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Abstract

Although attentional deficits measured by Continuous Performance Tests (CPTs) have been observed in patients with bipolar disorder, the
relationship with clinical state is not well understood. The identical pairs Continuous Performance Test (CPT-IP) shows particular promise
as a measure sensitive to trait abnormalities in attentional function. In this study, the CPT-IP was administered to 27 patients with bipolar
disorder (22 type I, 5 type 1) and 25 demographically matched healthy comparison subjects, in order to assess the presence and nature
attentional deficits as a function of mood symptoms. Results showed significantly impaired CPT performance in bipolar patients comparec
with healthy subjects. Patients made fewer tpts .01), were slower to respongl<€ 0.007), and had poorer discriminatigng0.05) and bias
(p<0.006) than comparison subjects. Severity of mania and depression was not correlated with any of the CPT measures. Our findings sugge
that attentional dysfunction may be a trait deficit associated with bipolar illness. However, within-subjects longitudinal studies examining
fluctuations in performance over time are needed.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Impaired concentration and distractibility are commonly ob- tentional impairment compared with inpatiefit8]. Bipolar
served symptoms in bipolar disorddrl], and these symp-  inpatients improve from admission to discharge; but they re-
toms may be accompanied by disturbances in psychomo-main significantly impaired compared with the general popu-
tor speed, learning, memory and executive funcfii4]. lation[13]. This pattern suggests certain aspects of attention
Continuous Performance Tests (CPTs) provide a means ofmay be state related in bipolar iliness, whereas others repre-
quantifying aspects of sustained attention and vigilance in sent trait markers, and may be associated with distinct patho-
clinical populationd1,4,9,13,15-17]Studies measuring at-  physiological mechanisn{s]. While attentional impairment
tentional deficits in bipolar subjects show associations be- as a function of acute manic or depressive symptomatology is
tween task performance and the severity of manic symptomsnot surprising, recent investigations demonstrate neuropsy-
[1,9,11,13,15,18,19Bipolar outpatients show less severe at- chological deficits in bipolar patients in the euthymic state
[14]. Euthymic patients demonstrate impairments in atten-
tional performancd6,8], learning executive function, and
* Corresponding author. Tel.: +1 210 567 5492; fax: +1 210 567 3759.  Working memory[8]. Furthermore, differential impairment
E-mail addresssoares@uthscsa.edu (J.C. Soares). in target detection, as assessed by a CPT, occurs in euthymic
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bipolar patients compared with healthy controls after con- also be particularly informative as a trait marker for bipolar
trolling for residual affective symptonj8]. Similarly, stable disorder.
bipolar patients exhibit impaired performance on the CPT  Twenty-seven patients diagnosed with bipolar disorder (22
[21], and performance is not associated with residual moodtype | and 5 type Il) were recruited through the inpatient
symptoms or medication usage. These findings suggest thaaind outpatient research programs at The University of Texas
attentional dysfunction may represent a trait feature in bipolar Health Science Center at San Antonio and its affiliated hos-
disorder. pitals. Diagnoses were determined by psychiatrists, using the
The present study sought to further characterize the na-Patient Edition of the Structured Clinical Interview (SCID)
ture of the attentional dysfunction in patients with bipolar [10]. Patients were included if they met DSM-IV criteria for
disorder with various levels of symptomatology, by utilizing BP-I or BP-II. Exclusion criteria were: (i) any serious med-
an identical-pairs version of the CPT that is sensitive to ge- ical illness, including neurological disorders; (ii) borderline
netic liability for schizophrenif/]. As attentional processing  1Q/mental retardation (IQ less than 80). The patients had an
deficits tapped by this test have previously been shown to beaverage of illness duration of 15.9 years and the average age
heritable, developmentally stable, and independent of clini- of onset was 24.0 years (s€able J). Thirteen patients met
cal state in patients with schizophrefifd, this measure may = DSM-IV criteria for comorbid generalized anxiety disorder

