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1. Introduction

10.3389/fepid.2023.1099235

Introduction: Family history of depression and childhood maltreatment are established risk
factors for depression. However, how these factors are interrelated and jointly influence
depression risk is not well understood. The present study investigated (i) if childhood
maltreatment is associated with a family history of depression (ii) if family history and
childhood maltreatment are associated with increased lifetime and current depression,
and whether both factors interact beyond their main effects, and (iii) if family history
affects lifetime and current depression via childhood maltreatment.

Methods: Analyses were based on a subgroup of the first 100,000 participants of the
German National Cohort (NAKO), with complete information (58,703 participants, mean
age = 51.2 years, 53% female). Parental family history of depression was assessed via self-
report, childhood maltreatment with the Childhood Trauma Screener (CTS), lifetime
depression with self-reported physician’'s diagnosis and the Mini-International
Neuropsychiatric Interview (MINI), and current depressive symptoms with the depression
scale of the Patient Health Questionnaire (PHQ-9). Generalized linear models were used
to test main and interaction effects. Mediation was tested using causal mediation analyses.
Results: Higher frequencies of the childhood maltreatment measures were found in
subjects reporting a positive family history of depression. Family history and childhood
maltreatment were independently associated with increased depression. No statistical
interactions of family history and childhood maltreatment were found for the lifetime
depression measures. For current depressive symptoms (PHQ-9 sum score), an
interaction was found, with stronger associations of childhood maltreatment and
depression in subjects with a positive family history. Childhood maltreatment was
estimated to mediate 7%-12% of the effect of family history on depression, with higher
mediated proportions in subjects whose parents had a depression onset below 40 years.
Abuse showed stronger associations with family history and depression, and higher
mediated proportions of family history effects on depression than neglect.

Discussion: The present study confirms the association of childhood maltreatment and
family history with depression in a large population-based cohort. While analyses provide
little evidence for the joint effects of both risk factors on depression beyond their
individual effects, results are consistent with family history affecting depression via
childhood maltreatment to a small extent.

KEYWORDS

depression, childhood trauma, family history, genetics, abuse, neglect, maltreatment

positive family history of depression (i.e., one or more family
members have been affected with depression during their

Depression is one of the most common mental illnesses
worldwide (1), and approximately one in five people will develop
depression in their lifetime (2) with women being nearly twice as
likely to be affected (3). Compared to other mental disorders,
depressive disorders impose the highest burden of disease on
society with the largest proportion of disability-adjusted life years
(4). Affected individuals report impaired daily functioning and
reduced quality of life (5). Both genetic and environmental
conditions play an important role in the etiology of depression.
In the present study, we aim to assess the interplay of these
factors, by examining the joint effects of a history of parental
depression and childhood maltreatment on current and lifetime
depression.

1.1. Family history of depression

Depression runs in families and formal genetic studies have
shown a substantial heritability of approximately 40% (6). A
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lifetimes) considerably increases the risk for depression, especially
if first-degree relatives are affected (7-9). Additionally, a younger
age at onset and a higher number of affected family members
have been found to further increase the risk for depression
(7-10). Since family history of depression is currently more
informative of depression risk than the results of genetic testing,
family history has been widely used in genetic counseling settings
(11-13). It should be noted that while family history of
depression can be used as a marker for genetic risk in clinical
practice and research, it also comprises exposure related to
environmental and lifestyle factors shared within the family (14).

1.2. Early maltreatment

Stressful and traumatic life experiences have been identified as
important risk factors for depression with childhood being a
particularly vulnerable phase (3, 15-17). It has been estimated
that more than half of global cases of depression may be
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attributable to the experience of childhood maltreatment (18).
Individuals with a history of childhood maltreatment are at an
increased risk of developing not only depression but also other
negative health outcomes (e.g., high blood pressure, drug abuse)
compared to those without childhood maltreatment (19-21). In
patients with depression, childhood maltreatment has been
linked to greater comorbidities and lower treatment response
(22), the experience of recurrent episodes (23), and a chronic
(24). The
depression might vary according to the exact type of childhood

course impact of childhood maltreatment on
maltreatment, e.g., emotional abuse and emotional neglect were
found to have stronger associations with depression diagnosis
and symptom severity compared to sexual abuse, physical abuse,

and physical neglect (25).

1.3. The interplay of family history of
depression and early maltreatment

A family history of depression and childhood maltreatment
cannot be considered independent risk factors, especially if
family history assessment focuses on the parents. Usually,
parents as the main caregivers for their children are key in
shaping the environments of their children during childhood and
adolescence (26, 27). Studies show that childhood maltreatment
is more frequent in subjects with a positive family history of
mental disorders such as mood disorders, psychotic disorders,
and posttraumatic stress disorder [e.g., (17, 28-30)].

Furthermore, individuals may respond very differently to the
experience of childhood maltreatment (31). As such, individuals
with a predisposition for mental disorders, e.g., with a positive
family history of depression, might respond more strongly to
adverse events (32). While it has been demonstrated in joint
models that a positive family history of depression and childhood
maltreatment each have effects on the risk of depression (16), it
is unclear to what extent an interaction between these two
conditions contributes to the disorder risk beyond their
individual effects.

Additionally, it has that childhood

maltreatment mediates the association between family history of

been postulated

depression and the offspring’s depression, ie., a positive family
history of depression might influence the risk for depression via
childhood maltreatment. However, little research has been
carried out to test this. One study by Jansen and colleagues
investigated the mediation effects of childhood maltreatment in
patients with major depressive disorder or bipolar disorder,
finding that up to 35% of the effects of family history of affective
disorders on the offspring’s affective disorder were mediated by
childhood maltreatment (17).

