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Background. Neurocognitive performance deficits have been observed in mood disorder patients and their unaffected
relatives and may therefore qualify as endophenotypes. However, the precise time course of neurocognitive deficits has
not been studied so that it is unknown whether neurocognitive abnormalities reflect the early effects of familial vulner-
ability to mood disorders or if they emerge at illness onset.

Method. A neuropsychological test battery was administered at baseline and after a 2-year follow-up interval in 111 ini-
tially unaffected young adults at high familial risk of mood disorders and 93 healthy controls (HC). During the follow-up
period, 20 high-risk subjects developed major depressive disorder (HR-MDD), with the remainder remaining well (HR-
well). Linear mixed-effects models were used to investigate differences and longitudinal changes in the domains of at-
tentional processing, working memory, verbal learning and memory, and cognitive flexibility.

Results. Reduced long delay verbal memory and extradimensional set-shifting performance across both time points
were found in the HR-well group relative to controls. The HR-MDD group displayed decreased extradimensional set-
shifting abilities across both time points as compared with the HC group only. There were no significant performance
differences between the two high-risk groups.

Conclusions. Reduced verbal memory and cognitive flexibility are familial trait markers for vulnerability to mood dis-
orders in individuals with a close family history of bipolar disorder. Both neurocognitive performance deficits appear to
be relatively stable over a 2-year time period and do not appear to be linked to the onset of MDD. These findings support
their use as stable quantitative endophenotypes for mood disorders.
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Introduction

Mood disorders including bipolar disorder (BD) and
major depressive disorder (MDD) are among the
most common mental disorders worldwide and a lead-
ing cause of disability (Kessler et al. 2005). They are
known to aggregate in families, with first-degree rela-
tives of BD patients having a 10-fold excess risk of
BD compared with the general population, and a
3-fold increased risk of MDD (Smoller & Finn, 2003).
Taking into account that the prevalence of MDD in
the population is substantially greater than that of
BD, with lifetime prevalence estimates for MDD
being in the range of 16% (Kessler et al. 2005) versus

1% for BD (Merikangas et al. 2011), the absolute risk
of developing MDD in first-degree BD relatives is
much greater than their absolute risk of developing
BD (Smoller & Finn, 2003). Moreover, the majority of
first-degree BD relatives who go on to develop BD
themselves are initially diagnosed with MDD since de-
pressive episodes commonly emerge prior to the onset
of manic episodes (Hillegers et al. 2005; Duffy, 2010).
This finding together with moderate to high heritabil-
ity estimates and evidence of a shared genetic architec-
ture provides strong support for overlapping causal
pathways in BD and MDD (McGuffin et al. 2003;
Craddock, 2006; Cross-Disorder Group of the
Psychiatric Genomics Consortium, 2013; Schulze et al.
2014).

To enhance the identification of susceptibility genes for
complex, polygenetic disorders such as BD and MDD,
the endophenotype approach has been applied.
Endophenotypes are disease-associated traits that are
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more proximal to the molecular mechanisms than the
clinical phenotype. Criteria for the identification of endo-
phenotypes include that they must be: (a) associated with
the illness; (b) heritable; (c) state-independent; (d)
co-segregate with illness within families; and (e) found
in unaffected relatives at higher rates than in the general
population (Gottesman & Gould, 2003).

Several lines of evidence suggest that distinct neuro-
cognitive deficits may qualify as endophenotypes for
mood disorders. First of all, the majority of neurocog-
nitive domains are strongly influenced by genetic fac-
tors and are highly heritable (Glahn et al. 2004, 2012).
Second, neurocognitive deficits are known to be
found in individuals with manifest mood disorder. A
recent meta-analysis of neuropsychological perform-
ance in first-episode MDD patients observed neurocog-
nitive impairments in attentional processing speed
and cognitive flexibility (Lee et al. 2012). Similarly,
meta-analyses of first-episode or euthymic BD patients
reported reduced attentional processing speed and
cognitive flexibility performance (Bourne et al. 2013;
Lee et al. 2014). Moreover, these studies detected verbal
learning and memory deficits as well as working mem-
ory impairments in BD patients (Bourne et al. 2013; Lee
et al. 2014). These neuropsychological impairments
were evident in both symptomatic and euthymic
patients, hence suggesting that they may be relatively
state-independent.

