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Abstract
Neuropsychological deficits have been associated with major depression (MD) and persist in some
individuals even after symptom remission. However, it is unclear if the deficits are a consequence
of MD or are pre-existing and reflect MD vulnerability. We addressed this issue by studying 117
twins from monozygotic (MZ) pairs discordant for lifetime history of DSM-III-R defined MD and
41 twins from MZ pairs in which neither twin had experienced MD. Our assessment included a
structured clinical interview and measures from the WMS-III and WAIS-III. The “unaffected”
twins from discordant pairs showed the same pattern of performance as their affected cotwins on
measures of attention, working memory, verbal memory, and visuo-spatial processing. Compared
to twins from pairs with no MD history, twins in discordant pairs had lower performance in the
domains of attention, memory, visuo-spatial processing, and general knowledge. However, after
adjusting for sex and age, the groups differed only on attention and general knowledge. The
similar performance of twins in pairs discordant for MD suggests that familial risk for MD has a
greater influence on neuropsychological functioning than individual MD history. Findings of
impairment in individuals euthymic for MD are more consistent with pre-existing deficits than
scarring effects of MD.
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1. Introduction
Major depression (MD) is consistently associated with attentional deficits, including
selective and sustained attention, effortful processing, set-shifting and various attentional
biases (Hammar et al., 2003; Lyche et al., 2010; Paelecke-Habermann et al., 2005; Weiland-
Fiedler et al., 2004). MD has also been associated with other neuropsychological deficits,
including impairments in memory (Hinkelmann et al., 2009) and executive functioning
(Douglas and Porter, 2009), and at times verbal fluency (e.g., Gohier et al., 2009). These
deficits in attention are associated with increased risk for suicidal behavior in individuals
with MD (Keilp et al., 2012, 2008). Findings vary regarding the severity, duration, pattern,
and persistence of the deficits after improvement or remission of active MD
symptomatology (e.g., Halvorsen et al., 2012; Paelecke-Habermann et al., 2005; Weiland-
Fiedler et al., 2004; Wekking et al., 2012; Xu et al., 2012). However, studies to date have
not measured premorbid cognition and cannot address whether such deficits are a
consequence of experiencing MD (a scarring effect) or existed prior to depression, either as
a prodromal symptom or as a risk factor.

Studying identical (or monozygotic, MZ) twin pairs discordant for an outcome (e.g., MD) is
a powerful method for examining the etiological relationship between the outcome and
associated features (e.g., neuropsychological deficits; McGue et al., 2010). MZ pairs are
matched for early family environmental and genetic factors, allowing for a clearer
identification of direct mechanisms (i.e., MD causes deficits) versus indirect mechanisms
(e.g., genetic factors increase risk both for depression and deficits). In the discordant pair
design, the neuropsychological performance of the twin “exposed” to MD (i.e., proband), is
compared to the performance of his or her cotwin who has not experienced MD. The
discordant twin design has been used to study the relation of neuropsychological deficits to
the etiology of schizophrenia (e.g., Cannon et al., 2000; Goldberg et al., 1990).

Figure 1 portrays the expected results from a MZ discordant pair design under three
hypothesized models for the etiological association between MD and neuropsychological
deficits. Under the MD History model, neuropsychological impairments are caused by MD
or other processes related to having MD. Thus, twins who have experienced MD are
expected to have cognitive impairments, but their cotwins who have not experienced MD
will not be impaired.

The Family History model represents the situation in which the MD-neuropsychological
deficit association arises from overlapping risk factors that have a familial origin (either
heritable or family environmental factors). Here, the degree of impairment (relative to a
control group) is not expected to be related to personal clinical history. In the context of
discordant twin pairs, individuals without MD would show neuropsychological impairments
to the same degree as their affected cotwins.

The FamHist+MDHist model combines these two scenarios; individuals with a family
history of MD are expected to have neuropsychological deficits associated with this familial
risk, and individuals who have had MD are predicted to have additional deficits.

