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BACKGROUND: The relationship between childhood maltreatment (CM) and obesity is nuanced, and recent evidence suggests
stronger associations between CM and obesity-related traits in females compared to males. This study aims to validate and extend
these findings in a large sample from the German National Cohort (NAKO).

METHODS: The NAKO is a population-based cohort study including 204,744 adults. For the present analyses, 151,143 individuals
(74,596 female) were included. CM was assessed using the Childhood Trauma Screener (CTS). From the CTS, an overall severity
score (CTS sum score), a cumulative CM score (number of CM subtypes with at least moderate severity), and five CTS subtypes were
considered as exposures. Obesity-related traits included anthropometric (height, weight, body mass index [BMI], waist
circumference [WC]) and body fat markers (relative fat mass [rFM], subcutaneous [SAT], visceral adipose tissue [VAT]). Sex-stratified
linear and logistic regression models were adjusted for age, education, and examination center to associate CTS-based scores with
obesity-related traits.

RESULTS: Associations of the CTS sum score with weight, BMI, WC, rFM, and SAT were stronger in females compared to males,
while similar associations were observed for VAT. In both sexes, most obesity-related traits exhibited dose-response relationships
with increasing numbers of CM subtypes. Compared to unexposed females, females with exposure to >3 CM subtypes had a higher
risk for obesity (i.e.,, BMI > 30 kg/mz; OR = 1.56; 95% ClI: 1.43, 1.71) and high WC (i.e., WC > 88 cm; OR = 1.39; 95% Cl: 1.29, 1.50). In
males, exposure to =3 CM subtypes was also associated with increased obesity risk (OR = 1.51; 95% Cl: 1.32, 1.72) and high WC
(i.e, WC =102 cm; OR=1.31; 95% Cl: 1.18, 1.44). Physical and emotional abuse exhibited the strongest average associations and
were associated with the most outcomes.

CONCLUSION: Associations of CM exposure with adult anthropometric and body fat markers are stronger in females compared to
males.
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INTRODUCTION

Severe stressors occurring during early developmental periods, such
as child abuse and neglect, represent a cluster of risk factors that
substantially contribute to morbidity and mortality at the population
level [1]. The largest proportion of deaths associated with childhood
maltreatment (CM) in the United States are due to heart diseases [1].
Against this background, there is growing evidence that consistently
demonstrates that people who were exposed to CM have a higher
risk for cardiometabolic diseases such as ischemic heart disease [2],
coronary heart disease [3], stroke [4, 5], type-2-diabetes mellitus, and
overweight or obesity [4, 6, 7]. Overweight and obesity, which are
themselves growing public health concerns [8], are associated with
increased morbidity and all-cause mortality risk, mainly due to
cardiovascular disease-related deaths [9]. It seems, therefore,
plausible that a significant proportion of CM exposure-associated
morbidity and mortality can be attributed to the increased obesity-
related cardiometabolic risk in these individuals.

Importantly, CM exposure was associated with all-cause
mortality in females but not in males in a large US sample [10].
This study highlights the need to adopt a sex and gender-sensitive
perspective to investigate long-term health outcomes observed in
CM survivors. Indeed, there is now an emerging trend that
recognizes the role of sex and gender as major modifiers of health
and disease [11]. For example, there is evidence that the
association of CM with overweight and obesity is stronger and
more consistent in females compared to males [7, 12, 13] and
meta-analytical evidence suggests that the association between
CM and obesity was stronger in studies that included a higher
proportion of females [7]. More recently, we have shown in 4006
adults from the general population that CM exposure was
consistently and more strongly associated with a multitude of
different obesity-related traits in females than in males [12]. In
females, associations of CM exposure and obesity-related traits
were mainly driven by exposure to emotional and physical abuse.
In males, we observed an association between CM exposure and
reduced body height, as well as increased waist-to-height ratio
and visceral adipose tissue (VAT). Like in females, these associa-
tions were mostly confined to exposure to either childhood
emotional or physical abuse.

The purpose of the present study was to validate and extend
these findings in a substantially larger sample. Following
recommendations for the analyses of sexually dimorphic traits
[14], such as anthropometric indicators of overweight/obesity and
body fat markers [15, 16], we analyzed the associations of CM
exposure with several standard anthropometric indicators, direct
measurements of body fat by ultrasound, and bioelectrical
impedance measures of relative fat mass (rfFM) stratified by sex
in the German National Cohort (NAKO).