Table 1
Participants and clinical characteristics
BP patients Healthy subjects Group difference
Demographics
Age 39.0 (12.3) 35.8(13.8) T=0.87,p=0.4
Female 63% 52% x°=0.64,p=0.4
Left handed 11% 4% x?=0.92,p=0.3
Education Level (yrs) 13.9(2.1) 15.1 (3.5) T=-1.5,p=0.1
Parental Education (year) 12.7 (2.7) 12.9(3.2) T=-0.3,p=0.8
Verbal 1Q 104.6 (9.8) 108(100) T=-152,p=0.1
Full Scale IQ 104.0 (9.7) 100(101) T=-1.68,p=0.1
Clinical factors
HAM-D? 18.2 (8.3) N/A
YMRSP 9.9 (6.8) N/A
Age at onset 24.012.8 N/A
lliness duration 15.911.9 N/A
Depressive episofe 7 N/A
Euthymid@ 2 N/A
Manic episod& 2 N/A
Mixed episod& 16 N/A
Family history (N)
Any Psychiatric diagnoses 16 N/A
Bipolar disorder 6 N/A
Depression 5 N/A
Schizophrenia 2 N/A
Substance abuse 3 N/A
Comorbidity (N)
Past alcohol 9 N/A
Current alcohol 7 N/A
GAD¢ 13 N/A
PTSD' 9 N/A
Medication useN)
Atypical antipsychotics 5 N/A
Other Antidepressants 9 N/A
SSRI 4 N/A
Benzodiazepines 6 N/A
Mood stabilizers 12 N/A

@ Hamilton Depression Scale.

b Young Mania Rating Scale.

¢ Depressed mood state was defined as HAM-D >8 and YMRS <8.
d Euthymic mood state was defined as HAM-D <8 and YMRS <8.

€ Manic state was defined as HAM-D <8 and YMRS >8.

f Mixed state as HAM-D >8 and YMRS >8.

9 Generalized anxiety disorder diagnosed by SCID.

h Post-traumatic stress disorder diagnosed by SCID.
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(GAD) and nine met criteria for current post-traumatic stress
disorder (PTSD). Seven patients have been diagnosed with
alcohol abuse/dependence but none with drug abuse.

Nine subjects were not taking any psychotropic medi-
cations. Eighteen of the patients were under treatment, 13
of them were taking antidepressants (4 SSRI's, and 9 other
antidepressants), 12 were taking mood stabilizers (lithium,
carbamazepine, oxcarbazepine, valproic acid, topiramate,
lamotrigine, and gabapentine), six were prescribed benzo-
diazepines and five were taking atypical antipsichotics. All
patients were stable outpatients at the time of assessment,
and had been on maintenance therapy with the currently pre-

|dentical Pairs CPT

4m?2

scribed medications for 2 years at most. CTP Hits
Twenty-five comparison subjects were recruited through
radio and newspaper advertisements. Exclusion criteria were , 00 I 550.0
the same as used for patients except for a history of psychi- § i E —
atric disorders as determined by the SCID, and the additional ; - c
requirement that they could not have any first degree rela- £ 300 S 4500
tive with history of mood or psychotic disorder. In order to Z &
confirm eligibility for the study and exclude medical prob- 200 400.0°
lems, participants underwent athorough and detailed medical MEBipolar Patients (n=27) MHealthy Subjects (n=24)

history, physical examination, and laboratory testing. After Signal Detection Indices
an explanation of the study, informed consent was obtained. ;
Clinical mood states were defined according to the Hamilton
Rating Scale (HAM-D 21-item) and the Young Mania Rating ;