In summary, while both a positive family history of depression
and childhood maltreatment represent well-established risk factors
for depression, it is not sufficiently understood how family history
of depression and childhood maltreatment act together on
depression risk. For robust estimations of such effects, large
samples are Therefore,

required (33). large-scale cohorts

represent a valuable resource for such investigations. In the
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German National Cohort (NAKO Gesundheitsstudie, NAKO), a
prospective population-based study aiming to investigate the
causes and preclinical stages of common chronic illnesses (34,
35), associations of family history of depression and childhood
maltreatment with depression have been demonstrated separately:
parental history of depression was associated with higher
frequencies of lifetime depression and stronger current depressive
symptoms, with the association of family history of depression
with depression being most pronounced in individuals with both
parents affected (36). Childhood maltreatment and its categories
of abuse and neglect were associated with stronger current
depressive symptoms (37). The specific maltreatment items
(physical abuse, emotional abuse, sexual abuse, physical neglect,
emotional neglect) showed varying correlations with each other
(r range =0.07-0.39), hinting at distinct properties of childhood
maltreatment types that might impact mental health outcomes
differently. However, associations with depression were only
assessed on a categorical level for abuse and neglect.

1.4. Aims

The present study investigated the interplay between family
history of depression and childhood maltreatment in depression
in the NAKO cohort. We aimed to test (i) if a higher frequency
of childhood maltreatment is reported by participants with a
family history of depression (ii) if family history of depression
and childhood maltreatment are associated with increased
lifetime and current depression, and whether the two factors
interact in their association with depression beyond their main
effects, and (iii) if family history of depression affects lifetime
and current depression via childhood maltreatment. We
examined those associations for different childhood maltreatment
types as well as characteristics of family history of depression
such as the number of affected parents and earliest parental age

at onset.

2. Methods
2.1. Sample

For the present analyses, data from the NAKO cohort was used.
Baseline assessment was performed in 18 study centers across
Germany between 2014 and 2019 (34, 35, 38). The study was
approved by the ethical committees of the study centers and
written consent was obtained from the participants. Subjects
were eligible for participation if their primary residence was
located within the respective study region. They were excluded
from the study if they were incapable of giving informed
consent, understanding the study information, responding to the
questions (e.g., due to language barriers), or participating in the
majority of examinations (34, 35, 38, 39).

At baseline, 205,415 participants between the ages of 20-69 were
recruited, of which 362 (0.18%) subjects revoked their consent
(34, 35). The final sample included 205,053 participants (35).

frontiersin.org


https://doi.org/10.3389/fepid.2023.1099235
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/

Streit et al.

The assessments included physical examinations, a guided face-to-
face interview with a trained study assistant, touch screen
questionnaire modules, as well as biomaterial collection (34).
While all participants completed a standard Level-1 assessment
(L1; ~3-4h), a subset of approximately ~20% of the participants
was randomly selected for a more in-depth Level-2 assessment
(L2; ~5h). Additionally, L2 assessment was administered to the
subset of participants undergoing MRI assessment, resulting in a
total of ~28% of subjects undergoing L2 assessment (35). The
current analyses used the baseline assessment of the first 101,667
participants (NAKO data freeze 100,000; DF 100 K) and 58,703
participants (L2: N=15,556) were included in the final dataset
based on the completeness of the variables of interest (see below).
The variables used for the present analyses were assessed in the
L1 module for all participants, besides the full NAKO MINI
Classification (see below) which was only assessed in the
L2 interview.

2.2. Measures

2.2.1. Childhood trauma screener (CTS)

The Childhood Trauma Screener (CTS) (40) is a short version
of the Childhood Trauma Questionnaire (CTQ) (41) measuring
traumatic experiences during childhood and adolescence. In the
touchscreen module, five subscales of childhood maltreatment
were assessed with one item each, rated on a five-point Likert
scale: physical abuse, emotional abuse, sexual abuse, physical
neglect, and emotional neglect (CTS items). For the present
analyses, items were dichotomized into no/low trauma or trauma
(37, 42). The
thresholds for dichotomization are displayed in Table 1. Based

following established procedures items and
on this categorization, additional binary variables indicating the
presence of any childhood maltreatment (based on all CTS
items), the subcategories any abuse (based on all abuse items),
and any neglect (based on all neglect items) were assigned. In the
main analyses, both CTS items and CTS subcategories were
investigated. For sensitivity analyses, the CTS sum score was
calculated (range 5-25) with higher scores indicating more severe
maltreatment. Subjects with a missing value for any CTS item
were excluded from analysis. For a more detailed description of
the assessment and scoring of the CTS in the NAKO, see
Klinger-Konig et al. (2022) (37).

10.3389/fepid.2023.1099235

2.2.2. Family history of depression

In the NAKO, family history of depression was assessed as the
parental history of depression: In the touchscreen module,
participants were asked about a history of depression in their
biological mother and father. If applicable, the age of the affected
parent at the time of the diagnosis was recorded in four
categories (under 40, 40-59, 60 or older, age unknown). From
these answers, the number of affected parents and binary-coded
family history (family history negative=no parents affected;
family history positive=one or both parents affected) were
assigned only for the subjects with complete information, i.e., if
both biological parents were known to them, and the participants
could answer for both with yes or no on the history of
depression (n=68,151), and subjects with information for only
one parent (n=13,951), or none of the parents (n =19,565) were
excluded. For the subjects with complete information, the earliest
parental onset was assigned. In the case of participants with
depression in both parents, the earlier parental onset of the two
was assigned. Unknown earliest parental onset was assigned if
the age of onset was unknown for at least one of the parents.