MATERIAL AND METHODS

Study population

The NAKO baseline survey was conducted between 2014 and 2019. Age
and sex-stratified samples were randomly drawn from compulsory
registries of residents within a total of 16 study areas (and 18 study
centers) throughout Germany. At baseline, more than 204,744 adults, aged
20-69 years, of the general German population from rural and urban areas
were recruited [17]. Further detailed information on sampling, inclusion
criteria, and study protocols can be found in Peters et al. [17]. The Ethics
Committees of all study sites approved the study. All participants gave
written informed consent for participation in the study and data utilization.
The NAKO was conducted in accordance with the Declaration of Helsinki.
NAKO data and bio samples can be obtained via an electronic application
portal (https://transfer.nako.de). Sequential exclusion of participants with
missing data (Fig. S1) resulted in a study population of 151,143 individuals.

Childhood maltreatment
Information about CM exposure was obtained as part of a touchscreen
section using the CTS, a brief screening version derived from the
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Childhood Trauma Questionnaire (CTQ) [18]. The CTS covers five types of
maltreatment, one item representing each CM subtype: emotional,
physical, and sexual abuse as well as emotional and physical neglect.
Frequency ratings for each CTS item are given on a five-point scale (range:
1="not at all” to 5 = “very often”). All items were summed up for the CTS
sum score, resulting in values ranging between 5 and 25, with higher
values indicating more severe CM exposure. In addition, and based on
established cut-off values [19], a dichotomous variable was computed to
indicate none/mild or moderate/severe CM exposure for each item.
Subsequently, an index of cumulative CM exposure was computed from
these dichotomous values to capture how many different moderate/severe
CM subtypes each individual experienced (i.e., none, one, two, three or
more). In addition, a global value captured whether at least one moderate/
severe CM was reported, regardless of the subtype.

Obesity-related traits

Body weight was measured to the nearest 0.1 kg in underwear and without
shoes using a digital scale integrated in the medical Body Composition
Analyzer (mBCA) 515 (seca GmbH & Co. KG; Hamburg; Germany) [20]. Body
height (in cm) was measured with the Stadiometer 274 (seca GmbH & Co. KG;
Hamburg; Germany). The BMI was calculated as body weight in kg divided by
body height in meters squared. Based on the BMI, we created categorical
variables indicating either overweight (25 kg/m? = BMI < 30 kg/m?) or obesity
(BMI = 30 kg/m?). Waist circumference (in cm) was measured with a flexible,
non-stretchable graduated tape (Umfangmessband 201, seca GmbH & Co.
KG; Hamburg; Germany). To determine waist circumference, the examiner
palpated the iliac crest and the lowest rib at the lateral part of the body.
Measurements were taken in the middle of these two landmarks. We
additionally computed a dichotomous variable based on sex-specific cut-offs
for waist circumference (females: =88 cm; males: =102 cm) as an indicator of
central/visceral obesity. WHtR was calculated as waist circumference divided
by height. Relative fat mass in % was measured by bioelectrical impedance
analysis using the phase-sensitive multifrequency device mBCA 515 (seca
GmbH & Co. KG; Hamburg; Germany). SAT and VAT thickness (in mm) were
measured by abdominal ultrasound using a Philips iE33 device (Philips
GmbH; Hamburg; Germany) with a 5MHz convex transducer. Further
detailed information on data acquisition related to anthropometrics and
body fat has been published elsewhere [20].

Covariables

Information about years of formal education based on the international
standard classification of education (ISCED 97) and age were obtained in
computer-assisted personal interviews. A categorical variable was created
for education, indicating low ( < 10 years), medium (10 years), or high (>10
years) level of formal education. In supplementary analyses, we
additionally considered migration background as a covariate. The assign-
ment of migration background (yes/no) was dependent on the nationality
and country of birth of participants and their parents, and described in
more detail elsewhere [21].

