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Abstract

Background. In research and clinical practice, familial risk for depression and anxiety is often
constructed as a simple Yes/No dichotomous family history (FH) indicator. However, this
measure may not fully capture the liability to these conditions. This study investigated
whether a continuous familial loading score (FLS), incorporating family- and disorder-specific
characteristics (e.g. family size, prevalence of depression/anxiety), (i) is associated with a poly-
genic risk score (PRS) for major depression and with clinical/psychosocial vulnerabilities and
(ii) still captures variation in clinical/psychosocial vulnerabilities after information on FH has
been taken into account.

Methods. Data came from 1425 participants with lifetime depression and/or anxiety from the
Netherlands Study of Depression and Anxiety. The Family Tree Inventory was used to deter-
mine FLS/FH indicators for depression and/or anxiety.

Results. Persons with higher FLS had higher PRS for major depression, more severe depres-
sion and anxiety symptoms, higher disease burden, younger age of onset, and more neuroti-
cism, rumination, and childhood trauma. Among these variables, FH was not associated with
PRS, severity of symptoms, and neuroticism. After regression out the effect of FH from the
FLS, the resulting residualized measure of FLS was still associated with severity of symptoms
of depression and anxiety, rumination, and childhood trauma.

Conclusions. Familial risk for depression and anxiety deserves clinical attention due to its
associated genetic vulnerability and more unfavorable disease profile, and seems to be better
captured by a continuous score that incorporates family- and disorder-specific characteristics
than by a dichotomous FH measure.

Introduction

Depressive and anxiety disorders are highly prevalent disorders with a substantial impact on
public health (Vos et al., 2012). One of the strongest risk factors for depressive and anxiety
disorders is a family history (FH) of these disorders, with a two-fold increased risk in patients’
first-degree relatives as compared to healthy controls (Levinson, 2005; Micco et al., 2009; Rasic,
Hajek, Alda, & Uher, 2014). Familial risk represents the integration of an underlying genetic
vulnerability as well as enhanced risk due to familial clustering of unfavorable family circum-
stances in (early) life (Smoller, 2016). In light of the serious impact of depressive and anxiety
disorders, there is a clinical need for identification of patients at risk of poorest outcome
(Milne et al., 2009).

Familial risk for depression and anxiety is generally constructed as a simple dichotomiza-
tion [hereafter referred to as family history (FH)] based on the presence (FH+) or absence
(FH-) of a disorder in one or more relatives (e.g. see Milne et al.,, 2008). However, despite
its status as an established risk factor for psychopathology, findings from previous studies
in clinical samples investigating associations of FH with genetic, clinical, and psychosocial vul-
nerabilities for depression and anxiety have been inconsistent. For instance, studies have failed
to find an association between FH and a genome-wide polygenic risk score (PRS) for major
depression even though both are considered as indices of genetic vulnerability (Van Loo
et al,, 2018; Verduijn et al.,, 2017). Some studies showed that FH+ is associated with more
severe and longer duration of illness and younger age of onset (e.g. Holma, Melartin,
Holma, Paunio, & Isometsd, 2011; Husain et al. 2008; Segui et al. 1999; Tozzi et al. 2008)
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while others found no association (Johnson, Andersson-Lundman,
Aberg-Wistedt, & Mathé, 2000; Lamers et al. 2011a). Moreover,
several personality traits (e.g. neuroticism, introversion, external
locus of control; Docherty et al. 2017; Kotov, Gamez, Schmidt,
& Watson, 2010) and depressive/anxiety cognitions (e.g. hopeless-
ness, rumination, anxiety sensitivity; Aldao, Nolen-Hoeksema, &
Schweizer, 2010; Dong, Liu, Oei, Cui, & Xiao, 2018; Gotlib,
Joormann, & Foland-Ross, 2014; Maciejewski, Hillegers, &
Penninx, 2018; Naragon-Gainey, 2010) have been suggested as
endophenotypic traits underlying depression and anxiety. Yet,
only neuroticism and social vulnerabilities, such as childhood
trauma and negative life events, have been investigated in relation
to FH, again with mixed results (neuroticism positively associated:
Holma et al,, 2011; not associated: Duggan, Sham, Minne, Lee, &
Murray, 1998; social vulnerabilities positively associated: Jansen
et al. 2016; Zimmermann et al., 2008, not associated: Manfro
et al. 1996).

These inconsistent findings may be due to the use of a dichot-
omous indicator that, in a highly heterogeneous group of affected
persons (Nandi, Beard, & Galea, 2009), may not fully capture the
liability to depression and anxiety (Corfield, Yang, Martin, &
Nyholt, 2017). For instance, independent of being categorized
as having FH+ or FH—, affected persons may have had a single
2-week episode or chronic depression/anxiety with multiple epi-
sodes, stressing that heterogeneity. By default, a dichotomous
indicator contains less information and therefore less statistical
power to differentiate in terms of associated factors than a con-
tinuous indicator (Cohen, 1983). Specifically, it fails to take into
account informative factors of familial risk for psychopathology
(Milne et al., 2008), such as family size, number of affected family
members, and their age. For instance, younger parental age of
onset and having two (instead of one) affected parents/first-degree
relatives have been shown to further increase the risk for psycho-
pathology (Havinga et al., 2017; Wilde et al., 2014). A continuous
indicator of familial risk that takes these aspects into account may
therefore better reveal a person’s vulnerability for psychopath-
ology (Derks, Verweij, Kahn, & Cahn, 2009).

Few studies investigating clinical samples used a continuous
indicator of familial risk for psychopathology. One study by
Klein, Shankman, and Rose (2008) found that greater familial
loading for depression predicted more severe depression symp-
toms during 10-year follow-up. Although the used continuous
indicators of familial risk incorporated several family-specific
characteristics (number, gender, and availability of direct inter-
views), no disorder-specific characteristics were taken into
account. In contrast, three other studies used an algorithm created
by Verdoux et al. (1996) to generate a continuous familial loading
score (FLS) for psychopathology that incorporated both family-
and disorder-specific characteristics: family size, number of
affected family members, age of the relatives, a disorder’s age
range in which most first onsets appear (age of onset), and a dis-
order’s lifetime prevalence (both for persons with FH+ and per-
sons with FH—). The FLS showed predictive validity for several
clinical outcomes (e.g. more severe symptoms or earlier age of
onset) in psychotic patients (Verdoux et al., 1996) and children
of bipolar parents (Hillegers et al., 2004; Wals et al, 2004).
However, none of these studies directly compared their results
to that of a dichotomous indicator.

Taken together, in clinical samples (i) familial risk for depression
and/or anxiety is often constructed as a dichotomous indicator,
rather than as a more comprehensive continuous indicator that
incorporates both family- and disorder-specific characteristics

Eleonore D. van Sprang et al.

known to be informative of familial risk (Milne et al., 2008), (ii)
the evidence for associated genetic, clinical, and psychosocial vul-
nerabilities is mixed, and (iii) no previous studies directly compared
the performance of a continuous indicator to that of a dichotomous
indicator in terms of such associated vulnerabilities. This is however
important, because many researchers and clinicians rely on mea-
sures of familial risk to potentially identify those patients at risk
of poorest outcome. Therefore, this study aimed to investigate
whether a continuous FLS, constructed according to the algorithm
by Verdoux et al. (1996) which takes into account a wide range of
family- and disorder-specific characteristics, is associated with gen-
etic, clinical, and psychosocial vulnerabilities in persons that are
lifetime affected with depressive and/or anxiety disorders. Second,
we examined whether the continuous FLS provides a more compre-
hensive indicator of familial risk than the dichotomous FH measure
by testing whether the FLS is associated with these vulnerabilities
over and above FH. Considering the high comorbidity (Lamers
et al, 2011b) and shared etiology of depression and anxiety
(Mathew, Pettit, Lewinsohn, Seeley, & Roberts, 2011), FLS/FH indi-
cators were determined for depression and/or anxiety combined.