2.2.3. Self-reported physician’s diagnosis of
depression

In the face-to-face interview, participants were asked whether
they had ever been diagnosed with a depressive disorder during
their lifetime or not. If applicable, the age or calendar year of the
first diagnosis was assessed. Additionally, treatment of depression
by a physician or psychologist during the past 12 months was
recorded (yes/no).

2.2.4. MINI depression classification

For lifetime depression, an adapted version of the Episode of
of the
Neuropsychiatric Interview (MINI, German version 5.0.0) (43)

Major  Depression  module Mini-International
was used. In the face-to-face interview, all participants (L1 and
L2) answered an initial filter question about the lifetime
occurrence of depression. If they answered affirmatively, the two
MINI screening questions on the two cardinal symptoms of
depressive disorders (depressed mood; loss of interest/pleasure in
most activities) followed. If the MINI Screen was positive, only
L2 participants were asked to answer the full depression module
for a NAKO MINI Classification, assessing symptomatology

(Criterion A) and impairment (Criterion C). In the present

TABLE 1 Frequency distribution of response categories to CTS items (N = 58,703).

m Never | Rarely Sometimes Very Often | Maltreated

Physical Abuse: 1.3
People in my family hit me so hard that it left me with bruises or marks.
Emotional Abuse: 1.2
I felt that someone in my family hated me

Sexual Abuse: 1.1
Someone molested me (sexually).

Physical Neglect: 4.2
There was someone to take me to the doctor if I needed it. (R)

Emotional Neglect: I felt loved. (R) 4.3

0.7 82.6% 10.5% 4.8% 13% 0.7% 6.9%
07 | 868% | 68% 3.7% 1.6% 1.1% 64%
04 948% | 28% 1.8% 03% 0.3% 52%
12 | 530 4.6% 12.7% 18.3% 59.1% 9.9%
09 | 149 5% 7.9% 34.1% 51.6% 6.3%

Responses defined as “trauma” according to Glaesmer et al. (2013) are marked in grey. (R)=Reversed coding.
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analyses, results are reported for the NAKO MINI Classification
(L2), indicating the presence or absence of lifetime depression.

2.2.5. Patient health questionnaire (PHQ-9)

Depressive symptoms during the last two weeks were measured
via the touchscreen with the depression module of the Patient
Health Questionnaire (PHQ-9), a validated self-report screening
instrument assessing the DSM-IV symptoms of a depressive
episode in nine items (44). Symptom severity is measured with
the PHQ-9 sum score across all items, ranging from 0 to 27 (44).
Additionally, following previous analyses in the NAKO (36), we
used the commonly applied cut-off score of PHQ-9 > 10 (45) to
indicate the presence of a moderate depressive episode.

A more detailed description of the assessment and scoring of
depression measures in the NAKO can be found in Streit et al.
2022 (36).

2.2.6. Education level

Education was classified according to the International
Standard Classification of Education 97 (ISCED97) (46) as
reported previously for the NAKO (47). The education level of
participants was categorized into lower (level 1/2), intermediate

10.3389/fepid.2023.1099235

(level 3/4), and higher education (level 5/6). At the time of the
analyses, the education classification was not finalized for all
participants. Subsequently, all participants without a classification
were excluded from the present analyses.

2.3. Statistical analysis

Analyses were carried out using R (v3.5.1). Only participants
with complete information on the family history of depression
(n=68,151), CTS (n=84,193), physician’s diagnosis (n=
101,048), PHQ-9 (n=93,242), and education level (n=92,742)
were included in the final models (N=58,703). The NAKO
MINI Classification (L2) was available for n=15,217 subjects in
the final dataset (see Figure 1). Frequencies, mean scores, and
standard deviations are reported. Associations with categorical
and continuous depression outcomes were tested using logistic
(logit link function) and linear regression models, respectively.
Potential confounders (i.e., sex, age, agez, education level, study
center) were included as covariates in all models. Detailed
regression results and the corresponding model terms can be
found in the respective Supplementary Tables (Tables S1-S68).

Available data set
(DF 100K)
N = 101,667

Level-1 data

Exclusion of subjects with incomplete information of:

Physician‘s diagnosis of depression: n = 619

Educationlevel:n = 8,925
Childhood maltreatment:n = 17,474
FH of depression: n = 33,516

PHQ-9: n = 8,425

Analyzed data set for Level-1
n = 58,703

Level-2 data

Exclusion of subjects with incomplete information:

Level-2 data available for n = 15,556

NAKO MINI Classification:n = 339

Analyzed data set for Level-2
n=15,217

FIGURE 1

for the outcome "NAKO MINI Classification”.

Flow chart of sample selection. The numbers of subjects excluded due to missing information, and the resulting sample sizes are indicated in the figure.
Subjects with any missings on the variables of interest from the Level-1 assessment were excluded from all analyses and some subjects had multiple
missings. The final sample included 58,703 subjects. Of these, 15,556 underwent the more detailed Level-2 assessment, and 15,217 had data available
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Estimated means and frequencies, and their differences were
extracted with the R package emmeans (48). Estimates of Odds
Ratios (OR), means, and frequencies are reported with 95%
confidence intervals (CI). Independent variables of interest were
assessed for multicollinearity by testing the variance inflation
factors of their direct effects for each regression model using the
vif function in the R package car (49) (all VIF <5). Uncorrected
p-values are reported.

