 140 100 122 100
Fathers participating? 134 96 116 95 0.1 0.77
Male relativesd 218 52 191 52 0.1 0.82
Parents separated or divorced? 39 28 22 18 3.5 0.06
Relatives’ race/ethnicityd 1.4 0.51
Caucasian 398 95 340 92
African American 12 3 18 5
Other 7 2 11 3

@ Characteristic assessed at the family level (262 families: 140 ADHD, 122 comparison) so that robust standard errors were not estimated.

b N=512 (274 ADHD, 238 comparison).
©N=274 (143 ADHD, 131 comparison).

d Characteristic of individual family members—statistics based on robust standard error adjustment for the fact that observations of relatives

from the same family are not independent of one another.

icant differences in the ages of the probands and their par-
ents. The proportion of adolescents was 60% among the
comparison probands (N=73) and 46% among the ADHD
probands (N=64) (x?>=5.2, df=1, p=0.02). We statistically
controlled for all demographic differences in subsequent
analyses.

As predicted from hypothesis 1, the rate of DSM-III-R
ADHD was five times as high among the relatives of the
ADHD girls (21%, N=87) as among the comparison rela-
tives (4%, N=16) (x2=35.9, df=1, p<0.001; Yates x2=45.9, df=
1, p<0.001). We also found a significantly higher preva-
lence of DSM-IV ADHD among the relatives of probands
with DSM-IV-defined ADHD (24%, N=99) than among the
comparison probands (7%, N=25) (x?=32.1, df=1, p<0.001;
Yates x2=41.1, df=1, p<0.001).

To test hypothesis 2, we stratified the relatives by their
subtype diagnoses and found that the higher risk for
ADHD among the relatives of ADHD girls held for the inat-
tentive and combined subtypes but not for the hyperac-
tive-impulsive subtype. The respective rates in the rela-
tives of the ADHD and non-ADHD girls were 10% (N=42)
and 4% (N=14) for the inattentive subtype (x3=13.6, df=1,
p<0.001; Yates x2=13.9, df=1, p<0.001), 11% (N=47) and 2%
(N=8) for the combined subtype (x?=22.3, df=1, p<0.001;
Yates x?=28.3, df=1, p<0.001), and 2% (N=10) and 1% (N=3)
for the hyperactive-impulsive subtype (x>=3.7, df=1, p=
0.05; Yates x2=3.2, df=1, p=0.07).

To test hypothesis 3, we analyzed the three-by-three ta-
ble of proband subtype diagnosis by relative subtype diag-
nosis. Figure 1 presents these data and shows that the sub-
types of the relatives were not significantly likely to be the
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FIGURE 1. DSM-IV Subtypes of ADHD in First-Degree Rela-
tives Stratified by ADHD Subtype of Girl Probands?
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DSM-IV Subtype in Probands

2 The subtype of ADHD in the proband was not associated with the
subtype in the relatives (chi-square analysis).

same as the subtype of the probands, i.e., they did not
breed true. To further examine this hypothesis, we reana-
lyzed our data after limiting the inattentive diagnosis to
the 13 subjects with the DSM-1V inattentive subtype who
had three or fewer hyperactive-impulsive symptoms. With
this new definition, the prevalence of inattentive ADHD
was 4% among the relatives of the probands with com-
bined-type ADHD, 7% among the relatives of the hyperac-
tive-impulsive probands, and 0% among the relatives of
the inattentive probands (x?=3.7, df=2, p=0.16; Yates x°=
2.6, df=2, p=0.27).
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TABLE 2. Psychiatric Disorders in First-Degree Relatives of Girls With ADHD and Girls Without ADHD

