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The familial nature of major depressive disorder (MDD) is now well recognized. We followed children and grandchildren of probands with and
without MDD to examine transmission of depression over generations, and
to identify early vulnerability markers prior to the onset of disease. The
study now includes three generations and five completed assessment waves
spanning 25 years, with a sixth wave underway. Beginning with the fourth
wave, we collected measures of brain structure (magnetic resonance imaging,
MRI) and physiology (electroencephalography, EEG) and DNA in order to
examine at a biological level why the offspring of depressed parents were
at higher risk. In this paper, we provide an overview of the study design,
the main findings, including new data, and the role of the high-risk design
in translational research. We demonstrate that offspring of depressed parents
(‘high-risk’), when compared with those of non-depressed parents (‘low-risk’),
were at increased risk for depressive and anxiety disorders, with anxiety
appearing earlier and being a predisposing factor for MDD. Offspring with
two generations previously affected were at greatest risk. Thinning of the cortical mantle (MRI) and reduced resting-state activity (EEG) within the right
parieto-temporal hemisphere differentiated high- from low-risk offspring,
regardless of whether the offspring had MDD, suggesting that these measures
might serve as familial trait markers for depression and related syndromes.
The high- and low-risk offspring also differed by serotonin transporter promoter length polymorphism genotypes, even though the same genotypes were
not associated with the presence of MDD. The high-risk epidemiological
design appears to be a particularly valuable asset in translational research
as it allows targeting of biological processes that emerge prior to the onset
of disease, and identifies individuals at high risk for the disorder who may
carry the trait or marker but not yet be affected.

1. Background: the familial nature of depression
Although the familial nature and early onset of major depression are well
recognized, it is only recently that systematic data have been available. Until
the 1970s, there were no epidemiological studies of psychiatric disorders in
the USA, and very few studies conducted abroad. Little was known about
prevalence, age of onset and populations at risk, and conventional wisdom
held that major depression was a disorder primarily found in middle-aged
and menopausal women and did not occur in children [1]. The 1980s introduced a revolution in psychiatric epidemiology, with the first large-scale
community-based surveys [2–4] undertaken to determine rates and risks of
psychiatric disorders within the community. These surveys used the same diagnostic criteria as did clinical research and practice, enabling the ensuing data on
rates, age of onset and comorbidity to be more readily translatable into clinical
research and health policy. Subsequent studies have extended these efforts to
include large adult samples, minorities, and children and adolescents [5–7].
Numerous studies have since followed, confirming that major depressive disorder (MDD) runs in families [8], and that this familial aggregation is likely to
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have a genetic component [9]. Early onset MDD beginning in
childhood and adolescence is the most familial form [10–16],
with anxiety disorders often appearing earlier and predisposing an individual to later depression [17–21]. These studies
however did not go beyond two generations, did not examine
both parents and, with one exception [16], were not longitudinal. Conclusions about the sequence of disorder, early signs,
specificity and stability of transmission were thus limited.

2. Three-generation family study
The familial nature of MDD and its early onset made the
high-risk design, which studies offspring at risk for illness but
prior to onset of disease, a particularly valuable approach.
One of us (M.M.W.) initiated a longitudinal family study of
depression in 1982 to study the patterns of transmission
of MDD within generations of families. The project began
with simultaneous recruitment of two sets of probands. The
first, selected from outpatient specialty clinics in the New
Haven, CT, area, had moderate to severe major depression
with impairment. The second group, selected concurrently
and from the same community, was required to have no
lifetime history of psychiatric illness as determined through
multiple interviews. Both proband groups (Generation 1) were
followed prospectively over time, along with their biological
children (Generation 2) and, subsequently, grandchildren
(Generation 3). The offspring of the depressed probands
formed the high-risk group, by virtue of their familial loading
for depression, and those of the non-depressed probands
formed the low-risk group. The overall study design is illustrated
in figure 1 and further details can be found in numerous
previous publications [22,23]. These families have now been followed through five completed assessment waves (baseline, 2,
10, 20 and 25 years), with a sixth wave currently underway
(figure 2). The second generation has been followed for the longest time (more than 20 years) and has now passed the age of
highest risk for most psychopathology, including MDD, thus
enabling the study of the long-term trajectories that follow onset.
The clinical findings from this study document a clear transmission of MDD across generations. Specifically, offspring of