2.3.1. Association of family history of depression
with childhood maltreatment

To assess the association of family history of depression with
childhood maltreatment, logistic models were calculated with
dichotomous CTS items and CTS categories (no/low trauma vs.
trauma) as the dependent, and family history of depression as
the independent variable with separate models for (a) the
number of affected parents (0, 1, 2) and (b) the earliest parental
age at onset (no family history of depression, under 40, 40-59,
60 or older, age unknown) as a categorical independent variable.
For both models, subjects reporting no family history of
depression were used as the reference category.

2.3.2. Association of family history of depression
and childhood maltreatment with depression and
potential interactions

First, separate models with the depression measures as a
dependent (lifetime physician’s diagnosis, the NAKO MINI
Classification, the PHQ-9 sum score, and PHQ-9 > 10) and the
childhood maltreatment or family history of depression as
independent variables were calculated, respectively. To test the
joint effects between childhood maltreatment and family history
of depression on depression beyond their individual effects,
models with the depression measures as the dependent variable,
and family history of depression (number of affected parents)
and the childhood
maltreatment, abuse, neglect as independent variables and the

childhood  maltreatment categories

respective interaction terms were calculated.

2.3.3. Mediation of family history effects on
depression by childhood maltreatment

Causal mediation analyses were carried out with the R package
mediation (50) using nonparametric bootstrapping with 1,000
simulations, testing whether childhood maltreatment mediates
the associations of family history of depression on depression
measures. Models were calculated with the lifetime physician’s
diagnosis, the NAKO MINI Classification, the PHQ-9 sum score,
and PHQ-9>10 as dependent variables, CTS items and CTS
categories as binary mediators, and binary coded family history
of depression (family history negative/family history positive) as
the independent variable. The Total Effect, the Average Causal
Mediated Effect (ACME), the Average Direct Effect (ADE), and
the Mediated Proportion, ie., the extent to which the pathway
through the mediating variable accounts for the total effect, were
reported (50). Additionally, stratified mediation analyses of the
age groups of earliest parental depression onset (comparing the
respective parental age at onset group to the subjects with
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negative family history of depression) were performed with the
CTS categories as mediators.

3. Results
3.1. Descriptive statistics

The final sample used in the analyses consisted of N = 58,703
participants (mean age=>51.2 years, 53% female), with complete
data on all analyzed variables, with exception of the MINI
Classification, which was only assessed in the L2 subset (n=
15,556; see Figure 1). The distribution and frequencies of the
main variables are presented in Table 2. 81.7% of participants
reported having no parents affected, 16.3% having one parent
affected, and 2.0% having both parents affected. For the CTS,
24.2% reported childhood maltreatment, 14.1% reported abuse, and
14.4% neglect. The frequency of positive responses to specific CTS
items ranged from 5.2% (sexual abuse) to 9.9% (physical neglect).

3.2. Association of family history of
depression with childhood maltreatment

The association of family history of depression with childhood
maltreatment was tested with family history measures as
independent and childhood maltreatment measures as dependent
variables. Higher Odds Ratios of single CTS items were observed
in participants with one parent affected (OR range across items
=1.58-1.93) and both parents affected (OR range across items =
2.93-4.08) compared to those with a negative family history of
depression, except for the item physical neglect (OR range = 0.97-
1.08; see Figure 2A upper panels, Supplementary Tables S1-S8).
For the subcategories, a descriptively stronger association was
shown for abuse (OR one parent affected = 1.82; OR both parents
affected = 3.81) than neglect (OR one parent affected =1.19; OR
both parents affected = 1.89).

Furthermore, younger (<40 years; OR range =2.29-3.22) or
unknown (OR range=2.61-3.14) age at onset of parental
depression were associated with higher Odds Ratios of CTS items
than older age at onset (> 40 years) or negative family history of
depression, except for physical neglect (OR range = 1.01-1.13; see
Figure 2B and Supplementary Tables S9-S16).

3.3. Associations of family history of
depression and childhood maltreatment
with depression and potential interactions

The association of family history of depression with depression
was tested with family history measures as independent and
depression measures as dependent variables. There were
substantial main associations of family history of depression with
all tested depression measures. Subjects with a positive family
history of depression showed higher frequencies and mean scores

of depression measures (all p<7.1x107>% see Figure 2A).
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TABLE 2 Descriptive statistics of depression and childhood maltreatment
measures in the complete study sample, and for women and men
separately.

otal Women Men
(n=58, (n=31,108) (n=27,595)

Demographics
Age in years (range: 20-72)

ISCED97 Education level

51.10 (12.13) | 50.57 (12.06) | 51.69 (12.18)

