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14
15 j Abstract Introduction Cognitive deficits, includ-
16 ing deficits in early information processing, are
17 associated with remitted bipolar disorder. The tem-
18 poral relationship between these deficits and the
19 clinical course is not known. The current study
20 investigated whether or not deficits in early infor-
21 mation processing were present before the onset and/
22 or during the early stages of bipolar disorder. Meth-
23 ods Unaffected and remitted high risk offspring of
24 well-characterized bipolar parents completed a visual
25 backward masking task. For comparison we included
26 a cohort of unaffected offspring of well parents and a
27 clinically referred group of remitted bipolar patients.
28 Results There was no evidence of a deficit in early
29 information processing in well high risk subjects. As
30 expected, the referred patient group had the highest
31 error rates. After excluding the patients, interaction
32 effect showed that the affected remitted high risk
33 subjects performed differently in terms of error rates

34than unaffected high risk and control subjects. There
35were no significant differences in response times
36across study groups. Exploratory analyses revealed an
37association between a lifetime history of psychosis
38and increased errors on the task. Conclusions There
39was no evidence of a vulnerability in early informa-
40tion processing in offspring at risk for bipolar dis-
41order. However, there were emergent changes in
42performance in the affected remitted high risk group.
43Psychosis appears to be an important clinical corre-
44late associated with cognitive deficits. Mapping of the
45early course of bipolar disorder and associated
46changes in cognition has important implications for
47establishing critical periods for intervention.

48j Key words bipolar disorder Æ early stages Æ
49neurocognitive functioning Æ high risk Æ visual backward
50masking
51

52Introduction

53There is a substantial agreement in findings across a
54number of studies that even during periods of
55remission, adults diagnosed with bipolar disorder
56show deficits in neurocognitive functioning [26, 27].
57This has in part been attributed to a burden of illness
58effect, likely representing a composite of neurobio-
59logical changes associated with repeated episodes
60and/or residual symptoms, complications of the dis-
61order including substance use and perhaps to the
62effects of medications [20, 25, 30]. It is not clear how
63early in the course of illness neurocognitive deficits
64arise or if there is evidence of cognitive vulnerability
65predating the onset of a diagnosable mood disorder.
66Mapping the temporal association between cognitive
67deficits and the course of bipolar illness may assist
68with a more accurate early diagnosis and would have
69important implications for establishing critical peri-
70ods for intervention and prevention.
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71 Deficits in early visual information processing as
72 measured by visual backward masking (VBM), have
73 been one of the most reliable neurocognitive findings
74 in bipolar patients [10, 11, 23]. VBM is a procedure in
75 which two brief stimuli are presented in rapid suc-
76 cession and the subject is required to identify the
77 location of the first stimulus (the target) which is
78 disrupted by the later stimulus (the mask) [31]. Under
79 certain conditions, performance on the task is medi-
80 ated by magnocellular visual pathways projecting to
81 the dorsal occipito-parietal and frontal regions [8, 17],
82 which have been implicated in structural and func-
83 tional imaging studies of patients manifesting and at
84 risk for mood disorders [15, 21].
85 The best way to distinguish between primary changes
86 associatedwith the illness fromabnormalities secondary
87 to the burden of illness is through the use of a high risk
88 study design. A number of studies have reported visual
89 processing andperception deficits among the unaffected
90 relatives of patients with schizophrenia [9, 17]. There
91 have been two studies of early visual information pro-
92 cessing using a VBM task in subjects at risk for bipolar
93 disorder. In one study, Keri and colleagues reported that
94 performance on a VBM task was similar between the
95 unaffected relatives of bipolar patients andcontrols [18].
96 In a pilot study comparing performance on a VBM task
97 between a small group of offspring of bipolar parents
98 and controls [22], we reported that while all study sub-
99 jects did worse on progressively shorter (more difficult)
100 levels of the task, the affected remitted (lifetime
101 depressive episodes) offspring made more errors at the
102 hardest level of the task compared tounaffectedhigh risk
103 and control subjects.
104 These preliminary findings suggested to us that early
105 information processing deficits may arise very early in
106 the course of bipolar illness, prior to any full-blown
107 episodes of mania. The current study was a further
108 investigation of early visual information processing
109 using aVBMtask in a larger similarly recruitedhigh-risk
110 sample. We predicted that deficits in early information
111 processing would not be present in the unaffected high
112 risk subjects, but that differences inperformancemay be
113 present early in the course of illness in the remitted af-
114 fected high risk subjects. To examine for cognitive vul-
115 nerability in well but at risk offspring we included a
116 control group of well offspring of well parents. In addi-
117 tion, to examine burden of illness effects we included a
118 clinical comparison group of referred bipolar patients.

