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Objective: This study examined mathe-
matical ability in adolescents with bipolar
| disorder, compared to adolescents with
major depressive disorder and psychiatri-
cally healthy comparison subjects.

Method: Participants (N=119) included
adolescents in remission from bipolar
disorder (N=44) or major depressive
disorder (N=30), as well as comparison
subjects (N=45) with no psychiatric his-
tory. Participants were assessed with the
following measures: the Wide-Range
Achievement Test, Revised 2 (WRAT-R2),
Peabody Individual Achievement Test,
Bay Area Functional Performance Evalua-
tion Task-Oriented Assessment (functional
mathematics subtest), Test of Nonverbal
Intellegence—2, and a self-report of
mathematics performance.

Results: WRAT-R2 and Peabody Individ-
ual Achievement Test scores for spelling,
mathematics, and reading revealed that
adolescents with bipolar disorder had sig-
nificantly lower achievement in mathe-
matics, compared to subjects with major
depressive disorder and comparison sub-
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jects. Results for the Test of Nonverbal
Intellegence—2 were not significantly dif-
ferent between groups. Adolescents with
bipolar disorder took significantly longer
to complete the Bay Area Functional Per-
formance Evaluation mathematics task.
Significantly fewer adolescents with bipo-
lar disorder (9%) reported above-average
mathematics performance, compared
with the other groups.

Conclusions: Adolescents with remitted
bipolar disorder have a specific profile of
mathematics difficulties that differentiates
them from both adolescents with unipolar
depression and psychiatrically healthy
comparison subjects. These mathematics
deficits may not derive simply from more
global deficits in nonverbal intelligence or
executive functioning, but may be associ-
ated with neuroanatomical abnormalities
that result in cognitive deficits, including a
slowed response time. These deficits sug-
gest the need for specialized assessment of
mathematics as part of a comprehensive
clinical follow-up treatment plan.

(Am J Psychiatry 2003; 160:100-104)

Bipolar disorder is a chronic psychiatric illness that of-
ten begins in adolescence. Comprehensive studies of mod-
erate- to long-term outcome in patients with adolescent-
onset bipolar disorder have only just begun to be reported
(1-5). In a previous paper, we reported on a group of ado-
lescents with bipolar I disorder, the large majority of whom
had an overall profile of good premorbid academic func-
tioning that deteriorated over 4 years after the onset of bi-
polar illness (6). After illness onset, areas of language, art,
athletics, or music were identified as academic strengths
by 95% of the adolescents’ teachers, whereas mathematics
was ranked the most problematic area of study by 60% of
the teachers. To our knowledge this was the first and only
report describing mathematical deficits in youth with bi-
polar disorder.

Academic difficulties in adolescents with bipolar disor-
der have been attributed primarily to adjustment prob-
lems, the effects of multiple hospitalizations, and difficul-
ties with peers (7-10). Although a variety of psychosocial
difficulties may be associated with poor school perfor-
mance in this population, it is premature to conclude that
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academic difficulties, such as problems with language or
mathematics, are a result of psychosocial factors alone.
Cognitive deficits associated with psychotic illnesses have
been described in schizophrenic youth with academic dif-
ficulties (11-13), and the academic delay previously de-
scribed in adolescents with bipolar disorder (3, 6) may re-
sult at least in part from cognitive difficulties.

As described by Geary (14), arithmetic deficits can be
due to underlying deficiencies in a number of cognitive
processes, including retrieval of arithmetic facts from se-
mantic memory, execution of arithmetical procedures, or
visuospatial representation. Historically, research has
demonstrated that patients with a specific brain lesion in
the left parietal region have acquired acalculia, a disorder
characterized by loss of calculation ability (15).

More recent functional imaging studies have demon-
strated that mathematical reasoning involves a distrib-
uted network, including the lateral and ventral lateral pre-
frontal cortex and the posterior parietal lobe, as well as
subcortical regions such as the caudate nucleus and cere-
bellum (16-20). Specific deficits in mathematical reason-
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TABLE 1. Scores on Tests of Achievement in Mathematics of Adolescents With Bipolar Disorder or Major Depressive Disor-
der in Remission and Psychiatrically Healthy Comparison Subjects