Methods
Sample

Data were derived from the Netherlands Study of Depression and
Anxiety (NESDA), which is an ongoing longitudinal cohort study
of 2981 adults (2319 participants with a lifetime diagnosis of
depressive and/or anxiety disorders and 652 healthy controls)
aged 18-65 years. Between 2004 and 2007, participants were
recruited from various settings [i.e. primary care practices
(54.0%), specialized mental health institutions (27.1%), and the
general population (18.9%)]. Participants were assessed at baseline,
and 1-, 2-, 4-, 6-, and 9-year follow-up. All participants provided
written informed consent. A detailed description of the NESDA
study design has been reported elsewhere (Penninx et al., 2008).
The present study is based on lifetime-affected persons partici-
pating in the 9-year follow-up of NESDA (with a response rate of
69.4%, N =2069) as this assessment included detailed FH assess-
ment with the Family Tree Inventory (FTI, see below; Fyer &
Weissman, 1999). A focus on lifetime-affected persons reduced
heterogeneity as disease status itself then does not play a con-
founding role, and it best reflects the population generally asked
about FH in practice. Of the 2069 participants at the 9-year
follow-up, 396 were excluded because of no lifetime diagnoses
of depressive (i.e. MDD and dysthymia) and/or anxiety disorder
(i.e. panic disorder with or without agoraphobia, generalized anx-
iety disorder, social phobia, and agoraphobia) using the
DSM-1V-based Composite International Diagnostic Interview
(CID], version 2.1; Wittchen, 1994). The presence of lifetime
diagnoses was based on data collected from baseline, 2-, 4-, 6-,
and 9-year CIDI interviews, and indicated the presence of current
depression and/or anxiety or diagnoses earlier in life. A further
248 were excluded due to missing data on the FTI, leaving 1425
participants for the present analyses. Attrition was low: 1378 par-
ticipants (96.7%) had data on all or all but one of the total of six
assessed waves (exact attrition rates can be found in online
Supplementary ~ Appendix S1). At 9-year follow-up,
lifetime-affected persons with missing FTI data were more often
female [191/248 (77.0%) female] than lifetime-affected persons
with valid FTI data [949/1425 (66.6%) female; x*(1) = 10.56, p<
0.001], but did not significantly differ in age and years of education.
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Materials and measures

Dichotomous family history (FH) indicator

FH information was obtained at 9-year follow-up by interviewing
participants on the occurrence of depression and/or anxiety in
their first-degree relatives (i.e. biological parents and siblings)
using an extended version of the FTI (exact questions can be
found in online Supplementary Appendix S2; Fyer &
Weissman, 1999). First, participants were asked broad, simple
questions on whether they had ever recognized a depressive or
anxiety episode in their first-degree relatives (one question for
each condition). Previous studies showed that affected persons
tend to overestimate the presence of the same psychiatric disor-
ders in their relatives (e.g. see Milne et al. 2008; Vandeleur
et al. 2008, 2015). This was also the case in NESDA: at baseline,
when FH was assessed using a single Yes/No question, FH was
likely substantially overestimated with 79.2% of persons with life-
time depression and/or anxiety (Lamers et al., 2011a) and 71.9%
of healthy controls reporting FH+ (Kruijt et al., 2013). These
numbers are unlikely high considering the Dutch population-
based lifetime prevalence of the disorders of 26.8% (as assessed
by the Netherlands Mental Health Survey and Incidence Studys;
De Graaf, Ten Have, Van Gool, & Van Dorsselaer, 2012) and
may have diluted associations of FH with clinical outcomes as
seen in previous work on NESDA (Lamers et al., 201la;
Penninx et al, 2011; Verduijn et al, 2017; Vreeburg et al,
2010). For these reasons, in the assessment used for the present
study, possible familial depression and anxiety was then validated
for each first-degree relative using follow-up questions (e.g. pres-
ence of core symptoms, restrictions due to complaints, treatment,
and hospital/psych ward admissions). A first-degree relative was
only considered to be affected if participants endorsed (i) at
least one question on presence of depressive/anxiety episodes,
core symptoms, or restrictions and (ii) at least one question on
receiving treatment or being admitted into a hospital/psych
ward for that disorder for that relative. This information was
used to determine a dichotomous FH Yes/No indicator, with
participants reporting one or more affected first-degree relatives
considered to have FH+.

Continuous familial loading score (FLS)

A FLS for depression and/or anxiety was determined using an
algorithm originally designed by Verdoux et al. (1996) for psych-
otic disorder, schizophrenia, and affective disorder, with higher
scores indicating more familial loading for a disorder. This
method calculates a continuous score of familial risk while taking
into account family size, number of affected first-degree relatives,
age of the first-degree relatives, a disorder’s age range in which
most first onsets appear, and a disorder’s lifetime prevalence.
Specifics on participants’ relatives and family were obtained at
9-year follow-up via the FTT (Fyer & Weissman, 1999). A short
description of the calculation of the FLS for depression and/or
anxiety will be given, the more detailed procedure can be found
in online Supplementary Appendix S3.

In the calculation of the FLS, likelihood ratios (LR) were deter-
mined for whether a participant i is at familial risk for depression
and/or anxiety or not, given that a first-degree relative j of age x;;x
is affected (k = 1; see Fig. 1, Formula 1). Similarly, LR were deter-
mined for whether a participant i is at familial risk for these con-
ditions or not, given that a first-degree relative j of age x;; is
unaffected (k =2; see Fig. 1, Formula 2). In these LR, a reflects
the lifetime prevalence of depression and/or anxiety for persons

with FH+ of these conditions (i.e. 0.50; Micco et al. 2009; Rasic
et al. 2014), b reflects the lifetime prevalence of depression and/
or anxiety for persons with FH— of these conditions (i.e. 0.134;
De Graaf et al. 2012; Verdoux et al. 1996), x;; reflects the age
of a first-degree relative j, and ¢ and d reflect the respectively
upper and lower limits of the disorders’ age range in which
most first onsets appear (65 and 5, respectively; De Graaf et al.,
2012). In the absence of a better estimate for parameter b,
which is not precisely known in the literature, we assumed that
this estimate was half of the lifetime prevalence of the disorders
in the general population in the Netherlands (i.e. 26.8%; De
Graaf et al, 2012). This is in line with what was done by the
researchers that developed the FLS algorithm (Verdoux et al,
1996) and by other researchers that used the algorithm in later
studies (Hillegers et al., 2004; Wals et al., 2004). A LR was calcu-
lated for each first-degree relative. Then, for each participant,
individual LR of all their first-degree relatives were multiplied to
yield an overall LR for the extent to which that participant is at
familial risk for depression and/or anxiety or not. As the overall
LR is likely to be highly skewed, the FLS is defined as the common
logarithm of this overall LR (with j the indicator for a first-degree
relative and # the total number of first-degree relatives for a par-
ticipant #; see Fig. 1, Formula 3).

Genetic vulnerability - polygenic risk score (PRS)

A PRS for major depression was built using genotype data in
NESDA, for which details on measurement and quality control
have been previously reported (Mbarek et al., 2017). The PRS
was built leveraging summary statistics from the large genome-
wide association study (GWAS) of major depression from the
Psychiatric Genomics Consortium (PGC; Wray et al,, 2018),
including 135458 cases and 344 901 controls. Details of SNP
selection and PRS building can be found extensively described
elsewhere (Milaneschi et al., 2019). The PRS including ~1.M gen-
etic variants was built according to LDpred method (Vilhjalmsson
et al,, 2015) and was standardized to aid interpretation of the
results.

Clinical vulnerabilities

Past week severity of symptoms was measured with the Inventory
of Depressive Symptomatology-Self Report (IDS-SR; Rush,
Gullion, Basco, Jarrett, & Trivedi, 1996) for depression and via
the Beck Anxiety Inventory (BAL Beck, Epstein, Brown, &
Steer, 1988) for anxiety. For each available wave, IDS-SR and
BAI sum-scores were computed with higher scores indicating
an increased number and severity of symptoms. As depression/
anxiety symptoms have been shown to have relatively high and
similarly high 9-year temporal stability in NESDA [range intra-
class correlations (ICC) 0.54-0.73; range consistency 0.64-0.74;
Struijs et al., 2020], sum-scores were averaged over all available
previous waves at which the variables were assessed in order to
best reflect participants’ overall condition rather than their cur-
rent state (see Table 1 for dependent variable characteristics).
Disease burden of depression and/or anxiety was measured
using the life-chart method, which is a calendar-based standar-
dized interview that assessed the presence and severity of symp-
toms over a period of time before moment of administration
(Lyketsos, Nestadt, Cwi, Heithoff, & Eaton, 1994). The time
frame for the Life-chart was ‘in the past five years’ at baseline
and ‘since the last assessment’ at follow-up assessments. Disease
burden was expressed as the percentage of time spent with depres-
sion/anxiety symptoms over 14 years. To determine the earliest
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Fig. 1. FLS algorithm designed by Verdoux et al. (1996) consisting of three formulas: (1) a formula determining a LR for whether a participant i is at familial risk for
depression and/or anxiety or not, given that a first-degree relative j of age xy is affected (k=1); (2) a formula determining a LR for whether a participant i is at
familial risk for depression and/or anxiety or not, given that a first-degree relative j of age x;i is unaffected (k=2); and (3) a formula calculating the FLS for a par-
ticipant i by multiplying all LR of their affected (k= 1) and unaffected (k =2) first-degree relatives into one overall LR and taking common logarithm of this overall
LR, with j the indicator for a first-degree relative and n the total number of first-degree relatives for a participant i. In these LR, a reflects the lifetime prevalence of
depression and/or anxiety for persons with FH+ (i.e. 0.50; Micco et al. 2009; Rasic et al. 2014), b reflects the lifetime prevalence of depression and/or anxiety for
persons with FH— (i.e. 0.134; De Graaf et al. 2012; Verdoux et al. 1996), and c and d reflect the respectively upper and lower limit of the disorders’ age range in which

most first onsets appear (65 and 5 respectively; De Graaf et al., 2012).

age of onset of depression/anxiety, CIDI data (Wittchen, 1994)
from all available face-to-face assessments were used.