depressed parents were at increased relative risk for depression,
anxiety and substance use disorders [23,24] (figure 3). The
anxiety disorders began before puberty, with mood disorders
emerging around puberty, especially in girls [23]. The fearbased anxiety disorders including panic disorder and the
phobias further mediated the relationship between parental
and offspring depression, whereas other anxiety disorders did
not [25]. Parental alcohol abuse and earlier onset of MDD
further added to the increased the risk for MDD in the offspring
[26]. As the offspring aged, there was also a greater incidence of
medical problems, particularly cardiovascular, in the high-risk
group [23]. Finally, as the third generation aged in to the study,
similar patterns were found. Parental depression severity
increased the likelihood of a mood disorder in the offspring,
and offspring from families with two generations—i.e. both a
parent and a grandparent—previously affected were at greatest
risk for psychopathology [22] (figure 4).
Given the consistent patterns across waves and generations, we were interested in further identifying biological
markers that may help explain why the offspring of
depressed parents are at high risk. Biological markers (also
referred to interchangeably as endophenotypes or intermediary
phenotypes) not only help target aetiology and mechanisms,
but can also help identify persons who are at increased
risk, so that they can be targeted for appropriate intervention.
The markers can also be used to strengthen classifications of
clinical phenotypes, or to differentiate possible biological
subtypes that may in turn have different clinical or treatment
profiles. A majority of studies thus far however have targeted
markers by comparing depressed with non-depressed, or
sometimes non-ill, subjects. What these comparisons yield,
however, are correlates of illness measured at an end state. A
true endophenotype, however, should not be simply a disease
correlate. The more rigorous definition requires it to lie in the
causal pathway to disease (that is, it should not arise as a
result of the disease); to be heritable; and to be state-independent
(that is, it should be observed in subjects who are at risk but not
currently symptomatic) [27]. Because the high-risk design
(unlike case–control studies) conditions subjects based on
their risk for rather than presence of the outcome of interest, it
is particularly well suited to meeting these requirements.
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Figure 1. Study design. The figure illustrates pedigree models from the (a) high- and (b) low-risk families. In the high-risk families, the index proband was required
to have a diagnosis of MDD (filled in shapes) with impairment; in the low-risk families, the index proband, as well as their spouse, had no lifetime history of major
depression (open shapes). No requirements were imposed on the children (Generation 2) or grandchildren (Generation 3) of these probands.
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Figure 2. Study waves and assessments. The chart illustrates the overall design of the study, and included six assessment waves over 30 years (columns) and three
generations (rows). The original probands (Generation 1) were selected either from specialty clinics for the treatment of mood disorders (depressed probands) or
from the community in the same geographical area (non-depressed probands). These probands were then followed longitudinally over time, along with their
children (Generation 2) and, beginning with the third wave, grandchildren (Generation 3). Clinical assessment procedures, in blue, included a full diagnostic interview
based on the age-appropriate version of the schedule for affective disorders and schizophrenia, as well as a battery of clinical, behavioural and family environmental
assessments, as outlined in the text. Beginning with the fourth wave, biological measures (shown in green) were introduced into the study. Electroencephalographic
recordings were included in the fourth, and structural and functional MRI assessments and DNA collection, in the fifth, waves. In the sixth wave of the study, which
is ongoing, all three measures are being recollected.
We successively incorporated three biological protocols
into our study, based on electrophysiological brain recordings
(electroencephalography, EEG), structural and functional brain
imaging (MRI) and genetics (DNA). EEG measurements were
initially recorded in the fourth wave, and MRI and DNA collections in the fifth wave, as illustrated in figure 2 (green boxes).
EEG and MRI recordings are now being re-administered in
the sixth wave, allowing us not only to assess stability over
time, but also to prospectively capture changes in these
measures that may correspond to development of psychopathology. We illustrate these approaches in the sections that
follow. We do not elaborate on methodological aspects, as
these have largely been covered elsewhere [28–32], and are
not our primary focus. Instead, we emphasize the translational
elements of these studies, demonstrating how applying biological measures to the high-risk design can provide unique
opportunities to examine risk factors for disease.