119 Methods

120 j High risk families

121 Bipolar parents
122

123 Consenting offspring participating in a longitudinal study of the
124 children of bipolar parents described elsewhere [4–6] participated

125in this neurocognitive study. Briefly, offspring were identified
126through their bipolar parent. Proband parents had been identified
127through their participation in genetic studies [32]. In accordance
128with research protocol, each proband completed a SADS-L [7]
129interview conducted by two research psychiatrists and met DSM-IV
130criteria for either bipolar I or bipolar II disorder. For this study, the
131other parent had no lifetime history of a major psychiatric disorder
132on the basis of SADS-L interviews.
133The proband’s response to long-term lithium was assessed in
134accordance with research protocol [1, 12]. Differences in long-term
135response to lithium is thought to identify a more homogenous
136subgroup of bipolar patients [1, 2] who have differences in clinical
137course and possibly therefore differences in underlying patho-
138physiology. Briefly, lithium responders had to have a highly
139recurrent illness prior to lithium, with no subsequent mood epi-
140sodes while on therapeutic lithium (plasma level of at least
1410.7 mmol/l). Lithium non-responders had to have at least two
142major recurrences associated with therapeutic lithium levels.
143Diagnosis and lithium response of the proband was based on blind
144consensus of at least two research psychiatrists utilizing all relevant
145clinical information.

146High risk offspring
147

148The offspring completed KSADS-PL [16] interviews conducted
149blind to familial association by a child and adolescent psychiatrist.
150DSM-IV diagnoses were made based on a blind consensus review,
151which included at least two additional psychiatrists, one being a
152child and adolescent psychiatrist. As part of the high-risk study,
153offspring were re-assessed annually or at any time symptoms
154developed. For this study, only those offspring deemed unaffected
155for a lifetime mood disorder or affected with a lifetime bipolar
156spectrum disorder (recurrent major depression, bipolar I or II
157disorder, bipolar nos or cyclothymia) in clinical remission were
158included. Remission was based on the absence of reported and
159observed clinically significant residual signs or symptoms (with no
160impairment of functioning) for at least two consecutive months
161prior to testing (in accordance with DSM-IV full remission crite-
162ria).
163We included high risk subjects with a diagnosis of recurrent
164unipolar depression, given the parent history of clear-cut bipolar
165disorder and the wealth of evidence supporting the view that
166depression in first degree relatives of bipolar probands represent
167latent bipolar disorder especially if recurrent and/or early in the
168course of illness [3]. Bipolar not otherwise specified (bpnos) in this
169study referred to offspring with a lifetime history of recurrent
170major depression (full DSM-IV criteria) and full-threshold hypo-
171manic episodes, but which fell short of the DSM-IV duration cri-
172teria.

173j Comparison groups

174Low risk offspring
175

176In order to compare to well individuals not at increased genetic risk
177for bipolar disorder, we selected psychiatrically well offspring of
178well parents recruited through two local schools in Ottawa already
179participating as control families in the ongoing longitudinal study
180previously described [4]. These families were initially identified on
181the basis of a demographic screening questionnaire the parent(s)
182completed that enquired about family composition and about the
183medical and psychiatric lifetime history of both parents and their
184children. Agreeable families completed a screening interview to
185verify the information on the psychiatric and medical health status
186of both parents. Identical to the high risk offspring, consenting
187children from control families completed a KSADS-PL interview
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188 conducted by a child and adolescent psychiatrist and on the basis
189 of a blind consensus review, were determined to be free from
190 lifetime DSM-IV major psychiatric disorders (Axis I and II) at the
191 time of neurocognitive testing.

192 Referred bipolar patients
193

194 Our main goal was to investigate whether subjects at genetic risk
195 for mood disorders have a vulnerability in early information pro-
196 cessing identifiable by abnormalities on VBM testing, therefore we
197 investigated the offspring of bipolar parents, both affected and
198 unaffected. In order to test the assay sensitivity of VBM, we also
199 included a group of referred bipolar patients unselected for family
200 history. Clinical patient populations are associated with higher
201 burden of illness than are high risk populations, including an in-
202 creased risk of neurocognitive impairment. Therefore, we recruited
203 a consecutive series of patients referred to subspecialty outpatient
204 clinics in Ottawa and Hamilton. Based on prospective longitudinal
205 psychiatric assessment these patients met DSM-IV criteria for a
206 bipolar disorder (bipolar I, II, nos) on the basis of consensus review
207 and were in clinical remission (not acutely ill with non-impairing
208 residual signs or symptoms) for a minimum of two consecutive
209 months (in accordance with DSM-IV) at the time of testing.