Psychosocial vulnerabilities

As was done for severity of symptoms and in line with the previ-
ously found relatively high and similarly high 9-year temporal sta-
bility of personality traits and depressive/anxiety cognitions in
NESDA (range ICCs 0.53-0.80; range consistency 0.60-0.75;
Struijs et al., 2020), where repeated measures at previous assess-
ment waves were available, sum-scores scores were averaged to
best represent participants’ overall condition.

The Dutch NEO-Five Factor Inventory (NEO-FFL; Hoekstra,
Ormel, & Fruyt, 1996) was used to assess two personality
domains: neuroticism and introversion. The Mastery Scale
(Pearlin & Schooler, 1978) was used to assess external locus of
control. Hopelessness and rumination were measured using two
subscales of the revised Leiden Index of Depression Sensitivity
(LEIDS-R questionnaire; Van Der Does, 2002), which assesses
cognitive reactivity to sadness. The Anxiety Sensitivity Index
(ASL Peterson & Reiss, 1992) was used to measure anxiety sensi-
tivity, which represents the extent to which persons fear poten-
tially negative consequences of anxiety related symptoms and
sensations. Childhood trauma before the age of 16 (i.e. emotional
neglect, psychological abuse, physical abuse, and sexual abuse)
was assessed using the Childhood Trauma Interview (CTL De
Graaf, Bijl, Smit, Vollebergh, & Spijker, 2002). A sum-score was
computed from the experienced number and frequency of child-
hood trauma events. The List of Threatening Experiences (LTE;
Brugha, Bebbington, Tennant, & Hurry, 1985) was used to assess
the total number of recent (i.e. past 3-year) exposures to serious
negative life events (e.g. death of a loved one or loss of a job).

Statistical analyses

Point-biserial correlations were calculated between FH and the
FLS, and between FH and the PRS. A Pearson correlation was cal-
culated between the FLS and the PRS. Analyses including the PRS
were based on a smaller sample (N = 1217, due to missing genetic
data and/or non-European ancestry; Reisberg, Iljasenko, Lill,
Fischer, & Vilo, 2017). Then, the extent to which the FLS and
FH were associated with each of the dependent variables (clin-
ical/psychosocial vulnerabilities) was tested by performing two
linear regression models for each dependent variable: one with
FLS and one with FH as the independent variable and adjusted
for age, gender, and years of education. Next, we investigated
whether the FLS was associated with each of the dependent vari-
ables over and above FH. As a first step, (unstandardized) FLS
residuals were saved from a linear regression analysis regressing
FLS on FH. As a second step, we examined whether this residua-
lized FLS was associated with each of the clinical and psychosocial
vulnerabilities using linear regression analyses adjusted for age,
gender, and years of education of the participant.

The Benjamini-Hochberg procedure with a false discovery rate
of 5% was used to correct for multiple testing (Benjamini &
Hochberg, 1995). Raw p values were reported. All analyses were
performed in SPSS, version 24 (IBM Corp., Armonk, NY,
USA). The code for the FLS calculation and the analyses of this
paper are published online on the Open Science Framework
(https://ost.io/gbj3z/files/).

Results

Of the 1425 lifetime-affected persons included (66.6% female,
26-75 years), 59.8% reported FH+ of depression and/or anxiety
(see Table 2 for sample characteristics). Persons with FH+ were
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Table 1. Measurement characteristics for clinical and psychosocial vulnerabilities

Variable

Vulnerabilities Type Range Time points of assessment
Severity of depression symptoms (IDS-SR) Sum-score (28 items)? 0-84 Baseline, 1-, 2-, 4-, 6-, 9-year follow-up
Severity of anxiety symptoms (BAI) Sum-score (21 items)?® 0-63 Baseline, 1-, 2-, 4-, 6-, 9-year follow-up
Disease burden (Life-chart) % time spent with depression/anxiety 0-100 Baseline, 2-, 4-, 6-, 9-year follow-up

symptoms in past 14 years
Age of onset of depression/anxiety Earliest age of onset (in years) N/A Baseline, 2-, 4-, 6-, 9-year follow-up
(CIDI, version 2.1)
Neuroticism (NEO-FFI) Subdomain sum-score (12 items)? 12-60 Baseline, 2-, 4-year follow-up
Introversion (NEO-FFI) Subdomain sum-score (12 items)? 12-60 Baseline, 2-, 4-year follow-up
External locus of control (Mastery Scale) Sum-score (5 items)? 5-25 Baseline, 2-, 4-, 6-, 9-year follow-up
Hopelessness (LEIDS-R) Subscale sum-score (5 items)® 4-20 Baseline, 2-, 4-, 6-, 9-year follow-up
Rumination (LEIDS-R) Subscale sum-score (6 items)? 4-24 Baseline, 2-, 4-, 6-, 9-year follow-up
Anxiety sensitivity (ASI) Sum-score (16 items)? 0-64 Baseline, 2-, 9-year follow-up
Childhood trauma (CTI) Sum-score of number and frequency of events 0-8 Baseline
Recent” negative life events (LTE) Total number of past 3-year events (12 items) 0-12 9-year follow-up

IDS-SR, Inventory of Depressive Symptomatology-Self Report; BAI, Beck Anxiety Inventory; CIDI, Composite International Diagnostic Interview; NEO-FFI, NEO Five Factor Inventory; LEIDS-R,
Leiden Index of Depression Sensitivity-Revised; ASI, Anxiety Sensitivity Index; CTI, Childhood Trauma Interview; LTE, List of Threatening Experiences.

(Subscale/subdomain) sum-scores were averaged over all available NESDA waves.
bPast 3-year.

younger (p<0.001) and were from larger families (p <0.001)
than persons with FH—, but did not differ in gender (p=0.057)
and years of education (p=0.484). As expected, a strong, signifi-
cant correlation was found between the FLS and FH (r=0.65, p
<0.001) and persons with FH+ had a higher FLS than persons
with FH—, #(1423) = —32.16, p < 0.001. FLS was approximately nor-
mally distributed and even within FH Yes/No groups a substantial
amount of variability in scores was observed (Fig. 2). Moreover,
persons with FH+ and persons with FH— showed a considerable
overlap in FLS.

Associations of familial risk with genetic, clinical,
and psychosocial vulnerabilities

Weak positive correlations were found between the PRS and
FLS (r=0.07, p=0.023) and between the PRS and FH (r=0.05,
p =0.081). With respect to associated clinical vulnerabilities, results
from linear regression analyses showed that lifetime-affected per-
sons with higher FLS for depression and/or anxiety had more severe
symptoms of depression (= 0.07, p = 0.010) and anxiety (8 =0.07,
p =0.016), higher disease burden (= 0.10, p = 0.001), and younger
age of onset (f=—0.09, p = 0.001; Table 3). FLS for depression and/
or anxiety was also associated with several psychosocial vulnerabil-
ities: those with higher FLS showed higher levels of neuroticism
(8=0.07, p=0.021), rumination (f=0.12, p <0.001), and experi-
enced more childhood trauma (#=0.13, p <0.001). We found
some of these associations with clinical and psychosocial vulner-
abilities for the dichotomous FH indicator, but associations were
not significant for severity of symptoms of depression (8= 0.02,
p=0521) and anxiety (8=0.02, p=0.350), and neuroticism
(8=0.05, p=0.073). Further analyses using separately the more
simple continuous indicators included in the FLS, such as number
and proportion of affected first-degree relatives, showed a lower
number of significant associations as compared to the use of the

composite FLS index: associations with severity of symptoms
were not significant with both single indicators, and number of
affected relatives was additionally not associated with the PRS
and neuroticism (results not shown).

After regressing out the effect of FH from the FLS (8=0.65,
p <0.001), the residualized FLS showed still significant associations
with severity of symptoms of depression (8=0.08, p=0.005) and
anxiety (f=0.07, p=0.021), rumination (f=0.06, p =0.002), and
childhood trauma (8=0.08, p=0.008). Thus, the FLS was asso-
ciated with severity of symptoms, rumination, and childhood
trauma, over and above FH. No significant associations were
found between the residualized FLS and other clinical and
psychosocial vulnerabilities. As could be expected from the small
significant correlation between the FLS and PRS, regressing out
the effect of the PRS from the FLS (8=0.07, p=0.023) did not
change results: the residualized FLS showed still significant associa-
tions with all vulnerabilities that previously showed significant
associations with the FLS when the PRS was not regressed out
(see online Supplementary Appendix S4).

