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1. Introduction

ABSTRACT

Background: Unaffected relatives (URs) of individuals with major depressive disorder (MDD) are
biologically more vulnerable to depression. We compare healthy URs and controls at the level of
phenotype (symptoms and functioning) and endophenotype (negative emotion bias), and further
investigate the interrelation between these and the contribution of environmental early life stress.
Methods: URs (n=101), identified using Family History Screen interview methods and matched controls
completed written and interview questions assessing symptoms of depression and anxiety, negative
cognitive style, life functioning and early life stress. Biases in emotion processing were measured using a
facial expression of emotion identification paradigm.
Results: Compared to controls, URs reported higher levels of depression and anxiety, a stronger negative
cognitive bias, and poorer functioning and lower satisfaction with life. URs were slower to correctly
identify fear and sad facial expressions. A slower response time to identify sad faces was correlated with
lower quality of life in the social domain. Early life stress (ELS) did not contribute significantly to any
outcome.
Limitations: The methodology relies on accurate reporting of participants' own psychiatric history and
that of their family members. The degree of vulnerability varies among URs.
Conclusions: A family history of depression accounts for subtle differences in symptom levels and
functioning without a necessary role of ELS. A negative emotion bias in processing emotion may be one
vulnerability marker for MDD. Biological markers may affect functioning measures before symptoms at
the level of experience.

© 2013 Elsevier B.V. All rights reserved.

themselves, given that they are closer to the observed symptoms
in terms of mechanisms (Gottesman and Gould, 2003).

Major Depressive Disorder (MDD) is one of the most prevalent
psychiatric disorders and is associated with considerable suffering
and impairment (Blazer et al., 1994). Genetic risk for MDD
contributes up to 37% of the variance in depressive symptoms
(Muglia et al., 2010; Sullivan et al., 2000). Similarly, having a first-
degree relative with depression increases the likelihood of MDD
onset by an estimated 2.84 times (Sullivan et al., 2000). Identifying
biological markers (or endophenotypes—expressions of genes
within the body) for depression is critical to understanding
vulnerability to this disorder (Hasler et al., 2004). Endophenotypes
may be easier to identify as vulnerability factors than are genes
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Cognitive neuroscience models of depression and of risk for
depression highlight the importance of biases in emotion proces-
sing (Beck, 2008; Gotlib and Joormann, 2010; Williams et al.,
2009a, 2009b), and of identifying endophenotypic markers of
emotional bias and the functional dysregulation they produce
(Beck, 2008; Hasler et al., 2004). Using facial identification para-
digms, investigators have shown the responses of depressed
patients to be consistent with a shift in the perception of faces
toward more sadness and less happiness (Gollan et al., 2008;
Rubinow and Post, 1992; Venn et al., 2006; Yoon et al., 2009).
Reflecting the enduring nature of this bias, remitted depressed
patients demonstrate a negative bias in the perception of happy
faces (LeMoult et al., 2009) and a heightened perception of fear
faces (Merens et al., 2008). Whereas some studies have found that
URs more quickly identify fear faces (Le Masurier et al., 2007),
others have found no differences in reaction time or accuracy
(Mannie et al., 2007). Using a slightly different identification task,
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URs have been found to demonstrate a ‘positive emotion bias,’
requiring higher intensities of sad facial expressions for correct
identification, and a lower accuracy for identification of anger.
Other studies have found evidence for a negative emotion bias in
URs using different paradigms (Feder et al., 2011). URs have also
been found to make negative interpretations of ambiguous words
and stories more often than do controls (Dearing and Gotlib,
2009), and young UR daughters have been shown to give more
attention to sad faces and less attention to happy faces than to
neutral faces (Joormann et al., 2010). Participants at high risk for
depression, defined psychometrically (e.g., the presence of sub-
clinical symptoms or negative cognitive bias), tend to misperceive
emotions less positively and more negatively than do controls
(Arce et al, 2009; Chan et al, 2007; Csukly et al., 2008).
Complementary findings in functional magnetic resonance ima-
ging of neural circuitry have shown URs to have reduced activity in
dorsolateral prefrontal cortex and increased activation of the
amygdala and nucleus accumbens for fear (Mannie et al., 2011),
and reduced activity in the nucleus accumbens for happy faces
(Monk et al., 2008). These studies of URs and other high-risk
groups suggest that a negative bias in emotion processing pre-
cedes depression and is related to risk for MDD at the genetic and
symptom levels.