210 j Exclusion criteria for all subjects

211 The exclusion criteria for high risk and control subjects and re-
212 ferred patients included: (1) history of closed head injury resulting
213 in loss of consciousness; (2) untreated active medical illness; (3)
214 identified learning disability or diagnosis of ADHD; (4) lifetime
215 history of substance dependence; (5) Prior electroconvulsive (ECT)
216 treatment.
217 All participants in this study were properly informed about the
218 study and signed a written consent form approved by the respon-
219 sible research ethics board.

220 j VBM task

221 The masking task was presented on an IBM compatible micro-
222 computer with an SVGA3 monitor and circuitry capable of milli-
223 second timing and following a method that we have previously
224 employed in adults with established bipolar disorder and in our
225 pilot high risk study [22, 24]. Visual angles subtended by the
226 stimuli were approximately 0.57� on the vertical and horizontal
227 dimensions. The target stimuli were letters (O, S, U, C) presented at
228 one of four possible target locations (up, down, left or right,
229 approximately 2.2� of visual angle away from fixation); the mask
230 consisted of overlapping X’s and Os. Subjects identified the location
231 of the target by pointing in the correct direction using a joystick;
232 they were not required to identify the target. This condition opti-
233 mizes transient channel responses. Five blocks of 16 target location
234 practice trials were presented prior to the task, followed by three

235blocks with increasingly short target-to-mask intervals and ending
236with a block of variable target-to-mask intervals identical to the
237format of the upcoming task.
238Trials began with presentation of a fixation point followed
239400 ms later by the appearance of a target 14 ms and then by a 14-
240ms mask. The target-mask inter-stimulus intervals (ISIs) were 14,
24129, 43, 57, 86 and 114 ms. There were 48 non-practice trials at each
242ISI, distributed evenly across the four possible target locations, with
243an overall total of 368 trials including all practice trials. Percentage
244of incorrect responses and mean reaction time (RTs) at each ISI
245constituted the dependent measures.

246j Statistical analyses

247We performed chi-square tests and one-way ANOVA tests for
248comparison of categorical and continuous demographic and clini-
249cal variables, respectively. Repeated measures analyses of variance
250compared RTs and error rates between groups at each ISI. In case
251of a significant interaction, we performed one way ANOVA for each
252inter-stimulus interval. Since already the nominal P values for these
253comparisons were non-significant, there was no need to control for
254multiple comparisons. We also calculated Cohen‘s d effect size for
255pairwise differences between groups.
256Analyses of variance were also used to compare performance of
257high risk subjects with presence versus absence of family history of
258response to long-term lithium, personal history of psychotic
259symptoms and medication at the time of testing. Pearson’s r was
260used to test for associations between RTs or error rates and age or
261clinical scales scores. For some of the exploratory analyses (ie
262differences in VBM performance between subjects with versus
263without lifetime history of psychotic symptoms, differences be-
264tween medicated and non-medicated subjects at the time of testing,
265association between symptom scores and VBM performance), we
266combined the referred remitted patients and affected remitted high
267risk offspring in order to increase power. Multiple linear regression
268models were utilized to determine whether parent diagnosis, parent
269clinical course, parent lithium response, parent lifetime psychotic
270symptoms, parent hospitalization were associated with error rates
271in the high- risk offspring. For these analyses we looked at error
272rates at 14 ms, the most difficult level of the task.

273Results

274j Sample description

275The study sample consisted of 54 unaffected high risk
276offspring, 36 affected remitted high risk offspring, 79
277unaffected offspring of well parents (controls) and 23
278referred remitted bipolar patients (referred patients)
279in this study (refer to Table 1). There was a trend for
280differences in proportions of females between groups,
281with the largest proportion of females in the affected

Table 1 Descriptive characteristics of the subjects by group

High risk affected subjects High risk unaffected subjects Referred bipolar patients Controls P

N 36 54 23 79
Age (years) 22.0 (4.2) 18.5 (5.0) 17.87 (2.8) 17.3 (5.8) 0.01

Sex n (%) Females 26 (72.2) 25 (46.3) 12 (52.2) 49.0 (62.0) 0.08
HAMD 2.1 (2.3) 0.9 (1.5) 6.1 (6.8) 0.6 (1.0) 0.01

