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Abstract

Background Childhood maltreatment is associated with an unhealthier lifestyle in adulthood and an increased risk
of mental and somatic health problems, although the underlying pathways remain unclear. This study examined
whether smoking and overweight mediate the association between childhood abuse/neglect and frequent adult
diseases, including cancer, myocardial infarction, stroke, type 2 diabetes, chronic obstructive pulmonary disease,
depression, and anxiety.

Methods Childhood maltreatment was assessed in 152,887 German National Cohort (NAKO) participants using the
Childhood Trauma Screener. Information on smoking initiation age, weight history, and respective age at diagnosis
was incorporated to ensure that smoking and overweight preceded the diagnosis. Mediation analyses were adjusted
for age, sex, study center, and education.

Results For childhood abuse, larger proportions of associations with adult somatic diseases were mediated through
preexisting smoking and overweight compared to adult mental disorders. Smoking most strongly mediated
myocardial infarction (36.88% [95% confidence interval (Cl): 17.88%; 55.89%]), with more pronounced effects in men
(48.62% [14.28%; 82.97%]) than in women (20.82% [2.75%; 38.89%]). For overweight, a substantial mediation was
only found for type 2 diabetes (13.69% [9.85%; 17.52%)]), with stronger effects in women (16.16% [8.92%; 23.39%)])
compared to men (8.43% [4.52%; 12.35%]). Comparable results were found for childhood neglect.

Conclusions To smoke or be overweight before the first diagnosis of myocardial infarction and type 2 diabetes
mediated the association between childhood abuse/neglect and these somatic diseases. However, while the
mediation through smoking and overweight contributed to the disease risk linked to childhood maltreatment, strong
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direct effects of childhood abuse/neglect persisted for both mental and somatic health problems. These findings
underscore the need for further longitudinal studies to better understand the pathways.

Keywords Childhood abuse, Childhood neglect, Age of onset, Mental health , Chronic non-communicable diseases

Background

Childhood maltreatment, comprising emotional, physi-
cal, or sexual abuse, and emotional or physical neglect,
is reported by 20-33% of the German adult population
[1-3]. It is associated with an unhealthier lifestyle and
exacerbates mental and somatic health problems [4-7].

Various mental disorders have been associated with
childhood maltreatment, with the most consistent find-
ings for depressive and anxiety disorders [4, 6, 8]. Besides
increased psychological morbidity, childhood maltreat-
ment has also been linked to a younger age of onset,
more severe disease courses, reduced treatment respon-
siveness, and more frequent comorbidities [4, 8, 9].

Although studied less frequently, childhood maltreat-
ment was also associated with increased somatic morbid-
ity, including type 2 diabetes, myocardial infarction (MI),
stroke, and cancer [4, 6, 10, 11]. Similar to findings for
mental disorders, this association was more pronounced
in women than men and younger compared to older
adults [7, 12].

Hildyard and Wolfe [13] described physical and sexual
abuse as a more intense, event-specific type of childhood
maltreatment, whereas they considered physical neglect
as a more chronic type where individual events are diffi-
cult to delineate. In several studies, stronger associations
with health issues in adulthood were described for abuse
compared to neglect. Thus, associations with depression
were stronger for abuse than neglect, and chronic neglect
was more closely related to depression than single epi-
sodes [14, 15]. Additionally, associations between men-
tal disorders and abuse were more strongly influenced
by behavioral risk factors, such as smoking and obesity,
compared to associations with neglect [15]. In contrast,
diabetes was primarily associated with neglect [16].

The exact pathways between childhood maltreatment
and mental or somatic diseases are still not fully under-
stood. Unhealthy lifestyles, such as smoking, obesity,
and alcohol consumption, are discussed [17-19]. Indeed,
adjusting for unhealthy lifestyles attenuated the associa-
tions between adverse childhood experiences, including
maltreatment, and depression, cardiovascular diseases
(CVD), chronic obstructive pulmonary disease (COPD),
and diabetes [20-23]. However, most studies assessed
mediators and outcomes simultaneously, complicating
the establishment of time sequences and leading to partly
contradictory results between cross-sectional and longi-
tudinal studies [5, 20—26].

Moreover, lifestyle factors and diseases may interact
bidirectionally. Smoking and unhealthy diets may serve

as coping mechanisms for emotional distress and mental
health challenges [27-29]. In contrast, cancer, MI, stroke,
diabetes, and COPD often lead to smoking cessation [30,
31]. As part of the disease course, depression, anxiety,
and breast cancer were linked to weight gain, particularly
in women [32-34], whereas COPD was associated with
weight loss [35, 36].

Hence, establishing an accurate time sequence between
mediators and outcomes is crucial for evaluating media-
tion effects between childhood maltreatment and adult
health. Although pathways might differ between abuse
and neglect, previous research either focused on one spe-
cific type of maltreatment or neglected these differences
[14-17]. Clarifying these pathways is relevant because
it distinguishes the contribution of childhood maltreat-
ment from that operating through modifiable factors,
thereby identifying targets for prevention and interven-
tion later in life. The present study used data from a large
population-based cohort with a clear time sequence
between mediators and outcomes to address this issue.
The study aimed to, first, investigate whether smoking
or overweight mediates associations between abuse and
neglect and seven diseases [7]. Second, we estimated
sex- and age-differences in these associations. Third, we
examined whether abuse and neglect influenced the age
at diagnosis.

Methods

The German National Cohort (NAKO) is a multi-center,
general population cohort that examined 205,415 par-
ticipants in 18 study centers across 13 out of 16 German
federal states at baseline [37]. NAKO aims to under-
stand common disease causes, identify risk factors, and
improve early detection and prevention strategies. Ethics
approval was obtained from all study centers. All partici-
pants gave written informed consent. Assessments and
analyses followed the Declaration of Helsinki.

Data assessment
During standardized interviews, trained study nurses col-
lected sociodemographic data, including age, sex (men/
women), and education. Educational years were catego-
rized according to the International Standard Classifica-
tion of Education 97 (ISCED-97) [38].

Additionally, participants were asked if they had ever
been diagnosed with different disorders, including:

+ Any cancer.
+ Myocardial infarction (hereafter: MI).
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+ Stroke.

+ Diabetes.

+ Chronic bronchitis or chronic obstructive pulmonary
disease (hereafter: COPD).

+ Anxiety disorder or panic attacks (hereafter: anxiety).