3. Electroencephalography
There is a convergence of evidence that EEG measures of
brain asymmetry may provide neurophysiological markers

of vulnerability to internalizing psychopathology. EEG
studies have reported both higher overall alpha activity1
among depressed patients, when compared with controls
[33 –35], as well as alpha asymmetry among depressed
adults [36 –39] and infants of depressed mothers [40,41].
Studies have found depressed states to correspond with relative increases in right-hemispheric activity in the frontal
cortex, and relative decreases in posterior sites [42–45].
Although the biology remains to be elucidated, these dual
effects have been interpreted in terms of a two-dimensional
model of emotions wherein a ‘valence’ dimension involves
frontal systems, with pleasant or positive emotions associated
with left frontal activity, and unpleasant or negative emotions
associated with right frontal activity, and an ‘arousal’ dimension involving the right posterior system [46]. Depression, if
applied to this framework, might be characterized by relatively greater right than left frontal activity associated with
unpleasant affect and decreased right parieto-temporal
activity associated with low emotional arousal.
We measured resting EEG in second- and third-generation offspring in order to evaluate a potential role for EEG
alpha asymmetry—that is, the difference in recorded activity
across the two hemispheres—as a biological marker of a

Phil Trans R Soc B 368: 20120129

DNA

rstb.royalsocietypublishing.org

1
(probands)

0

Downloaded from http://rstb.royalsocietypublishing.org/ on February 23, 2018

0.4
0.3
0.2
0.1

(b)

0.5

proportion of offspring
with any anxiety disorder

0

0.4
0.3

4. Magnetic resonance imaging

0.2
0.1

(c)

0.5

proportion of offspring
with substance dependence

0

0.4
0.3
0.2
0.1

0

5

10

15
25
20
30
age at onset (years)

35

40

Figure 3. Psychopathology among second-generation (G2) offspring of
depressed and non-depressed probands. (a) MDD, (b) any anxiety disorder
and (c) substance dependence. Age-specific rates of MDD, anxiety disorders
and substance dependence, over 20 years in second-generation offspring of
depressed (green, one or more parents with major depressive disorder
(n ¼ 101)) and non-depressed ( pink, no parents with major depressive
disorder (n ¼ 50)) parents. For each outcome, offspring of depressed parents
had higher incidence, and onset of major depression followed that of anxiety
disorders. Adapted with permission from Weissman et al. [23].
phenotype of depression. We hypothesized that alpha asymmetry would vary as a function of familial loading of MDD.
Specifically, offspring of depressed parents (i.e. the high-risk
group) would show relatively greater right than left activity
in frontal regions, and greater left than right activity
in posterior regions, when compared with the offspring of
non-depressed parents. We first examined offspring in the
second generation (Gen 2), comparing those who had two
parents with MDD with those who had one parent or neither
parent with MDD. Offspring with both parents affected by

Although a number of previous imaging studies have implicated frontal and limbic dysfunction in MDD, findings have
been difficult to interpret [47], partly because the studies
compared depressed subjects with non-depressed or non-ill
subjects cross-sectionally. It is therefore difficult to interpret
identified abnormalities in brain structure or function as
cause of the illness, a compensatory process resulting from
the illness, or an epiphenomenon [48]. The high-risk design targets biological vulnerabilities prior to the onset of illness, and
thus enables the identification of brain-based phenotypes that
are more likely to represent true causal processes.
Beginning with the fifth wave of the study, we imaged 131
subjects from the second and third generation using a 1.5 T
MRI scanner, and compared the measures of thickness of the
cortical mantle between the brains of offspring from the
high- and low-risk families. The cortical mantle is approximately a 6 mm layer of grey matter that forms the surface of
the brain. It contains the greatest concentration of neurons
and it is here where the most computation functions of the
brain are performed [32]. As illustrated in figure 6, we detected
large expanses of cortical thinning across the lateral surface of
the right cerebral hemisphere in persons at high risk for
depression. The thinning was very substantial, averaging
30 per cent reduction in thickness. As observed with the patterns of EEG alpha asymmetry, the thinning was present in
high-risk individuals who were neither affected by MDD nor
an anxiety disorder in their lifetimes. We therefore surmised
that the thinning cannot simply be a consequence of being
depressed, or of being treated for depression, and more likely
reflects some familial trait vulnerability for the development
of depression-related clinical phenotypes. There was some
thickening observed in the medial wall of the right cingulate
cortex among depressed offspring. In a follow-up analysis,
further white matter reductions, particularly in the superior
longitudinal fasciculus tract that connects the frontal to parietal
regions, was found in high-risk subjects [32]. Cortical mantle
thinning and white matter hypoplasia were highly correlated,
suggesting that both may arise from a common underlying disturbance. Cortical thinning was also correlated with multiple
measures of current (but not lifetime) symptom severity, inattention (staying focused on tasks, filtering out non-essential