In addition to studying discordant pairs, useful information comes from also studying twin
pairs who have never experienced MD. Including unaffected pairs provides a comparison
group for assessing the degree of deficits of the “unaffected” members of pairs discordant
for MD. This control group can serve as an anchor point for judging the impact of familial
risk and MD history; the ability to distinguish between the MDHist and FamHist+MDHist
models is contingent upon having a comparison group. The use of all three groups (i.e.,
affected probands and unaffected cotwins from MD discordant twin pairs, and healthy
control pairs) allows for the clearest interpretation of study results.
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The goal of this research study was to clarify the relation between MD and
neuropsychological deficits, using an MZ twin design to account for the impact of family
environment and genetic risk. To our knowledge, this is the first study to apply the
discordant twin pair design to examine this issue. A prior study of Danish twins (Christensen
et al., 2006) evaluated the cognitive performance of 94 non-depressed cotwins of individuals
with MD compared to a control group. However, this study did not include the depressed
probands for within-pair comparisons.

Our study was designed to answer three questions related to the three models portrayed in
Figure 1: First, do probands with a history of depression show neuropsychological deficits
relative to their unaffected cotwins? Second, do individuals with an MD history show
neuropsychological deficits relative to controls from unaffected twin pairs? For these two
questions, we also examined what clinical variables might be associated with these possible
group differences. Third, assuming some differences are detected between probands and the
other groups, it is of interest to know if the unaffected cotwins of probands differ from
controls.

We assessed attention, working memory, verbal memory, visuo-spatial processing and
general knowledge among 158 twins from MZ pairs previously studied for personal and
family history of MD. We hypothesized that attention and working memory would be
consistent with the MDHist+FamHist model. That is, we predicted both probands and their
unaffected MZ cotwins would perform more poorly on these measures than non-depressed
controls and that probands would perform more poorly than their unaffected cotwins on
these measures due to the “scarring” influence of depression. Longitudinal study of
individuals currently with, and remitted from, MD suggest that impairments in attention and
frontal function are MD state-independent (Ardal and Hammar, 2011; Douglas and Porter,
2009; Hammar et al., 2003; Xu et al., 2012). Given evidence of attentional impairment from
the limited literature on neuropsychological performance in families at risk for MD (Belleau
et al., 2013; Christensen et al., 2006), these deficits may exist prior to MD onset. We also
predicted that the differences between probands and their unaffected cotwins would be
associated with the severity of proband depressive history. Depression severity has been
found to impact neuropsychological performance (Austin et al., 1992; Keilp et al., 2012;
Naismith et al., 2003; Paelecke-Habermann et al., 2005) though this finding is not always
consistent (c.f., Lampe et al., 2004; Wekking et al., 2012). Given the uncertainty in the
literature regarding the association between MD and verbal memory (e.g., Austin et al.,
1999; MacQueen et al., 2002; Christensen et al., 2006; Smith et al., 2006; Simons et al.,
2009), we expected deficits in probands but not did hypothesize whether they would reflect
the FamHist model (i.e., also present in unaffected cotwins) or the MDHist model (i.e.,
related to clinical history). Finally, we hypothesized that the depression-related deficits
would be specific to attention and memory; while other domains of cognitive functioning
have at times shown impairment in MD, attention and memory are the domains consistently
impacted in individuals with MD (Hasselbalch et al., 2011; Landro et al., 2001; McClintock
et al., 2010; Murrough et al., 2011; Zakzanis et al., 1998). Therefore we expected no
differences among probands, MZ cotwins and controls on measures indexing general
knowledge and visuo-spatial processing.

2. Methods
2.1. Subjects

Participants are from the Virginia Adult Twin Study of Psychiatric and Substance Use
Disorders (VATSPSUD), a longitudinal population-based study of genetic and
environmental risk factors for psychopathology (Kendler and Prescott, 2006). The sample
was originally identified through the Virginia Twin Registry1, and includes Caucasian twins
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born in Virginia between 1934 and 1974. The current sample comprises twins from two
smaller sub-studies from the VATSPSUD who had neuropsychological testing. Prior to
participation in this study, all subjects had been assessed with structured clinical interviews
and were known to be competent. For twins in male pairs, assessments were conducted
twice across a period of 2–3 years. Female pairs were assessed two to four times over a
period of 8–10 years. Potential participants were mailed information letters and consent
forms and then contacted to request participation. All pairs in both groups were MZ,
determined by a combination of questionnaire responses and photographs, the validity of
which had been previously confirmed by genotyping (Kendler and Prescott, 2006). No
dizygotic pairs (DZ) were available for this study. All participants were native English
speakers. Approval of this human subjects research was given by Virginia Commonwealth
University’s Institutional Review Board (IRB).