We conducted a high-risk family study to identify candidate
markers for depression that are present before the onset of disorder
(Talati et al., in press). The study also tested a first marker: a behavioral
measure of negative emotion bias. High-risk family studies are useful
for examining vulnerability markers in heritable illnesses. In this
design, the presence of markers is assessed in URs of individuals
affected by depression (MDDRs) and in healthy non-relative controls
to provide evidence for the criterion that a biomarker be more
prevalent in relatives of depressed individuals than in non-relative
controls due to their genetic association with their depressed relative
(Gottesman, et al., 2003). To address this criterion, the first aim of this
study was to establish the family history status of URs.

To address the second biomarker criterion of latency—the
presence of biomarkers in URs who have no history of MDD—we
first established the healthy status of URs and controls through
clinical interview. We then investigated group differences in
depressive symptoms, anxiety, trait negativity bias, social and
occupational functioning, satisfaction and quality of life, as well as
the relation between these and our candidate biomarker, emotion
bias. Showing that the biomarkers are evident before the onset of
depression will clarify whether changes associated with depression
are a consequence of the illness or whether they exist as part of a
vulnerable predisposition. Previous studies have found that URs
have higher levels of baseline depressive symptoms or lower levels
of psychosocial functioning compared to controls (Bruder et al.,
2007; Joormann et al., 2007; Lauer et al., 1997). Moreover, these
symptoms have been related to the presence of biomarkers (e.g.,
cortical thinning) (Peterson et al., 2009), suggesting that there are
differences in symptom and functioning levels associated with
genetic vulnerability and the presence of biomarkers even in
healthy URs.

In addressing the aims of this study, we considered an additional
environmental risk factor that has been shown to compound genetic
risk for depression: early life stress (ELS). Studies have demonstrated
ELS to be related to increased symptoms and the onset and severity
of both depression and anxiety disorders in adulthood (Kendler et al.,
1993; Kessler and Magee, 1993). ELS may affect depression through
its long-lasting impact on the neurobiological systems that generate
emotional biases (Gatt et al., 2010a, 2010b; Heim and Nemeroff,
1999; Heim etal., 2008; Goldman et al,, 1992). In the current study,
we assessed the presence of ELS in URs and controls, and assessed
the contribution of ELS as a moderator of the relation between
emotion bias markers and symptoms.

Our hypotheses were: (i) family history of MDD is related to
higher levels of symptoms of anxiety and depression, and lower
scores on function scales; (ii) URs show a negative bias in
processing facial emotion relative to controls, particularly toward
sad and fear faces; and (iii) stronger emotion bias will be related to
higher levels of depressive and anxiety symptoms and to lower
functioning scores.

2. Methods
2.1. Participants

Participant URs were required to have no history of MDD and at
least one first-degree relative (i.e., parent, sibling, child) with a
history of MDD. UR volunteers were recruited via advertisement
and screened in a semi-structured phone interview prior to clinical
interviews to assess personal and family history of mental illness.
URs were interviewed by trained research assistants using the Mini-
International Neuropsychiatric Interview (MINI) (Goldman et al.,
1992; Rush et al,, 2000) and were excluded from participation if
they had current MDD or a history of MDD or Axis I disorders
according to DSM-IV criteria, with the exception of a past Alcohol or
Substance Use Disorder. Additional exclusion criteria included any
impediment (e.g., vision, movement, comprehension in completing
study tasks) or any general medical condition or head injury that
would interfere with measurement of biological markers.