4
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MDD showed greater alpha asymmetry at medial sites
(figure 5a) [28], compared with offspring having one or no
parent with MDD. This asymmetry resulted from relatively
less activity (i.e. greater alpha) over right central and parietal
regions. Offspring having two parents with MDD also
demonstrated the greatest anterior-to-posterior increase in
alpha with eyes closed of the three groups. For third generation, because of the two preceding generations, we compared
subjects who had both a parent and a grandparent with
MDD with those with either a parent or grandparent, or
neither. Consistent with the patterns from the previous generation, Generation 3 offspring with two generations of loading
for depression demonstrated greater alpha asymmetry, with
relatively less right- than left-hemisphere activity, compared
to those with neither a depressed parent nor a depressed
grandparent [29] (figure 5b). This difference was present in
the parietal region only in the resting (eyes-closed) state, and
not in the frontal regions for any condition.
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Figure 4. Psychopathology among third-generation (G3) offspring of depressed and non-depressed probands. Rates of psychopathology among G3 offspring, based
on whether they had one or more parent (G2), and one or more grandparent (G1) with major depression. As seen in the right-most column, offspring with both a
depressed parent and grandparent had the highest rates of psychopathology, with 40% having any DSM-IV diagnosis.
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Figure 5. EEG alpha asymmetry among second- and third-generation offspring of depressed and non-depressed probands. (a) Second-generation offspring (G2).
Adapted with permission from Bruder et al. [28]. (b) Third-generation offspring (G3). Adapted with permission from Bruder et al. [29]. Graphs illustrate mean alpha
asymmetry (that is, difference between the right-hemispheric and left-hemispheric log alpha power) at frontal, central and parietal sites during eyes-closed conditions.
Among G2 (a), offspring who had two depressed parents had significantly reduced activity in right-hemispheric central and parietal regions when compared with
offspring with either one or no depressed parents. Among G3 (b), grandchildren with two preceding generations with MDD (i.e. a parent and a grandparent) as well as
those with only one preceding generation (i.e. a parent or a grandparent but not both) had significantly reduced activity in right-hemispheric parietal regions than
offspring with no history of depression in either preceding generation.
stimuli) and visual memory for social stimuli (face identification), and mediated the associations of familial risk with
these measures. Finally, among offspring who developed the
illness, there was additional cortical thinning observed in
homologous left-hemisphere parietal regions, suggesting
that while right-hemispheric abnormalities may predispose
to MDD, additional left-hemisphere assault is required to produce active psychopathology. Whilst intriguing, these findings
require replication in an independent sample.
Given the co-localization of alpha asymmetry and cortical
mantle thinning in the right parieto-temporal cortices, we
sought to quantify how closely the two measures were
coupled, and whether having a thinner cortical mantle
would translate directly into less cortical activity in these
regions. Conjoining data across multiple modalities serves
several functions. First, observing converging effects using
two methodologically distinct tools enhances validity and