Eligibility for the Discordant for Affective Disorder (DAD) study was defined by three
criteria as assessed in 2000 (Kendler and Gardner, 2001): (i) the affected member (proband)
of the pair must have met criteria for one or more episodes of DSM-III-R defined lifetime
MD on at least two assessments; (ii) the unaffected member (cotwin) must have denied a
lifetime history of episodes of MD on all assessments; and (iii) the age of the unaffected
twin at last interview (when found free of a history of MD) was at least 10 years older than
the age of onset of MD in his/her cotwin. In addition, neither twin had a history of mania.
The sample used in the current analyses consisted of 117 twins from discordant pairs (64
females and 53 males). These included 40 complete pairs and 37 unpaired twins. Of the
unpaired twins, 30 were MD probands and 7 unaffected cotwins in the original sample
(Kendler and Gardner, 2001). Of the 37 missing twins, 7 probands did not participate in the
DAD study. Another 30 cotwins reported some history of MD when reassessed for the DAD
interview so were ineligible for analyses here. Thus, our MD Proband group includes 70
individuals; the Cotwin group includes 47.

A Control group was drawn from MZ twin pairs participating in a separate VATSPSUD
pilot study which included the same set of neuropsychological measures. This project
investigated psychophysiological responses to affective stimuli and participants were
recruited on the basis of living in the greater Richmond metropolitan area. They were
unselected for clinical history but were required to be under age 50. Thus group membership
is confounded with age in our study.

The original pilot study sample included 77 twins. For our Control group, we selected from
the pilot study 41 twins from 21 pairs in which neither twin had experienced MD, as verified
by multiple clinical interviews. The current analyses utilizing the Control group are thus
from 20 complete pairs and 1 twin whose cotwin did not participate.

2.2. Measures & procedures
2.2.1. Demographic variables and group codes—In the analyses, sex was coded
0=female, 1=male; and age was centered at 40. Both sex and age are pair-level variables:
MZ pairs are always the same sex, and, as both studies were conducted within a short time-
span, twins are nearly perfectly correlated for age at assessment. A binary variable called
Mode was coded 0 for participants assessed in person and 1 for participants assessed by
telephone. Participants assessed by telephone (and thus missing Block Design (BD) and
Digit Symbol-Coding (DSS) scores) did not differ significantly from those tested in person
on any of the cognitive measures (all p>0.17).

1Now part of the Mid-Atlantic Twin Registry.
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2.2.2. Neuropsychological measures—Our assessment included four measures from
the WAIS-III (Wechsler, 1997a) and Verbal Paired Associates from the WMS-III
(Wechsler, 1997b). As age and sex were included as regression model covariates, we
analyzed raw scores rather than scaled scores adjusted for age and sex.

Digit Symbol-Coding (DSS) assesses visuo-motor speed, selective and sustained attention,
and set shifting. Subjects have 90 seconds to complete up to 133 items.

Letter-Number Sequencing (LNS) assesses working memory and attention. Trials consist of
combinations of letters and numbers in a jumbled order, which participants rearrange into
digits in numerical order, then letters in alphabetical order. The maximum score is 21.

Block Design (BD) assesses visuo-spatial processing and constructional ability. Subjects are
asked to arrange blocks within a time limit to reproduce colored designs. The maximum
score is 68.

Vocabulary (VO) was included as an index of pre-morbid verbal cognition and general
cognitive ability. The maximum score is 66.

Verbal Paired-Associates (VPA) taps short- and long-term verbal memory. Participants are
read a list of 8 word pairs. Immediate recall (VPA-I) is assessed immediately after each of
four presentations of the list and has a maximum score of 32 (8 pairs × 4 trials). Delayed
recall (VPA-D) is assessed on a single trial 30 minutes after the last VPA-I trial and has a
maximum score of 8.

2.2.3. Clinical variables—Assessment of lifetime and past-year MD was conducted at
each interview by clinically-trained interviewers using structured interviews adapted from
the SCID (for the DSM-III-R) (Spitzer et al., 1985). Twins within a pair were interviewed
separately by different interviewers who were unaware of the clinical status of the other
twin.