« Any depressive disorder (hereafter: depression).

Affected participants were asked for their age at first
diagnosis. Participants were excluded if they did not
report any age at diagnosis or if they were diagnosed
before the age of 18 years to prevent potential feedback
between childhood illness and childhood maltreat-
ment [6]. Based on the reported type of the first tumor,
any cancer was distinguished into smoking-related (oral
cavity, pharynx, esophagus, stomach, pancreas, intes-
tines, larynx, lung, kidney, urinary tract, urinary blad-
der, leukemia, liver, breast [women], cervix) [39-42] and
obesity-related (oral cavity, pharynx, esophagus, stom-
ach, pancreas, intestines, larynx, skin, kidney, urinary
tract, thyroid, brain, non-Hodgkin’s lymphoma, liver, gall
bladder, breast, prostate, uterus, ovaries) [43—45]. Type
2 diabetes was defined according to Tanoey et al. [46],
excluding type 1 diabetes and gestational diabetes.

Participants who reported that they had ever smoked
were asked about their age at smoking initiation. Using
this smoking initiation age and the age at diagnosis, we
identified participants who smoked before they were
diagnosed separately for each disease (ever smoking).
The amount the participants smoked was not taken into
account. For sensitivity analyses, participants who also
reported to have quit smoking before the diagnosis were
excluded, thus comparing never to current smokers (cur-
rent smoking).

Participants reported their weight compared to peers
at age 10 (lower/regular/higher) and their weights at
ages 18, 30, and 50. The current weight and height mea-
sured during baseline examinations were used to calcu-
late the BMI (kg/m?) at ages 18, 30, 50, and baseline [47].
We defined early-onset overweight as a higher weight
at age 10 or a BMI > 25 at age 18; late-onset overweight
referred to a BMI > 25 at ages 30 or 50. Analogously to
smoking, we identified participants who were overweight
before the diagnosis. To account for the possibility that
overweight at age 10 might interfere with childhood
maltreatment, we defined early-onset overweight dur-
ing adulthood (18+) by excluding participants who were
solely classified as early overweight based on their reports
at age 10 and used this variable in sensitivity analyses.

Only smoking and weight history were assessed retro-
spectively, allowing the implementation of a precise time
sequence between childhood maltreatment and subse-
quent diagnoses. Other lifestyle factors, such as alcohol
consumption, physical activity, or diet, were assessed
only at the time of recruitment. These factors could
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therefore not be temporally ordered between childhood
maltreatment and the diagnosis, and were thus not the
focus of the present analyses.

Childhood maltreatment was self-reported using the
Childhood Trauma Screener (CTS), the five-item ultra-
short version of the Childhood Trauma Questionnaire
(CTQ), with high reliability and validity [48, 49]. Each
item is rated on a five-point scale (1 = never to 5 = very
often) and assesses one CTQ subscale: emotional, physi-
cal, and sexual abuse and emotional and physical neglect.
Glaesmer et al. proposed cut-offs that mimic the catego-
rization of the CTQ subscales into none/mild vs. mod-
erate/severe [3, 50]. In detail, item-levels moderate/
severe were defined as > 3 (“sometimes” to “very often”)
for emotional and physical abuse, > 2 (“rarely” to “very
often”) for sexual abuse, and < 2 (“never” to “rarely”) for
emotional and physical neglect. Note that the neglect
items are positively phrased (e.g., “I felt loved.”), and thus
lower ratings indicate more neglect. Using these cut-
offs, childhood abuse was defined as at least one type
of moderate/severe abuse (emotional/physical/sexual);
moderate/severe neglect was defined as moderate/severe
emotional or physical neglect. Abuse and neglect were
used as separate exposures in the present analyses.

Analytic sample

Relative to the source population, the NAKO base-
line sample contained fewer participants with a migra-
tion background, with low and medium education, and
fewer single-person households [51]. For the present
analyses, participants without information on the CTS
(n = 32,782), smoking (n = 9,672), weight history (n =
33,197), disease history (n = 289), or educational years
(n = 18,719) were excluded, leading to an analytic sam-
ple of 152,885 participants. Compared with participants
excluded from the analyses, those retained were younger
and more highly educated (Table S1). Sample sizes for
individual models varied disease-specifically due to miss-
ing data for each condition.

Statistical analyses

Statistical analyses were conducted with R (version 4.2.1).
Descriptive statistics are reported as mean (M), 25th and
75th percentiles (25%; 75%) for continuous and as per-
centages (%) for dichotomous variables.

First, for the individual paths between exposure,
mediator, and outcome, we implemented generalized
linear models (GLM) with a log link and Poisson mean
with robust standard errors. These included associations
between childhood maltreatment and the mediators
(Path A), the mediators and the diseases (Path B), and
childhood maltreatment and the diseases (Path C). Par-
ticipants without abuse or neglect, never smokers, and
participants without overweight served as the reference
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group, respectively. Differences in the mean age at diag-
nosis were modeled in affected participants using linear
regression. Risk ratios (RR) and unstandardized regres-
sion coefficients () are reported with 95% confidence
intervals (95%-CI).

Afterwards, mediation analyses (package: regmedint)
[52] with an interaction term between exposure and
mediator were conducted to investigate whether smoking
and overweight before the diagnosis mediated the associ-
ations between abuse or neglect and the presence or age
at diagnosis of the diseases. To avoid relying on the rare-
outcome approximation, binary outcomes were mod-
eled with GLMs with a log link and Poisson mean for the
outcome models, yielding RR-based natural effects [53].
Binary mediators were modeled with logistic regressions
[53]. For accessibility, the main manuscript reports the
standard two-way decomposition: the pure direct effect
(PDE), the total indirect effect (TIE), and the proportion
mediated. However, because an exposure-mediator inter-
action was included, the PDE comprises the controlled
direct effect (CDE) and the reference interaction (INT,);
the TIE comprises the pure natural indirect effect (PIE)
and the mediated interaction (INT,.4) [54]. The full four-
way decompositions are presented in Additional file 1.
The interpretation focused on mediation analyses for
which all three paths (A, B, and C) revealed a substantive
effect, defined as RR < 0.9 or RR > 1.1 (= 10% risk change)
or |B|>1 (= 1-year difference). For analyses that included
the age at diagnosis, the 1-year threshold (|B|>1) captures
both the recall precision of self-reported age at diagno-
sis and the smallest difference that reflects a measurable
impact. The + 10% risk criterion (RR < 0.9 or RR > 1.1)
was chosen as the logistic criterion, ensuring sensitivity
to small, yet meaningful, population effects [55, 56]. In
sensitivity analyses, ever smoking and early-onset smok-
ing were exchanged by current smoking and early-onset
during adulthood (18+).