Lower (level 1/2) 1.5% 1.9% 1.1%
Middle (level 3/4) 39.6% 44.4% 34.1%
Higher (level 5/6) 58.9% 53.7% 64.8%
CTS items
Physical abuse 6.9% 6.6% 7.3%
Emotional abuse 6.4% 8.1% 4.5%
Sexual abuse 5.2% 8.0% 2.1%
Physical neglect 9.9% 9.6% 10.3%
Emotional neglect 6.3% 7.2% 5.4%
CTS categories
Any maltreatment 24.2% 26.2% 22%
Any abuse 14.1% 16.9% 11.1%
Any neglect 14.4% 14.6% 14.1%
Sum Score (range: 5-25) 7.08 (2.47) 7.11 (2.66) 7.06 (2.25)
Family history of depression
Number of affected parents
No parents affected 81.7% 79.2% 84.6%
One parent affected 16.3% 18.5% 13.9%
Both parents affected 2.0% 2.4% 1.5%
Parental age at onseta
No family history 81.7% 79.2% 84.6%
Under 40 3.2% 3.9% 2.3%
40-59 6.1% 6.9% 5.2%
60 or older 5.9% 6.3% 5.4%
Unknown 3.1% 3.7% 2.5%
Self reported physician’s diagnosis
Lifetime diagnosis Depression 12.5% 16.1% 8.5%
Age at first diagnosisb 40.77 (12.26) 40.17 (12.15) 42.05 (12.40)
(n=7,288) [10-70] [10-69] [10-70]
Treatment last 12 months 5.7% 7.6% 3.6%
(n=58,694)
MINI Interview (L1 & L2)
Screen positive L1 & L2 24.4% 28.7% 19.6%
MINI Interview (L2 only)
Screen positive L2 (n =15,556) 23.4% 28.1% 18.8%
MINI Classification positive 13.8% 17.1% 10.5%
(n=15217)
Age at onset (n=2,103)° 36.14 (13.13) 35.9 (13.23) 36.53 (12.97)
[11-72] [11-72] [11-65]
PHQ-9
Sum Score (range: 0-27) 3.55 (3.46) 3.99 (3.60) 3.05 (3.22)
>10 6.0% 7.4% 4.5%

Mean and standard deviations are given for continuous variables, and the
frequency of categorical variables is given in percent. For continuous variables
where the range differed between males and females, the respective ranges are
reported in square brackets. CTS: childhood trauma screener. N, total number of
participants in the sample; n, number of participants with valid values on the
respective measures, if deviating from N =58,703. L1=Level-1 assessment
completed by all subjects. L2 = variable reported for subsample that completed
the more detailed Level-2 assessment (n = 15,556).

°lf both parents were affected, participants were assigned to the earlier age at
onset group.

PData presented for participants with a lifetime physician’s diagnosis of depression.
“Data presented for the L2 participants with a positive NAKO MINI Classification.
PHQ-9 = Depression Scale of the Patient Health Questionnaire (PHQ-9). Based
on (NAKO data freeze 100,000; application NAKO-399).
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Compared to the subjects reporting a negative family history of
depression, ORs ranged from 2.18 (NAKO MINI Classification)
to 2.83 (physician’s diagnosis) for one parent affected, and from
4.03 (NAKO MINI Classification) to 5.87 (physician’s diagnosis)
for both parents affected (see Figure 2A and Supplementary
Tables S17-S19). Mean scores on PHQ-9 sum scores were 3.25,
4.36, and 6.02 for negative family history of depression, one
parent affected, and both parents affected, respectively (see
Figure 2A and Supplementary Table S20). An association of age
at onset of parental depression with all depression measures was
observed with the strongest associations for age at onset under
40 (OR range =2.83-4.16) and unknown (3.46-4.79) age at onset
(Figure 2B and Supplementary Tables $21-S24).

The association of childhood maltreatment with depression
was tested with childhood maltreatment measures as independent
and depression measures as dependent variables. CTS items and
CTS categories were positively associated with depression
measures (Figures 3A,B). Compared to low/no trauma, the OR
for childhood maltreatment ranged from 2.12 (NAKO MINI
Classification) to 2.63 (PHQ-92>10). On a category level, a
stronger association was observed for abuse (OR range=2.73-
3.18) than for neglect (OR range =1.74-2.15). On a single-item
level, the smallest associations were observed for physical neglect
(all OR<1.33), compared to all other CTS items (OR range =
2.44-3.70; see Figure 3 and Supplementary Tables S25-S56).
For the NAKO MINI Classification, the association with physical
neglect was non-significant (OR= 1.11).

To test joint effects between childhood maltreatment and
family history of depression on depression beyond their
individual effects, models with family history and childhood
independent variables including

maltreatment measures as

interaction terms and depression measures as dependent
variables were tested. No significant interaction was observed for
the models with binary depression outcomes (all p>0.06;
Supplementary Tables S57-S65). For the CTS categories, the
estimated frequency of the physician’s diagnosis and NAKO
MINI Classification ranged from approximately 10% in subjects
with negative family history of depression and childhood
maltreatment to more than 45% in subjects with both parents
affected and childhood maltreatment, and approximately 5% and
more than 30% for PHQ-9 > 10, respectively (Figure 4A). A
significant interaction between family history of depression and
the respective childhood maltreatment measures was observed
only in the models with PHQ-9 sum scores, with stronger
increases of PHQ-9 sum scores in subjects reporting both family
history of depression and childhood maltreatment (Figure 4B
and Supplementary Table $66-568) (all p <3.01 x 107%). Here,
a significant interaction for the PHQ-9 sum score was found for
all CTS categories (childhood maltreatment, abuse, neglect). The
estimated PHQ-9 sum score increase associated with childhood
maltreatment was 0.84 [CI=0.77-0.91] in the subject with
negative family history of depression, 1.47 [1.32-1.61] in the
subjects with one parent affected, and 1.97 [1.58-2.35] in the
subjects with both parents affected (1.37 [1.28-1.46], 1.72 [1.55-
2.56]; 2.16 [1.76-2.56] for abuse and 0.58 [0.49-0.67]; 1.27

[1.09-1.46]; 2.16 [1.70-2.62] for neglect, respectively).
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and study center. CTS items and CTS categories were analyzed and dichotomized following standard procedure (37, 41). Cl, confidence interval; CTS,
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3.4. Mediation of the association of family
history of depression with depression by
childhood maltreatment