For the analyses reported here, MD was coded as a binary variable: 0=Never met criteria,
1=one or more DSM-III-R defined episodes. We created a severity variable (WorstSev) that
was the number of DSM-III-R defined MD criteria met by the individual during their self-
defined worst episode of depression, and ranged from 5 to 9. We created an indicator of
early onset (Early) as a binary variable coded 1 if MD onset age was younger than 18 years;
and 0 otherwise. Number of MD episodes was correlated with early onset (tetrachoric
correlation=0.48) and in preliminary multiple regression analyses its inclusion did not
improve prediction of neuropsychological scores, so we do not include it in our primary
results reported here (although it was included in exploratory analyses). Current depression
symptomatology was assessed using the depression symptom subscale from the SCL-90-R
(Derogatis, 1975), which contains 10 items scored 0–3. In exploratory analyses we include
MDSCL as the average score on these items. 81 individuals are missing this scale because
the measure was added midway through these studies.

None of the twins met criteria for history of mania. These samples were not otherwise
screened for history of other Axis I or Axis II disorders.

2.2.4. Family history—Paternal and maternal lifetime histories of MD were obtained
from twins using Family History-Research Diagnostic Criteria (Andreasen et al., 1977).
Individuals were coded as positive if informants reported the target parent experienced five
or more FH-RDC criteria (which must have included depressed mood or anhedonia) or
sought treatment for depression. Based on this definition, all pairs of twins in the analyses
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agreed perfectly on presence or absence of parental MD so these variables were treated as
family-level covariates. Each parental MD variable was coded as 1 if present and 0 if not.

2.2.5. Procedures—Each participant was assessed separately during a single session by
interviewers with a Master’s degree or a Bachelor’s plus at least 2 years clinical experience.
The neuropsychological and clinical assessments were supervised by a Master’s level
psychologist with more than 10 years of experience in psychological assessment (LJH). In
DAD, the assessment consisted of the first portion of a clinical interview, the
neuropsychological assessment, followed by the remainder of the clinical interview.
Twenty-nine (24.8%) DAD participants were assessed by telephone, usually because they
lived at a remote distance. For these participants, Digit Symbol-Coding and Block Design
were omitted. All Control group participants were assessed in person by interviewers who
were a subset of those working on the DAD study. They had a 2-hour battery of
psychophysiological and affective tasks, with neuropsychological assessment mid-way
through the battery.

2.3. Statistical analyses
We tested for differences in neuropsychological performance between affected Probands
and their unaffected Cotwins from complete twin pairs using paired-sample t-tests (SAS
version 9.2, SAS Institute, Cary, NC). We employed one-tailed tests, reflecting our strong a
priori hypotheses, that probands are expected to have worse performance than their cotwins
and that individuals with a positive family history of MD would perform worse than the
comparison group.

Analyses comparing the Control group to the Proband or Cotwin groups were conducted
using multilevel regression (MLR) to account for the twin-pair structure of the data (i.e.,
complete pairs in the Control group). This method allowed us to estimate simultaneously the
group difference, adjusted for covariates at the family level (sex, age) and individual level
(testing mode). MLR was implemented as a structural equation model using Mplus (version
6.12) (Muthén and Muthén, 2011). Corresponding parameters for the two twins (means,
variances, regression weights, and covariances among predictors) were equated across twins
within a pair. Covariances between the residuals of the dependent variables (i.e., cognitive
scores of twin 1 and twin 2) were freely estimated. This structure produces the same
parameter estimates as if the twins were analyzed as individuals, but corrects the standard
errors for the nested structure of the data (twins within pairs). All individuals with data on
the dependent variable were included in the analyses, regardless of whether data were
available for both members of the pair. Clinical and demographic variables were available
for all individuals with cognitive data.

3. Results
3.1. Descriptives

Table 1 shows sample characteristics and means, standard deviations, and range of
performance on the neuropsychological measures for Probands and Cotwins from discordant
pairs and the Control group. As noted above, due to age inclusion criteria, Controls tended
to be younger than twins from discordant pairs. Among Probands, the average number of
DSM-III-R criteria (of 9) reported for their worst episode was 6.5 (SD=2.3, range=5–9), and
27 (38.5%) reported their initial MD episode began before age 18.