All regression and mediation models were adjusted
for age at NAKO baseline examination, sex, study cen-
ter, and years of education. Age and sex were included as
basic potential confounders. Previous studies have also
demonstrated center-specific differences, e.g., in mental
health complaints [3, 57, 58]. Thus, the study center was
included as a design-based confounder. Finally, education
was used as an indicator of the participants’ socio-eco-
nomic position. Since sex and age were recently shown to
moderate the associations between childhood maltreat-
ment and the investigated diseases [7], stratified analyses
for men and women and older and younger birth cohorts
were tested. The birth year 1970 was used as the cut-off
for the birth cohorts. It is close to the sample’s mean and
median (1967) and represents a socio-politically relevant
turning point in Germany.
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Results

The analyzed sample (Table 1) comprised 152,887 par-
ticipants (77,297men, 50.56%) with a median age of 49
years (range: 19-75). Abuse was reported by 24,956 par-
ticipants (16.32%), but more frequently among women
than men (19.62% vs. 13.10%) and by the older compared
to the younger cohort (17.76% vs. 14.03%). Neglect was
reported by 22,826 participants (14.93%), with similar
rates in men and women (14.31% vs. 15.56%), but much
more frequently in the older than the younger cohort
(18.58% vs. 9.12%). On average, 52.80% ever smoked,
with a mean smoking initiation age of 17.90 years. Since
smokers were identified before diagnosis, the proportion
of smokers (range: 52.50%-52.78%) and the age at smok-
ing initiation (range: 17.59-18.58) varied slightly between
diseases. Of the participants who smoked before the
respective diagnosis, 34.14% still smoked at the time of
diagnosis (disease range: 30.85%—32.10%). While 17.09%
reported early-onset overweight, 26.84% reported late-
onset overweight, with slight variations between diseases
(early-onset overweight range: 16.42%-16.87%; late-
onset overweight range: 27.74%-28.96%). Excluding par-
ticipants with early overweight only due to an increased
weight compared to peers at age 10 reduced the fre-
quency of early-onset overweight to 9.32% (disease range:
9.09%-9.31%).

Childhood maltreatment and diseases

Childhood abuse

Participants who reported abuse, compared to those
without, were more likely to report any diagnosis (RR
range: 1.08-2.26; Figs. 1 and 2). Stronger associations
were observed in the younger than the older birth cohort
(Table 2). For cancer, substantive associations were found
in women (RR range: 1.10-1.26) but not in men (RR
range: 1.03-1.09). The mean age at depression diagno-
sis (1=20,198) was 1.5 years earlier for abused partici-
pants (p=-1.54 [-1.81; -1.27]). Any cancer (n=>5,740),
smoking-related cancer (n=2,674), stroke (n=1,864),
and anxiety (n=10,594) were diagnosed 6 to 9 months
earlier. Effects for obesity-related cancer (n=4,217), MI
(n=2,030), diabetes (7=5,993), and COPD (n=4,233)
were even more negligible (Table 2).

Childhood neglect

Participants who reported neglect, compared to those
without, were more likely to report any disease (RR
range: 1.08-1.75; Table 2), with negligible effects for
obesity-related cancer (RR=1.01 [0.94; 1.09]) and MI
(RR=1.01 [0.91; 1.13]). However, a higher chance of MI
was found in women (RR=1.50 [1.17; 1.91]). Addition-
ally, stronger associations were observed in the younger
than the older birth cohort (Table 2). The mean age at
depression diagnosis was 10 months earlier for neglected
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Table 1 Descriptive statistics of the analyzed NAKO sample (N=152,887), men (n=77,297), women (n=75,590), the older cohort
(n=93,963), and the younger cohort (n=58,924)

Whole Sample Men Women Men vs. Older cohort Younger cohort  Older
Women (born<=1970) (born>1970) vs.
Younger
M [25%; 75%] % M [25%; 75%] % M [25%; 75%] %  d/V M [25%; 75%] M [25%;, 75%] av
% %

Age [Years] 49.16 49.45 48.87 -0.05 57.12 36.47 -2.89
[42.00; 59.00] [42.00; 59.00] [41.00; 59.00] [51.00; 63.00] [30.00; 43.00]

Sex [% Women] 4944 49.27 49.72 4.35e-03

Education [Years] 15.70 15.89 15.52 -0.16 1562 15.83 0.09
[13.00; 18.00] [13.00; 18.00] [13.00; 17.00] [13.00; 17.00] [13.00; 18.00]

Childhood abuse [% Yes] 16.32 13.10 19.62 0.09 17.76 14.03 0.05

Childhood neglect [% Yes] 14.93 14.31 15.56 0.02 18.58 9.12 013

Childhood maltreatment 2582 23.19 2852 0.06 29.66 19.70 0.11

[9% Yes]

Ever smoking [% Yes] 52.80 56.69 48.83 0.08 55.83 47.96 0.08

Current smoking [% Yes] 34.14 3733 31.10 0.06 34.22 34.02 1.84e-03

Smoking initiation age 17.90 17.89 17.90 1.27e-03 18.37 17.02 -0.24

[Years] [15.00; 19.00] [15.00; 19.00] [15.00; 19.00] [15.00; 19.00] [15.00; 18.00]

Early overweight [% Yes] 17.09 19.01 1513 0.05 16.22 18.49 0.03

Early overweight 18+ [% 9.32 11.55 7.02 0.08 8.08 1133 0.05

Yes]

Late overweight [% Yes] 26.84 34.30 19.22 0.17 35.16 13.58 0.24

Any cancer (n=147,874) 3.88 3.12 4.67 0.04 5.88 0.78 013

[% Yes]

Age at diagnosis [Years] 4894 5242 46.53 —0.52 50.37 31.97 -1.73
[41.00; 58.00] [46.00; 61.00] [39.00; 55.00] [44.00; 59.00] [27.00; 37.00]

Smoking-rel. cancer 1.81 0.80 2.85 0.08 2.75 0.34 0.09

(n=147,874) [% Yes]