To test whether childhood maltreatment mediates the
associations of family history of depression with depression
measures, mediation models were calculated with family history
of depression as independent variables, childhood maltreatment
variables as mediators, and depression measures as dependent
variables. In all mediation models, we observed a significant
mediation of the association of family history of depression with
depression by all CTS items and CTS categories (all p <0.02),

10.3389/fepid.2023.1099235

except for physical neglect (all p>0.40). The observed proportion
mediated by childhood maltreatment was relatively small, ranging
from 6.1% (physician’s diagnosis; CI=5.2%-6.9%) to 9.9%
(PHQ-9>10, CI=8.6%-11.8%). Sensitivity analyses with the
CTS summary score showed a slightly larger proportion
mediated for all depression measures, ranging from 9.3%
(physician’s diagnosis, CI=28.4%-10.3%) to 14.1% (PHQ-9 sum
score, CI=12.6%-15.7%). The proportion mediated was higher
for abuse (8.8%-14.9%; range CI=7.7%-17.3%) than for neglect
(1.6%-2.9%; range CI=0.1%-2.8%) on all depression measures,
for details see Figure 5 and Supplementary Tables S69-S104.
Stratified analyses with parental age at onset indicated that the
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proportion mediated was descriptively highest in the subjects
whose parents had a depression onset of under 40 years
(childhood maltreatment =7.8%-14.8%, range CI=5.3%-17.6%,
all p<0.001) or an unknown age at onset (childhood
maltreatment = 6.9%-12.6%, range CI=5.6%-15%, all p <0.001).
The lowest proportion mediated was observed in the subjects
whose parents had a depression onset >60 years (childhood
maltreatment = 2.9%-4.4%; range CI=0.1%-8.4%, all p<0.026
see Supplementary Figure S1 and Tables S105-S152).

4. Discussion

We investigated the interplay between family history of
depression and childhood maltreatment in relation to depression
in a large, population-based cohort. The present study confirms
the strong associations of family history of depression and
childhood maltreatment with depression (6, 51-53) with both
factors found to be more prevalent in participants with depression.
The interaction analyses provide little evidence that either factor
modulates how strongly the other factor influences the risk of
developing depression, with only interactions being found for the
continuous measurement of current depressive symptoms (PHQ-9
sum score). The results of the mediation analyses are compatible
with a mechanistic model which assumes that the effects of family
history of depression on the later development of depression may
be in part mediated by childhood maltreatment. However,
interpretation needs to be cautioned as the data was assessed in a
cross-sectional design, with data being evaluated retrospectively.
Younger or unknown parental age at onset was associated with
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higher frequencies of childhood maltreatment, higher frequencies
and mean values of depression outcomes, and a stronger
mediation of the association of family history of depression with
depression measures by childhood maltreatment.

The higher levels of childhood maltreatment in participants who
reported a positive family history of depression are in line with
previous findings (17, 54). A broad range of risk factors linked
both to a positive family history of depression and childhood
maltreatment might drive this association. A positive family
history of depression might affect the parent-child interaction, e.g.,
by a more hostile or disengaged parenting style (55, 56), but
might also be more broadly linked to other risks for childhood
maltreatment such as low education level or racial discrimination
(15). Furthermore, childhood trauma itself has been shown to
have a genetic component in the sense of gene-environment
correlations (57, 58). This component is genetically correlated with
depression risk (58), which might contribute to the observed
association between family history of depression and childhood
maltreatment. The increased childhood maltreatment in subjects
with both parents affected might therefore be associated with a
higher genetic burden, but also by a stronger impact of direct
parental effects, with the lack of compensatory influence of a
second healthy parent, or an increased burden of other risk factors
related to parental depression and childhood maltreatment (56).
The higher levels of childhood maltreatment in participants with a
lower parental age at onset (<40) might reflect that they were
more likely to have experienced their parents’ depression during
childhood and adolescence, the time frame assessed in the CTS
(40). Previous research indicates that a more fine grained analysis
of the timing of childhood maltreatment, might further inform on
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the associations. For example, a study by Dunn et al. points towards
stronger effects of early childhood trauma (age 0-5) on later-life
depression compared to childhood trauma in later developmental
phases (59). Other studies suggest that the impact of childhood
trauma on mental health depends on the neurodevelopmental
stage of the child at the time of exposure; potentially affecting the
development of brain structures that are involved in affective
disorders (60, 61). Information regarding the timing of childhood
trauma would have allowed for more refined analyses in the
present sample.

Regarding the similarly strong relationships between family
history of depression and both childhood maltreatment and
depression in participants who indicated an unknown parental age
at onset, it can be speculated that the parental onset was often
before birth or at a young age of the participants. Hence, the
parental background might be similar to those with an age at
onset under 40. Alternatively, an unknown age at onset could also
reflect less communication about parental depression in the family.

In addition, the present analyses extend the findings of previous
studies on the association of family history of depression (36), and
childhood maltreatment (37) with depression in the NAKO.
Associations of family history of depression were stronger in
participants with both parents affected, which is consistent with a
prior meta-analysis reporting a higher risk for depression in
subjects with two affected first-degree relatives compared to subjects
with one affected first-degree relative (9), with the ORs in the
present study being even more pronounced than the associations in
the meta-analysis. Additionally, earlier or unknown age at onset of
parental depression was associated with an increased risk of
depression. As discussed above, this can be interpreted in the sense
of an increased (genetic) risk burden (62), but might also be linked
to timing effects (59, 63), and other social determinants (64, 65).