2.2. Screening for family history

All first-degree relatives of URs were assessed for MDD and
other psychopathology, including mania and psychosis, using the
Family History Screen (FHS) (Weissman et al., 2000), which uses
the UR participant as the informant (Hardt and Franke, 2007;
Thompson et al., 1982). MDDRs had MDD as their primary lifetime
psychiatric diagnosis with no history of mania or psychosis.
MDDRs had experienced at least one episode of depression before
age 60 that had no known organic cause (e.g., substance abuse,
brain injury or comorbid with a genetic illness). MDDR depression
symptoms, episodes, and treatment were assessed using semi-
structured questions based on the family history method diagnostic
criteria (Andreason et al., 1986). Final diagnoses of first-degree
relatives, including MDDRs, were confirmed by two psychiatrists
based on all information obtained, and diagnoses of MDDRs were
given confidence ratings from one to three. The highest rating of
three was given when all FHS symptoms were reported and for
a biological treatment and treatment by a psychiatrist, or if direct
contact was made with the MDDR relative and their MINI-Plus
indicated MDD. A confidence rating of two indicated that the MDDR
screened positive for MDD on both screening criteria and a
confidence rating of one was given for less complete evidence
(e.g., symptoms reported without biological treatment). There were
no criteria applied to participants' first-degree relatives who were
not classified as MDDR.

2.3. Controls

Data for a matched convenience sample were available through
the Brain Resource International Database (overseen by the non-
profit BRAINnet Foundation). Controls were screened for personal
history of mental illness using the same criteria and methodology
as UR participants and differed from URs only in having no first-
degree relative with MDD. Family psychiatric history was obtained
from controls using items from the Mental Status Examination
(Trzepacz and Baker, 1993), administered as part of the self-report
Web-based questionnaire (‘Web-questionnaire’).
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2.4. Procedure

After screening, participants proceeded with testing, which
involved the ‘Web-questionnaire’ battery, cognitive tasks including
testing of emotion bias (‘WebNeuro battery’), and brain and genetic
assessments. Assessment order varied depending on the availability
of facilities and was occasionally completed in two separate visits in
the same week. The study complied with the Declaration of Helsinki
and was approved by the Sydney West Area Health Service, Human
Research Ethics Committee. Informed consent was obtained after the
nature of the proceedings was explained.

2.5. Symptom and functional capacity assessments

Assessments of symptoms and functional capacity included the
17-item Hamilton Rating Scale for Depression (Hamilton, 1960)
and the Social and Occupational Functioning Assessment Scale
(SOFAS) (Goldman et al., 1992), administered during the clinical
interview. The ‘Web-questionnaire’ included the 42-item Depres-
sion Anxiety Stress Scale (DASS-42) (Lovibond and Lovibond,
19954, 1995b), the Brain Resource Inventory of Social Cognitions
(BRISC), which is a measure of trait Negativity Bias (Williams et al.,
2012), Satisfaction with Life Scale (SWLS) (Diener et al., 1985),

World Health Organization Quality of Life scale (WHOQoL-BREF)
(Skevington and McCrate, 2012; The WHOQoL Group, 1998), and
the Early Life Stress Questionnaire (McFarlane et al., 2005).

2.6. Cognitive tests of emotion biases

Stimuli consisted of 96 photographs of four males and four
females showing facial expressions of six kinds of emotions:
happy, sad, fear, disgust, anger, and neutral. The photographs were
selected from a previously established set (Gur et al., 2002) and
were standardized according to size, luminance and central align-
ment of the eyes; this set is normed for ages 6-92 years (Mathersul
et al., 2009; Williams et al., 2009a, 2009b). The photographs were
presented on a touch-screen computer monitor in a pseudoran-
dom order for 2 s each. Participants were instructed to identify the
emotion depicted on each face by selecting the corresponding
emotion label from six options presented in the same order.

2.7. Analyses

We began by describing the characteristics of the MDDR
sample and psychopathology in all participants as assessed with
the FHS. We compared the UR and control groups with respect to