Discussion

The present study showed that a continuous measure of familial
risk (FLS), incorporating family- and disorder-specific character-
istics (e.g. family size and prevalence), was associated with higher
genetic vulnerability for major depression and several clinical/psy-
chosocial ~ vulnerabilities for depression and anxiety.
Lifetime-affected persons with a higher depression and/or anxiety
FLS had more severe symptoms, higher disease burden, and earl-
ier age of onset, as well as higher levels of neuroticism, rumin-
ation, and childhood trauma, indicating an overall more
unfavorable disease profile. Importantly, the continuous FLS
was associated with more severe symptoms, rumination, and
childhood trauma over and above the dichotomous FH measure.
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Table 2. Socio-demographics, clinical and psychosocial vulnerabilities, and
family characteristics of participants (N =1425)

Sample characteristics N/M %/s.D.
Socio demographics
Female (N; %) 949 66.60
Age (M years; s.p.) 51.12 12.82
Years of education (M; s.p.) 12.84 3.28
Clinical vulnerabilities
Severity of depression symptoms (M; s.p.) 18.65  10.30
Severity of anxiety symptoms (M; s.p.) 10.15 7.36
Disease burden (M % of time with depression/anxiety 46.77  32.77
symptoms in past 14 years; s.p.)
Age of onset of depression/anxiety (M years; s.p.) 2155 13.74
Psychosocial vulnerabilities
Neuroticism (M; s.p.) 35.83 7.30
Introversion (M; s.p.) 35.24 6.50
External locus of control (M; s.p.) 12.28 3.71
Hopelessness (M; s.p.) 431 3.44
Rumination (M; s.p.) 8.42 4.00
Anxiety sensitivity (M; s.o.) 28.60 7.65
Childhood trauma (M; s.p.) 1.68 2.09
Recent® negative life events (M no.; s.0.) 1.86 1.44
Family characteristics
First-degree relatives per family (M no.; s.p.) 451 2.08
First-degree relatives per family with lifetime 0.97 1.08
depression and/or anxiety (M no.; s.p.)
Age sibling(s)® (M years; s.0.) 50.24  13.60
Age mother (M years; s.p.) 73.06  13.00
Age father (M years; s.o.) 7138 11.89
FH of depression and/or anxiety (N; % yes) 852 59.79
FLS for depression and/or anxiety —0.28 0.94

(M; s.p.)

s.n., standard deviation; M, mean; depression, major depressive disorder or dysthymia;
anxiety, panic disorder with or without agoraphobia, generalized anxiety disorder, social
phobia, agoraphobia.

Note. Sample sizes vary slightly due to marginally missing data.

Past 3-year.

“Valid data on N=1311 as 114 participants indicated that they do not have any siblings.

Overall, our results suggest that FLS is a more comprehensive
indicator of familial risk by detecting genetic, clinical and psycho-
social vulnerabilities for depression and anxiety that are (partly)
unidentified by the dichotomous measure.

Associations of familial risk with genetic, clinical,
and psychosocial vulnerabilities

Lifetime-affected persons with high familial risk had higher scores
on an established index for major depression liability in genetics
(PRS), which was consistent with previous findings indicating that
familial risk (partly) represents an underlying genetic vulnerabil-
ity for depression and anxiety (Smoller, 2016).

Furthermore, supporting most previous studies, a higher FLS
was associated with younger age of onset (Hillegers et al., 2004;
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Husain et al,, 2008; Segui et al., 1999; Tozzi et al., 2008; Wals
et al., 2004) as well as more severe symptoms and higher disease
burden of depression and anxiety (Holma et al., 2011; Klein et al.,
2008). Whereas psychopathology in lifetime-affected persons with
low familial risk for depression and/or anxiety may be mainly
explained by external factors (e.g. by negative life events), persons
with high familial risk are likely exposed to additional risk factors
(besides the inherited genetic risk) that are associated with grow-
ing up with an affected sibling or parent (Lukens & Thorning,
2011). For instance, parental neglect (e.g. as a result of increased
needs of an affected sibling; Del Rosario & Keefe, 2003) may fur-
ther increase a person’s vulnerability for poor outcome.

Additionally, our findings show that the impact of familial risk
extends to a wide range of psychosocial vulnerabilities. In addition
to neuroticism, which was previously found to be associated with
familial risk in one study (Holma et al., 2011) but not in another
(Duggan et al., 1998), we revealed two additional associated psy-
chosocial vulnerabilities - rumination and childhood trauma.
One explanation for this finding is that familial risk may indir-
ectly trigger depression and anxiety via neuroticism, rumination
(Du Pont, Rhee, Corley, Hewitt, & Friedman, 2019), and child-
hood trauma (Brietzke et al., 2012; Jansen et al., 2016). For
instance, with regard to childhood trauma, parental psychopath-
ology may have a negative impact on offspring functioning via
an increased risk for adverse (i.e. more hostile, negative, and dis-
engaged/withdrawn) parenting behavior (National Research
Council & Institute of Medicine, 2009). Research has shown
that parents account for 80% of the identified perpetrators of
childhood trauma (i.e. emotional/physical maltreatment; Hovens
et al., 2010). With respect to rumination, an overcontrolling par-
enting style due to parental psychopathology may increase the
risk for future rumination in offspring (Hilt, Armstrong, &
Essex, 2012; Spasojevic & Alloy, 2002).

How to construct familial risk for depression
and anxiety - FLS versus FH

Our findings showed a substantial amount of variability in FLS,
even within FH groups, and a considerable overlap in FLS
between FH groups. Overall, this indicates that familial risk is a
complex and dimensional construct, and that a simple dichotomi-
zation may not fully capture the heterogeneity in familial risk.
Crucially, this indicates that if lifetime-affected persons have
one or more family members with depression and/or anxiety
(FH+), information about the number of affected and unaffected
first-degree relatives they have, the age of these relatives, in what
age range most first onsets appear, and what the lifetime
prevalence of the disorders is, additionally contributes to the
degree of familial risk. Similarly, lifetime-affected persons with
FH— still showed substantial variability in FLS even though
their first-degree relatives were all reported to be unaffected.

In further support of our hypothesis that a continuous FLS
provides a more comprehensive indicator of familial risk than a
dichotomous FH measure, the FLS was associated with severity
of depression/anxiety symptoms, rumination, and childhood
trauma when the effect of FH was regressed out of FLS.
Additionally, the FLS was able to pick up on a genome-wide
PRS for major depression, severity of depression/anxiety symp-
toms, and neuroticism, whereas FH was not. While there are cur-
rently no studies available regarding the various psychometric
properties of the FLS, for instance reliability, previous studies
have indicated predictive validity of the FLS for several clinical
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Fig. 2. Frequency distribution of the FLS for depression and/or anxiety in lifetime-affected persons (N = 1425), segmented across FH Yes (FH+)/No (FH-) groups. A
higher FLS reflects a higher familial load. FH, family history; FLS, familial loading score; M, mean; s.o., standard deviation.

outcomes (e.g. more severe symptoms or earlier age of onset) in
psychotic patients (Verdoux et al., 1996) and children of bipolar
parents (Hillegers et al., 2004; Wals et al., 2004). Our results pro-
vide further evidence of predictive validity of the FLS for several
genetic, clinical, and psychosocial vulnerabilities, even after infor-
mation on FH has been accounted for.

Our findings may be explained by the fact that by default the
dichotomous FH indicator has less statistical power to differenti-
ate in terms of such vulnerabilities as compared to the continuous
FLS (in particular for associations with the PRS, effect sizes were
rather similar; Cohen, 1983). However, a previous community
sample study found no difference in predictive validity (of dis-
order status) between a dichotomous FH and several continuous
scores (e.g. the number and proportion of affected relatives; Milne
et al,, 2008). Moreover, sensitivity analyses suggest that more sim-
ple continuous indicators included in the FLS, such as number
and proportion of affected first-degree relatives, were also outper-
formed by the FLS. Specifically, associations with severity of
symptoms were not significant for both single indicators, and
number of affected relatives was additionally not associated with
the PRS and neuroticism. Another explanation is that besides hav-
ing more statistical power, a continuous FLS may be able to cap-
ture more information by taking into account several family- and
disorder-specific characteristics and is therefore likely to better
reveal a person’s vulnerability for psychopathology (Derks et al.,
2009). Together, both explanations may explain why, in contrast
to findings of the present study, several previous studies failed
to find associations between familial risk (measured as FH) and

liability for major depression (as indicated by a PRS; Van Loo
et al. 2018; Verduijn et al. 2017), number of depressive episodes,
age of onset (Johnson et al., 2000), severity of depression symp-
toms (Lamers et al.,, 2011a), neuroticism (Duggan et al., 1998),
and stressful life events (Manfro et al., 1996).

