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Objective: Neurocognitive dysfunction is considered as the main predictor of overall outcome of BD.
The issue of whether neurocognitive dysfunction in BD is progressive—or not—has become critical in the
effort to define staging models for these disorders. Data about cognitive dysfunction evolution are scarce
and contradictory. While some studies showed a progressive pattern others have found a stable form of
evolution.
Methods: Twenty four patients with BD aged 60 years or older (E-BD), 24 patients with BD aged 40 years
or younger (Y-BD) and 20 healthy controls matched by the E-BD group were evaluated with traditional
clinical instruments and an extensive neuropsychological battery was completed. We used ANOVA and
Chi-squared for comparisons. Raw score of neurocognitive tasks was transformed to standardized Z-score
from the normative data of each test to avoid the effect of age. In order to decrease the risk of type I
errors, one-way multivariate analysis of variance was conducted.
Results: Despite having an illness duration that was 4 times longer, E-BD did not differ in terms of key
cognitive domains compared to Y-BD. These data do not support the hypothesis of a progression of
cognitive dysfunction due to illness chronicity.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

Bipolar disorders (BD) are prevalent genetic chronic psychiatric
illnesses associated with significant functional impairment, even
when appropriately treated. The clinical presentation and pattern
of evolution of BD are heterogeneous. In recent years there has
been a concerted effort to define staging models for BD as a
starting point for rationalizing and personalizing treatment
options. In this context, the issue of whether neurocognitive
dysfunction in BD is progressive—or not—has become critical.

Neurocognitive dysfunction is recognized as a critical feature of
BD. A growing body of data has consistently shown that almost
two-thirds of middle-aged bipolar patients suffer persistent
impairments in verbal memory, attention, and executive functions
(Martino et al., 2008a; Reichenberg et al., 2009; Iverson et al.,
2011) which have strong correlations with socio-vocational dis-
abilities (Martino et al., 2009; Bonnín et al., 2010). Actually,
cognition is considered as the main predictor of overall outcome
of BD and because of that, it is one of the most important pillars
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over which the emergent staging models of BD are being con-
structed (Vieta et al., 2013).

Regarding the staging models, two prevalent hypotheses are
being used to explain cognitive evolution in this context: one
considers progressive neurocognitive dysfunction due to the
neuro-toxic effect of mood episodes (Kauer-Sant'Anna et al., 2009;
López-Jaramillo et al., 2010a; Vieta et al., 2013) and the other
attributes progression to the evolution of the illness itself (Post
et al., 2012) due to an allostatic-load process (McEwen, 2003).
Both hypotheses imply a progressive increase in neurocognitive
deviance causally associated with the number of mood episodes
possibly linked to cellular-level changes (for a revision see
Kapczinski et al. 2009). However, the issue of progression in
neurocognitive dysfunction in BD is far from being resolved.

The best design methodology for the study of the evolution of
cognitive impairment is the serial neurocognitive assessment.
In two small studies, Balanzá-Martínez et al. (2005) and Mur et al.
(2008) found a stable pattern of cognitive impairments over time.
Another recent study reported a stable pattern of cognitive
impairments across a mean follow-up period of 9 years with a
slight improvement of attention and worsening of executive
functioning (Torrent et al., 2012). However, these studies were
restricted to working age adults. Among elderly euthymic patients
with BD, a longitudinal study found a more pronounced cognitive
decline in comparison to healthy controls (Gildengers et al. 2009).
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Likewise, some epidemiological studies suggested that elderly
patients with BD have increased risk of dementia (reviewed by
da Silva et al., 2013). In contrast, other recent follow-up studies in
euthymic elderly bipolar patients have found a non-progressive
pattern of cognitive evolution (Schouws et al. 2012; Gildengers
et al., 2013).

Given the scarcity and inconsistency of longitudinal studies,
another indirect source of evidence on the evolution of cognitive
deficits could be derived from cross-sectional studies in older
adults. In fact, if neurocognitive impairments increase with
chronicity one could expect a higher extension and severity of
deficits among elderly patients. However, studies in elderly ethy-
mic patients with BD tend to find the same pattern of cognitive
deficits both in terms of domains affected and magnitude that
were reported in younger patients suggesting, indirectly, no
progression in neurocognitive impairments (Schouws et al.,
2009; Martino et al., 2008b; Delaloye et al., 2009). A recent review
and meta-analytic study corroborated these findings (Samamé
et al., 2013).