Age at diagnosis [Years] 47.76 53.70 46.04 -0.72 4891 33.28 —-1.52
[41.00; 56.00] [48.00; 60.00] [39.00; 54.00] [43.00; 57.00] [28.00; 39.00]

Obesity-rel. cancer 2.85 231 341 0.03 440 044 0.11

(n=147,874) [% Yes)

Age at diagnosis [Years] 51.07 5419 48.87 -0.53 5219 3357 -1.98
[45.00; 59.00] [48.00; 61.00] [43.00; 56.00] [46.00; 59.00] [29.00; 40.00]

MI(n=152,666) [% Yes] 1.33 2.20 044 0.08 207 0.15 0.08

Age at diagnosis [Years] 51.79 51.77 51.91 0.02 5240 38.23 -1.64
[46.00; 58.00] [46.00; 58.00] [46.00; 59.00] [47.00; 59.00] [36.00; 42.00]

Stroke (1=152,607) [% Yes] ~ 1.22 1.51 0.93 0.03 1.80 0.31 0.07

Age at diagnosis [Years] 51.21 52.36 4929 -0.29 52.94 35.06 -1.92
[45.00; 59.00] [46.00; 60.00] [42.00; 59.00] [47.00; 60.00] [30.00; 41.00]

Diabetes (n=150,935) [% 397 5.09 281 0.06 6.06 061 0.14

Yes]

Age at diagnosis [Years] 5193 5201 51.79 -0.02 52.86 37.08 —-1.88
[46.00; 59.00] [46.00; 59.00] [46.00; 59.00] [48.00; 59.00] [34.00; 42.00]

COPD (n=149,469) [% Yes]  2.83 2.64 3.03 0.01 4.01 0.94 0.09

Age at diagnosis [Years] 43.07 44.30 4197 -0.17 45.04 29.63 -1.21
[32.00; 54.00] [33.00; 55.75] [30.00; 53.00] [35.00; 55.50] [22.00; 36.00]

Anxiety (n=151,761) [% Yes] 6.98 4.99 9.02 0.08 7.57 6.05 0.03

Age at diagnosis [Years] 3881 3949 3842 —-0.09 43.10 30.22 -1.27
[29.00; 48.00] [30.00; 48.00] [29.00; 47.00] [35.00; 51.00] [24.00; 36.00]

Depression (n=151,089) 13.37 9.81 17.03 0.11 15.12 10.57 0.06

[% Yes]

Age at diagnosis [Years] 39.95 40.86 3941 -0.12 44.09 3044 -1.39
[30.00; 49.00] [31.00; 50.00] [30.00; 48.00] [37.00; 52.00] [24.00; 36.00]

MI Myocardial infarction, diabetes Type 2 diabetes, COPD Chronic bronchitis or chronic obstructive pulmonary disease, Anxiety Anxiety disorder or panic attacks, M
Mean, SD Standard deviation d Cohen’s d, V Cramer’sV, Smoking and overweight were defined as disease-specific
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Fig. 1 Mediation analyses for childhood abuse through smoking on the presence of the diseases. Mediation results are shown for the whole sample
(panel a, top), men (panel b, middle left), women (panel ¢, middle right), the older cohort (panel d, bottom left) and the younger cohort (panel e, bottom
right). Path C presents the total effect of childhood abuse on each disease. The stacked bars next to Path C present the direct and indirect effects with
the black segment being the proportion mediated and the grey segment the complementary direct share. Path C' represents the pure direct effect of
childhood abuse, independent of the smoking status. The four-way decomposition of the mediation model is presented in Table S8. Effects defined as
non-substantive (RR<0.9 or RR>1.1) are printed in grey. Regression and mediation models were adjusted for age at NAKO baseline examination, studly center,
and educational years. Sex was used as a covariate for the whole sample and the birth cohort subgroups. Smoking status was defined before disease diagnosis.
rel.=related; MI=myocardial infarction; diabetes=type 2 diabetes; COPD=chronic bronchitis or chronic obstructive pulmonary disease; Anxiety=anxiety disorder

or panic attacks; *** p<0.001; ** p<0.01; * p<0.05

participants (p=-0.83 [-1.13; -0.53]). More negligible
effects were found for the remaining diseases (Table 2).
Given the limited impact of abuse and neglect on the
mean age at diagnosis (i.e., less than 1-year difference),
further analyses focusing on this outcome were omitted.

Smoking
Participants were more likely to smoke and to continue
smoking till the diagnosis if they reported either abuse

(ever smoker: RR=1.23 [1.22; 1.24], current smoker:
RR=1.46 [1.44; 1.49]) or neglect (ever smoker: RR=1.10
[1.09; 1.12], current smoker: RR=1.27 [1.24; 1.29]). For
abuse, the associations were similar for both sexes and
cohorts. For neglect, slightly stronger associations were
found for women (ever smoker: RR=1.15 [1.13; 1.17],
current smoker: RR=1.38 [1.34; 1.42]) than men (ever
smoker: RR=1.06 [1.04; 1.07], current smoker: RR=1.16
[1.13; 1.19]). Abused participants started smoking 7
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Fig. 2 Mediation analyses for childhood abuse through early-onset overweight on the presence of the diseases. Mediation results are shown for the
whole sample (panel a, top), men (panel b, middle left), women (panel ¢, middle right), the older cohort (panel d, bottom left) and the younger cohort
(panel e, bottom right). Path C presents the total effect of childhood abuse on each disease. The stacked bars next to Path C present the direct and indirect
effects with the black segment being the proportion mediated and the grey segment the complementary direct share. Path C' represents the pure direct
effect of childhood abuse, independent of the overweight status. The four-way decomposition of the mediation model is presented in Table S10. Effects
defined as non-substantive (RR<0.9 or RR>1.1) are printed in grey. Regression and mediation models were adjusted for age at NAKO baseline examination,
study center, and educational years. Sex was used as a covariate for the whole sample and the birth cohort subgroups. Smoking status was defined before disease
diagnosis. rel.=related; Ml=myocardial infarction; diabetes=type 2 diabetes; COPD=chronic bronchitis or chronic obstructive pulmonary disease; Anxiety=anxiety

disorder or panic attacks; *** p<0.001, ** p<0.01, * p<0.05

months earlier than non-abused participants (f=-0.60
[-0.70; -0.49]), with similar effects for sexes and birth
cohorts. Neglect did not influence the age at smoking ini-
tiation (f=-0.02 [-0.13; 0.10]).