Adolescents Analysis
Afiolescents With Major Psychiatrically Interaction of
Wl'th B|po!ar Dgpresswe Healthy Effect of Diagnostic
Disorder in Disorder in Comparison  pjaenostic Group Effect of Sex Group and Sex
Remission Remission Subjects
(N=44) (N=30) (N=45) F (df=2, F(df=1, F (df=2,
Test and Sex of Subjects Mean  SD Mean  SD Mean  SD 116) p 117) p 116) p
Wide-Range Achievement
Test—Revised 2 (WRAT-R2)
Mathematics achievement
percentile (age-corrected) 553  <0.005 9.79  <0.005 0.26 0.74
Male 43.4 311 51.4 304 61.8 26.6
Female 229 19.1 40.6 28.1 43.2 30.1
All subjects 30.8 26.1 43.9 28.7 51.0 29.9
Mathematics grade lag score
(WRAT-R2 grade minus last
grade completed) 594  <0.005 727  <0.01 0.70 0.46
Male -1.5 23 0.2 2.3 0.5 1.9
Female 2.2 2.2 -0.9 2.3 -1.3 2.4
All subjects -2.0 23 -0.6 2.3 -0.5 23
Peabody Individual Achievement
Test mathematics achievement
percentile (age-corrected) 349 <0.05 5.08 <0.05 0.33 0.77
Male 71.6 269 83.6 14.6 81.5 16.8
Female 60.4 255 83.7 24.4 76.2 23.1
All subjects 64.7 26.3 73.6 22.7 78.4 20.7

ing associated with some diseases have been correlated
with abnormalities in brain structure. For example, math-
ematics deficits in children with velocardiofacial syn-
drome have been related to structural abnormalities in the
parietal lobe region (21).

As part of a comprehensive study of moderate-term out-
come in adolescent bipolar disorder, we compared the ac-
ademic (mathematics, reading, and spelling) ability of a
group of adolescents with bipolar disorder during illness
remission to that of normal comparison subjects and ado-
lescents with unipolar depression in remission. On the ba-
sis of our previous findings suggesting that mathematics is
a problem area for youth with bipolar disorder (6), we hy-
pothesized that the bipolar disorder group would demon-
strate significantly greater deficits in mathematics than
the comparison group or the unipolar depression group.

Method

Forty-four adolescents with bipolar I disorder (17 male sub-
jects, 27 female subjects; mean age=19.4 years, SD=2.9; mean
grade in school=11.2, SD=1.1), 30 adolescents with major depres-
sive disorder (nine male subjects, 21 female subjects; mean age=
18.5 years, SD=2.8; mean grade=10.3, SD=1.6), and 45 compari-
son subjects with no psychiatric history (19 male subjects, 26 fe-
male subjects; mean age=18.2 years, SD=1.6; mean grade=11.4,
SD=0.8) were included in the study. All participants gave written
informed consent after the study procedures were explained. The
study procedures were approved according to institutional guide-
lines. DSM-III-R diagnoses of bipolar I disorder or major depres-
sive disorder were confirmed with the Schedule for Affective Dis-
orders and Schizophrenia for School-Age Children (22) and the
Mini Structured Clinical Interview for DSM-III-R, computerized
version (23). At the time of study participation, both mood disor-
der cohorts were in remission, as defined by: 1) not meeting
DSM-IV criteria for a current episode of a mood disorder (includ-
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ing dysthymia), 2) no hospitalizations for psychiatric reasons
within the preceding 6 months, 3) no history of organic brain ill-
ness or head trauma, and 4) a Beck Depression Inventory (24)
score of <13. Further details about the study and the demographic
characteristics of subjects’ families have been provided in greater
detail elsewhere (25).

All subjects completed two standardized academic tests, the
Wide-Range Achievement Test-Revised 2 (WRAT-R2) (26) and the
Peabody Individual Achievement Test (27). The ratio of attempted
versus not attempted items on the mathematics section of the
WRAT-R2 and the ratio of correct versus incorrect responses were
determined. WRAT-R2 grade lags were computed by subtracting
the subject’s grade level obtained by means of the WRAT-R2 from
the last grade completed by the subject (negative scores indicated
that the WRAT-R2 score was below the expected grade level).
WRAT-R2 and Peabody Individual Achievement Test percentile
scores were compared to age norms provided with the tests. To
assess functional mathematical ability, subjects completed the
money and marketing subtest of the Bay Area Functional Perfor-
mance Evaluation Task-Oriented Assessment (28). Nonverbal in-
telligence was assessed with the standardized Test of Nonverbal
Intelligence—2 (29); percentile scores were compared to age
norms provided with the test. The question on mathematical
achievement from the Social Adjustment Inventory for Children
and Adolescents (30) was used to determine the subjects’ subjec-
tive evaluation of their mathematical achievement during the last
school year.

Continuous variables were examined by two-way analysis of
variance and Bonferroni post hoc tests. Categorical variables
were analyzed with Pearson chi-square tests. Standard linear re-
gression techniques were used to examine linear trends of mean
scores across ages. Significance level was set a priori at p<0.05.