In this study we use another approach to help understand the
evolution of cognitive deficits in BD by comparing the cognitive
profile of older patients with BD to their healthy counterparts and
to young euthymic patients with BD. We hypothesized that if
cognitive deficits were progressive then we should observe greater
impairment in older than in younger patients.
2. Methods

Twenty four patients with BD aged 60 years or older (E-BD) and
twenty four patients with BD aged 40 years or younger (Y-BD)
were consecutively selected from the outpatient population of the
Bipolar Disorder Program of the Favaloro University based on the
following inclusion criteria: DSM-IV diagnosis of BDI or BDII based
on the SCID (First et al., 1996); euthymic (Hamilton Depression
Rating Scale≤8 and Young Mania Rating Scale≤6) for at least
8 weeks. Exclusion criteria were history of alcohol dependence
or substance abuse, history of mental retardation, neurological
disease, or any unstable clinical condition that could affect
cognitive performance. Additionally, 20 healthy controls matched
by age and years of education with the E-BD group were included
if they had no personal history of neurological, psychotic or
affective disorders and no family history of psychosis or affective
disorders in their first-degree relatives and were not taking
psychotropic medication. The study was approved by the Hospital
Ethics Committee and all subjects gave written informed consent.
Table 1
Clinical and demographical characteristics of bipolar patients and healthy controls (valu

E-BD (A) (n¼24) Y-BD (B) (n¼24) Control

Age 67.46 (7.51) 34.13 (8.24) 70.50 (7
Gender (% female) 87.5 70.83 90.0
Premorbid IQ (Z-score) 0.20 (0.71) 0.48 (0.71) 0.22 (0.
YMRS score 1.08 (1.61) 0.83 (1.27) 0.45 (0.
HDRS score 1.63 (2.44) 2.38 (1.86) 2.23 (0.
GAF score 77.18 (12.01) 78.00 (11.76) 86.25 (4
Age at illness onset 29.50 (6.37) 24.26 (6.82)
Length of illness (years) 37.75 (12.11) 9.13 (5.24)
Previous hospitalizations 0.79 (1.69) 0.29 (0.62)
Clinical subtype (% type II) 17 (70.83) 17 (70.83)
History of psychosis, n (%) 6 (25) 7 (29.16)

E-BD: elderly bipolar disorder patients; Y-BD: young bipolar disorder patients; IQ: Inte
Rating Scale; GAF: General Assessment of Functioning.
2.1. Clinical assessment

In addition to SCID, all subjects were evaluated with the
Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960), and
Young Mania Rating Scale (YMRS) (Young et al., 1978). Psychoso-
cial functioning was assessed with the Global Assessment of
Functioning (GAF). Additional clinical information was obtained
from medical case notes and direct patients' interviews.

2.2. Neurocognitive assessment

Neurocognitive battery was selected to assess (1) pemorbid IQ:
WAIS vocabulary subtest (Wechsler, 1955); (2) attention: Forward
Digit Span (Wechsler, 1955); (3) verbal memory: Memory Battery
of Signoret (Signoret and Whiteley, 1979); (4) language: Boston
Naming Test (Kaplan et al., 1983); (5) executive functions:
Wisconsin Card Sorting Test (WCST) (Heaton, 1981); phonological
fluency (Benton et al., 1983); and Backward Digit Span (Wechsler,
1955).

2.3. Statistical analysis

The three groups (E-BD, Y-BD, and healthy controls) were
compared on clinical and demographical variables using ANOVA
and Chi-squared as appropriate. Raw scores of neurocognitive
tasks were transformed to standardized Z-score from the norma-
tive data of each test to avoid the effect of age. In order to decrease
the risk of type I errors because of the large number of analysis,
one-way multivariate analysis of variance was conducted with all
neurocognitive measures as dependent variables and group mem-
bership as factor, followed by Tukey post hoc comparison proce-
dure when significant main effects were present. The variables
with significant correlation with psychosocial functioning (GAF)
were considered as possible explanatory variables in a multiple
linear regression model.
3. Results

Clinical and demographical features of patients and healthy
controls are shown in Table 1. There were no differences between
E-BD and Y-BD in terms of exposure to any kind of medications.