minimizes the chance of method-related bias; secondly, the
approaches are complementary in terms of resolution: combining the superior temporal resolution of EEG with the
spatial resolution of MRI can provide greater precision.
And finally, it allows us to examine the extent to which markers identified by each method serve as proxies for each
other. If brain-based endophenotypes make their way into
clinical practice, EEG would provide a significantly cheaper
and more accessible diagnostic tool than MRI, as long as
it is demonstrated that these methods tap into the same
biological substrates.
We thus overlaid EEG recordings onto a template brain
and compared alpha power with the thickness of the cortical
mantle, on a voxel-by-voxel basis across the entire brain [30].
This was done in the subset of 75 subjects, each of whom had
both usable MRI and EEG data. We found expanses of significant correlations between alpha asymmetry and cortical
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Figure 6. Morphological differences among second- and third-generation offspring of depressed and non-depressed probands (n ¼ 131). The figure illustrates the
surface of the (a) right and (b) left hemispheres of the cerebral cortex. At each point on the cerebral surface, the colours overlaid represent the statistical significance
of differences in cortical thickness across the offspring of high- and low-risk groups. As illustrated in the colour bar, orange represents thickening of the cortical
mantle in the high, when compared with low-risk group; purple represents the reverse. As illustrated above, G2 and G3 offspring who were descended from the G1
probands with major depression had substantial (greater than 30%) and non-specific cortical thinning when compared with offspring from non-depressed probands.
This thinning was predominantly in the right cortical hemisphere, and was also observed among offspring with no lifetime history of any anxiety or depressive
disorder, making these morphological changes unlikely to be a result of illness. Further details can be found in the study of Peterson et al. [31].
thickness in both the high- and low-risk groups. The correlations were strongest in medial parietal sites, where alpha
asymmetry was greatest. We did not find sufficient evidence
that cortical thinning mediated the association between familial risk for depression and alpha asymmetry, suggesting that
the structural and functional abnormalities may not lie along
entirely overlapping pathways.

that these determinants were observed across a wide-age
range that included young children, and among offspring
with no history of illness, it is likely that they operate early
in development, possibly in utero. Following younger children or infants, both of which are beyond the scope of the
present study, would be required to further explore this. Secondly, because the study design was conditioned on familial
risk for depression, we cannot determine whether similar
markers would be observed for other psychiatric illnesses.

5. The role of the right hemisphere
The right hemisphere is no stranger to studies of depression.
Previous work has reported decreased brain activity over the
right posterior cortex in individuals with both current and
remitted depression [44,49–51]. Depressed individuals also
appear to demonstrate selective impairment when performing tasks that require right hemisphere function [52,53].
Right parieto-temporal activity has been associated with
both autonomic and behavioural aspects of arousal, and the
impairments seen in depressed subjects may be indicative
of lower emotional arousal. The right parietal cortex is
known to subserve perception of emotion, and cortical
activity over this region during emotional perception is
reduced in depressed patients [50,54]. Children who have
relatively low cortical activity in the right parieto-temporal
region may be at increased risk for depression due to diminished abilities to perceive, process and respond to emotional
information. This is supported by the MRI findings where
attentional and arousal processes mediated the risk for
developing an MDD [31].
Taken together, the data suggest that right-hemispheric
parieto-temporal dysfunction, whether indexed by alpha
asymmetry or cortical thinning, may serve as a familial trait
marker of vulnerability to MDD. The extent to which these
measures might serve, either alone or in combination, as markers for predicting subsequent depressive disorders is
currently under investigation. Two points should be considered, however, when evaluating the role of these
markers. First, as subjects were scanned at a single timepoint, the precise temporal sequence of when the thinning
occurred cannot be determined. Likewise, we cannot conclude when signs of alpha asymmetry first emerged. Given