3.2. Impact of MD history: within-pair analyses
Our first aim was to test whether history of MD would distinguish the neuropsychological
performance of MD Probands and their unaffected Cotwins – groups that are matched for
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age, sex, genetic liability to depression, and early upbringing. As depicted in Figure 2,
Cotwins did not perform significantly better than their Probands on any of the
neuropsychological measures. The largest difference observed was for Vocabulary and this
was in the opposite direction expected, with Probands scoring on average 2.5 points higher
than Cotwins.

3.2.1. Exploration of within-pair differences—Although there were no systematic
differences between Probands and their Cotwins on neuropsychological performance, it is
possible that the degree to which the twins differ is associated with aspects of the clinical
history of the proband. We conducted exploratory analyses to see if within-pair differences
in test performance were related to demographic variables (age, sex), testing mode, clinical
severity variables, and parental MD history. We do not interpret significance, but focus on
effect sizes and general trends across variables.

Results are summarized in Table 2. These variables accounted for 20–30% of the difference
in scores between twins in a pair. A consistent finding was that Probands with an MD onset
before age 18 tended to have lower scores than their Cotwins (on all measures but VO).
Because sex, age, and parental MD are perfectly correlated for twins within a pair, these
variables represent effects associated with the magnitude of pair difference. Thus, the
parental MD effect for DSS means parental MD is associated with smaller differences
between the twins in a pair. There was also a trend for greater differences within male than
within female pairs.

3.3. Impact of MD history: between-group analyses
Our second aim was to test whether history of MD was associated with neuropsychological
deficits. Probands from discordant pairs were compared to Controls on each of the six
outcomes (depicted in Figure 3). Probands had significantly lower scores than Controls on
DSS, LNS, BD, and VPA-I, but not VO or VPA-D (Table 1). Group status accounted for
8.1% of the variance in DSS (b=−10.6, SE=3.9, P<0.005), 4.3% of LNS (b=−1.4, SE=0.6,
P<0.05), 6.5% of BD (b=−6.8, SE=2.8, P<0.01), and 3.4% of VPA-I (b=−3.3, SE=1.7,
P<0.05). Adjusting for sex and age resulted in a substantial reduction of the MD history
effect. The MD history effect after accounting for sex and age was DSS: group status b=
−1.3, SE=4.1, P>0.05, LNS: group status b=−0.1, SE=0.7, P>0.05, BD: group status b=−3.1,
SE=3.1, P>0.05, and VPA-I: group status b=−1.4, SE=2.0, P>0.05.

3.3.1. Influence of current mood/depression symptoms—We studied the
association between current depressed mood and neuropsychological performance among
the 77 participants who had scores on the SCL MD scale. SCL score was not predictive of
performance on any of the measures (r from 0.005 to 0.12, all P>0.27).

3.3.2. Exploration of MD history effect with clinical and demographic variables
—We explored whether clinical and demographic variables were associated with variation
in performance among all Probands (i.e., including probands from concordant twin pairs) on
the measures for which we observed differences from Controls (DSS, LNS, and BD).
Predictors included sex, age, number of symptoms during the individual’s worst episode,
number of lifetime episodes of MD, MD onset age < 18, and parental and cotwin MD
history. We used multiple regression analyses in SAS with a backward elimination criterion
of P=0.15 to identify a wider range of factors possibly relevant to neuropsychological
performance but for which our sample did not have sufficient power to evaluate. This
reduces Type II error at the likely cost of increasing Type I error, so we do not interpret
“significance” and consider these results descriptive and exploratory. Table 3 shows the
multiple regression results for the set of predictors that met the threshold for any measure.
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For DSS, age at assessment, symptoms during the worst episode, and maternal MD history
were retained in the final model, explaining 27.0% of the variance. Older age and more
symptoms were associated with worse DSS performance, while (in the context of these other
variables) maternal MD history was unexpectedly associated with higher scores. As with
DSS, predictors of lower LNS performance were older age, more symptoms during the
worst episode and presence of maternal MD history (R2=15.3%). For BD, older age and
early onset of MD were associated with decreased performance (R2=18.7%).