Strengths and limitations

Strengths of the present study include the relatively large
community-based sample recruited from diverse settings; the
extensive FH assessment (including several validating questions)
and diagnostic interviews including the full spectrum of depres-
sive and/or anxiety disorders; the wide variety of assessed genetic,
clinical, and psychosocial vulnerabilities; the adequate correction
for multiple testing; and the use of a PRS based on a large inter-
national consortium that was built using the new LDpred method,
which has shown an improved predictive performance compared
with other methods (Vilhjalmsson et al., 2015).

Some limitations should be noted as well while interpreting the
results. First, the present study performed cross-sectional analyses
as only earlier assessment waves were available for clinical and
psychosocial vulnerabilities. Thus, no conclusions can be drawn
on the direction of associations between familial risk and genetic,
clinical, and psychosocial vulnerabilities. Prospective longitudinal
studies need to confirm the suggested underlying mechanisms of
familial transmission. Overall, effect sizes for FLS were rather
small underscoring the need to establish the clinical relevance
of this familial risk measure. Recent studies have indicated that
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Table 3. Adjusted® associations of FLS and FH Yes/No indicators for depression and/or anxiety with clinical and psychosocial vulnerabilities (N = 1425)

Measures of familial risk for depression and/or anxiety

FLS FH (Yes/No)
Vulnerabilities b [95% Cly] B b (95% Clp) B
Clinical
Severity of depressive symptoms 0.80 [0.19 to 1.42] 0.07* 0.35 [=0.72 to 1.43] 0.02
Severity of anxiety symptoms 0.54 [0.10 to 0.98] 0.07* 0.37 [-0.40 to 1.13] 0.02
Disease burden® 3.30 [1.30 to 5.30] 0.10** 4.96 [1.47 to 8.45] 0.07**
Age of onset of depression/anxiety -1.31 [-2.09 to —0.52] —0.09** —2.56 [-3.93 to —1.19] —0.09***
Psychosocial
Neuroticism 0.52 [0.08 to 0.97] 0.07* 0.71 [—0.07 to 1.48] 0.05
Introversion 0.24 [-0.15 to 0.63] 0.03 0.26 [—0.42 to 0.94] 0.02
External locus of control 0.11 [—0.11 to 0.34] 0.03 0.28 [=0.11 to 0.67] 0.04
Hopelessness 0.19 [-0.02 to 0.40] 0.05 0.31 [—0.05 to 0.68] 0.04
Rumination 0.49 [0.25 to 0.73] 0.12*** 0.74 [0.32 to 1.17] 0.09***
Anxiety sensitivity 0.26 [-0.21 to 0.73] 0.03 0.29 [~0.53 to 1.10] 0.02
Childhood trauma 0.29 [0.17 to 0.42] 0.13*** 0.40 [0.18 to 0.62] 0.09***
Recent® negative life events 0.06 [-0.03 to 0.15] 0.04 0.16 [0.003 to 0.31] 0.05

b, unstandardized regression coefficient; 95% Cl,, 95% confidence interval of b; 3, standardized regression coefficient.
Note. Sample sizes vary slightly due to marginally missing data. Significance is indicated with raw p values using the Benjamini-Hochberg procedure (Benjamini & Hochberg, 1995) with a

false discovery rate of 5% to correct for multiple testing.

?All linear regression models were adjusted for age, gender, and years of education.
PMeasured as mean % of time with depression/anxiety symptoms in past 14 years.
“Past 3-year.

***p <0.001; **p<0.01; *p <0.05.

psychiatric disorders are transmitted from one generation to the
next with little specificity (Dean et al., 2018; Martel et al., 2017;
McLaughlin et al., 2012). In this study, FLS/FH indicators were
restricted to familial risk for depressive and anxiety disorders as
FH information on other psychiatric disorders was not assessed
systematically in NESDA. Future studies should look at a broad
range of psychiatric disorders in relatives in order to determine
cross-disorder transmissions related to the FLS. In addition, FH
information was acquired indirectly by interviewing participants
on their first-degree relatives. Nevertheless, using indirect inter-
views rather than examining relatives in person is less expensive
and time consuming, making it a convenient method of FH
assessment both in research and clinical practice (Hardt &
Franke, 2007). Although the validating information on receiving
treatment or medical attention will have likely prevented overesti-
mation of familial risk as found in an earlier NESDA study
(Lamers et al., 2011a), we did not have information on affected
relatives that never sought treatment, which limits generalizability
to relatives with milder problems. Moreover, there was no data on
second-degree relatives (such as grandparents), which may have
resulted in further imprecision. However, the effect of familial
risk due to second-degree relatives has been shown to be substan-
tially smaller than the risk due to first-degree relatives (e.g.
Isomura et al. 2015; Weissman et al. 2016). The overlap between
facets of neuroticism and depression/anxiety symptoms (Luciano
et al,, 2018; Ormel, Rosmalen, & Farmer, 2004) may have resulted
in a slight overestimation of the magnitude of the association
between neuroticism and the FLS for depression and/or anxiety.
However, previous evidence indicates that neuroticism and
depression/anxiety are not completely overlapping measures of

the same underlying liability but are (at least partly) different con-
structs, as shown in recent genomic (Adams et al., 2019) and self-
report studies (Uliaszek et al., 2009). As adequate PRS for anxiety
disorders are still lacking (Walter et al., 2013), we were limited to
comparing associations between FLS/FH and a PRS for major
depression only. However, considering the high comorbidity
(Lamers et al., 2011b) and shared etiology of depression and anx-
iety (Mathew et al., 2011), it is likely that results would have been
similar when PRS for anxiety disorders were used.

Conclusions and implications

In research and clinical practice, information about familial risk
for depression and anxiety is often assessed using a single ques-
tion about the presence of FH and constructed as a simple,
dichotomous indicator. As such, this measure has likely led to
an overestimation of familial risk, potentially diluting associations
with clinical outcomes in previous studies, and may not fully cap-
ture the liability to depression and anxiety. Although associations
with genetic, clinical, and psychosocial vulnerabilities were small,
our findings contribute to the literature on familial risk of com-
mon mental health disorders: In lifetime-affected persons, the
impact of a continuous FLS seems to extend to a wide range of
different dimensions of familial transmission of depression and
anxiety. Moreover, when indicators of familial risk are based on
extensive FH interviews, our results suggest that although FH is
an informative indicator of familial risk in terms of associated
vulnerabilities, a continuous FLS is even more so and may better
capture the heterogeneity of familial risk in lifetime-affected
persons. This potentially underscores the importance of using a
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continuous FLS rather than a dichotomous FH indicator of famil-
ial risk for depression and anxiety. Thus in research, FH informa-
tion should be asked out extensively and an online tool could be
developed that automatically implements the FLS algorithm so
that it can be easily applied in practice (e.g. embedded in a web-
site, by only requiring the number of first-degree relatives, their
age, and whether or not they are affected to be entered; see
code on the Open Science Framework).

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0033291720002299.

Financial support. The infrastructure for the NESDA study (https:/www.
nesdanl) is funded through the Geestkracht program of the Netherlands
Organization for Health Research and Development (ZonMw, grant number
10-000-1002) and financial contributions by participating universities and men-
tal health care organizations (VU University Medical Center, GGZ inGeest,
Leiden University Medical Center, Leiden University, GGZ Rivierduinen,
University Medical Center Groningen, University of Groningen, Lentis, GGZ
Friesland, GGZ Drenthe, and Rob Giel Onderzoekscentrum).

Conflict of interest. None.