1.000 : 1.0
0.84

Scale (YMRS)12,22], as follows: depressed as HAM-D >8 w 09501 - § ol
and YMRS <8, mixed as HAM-D >8 and YMRS >8, manic | 9]
as HAM-D <8 and YMRS >8, and euthymic as HAM-D <8 e— | u-u _

and YMRS <8 (se@&able J). All subjects were administered a

6-min version of an identical pairs Continuous Performance MEipolar Patients (n=27) MHealthy Subjects (n=25)

Test (CPT-IP), previously shown to be sensitive to attentional

impairment in patients with schizophrenia and their relatives Fig. 1. Bipolar patients were impaired compared with healthy subjects onthe

(seeFig. 1) [4] Visual stimuli were generated on a computer _CP'I_': patient_s made fewgr hits, were slower to respond, had poorer discrim-

. nation, and increased bias as compared to matched comparison subjects.

monitor. An array of 4 degraded numbers was presented, and

the participant’'s task was to press the space bar whenever

the same array of digits appeared twice in a row. Outcome nificantly slower in bipolar patients (49853 ms versus

measures included (1) the number of correct responses o453+ 49 ms; F(1,51)=7.78,p<0.007). Target discrimi-

“hits,” (2) hit reaction time (RT), in milliseconds, (3) a non- nation was also impaired in patients (0240.04 versus

parametric discriminability indexa() that measures the abil-  0.97+0.05;F(1,51) =3.92p < 0.05). Furthermore, bias re-

ity to discriminate between targets and non-targets, and (4) sponse wagigherin bipolar patients than in controls, indi-

an index of response biag)(that represents the likelihood cating increasethte of falseresponding (0.84 0.21 versus

of saying yes across all targets and f¢H8]. 0.49+ 0.59;F(1,51) =8.09p < 0.006). Repeating the statisti-
Patients and healthy comparison subjects were well cal analysis (ANOVA) after excluding patients with comorbid

matched on age, gender, handedness, educational attainmergjcohol abuse, patients with bipolar Il disorder, and patients

education, and ethnic background (3abéle ). Ethnic back- who were on antipsychotic medication did not alter the pat-

ground was similar across sampleg € 5.5,p=0.2) and re- tern of results (se@able 2. Finally, no significant correlation

flected the community from which study participants were between the performance measures and symptom severity (as

recruited (South Texas: 34% Hispanic, 4% African Ameri- measured by depressive and manic symptoms on HAM-D and

can, 53% non-Hispanic White, 9% other). Based on Wechsler YMRS, respectively) was found within the bipolar group (see

Test of Adult Reading (WTAR) performance, full scale and Table 3.

verbal 1Q did not differ between groups (s&able J). Ourresults show impaired attentional functioning, as mea-
ANOVA indicated that bipolar patients overall performed sured by the identical pairs CPT, in bipolar patients with vari-

significantly worse on the CPT than healthy subjects. Pa- ous levels of symptomatology. No relationship was observed

tients yielded fewer hits than control subjects (39.7.3 between CPT performance and severity of manic or depres-

versus 44.%6.9, respectively;F(1,51)=6.78, p<0.01) sive symptoms. These data confirm previous find{8g21]

(seeTable 2. Moreover, hit reaction timeRT) was sig- and suggest that attentional dysfunction may be a trait deficit
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Table 2

ANOVA analysis

CPT measure Full sampll&27) BP type | only Without alcoholism Without antipsychotic Without PTSD
(n=22) (n=20) (n=22) (n=19)

Hits 6.78, p=0.02 6.25,p=0.02 5.16p=0.03 8.39p=0.01 8.49p=0.01

Hits RT 7.78p=0.01 6.84p=0.1 8.01p=0.01 6.69p=0.01 5.02p=0.03

Descriminability @) 3.92,p=0.05 3.34p=0.07 2.75p=0.1 5.13p=0.03 5.32p=0.03

Bias (8) 8.09,p=0.01 7.39p=0.01 6.68p=0.01 6.69p=0.01 4.91p=0.03

ANOVA analysis between (1) the complete sample of 27 BP patients and 25 healthy subjects; (2) excluding patients with BR4yfe (8) excluding

patients with current alcohol dependence/abuse?); (4) excluding patients with antipsychotic medications b); (5) excluding patients with comorbid
PTSD ©=8).