3.4. Impact of family history of MD
Our third aim was to test whether the familial liability to MD would be associated with
deficits among individuals who had themselves never been depressed. Cotwins had lower
performance than Controls on DSS, LNS, BD, and VO, but not on VPA-I or VPA-D (see
Figure 3). Family history accounted for 25.0% of the variance in DSS (b=−15.6, SE=3.3,
P<0.001), 11.0% of LNS (b=−1.9, SE =0.6, P<0.005), 8.3% of BD (b=−6.6, SE=2.6,
P<0.01), and 5.1% of VO (b=−5.1, SE=2.6, P<0.05). Adjusting for sex and age substantially
reduced group differences for LNS and BD but the differences remained significant for DSS
and VO (Table 1). The family history effect after accounting for sex and age was: DSS:
family history b=−6.7, SE=3.6, P<0.05, LNS: family history b=−1.2, SE=0.8, P>0.05, BD:
family history b=−3.6, SE=3.0, P>0.05, and VO: family history b=−6.5, SE=3.3, P<0.05.

4. Discussion
Substantial evidence indicates MD is associated with some types of neuropsychological
deficits but the etiological basis for this association is unclear. This study used a design
never before used in this particular area of research, the discordant MZ twin pair design, to
investigate the etiological basis for the association between MD and neuropsychological
deficits. The discordant twin pairs are nearly perfectly matched on genes as well as early
family/shared environment, allowing for a much clearer interpretation of any differences
between groups as being associated with MD history. Other studies have considered familial
liability by examining at-risk populations for MD, including children of depressed and/or
anxious individuals (Micco et al., 2009) or studied the unaffected twins in pairs discordant
for an affective disorder (Christensen et al., 2006), but no prior study has the design
advantages of comparing a group with history of MD, a group matched on genetic and early
environmental factors, and an unaffected comparison sample assessed at multiple waves.

4.1. Etiology of MD-associated deficits
Our first aim was to compare the MZ Probands with a history of MD and their unaffected
Cotwins to assess the role of MD history on neuropsychological performance. Probands and
their unaffected Cotwins did not significantly differ in the domains of attention, working
memory, visuo-spatial processing or verbal memory.

The findings are consistent with our hypothesis that attention and working memory are
related to familial risk father than clinical history. We expected Probands might show some
deficits in visuo-spatial processing and verbal memory associated with clinical status but
Probands and Cotwins performed similarly in these domains.

An obvious issue for interpreting these results is that failure to reject the alternative
hypothesis (probands and cotwins differ) is not equivalent to proving the null hypothesis
(probands and cotwins do not differ). Using a paired-sample t-test with a one-tailed alpha of
0.05, our sample sizes provide 80% power to detect effect sizes of d=0.28 to d=0.35. The
within-pair differences we observed were near zero for four measures and in the opposite
direction as predicted (Probands performing better than Cotwins) for Digit Symbol and
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Vocabulary. Thus, the absence of Proband deficits was not attributable to low power, but
instead points to the importance of family history over clinical history in impacting
neuropsychological performance.

Our other study goals involved placing the deficits of the Probands and Cotwins in
perspective by comparing them to performance among a Control group of MZ twin pairs
without a history of MD. We hypothesized that Probands and their Cotwins would perform
worse than unaffected twin pairs on measures of attention and working memory but not on
measures that index general knowledge and visuo-spatial processing.

Our hypotheses were partially supported: as depicted in Figure 3, both Probands and
Cotwins from MZ twin pairs discordant for lifetime MD had significantly worse
performance than twins from pairs with no history of MD on measures requiring selective
and sustained attention (Digit Symbol Substitution) and general knowledge (as indexed by
Vocabulary). Group differences were also observed for working memory (Letter Number
Sequencing), verbal memory (Verbal Paired Associates – Initial), and visuo-spatial
processing (Block Design) but these were confounded with sex and age differences between
the groups.

These results are similar to those reported by Christiansen et al. (2006), in which before
adjusting for age and sex, the clinically unaffected MZ and DZ cotwins of individuals with
MD showed deficits in selective and sustained attention, executive function, and working
memory relative to controls without a family history of affective disorder.