BDI 4.6 (3.6) 3.5 (3.7) NA 3.7 (3.1) NS
CGAS/GAF 84.8 (9.3) 87.3 (7.7) 74.3 (7.5) 90.6 (4.7) 0.01

Values are means and standard deviations in parentheses
NA not available
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282 high risk group and lowest proportion of females in
283 the unaffected high risk group. There were differences
284 between groups in age, with affected high risk subjects
285 being the oldest and control subjects the youngest.
286 The global functioning scores were lower in the re-
287 ferred patient group, whilst these were comparable
288 between the high risk and control groups.
289 There were significant clinical differences between
290 the high risk affected remitted group and the referred
291 remitted patient group (Table 2). Specifically, the re-
292 ferred patients had more cases of bipolar I disorder, a
293 higher proportion of cases with a non-episodic illness
294 course and higher lifetime rates of psychotic features.
295 Finally, the referred patients had higher rates of life-
296 time exposure to mood stabilizing medication and
297 more of the patients were treated with mood stabi-
298 lizers at the time of neurocogntive testing.
299 Neither Hamilton depression rating scale scores
300 (HAMD) nor the beck depression rating scale scores
301 (BDI) correlated with numbers of errors or median
302 response times for any of the groups. Therefore we
303 did not use these as covariates for the final analyses.
304 There was no association between age and median
305 response times or error rates in a combined sample.
306 Therefore we did not use age as a covariate.

307 j Error rates between the groups

308 There was a significant main effect of group, such
309 that the referred patients showed the highest numbers
310 of errors across all ISIs (F = 6.32, df = 3; 188,
311 P < 0.001), see Fig. 1. The number of errors increased
312 with shortening of the ISI in all groups (main effect of

313ISI F = 173.93, df = 5; 940, P < 0.001). There was no
314interaction between ISI and group (F = 1.51, df = 15;
315940, P = 0.10).
316Excluding the patient group resulted in compara-
317ble error rates between the affected high risk, unaf-
318fected high risk and control groups (F = 0.51,
319df = 2;166, P = 0.51). There was a main effect of ISI
320with more errors at shorter ISIs in all groups
321(F = 175.43, df = 5; 830, P < 0.001) and significant
322interaction between group and ISI (F = 2.02, df = 10;
323830, P = 0.03). Visual inspection of Fig. 1 reveals that
324this interaction was likely driven by affected high risk
325subjects performing the worst at ISI of 14 ms, but the
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Fig. 1 Error rates across ISIs between groups on the VBM task, four groups
(controls, high risk affected, high risk unaffected, referred bipolar patients)

Table 2 Clinical characteristics of the high risk affected and bipolar patient groups

Variables Affected remitted high risk subjects (n = 36) Referred remitted bipolar patients (n = 23) Significance

Mean age onset index mood episode years
(standard deviation)

16.0 (3.4) 14.8 (2.1) NS

Age at testing years (standard deviation) 22.0 (4.4) 17.9 (2.8) P < 0.01
Mood diagnosis number (%) BP I = 2 (5.6)

BPII = 12 (33.3)
BP NOS = 2 (5.6)
Cyclothymia = 1 (2.8)
Unipolar = 19 (52.8)

BP I = 9 (39.1)
BPII = 4 (17.4)
BP NOS = 10 (43.5)
Cyclothymia = 0
Unipolar = 0

P < 0.01

Nature of the clinical course
episodic/remitting
number (%)

21 (58.3) 2 (10.5) P < 0.01

Mood stabilizer ever number (%) Yes = 12 (33.3)
Anticonvulsant = 2
Atypical antipsychotic = 3
Lithium = 9
Combination = 1

Yes = 21 (81)
Anticonvulsant = 5
Atypical antipsychotic = 16
Lithium = 7
Combination = 2

P < 0.01

Mood stabilizer at testing number (%) Yes = 12 (33.3)
Anticonvulsant = 1
Atypical antipsychotic = 0
Lithium = 8
Combination = 0

Yes = 19 (100) information about medication
at the time of testing missing in 4 subjects

Anticonvulsant = 1
Atypical antipsychotic = 11
Lithium = 1
Combination = 6

P < 0.01

Psychotic symptoms ever number (%) Yes = 6 (16.7) Yes = 12/19 (63.2) information about
psychosis missing in four subjects

P < 0.01

Hospitalization ever number (%) Yes = 6 (16.7) Yes = 8 (34.8) NS
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326 best among the three groups at the ISI of 43 ms. In
327 post hoc comparisons, none of these differences were
328 statistically significant even at uncorrected p levels
329 (ISI 14 ms, error rates between unaffected, affected,
330 control subjects, F = 1.33; df = 2; 166, P uncor-
331 rected = 0.27, effect sizes for affected versus control
332 subjects Cohen‘s d ES = )0.31, affected versus
333 unaffected high risk subjects Cohen’SD ES = )0.2,
334 ISI 43 ms error rates between unaffected high risk,
335 affected high risk, control subjects, F = 1.56; df = 2;
336 166, P = uncorrected 0.21, effect sizes—affected ver-
337 sus control subjects Cohen’s d ES = 0.3, affected
338 versus unaffected HR subjects Cohen’s d ES = 0.43.).