Ever smokers, compared to never smokers, were
more likely to report any disease (RR-range: 1.07-2.00;
Fig. 1, Table S2). While ever smoking was linked to any
cancer in women (RR=1.18 [1.11; 1.26]), but negligi-
ble in men (RR=1.03 [0.95; 1.12]), its association with

smoking-related cancer was more pronounced in men
(RR=1.67 [1.39; 2.01]) than women (RR=1.26 [1.16;
1.37]). Restricting the sample to current smokers before
the diagnosis further increased the effect sizes for all
diseases (RR-range: 1.44—4.48; Table S2). In contrast,
younger smoking initiation, as an approximation of
smoking intensity, showed weak disease associations (RR
range: 0.96—0.99; Table S2), so mediation analyses for this
mediator were omitted.
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Table 2 Total effects between childhood abuse and childhood neglect and the diseases
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Whole sample Men Women

Older cohort
(born<=1970)

Younger cohort
(born>1970)

RR/B [95%-Cl] RR/B [95%-Cl] RR/B [95%-Cl]

RR/B [95%-Cl]

RR/B [95%-Cl]

Childhood  The Presence of the disease

abuse Any cancer 1.16[1.09; 1.24] 1.05[0.94;1.17] 1.22[1.13;1.31]
Smoking-rel. cancer 1.23[1.13; 1.35] 1.09[0.88; 1.36] 1.26 [1.14; 1.39]
Obesity-rel. cancer 1.08 [1.01;1.17] 1.03[091;1.17] 1.10[1.01;1.21]
Ml 126 [1.13;1.41] 1.20 [1.06; 1.36] 1.53[1.21;1.95]
Stroke 147 [1.32;1.64] 1.36[1.18;1.57] 1.62 [1.37;1.90]
Diabetes 1.33[1.25;1 41} 1.34[1.24;1.44] 1.32[1.19;1.45]
COPD 1.72[1.61;1.84] 1.64 [1.48;1.81] 1.78[1.63; 1.94]
Anxiety 2.18[2.10; 227} 2.35[2.19;2.51] 2.11[2.01;2.21]
Depression 2.26[2.20;2.32] 2.32[2.22;243] 2.22[2.15;2.29]
Age at diagnosis
Any cancer -0.63[-1.19;-0.08] 0.08[-0.77;092]  —1.00 [-1.71;,-0.28]
Smoking-rel. cancer -0.85[-1.64;-0.06] 0.28 [-1.14;1.70] —1.08 [-2.00; —=0.17]
Obesity-rel. cancer —0.28 [-0.86; 0.29] 0.02 [-0.84; 0.89] —0.50 [-1.25;0.24]
MI —0.46 [-1.31;0.40] —0.70 [-1.67;028] 041 [-1.51;2.33]
Stroke —0.58 [-141;0.24] —0.10 [-1.09;0.90] —1.26[-2.62;0.10]
Diabetes —0.29 [-0.74;0.15] 0.12[-044;069]  —0.88[-1.61;-0.15]
COPD —0.30 [-1.08; 048] -0.05[-1.27;1.17] =050 [-1 051]
Anxiety —0.77 [-1.15,-0.39]  —1.02 [-1.68; —0.65[-1.11;-0.18]
—0.36]
Depression -1.54[-181;-127] —-1.50[-1.96; —1.59[-1.92; -1.26]
—1.03]
Childhood  The Presence of the disease
neglect Any cancer 1.08[1.02; 1.15] 1.04 [0.95; 1.15] 1.10[1.02; 1.20]
Smoking-rel. cancer 1.12[1.02;1.22] 1.11[0.91;1.35] 1.11 [1.00; 1.23]
Obesity-rel. cancer 1.01[0.94; 1.09] 0.981[0.88;1.11] 1.021[0.93;1.13]
Ml 1.01[0.91;1.13] 0.93[0.82; 1.04] 1.50[1.17;1.91]
Stroke 1.35[1.21;1.49] 1.28[1.12;1.47] 14501.22;1.71]
Diabetes 1.09[1.02; 1.15] 1.05[0.98; 1.13] 1.15[1.04;1.27]
COPD 140[1.31; 1.50] 1.22[1.09; 1.35] 1.57[1.43;1.72]
Anxiety 1.73[1.66; 1.80] 1.70[1.58; 1.83] 1.74[1.65; 1.84]
Depression 1.75[1.70; 1.81] 1.66 [1.58; 1.75] 1.81[1.74;1.87]
Age at diagnosis
Any cancer 0.03 [-0.53;0.59] 0.53[-0.27;1.34] —0.29 [-1.06; 0.48]
Smoking-rel. cancer —0.61[-1.44;0.21] —0.65 [-2.08;0.79] —0.60[—1.58;0.39]
Obesity-rel. cancer 0.26 [-0.32; 0.85] 0.26 [-0.59;1.12]  0.32[-048;1.12]
Ml —0.15 [-1.00; 0.70] —0.02 [-0.97;0.94] —-0.45[-2.22;1.33]
Stroke -042[-1.20;0.37] 0.04 [-0.87; 0.95] —1.14 [-2.56; 0.28]
Diabetes —0.21 [-0.66; 0.24] 0.02[-0.55;060]  —0.56 [-1.27;0.15]
COPD —0.30[-1.12;0.52] —1.02[-2.28;0.25]  0.28 [-0.80; 1.36]
Anxiety —0.39 [-0.82; 0.04] —0.33[-1.04;038] —042[-0.96;0.12]
Depression -0.83[-1.13;-053] -0.89[-1.39; -0.80[-1.17,-042]
—0.39]

112
1.18

[1.05;1.20]
[1.08; 1.30]
1.06 [0.98; 1.15]
1.25[1.12; 1.40]
1451[1.29; 1.62]
1.291[1.21;1.37]
1.66[1.55;1.79]
2.05[1.96;2.15]
2.11[2.05;2.18]
—0.66 [-1.25; —0.06]
—-0.95 [-1.80; -0.11]
—0.28 [-0.88; 0.33]
-0.58 [-1.47;0.31]
—-067 [-1.55;0.22]
-0.30[-0.77;0.17]
[-1.39;0.35]
[-1.47,-042]

-0.52
-0.94

—1.87[-2.22;-1.51]

1.06 [1.00; 1.13]
1.07[0.98; 1.18]
1.01 [0.93; 1.08]
1.00[0.90; 1.12]
1.29[1.16; 1.44]
1.07 [1.01;1.14]
1.37[1.27;1.47]
169 [1.61;1.77]
1.69 [1.64;1.75]
0.06 [-0.53; 0.65]