4.2. Correlates of MD-associated deficits
We also hypothesized that impairments in the domains of attention and working memory
would be associated with clinical severity of MD. In exploratory analyses conducted within
the Proband group (Table 3), we found some evidence that stronger familial liability
(indicated by parental MD) and depression severity (indicated by early age of MD onset)
were associated with neuropsychological performance. Early MD onset was also associated
with poorer performance in exploratory analyses comparing Probands and unaffected
Cotwins (Table 2), suggesting it may be an independent factor and not reflecting some
aspect of familial liability shared with the cotwin. These results are tentative, but merit
further study.

4.3. Study limitations
Our sample of Caucasian Virginia-born twins may limit generalizability of the findings to
individuals from other ethnic groups and geographical regions. Studying MZ twin pairs
allowed us separate the impact of clinical history from factors that predispose to the
development of MD and negatively impact neuropsychological functioning due to inherited
and family environmental factors. However, the absence of DZ pairs in our design means we
cannot distinguish heritable versus shared environment factors that underlie MD liability.
Our sample also limits the generalizability of our results to individuals experiencing MD
without psychotic features, as the neuropsychological profile of individuals diagnosed with
MD with psychotic features significantly differs from those without psychotic features (for a
comprehensive review and meta-analysis, see Fleming et al., 2004).

It is possible that with longer follow-up some unaffected individuals will develop MD.
However, the effects of these changes in group status would not alter the implications
regarding the absence of differences in neuropsychological performance between members
of the discordant pairs, nor the findings regarding early MD onset. In addition, while our
definition of case is reliable (based on multiple interviews), these cases may not be
particularly severe, as we did not require medication or hospitalization of our cases. This
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less severe definition could account for the lower impairment seen in our cases relative to
their cotwins and explain the discrepancy in findings with prior studies that use samples
identified from psychiatric hospitalization records (e.g., Christensen et al., 2006;
Hasselbalch et al., 2012).

We do not have information on current antidepressant medication usage so we cannot
explicitly account for their usage and impact on cognitive functioning in this study.
However, the usage of commonly used antidepressants, particularly SSRIs, has been found
to have little impact on cognition and neuropsychological performance (Kessing, 1998; Neu
et al., 2005; Paradiso et al., 1997; Peretti et al., 2000; Preiss et al., 2009).

Our attribution of differences between twins focuses on differences in clinical history but
factors not assessed in our study (e.g., head trauma) could have contributed to the
development of both MD and neuropsychological deficits in some individuals. We are not
able to address this possibility but it does not alter our findings or their implications.

A substantial minority of DAD study participants did not complete the Digit Symbol
Substitution and Block Design subtests due to being assessed by telephone. There were no
differences between DAD individuals who completed these subtests and those who did not
in terms of demographic or clinical characteristics, but the smaller sample size undoubtedly
reduced the power to detect small effects associated with family and clinical status. We also
note Digit Symbol Substitution as a test of attention, though cognitive speed/speed of
information processing may underlie part of the variance in performance on this task.
However, other timed tasks that involve cognitive speed (e.g., Block Design) do not show
the same pattern of results as Digit Symbol Substitution, suggesting that the element of
cognitive speed/speed of information processing is not necessarily the primary determinant
of variance in Digit Symbol Substitution.

We did not include education as a covariate in our analyses. Typically, education is used as
an indicator of socioeconomic status. Because twins within a pair are matched for
socioeconomic level during their upbringing, adjusting for educational level is not needed
for this purpose. More importantly, lower educational attainment could be an outcome of
depression rather than a factor to “correct” for.

4.4. Strengths and future directions
Our design is informative, novel, and of merit in a number of ways. In our study, we were
able to compare a high-risk sample (unaffected cotwins in MD discordant twin pairs) with
an affected sample (probands in MD discordant pairs) that was closely matched on genes,
early family/shared environment, and demographics. As these samples did not significantly
differ in neuropsychological functioning, observed deficits in the literature may purely be
driven by familial risk. This research study also utilized a more homogenous at-risk sample
than previous studies, with individuals included solely on the basis of risk for MD, rather
than allowing subjects who might have only been at risk for panic disorder (Micco et al.,
2009) or bipolar disorder (Christensen et al., 2006).