Statistical methods

Descriptive data are presented as mean and standard deviation
(continuous data) or as absolute numbers and percentages (categorical
data) stratified by sex and absence (CM—) /occurrence (CM+) of at least
one CM of moderate/severe severity. The CTS sum score, cumulative CM
exposure, and CTS subscales were associated with obesity-related traits by
sex-stratified linear regression models adjusted for age, years of formal
education, and examination center. The results of the regression models
are reported as 3 coefficients and 95% confidence intervals (Cl). The
Bonferroni method was applied to correct for multiple testing and p values
<0.003 (regression models for eight outcomes in two sexes: pcorr = 0.05/
16 = 0.003) were considered statistically significant. Additional explorative
analyses also tested age-dependent associations between CTS sum scores
and obesity-related traits (only continuous outcomes). For this purpose,
fully adjusted sex-stratified regression models included a CTS sum
score x age interaction term. We conducted all analyses with STATA 18.0
(Stata Corporation, TX, USA).

RESULTS

Sample characteristics

At least one moderate/severe CM was reported by 17,900 males
(23.4%) and 21,339 females (28.6%). Of those, 12,565 males and
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Table 1. Characteristics of the study population stratified by sex and childhood maltreatment (CM).

Males

CM—
N 58,694 (38.8%)
Age in years 48.5 (12.5)

Years of formal education
Less than 10 years
10 years
More than 10 years
Migration background (yes)

542 (0.9%)
19,680 (33.5%)
38,472 (65.5%)
7532 (12.8%)

CTS sum score 6.17 (1.23)
Number of CM subtypes -

1 -

2 -

3 or more =
Emotional neglect -
Physical neglect =
Emotional abuse =
Physical abuse -
Sexual abuse -
Body height in cm 179 (7)
Body weight in kg 87 (15)
BMI in kg/m? 27.0 (4.4)
Waist circumference in cm 96 (13)
Increased waist circumference 16,294 (27.8%)
Waist to height ratio in % 53.5 (7.3)
Fat mass in % 25.2 (7.0)
Subcutaneous adipose tissue in mm 20.2 (8.2)
Visceral adipose tissue in mm 72.7 (23.7)

Females
CM-+ CM— CM-+
17,900 (11.8%) 53,210 (35.2%) 21,339 (14.1%)
52.5(11.4) 48.0 (12.5) 51.2 (11.4)

471 (2.6%)

7463 (41.7%)
9966 (55.7%)
3126 (17.5%)

802 (1.5%)
22,793 (42.8%)
29,615 (55.7%)
6991 (13.1%)

781 (3.7%)
10,651 (49.9%)
9907 (46.4%)
3478 (16.3%)

10.47 (2.49) 5.97 (1.18) 10.67 (3.11)
1.43 (0.76) = 1.59 (0.94)
12,565 (70.2%) = 13,655 (64.0%)
3500 (19.6%) = 4353 (20.4%)
1835 (10.3%) = 3331 (15.6%)
5005 (28.0%) = 6269 (29.4%)
7563 (42.3%) = 7411 (34.7%)
4730 (26.4%) = 7372 (34.5%)
6382 (35.7%) = 5772 (27.0%)
1941 (10.8%) = 7164 (33.6%)
178 (7) 166 (6) 165 (7)

88 (16) 71 (15) 72 (16)

27.7 (4.6) 25.7 (5.3) 26.5 (5.7)

98 (13) 85 (13) 87 (14)

6135 (34.3%) 18,272 (34.3%) 8768 (41.1%)
55.2 (7.5) 51.1 (8.2) 52.7 (8.7)
26.5 (7.0) 35.6 (7.8) 37.0 (7.7)
20.2 (8.1) 22.3 (10.4) 23.1 (10.2)
76.7 (24.6) 53.1 (20.3) 56.4 (21.5)

Data are expressed as mean and standard deviation for continuous data or as absolute numbers and percentages for categorical data. Percentages refer to the

relative proportion of the total number of participants for each sex.

BMI body mass index, CM childhood maltreatment, CM— no CM subtype with moderate to severe exposure, CM+ =1 CM subtype with moderate to severe

exposure, CTS Childhood Trauma Screener.

13,655 females reported one type of CM, 3500 males and 4353
females reported two types of CM, while 1835 males and 3331
females reported three or more types of CM (Table 1). Among
males, who reported at least one type of CM, the most frequent
CM was physical neglect (42.3%), followed by physical abuse
(35.7%) and emotional neglect (28.0%). In females who reported at
least one CM, the most frequent CM was physical neglect (34.7%),
followed by emotional abuse (34.5%) and sexual abuse (33.6%).