Third, neurocognitive deficits observed in affected
patients have also been found in close unaffected rela-
tives. In particular, first-degree relatives of BD patients
have been shown to have deficits during tasks involving
attentional processing (Glahn et al. 2010), verbal learning
and memory (Arts et al. 2008; Balanza-Martinez et al.
2008; Bora et al. 2009), cognitive flexibility (Bora et al.
2009) and working memory (Balanza-Martinez et al.
2008; Glahn et al. 2010). However, the magnitude and
consistency of these findings in first-degree relatives is
generally reduced in comparison with affected indivi-
duals. Accordingly, it has been suggested that the more
severe and widespread deficits observed in mood disor-
ders patients may be related to disease-associated factors
such as medication, illness progression or psychiatric
co-morbidity (Balanza-Martinez et al. 2008). This hypoth-
esis is in line with previous findings of associations
between neuropsychological impairment in mood disor-
ders with illness progression (Elgamal et al. 2010) or
medication (Snyder, 2013).

Most studies on neurocognition in mood disorders
have assessed neuropsychological performance cross-
sectionally in affected individuals or unaffected
first-degree relatives. Accordingly, they only provide
indirect evidence for the endophenotype criterion of
state-independence. They do not, however, provide
insights into the precise time course of the evolution

of cognitive deficits in mood disorders by assessing
patients or unaffected relatives at various disease
stages over time. Given the relative lack of longitudinal
studies, it remains largely unknown if cognitive defic-
its remain relatively stable across time or whether they
exhibit dynamic changes over time.

The Scottish Bipolar Family Study is a longitudinal
cohort study based on familial risk which allows the
examination of the time course of development of neu-
rocognitive deficits in mood disorders and their rela-
tionship to familial risk and onset of illness. Based on
the neurocognitive endophenotype literature reviewed
above, we compared measures of attentional process-
ing speed as assessed with the Digit Span forwards,
working memory, verbal learning and memory, and
cognitive flexibility. These were compared over a
2-year time interval between three groups of partici-
pants: high-risk of mood disorders individuals who
were well at baseline but developed MDD during the
follow-up period (HR-MDD), high-risk individuals
who remained well over the same time period
(HR-well) and unaffected healthy control (HC) sub-
jects. We hypothesized that subtle neurocognitive per-
formance deficits related to familial risk of mood
disorders are present before the onset of illness.
Furthermore, we hypothesized that these performance
parameters worsen progressively in the 2-year period
prior to illness and that an onset of MDD is associated
with more pronounced neurocognitive deficits as com-
pared with individuals who remain well.

Method

Participants

Participants were recruited as part of the Bipolar
Family Study (Sprooten et al. 2011; Whalley et al.
2011). Individuals at high risk of mood disorders,
because of a close family history of BD, were identified
via affected relatives. They were considered at
increased risk of mood disorders because of the
known cross-over of risk between BD and MDD as out-
lined in the Introduction. In brief, it has been well
established that first-degree relatives of BD patients
are at increased risk of developing MDD or BD as com-
pared with the general population (Smoller & Finn,
2003). Overall, they are more likely to develop MDD
than BD as their absolute risk of developing MDD is
at least twofold increased as compared with their abso-
lute risk of BD (Smoller & Finn, 2003).

Psychiatrists across Scotland referred patients to the
study with a primary diagnosis of BD, type I (BDI).
The diagnosis of affected subjects was confirmed
with the Operational Criteria Symptom Checklist
(McGuffin et al. 1991) using information from clinical
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case notes and the Structured Clinical Interview for
DSM-IV Axis-I Disorders (SCID; First et al. 1996). The
BDI patients were asked to identify close family mem-
bers aged 16–25 years. Following informed consent,
unaffected individuals with at least one first-degree,
or two second-degree relatives with BDI were invited
to participate. The participants at high risk of mood
disorders were interviewed to confirm a lifetime ab-
sence of mood disorders or schizophrenia and to en-
sure that they did not fulfil any exclusion criteria
outlined below.

Unaffected, unrelated control subjects with no per-
sonal or family history of BD were identified from
the social contacts of the high-risk subjects and group-
matched for age, sex and pre-morbid intelligence esti-
mated with the National Adult Reading Test (Nelson,
1982). Comparison subjects were screened for Axis I
disorders using the SCID. At baseline, exclusion cri-
teria for all study groups included a personal history
of MDD, mania or hypomania, psychosis, or any
major neurological or psychiatric disorder, substance
dependence, learning disability, head injury that
included loss of consciousness and any contraindica-
tions to magnetic resonance imaging.

Approximately 2 years after the initial baseline
examination, all participants were invited for a follow-
up assessment. Written informed consent was acquired
from all subjects and the study was approved by the
Research Ethics Committee for Scotland.