The twin pairs were drawn from a larger, population-based sample and thus their depression
history is representative of affected individuals in the population rather than selected for
those seeking treatment. Unlike many prior studies conducted in clinical settings, our
affected group was defined by having a past history of MD and most members were not
currently depressed. These sample differences may explain why we observed smaller
differences between the affected group and controls than observed in some other studies.
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Another measurement strength is our multiple clinical assessments across several years,
adding to the confidence in our diagnostic assignments. Our analyses also considered onset
age and symptom severity as well as personal and family history of MD.

The results of our study support the Family History etiological model of neuropsychological
deficits associated with MD. One implication of the results is that prior findings of impaired
attention and working memory among individuals with MD may not reflect state effects or
“scarring” from MD. Rather, these impairments may be present before the onset of MD and
are associated with familial risk for MD. Munn et al. (2007) found no differences in
amygdala volume within twin pairs discordant for MD, supporting the hypothesis that
familial or genetic influences may play a larger role than depression status in impacting
cortical volume. To the extent our differences reflect true deficits (rather than age effects),
they are sizable and of practical significance.

These findings add to prior literature regarding MD and cognitive functioning and raise
important questions that are worth further study. Particularly, the mechanisms through
which familial/genetic influences impact attentional systems independent of the experience
of MD are relatively unexplored. Twin studies of depression indicate that familiality of MD
is primarily due to genetic rather than to shared environmental factors (Sullivan et al., 2000).
Thus, it seems likely that neuropsychological deficits associated with familial risk are also
genetically transmitted. A possible mechanism is suggested by a study by Peterson and
colleagues (2009) that found the association between familial risk for MD and inattention
was statistically mediated by degree of cortical thinning, particularly in the right hemisphere
and portions of the frontal gyri. Of note, the association between inattention and cortical
thickness/white matter volumes for these regions are significant not only for the individuals
with a family history of MD, but individuals without a family history of MD as well
(Peterson and Weissman, 2011). Both cortical volume reduction and deficits in cognitive
functioning have been identified as candidate endophenotypes for MD, demonstrating some
degree of heritability and familial association (see Hasler et al., 2004 for a comprehensive
review). Moreover, deficits in attention, working memory, and cortical volume are top-
ranked endophenotype candidates for recurrent MD (Glahn et al., 2012). Our results support
this finding that attention and working memory are cognitive domains significantly related
to familial risk for MD. Working memory capacity has also been found to be closely related
to selective attention (i.e., distractor inhibition) and both may be mediated by a common
underlying factor/ability (Ester et al., 2012). More research is needed to clarify how
attentional capabilities are associated with depression severity and course (McClintock et al.,
2010).
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Figure 1. Expected Patterns of Deficits in Discordant Cotwin-Control Studies Under Alternative
Models for the Etiological Relation between MD and Neuropsychological Deficits
MD History Model: Deficits are associated with clinical history of MD, Probands but not
unaffected Cotwins show deficits relative to Controls; Family History Model: Deficits are
associated with family history of MD, Probands and unaffected Cotwins show equivalent
deficits relative to Controls; Family + MD History Model: Deficits are associated with both
sources, as Cotwins and Probands show deficits arising from familial vulnerability and
Probands have additional deficits associated with clinical history of MD.
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Figure 2. Within Pair Differences (Proband - Cotwin) on Neuropsychological Measures Based on
Discordant Twin Pairs
Scores are in SD-units and based on complete MZ pairs with confirmed discordance for
MD. DSS=Digit Symbol Substitution; LNS=Letter Number Sequencing; BD=Block Design;
VPA-I=Verbal Paired Associates Initial Recall; VPA-D=Verbal Paired Associates Delayed
Recall; VO=Vocabulary. Sample Sizes (pairs): DSS=25, LNS=37, BD=26, VPA-I=39,
VPA-D=37, VO=39.
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Figure 3. Discordant Proband and Cotwin Neuropsychological Performance Relative to Control
Group
Group scores are in z-score units and plotted relative to control group means and standard
deviations. DSS=Digit Symbol Substitution; LNS=Letter Number Sequencing; BD=Block
Design; VPA-I=Verbal Paired Associates Initial Recall; VPA-D=Verbal Paired Associates
Delayed Recall; VO=Vocabulary.
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