6. The high-risk design
The role of the high-risk design in this series of studies should
also be explicitly recognized. Had we simply compared
depressed with non-ill subjects using a case –control design,
these markers would have likely eluded us. By identifying
subjects based on risk for, rather than, presence of the outcome
of interest, the high-risk design allowed us to target biological
processes prior to the onset of disease. This is an asset when
searching for endophenotypes, which should be observed in
subjects who are at risk but not themselves ill [27]. The utility
of the high-risk approach is certainly not restricted to
depressive illness. One of the most fruitful applications has
been the Edinburgh High Risk Study of Schizophrenia.
Instead of recruiting cases and controls, the study instead targeted non-ill individuals who were at high risk by virtue of
having at least two relatives who had the full syndrome.
They then followed up these individuals longitudinally, as
a portion went on to develop active psychoses. As with our
study, they progressively introduced biological measures
and DNA collection. The study has now yielded a repository
of elegant findings, including identification of structural and
functional abnormalities in the brain that predispose individuals to the disorder, as well as genetic moderators of these
abnormalities [55 –57]. Identification of at-risk individuals,
either through history or biomarkers, may have substantial
impact on prevention, which may be presumably more efficient than treatment of disease. For example, identification
of youth at risk for depression followed by group cognitive therapy is associated with lower rates of subsequent
depression [58].
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Figure 7. Differences in serotonin transporter genotypes among second- and third-generation offspring of depressed and non-depressed probands. Serotonin
transporter genotype was not associated with major depression (a): 23% of offspring with a lifetime diagnosis of MDD had both risk-encoding alleles (that is, the
‘SS’ genotype) at the 5HTTLPR polymorphism, when compared with 21% of those with no lifetime diagnosis. These rates are similar to those observed in other
Caucasian populations. However, upon reclassification of the same sample by familial risk for depression (by virtue of grandparental status) (b), the offspring in the
high-risk group had over threefold rates of the SS genotype than offspring in the low-risk group. The genotypes in the high-risk group were similar to those
observed in the population; rates of SS among the low-risk offspring were however substantially lower (4%). When we further stratified the offspring by generation
(inset), there appeared a successive depletion of the SS genotype over generation.
These designs are however not without limitations. Most
importantly, a majority of offspring who we define as being
at high risk will never go on to develop the full syndrome.
This has not only practical implications (the lower the likelihood of onset, the larger sample would be required to
obtain sufficient cases) but is also aetiologically relevant, as
it suggests that exposure to the risk (here, having a depressed
parent) is insufficient to explain the onset of disease. Environmental factors, and by extension, gene-by-environment
interactions, may help explain why risk factors may have
different effects in different situations. But in high risk, or
other family-based designs, genetic and environmental variations may be entangled with each other in ways that are
neither explicit nor separable. Another related limitation,
although applicable more broadly than to high-risk studies,
is that although the measured risk may be precise (here, parental
depression can only equal yes or no), the underlying risk may
be far less so, since neither MDD, nor its transmission across
generations, operate uniformly across individuals or populations. What is thus being measured is likely an arithmetic
composite of multiple heterogeneous effects.
Family-based designs gradually fell out of favour over the
past two decades, given their complexities and the increasing
focus on direct molecular genetics [11,59,60]. But the evidence
for high familial loading for a number of psychiatric disorders
[61] suggests that these designs may be able to increase tractability in translational research as well [62]. In the case of
MDD, for example, we had previously noted that offspring
who had childhood or adolescent onset of depression and a
history of parental depression had the longest course of chronic
depressive illness in adulthood [63]. This epidemiologically
defined subtype was translated into a series of genetic studies
(Genetics of Early Onset Recurrent Depression (GenRED)),

with the view that targeting cases with the earliest onset and
most severe course may increase the power to identify genetic
correlates of the disorder [64–66].

7. Genetic studies
Given the implications of the above discussion for genetic
research, we conclude with some preliminary data on a
study on role of genetic variation in the serotonin transporter
in the transmission of MDD. A substantial body of work has
targeted the role of serotonin in the aetiology of depression
and anxiety, as reflected in the theme of the symposium
from which this article derives. Much of this work has
focused on the serotonin transporter (SLC6A4), a synaptic
protein which removes serotonin from the synaptic cleft
and is the site of action for the selective serotonin reuptake
inhibitor (SSRI) class of antidepressants. A complex repeat
polymorphism within the promoter region (5HTTLPR) that
functionally alters transcription levels has received the greatest attention, although its precise role in depression remains
obscure given numerous failures to replicate, findings in
inconsistent directions, and observations of moderating
rather than direct effects [67,68].
We have begun to test the role of SLC6A4 in the transmission of risk for depression in our three generation study,
which is ethnically homogenous. We predicted that if the
short—that is, the transcription-lowering and thus less efficient—variant predisposes persons to depression, then
offspring from the high-risk families should have higher
rates of this variant than offspring from the low-risk families.
As shown in figure 7, 5HTTLPR genotype did not vary by
major depression status (a), but it did by risk status (b):
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with other genes and environment. As additional genetic data
emerge, we will examine the effects of genetic variation related
to serotonergic function and the role it plays, not only in the
development of major depressive and associated disorders,
but also in the cortical abnormalities that might underlie them.

8. Conclusions
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Endnote
1

The most informative index of regional hemispheric activity is alpha
power. Alpha is an inverse reflection of cortical activity, that is, alpha
power is maximum when subjects are in a restful, awake state with
their eyes closed. Increase in cortical activity—such as when the
eyes are opened or stimuli are sensed—will decrease alpha power.
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