Relatives of ADHD

Relatives of Comparison

Wald’s Chi-Square Analysis (df=1)
rom Logistic Regression Model

Probands (417 relatives)? Probands (369 relatives)? Robust Yates-Corrected
DSM-11I-R Disorder N % N % X2 p X2 p
Antisocial disorders
Conduct disorder 29 7 16 4 25 0.12 2.2 0.14
Oppositional disorder 48 12 18 5 10.3 <0.001 10.6 0.001
Antisocial personality disorder 22 7 9 3 4.6 0.03 3.3 0.07
Mood disorders
Major depression 135 32 61 17 6.6 0.01 7.3 0.007
Bipolar disorder 24 6 9 3 4.9 0.03 4.6 0.03
Dysthymia 38 9 17 5 5.2 0.02 4.5 0.02
Anxiety disorders
Multiple anxieties 78 19 35 9 10.3 <0.001 2.8 <0.001
Panic disorder 32 8 17 5 3.4 0.07 2.7 0.10
Agoraphobia 39 9 21 6 2.7 0.10 3.3 0.07
Overanxious disorder 47 11 17 5 11.8 <0.001 10.9 <0.001
Simple phobia 47 11 34 9 0.7 0.42 0.7 0.41
Social phobia 57 14 26 7 7.2 0.007 8.4 0.004
Separation anxiety 41 10 14 4 10.6 <0.001 10.3 0.001
Generalized anxiety 34 9 10 3 7.8 0.005 9.6 0.002
Obsessive-compulsive disorder 19 5 2 1 8.2 0.004 10.7 0.001
Number of anxiety disorders 27.9b <0.001 27.8 <0.001
One 82 20 46 12
Two 44 11 21 6
Three or more 37 9 14 4
Substance use disorders
Alcohol abuse 52 13 53 14 0.4 0.59 0.5 0.49
Alcohol dependence 79 19 31 8 19.7 <0.001 16.9 <0.001
Drug abuse 63 15 52 14 0.5 0.45 0.2 0.67
Drug dependence 47 12 22 6 6.7 0.009 6.7 0.009

4 Data on some variables were missing for some subjects.
bdf=3

To test hypothesis 4, we analyzed the family data from
the present study together with the data from our prior
study of boy ADHD and non-ADHD probands (17).
Among the relatives of the ADHD girl probands, we found
DSM-III-R ADHD in 18% of the female relatives and 24%
of the male relatives. For the relatives of the ADHD boys,
these figures were 12% and 20%, respectively. These data
show no main effect of proband gender (x?=2.9, df=1, p=
0.09), no main effect of the relative’s gender (x%=2.9, df=1,
p=0.09), and no interaction between the genders of the
proband and relative (x?=0.4, df=1, p=0.53).

Consistent with hypothesis 5, Table 2 shows that the rel-
atives of the girls with ADHD had significantly higher
prevalences of mood, antisocial, substance use, and anxi-
ety disorders than the relatives of the non-ADHD girls.

Discussion

The relatives of the ADHD girls had an elevated risk for
ADHD, regardless of whether we used the DSM-III-R or
DSM-1V definition. These findings support our first hy-
pothesis and show that the familial transmission of
ADHD—which has been so widely documented in fami-
lies of ADHD boys—generalizes to families of ADHD girls.
Familial transmission is a key validating criterion for any
disorder (25). Thus, our finding that ADHD is familial in
families ascertained through girl probands provides addi-
tional evidence for the validity of the diagnosis in girls.

1080

Our second hypothesis received partial support: the
relatives of ADHD girls had elevated prevalences of in-
attentive and combined-type ADHD but not hyperactive-
impulsive ADHD. Although this could indicate that hyper-
active-impulsive ADHD does not share familial determi-
nants with inattentive and combined-type ADHD, other
data argue against this interpretation. Namely, when we
stratified the probands by DSM-IV subtype, the relatives of
the hyperactive-impulsive probands had an elevated risk
for DSM-1V ADHD, including the inattentive and com-
bined subtypes. Thus, our results regarding the hyperac-
tive-impulsive subtype are equivocal. Further, our infer-
ences about this subgroup are clouded by the small
number of hyperactive-impulsive subjects in our study,
which has been the case in other studies of clinically re-
ferred subjects (26-30).

Our data refute hypothesis 3. Subtypes of ADHD did not
breed true in these families. Also, the subtype data provide
no evidence for a gradient of familial severity, i.e., no
ADHD subtype was significantly more familial than the
others. Thus, although the DSM-IV subtypes of ADHD
have clinical implications (1, 29-31), they do not appear to
influence the familial transmission of ADHD. Instead, it
seems likely that the subtypes share the same pool of fa-
milial etiologic risk factors. This is consistent with findings
from two twin studies that showed a significant overlap in
the genetic contributions to symptoms of inattention and
hyperactivity-impulsivity (32-34). Because familial risk
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factors cannot account for DSM-1IV subtypes, researchers
should turn to environmental risk factors to find an expla-
nation for the variable expression of DSM-IV ADHD.

Our data also refute hypothesis 4, the prediction that
relatives of girl probands would have higher rates of
ADHD than relatives of boy probands (16). This finding is
consistent with prior results (8, 11-14). Thus, the differing
prevalences of ADHD between boys and girls cannot be at-
tributed to any familial transmission model that posits
that, compared with boys, girls require a greater “dose” of
familial risk factors to express ADHD.