Clinical assessment

Clinical assessments were conducted at the time of the
first and second neuropsychological assessments. The
mean interval between assessments was closely
matched between the groups (p4 0.820), being 2.13
(S.D. 0.22), 2.15 (S.D. 0.22), 2.10 (S.D. 0.13) years for the
HC, HR-well and HR-MDD groups. The diagnostic
status of consenting subjects not returning for a second
assessment was determined through written contact
with the National Health Service (NHS). Clinical inter-
views were conducted by experienced psychiatrists (A.
M.M., J.E.S.). Based on the follow-up clinical examin-
ation or information from case notes, high-risk subjects
were grouped into those who remained well (HR-well)
and those who subsequently developed MDD
(HR-MDD). At both assessments, current manic and
depressive symptoms were rated using the Young
Mania Rating Scale (YMRS; Young et al. 2000) and
Hamilton Depression Rating Scale (HAM-D;
Hamilton, 1960).

Neuropsychological assessment

Neuropsychological tasks examining a broad range of
neurocognitive domains that have been previously

found to be commonly impaired in mood disorders
were administered at baseline and follow-up assess-
ment by trained research assistants (A.M., A.P.). To
assess attentional processing speed and working mem-
ory, the Digit Span of the Wechsler Adult Intelligence
Scale (Wechsler, 1955) was administered. The number
of correctly recalled strings of numbers during the for-
wards condition of the task was calculated to examine
attentional processing speed. The number of correctly
recalled strings of numbers during the backwards con-
dition of the Digit Span served as an indicator of work-
ing memory performance.

To assess verbal learning and memory, the
California Verbal Learning Test (CVLT; Delis et al.
2000) was administered. Here, the number of words
correctly recalled during trials 1–5 (CVLT learning)
served as an index of verbal learning ability. The num-
ber of words recalled during the free short delay recall
(CVLT short delay) and free long delay recall (CVLT
long delay) were calculated to estimate verbal memory
performance.

Cognitive flexibility was examined using the Intra-/
Extradimensional Set-Shifting Task (IED) of the
Cambridge Neuropsychological Test Automated
Battery (CANTAB; Roberts et al. 1988). For the IED,
the number of trials needed to complete task stage 1
and the number of trials needed to complete task
stages 2, 5 and 7 were calculated to assess simple dis-
crimination learning and reversal learning perform-
ance, respectively. Furthermore, the number of trials
needed to complete task stage 6 and the number of
trials needed to complete task stage 8 were computed
to extract intradimensional set-shifting and extradi-
mensional set-shifting ability, respectively. The neuro-
psychological performance parameters extracted for
analyses are presented in Table 1.

Statistical analyses

Statistical analyses of demographic and clinical data
were conducted using one-way analysis of variance
(ANOVA), χ2 tests or Kruskal–Wallis tests where ap-
propriate using SPSS, version 19 (http://www.spss.
com; IBM Corp., USA). All statistical analyses regard-
ing neuropsychological performance were computed
in SPSS version 19, too, except for false discovery
rate (FDR) corrections (Benjamini & Hochberg, 1995)
which were conducted in R version 2.13.0 (http://
www.r-project.org; R Foundation for Statistical
Computing, Austria), using the ‘p.adjust(BH)’ function
of the ‘stats’ package.

Given the longitudinal study design and the fact that
the data consist of non-uniform numbers of repeated
measurements, linear mixed-effects models were ap-
plied to investigate neuropsychological performance
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over time. Linear mixed-effects modelling has several
advantages over the commonly applied repeated-
measures ANOVA as casewise deletion of missing data
is not necessary which allows the analysis of all available
data. Moreover, it handles the correlation structures of
repeated measurements nested within participants. In
the linear mixed-effects model used, the intercept term
is treated as a random effect that varies by individual
so that intraindividual correlation among the neuro-
psychological performance measures of a particular indi-
vidual is taken into account. The following independent
variables were used as predictors of neurocognitive func-
tion: group; time (baseline v. follow-up assessment);
group × time interaction. Age and sex served as covari-
ates. Accordingly, significant group effects represent dif-
ferences in neuropsychological performance between the

groups across both time points. Time effects represent
differences in neurocognitive function between baseline
and follow-up examination. Group × time interactions re-
present differences in neuropsychological performance
over time between groups.

A statistical significance level of pFDR4 0.05 was
chosen, fully corrected for multiple comparisons
using the Benjamini and Hochberg FDR procedure
(Benjamini & Hochberg, 1995). For ease of comparison
of our results with future findings, we report the ori-
ginal uncorrected p values (puncorrected) and whether
or not they survived the FDR procedure. Wherever
significant between-group differences or interaction
effects were found, pairwise comparisons were per-
formed between the three groups, for which p values
were corrected according to Tukey’s ‘honestly signifi-
cant difference’ (HSD) method (pHSD4 0.05).