Breakdown of exclusions at each stage

. Excluded: n=166
dggﬁngﬁ %;%r slftl-'eisv(oelu; tel?r:isvggisty Due to characteristics of the URs: Personal history of
= volunteers), postcards and posters, MDD - 51; ‘Other_ mengal illness or current substance
2 referral, word of mouth, and print abuse - 14; Medical history - 8
= media Due to characteristics of the MDDRs: Not first
g degree - 11; Mania/bipolar - 16; Psychosis - 12;
& - Comorbidity or not depression - 6; Late onset or
medical criteria - 4
Phone Screen (n>310 completed) —» Sﬁtﬁgw% ;’gw'"'"g ar. anable tojparicipate-44;
_ -
Excluded: n=10
Family History Screen (n=126) — Criteria for MDDR not met; no MDD - 6; comorbid
mania - 2; comorbid psychosis - 2
3 >
g Excluded: n=8
= Psychiatrist review of information on |y Criteria for MDDR not met; Alzheimer's - 1; Late life
3 first-degree relatives (n=116) MDD - 1; Frontal lobe damage - 1, Alcohol dependent
g - 2; ADHD - 1; Insufficient evidence - 1; PTSD - 1
3 +
. . . - Excluded: n=7
MINI-Plus |nte(rvn|_e1\/\6év)|th participants ) Current MDD - 3; Past/recurrent MDD - 2; Current
B alcohol dependence - 1; past anxiety (agoraphobia) -1
_ v

media - 3.9%; and unknown - 17.5%

Enrolled: n=101

Of these, 2 had past substance abuse and 1 had past alcohol abuse diagnoses
Recruitment methods of the sample: University Careers and Gumtree.com.au Web sites - 40.7%;
word of mouth - 15.5%; distribution of posters and postcards - 12.6%; clincal referrals - 9.7%; print

Enrollment and
Data Acquisition

assessment day)

Data collected: Clinical interview, n=101; Web questionnaire, n=97 (76 female) (four did not
successfully complete); EEG and IntegNeuro, n=101; Genetics, n=101 (19 of whom gave saliva);
MRI, 74 (59 female) (based on availability of appointments. Two participants declined on the

Fig. 1. CONSORT Diagram for the enrollment (right side) and exclusion (left side) of n=101 URs in the study. Abbreviations: ADHD: attention deficit hyperactivity disorder,
EEG: electroencephalogram, MDD: major depressive disorder; MDDR: UR relatives with MDD, MINI: mini-international neuropsychiatric interview, MRI: magnetic resonance

imaging, PTSD: post-traumatic stress disorder and UR: unaffected relative.
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symptom levels (DASS-42), Negativity Bias measures, and func-
tioning capacity (SOFAS, SWLS and WHOQoL scales), using t-tests
with a family-wise error rate (FWER) of 0.01. The contribution of
ELS was examined by regressing family history, ELS, and their
interaction on each symptom and function measure in turn. We
examined bias to each emotion in terms of correct identification
and response speed relative to neutral in URs relative to controls,
again using t-tests with a FWER of 0.01. We then computed the
correlations between negative emotion bias markers and each of
our symptom and functioning measures.

3. Results

Of the 310 URs who volunteered for this study, 101 (77 females;
mean age 30.8 + 13.3 years, range 18-68) met UR criteria and
participated (Fig. 1). The matched control sample consisted of 101
individuals (77 females; mean age 30.7 + 13.0 years, range 18-65).
The two groups did not differ with respect to age or years of
education (Table 1; see Supplement Section 1. for a summary of
group differences with respect to ethnic origin and marital status).

3.1. Defining high-risk status according to the convergence of self-
reported history and clinician ratings

UR participants had an average of 4.2 (SD=1.69) first-degree
relatives, including two parents, 1.8 siblings (SD=1.28) and
0.4 children (SD=0.88). Psychiatrist review confirmed that all
URs had a first-degree relative with a lifetime diagnosis of MDD.
UR participants had an average of 1.5 MDDRs (SD=0.6). Sixty-
three URs had at least one family member with the highest
confidence rating of three; 20 had a rating of two, and 18 had a
rating of one. Controls reported no family history of MDD on the
Mental Status Examination items (Trzepacz and Baker, 1993).

The mean age of MDDRs (total n=154; 87 female) was
455+ 174 vyears (range=17-92), or age at death (n=12)
was 74.8 + 9.9 years. The most frequent age of onset for MDDRs
was during adolescence (30%), followed by their 20s (27%) and 30s
(13%); 22% had their first episode after age 40. Most URs (n=380,

Table 1

79%) had at least one parent with MDD (11 had both parents
affected); 46 (46%) had at least one MDDR sibling (eight had more
than one), and six (6%) had an MDDR child. See Supplement
Section 2 for further MDDR details.