Results

Significantly more adolescents with bipolar disorder
(84.1%) had been previously hospitalized for a mood epi-
sode, compared to adolescents with major depressive dis-
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order (30%) (x2=22.2, df=1, p<0.001). The mean length of
illness, as calculated from the first report of mood episode
onset to the time of study participation, did not differenti-
ate the clinical groups (4.5 years, SD=2.9 for the bipolar
disorder group, versus 4.1 years, SD=2.0 for the major de-
pressive disorder group). The adolescents with bipolar
disorder had experienced a mean of 1.5 episodes of mania
(SD=1.4) and 1.7 episodes of depression (SD=2.1). The
mean number of depressive episodes for the adolescents
with major depressive disorder was 1.3 (SD=0.9). The three
study groups’ scores on the Test of Nonverbal Intelle-
gence—2 were not significantly different (bipolar disorder
group: mean=100.2, SD=16.6; major depressive disorder
group: mean=101.2, SD=12.6; comparison group: mean=
100.1, SD=14.1) (F=0.06, df=2, 116, 188, n.s.).

No significant between-group differences were found in
the WRAT-R2 reading or spelling subtest scores. In con-
trast, on the WRAT-R2 mathematics subtest, the bipolar
disorder group had significantly poorer scores than the
comparison group (p<0.005, Bonferroni) (Table 1). The
mean for the major depressive disorder group was inter-
mediate between the means for other two groups. The dif-
ferences between the WRAT-R2-obtained grade level and
the last grade completed showed a 2-year academic lag in
mathematics for the bipolar disorder group, which was
significantly larger than lag for the major depressive disor-
der group (p<0.05, Bonferroni) and the comparison group
(p<0.01, Bonferroni) (Table 1). By contrast, for grade levels
in reading and spelling, no group showed an academic lag,
and there were no significant between-group differences.

Analyses of the WRAT-R2 mathematics items showed
significant between-group differences in the mean num-
ber of items attempted (F=7.27, df=2, 116, p<0.001) and
correctly answered (F=6.38, df=2, 116, p<0.01). The bipolar
disorder group attempted and correctly answered fewer
items than the major depressive disorder group (p<0.05,
Bonferroni) or the comparison group (p<0.01, Bonferroni).
All groups displayed a “normal” age-related developmen-
tal trend in WRAT-R2 reading and spelling test scores, with
scores incrementally increasing with age (reading: r=0.38,
p<0.0001, N=119; spelling: r=0.36, p<0.0001, N=119). The
WRAT-R2 raw scores for mathematics did not covary signif-
icantly with age (r=0.92, p=0.32, N=119) but were associ-
ated with clinical status and sex (bipolar disorder group <
major depressive disorder group < comparison group: F=
4.95, df=2, 116, p=0.009 and gender (female subjects <male
subjects: F=8.42, df=1, 117, p<0.004).

The data for the Peabody Individual Achievement Test
showed no significant group differences in reading
achievement. Paralleling the WRAT-R2 findings, in mathe-
matical achievement, the adolescents with bipolar disor-
der performed at a significantly lower age-corrected per-
centile ranking than the comparison subjects (p<0.05,
Bonferroni) (Table 1).

On the Bay Area Functional Performance Evaluation
functional mathematics test, there was a significant be-
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tween-group difference in time to complete the mathe-
matics task (F=30.28, df=2, 116, p<0.001), with the bipolar
disorder group requiring more time to complete the task
(mean=372 seconds, SD=114) than the major depressive
disorder group (mean=247 seconds, SD=75) (p<0.001,
Bonferroni) and the comparison group (mean=237 sec-
onds, SD=77) (p<0.001, Bonferroni). No significant be-
tween-group differences in task accuracy were observed.

With respect to the question on mathematical achieve-
ment from the Social Adjustment Inventory for Children
and Adolescents, 9% of the adolescents with bipolar disor-
der reported above-average achievement in mathematics,
in contrast to 25% of the adolescents with major depres-
sive disorder and 32% of the comparison subjects (x?=
7.82, df=2, p=0.02). Below-average achievement was re-
ported by 27%, 25%, and 18% of the bipolar disorder, ma-
jor depressive disorder, and comparison groups, respec-
tively. Only adolescents with a mood disorder (30% of the
adolescents with bipolar disorder and 29% of the adoles-
cents with major depressive disorder) reported failing
mathematics in the last academic year.

Discussion

This study demonstrated that adolescents with bipolar
I disorder in remission had significantly poorer mathe-
matics scores on standardized testing and reported sig-
nificantly poorer mathematical functioning in school,
compared to youth with major depressive disorder and
psychiatrically healthy peers. Furthermore, female ado-
lescents performed poorer on all mathematics tests, and
an absence of expected age-related increments in mathe-
matics skills was noted for adolescents with mood dis-
orders. In contrast, there were no significant group di-
ferences in language scores (reading or spelling) or in
nonverbal intelligence scores. To our knowledge, these
are novel findings. These results are consistent with our
earlier report (6) that identified mathematics as the most
problematic area of study for adolescents with bipolar
disorder, as identified by corroborative teacher reports.