Wherever significant between-group differences
were found in the longitudinal analysis, an additional
analysis of covariance (ANCOVA) was conducted be-
tween the groups for neuropsychological performance
at baseline, adjusted for age and sex. This analysis was
intended to assess whether observed longitudinal
neuropsychological impairments were also predictive
at baseline for an onset of MDD.

To assess the relationship between severity of depres-
sive symptoms and neuropsychological performance,
we calculated the Spearman correlation coefficient be-
tween the HAM-D total score and the neuropsycho-
logical performance parameters for each group. In
each case, p values were corrected using the FDR pro-
cedure and considered significant when pFDR4 0.05.

To examine potentially confounding effects of expos-
ure to medication and relatedness of subjects on neuro-
psychological performance, we performed the following
additional analyses for significant findings: We first
repeated our analyses excluding medicated HR-MDD
subjects (n = 4), followed by randomly excluding related
subjects from the same pedigree (n = 2 HC; n = 17
HR-well; n = 2 HR-MDD).

Ethical standards

All procedures contributing to this work comply with
the ethical standards of the relevant national and insti-
tutional committees on human experimentation and
with the Helsinki Declaration of 1975, as revised in
2008.

Results

Sociodemographic and clinical characteristics

In total, 114 high-risk individuals provided neuro-
psychological data along with clinical information at
baseline, at which time point none of them had a

Table 1. Neuropsychological performance parameters

Task
parameter Measure

Neuropsychological
domain

Digit Span
forwards

Number of correctly
recalled strings of
numbers

Attentional processing
speed

Digit Span
backwards

Number of correctly
recalled strings of
numbers in
reversed order

Working memory

CVLT
learning

Number of words
correctly recalled
during trials 1–5

Verbal learning

CVLT short
delay

Number of words
correctly recalled
during free short
delay recall

Verbal memory

CVLT long
delay

Number of words
correctly recalled
during free long
delay recall

Verbal memory

IED SDL Number of trials
needed to complete
stage 1

Simple discrimination
learning

IED RL Number of trials
needed to complete
stages 2, 5, 7

Reversal learning

IED IDS Number of trials
needed to complete
stage 6

Intradimensional
set-shifting

IED EDS Number of trials
needed to complete
stage 8

Extradimensional
set-shifting

CVLT, California Verbal Learning Test; IED, Intra-/
Extradimensional Set-Shifting Task; SDL, simple discrimin-
ation learning; RL, reversal learning; IDS, intradimensional
set-shifting; EDS, extradimensional set-shifting.
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clinical mood disorder. Overall, 20 high-risk partici-
pants received a diagnosis of MDD within the 2-year
period, but one individual had to be excluded from
baseline analysis since he did not complete the neuro-
psychological test battery. Two of the 114 high-risk
individuals developed BD during the 2-year follow-up
period and were excluded from all analyses due to the
small sample size. Accordingly, our analyses included
92 HR-well and 19 HR-MDD subjects at baseline. Of
the HC individuals, 96 provided neuropsychological
data along with clinical information at baseline.
Three developed MDD in the follow-up period and
were therefore excluded from all analyses, leading to
a sample size of 93 HC subjects. At follow-up, 63
HR-well, 20 HR-MDD and 62 HC subjects provided
suitable data. Four HR-MDD participants were pre-
scribed antidepressant medication at follow-up. Three
subjects were taking selective serotonin reuptake inhi-
bitors (one fluoxetine, one citalopram, one sertraline)
and one participant was on a tricyclic antidepressant
(lofepramine). The remaining 16 HR-MDD subjects
were unmedicated.

There were no significant differences between the
groups in terms of age, sex, handedness, verbal intelli-
gence and YMRS sum score at any assessment point
(see Table 2). There were, however, significant group
differences at baseline (puncorrected4 0.007) and follow-
up (puncorrected4 0.023) for clinical measures of depres-
sion from the HAM-D. At baseline, HR-well and
HR-MDD subjects had significantly higher depression
scores (pHSD4 0.047 and pHSD4 0.003, respectively)
than HC individuals, with no significant differences
between the high-risk groups. At follow-up,
HR-MDD subjects had higher depression scores than
HC and HR-well individuals (pHSD4 0.013 and
pHSD4 0.010, respectively) as expected, with no sign-
ificant differences between HC and HR-well
individuals.