The most frequent diagnosis in MDDRs after MDD was anxiety
(n=42 family histories of URs), followed by alcohol abuse/dependence
(n=24) and substance abuse/dependence (n=9). Controls reported no
MDD and little other psychopathology in their families, less than that
in UR families (Supplement Section 2; Supplemental Table 2d).

3.2. Defining high-risk status by the profile of current depressive and
anxiety symptoms, functional status, and other contributing risk
factors

For the UR and control groups, average scores on self-report
symptom and functioning scales were well within the normal ranges
(Table 1) (norms for the scales are presented in Supplement Section
3) (Diener et al., 1985; Lovibond and Lovibond, 1995a, 1995b;
Skevington and McCrate, 2012; The WHOQoL Group, 1998;
Williams et al,, 2012). Despite these low levels of symptoms, URs
reported significantly higher levels of depression, anxiety, and stress
on the DASS-42 than did controls. URs also had a greater trait
Negativity Bias than did controls, representing a greater sensitivity to
stress and expectation of negative outcomes. Most participants fell in
the range of 80-89 on the SOFAS, indicating good functioning in all
areas and being occupationally and socially effective. On the SOFAS,
URs had significantly lower functioning than did controls, who
bordered on the superior functioning range. URs had significantly
lower satisfaction with life than did controls. The lower functioning
of URs relative to controls was also evident on the overall WHOQoL,
and specifically on the Physical, Psychological, and Social subscales.

3.3. The relation between high-risk status and early life stress

URs reported a higher occurrence of ELS than did controls
(Table 1). To reduce covariance between ELS and family history
status, participants with three or more ELS events were grouped as
“high ELS” and those with two or fewer were categorized as “low

Differences between the UR and control groups on demographic, symptom, functioning, and early life stress measures (M + SD).

Catagories Measures Characteristic Group Significance Effect Size
UR Control t df P r
Demographics Age 30.8+13.3 30.7+13.0 -0.038 200 0.970 0.004
Education (yrs) 152 +21 15.2+2.0 -134 200 0.894 0.000
Symptoms DASS-42: Depression 1.5+ 1.8 05+ 1.0 -4.50 144.7 0.000%* 0.325
Anxiety 11+16 04+0.8 -3.78 135.0 0.000%* 0.267
Stress 33+30 1.8+ 1.7 -4.56 152.7 0.000%* 0.294
Total score 59+52 27425 -5.46 136.2 0.0007* 0.365
Negativity bias -0.8+0.7 -1.2+04 -5.07 151.5 0.000%* 0.869
Functioning SOFAS 854+ 7.7 909+ 70 5.25 199 0.000™* 0.350
SWLS 246+59 26.8+53 2.78 194 0.006** 0.192
WHOQoL: Total score 300.0 +42.5 318.7 +31.1 3.47 174.2 0.001 0.244
Physical 825+ 114 86.4 + 7.7 2.81 166.0 0.006%** 0.197
Psychological 71.5+ 119 776 +9.3 3.91 189 0.000™* 0.275
Social 69.0 +19.2 759+ 15.0 2.75 179.2 0.007%** 0.196
Environmental 77.0 +12.8 78.8 +9.1 113 1715 0.262 0.081
Early life stress ELS total 22424 13+17 -2.81 171.0 0.006%* 0.211

Abbreviations: DASS-42: 42-item depression anxiety stress scale, ELS: early life stress, SOFAS: social and occupational functioning assessment scale, SWLS: satisfaction with
life scale, UR: unaffected relative, WHOQoL: World Health Organization quality of life scale.

2 Unequal variances according to Levene's test and conservative statistics reported.

** Alpha < 0.01.
*** Alpha < 0.001.
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ELS.” The URs (22%) and control (34%) groups did not differ with
respect to the percentage of high ELS participants (X [1,n=191]=
3.212, p=0.073). Regression analyses confirmed the contribution
of family history to variance in symptom scales; however, ELS and
ELS by family history did not significantly contribute to any
outcome (Supplement Section 4).

3.4. Comparing URs to controls on the candidate marker of emotion
bias

Compared with controls, URs were significantly slower to
respond to correctly identified facial expressions of fear and
sadness than to a correctly identified neutral face (Table 2). The
two groups did not differ with respect to the correct identification
of any facial expression (Table 2). Group biases in terms of
misidentification errors were therefore not explored.