Associations of the CTS sum score with anthropometric and
body fat markers

In males, a one-point increase in the CTS sum score was associated
with a 0.08 cm lower body height after adjustment for age, years
of formal education, and examination center (Table 2). For all
other anthropometric and fat markers except VAT, associations of
the CTS sum score were stronger in females than in males (Table
2). In females, a one-point increase in the CTS sum score was
associated with a 0.08 kg/m? higher BMI (0.05 kg/m? in males), a
0.21cm larger waist circumference (0.14cm in men), and a
0.10mm higher SAT (—0.01 mm in males). The association
between the CTS sum score and VAT was similar in men
(0.31 mm per one-point increase) and females (0.28 mm per
one-point increase). Additional adjustment for migration back-
ground did not substantially alter the observed associations

International Journal of Obesity (2026) 50:329 - 337

(Table S1; Supplementary), except for body weight, where the CTS
sum score was no longer significantly associated in females.
Positive associations of CTS sum scores with overweight, obesity
and high waist circumference were comparable in magnitude
between males and females (Table 3). Explorative analyses for age-
dependent associations revealed that association strengths for
CTS sum scores and anthropometric (Fig. S2) and body fat markers
(Fig. S3) generally decline with increasing age. After Bonferroni
adjustment, CTS sum score x age interaction terms were signifi-
cant for all outcomes in male participants, while this was only true
for weight and BMI in female participants.

Associations of cumulative CM exposure with anthropometric
and body fat markers

In both sexes, most anthropometric measures increased with
exposure to multiple CM subtypes in a dose-response relationship,
while effects were consistently larger in females compared to
males (Table 2 and Fig. 1). Only body height was inversely
associated with cumulative exposure to CM categories, especially
in males. Compared to males without any CM, males with one CM
had on average a 0.39 cm lower body height, while males with
three or more CM subtypes had on average a 0.69 cm lower body
height. Compared to females without any CM, females with one
CM had on average a 0.19 kg/m? higher BMI, a 0.53 cm higher
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Table 2. Sex-stratified associations of total and cumulative childhood maltreatment exposure with anthropometric and body fat markers.

Outcome CTS sum score

Body height in cm

Males —0.08 (—0.10; —0.06)? —0.39 (—0.52; —0.25)°

Females —0.03 (—0.05; —0.01)? —0.05 (—0.17; 0.07)
Body weight in kg

Males 0.10 (0.05; 0.14)® 0.26 (—0.03; 0.55)

Females 0.20 (0.16; 0.24)° 0.52 (0.24; 0.80)°
Body mass index in kg/m?

Males 0.05 (0.04; 0.07)° 0.20 (0.11; 0.28)°

Females 0.08 (0.07; 0.10)° 0.19 (0.09; 0.29)°
Waist circumference in cm

Males 0.14 (0.10; 0.17)® 0.38 (0.15; 0.60)°

Females 0.21 (0.18; 0.25)° 0.53 (0.29; 0.77)°
Waist to height ratio in %

Males 0.10 (0.08; 0.12)° 0.31 (0.18; 0.44)°

Females 0.14 (0.12; 0.16)° 0.33 (0.18; 0.48)°
Relative fat mass in %

Males 0.04 (0.02; 0.05)° 0.14 (0.02; 0.27)

Females 0.07 (0.05; 0.09)* 0.12 (—0.01; 0.26)
Subcutaneous adipose tissue in mm

Males —0.01 (—0.06; 0.04) 0.08 (—0.23; 0.39)

Females 0.10 (0.05; 0.16)° 0.33 (—0.07; 0.72)
Visceral adipose tissue in mm

Males 0.31 (0.18; 0.45)° 1.28 (0.42; 2.13)

Females 0.28 (0.17; 0.39)° 0.94 (0.17; 1.70)