339 j Median response times

340 There were no significant differences in median re-
341 sponse times between controls, unaffected high risk,
342 affectedhigh risk andreferredpatients (F = 0.64,df = 3;
343 188, P = 0.59). There was a main effect of ISI
344 (F = 306.31, df = 5; 940,P < 0.001), with longermedian
345 response times at shorter ISIs and an interaction be-
346 tween ISI and group (F = 3.73, df = 15; 940, P < 0.001),
347 such that referred patients had lower reaction times at
348 easier levels of the task (see Fig. 2).
349 Excluding the patient group resulted in comparable
350 median response times between the affected high risk,
351 unaffected high risk and control groups (F = 0.13, df =
352 2; 166, P = 0.88). There was no ISI by group interaction
353 (F = 0.19, df = 10; 830, P = 0.99). The prolongation of
354 median response times with shortening of the ISIs re-
355 mained significant (F = 231.82, df = 5; 830, P < 0.001).

356 j Exploratory analyses

357 Twenty-nine (54%) of the unaffected high risk sub-
358 jects and 21 (58%) of the affected high risk subjects

359derived from lithium responsive families. There
360were no differences in numbers of errors or median
361response times between high risk subjects from
362lithium responsive compared to lithium non-
363responsive families (error rates: F = 0.00, df = 1; 86,
364P = 0.96; median response times F = 0.61, df = 1;
36586, P = 0.44), nor was there any interaction between
366lithium response in parents and status of the off-
367spring (affected, unaffected) (error rates F = 1.08,
368df = 1; 86, P = 0.30; median response times
369F = 1.12, df = 1; 86, P = 0.29). Furthermore, there
370was no ISI by group interaction for error rates or
371median response times.
372In a multiple linear regression model, none of the
373clinical variables pertaining to the parent clinical
374phenotype, including parent diagnosis, parent clinical
375course, parent lithium response, parent lifetime psy-
376chotic symptoms and lifetime number of hospital-
377izations, were associated with error rates in the high
378risk offspring.
379There were no differences in either response time
380or error rates between those high risk subjects with a
381lifetime diagnosis of recurrent unipolar versus bipolar
382disorder (error rates F = 0.41, df = 1; 34, P = 0.53;
383median response times F = 0.05, df = 1; 34, P = 0.82).
384In establishing why referred bipolar patients
385showed poorer performance, we looked at following
386variables: severity of symptoms, lifetime history of
387psychosis, medication at testing. Since the HAMD
388scores fell within a narrow range, we combined all
389subjects in order to increase power to detect even
390small differences. There was no association between
391HAMD scores and either error rates (r = )0.08,
392P = 0.42) or median response times (r = 0.09,
393P = 0.36).
394Affected remitted subjects (high risk + referred
395patients) with a prior history of psychosis made more
396errors relative to affected remitted subjects (high
397risk + referred patients) without a prior history of
398psychosis (F = 4.56, df = 1; 53, P = 0.03), with no ISI
399by group interaction (F = 0.90, df = 5; 265, P = 0.90).
400There were no differences between affected subjects
401(high-risk + referred patients) with a prior history of
402psychosis compared to those without psychosis in
403median response times (F = 0.56, df = 1; 53,
404P = 0.46), although there was an interaction between
405ISI and group (F = 2.93, df = 5; 265, P = 0.01) such
406that a history of psychosis was associated with in-
407creased response times at shorter ISIs.
408There were no differences between affected sub-
409jects (high risk + referred) taking medication com-
410pared to affected subjects (high risk + referred) not
411medicated at the time of testing (error rates F = 1.90,
412df = 1; 53, P = 0.17; median response times F = 0.25,
413df = 1; 53, P = 0.62) and no interaction between
414medication and ISI for either error rates or median
415response times (error rates F = 0.48, df = 5; 265,
416P = 0.79; median response times F = 0.90, df = 5;
417265, P = 0.48).
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Fig. 2 Median response times across ISIs between groups on the VBM task,
four groups (controls, high risk affected, high risk unaffected, referred bipolar
patients)
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418 Discussion