References

Adams, M. J., Howard, D. M., Luciano, M., Clarke, T.-K., Davies, G., Hill, W.
D., ... McIntosh, A. M. (2019). Genetic stratification of depression by neur-
oticism: Revisiting a diagnostic tradition. Psychological Medicine, 1-10.
https://doi.org/10.1017/S0033291719002629

Aldao, A., Nolen-Hoeksema, S., & Schweizer, S. (2010). Emotion-regulation
strategies across psychopathology: A meta-analytic review. Clinical
Psychology Review, 30(2), 217-237. https://doi.org/10.1016/j.cpr.2009.11.004

Beck, A. T., Epstein, N., Brown, G., & Steer, R. A. (1988). An inventory for
measuring clinical anxiety: Psycometric properties. Journal of Consulting
and Clinical Psychology, 56(6), 893-897. https://doi.org/10.1037/0022~
006X.56.6.893

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery rate: A
practical and powerful approach to multiple testing. Journal of the Royal
Statistical Society: Series B (Methodological), 57(1), 289-300. https://doi.
org/10.1111/j.2517-6161.1995.tb02031.x

Brietzke, E., Sant’anna, M. K., Jackowski, A., Grassi-Oliveira, R., Bucker, J.,
Zugman, A, ... Bressan, R. A. (2012). Impact of childhood stress on psy-
chopathology. Revista Brasileira de Psiquiatria, 34(4), 480-488. https://doi.
0rg/10.1016/j.rbp.2012.04.009

Brugha, T., Bebbington, P., Tennant, C., & Hurry, J. (1985). The list of threa-
tening experiences: A subset of 12 life event categories with considerable
long-term contextual threat. Psychological Medicine, 15(1), 189-194.
https://doi.org/10.1017/5003329170002105X

Cohen, J. (1983). The cost of dichotomization. Applied Psychological
Measurement, 7(3), 249-253. https://doi.org/10.1177/014662168300700301

Corfield, E. C,, Yang, Y., Martin, N. G., & Nyholt, D. R. (2017). A continuum
of genetic liability for minor and major depression. Translational Psychiatry,
7(5), el131. https://doi.org/10.1038/tp.2017.99

Dean, K., Green, M. J., Laurens, K. R,, Kariuki, M., Tzoumakis, S., Sprague, T.,
... Carr, V. J. (2018). The impact of parental mental illness across the full
diagnostic spectrum on externalising and internalising vulnerabilities in
young offspring. Psychological Medicine, 48(13), 2257-2263. https://doi.
org/10.1017/50033291717003786

De Graaf, R, Bijl, R. V., Smit, F., Vollebergh, W. A. M., & Spijker, J. (2002).
Risk factors for 12-month comorbidity of mood, anxiety, and substance
use disorders: Findings from the Netherlands Mental Health Survey and
Incidence Study. American Journal of Psychiatry, 159(4), 620-629. https:/
doi.org/10.1176/appi.ajp.159.4.620

De Graaf, R., Ten Have, M., Van Gool, C., & Van Dorsselaer, S. (2012).
Prevalence of mental disorders and trends from 1996 to 2009. Results
from the Netherlands Mental Health Survey and Incidence Study-2.

Social Psychiatry and Psychiatric Epidemiology, 47(2), 203-213. https://doi.
0rg/10.1007/s00127-010-0334-8

Del Rosario, B., & Keefe, E. B. (2003). Effects of sibling relationship with a
child with severe disabilities on the child without disabilities: A review of
research. Developmental Disabilities Bulletin, 31(2), 102-129.

Derks, E. M., Verweij, K. H. W,, Kahn, R. S., & Cahn, W. C. (2009). The cal-
culation of familial loading in schizophrenia. Schizophrenia Research, 111
(1-3), 198-199. https://doi.org/10.1016/j.schres.2009.02.013

Docherty, A. R., Edwards, A. C,, Yang, F., Peterson, R. E., Sawyers, C., Adkins,
D.E, ... Kendler, K. S. (2017). Age of onset and family history as indicators
of polygenic risk for major depression. Depression and Anxiety, 34(5), 446-
452. https://doi.org/10.1002/da.22607

Dong, X., Liu, J., Oei, T. P. S., Cui, L., & Xiao, J. (2018). A cognitive model of
the familial transmission of depression. Journal of Aggression, Maltreatment
and Trauma, 00(00), 1-18. https://doi.org/10.1080/10926771.2018.1501456

Duggan, C., Sham, P., Minne, C,, Lee, A., & Murray, R. M. (1998). Family his-
tory as a predictor of poor long-term outcome in depression. British Journal
of Psychiatry, 173(6), 527-530. https://doi.org/10.1192/bjp.173.6.527

Du Pont, A., Rhee, S. H., Corley, R. P, Hewitt, J. K., & Friedman, N. P. (2019).
Are rumination and neuroticism genetically or environmentally distinct risk
factors for psychopathology? Journal of Abnormal Psychology, 128(5), 385—
396. https://doi.org/10.1037/abn0000430

Fyer, A. J., & Weissman, M. M. (1999). Genetic linkage study of panic: Clinical
methodology and description of pedigrees. American Journal of Medical
Genetics, 88(2), 173-181. https:/doi.org/10.1002/(SICI)1096-8628(19990416)88:
2<173:AID-AJMG15>3.0.CO;2-#

Gotlib, I. H., Joormann, J., & Foland-Ross, L. C. (2014). Understanding famil-
ial risk for depression: A 25-year perspective. Perspectives on Psychological
Science, 9(1), 94-108. https://doi.org/10.1177/1745691613513469

Hardt, J., & Franke, P. (2007). Validity, reliability and objectivity of the family
history method in psychiatry: A meta analysis. European Psychiatry, 22(1),
49-58. https:/doi.org/10.1016/j.eurpsy.2006.10.003

Havinga, P. J., Boschloo, L., Bloemen, A. J. P., Nauta, M. H., De Vries, S. O,,
Penninx, B. W. J. H,, ... Hartman, C. A. (2017). Doomed for disorder? High
incidence of mood and anxiety disorders in offspring of depressed and anx-
ious patients: A prospective cohort study. Journal of Clinical Psychiatry, 78
(1), e8—el7. https://doi.org/10.4088/JCP.15m09936

Hillegers, M. H. J., Burger, H., Wals, M., Reichart, C. G., Verhulst, F. C., Nolen,
W. A., & Ormel, J. (2004). Impact of stressful life events, familial loading
and their interaction on the onset of mood disorders. British Journal of
Psychiatry, 185(2), 97-101. https://doi.org/10.1192/bjp.185.2.97

Hilt, L. M., Armstrong, J. M., & Essex, M. J. (2012). Early family context and
development of adolescent ruminative style: Moderation by temperament.
Cognition and Emotion, 26(5), 916-926. https://doi.org/10.1080/02699931.
2011.621932

Hoekstra, R. A., Ormel, J., & Fruyt, F. D. (1996). Handleiding NEO persoonlij-
kheidsvragenlijsten. Lisse: Swets Test Services.

Holma, K. M., Melartin, T. K., Holma, I. A. K., Paunio, T., & Isometsi, E. T.
(2011). Family history of psychiatric disorders and the outcome of psychi-
atric patients with DSM-IV major depressive disorder. Journal of Affective
Disorders, 131(1-3), 251-259. https:/doi.org/10.1016/j.jad.2010.12.016

Hovens, J. G. F. M., Wiersma, J. E., Giltay, E. J., Van Oppen, P., Spinhoven, P.,
Penninx, B. W. J. H,, & Zitman, F. G. (2010). Childhood life events and
childhood trauma in adult patients with depressive, anxiety and comorbid
disorders vs. controls. Acta Psychiatrica Scandinavica, 122(1), 66-74.
https://doi.org/10.1111/j.1600-0447.2009.01491.x

Husain, M. M., Rush, A. J., Wisniewski, S. R., McClintock, S. M., Fava, M.,
Nierenberg, A. A,, ... Trivedi, M. H. (2008). Family history of depression
and therapeutic outcome: Findings from STAR* D. The Journal of
Clinical Psychiatry, 70(2), 185-195. https://doi.org/10.4088/JCP.07m03571

Isomura, K., Boman, M., Riick, C., Serlachius, E., Larsson, H., Lichtenstein, P.,
& Mataix-Cols, D. (2015). Population-based, multi-generational family
clustering study of social anxiety disorder and avoidant personality dis-
order. Psychological Medicine, 45(8), 1581-1589. https:/doi.org/10.1017/
S0033291714002116

Jansen, K., Cardoso, T. A., Fries, G. R, Branco, J. C,, Silva, R. A., Kauer-
Sant’Anna, M., ... Magalhaes, P. V. S. (2016). Childhood trauma, family
history, and their association with mood disorders in early adulthood.