-0.61[-1.48;0.26]
0.28 [-0.32;0.88]

-0.16 [-1.04;0.71]
—0.52[-1.36;0.32]
—0.20[-0.67;0.27]
—044 [-1.34;045]
—0.35[-0.90; 0.19]
—0.96 [-1.33; -0.59]

1.54[1.24;1.92]
1691[1.23; 2311
1.29[0.95; 1.75]
132[0.77; 2. 26]
1.63[1.15;2.31]
1.86[1.47;2.35]
2.04[1.69; 2.45]
242 [2.26;2.59]
2.56 [2.44; 2.69]

—0.69 [-2.04; 0.66]
—0.10[-1.93;1.73]
—0.93 [-2.66; 0.80]
1.99 [-0.60; 4.58]
091[-137;3.19]
—0.25 [-1.49;0.98]
1.61[0.21;3.00]
—0.36 [-0.80; 0.07]

-0.79[-1.11;
—047]

1.42[1.09; 1.84]
1.89[1.34; 267]
1.10[0.75; 1.61]
13710.79; 2371
2.181[1.52;3.12]
1461[1.11;1.91]
1.7311.39; 2.14]
1.83 [1.69; 2.00]
1.96[1.85; 2.08]

—0.83[-2.53;0.88]
-0.18[-2.17;1.81]
—1.25[-3.63;1.13]
0.67 [-2.34; 3.69]

—0.07 [-2.05;1.90]
—-0.16 [-1.38; 1.06]
1.18 [-0.49; 2.85]

—-0.54[-1.10;0.02]
-048 [-0.88;
—-0.08]

rel. Related, MIMyocardial infarction, diabetes Type 2 diabetes, COPD Chronic bronchitis or chronic obstructive pulmonary disease, Anxiety Anxiety disorder or panic
attacks, RRRisk ratio, BUnstandardized linear regression coefficient, 95%-Cl95% confidence interval

Mediation analyses with smoking

For abuse, small indirect effects through ever smoking
were observed for all diseases (Fig. 1; Table S3). There
was limited indication that exposure-mediator interac-
tion substantially modified the effects (Table S8). The
proportion mediated was higher for somatic diseases

(5.88%-36.88%) than for mental disorders (2.66%-5.61%).

For MI, one-third of the total effect was mediated
through ever smoking (TIE: RR=1.09 [1.06; 1.12], 36.88%
[17.88%; 55.89%]), the highest in the sample. This media-
tion was sex-dependent: nearly 50% of the total effect
was mediated in men (TIE: RR=1.09 [1.06; 1.12], 48.62%
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[14.28%; 82.97%]) vs. 20% in women (TIE: RR=1.08
[1.02; 1.14], 20.82% [2.75%; 38.89%]). For the whole
sample, mediation by ever smoking was slightly stron-
ger for smoking-related (RR=1.04 [1.02; 1.06], 19.07%
[6.97%; 31.16%]) compared to any cancer (RR=1.02
[1.01; 1.03], 13.90% [2.33%; 25.47%]). Proportions medi-
ated through current smoking were larger than for ever
smoking, with similar increases over somatic diseases
(range: 23.65%-62.71%) and mental disorders (range:
13.35%-18.39%). (Table S6). Again, there was limited
indication of substantial exposure—mediator interactions
(Table S9). For example, MI had the largest proportions
mediated (TIE: RR=1.25 [1.21; 1.29], 62.71% [43.61%;
81.80%]), with higher effects in men (TIE: RR=1.25 [1.20;
1.30], 76.40% [42.00%; 110.80%]) than in women (TIE:
RR=1.23 [1.14; 1.20], 39.81% [21.68%; 57.94%]). Detailed
results of the sensitivity analyses are presented in Addi-
tional file 1.

For neglect, the indirect effects through ever smoking
were mostly negligible (Table 3). Analogous to abuse,
however, the proportions mediated were higher for
somatic diseases (3.49%-87.98%) than for mental disor-
ders (2.24% and 3.83%). Note that some mediation esti-
mates had extremely wide CIs due to the negligible total
effects (RR~1.00). For substantive total effects, the high-
est proportions mediated were found for smoking-related
cancer (TIE: RR=1.01 [1.00; 1.02], 13.97% [-0.41%;
28.35%]) and COPD (TIE: RR=1.03 [1.02; 1.04], 10.62%
[7.40%; 13.84%]) in the whole sample. Similar to abuse,
proportions mediated through current smoking were
larger than for ever smoking (Additional file 1: Sensitivity
analyses; Table S6).

Overweight

Abuse (RR=1.24 [1.21; 1.28]) and neglect (RR=1.10
[1.07; 1.13]) were associated with a higher chance of
early-onset overweight, more pronounced in women
(abuse: RR=1.33 [1.28; 1.38]; neglect: RR=1.19 [1.14;
1.24]) than in men (abuse: RR=1.15 [1.11; 1.20]; neglect:
RR=1.03 [0.99; 1.07]). The effects were comparable
between the birth cohorts. Excluding participants who
were only overweight due to a higher weight compared
to peers at age 10, effect sizes slightly lowered for both
abuse (whole sample: RR=1.22 [1.17; 1.27]) and neglect
(whole sample: RR=1.06 [1.01; 1.11]). Late-onset over-
weight (>30 years) was not substantively associated with
abuse (RR=1.05 [1.03; 1.08]) or neglect (RR=0.99 [0.97;
1.01]), so further analyses were omitted.

Early-onset overweight was associated with a higher
chance of any disease (RR range: 1.07-2.16; Fig. 2, Table
S4). While early-onset overweight was more strongly
associated with smoking-related cancer in men (RR=1.30
[1.08; 1.58]) than in women (RR =1.07 [0.95; 1.20]), asso-
ciations with other diseases were stronger in women (Fig.
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2, Table S4). Additionally, effect sizes for MI and diabetes
were larger in the younger (MI: RR =2.14 [1.37; 3.33]; dia-
betes: RR=4.86 [3.93; 6.01]) than the older birth cohort
(ML: RR=1.31 [1.18; 1.46]; diabetes: RR=2.04 [1.93;
2.15]).