419 The major aim of this study was to examine whether or
420 not a genetic risk for bipolar disorder was associated
421 with abnormalities in early information processing. The
422 main finding from this study was no evidence of an
423 early visual information processing deficit prior to the
424 onset of bipolar disorder in a prospectively studied
425 cohort of high risk individuals. That is, there was no
426 significant difference in error rates or median response
427 times on a visual backward masking task between
428 unaffected high risk and control subjects. This finding
429 replicates our pilot study [22] and suggests that a deficit
430 in early information processing is not a vulnerability
431 trait in those at familial risk for bipolar disorder.
432 Consistent with our previous report, affected
433 remitted high risk subjects early in the course of
434 bipolar disorder, had a different pattern of respond-
435 ing on the VBM task compared to unaffected high risk
436 and control subjects. That is, the affected remitted
437 high risk subjects made more errors than the unaf-
438 fected high risk and control subjects at the shortest
439 ISI (the hardest level of the task), but they made less
440 errors than the other two groups at ISI of 43 ms. In
441 post hoc analyses, these differences were not statisti-
442 cally significant and their biological significance re-
443 mains unknown.
444 The findings in this study are in keeping alsowith our
445 recent structural imaging investigations showing no
446 differences in subgenual cingulate volumes or in con-
447 centrations of neurochemicals in the anterior cingulate,
448 as measured by magnetic resonance spectroscopy be-
449 tween high risk (unaffected and affected) and control
450 subjects [13, 14]. Taken together these data suggest that
451 there is no evidence of a major neurological deficit in
452 high risk individuals or in affected individuals early in
453 the course of uncomplicated bipolar disorder. These
454 findings also concurwith findings ofKeri and colleagues
455 [18] and with other high risk studies reporting generally
456 less severe developmental abnormalities compared to
457 schizophrenia prior to and during the early stages of
458 bipolar disorder [19, 28, 29].
459 In the case of a negative finding, it is crucial to
460 demonstrate assay sensitivity or in other words to
461 demonstrate that we can detect an abnormality if it
462 exists. To this goal, we included a referred patient
463 group typically associated with greater burden of ill-
464 ness. Compared to high risk affected subjects, the
465 patient group had a greater proportion of medicated
466 subjects, greater proportion of subjects with psychotic
467 mood disorders, and thus greater likelihood of having
468 neurocognitive impairments. Indeed the referred pa-
469 tients made more errors on the VBM task and showed
470 a different pattern of timed reaction during the task.
471 This finding demonstrates that we were able to detect
472 VBM impairment in the patient group and reassures
473 us that the lack of deficit in the high risk and control
474 offspring is a true negative finding.

475We also attempted to elucidate which variables may
476underlie the VBM deficits observed among some of the
477affected high risk subjects and the referred bipolar pa-
478tients. Exploratory analyses revealed an association
479between a prior lifetime history of psychotic symptoms
480and increased error rates. None of the other variables
481provided an explanation to these differences. In par-
482ticular, we detected no differences in median response
483times or error rates between medicated and unmedi-
484cated subjects at the time of testing. The significantly
485worse performance among referred patients was not
486caused by presence of unipolar patients among the high
487risk subjects, as there were no differences in any VBM
488measures between bipolar and unipolar offspring of
489bipolar parents. This is not surprising given the very
490high likelihood that depression in the high risk popu-
491lation is genetically related to the bipolar disorder
492segregating in the family [3]. Likewise severity of
493symptoms according to HAMD was no associated with
494VBM performance. The lack of association between
495symptom levels and VBM was likely due to narrow
496range of symptom scores, since we selected subjects in
497remission at the time of scanning.
498Limitations of the current study include the con-
499founding of illness course with prior and current
500exposure to mood stabilizers. Of relevance here is the
501fact that none of the subjects with established illness
502had prior ECT or a history of substance dependence.
503Secondly, it may be that more sensitive and specific
504neurocognitive tasks will be able to detect subtle
505differences in cognition in high-risk subjects or dur-
506ing the early stages of bipolar illness. This high risk
507cohort was highly selected and derived largely from
508intact middle class families therefore may not gener-
509alize to other high-risk populations. Our post hoc
510exploratory analyses of variables underlying VBM
511deficits among referred bipolar patients are pre-
512liminary and require future replications.
513A clear strength of this study lies in the fact that
514the parents of the high risk and control offspring were
515comprehensively assessed and that the offspring were
516followed and repeatedly prospectively studied.
517Therefore the stability and accuracy of the parent and
518offspring diagnoses, and of the assessment of clinical
519status at the time of testing, is at the best possible
520clinical standard. In addition, the high risk subjects
521were largely psychotropic drug naı̈ve and all subjects
522were free from other potential confounders such as
523prior substance use disorder or learning disabilities
524and major neurological problems.
525There is accruing evidence that bipolar disorder
526evolves through recognizable clinical stages from
527non-specific prodromes to early stages characterized
528largely by depressive episodes followed on average
529several years later by the onset of activated episodes
530[4]. Therefore the temporal mapping of neurocogni-
531tive deficits in the evolution of the illness is impor-
532tant. From this study and other findings, it appears
533that neurocognitive functioning is largely intact in
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534 uncomplicated bipolar disorder until the clinical on-
535 set of illness. Furthermore, these findings highlight
536 the importance of early intervention in order to pre-
537 vent burden of illness effects. This appears especially
538 true in individuals who experience psychotic symp-
539 toms. More research is needed to characterize the
540 early stages of bipolar illness and to understand the
541 mechanism underlying burden of illness effects.