Neurocognitive performance over time

Table 3 provides the results of the linear mixed-effects
model analyses. A significant group effect was found
for the long delay free recall of the CVLT (puncorrected-
4 0.003) and extradimensional set-shifting of the
CANTAB (puncorrected4 0.004) that passed the FDR pro-
cedure (see Fig. 1). Post-hoc analyses revealed that HC
subjects recalled significantly more words over both as-
sessment time points during the long delay free recall
than HR-well participants (pHSD4 0.002), with no sign-
ificant differences between the HC and HR-MDD
groups (pHSD4 0.136) or the HR-well and HR-MDD
groups (pHSD4 0.485). For the extradimensional set-
shifting performance, post-hoc analyses showed that
HC subjects had a significantly superior task

performance across both time points as compared
with HR-well (pHSD4 0.031) and HR-MDD subjects
(pHSD4 0.004), with no significant difference between
the two high-risk groups (pHSD4 0.077). These findings
are in line with our hypothesis that subtle neurocogni-
tive performance deficits related to familial risk of
mood disorders are present before the onset of illness.

Moreover, a significant effect of time was observed
for the Digit Span forwards (puncorrected4 0.009),
verbal learning (puncorrected4 0.003), free short delay
recall (puncorrected4 0.006), simple discrimination
learning (puncorrected4 0.003) and extradimensional
set-shifting (puncorrected4 0.001) that passed the FDR
procedure. For all neurocognitive measures except for
simple discrimination learning, the effect was driven
by all participant groups displaying enhanced per-
formance during the follow-up assessment as compared
with the baseline assessment. By contrast, the time effect
for simple discrimination learning ability was in the op-
posite direction, with all participant groups showing
worse performance at the follow-up appointment as
compared with the baseline appointment.

The analyses revealed no significant group × time
interactions. This finding is in contrast to our hypoth-
esis that neurocognitive performance parameters wor-
sen progressively in the 2-year period prior to illness
onset in HR-MDD as compared with HR-well and
HC individuals.

Neurocognitive performance as a predictor of illness
onset

To assess whether the observed longitudinal group
effects for the long delay free recall of the CVLT and
extradimensional set-shifting were also predictive at
baseline assessment for a subsequent onset of MDD,
additional ANCOVAs were performed for these two
neurocognitive measure at baseline (see online
Supplementary Table S1). There was a significant
group effect for extradimensional set-shifting
(puncorrected4 0.021). Post-hoc tests indicated that the
HR-MDD group (pHSD4 0.019) and the HR-well
group (pHSD4 0.038) needed more trials to successful-
ly complete the extradimensional set shifting stage of
the IED as compared with HC participants, with no
performance differences between the high-risk groups
(pHSD4 0.232). There were no significant differences
between the groups at baseline for performance during
the long delay free recall of the CVLT (puncorrected4
0.231).

Correlation analysis

There were no significant FDR-adjusted correlations be-
tween neurocognitive performance measures and
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depressive symptom severity as measured with the
HAM-D total score (see online Supplementary Table S2).

Analysis of potential confounders

All results remained significant after FDR correction
when randomly excluding related subjects. A signifi-
cant group effect was found for the long delay free re-
call (puncorrected4 0.003) and extradimensional

set-shifting (puncorrected4 0.003). Moreover, a signifi-
cant effect of time was observed as in the original ana-
lysis for the Digit Span forwards (puncorrected4 0.012),
verbal learning (puncorrected4 0.005), free short delay
recall (puncorrected4 0.012), simple discrimination
learning (puncorrected4 0.004) and extradimensional
set-shifting (puncorrected4 0.001).

When excluding medicated HR-MDD subjects from
the analysis, the significant group effect for the long

Table 2. Demographic and clinical characteristics

Baseline Statistics Follow-up Statistics

HC (n = 93)
HR-well
(n = 92)

HR-MDD (n
= 19) F/χ2 p HC (n = 62)

HR-well
(n = 63)

HR-MDD
(n = 20) F/χ2 p

Age, years 21.01 (2.45) 21.20 (2.88) 21.10 (2.82) 0.13 0.88 22.82 (2.73) 23.71 (2.84) 23.33 (2.98) 1.77 0.17
Sex, n 0.46 0.80 2.12 0.35
Male 40 44 9 21 29 7
Female 53 48 10 41 34 13

Handedness, n 5.54 0.24 5.43 0.07
Right 88 81 19 61 57 20
Other 5 11 0 1 6 0

NART IQ 110.31 (8.00) 108.39 (9.37) 107.26 (6.80) 1.64 0.20 – – – – –

Time, years 2.13 (0.22) 2.15 (0.22) 2.10 (0.13) 0.20 0.82 – – – – –
HAM-Da 0 (1) 0 (2) 1 (5) 9.79 0.01* 1 (3) 1 (2) 5 (12) 7.59 0.02*
YMRSa 0 (0) 0 (0) 0 (0) 3.48 0.18 0 (0) 0 (1) 0 (0) 0.79 0.68