Excluding participants who were only overweight due
to a higher weight compared to peers at age 10, effect
sizes remained mostly stable (RR range: 1.03—2.35, Table
S4). Nevertheless, mediation analyses were conducted
as sensitivity analyses with this subgroup of adult early-
onset overweight participants and are presented in Addi-
tional file 1.

Mediation analyses with overweight

For abuse, the proportions mediated by early-onset over-
weight were mostly negligible (-0.25%-6.51%; Fig. 2,
Table S5), except for diabetes (TIE: RR =1.04 [1.03; 1.04],
13.69% [9.85%; 17.52%]). With 16—20%, the proportion
of diabetes mediated through early-onset overweight
was roughly doubled in women (TIE: RR=1.04 [1.03;
1.06], 16.16% [8.92%; 23.39%]) and in the younger birth
cohort (RR=1.11 [1.07; 1.15], 20.63% [12.67%; 28.59%])
compared to men (RR=1.02 [1.01; 1.03], 8.43% [4.52%;
12.35%]) and the older birth cohort (RR=1.03 [1.02;
1.04], 11.76% [7.58%; 15.95%]). There was limited indica-
tion of substantial exposure—mediator interactions (Table
S10). Moreover, excluding participants who were only
overweight due to a higher weight compared to peers
at age 10, the proportions mediated further decreased
(Table S7, Table S11). Detailed results of the sensitivity
analyses are presented in Additional file 1.

Analogous to abuse, mediation effects for neglect were
negligible (0.78%-8.46%; Table 3), except for diabetes
(TIE: RR=1.01 [1.01; 1.02], 14.96% [3.36%; 26.56%]),
again with limited indication of substantial exposure-
mediator interactions (Table S10). In women, 19% of the
association between neglect and diabetes was explained
by early-onset overweight (TIE: RR=1.02 [1.01; 1.03],
17.01% [3.84%; 30.17%]). However, only 12% were medi-
ated in the younger birth cohort (TIE: RR=1.04 [1.01;
1.08], 11.97% [1.02%; 22.93%]). Note that the CIs for the
proportion mediated by MI in the whole sample and the
older cohort were extremely wide, including implausible
values, most probably due to the negligible total effects.
Excluding participants who were only overweight due
to a higher weight compared to peers at age 10, the pro-
portions mediated by diabetes decreased (TIE: RR=1.00
[1.00; 1.01], 5.79% [-3.20%; 14.77%]). Other sensitivity
mediation results were more comparable (Additional file
1: Sensitivity analyses; Table S7, Table S11).
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Discussion

Data from a large population-based study were used to
investigate whether the associations between childhood
maltreatment and seven diseases were mediated by
smoking or early-onset overweight. Separate models were
calculated for abuse and neglect. In contrast to earlier
studies, we implemented a clear time sequence between
mediators and outcomes to distinguish the effects of
childhood maltreatment from the modifiable factors, i.e.,
smoking and overweight. Consistent with previous find-
ings, we found stronger associations between abuse and
the mediators and diseases than neglect [13-16]. Despite
these differences in direct associations, the mediation
effects of smoking and early-onset overweight were com-
parable for abuse and neglect. However, direct effects on
disease outcomes remained, underscoring the need to
explore additional pathways in future research.

Lang et al. [19] described smoking and obesity as “hall-
marks” of childhood maltreatment. Accordingly, we
found substantive indirect effects through ever smoking
for somatic diseases, particularly MI, cancer, and COPD,
which aligns with previous findings [21, 22, 59]. More-
over, the age at last smoking cessation was used to define
current smokers at the time of the diagnosis. These sen-
sitivity analyses yielded larger mediation effects, yet a
residual direct effect of childhood maltreatment on the
outcomes remained. Moreover, the definition of “current
smoking” still included some uncertainty, as we could not
rule out that the participant was within a smoking break
at the time of diagnosis. In contrast, early-onset over-
weight showed a reliable, substantive indirect effect only
for type 2 diabetes. Sensitivity analyses excluding partici-
pants with overweight solely at age 10 revealed an attenu-
ation of this effect.

While we ensured that mediators preceded diagnosis in
the present study, the temporal sequence between child-
hood maltreatment and mediators was less concise. As a
result, overweight at age 10 and early smoking initiation
may still coincide with maltreatment occurring in late
childhood or adolescence. Besides, the age at smoking
initiation clustered around the late adolescence and early
adulthood and thus, according to a recent general-popu-
lation study, is unlikely to be before childhood maltreat-
ment onset [60]. In detail, participants started smoking at
a mean age of 18 years, but fewer participants reported
early-onset overweight (17%) than late-onset overweight
(> 30 years; 27%). Overweight at age 10 was assessed
compared to peers using broad categories (lower/regular/
higher), which might have introduced more misclassifica-
tion than the BMI-based classification used at later ages.
Excluding participants who were classified as overweight
solely based on the weight report at age 10 reduced
the mediation effects, underscoring the importance of
overweight in childhood and adolescence. Moreover,
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we found no association between abuse or neglect and
later-onset overweight, suggesting that the greater tem-
poral distance from childhood maltreatment weakens
this link. In contrast, since many of the analyzed somatic
diseases manifest later in life, early-onset overweight may
not have been a strong enough mediator to explain the
associations.

The interplay between smoking and weight-related
coping mechanisms further complicates their roles as
mediators, a complexity we accounted for by includ-
ing exposure—mediator interaction terms in the media-
tion models. Smoking has been linked to lower weight
[61], while both smoking and unhealthy diets, leading
to obesity, have been discussed as coping mechanisms
for emotional distress [27-29]. Additionally, in women
with eating disorders, childhood maltreatment has been
associated with a heightened drive for thinness and
bulimia [62], highlighting individual variations in cop-
ing responses. These findings suggest that the pathways
between childhood maltreatment, smoking, and over-
weight may interact with each other as well as personal
factors. However, in the presented analyses, only negli-
gible portions of the mediation effects were attributable
to exposure—mediator interaction.

Moreover, we found sex-dependent mediation effects,
especially for MI. In men, ever smoking explained 49% of
abuse on MI, compared to 21% in women. These effects
increased to 76% in men and 40% in women using cur-
rent smoking as the mediator. Contrarily, 16% of the
abuse effect on type 2 diabetes was mediated by early-
onset overweight in women but only 8% in men. Similar
sex differences have been shown for obesity and BMI in
previous studies [5, 28, 63]. Sex-dependent biological
and psychological responses to chronic stress, such as
childhood maltreatment, might partly explain these dif-
ferences [64, 65]. While male college students reported
problem-oriented coping strategies, female fellows used
emotion-oriented strategies more often [64, 66]. Never-
theless, avoidant coping strategies were associated with
more severe symptoms in patients with heart failure [67].