542 j Acknowledgment The authors would like to thank Ms Leah
543 Crawford for her assistance with this manuscript.

544 j Financial Disclosures Dr. Duffy was the recipient of an Inter-
545 mediate Investigator Award from the National Alliance for
546 Schizophrenia and Affective Disorders (NARSAD) and a Canada
547 Research Chair Tier II in Child Mood Disorders (CRC). This study
548 was sponsored by operating grants from the Ontario Mental Health
549 Foundation (OMHF) and from the Canadian Institutes of Health
550 Research (CIHR). The authors have no financial or potential con-
551 flict of interest to disclose with respect to the subject matter of this
552 paper.

553

554 References

555 1. Alda M, Grof P, Rouleau GA, Turecki G, Young LT (2005)
556 Investigating responders to lithium prophylaxis as a strategy
557 for mapping susceptibility genes for bipolar disorder. Prog
558 Neuropsychopharmacol Biol Psychiatry 29:1038–1045
559 2. Alda M (2004) The phenotypic spectra of bipolar disorder. Eur
560 Neuropsychopharmacol 14(Suppl 2):94–99
561 3. Blacker D, Tsuang MT (1993) Unipolar relatives in bipolar
562 pedigrees: are they bipolar? Psychiatr Genet 3:5–16
563 4. Duffy A, Alda M, Crawford L, Milin R, Grof P (2007) The early
564 manifestations of bipolar disorder: a longitudinal prospective
565 study of the offspring of bipolar parents. Bipolar Disord 9:
566 828–838
567 5. Duffy A, Alda M, Kutcher S, Cavazzoni P, Robertson C, Grof E,
568 Grof P (2002) A prospective study of the offspring of bipolar
569 parents responsive and non-responsive to lithium treatment. J
570 Clin Psychiatry 63:1171–1178
571 6. Duffy A, Alda M, Kutcher S, Fusee C, Grof P (1998) Psychiatric
572 symptoms and syndromes among adolescent children of par-
573 ents with lithium-responsive or lithium-nonresponsive bipolar
574 disorder. Am J Psychiatry 155:431–433
575 7. Endicott J, Spitzer RL (1978) A diagnostic interview: the sche-
576 dule for affective disorders and schizophrenia (SADS). Arch
577 Gen Psychiatry 35:837–884
578 8. Green MF, Kern RS, Braff DL, Mintz J (2000) Neurocognitive
579 deficits and functional outcome in schizophrenia: are we
580 measuring the ‘‘Right Stuff’’? Schizophr Bull 26:119–136
581 9. Green MF, Nuechterlein KH, Breitmeyer B, Mintz J (2006)
582 Forward and backward visual masking in unaffected siblings of
583 schizophrenic patients. Biol Psychiatry 59:446–451
584 10. Green MF, Nuechterlein KH, Mintz J (1994) Backward masking
585 in schizophrenia and mania. I: specifying a mechanism. Arch
586 Gen Psychiatry 51:939–944
587 11. Green MF, Nuechterlein KH, Mintz J (1994) Backward masking
588 in schizophrenia and mania. II: specifying the visual channels.
589 Arch Gen Psychiatry 51:945–951
590 12. Grof P, Alda M, Grof E, Zvolsky P, Walsh M (1994) Lithium re-
591 sponse and genetics of affective disorders. J AffectDisord 32:85–95
592 13. Hajek T, Bernier D, Slaney C, Propper L, Schmidt M, Carrey N,
593 MacQueen G, Duffy A, Alda M (2008) Comparison of affected
594 and unaffected relatives of bipolar patients with magnetic res-
595 onance spectroscopy. J Psychiatry Neurosci (in press)