Individuals who experienced childhood trauma were more
likely to report lifetime depression or depressive symptoms, with
stronger associations observed for abuse than for neglect. In
agreement with the present item-specific findings, a prior meta-
analysis on the association between CTQ scores and depression
showed the strongest associations with emotional abuse and
emotional neglect (25). It has been hypothesized that emotional
maltreatment is more strongly related to internalizing symptoms
(e.g., sadness, fatigue) common in depression than other types of
maltreatment, potentially accounting for the strong association
with depression outcomes (66).

Family history of depression and childhood trauma might
influence depression risk by shaping long-term functioning of a
broad range of neurobiological systems. For example, early
traumatic experiences have been shown to program the functioning
of the hypothalamic-pituitary—adrenal (HPA) axis, a central
regulator of the stress response, impacting responsiveness to stress
in later life (60, 61, 67, 68). In line with that, parental depression
has been linked to the alterations in the offsprings’ regulation of the
HPA axis (69). Additionally, childhood maltreatment has been linked
to increased systemic inflammation and inflammatory biomarkers
(70=73). In turn, increased inflammation has been associated with
Furthermore,

an elevated risk of depression (70-72). early

maltreatment and a positive family history of depression both
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might affect the neurodevelopment. Both risk factors have been
linked to alterations in the structure or function of brain regions
such as the amygdala and the hippocampus (60, 61, 67, 68), which
are important for the regulation of stress and emotions (74), and
75). The described
mechanisms are not mutually exclusive and may influence the

show associations with depression (68,

effects of family history of depression and childhood maltreatment
on depression conjointly.

It has been suggested that subjects with a predisposition for
depression, such as a positive family history of depression, might
be at a particularly high risk of developing depression if they
have been exposed to childhood trauma. In the present study, no
evidence for a statistical interaction of family history of
depression and childhood maltreatment on measures of lifetime
depression was found. For current depressive symptoms, and
limited to the models with the PHQ-9 sum score as the
outcome, a stronger association of maltreatment was observed in
the subjects reporting a positive family history of depression.
the different
especially in the comparison between categorical PHQ-9 > 10

Discrepancies between depression measures,
and continuous PHQ-9 sum score, both widely used in research
(45, 76), indicate a potential influence of the exact measurements
on the detectability of interactions. Moreover, continuous
variables provide higher sensitivity and statistical power than
categorical variables, allowing for better detection of associations,
even if these associations have a small magnitude. Although
statistically significant, the interactions in the present analyses
were rather small. These results point to primarily independent
associations of family history of depression and childhood
maltreatment with depression, i.e., each factor increases the risk
for depression largely independently of the other.

The effect of family history of depression on all depression
measures was to a smaller extent mediated by the CTS categories
and items, except for physical neglect. Larger mediation effects were
observed in the subgroup of subjects reporting a younger or
unknown age at the onset of parental depression. However, the
proportions of the mediated effect were substantially smaller than
the 35% previously reported by Jansen et al. (2016) (17). These
differences might be explained by different characteristics of the
investigated samples: While both studies assessed current depressive
symptoms, lifetime depression was only assessed in the NAKO
cohort. Additionally, Jansen et al. (2016) investigated younger
subjects and included both patients with either bipolar disorder or
major depression. In the NAKO cohort, bipolar disorder was not
assessed but, in regard to its relatively low prevalence, was likely
only present in a very small proportion of the participants (17).

As discussed above, there is a range of neurobiological pathways
potentially underlying the mediation of family history effects on
depression risk by childhood maltreatment. For example, parenting
styles associated with a parental risk for depression (54, 55) have
been linked to alterations in HPA axis (71) and immune system
(77). Those systems have also been reported to be affected by
childhood maltreatment (77), and alterations have been shown in
individuals with a diagnosis of depression (72, 78). Similarly, it is
likely that family history of depression and childhood maltreatment
shape neurodevelopment, and thereby affect depression risk.
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Integrating neuroimaging data with the present analyses has the
potential to further inform on the interplay of those factors.

Notably, the proportions mediated varied over different types of
maltreatment, with the strongest mediations being observed for
emotional abuse, and then emotional neglect. Correspondingly,
those types were also most strongly associated with the depression
outcomes, as reported previously (25). It has been proposed that
specifically emotional maltreatment might shape a cognitive style
with negative self-referential thereby
depression risk (79, 80).

Opverall, the present results might be affected by the measures

processing, increasing

used within this study: The depression measures capture different
(36).
Moreover, the CTS is a short 5-item screening questionnaire that

aspects of depression and are not interchangeable
does not assess all types of trauma and each of the five subtypes
is only captured by a single item. Therefore, specific aspects of
these subtypes might not be captured equally well with this
approach, and replication of the present results in samples using
the full CTS would be desirable. Additionally, the CTS does not
record specific information such as the age at the time of the
childhood trauma, which might be an important influencing
factor for the effects of trauma on later depression (59).

Nevertheless, the CTS is an efficient tool for the economic
retrospective assessment of childhood maltreatment which facilitates
its widespread use in large epidemiological studies (40). At the
single-item level, we observed no or only small associations of
physical neglect. While smaller associations with mental health
measures are often observed for this dimension (25), it is unclear to
what degree the associations in the present study related to the
limited psychometric properties of the item (40, 81), and to what
degree interpretation of the neglect category is limited by this.