Data are given as mean (standard deviation) unless otherwise indicated.
HC, unaffected healthy control subjects; HR-well, individuals at high risk of mood disorders who were well at baseline and

remained well during the follow-up period; HR-MDD, individuals at high risk for mood disorders who were well at baseline
but developed major depressive disorder during the follow-up period; NART, National Adult Reading Test; IQ, intelligence
quotient; Time, time between baseline and follow-up assessment; HAM-D, Hamilton Depression Rating Scale; YMRS, Young
Mania Rating Scale.

a Kruskal–Wallis test, median and interquartile range presented for skewed variables.
* Significant effect.

Fig. 1. Performance on (a) the long delay free recall of the California Verbal Learning Test and (b) the extradimensional
set-shifting stage of the Cambridge Neuropsychological Test Automated Battery. Values are means, with standard errors
represented by vertical bars. Significant group effects were observed (p < 0.05). HC, Healthy controls; HR-well, individuals at
high risk of mood disorders who were well at baseline and remained well during the follow-up period; HR-MDD, individuals
at high risk for mood disorders who were well at baseline but developed major depressive disorder during the follow-up
period.

3322 M. Papmeyer et al.

https://doi.org/10.1017/S0033291715001324 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291715001324


Table 3. Longitudinal analysis of neuropsychological performance

Statistics

HC HR-well HR-MDD Group effect Time effect
Group ×
time

Baseline Follow-up Baseline Follow-up Baseline Follow-up F p F p F p

Digit Span forwards 6.77 (1.28) 7.50 (1.48) 6.87 (1.21) 6.98 (1.34) 6.68 (1.53) 7.10 (1.41) 0.36 0.70 7.02 0.01* 1.35 0.26
Digit Span backwards 5.18 (1.24) 5.46 (1.36) 4.80 (1.14) 5.00 (1.11) 5.22 (1.22) 5.29 (1.71) 2.57 0.08 0.78 0.38 0.20 0.82
CVLT learning 54.55 (10.87) 60.48 (9.47) 54.35 (9.45) 56.57 (10.34) 50.47 (17.72) 56.23 (10.79) 1.63 0.20 9.32 <0.01* 2.05 0.13
CVLT short delay 11.94 (2.74) 13.18 (2.70) 11.35 (2.78) 11.75 (3.00) 10.18 (4.76) 12.00 (3.18) 4.09 0.02 7.77 0.01* 1.38 0.25
CVLT long delay 12.73 (2.67) 13.73 (2.59) 11.90 (2.88) 12.05 (2.77) 11.18 (4.75) 12.27 (3.04) 6.11 <0.01* 1.74 0.19 1.47 0.23
IED SDL 6.61 (0.80) 6.98 (1.60) 7.00 (1.87) 7.31 (2.37) 6.75 (0.86) 7.30 (1.53) 0.54 0.58 8.89 <0.01* 1.28 0.28
IED RL 22.29 (4.47) 22.30 (2.15) 21.97 (2.71) 24.36 (11.95) 24.63 (8.78) 22.70 (2.58) 0.61 0.54 3.59 0.06 0.21 0.81
IED IDS 6.50 (1.33) 6.83 (1.67) 6.50 (1.03) 7.10 (2.79) 6.50 (0.89) 6.25 (0.55) 0.76 0.47 0.80 0.37 1.64 0.20
IED EDS 24.53 (18.03) 17.25 (15.42) 28.07 (17.74) 22.07 (17.47) 37.50 (17.49) 29.20 (19.88) 5.80 <0.01* 19.23 <0.01* 0.22 0.80

Data are given as mean (standard deviation).
HC, unaffected healthy control subjects; HR-well, individuals at high risk of mood disorders who were well at baseline and remained well during the follow-up period; HR-MDD,

individuals at high risk for mood disorders who were well at baseline but developed major depressive disorder during the follow-up period; CVLT, California Verbal Learning Test;
IED, Intra-/Extradimensional Set-Shifting Task; SDL, simple discrimination learning; RL, reversal learning; IDS, intradimensional set-shifting; EDS, extradimensional set-shifting.
* Significant effect after false discovery rate correction.
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delay free recall (puncorrected4 0.003) remained signifi-
cant after FDR correction. The group effect for extradi-
mensional set-shifting (puncorrected4 0.035) remained
significant at nominal level only. The significant effects
of time for simple discrimination learning (puncorrected-
4 0.003) and extradimensional set-shifting
(puncorrected4 0.001) remained significant after the
FDR procedure. The observed time effects for the
Digit Span forwards (puncorrected4 0.019), verbal learn-
ing (puncorrected4 0.029) and free short delay recall
(puncorrected4 0.045) remained significant at a nominal
level only. All results are shown in online
Supplementary Tables S3 and S4.