A significant overall difference in neurocognitive functioning
between the groups was detected with multivariate analysis of
variance (Pillai´s F¼2.98; df¼20, 112; Po0.001). For 6 of 10 compar-
isons the differences reached statistical significance (Po0.05).
The group means performance for each neurocognitive measure
and the respective analysis of variance are presented in Table 2.
es are expressed as mean; standard deviation is shown in brackets).

s (C) (n¼20) Test Group comparison (p-value)

A vs. B B vs. C A vs. C

.37) F¼157.2 Po0.001 o0.001 o0.001 0.401
Χ2¼3.43 P¼0.18

25) F¼1.91 P¼0.15
51) F¼1.40 P¼0.27
50) F¼1.99 P¼0.37
.02) F¼5.06 P¼0.009 0.81 0.014 0.027

F¼7.08; p¼0.011
F¼7.08 P¼0.01
F¼1.84 P¼0.18
Χ2¼0.00 P¼1.00
Χ2¼0.10 P¼0.74

lligence Quotient; YMRS: Young Mania Rating Scale; HDRS: Hamilton Depression



Table 2
Neurocognitive performance of bipolar patients and healthy controls (values are expressed as mean of Z-scores; standard deviation is shown in brackets).

E-BD (A) (n¼24) Y-BD (B) (n¼24) Controls (C) (n¼20) Test Group comparison (p-value)

A vs. B B vs. C A vs. C

Immediate recall −1.74 (2.01) −1.63 (1.32) −0.37 (1.23) F¼4.94 P¼0.010 0.969 0.027 0.016
Delay recall −1.56 (1.86) −2.13 (1.43) −0.35 (1.03) F¼7.87 P¼0.001 0.398 0.001 0.028
Serial learning 0.91 (2.25) 0.17 (1.08) 2.25 (1.62) F¼8.08 P¼0.001 0.313 o0.001 0.034
Free delay recall −0.70 (2.11) −0.47 (1.28) 0.29 (1.54) F¼2.01 P¼0.14
Recognition 1.52 (0.71) 1.31 (0.73) 1.78 (0.41) F¼2.86 P¼0.064
Boston naming test −0.33 (1.22) 0.003 (1.05) −0.21 (0.67) F¼0.75 P¼0.47
Forward Digit Span −0.80 (1.02) −0.69 (1.41) −0.09 (1.10) F¼2.13 P¼0.12
Backward Digit Span 0.05 (1.13) 0.01 (1.06) 1.06 (1.39) F¼5.22 P¼0.008 0.995 0.020 0.014
Phonological fluency −0.28 (0.71) −0.25 (0.85) 0.41 (0.78) F¼5.30 P¼0.007 0.993 0.017 0.014
WCST-perseverative errors 0.32 (1.30) −0.12 (1.50) 1.30 (1.07) F¼6.60 P¼0.002 0.473 0.002 0.046

E-BD: elderly bipolar disorder patients; Y-BD: young bipolar disorder patients.
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In the E-BD group, GAF score was associated with executive
functions measures (Backward Digit Span: R¼0.51, P¼0.013; and
perseverative errors in WCST: R¼0.58, P¼0.006). When we
included these variables in a linear regression model, Backward
digit Span (β¼4.37; t¼−2.42; P¼0.026) and perseverative errors
(β¼4.54; t¼2.54; P¼0.013) were independent predictors of psy-
chosocial functioning (F¼9.01, df¼2, P¼0.002). Likewise, in the
Y-BD group, GAF score was associated with verbal memory
(Recognition: R¼0.43, P¼0.038), and executive functions (Back-
ward Digit Span: R¼0.50, P¼0.014). Backward Digit Span
(β¼4.85; t¼2.51; P¼0.020) was an independent predictor of
psychosocial functioning (F¼6.22, df¼2, P¼0.008) in a linear
regression model.
4. Discussion

The main finding of this study was that, despite having an
illness duration that was 4 times longer, older patients with BD did
not differ in terms of key cognitive domains compared to young
patients. Furthermore, both samples showed the predicted asso-
ciations between cognitive deficits and overall functioning.