Adolescents with bipolar disorder had lower mean
scores (30th percentile) on the WRAT-R2 than on the Pea-
body Individual Achievement Test (64th percentile). One
possible reason for this difference could be differences in
test presentation. The WRAT-R2 is a written, timed task,
and the Peabody Individual Achievement Test consists of
multiple-choice items and is not timed. One hypothesis,
supported by our finding that the bipolar disorder group
answered fewer questions on the WRAT-R2 than the other
groups, is that adolescents with bipolar disorder have a
slower response time, leading to poorer performance on
the WRAT-R2. This interpretation is also supported by re-
sults for the Bay Area Functional Performance Evaluation
mathematics assessment; adolescents with bipolar disor-
der took longer to complete this assessment, compared to
the adolescents with major depressive disorder and the
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comparison subjects. In contrast, and independent of re-
sponse time, the adolescents with bipolar disorder had
more incorrect answers on the WRAT-R2 questions they at-
tempted than did the adolescents with major depressive
disorder and the comparison subjects. Furthermore, on the
untimed Peabody Individual Achievement Test, the adoles-
cents with bipolar disorder performed at a lower level than
the comparison subjects. These findings suggest that a
slower response speed may not be the sole factor underly-
ing the mathematics deficits found in adolescents with bi-
polar disorder.

Our analysis of the findings for the WRAT-R2 items sug-
gests that youth with remitted bipolar disorder have signif-
icant mathematics difficulties that are not simply compu-
tational (basic addition, subtraction, multiplication, or
division) but may also involve the organizational, spatial,
and meta-cognitive aspects of mathematical performance.
These findings support the hypothesis that impairments
in cognitive processes may underlie the pattern of mathe-
matical deficits observed in the subjects with bipolar dis-
order. Investigations examining the different cognitive
components of mathematics performance in youth with
other medical illnesses have identified particular cogni-
tive deficits associated with specific mathematics deficits.
For example, significant deficits in children with Turner’s
syndrome have been linked to weaker visuospatial skills
and poorer organizational ability in mathematics proce-
dures (31); in boys with ADHD specific mathematics defi-
cits have been linked with lower problem-solving scores
and slower computational performance (32). There is also
evidence that poorer mathematical ability is predicted by
poor executive functioning (33). Previous findings that
adults with bipolar disorder have difficulties with execu-
tive functioning during euthymic periods (34) suggest that
mathematical deficits in youth with bipolar disorder in re-
mission could be related to difficulties with executive
functioning. In disagreement with this speculation was
our finding that the adolescents with bipolar disorder in
this study had age-appropriate scores on a test of execu-
tive functioning (Wisconsin Card Sorting Test). In addi-
tion, we found no significant differences in performance
on this measure between bipolar disorder, major depres-
sive disorder, and comparison groups (data not shown).

One way to try to understand the cognitive deficit that
may underlie mathematics deficits in youth with bipolar
disorder could be to determine the etiology within the
brain. Recently presented functional magnetic resonance
imaging data from our center demonstrated that adoles-
cents with bipolar disorder who are performing mathe-
matical calculations do not show activation of the dorso-
lateral prefrontal cortex to the same extent as comparison
subjects (personal communication, E McMaster, 2001).
This preliminary evidence is supported by recent imaging
work suggesting that the dorsolateral prefrontal cortex is
involved in overall mathematical processing (16).
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The results of this study should be interpreted with
caution in light of its limitations. The subjects with mood
disorder in this study were attending specialized clinics
within an academic health science center, and our findings
may not be translatable to youth in nonacademic treat-
ment facilities or to those with bipolar II disorder. Although
we examined the relationship between mathematics per-
formance and the effects of age and sex, future targeted in-
vestigations should be conducted to assess whether ob-
served mathematical deficits correlate with particular
characteristics of pharmacological or psychosocial treat-
ment or with specific illness parameters or comorbid psy-
chiatric conditions.

Conclusions

In a group of adolescents with bipolar I disorder in re-
mission, mathematical deficits were observed in the ab-
sence of any significant mood symptoms. The relationship
between these deficits and mood fluctuation should be ex-
amined. In addition to being present after remission from
illness, these mathematical deficits may be present before
illness onset and may worsen during the illness course.
These findings suggest that remedial academic interven-
tions in mathematics are warranted for adolescents with
treated bipolar I disorder and that comprehensive treat-
ment plans for these patients should include input from
hospital educators and school authorities.
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