Discussion

This is, to the best of our knowledge, the first prospect-
ive longitudinal study examining neurocognitive per-
formance in high-risk of mood disorders individuals
who were unaffected at initial assessment and either
developed MDD or remained well during the follow-
up period. Reduced long delay verbal memory and
extradimensional set-shifting performance across the
two time points were found in the HR-well group rela-
tive to controls, with the HR-MDD group displaying
decreased extradimensional set-shifting abilities as
compared with the HC group only. An additional ana-
lysis of these two neurocognitive domains revealed no
significant differences between the two high-risk
groups at baseline so that they do not appear to be pre-
dictive for a subsequent onset of disease.

In line with our hypothesis, the finding of reduced
long delay verbal memory and extradimensional set-
shifting performance in the HR-well group across
time suggests that neurocognitive deficits in these
domains constitute a familial trait marker for vulner-
ability to mood disorders in close relatives of BD
patients. It cannot be determined from the data if the
decreased task performance is a consequence of shared
genetic and/or environmental effects. Given that they
are already present in early adulthood, they are unlike-
ly to be of degenerative origin but probably represent
disturbances of normal brain development predispos-
ing to illness. Since no significant differences between
the two high-risk groups and no group × time inter-
action emerged, the results do not speak towards
reduced verbal memory and extradimensional set-
shifting abilities to be directly linked to an onset of
MDD. These findings are in contrast to our hypothesis
that neurocognitive performance parameters worsen
progressively in the 2-year period prior to illness
onset in HR-MDD as compared with HR-well and
HC individuals. It should be highlighted, however,
that visual inspection of extradimensional set-shifting
performance (Fig. 1) shows that the HR-MDD group

performed worse than the HR-well group across
time. Accordingly, it cannot be ruled out that the
small sample size of the HR-MDD group did not
allow for detection of significant effects due to a lack
of power. Indeed, a meta-analysis by Bora et al.
(2009) showed that effect sizes for cognitive flexibility
in healthy relatives of BD patients were small. It
appears therefore important to investigate neurocogni-
tion further in a larger sample size of high-risk subjects
who go on to develop MDD.

Our finding of decreased verbal memory and extra-
dimensional set-shifting in relatives of BD patients are
in line with findings from recent meta-analyses (Arts
et al. 2008; Balanza-Martinez et al. 2008; Bora et al.
2009). However, it should be noted that the analyses
presented here do not confirm previous meta-analyses
of attentional processing, verbal learning and working
memory deficits in high-risk BD subjects (Arts et al.
2008; Balanza-Martinez et al. 2008; Bora et al. 2009).
As outlined previously, one potential reason for the ab-
sence of significant findings may be the large sample
size that can only be obtained using meta-analyses to
detect subtle differences in relatives in these domains
(Arts et al. 2008). Another putative reason relates to
the heterogeneity in neurocognitive tasks that have
been employed to study these neurocognitive
domains.

From a neuroanatomical point of view, both short-
term and long-term storage and retrieval of verbal in-
formation have been linked to a bilateral frontal and
parietal network of brain regions, including the poster-
ior inferior frontal, anterior middle frontal, anterior
cingulate and supramarginal gyrus (Andreasen et al.
1995; Henson et al. 2000; Dupont et al. 2002).
Moreover, it has been shown that enhanced perform-
ance during the CVLT is associated with higher en-
gagement of the right hippocampus and right frontal
lobe (Johnson et al. 2001). Dysfunction of this network
of brain regions may well be in line with studies sug-
gesting that there may be diminished prefrontal modu-
lation of various brain regions including the anterior
cingulate that results in dysregulation of mood as evi-
dent in BD (Strakowski et al. 2005).