3.5. Associating candidate behavioral emotion bias markers to
current symptoms and functional status

Response times to sad facial expressions were negatively
correlated with the WHOQoL social scale (r[n=191]=-0.16,
p=0.027; this approached significance at a FWER of 0.01), indicat-
ing that increased response time to identify sad faces was related
to decreased quality of life in the social domain. No other
correlations of RT to sad and fear with symptom or functioning
scales reached significance (Supplement Section 5).

4. Discussion

Our results indicate that biological vulnerability to depression
is accompanied by overt symptoms and affects functioning and
quality of life. ELS had no effect on symptoms or functioning. URs
had a slower response time to sad and fear facial expressions than
did controls. There may be negative emotion biases associated
with familial risk for depression. Emotion bias did not relate to
overt symptoms.

To test our first hypothesis, we examined the effects of family
history on our measures at the phenotype level. URs had higher
symptom levels of depression, anxiety and stress, and higher Nega-
tivity Bias self-report measures. Negativity Bias is a measure of
cognitive bias toward negative appraisal of oneself and situations. It
is a stable measure of risk for depression, relating to genetic and brain
markers (Williams et al., 2012; Watters and Williams, 2011). This
group difference in Negativity Bias confirms that URs are at greater

Table 2

Family history and emotion identification; reaction time (ms+SD) and accuracy (%+SD).

risk for depression than are controls. Family history vulnerability was
related to level of functioning, satisfaction with life, quality of life
including physical, psychological and social, and observer-rated social
and occupational functioning (SOFAS). These findings support a
model of depression in which biological vulnerability is not comple-
tely latent but is accompanied by overt symptoms and affects
functioning and quality of life. We may, however, expect URs to score
more closely to MDD patients on these scales to support a continuum
between risk and depression. Contrary to our expectations, there was
no effect of ELS on symptoms or functioning for either group. It is
proposed that ELS impacts vulnerability through the emotion proces-
sing pathways; therefore, the effect on symptoms may be subtle and
more measurable on latent biomarkers.

Regarding our second hypothesis, our findings indicate that
compared to controls, URs had a slower response time to correctly
identify sad and fearful facial expressions. As previously reported in
depression, slowed response time for identification of facial expres-
sions, in addition to accuracy and bias behavioral performance
measures, is mostly found for sad (Gollan et al., 2008; Watters and
Williams, 2011) and less commonly for fear (Pine et al., 2004). Brain
measures confirm unique patterns of activation for both fearful
(Sheline et al, 2001) and sad facial expressions in depression
(Surguladze et al, 2005). Few studies conducted with URs have
shown increased response time for fear (Le Masurier et al., 2007) and
increased activation of limbic regions for fear (Mannie et al., 2011;
Monk et al., 2008). While response time is implicated in performance
outcomes of emotion bias tasks, it has not been specified exactly
what the slower response time signifies. It is generally taken as an
indicator of poorer performance, and may indicate greater engage-
ment of the participant with the facial expression, as demonstrated
in attention tasks (Joormann et al., 2007), or decreased information
processing ability (Cooley and Nowicki, 1989). Our results are
consistent with these findings for sad and fear as stimuli relevant
to emotion processing, and with the possibility that negative emotion
biases are associated with familial risk for depression.

With respect to our third hypothesis, our findings did not provide
evidence in support of emotion bias relating to overt symptoms.
Symptom indicators of risk have previously been found to predict
outcomes in emotion identification (Chan et al., 2007; Csukly et al,
2008; Watters and Williams, 2011). However, in the current study,
participants were not selected as being at risk according to symptom
scales and were mostly clustered in the ultra-healthy range. We found
a tendency only for slow response time to sad faces to be related to
lower quality of life in the social domain. This finding fits well with the
social cognitive theories of depression that posit that depression is
associated with lower social functioning due to negative biases in