a F statistic.

b p-value.
Table 3
Spearman correlation coefficients between symptom ratings and CPT performance
CPT measure HAMD YMRS lliness duration
Hits? —0.117,p=0.56 —0.346,p=0.08 0.116p=0.82
Hits RT® 0.088,p=0.66 0.245p=0.22 —0.203,p=0.70
Descriminability &')¢ —0.068,p=0.74 —0.296,p=0.13 0.145p=0.78
Bias (8)¢ —0.091,p=0.65 —0.078,p=0.70 0.221p=0.67

2 Number of correct responses.

b Hits reaction time.

¢ Non-parametric discriminability index, which measures the ability to discriminate between targets and norji2@jgets
d Index of response bias that measures constructs other than sensitivity such as fatigue and njatyation

in patients with bipolar disorddb]. Although two studies [2] C.E. Bearden, K.M. Hoffman, T.D. Cannon, The neuropsychology
reported improved CPT performance in bipolar patients fol- and neuroanatomy of bipolar affective disorder: a critical review,
lowing symptom remissioifil3,18], patients remained im- Bipolar Disord. 3 (2001) 106-150. _ , o

. . . . [3] L. Clark, S.D. Iversen, G.M. Goodwin, Sustained attention deficit in
paired in terms of target detection compared with the general

. ) ) ; s bipolar disorder, Br. J. Psychiatry 180 (2002) 313-319.
population[13], suggesting that sustained attention deficit [4] B.A. Comblatt, M.F. Lezenweger, L. Erlenmeyer-Kimling, The con-

may be a trait marker that is exacerbated in times of acute  tinuous performance test, identical pairs version: Il. contrasting at-
illness (i.e., state-modulated, but not state-dependent). Given  tentional profiles in schizophrenic and depressed patients, Psychiatry

the paucity of within-subjects’ designs in bipolar research, __Res. 29 (1989) 65-85. _ oy _
this issue warrants further attention [5] L. Clark, G.M. Goodwin, State- and trait-related deficits in sustained

) N . . attention in bipolar disorder, Eur. Arch. Psychiatry Clin. Neurosci.
In conclusion, our findings suggest that impaired CPT per- 254 (2004) 61-68.

formance could represent a trait abnormality in bipolar dis- [6] L. Clark, S.D. Iversen, G.M. Goodwin, A neuropsychological in-
order that may be associated with structural or neurochem- vestigation of prefrontal cortex involvement in acute mania, Am. J.
ical brain abnormalitie§3]. Nonetheless, longitudinal stud- Psychiatry 158 (2001) 1605-1611.

. . . . . [7] B.A. Cornblatt, A.K. Malhotra, Impaired attention as an endophe-

Ies exa_mlnlng _dlffere_nt aspe_cts of atte_ntlonal performance n notype for molecular genetic studies of schizophrenia, Am. J. Med.

unmedicated first-episode bipolar patients are warranted. At-  Genet. 105 (2001) 11-15.

tentional impairment as measured by the CPT may provide [8] I.N. Ferrier, B.R. Stanton, T.P. Kelly, J. Scott, Neuropsychological

a useful marker for genetic vulnerability to bipolar disorder, function in euthymic patients with bipolar disorder, Br. J. Psychiatry

as well as schizophrenia, which should be further examined 175 (1999) 246-251. . o

in future studies. [9] D.E. Fleck, K.W: Sax‘, S.M. _Strakpwskl, Reactlon time measures gf

n sustained attention differentiate bipolar disorder from schizophrenia,
Schizophr. Res. 52 (2001) 251-259.

[10] M.G. First, R.L. Spitzer, M. Gibbon, J.B.W. Williams, Structured
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