Downloaded from https://www.cambridge.org/core. University of Groningen, on 27 Jul 2020 at 11:22:45, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/50033291720002299



10

Acta Psychiatrica Scandinavica, 134(4), 281-286. https://doi.org/10.1111/
acps.12551

Johnson, L., Andersson-Lundman, G., Aberg—Wistedt, A., & Mathé, A. A.
(2000). Age of onset in affective disorder: Its correlation with hereditary
and psychosocial factors. Journal of Affective Disorders, 59(2), 139-148.
https://doi.org/10.1016/S0165-0327(99)00146-9

Klein, D. N., Shankman, S. A., & Rose, S. (2008). Dysthymic disorder and dou-
ble depression : Prediction of 10-year course trajectories and outcomes. 42,
408-415. https://doi.org/10.1016/j.jpsychires.2007.01.009

Kotov, R, Gamez, W., Schmidt, F., & Watson, D. (2010). Linking ‘Big’ person-
ality traits to anxiety, depressive, and substance use disorders: A
meta-analysis. Psychological Bulletin, 136(5), 768-821. https://doi.org/10.
1037/a0020327

Kruijt, A.-W., Antypa, N., Booij, L., De Jong, P. J., Glashouwer, K., Penninx,
B. W. J. H, & Van Der Does, A. J. W. (2013). Cognitive reactivity,
implicit associations, and the incidence of depression: A two-year prospect-
ive study. PLoS ONE, 8(7), €70245. https:/doi.org/10.1371/journal.pone.
0070245

Lamers, F, Beekman, A. T. F, De Jonge, P., Smit, J. H., Nolen, W. A,, &
Penninx, B. W. J. H. (2011a). One-year severity of depressive symptoms:
Results from the NESDA study. Psychiatry Research, 190(2-3), 226-231.
https://doi.org/10.1016/j.psychres.2011.07.005

Lamers, F,, Van Oppen, P., Comijs, H. C., Smit, J. H., Spinhoven, P., Van
Balkom, A. J. L. M,, ... Penninx, B. W. J. H. (2011b). Comorbidity patterns
of anxiety and depressive disorders in a large cohort study: The Netherlands
study of depression and anxiety (NESDA). Journal of Clinical Psychiatry, 72
(3), 341-348. https://doi.org/10.4088/JCP.10m06176blu

Levinson, D. F. (2005). Meta-analysis in psychiatric genetics. Current Psychiatry
Reports, 7(2), 143-152. https://doi.org/10.1007/s11920-005-0012-9

Luciano, M., Hagenaars, S. P., Davies, G., Hill, W. D., Clarke, T. K., Shirali, M., ...
Deary, 1. J. (2018). Association analysis in over 329,000 individuals identifies
116 independent variants influencing neuroticism. Nature Genetics, 50(1), 6-
11. https:/doi.org/10.1038/s41588-017-0013-8

Lukens, E., & Thorning, H. (2011). Siblings in families with mental illness. In J.
Caspi (Ed.), Sibling development: Implications for mental health practici-
oners (pp. 195-219). New York, NY: Springer Publishing Company.

Lyketsos, C. G., Nestadt, G., Cwi, J., Heithoff, K., & Eaton, W. W. (1994). The
Life Chart Interview: A standardized method to describe the course of
psychopathology. International Journal of Methods in Psychiatric
Research, 4(3), 143-155.

Maciejewski, D. F., Hillegers, M. H. J., & Penninx, B. W. J. H. (2018). Offspring
of parents with mood disorders: Time for more transgenerational research,
screening and preventive intervention for this high-risk population. Current
Opinion in Psychiatry, 31(4), 349-357. https://doi.org/10.1097/YCO.
0000000000000423

Manfro, G. G., Otto, M. W., Mcardle, E. T., Worthington, J. J., Rosenbaum, J.
F.,, & Pollack, M. H. (1996). Relationship of antecedent stressful life events
to childhood and family history of anxiety and the course of panic disorder.
Journal of Affective Disorders, 41(2), 135-139. https://doi.org/10.1016/
S0165-0327(96)00081-X

Martel, M. M., Pan, P. M., Hoffmann, M. S., Gadelha, A., do Rosario, M. C.,
Mari, J. J., ... Salum, G. A. (2017). A general psychopathology factor ( p fac-
tor) in children: Structural model analysis and external validation through
familial risk and child global executive function. Journal of Abnormal
Psychology, 126(1), 137-148. https:/doi.org/10.1037/abn0000205

Mathew, A. R, Pettit, J. W., Lewinsohn, P. M., Seeley, J. R,, & Roberts, R. E.
(2011). Co-morbidity between major depressive disorder and anxiety disor-
ders: Shared etiology or direct causation? Psychological Medicine, 41(10),
2023-2034. https://doi.org/10.1017/S0033291711000407

Mbarek, H., Milaneschi, Y., Hottenga, J.-J., Ligthart, L., De Geus, E. J. C., Ehlj,
E. A, ... Penninx, B. W. J. H. (2017). Genome-wide significance for PCLO
as a gene for major depressive disorder. Twin Research and Human
Genetics, 20(4), 267-270. https:/doi.org/10.1017/thg.2017.30

McLaughlin, K. A, Gadermann, A. M., Hwang, I, Sampson, N. A,
Al-Hamzawi, A., Andrade, L. H,, ... Kessler, R. C. (2012). Parent psycho-
pathology and offspring mental disorders: Results from the WHO World
Mental Health Surveys. British Journal of Psychiatry, 200(4), 290-299.
https:/doi.org/10.1192/bjp.bp.111.101253

Downloaded from https://www.cambridge.org/core. University of Groningen, on 27 Jul 2020 at 11:22:45, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

https://doi.org/10.1017/50033291720002299

Eleonore D. van Sprang et al.

Micco, J. A., Henin, A., Mick, E., Kim, S., Hopkins, C. A., Biederman, J., &
Hirshfeld-Becker, D. R. (2009). Anxiety and depressive disorders in off-
spring at high risk for anxiety: A meta-analysis. Journal of Anxiety
Disorders, 23(8), 1158-1164. https://doi.org/10.1016/j.janxdis.2009.07.021

Milaneschi, Y., Peyrot, W. J., Nivard, M. G., Mbarek, H., Boomsma, D. I, &
Penninx, B. W. J. H. (2019). A role for vitamin D and omega-3 fatty
acids in major depression? An exploration using genomics. Translational
Psychiatry, 9(219), 1-9. https:/doi.org/10.1038/s41398-019-0554-y.

Milne, B. J., Caspi, A., Harrington, H. L., Poulton, R., Rutter, M., & Moffitt, T.
E. (2009). Predictive value of family history on severity of illness: The case
for depression, anxiety, alcohol dependence, and drug dependence. Archives
of General Psychiatry, 66(7), 738-747. https://doi.org/10.1001/archgenpsy-
chiatry.2009.55

Milne, B. J., Moffitt, T. E., Crump, R., Poulton, R., Rutter, M., Sears, M. R,, ...
Caspi, A. (2008). How should we construct psychiatric family history
scores? A comparison of alternative approaches from the Dunedin Family
Health History Study. Psychological Medicine, 38(12), 1793-1802. https:/
doi.org/10.1017/50033291708003115

Nandi, A., Beard, J. R, & Galea, S. (2009). Epidemiologic heterogeneity of
common mood and anxiety disorders over the lifecourse in the general
population: A systematic review. BMC Psychiatry, 9(31), 1-11. https://
doi.org/10.1186/1471-244X-9-31.

Naragon-Gainey, K. (2010). Meta-analysis of the relations of anxiety sensitivity
to the depressive and anxiety disorders. Psychological Bulletin, 136(1), 128—
150. https://doi.org/10.1037/a0018055

National Research Council & Institute of Medicine (2009). Associations
between depression in parents and parenting, child health, and child psy-
chological functioning. In England M. J., & Sim L. J. (Eds.), Depression in
parents, parenting, and children: Opportunities to improve identification,
treatment, and prevention (pp. 119-124). Washington, DC: National
Academies Press.

Ormel, J., Rosmalen, J., & Farmer, A. (2004). Neuroticism: A non-informative
marker of vulnerability to psychopathology. Social Psychiatry and
Psychiatric Epidemiology, 39(11), 906-912. https:/doi.org/10.1007/s00127-
004-0873-y

Pearlin, L. L., & Schooler, C. (1978). The structure of coping. Journal of Health
and Social Behavior, 19(1), 2-21. https://doi.org/10.2307/2136319

Penninx, B. W. J. H,, Beekman, A. T. F,, Smit, J. H., Zitman, F. G., Nolen, W.
A., Spinhoven, P., ... Van Dyck, R. (2008). The Netherlands Study of
Depression and Anxiety (NESDA): Rationale, objectives and methods.
International Journal of Methods in Psychiatric Research, 17(3), 121-140.
https://doi.org/10.1002/mpr.256

Penninx, B. W. J. H., Nolen, W. A., Lamers, F., Zitman, F. G., Smit, J. H,,
Spinhoven, P, ... Beekman, A. T. F. (2011). Two-year course of depressive
and anxiety disorders: Results from the Netherlands Study of Depression
and Anxiety (NESDA). Journal of Affective Disorders, 133(1-2), 76-85.
https://doi.org/10.1016/j.jad.2011.03.027

Peterson, R. A., & Reiss, S. (1992). Anxiety Sensitivity Index manual (2nd ed.).
Worthington, OH: International Diagnostic Systems.