We found partial support for hypothesis 5: the relatives
of the ADHD girls were at high risk for mood, antisocial,
substance use, and anxiety disorders. Notably, despite the
high levels of comorbidity and familial association be-
tween conduct disorder and ADHD seen in boys (35-37),
we did not find an increased risk for conduct disorder
among relatives of ADHD girls. These relatives, however,
did have a significant increase in the risk for oppositional
defiant disorder and showed an increased, but not signifi-
cant, risk for antisocial personality disorder.

Our negative findings for conduct disorder are consis-
tent with the low rate of conduct disorder (8%) we previ-
ously reported among the relatives of the girl probands
(15) and with prior work showing ADHD girls to have a
lower risk for conduct disorder (1). The present study
shows that this gender difference in conduct disorder is
not due to a failure to express an underlying familial pre-
disposition to conduct disorder. If that were so, the family
members should have had a significant risk for conduct
disorder.

The low prevalence of conduct disorder in families of
ADHD girls fits with our prior conclusions about two fa-
milial subtypes of ADHD: one related to conduct disorder
and the other not (35, 36). In our prior work, the antisocial
ADHD group was predominantly male, whereas the
nonantisocial group had an even male-female ratio. From
that we predicted that the familial link between ADHD
and conduct disorder would be less evident in families as-
certained through girl probands.

In relation to the comparison subjects, the relatives of
the ADHD girls also had a significantly greater risk for de-
pression. This agrees with findings from our meta-analy-
ses of the ADHD-depression literature (38), which showed
that children of depressed parents have an elevated risk
for ADHD and that relatives of ADHD probands have an
elevated risk for depression. Although our meta-analyses
of the ADHD-bipolar literature (39) suggest a familial link
between the two disorders, the positive association in the
present study group did not attain statistical significance.

We also found an increased prevalence of several anxi-
ety disorders among relatives of ADHD girls. This finding
is consistent with the results in our prior family study of
girls with DSM-III-defined ADD (10) and in our family
studies of ADD boys (40) and ADHD boys (17). Consistent
with findings in other studies, our data suggest a link be-
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tween substance use disorders and ADHD (41). Notably,
follow-up studies document a high risk for substance use
disorders in adults who had ADHD as children (42), and
family studies of substance use disorders (43) and of
ADHD (44) have shown an association between the two
disorders.

If, as our data suggest, the genetic contributions to
ADHD are similar in boys and girls, this may indicate sim-
ilarities in other biological features. Consistent with this
idea are the findings of Sharp et al. (45). They found that,
in addition to showing similarities in a wide range of clini-
cal features, ADHD girls and boys did not differ in their
clinical response to either methylphenidate or dextroam-
phetamine. In contrast, other studies suggest biological
differences between ADHD boys and girls. For example,
data we reported earlier (46) suggest that girls with ADHD
may not have executive deficits, may be less vulnerable to
such deficits, or may have a form of executive function
deficits that differs from that for boys. On the other hand,
a neuroimaging study by Ernst et al. (47) suggested signif-
icant brain dysfunction for ADHD girls but not boys.
Clearly, more work is needed to determine if gender differ-
ences exist in the biological underpinnings of ADHD.

We must also consider the implications of the demo-
graphic differences seen between the ADHD and compar-
ison families in this study. The ADHD probands and their
parents were significantly younger than the comparison
probands and their parents. This likely reflects the fact
that ADHD has a relatively early onset. Also, although the
difference did not attain statistical significance, the par-
ents of the ADHD probands were more likely to be sepa-
rated or divorced and to come from lower social strata.
There are two possible explanations for these findings.
Many of the parents had ADHD and associated psychopa-
thology, disorders that may lead to marital discord and
lower social attainment. It is also possible that the stresses
ofrearing an ADHD child could account for these findings.
Further work is needed to clarify these issues.

The generalizability of our results is limited because the
families were primarily Caucasian. We relied on maternal
reports for children younger than 12, which may have led
to a bias whereby mothers with ADHD overreported
ADHD in their children. Another limitation is the fact that
the rates of participation were higher for comparison than
ADHD families. Although this may mean that fewer ADHD
families were eligible, it is also possible that more ADHD
families refused to participate. If so, that would further
limit the generalizability of our results but would not con-
found case-control comparisons.

Despite these limitations, our results show that relatives
of ADHD girls have an elevated risk for ADHD, mood, sub-
stance use, and anxiety disorders. The pattern of familial
aggregation conforms to what is known about the families
of ADHD boys, with one exception: antisocial disorders
appear to be less familial in girls with ADHD. Our data also
suggest that familial risk factors cannot account for either
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gender differences in prevalence or the clinical variability
of DSM-1V subtypes. Further work is needed to better un-
derstand these features of ADHD and their implications
for understanding the etiology of the disorder.
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