Besides the female sex, older age, and lower educa-
tional attainment were identified as risk factors for multi-
morbidity [68, 69]. Indeed, childhood maltreatment has
been associated with a higher number of comorbidities
in patients with mental disorders [4, 8, 70]. However, the
exact connections remain unclear. A large longitudinal
study reported that the association between childhood
maltreatment and CVD was independent of depressive
symptoms, while a review summarized that statistical
adjustment for mental disorders attenuated the associa-
tion between childhood maltreatment and CVD [10, 20].
Moreover, findings from cross-sectional studies often
differed from those of longitudinal studies, providing an
apparent time sequence between mediator and outcome
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[5, 20, 23-26]. In our study, we ensured that mediators
preceded diagnoses by considering smoking initiation
age, weight history, and age at diagnosis, thus imple-
menting a longitudinal approach to the cross-sectional
data. Additionally, we excluded participants with child-
hood diagnoses to avoid confounding with adverse child-
hood experiences [6].

Given the complex nature of the diseases, genetic pre-
dispositions likely play a significant role in developing
those [71, 72]. Nevertheless, previous studies reported
a younger age of onset and a more chronic, treatment-
resistant disease course in maltreated patients for various
mental disorders [8, 9]. Although it seems plausible that
childhood maltreatment influences the timing of disease
onset more strongly than its occurrence, the effects of
childhood abuse and neglect on the age at diagnosis were
minor in our results. In detail, depression began 1.5 years
earlier if the participants reported abuse and one year
earlier if they reported neglect. However, Nelson et al.
[9] reported an average onset four years earlier in a meta-
analysis. Our sample was drawn from the general popula-
tion, which might explain smaller effect sizes, and used
self-reported diagnoses, which might be delayed to the
first symptoms or episodes [9, 57, 58].

Nevertheless, for all analyzed diseases, parts of the
association with abuse and neglect remained unex-
plained by smoking and early-onset overweight. Hence,
our results support that additional pathways are likely
and may converge into a multi-mediator model, as Salz-
mann et al. (2022) already postulated for emotional child-
hood neglect. However, more in-depth phenotyping of
the mediators and outcomes is necessary.

Among the limitations, the study had a relatively low
response rate in NAKO and many missing values for the
CTS [3, 37]; missing values were not imputed. Selection
bias is also possible, as individuals with severe disease
courses are less likely to participate in population-based
studies. Moreover, the analyzed sample was younger
and more highly educated than both the excluded par-
ticipants and the German adult population [51]. Because
higher educational attainment and higher socio-eco-
nomic status are each linked to a lower prevalence of
childhood maltreatment and better health outcomes [73,
74], the observed associations may underestimate the
true effects in less educated or older participants; gener-
alization to these groups should therefore be made with
caution.

Additionally, relying on self-reported exposure, media-
tor, and outcome variables introduces the risk of recall
bias. Childhood maltreatment was only assessed by
five items, limiting precision. Moreover, detailed tim-
ing information on childhood maltreatment would be
needed to refine the temporal sequence between expo-
sure and mediator, but it was unavailable in NAKO. Age
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at diagnosis rather than symptom onset was used, poten-
tially delaying disease classification, particularly for men-
tal disorders [57]. Additionally, the age at diagnosis might
depend on other factors not accounted for in this study,
e.g., the frequency of doctor visits.

Although associations between age at smoking initia-
tion and age at diagnosis were negligible in our sample,
we cannot rule out that the intensity of smoking and
overweight may also have influenced the mediation
effects [59, 75]. For smoking, cumulative dose param-
eters such as pack-years were only available as lifetime
markers and could not be positioned between childhood
maltreatment and the diagnosis. Nevertheless, future
research should include time-sensitive intensity mark-
ers to extend our results. Furthermore, weight history
was only available at four ages, with large intervals, and
BMI was used as a proxy for overweight, which does not
account for variations in muscle mass [76]. Future studies
should thus integrate intensity markers for both media-
tors and use more precise body fat assessments.

Finally, all analyses were adjusted for age at baseline,
sex, study center, and education. Unfortunately, paren-
tal socio-economic status (SES) was not included in the
analyzed dataset. Therefore, the impact of parental SES
instead of participants’ education on the mediation mod-
els should be investigated in future studies. Age at base-
line accounts for the increasing disease risk with age
and captures birth cohort effects. Cohort effects influ-
ence exposure, mediators, and outcomes. We considered
adjusting for years at risk, defined as age at baseline for
unaffected participants and age at diagnosis for affected
participants, effectively shifting the reference point for
affected individuals forward. However, years at risk may
be influenced by childhood maltreatment or the media-
tors. Due to high collinearity, adjusting simultaneously
for age at baseline and years at risk is impossible. Future
studies should explore alternative approaches to account
for the influence of time on these associations.

Conclusions
In summary, we used timing information in cross-sec-
tional data to impose a clear time sequence between
mediators and outcomes. This approach enabled us to
quantify how much of maltreatment-related adult dis-
ease risk is attributable to modifiable factors, here smok-
ing and overweight. It thus highlighted actionable targets
for secondary prevention and intervention, while also
underscoring the continued need for primary prevention
of childhood maltreatment. Further, analyzing abuse and
neglect separately revealed both common and inherent
pathway differences.

Associations between childhood abuse and somatic
or mental diseases were stronger than those with child-
hood neglect, but mediation via smoking and overweight
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was similar for both exposures. Smoking had substan-
tive indirect effects on MI, type 2 diabetes, and COPD,
while overweight-mediated effects were limited to type
2 diabetes. Missing evidence for overweight as a media-
tor may reflect the late age at diagnosis and the weak
association between childhood maltreatment and later-
onset overweight in our sample. Sex differences emerged,
with stronger smoking-related mediation for MI in men
and overweight-related mediation for type 2 diabetes in
women.

Nevertheless, much of the childhood maltreatment—
disease link remained unexplained, indicating additional
pathways. Future research should refine mediation mod-
els with more precise measures of smoking intensity,
body composition, and exposure timing. A multi-medi-
ator approach may provide deeper insights into the com-
plex pathways linking childhood maltreatment to disease
risk.
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