59614. Hajek T, Gunde E, Bernier D, Slaney C, Propper L, Grof P,
597MacQueen G, Duffy A, Alda M (2008) Subgenual cingulate
598volumes in affected and unaffected offspring of bipolar parents.
599J Affect Disord (in press)
60015. Hajek T, Carrey N, AldaM (2005) Neuroanatomical abnormalities
601as risk factors for bipolar disorder. Bipolar Disord 7:393–403
60216. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P,
603Williamson D, Ryan N (1997) Schedule for affective disorders
604and schizophrenia for school-aged children—present and life-
605time version (K-SADS-PL): initial reliability and validity data. J
606Am Acad Child Adolesc Psychiatry 36:980–988
60717. Keri S, Benedek G (2007) Visual contrast sensitivity alterations
608in inferred magnocellular pathways and anomalous perceptual
609experiences in people at high-risk for psychosis. Vis Neurosci
61024:183–189
61118. Keri S, Kelemen O, Benedek G, Janka Z (2001) Different trait
612markers for schizophrenia and bipolar disorder: a neurocog-
613nitive approach. Psychol Med 31:915–922
61419. Keri S, Must A, Kelemen O, Benedek G, Janka Z (2006)
615Development of visual motion perception in children of pa-
616tients with schizophrenia and bipolar disorder: a follow-up
617study. Schizophr Res 82:9–14
61820. Kessing LV (1998) Cognitive impairment in the euthymic phase
619of affective disorder. Psychol Med 28:1027–1038
62021. Kyte Z, Carlson GA, Goodyer IM (2006) Clinical and neuro-
621psychological characteristics of child and adolescent bipolar
622disorder. Psychol Med 10:1–15
62322. MacQueen GM, Grof P, Alda M, Marriott M, Young LT, Duffy A
624(2004) A pilot study of visual backward masking performance
625among affected versus unaffected offspring of parents with
626bipolar disorder. Bipolar Disord 6:374–378
62723. MacQueen GM, Young LT, Galway T, Joffe RT (2001) Backward
628masking task performance in stable, euthymic out-patients with
629bipolar disease. Psychol Med 31:1269–1277
63024. MacQueen G, Young LT, Galway T, Joffe R (1998) Impaired
631performance on a backward masking task in euthymic bipolar
632patients. Presented at the Society for Biological Psychiatry an-
633nual meeting, Toronto, Ontario, June
63425. MacQueen GM, Young LT, Joffe RT (2001) A review of psy-
635chosocial outcome in patients with bipolar disorder. Acta
636Psychiatr Scand 103:163–170
63726. Martinez-Aran A, Vieta E, Colom F, Reinares M, Benabarre A,
638Gasto C, Salamero M (2000) Cognitive dysfunctions in bipolar
639disorder: evidence of neuropsychological disturbances. Psy-
640chother Psychosom 69:2–18
64127. Martinez-Aran A, Vieta E, Torrent C, Sanchez-Moreno J,
642Reinares M, Benabarre A, Goikolea JM, Brugue E, Daban C,
643Salamero M (2004) Cognitive impairment in euthymic bipolar
644patients: implications for clinical and functional outcome.
645Bipolar Disord 6:224–232
64628. Meyer SE, Carlson GA, Wiggs EA, Martinez PE, Ronsaville DS,
647Klimes-Dougan B, Gold PW, Radke-Yarrow M (2004) A pro-
648spective study of the association among impaired executive
649functioning, childhood attentional problems, and the develop-
650ment of bipolar disorder. Dev Psychopathol 16:461–476
65129. Murray RM, Sham P, Van Os J, Zanelli J, Cannon M, McDonald
652C (2004) A developmental model for similarities and dissimi-
653larities between schizophrenia and bipolar disorder. Schizophr
654Res 71:405–416
65530. Robinson LJ, Ferrier IN (2006) Evolution of cognitive impair-
656ment in bipolar disorder: a systematic review of cross-sectional
657evidence. Bipolar Disord 8:103–116
65831. Suslow T, Arolt V (1998) Backward masking in schizophrenia:
659time course of visual processing deficits during task perfor-
660mance. Schizophr Res 33:79–86
66132. Turecki G, Grof P, Cavazzoni P, Duffy A, Grof E, Ahrens B,
662Berghofer A, Muller-Oerlinghausen B, Dvorakova M, Libiger-
663ova E, Vojtechovsky M, Zvolsky P, Joober R, Nilsson A, Proc-
664hazka H, Licht RW, Rasmussen NA, Schou M, Vestergaard P,
665Holzinger A, Schumann C, Thau K, Rouleau G, Alda M (1998)
666Evidence for a role of phospholipase c-y1 in the pathogenesis of
667bipolar disorder. Mol Psychiatry 3:534–538

7

4 0 6 8 6 2 B
Dispatch: 31.1.09 Journal: 406 No. of pages: 7

Journal No. Manuscript No. Author’s disk received 4 Used 4 Corrupted 4 Mismatch 4 Keyed 4