Rasic, D., Hajek, T., Alda, M., & Uher, R. (2014). Risk of mental illness in off-
spring of parents with schizophrenia, bipolar disorder, and major depres-
sive disorder: A meta-analysis of family high-risk studies. Schizophrenia
Bulletin, 40(1), 28-38. https://doi.org/10.1093/schbul/sbt114

Reisberg, S., Iljasenko, T., Lill, K., Fischer, K., & Vilo, J. (2017). Comparing
distributions of polygenic risk scores of type 2 diabetes and coronary
heart disease within different populations. PLoS ONE, 12(7), e0179238.
https://doi.org/10.1371/journal.pone.0179238

Rush, A. J., Gullion, C. M., Basco, M. R,, Jarrett, R. B., & Trivedi, M. H. (1996).
The inventory of depressive symptomatology (IDS): Psychometric proper-
ties. Psychological Medicine, 26(3), 477-486. https://doi.org/10.1017/
$0033291700035558

Segui, J., Mdrquez, M. M., Garcia, L. A., Canet, . J., Salvador-Carulla, L., &
Ortiz, M. (1999). Differential clinical features of early-onset panic disorder.
Journal of Affective Disorders, 54(1-2), 109-117. https:/doi.org/10.1016/
S0165-0327(98)00148-7

Smoller, J. W. (2016). The genetics of stress-related disorders: PTSD, depres-
sion, and anxiety disorders. Neuropsychopharmacology, 41(1), 297-319.
https://doi.org/10.1038/npp.2015.266



Psychological Medicine

Spasojevic, J., & Alloy, L. B. (2002). Who becomes a depressive ruminator?
Developmental antecedents of ruminative response style. Journal of
Cognitive Psychotherapy, 16(4), 405.

Struijs, S. Y., Lamers, F., Verdam, M. G. E., Van Ballegooijen, W., Spinhoven,
P., Van Der Does, A. J. W., & Penninx, B. W. J. H. (2020). Temporal stabil-
ity of symptoms of affective disorders, cognitive vulnerability and personal-
ity over time. Journal of Affective Disorders, 260, 77-83. https://doi.org/10.
1016/}.jad.2019.08.090

Tozzi, F., Prokopenko, L, Perry, J. D., Kennedy, J. L., McCarthy, A. D., Holsboer,
E, ... Muglia, P. (2008). Family history of depression is associated with
younger age of onset in patients with recurrent depression. Psychological
Medicine, 38(5), 641-649. https://doi.org/10.1017/S0033291707002681

Uliaszek, A. A., Hauner, K. K. Y,, Zinbarg, R. E,, Craske, M. G., Mineka, S.,
Griffith, J. W., & Rose, R. D. (2009). An examination of content overlap
and disorder-specific predictions in the associations of neuroticism with
anxiety and depression. Journal of Research in Personality, 43(5), 785-
794. https:/doi.org/10.1016/j.jrp.2009.05.009

Vandeleur, C. L., Rothen, S., Jeanprétre, N., Lustenberger, Y., Gamma, F., Ayer,
E., ... Preisig, M. (2008). Inter-informant agreement and prevalence esti-
mates for substance use disorders: Direct interview versus family history
method. Drug and Alcohol Dependence, 92(1-3), 9-19. https://doi.org/10.
1016/j.drugalcdep.2007.05.023

Vandeleur, C. L., Rothen, S., Lustenberger, Y., Glaus, J., Castelao, E., & Preisig,
M. (2015). Inter-informant agreement and prevalence estimates for
mood syndromes: Direct interview vs. family history method. Journal
of Affective Disorders, 171, 120-127. https://doi.org/10.1016/j.jad.2014.08.
048

Van Der Does, A. J. W. (2002). Cognitive reactivity to sad mood: Structure and
validity of a new measure. Behaviour Research and Therapy, 40(1), 105-120.
https:/doi.org/10.1016/S0005-7967(00)00111-X

Van Loo, H. M., Van Borkulo, C. D., Peterson, R. E., Fried, E. I, Aggen, S. H,,
Borsboom, D., & Kendler, K. S. (2018). Robust symptom networks in recur-
rent major depression across different levels of genetic and environmental
risk. Journal of Affective Disorders, 227, 313-322. https://doi.org/10.1016/j.
jad.2017.10.038

Verdoux, H., Van Os, J., Sham, P. C,, Jones, P. B, Gilvarry, K., & Murray, R. M.
(1996). Does familiality predispose to both emergence and persistence of
psychosis? A followup study. British Journal of Psychiatry, 168(5), 620-
626. https://doi.org/10.1016/0920-9964(96)85389-8

Verduijn, J., Milaneschi, Y., Peyrot, W. ]., Hottenga, J. J., Abdellaoui, A., De
Geus, E. J. C,, ... Penninx, B. W. J. H. (2017). Using clinical characteristics
to identify which patients with major depressive disorder have a higher
genetic load for three psychiatric disorders. Biological Psychiatry, 81(4),
316-324. https:/doi.org/10.1016/j.biopsych.2016.05.024

11

Vilhjalmsson, B. J., Yang, J., Finucane, H. K., Gusev, A., Lindstrom, S., Ripke,
S., ... Price, A. L. (2015). Modeling linkage disequilibrium increases accur-
acy of polygenic risk scores. The American Journal of Human Genetics, 97
(4), 576-592. https://doi.org/10.1016/j.ajhg.2015.09.001

Vos, T., Flaxman, A. D., Naghavi, M., Lozano, R, Michaud, C., Ezzati, M., ...
Murray, C. J. L. (2012). Years lived with disability (YLDs) for 1160 sequelae
of 289 diseases and injuries 1990-2010: A systematic analysis for the Global
Burden of Disease Study 2010. The Lancet, 380(9859), 2163-2196. https:/
doi.org/10.1016/50140-6736(12)61729-2

Vreeburg, S. A., Hartman, C. A., Hoogendijk, W. J. G., Van Dyck, R,, Zitman,
F. G, Ormel, J., & Penninx, B. W. J. H. (2010). Parental history of depres-
sion or anxiety and the cortisol awakening response. British Journal of
Psychiatry, 197(3), 180-185. https://doi.org/10.1192/bjp.bp.109.076869

Wals, M., Van Os, J., Reichart, C. G., Hillegers, M. H. J., Ormel, J., Verhulst, F.
C., & Nolen, W. A. (2004). Multiple dimensions of familial psychopath-
ology affect risk of mood disorder in children of bipolar parents.
American Journal of Medical Genetics, 127B(1), 35-41. https://doi.org/10.
1002/ajmg.b.20165

Walter, S., Glymour, M. M., Koenen, K., Liang, L., Tchetgen Tchetgen, E. ],
Cornelis, M., ... Kubzansky, L. D. (2013). Performance of polygenic scores
for predicting phobic anxiety. PLoS ONE, 8(11), €80326. https://doi.org/10.
1371/journal.pone.0080326

Weissman, M. M., Berry, O. O., Warner, V., Gameroff, M. J., Skipper, J., Talati,
A., ... Wickramaratne, P. (2016). A 30-year study of 3 generations at high
risk and low risk for depression. JAMA Psychiatry, 73(9), 970-977. https:/
doi.org/10.1001/jamapsychiatry.2016.1586

Wilde, A., Chan, H. N, Rahman, B., Meiser, B., Mitchell, P. B., Schofield, P. R.,
& Green, M. J. (2014). A meta-analysis of the risk of major affective dis-
order in relatives of individuals affected by major depressive disorder or
bipolar disorder. Journal of Affective Disorders, 158, 37-47. https://doi.
org/10.1016/j.jad.2014.01.014

Wittchen, H.-U. (1994). Reliability and validity studies of the WHO-Composite
International Diagnostic Interview (CIDI): A critical review. Journal of
Psychiatric Research, 28(1), 57-84. https:/doi.org/10.1016/0022-3956(94)
90036-1

Wray, N. R, Ripke, S., Mattheisen, M., Trzaskowski, M., Byrne, E. M,
Abdellaoui, A., ... Sullivan, P. F. (2018). Genome-wide association analyses
identify 44 risk variants and refine the genetic architecture of major depres-
sion. Nature Genetics, 50(5), 668-681. https://doi.org/10.1038/s41588-018-
0090-3

Zimmermann, P., Briickl, T., Lieb, R., Nocon, A, Ising, M., & Beesdo, K. (2008).
The interplay of familial depression liability and adverse events in predicting
the first onset of depression during a 10-year follow-up. Biological Psychiatry,
63(4), 406-414. https://doi.org/10.1016/j.biopsych.2007.05.020

Downloaded from https://www.cambridge.org/core. University of Groningen, on 27 Jul 2020 at 11:22:45, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/50033291720002299