Information on the timing and severity of a positive family
history of depression are also limited, as the parental age at onset
was only assessed categorically in age groups, and the current age
or birth year of the parents was not assessed. A more detailed
assessment of family history of depression would have provided a
more accurate estimate of familial genetic load (54) as well as
timing of childhood maltreatment (59, 63) and would have
allowed for more sophisticated familial risk assessments such as
weighted family genetic risk scores (FGRS) (82). By including only
subjects with available information on parental depression from
both parents, and therefore inter alia excluding subjects with e.g.,
an unknown parent, or unwilling to report on their family history
of depression, there is also a potential selection bias in the final
sample. The present analyses included only participants with
complete data on the investigated variables, which can result in
both up and downward bias of the resulting estimates. For
example, participants from single parent families or orphans may
have been more likely to be excluded from the analyses. Future
studies should extend the analyses to assess the characteristics of
subjects with missing data, e.g., subjects choosing not to report
childhood trauma, or with (partially) missing information on
parental depression.

Caution is also warranted with regards to the self-report nature
of the data used in the study. Self-report measures might be
affected by bias such as imperfect recall (83). The participants’
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prevalences of lifetime depression, depressive symptoms and
family history of depression in the NAKO cohort are comparable
with other estimates from the German population (84-86), and
their associations with sociodemographic factors are as expected
(36). However, women were more likely to report a positive
family history of depression than men (20.8% vs. 15.4%), which
may not reflect a real difference. The higher number might be
influenced by informant characteristics, such as increased
sensitivity in women to mental health issues
knowledge about their parents’ mental health history (87, 88).
Moreover, compared to a recent meta-analysis on the global

or greater

average by Solmi et al. (89), a higher age at onset of depression
is reported for the participants and especially their parents in the
present study. For the latter, we cannot exclude a reporting bias
towards an older age. However, the NAKO cohort features
primarily middle-aged and older subjects with an average age of
52 years with correspondingly older parents. Reported ages at
onset are more in line with results from other studies in samples
with comparable age structures (90, 91). Additionally, especially
parents of younger NAKO participants still might develop
depression following the study assessment. As a result, some
participants might have a genetic predisposition to depression
that was not captured by the assessment of family history of
depression in the present study.

Large population-based cohorts such as the NAKO represent a
valuable resource to investigate the interplay of risk factors for
mental disorders in the population (33). The broad range of
depression measures provides a wealth of individual phenotypes
and allows for in-depth investigations of different risk factors on
various depression outcomes. The results of the mediation
analyses stratified by parental age at onset underline the potential
of subgroup analyses in large-scale cohorts.

Future investigations should extend the present analyses to
characteristics of the symptoms or course of depression (92, 93)
and investigate the associations in further subgroups, e.g., by sex
or age. Additionally, potential mediators of risk such as
neurological (68, 75, 94), psychological (95-97), neurocognitive
(98), or immunological and endocrine functioning (70-72)
should be investigated to improve the understanding of the
contribution of family history of depression and childhood
maltreatment to depression risk. The results of the present study
suggest that the investigated subtypes of maltreatment differ in
their association with family history of depression, depression
outcome, and the proportion mediated by them. Therefore,
should address
neurobiological mechanisms are specific to them. Moreover,

future studies to what degree potential
while the present analyses focused on depression measures as
outcomes, both a positive family history of depression and
childhood maltreatment constitute fairly broad risk factors, and
future research should incorporate further mental or somatic
disorders (99, 100). In the future, the full data set of the NAKO
study with 205.000 participants will become available and data
will be linked to electronic health records of the participants,
providing additional measures of mental disorders. Additionally,
the present results should be replicated in other cohorts with

available prospective measures of childhood maltreatment as well
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as in other populations to ensure robustness and generalizability of
results.

The present study might guide future molecular genetic studies:
It has been suggested that individual differences in the impact of
childhood maltreatment can be explained by gene-environment
interactions (G x E) in which the genetic makeup influences the
impact of environmental factors on disease risk (101). The
present study assessed family history of depression as a marker
for genetic risk (11, 12) which also encompasses environmental
factors shared within a family (102). As a more direct measure of
genetic risk, recent studies have used genome-wide data to model
GxE interactions. Polygenic scores (PGS) integrating the genetic
risk associated with single variants (SNPs) into one weighted
composite score (103, 104) have been shown to be linked to a
positive family history of mental disorders in healthy subjects, as
well as to a positive family history of mental disorders in patients
with mental disorders (105-107) while showing a partially
independent contribution to disorder risk (108-111). Molecular
genetic investigations integrating genotypic and family data (112,
113) will help to dissect the genetic and non-genetic pathways
through which family history of depression and childhood
maltreatment contribute to depression risk. However, the present
analyses indicate that interactions between those factors might be
small, will therefore require very large samples (114), and also
might depend on the investigated measures. Genetic data
becoming available in the NAKO will contribute to such
investigations.

The present study is of potential interest to health
policymakers, as it provides further evidence that childhood
maltreatment is a major risk factor for depression (19, 52, 53). Li
and colleagues (18) suggested that a reduction of childhood
maltreatment at the population level may prevent a large
the
importance child protection policies.
Additionally, we found an increased likelihood of childhood
maltreatment in individuals with a positive family history of

proportion of depression cases worldwide, stressing

of more effective

depression. While a genetic risk for depression is not modifiable,
awareness of these risks for early intervention, communication
about and coping with parental mental disorders within the
family should be improved with support programs for affected
Children of affected parents could be
specifically with protective measures and monitored more closely

families. targeted
for early signs of childhood maltreatment. While largely not
interacting in a statistical sense, the independent associations of
family history of depression and childhood maltreatment make
individuals with both risk factors especially vulnerable to
developing depression. Further understanding of the factors
determining the risk of those individuals as well as of potentially
protective factors would help to improve prevention and treatment.
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