While complex tasks involving extradimensional set-
shifting undoubtedly rely on the interplay of various
brain regions including lateral prefrontal, orbital and
parietal brain areas that may serve as a supervisory at-
tentional network, the ventrolateral prefrontal cortex in
particular has been hypothesized to be functionally
specialized for extradimensional set-shifting
(Hampshire & Owen, 2006). Reduced extradimen-
sional set-shifting performance may thus be in line
with a hypothesis of malfunction of the ventral brain
system to be underlying the pathogenesis of BD
which is thought to be essential for affective processing
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and modulation, with the ventrolateral prefrontal cor-
tex playing a central role (Phillips et al. 2003a, b). In
line with this, Dias et al. (1996) showed that lesions
in the ventrolateral prefrontal cortex of marmoset mon-
keys selectively impair extradimensional set-shifting
performance as assessed with the same task that we
employed in this study.

Importantly, extradimensional set-shifting deficits
have also been documented in obsessive–compulsive
disorder patients as well as their unaffected first-degree
relatives (Chamberlain et al. 2007). Accordingly, extradi-
mensional set-shifting deficits appear to form a neuro-
cognitive endophenotype that is not specific to mood
disorders such as BD and MDD but rather appears to
be a risk marker for a variety of psychiatric conditions.
The pathophysiological mechanisms underlying this
overlap remain currently unknown. One potential ex-
planation may be related to the function of the ventro-
lateral prefrontal cortex which is thought to be central
to extradimensional set-shifting as described before
(Hampshire & Owen, 2006). Ventral aspects of the pre-
frontal cortex have not only been associated with extra-
dimensional set-shifting performance but also with
emotional regulation (Phillips et al. 2003b).

The finding of significant time effects for attentional
processing speed as assessed with the Digit Span for-
wards, verbal learning, short delay verbal memory
and extradimensional set-shifting in the direction of
superior performance during follow-up as compared
with baseline assessment across groups most probably
reflects the effects of repeated task presentation. These
practice effects during neuropsychological examina-
tions have been well documented in the literature
(Bartels et al. 2010). There was also a significant effect
of time for simple discrimination learning due to
decreased task performance at follow-up as compared
with baseline assessment across all groups. One plaus-
ible explanation for this conflicting result may be that
participants remembered the task from the baseline as-
sessment and already shifted their attention to the cur-
rently irrelevant stimulus as they were expecting the
reversal of the rule to occur at follow-up examination.

The strengths of this study are its longitudinal na-
ture, the assessment of subjects prior to illness onset,
the relatively young age of the participants and the
comparatively large sample size of high-risk subjects
and controls. In addition, all subjects underwent care-
ful clinical assessment at both time points and the
effects of medication and relatedness of subjects were
ruled out.

Nevertheless, some limitations need to be addressed.
First, it remains unknown whether currently unaffect-
ed HR-well subjects may develop a mood disorder in
the future. Second, previous longitudinal studies
have reported that the majority of the high-risk

subjects who developed BD themselves experienced
depressive episodes years before conversion
(Hillegers et al. 2005; Duffy, 2010) so that it appears
likely that some of our HR-MDD subjects may develop
BD in the future. The follow-up assessments of our
study cohort will clarify if some of the HR-MDD parti-
cipants will convert to BD and if some of our HR-well
subjects go on to develop a mood disorder. Third, our
study groups differed with respect to depression
symptom severity at baseline. However, the median
of the HAM-D total score was only 1 in the
HR-MDD group, suggesting only subsyndromal de-
pression symptoms. Moreover, our correlation analysis
revealed no relationship between depression symptom
severity and our neurocognitive performance mea-
sures. Therefore, it appears unlikely that general
mood differences at baseline between the groups
have influenced our findings. Fourth, as already high-
lighted previously, the relatively small HR-MDD sam-
ple size might have resulted in a lack of power to
detect significant effects. Last, we only assessed neuro-
cognitive function 2 years after the initial baseline as-
sessment and can thus not draw any conclusions if
neurocognitive function fluctuated in between the
two assessment points. It should be highlighted, how-
ever, that the assessment of neurocognitive function
using narrower time intervals would have probably
caused extensive training effects which are already
evident at the follow-up assessment and which
would have probably hampered the interpretation of
results.

In summary, our findings suggest that reduced long
delay verbal memory and extradimensional set-
shifting performance across time constitute familial
trait markers for vulnerability to mood disorders in
close relatives of BD patients. Both neurocognitive
performance deficits appear to be relatively stable
over a 2-year time period and do not appear to be
linked to an onset of MDD. Accordingly, verbal mem-
ory and extradimensional set-shifting appear to be
relatively state-independent, which supports their po-
tential as putative endophenotypes for mood disor-
ders. These findings add important information for
the identification of neurocognitive endophenotypes
for mood disorders. Future longitudinal studies
should particularly examine the time course of neuro-
cognitive performance before and after the onset of
depression using longer time intervals and larger
sample sizes.

Supplementary material

For supplementary material accompanying this paper
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