Test Expression Group Significance Effect Size
UR Control T df P r
Reaction time (emotion—neutral) Sad 992.4+760.9 790.1+569.7 -2.14 200 0.034* 0.149
Anger 796.9+702.4 720.5+565.5 -0.85 199 0.397 0.060
Disgust 898.4+805.7 821.1+873.0 -0.65 196 0.518 0.046
Fear 1336.4+799.9 1005.9+602.8 -3.32 200 0.001** 0.227
Happy -198.1+385.0 -159.1+401.4 0.70 200 0.482 0.032
Reaction time to neutral 1569.2+451.4 1512.5+437.7 -0.91 200 0.366 0.064
Accuracy Sad 72.9+23.1 71.7+£21.8 -0.39 200 0.696 0.027
Anger 61.4+15.5 64.7+15.3 1.54 200 0.126 0.107
Disgust 51.1+16.9 50.6+17.5 -0.20 200 0.839 0.015
Fear 82.6+15.6 78.8+16.6 -1.68 200 0.095 0.117
Happy 98.8+4.5 98.6+3.9 -0.21 200 0.835 0.024
Neutral 91.7+10.8 92.5+10.5 0.44 200 0.659 0.038
* Alpha <0.05.

= Alpha <0.01.
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interpretations of situations. In the absence of overt symptoms, one's
functioning may still be less than optimal. In healthy populations, the
presence of biological markers for MDD may have an effect on
functioning before giving rise to symptoms.

The current study contributes to our understanding of familial
risk for MDD (Gotlib and Goodman, 1999; Mannie et al., 2011;
Talati et al., in press) by using multiple methods to establish family
history status. Error in the reporting of MDDRs was minimized by
first using the FHS—which has good sensitivity with most errors
made in underreporting (Milne et al., 2009)—and a final review by
psychiatrists of all information collected. In this process, we gained
further details regarding MDDRs which can be used to increase
confidence in the familiarity of the MDD for the UR (Kendler et al.,
1999). The FHS has also shown that MDD is the most prevalent
mental illness among MDDRs, with little occurrence of mania or
psychosis, and that mental illness overall is greater in the relatives
of URs than in relatives of controls. The current study has built up
a multifaceted profile of participants that includes symptoms,
functioning scales and ELS history, and a broadly-defined study
population in terms of age, gender and kind of first-degree
relationship. This will enable the further stratification of partici-
pants according to multiple risk markers (e.g., age (Hankin et al.,
1998), gender (Gater et al., 1998), type of ELS (Kessler et al., 2010))
to learn more about the mechanisms that underlie these risk
factors and further integrate them with a biological model.

4.1. Limitations

High-risk family studies are limited by the accurate self-reporting
of participants regarding their mental health history and that of their
first-degree relatives. We used a more complex family history screen
for URs that was not available to controls, which left greater room for
misreporting in controls. Inherently, degree of vulnerability will
differ between URs based on the individual heritability of the
MDD; however, we are able to say that risk for depression is higher
across the UR group (Talati et al., in press).

4.2. Future research

A next step is to consolidate candidate markers and integrate
multiple measures to gain a more comprehensive understanding
of how they work together (e.g., the INTEGRATE framework
(Williams et al., 2008) and Research Domain Criteria (Morris and
Cuthbert, 2012)). Examining multiple measures across several
domains of functioning in the same group of family participants
will increase the depth of our understanding of the mechanisms
through observing different aspects of cognition and emotion with
outcomes at different levels of measurement. In the UR cohort
described in this study, we aim to integrate genetic, brain and
behavioral measures in the domains of emotional, cognitive and
self-regulatory functioning.

Identification of biomarkers will enable the early identification
and screening of those at highest risk in order to target interven-
tions, making interventions more successful and cost-effective. For
example, a study targeting young people at risk due to family
history demonstrated a 20% increased efficiency in reducing
depression compared to a general population (Stice et al., 2008).
Screening tools based on biological markers could be developed to
complement established methods. Further, a brain-based under-
standing of vulnerability for depression could inform the devel-
opment of new approaches to therapy such as those used in
neurotherapy, the development of brain training games, and
objective measurements of therapy outcome.

5. Conclusion

The family study design has great potential for identifying
biomarkers of vulnerability for depression. Our first analyses
confirm that family history of depression accounts for clinically
subtle differences between those with and without a family
history of depression regarding overt symptom levels and more
evident differences in functioning, with little direct role for ELS.
Negative emotion bias in the processing of fear and sadness may
be a marker of vulnerability for depression.
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