These findings agree with those from longitudinal (Balanzá-
Martínez et al., 2005; Mur et al., 2008; Schouws et al. 2012;
Gildengers et al., 2013) and cross-sectional (Schouws et al., 2009;
Martino et al., 2008b; Delaloye et al., 2009) studies showing a
stable pattern of cognitive impairments or minimal changes in
relation to illness chronicity. In contrast, our results do not support
some theoretical models suggesting cognitive decline as evidence
of illness progression in BD (Kapczinski et al., 2009; Post et al., 2012).
Unfortunately, we did not have a reliable measure of the number
of previous episodes in our study. However, taking into account
the difference in duration of illness one could assume that E-BD
patients have had a higher number of episodes than Y-BD.
The patient groups did not differ in number of hospitalizations
although these were numerically fewer in the Y-BD group.
Hospitalization is a very indirect measure of severity and our
findings suggest that this was similar between patient groups.
The results of this study agree with a recent research which has
provided the first empirically derived staging classification of BD
based on illness severity and cognitive impairments. In that study
inhibitory control, previous IQ, depressive symptoms and episode
density but not chronicity were related with staging classification
(Reinares et al., 2013). Another recent longitudinal study does not
support the hypothesis that the experience of successive episodes is
related to a progressive neurocognitive decline and suggested
different hypothetical models of relationship between neurocognitive
impairments and episode recurrences (Martino et al., 2013a).
Although our data suggest that accelerated cognitive decline is
not a general finding in BD they do not exclude the possibility that
subsample of patients may show cognitive deterioration. This possi-
bility has been suggested by populations studies that report a
marginal increase in dementia in BD compared to the general
population. In line with this supposition, two recent studies
(Schouws et al., 2009; Martino et al., 2013b) and a meta-analysis
(Samamé et al., 2013) have shown that late-onset BDmay represent a
subgroup susceptible to cognitive decline. Additionally this associa-
tion, if it exists, could be mediated by different genetic or environ-
mental factors (such as medical comorbidity or substance abuse) and
not the core disease mechanisms involved in BD.

Our study informs about the pattern of cognitive dysfunction
post-disease onset. However, it is possible that cognitive deteriora-
tion may occur around the time of syndromal onset. This possibi-
lity is suggested by studies reporting preserved or ever superior
cognitive function in individuals before they develop BD (reviewed
by Kumar and Frangou, 2010). Moreover, our study, as is the case
for most of the relevant literature, was done on patients in
treatment. Treatment may have the potential to stop cognitive
deterioration. Basic and clinical data on the neuroprotective effects
of lithium (Chuang and Manji, 2007) could support this hypoth-
esis, but studies comparing cognition in euthymic patients treated
and untreated are needed to test it. The only study, to our
knowledge, in which euthymic patients treated with lithium and
untreated patients were compared, found that both groups had
the same cognitive performance (López-Jaramillo et al., 2010b).

Finally, this work has other common limitations. First, our
sample was small and may have lacked the power to detect
differences. Additionally we did not have a reliable measure of
the number of previous episodes in our sample. However other
critical factors such as premorbid IQ, clinical subtype of BD or
exposure to different kind of psychopharmacological agents, were
well controlled.

In summary, this study shows that cognitive deficits in patients
with BD and long duration of illness are similar to those in young
patients with short illness duration. From a clinical point of view,
our results offer an optimistic perspective of long-term cognitive
outcome in BD. At this point, it is obvious that longitudinal studies
are essential for a full understanding of the problems discussed.
Specifically we need more data about very long-term cognitive
outcome in treated—and ideally—in non-treated bipolar patients
to be able to effectively address it. Meanwhile, we should be
cautious at the time to assume models of cognitive evolution in
BD. An erroneous assumption could determine a pessimistic view
of bipolar disorders evolution which would limit the hopes of
people affected and facilitate nihilistic behaviors in the profes-
sionals involved in the management of these diseases.
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