1 vs. no CM

2 vs. no CM

—0.38 (—0.61; —0.15)*
—0.38 (—0.58; —0.19)*

0.93 (0.42; 1.45)%
1.42 (0.96; 1.88)°

0.38 (0.24; 0.53)%
0.63 (0.47; 0.79)%

1.09 (0.69; 1.49)°
1.65 (1.26; 2.04)°

0.71 (0.49; 0.94)%
1.11 (0.87; 1.35)°

0.31 (0.08; 0.54)
0.58 (0.36; 0.80)°

—0.35 (—0.92; 0.22)
0.81 (0.14; 1.48)

1.34 (—0.22; 2.89)
2.65 (1.35; 3.96)%

3+ vs. no CM

—0.69 (—1.01; —0.37)°

—0.15 (-0.37; 0.07)

1.46 (0.76; 2.16)°
2.90 (2.38; 3.43)%

0.66 (0.47; 0.86)°
1.12 (0.93; 1.30)°

1.62 (1.07; 2.17)°
2.73 (2.29; 3.17)?

1.10 (0.80; 1.41)°
1.68 (1.41; 1.95)°

0.65 (0.35; 0.96)°
1.16 (0.91; 1.41)°

0.13 (—0.67; 0.94)
1.31 (0.53; 2.08)°

3.17 (0.97; 5.37)
2.58 (1.07; 4.09)°

Data are reported as 8 coefficients and 95% confidence intervals derived from sex-stratified linear regression models adjusted for age, years of formal
education, and examination center. CTS sum scores exhibit larger average positive associations with most obesity-related outcomes in females as opposed to
males. Cumulative CM exposure is associated with weight, BMI, waist circumference, and relative fat mass in a dose-response manner. Average dose-response
associations are larger in females compared to males. Only height exhibits negative associations with CM and more consistently so in males as opposed to

females.
CM childhood maltreatment, CTS Childhood Trauma Screener.
Significant after Bonferroni correction (p < 0.003).

waist circumference, whereas females with three or more CM
subtypes had on average a 1.12 kg/m? higher BMI and a 2.73 cm
higher waist circumference, and a 1.31 mm higher SAT.

Moreover, cumulative CM exposure was associated with over-
weight, general (i.e., BMI=30kg/m?) and central (i.e, high WC)
obesity in a dose-response relationship (see Table 3 and Fig. 2).
Associations with overweight were comparable between males
and females. Notably, odds ratios for obesity and high waist
circumference were comparable across exposure categories
between females and males, except in individuals with high
exposure (i.e, =3 CM subtypes), where females exhibit higher
odds ratios (see Table 3 and Fig. 2).

Positive associations between cumulative CM exposure and
body fat markers were primarily seen in females with exposure to
at least two CM categories. After Bonferroni correction, males with
exposure to at least three types of CM exhibited 0.65% increased
relative fat mass compared to unexposed males. Females with
exposure to at least 2 types of CM had higher relative fat mass and
higher VAT compared to unexposed females. Significantly
increased SAT was only seen in females with exposure to three
or more CM categories. All results are presented in Table 2 and Fig.
1. Additional adjustment for migration background (Table S1) left
association patterns essentially unchanged, with the exception of
body height in males with exposure to two CM categories, which
was no longer significant (8= —0.15; 95% Cl: —0.39; 0.08).

SPRINGER NATURE

Associations of CM subtypes with anthropometric and body
fat markers

Associations of CM subtypes and obesity-related traits are
displayed in Table S2. In both sexes, emotional and physical
abuse exhibited the most consistent and largest effects on
obesity-related traits. Additionally, emotional neglect and sexual
abuse were significantly associated with most outcomes in
females, but not in males. In males and females alike, physical
neglect showed the strongest inverse association with body
height. Additional adjustment for migration background did not
alter association patterns significantly (Table S3).

DISCUSSION

The purpose of the present study was to conceptually replicate
and extend our previously published data [12] on sex-specific
associations between CM exposure and obesity-related traits in
the general adult population. The patterns of association can be
summarized as follows: (1) the association of CM exposure and
obesity-related traits is generally stronger in females than in
males; (2) in both sexes, exposure to multiple CM subtypes
exhibits a dose-response relationship with most obesity-related
traits; (3) associations between CM exposure and obesity
indicators (i.e, BMI=30kg/m? and high waist circumference)
were stronger than associations with overweight, (4) in both sexes

International Journal of Obesity (2026) 50:329 - 337
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Table 3.
circumference.

Outcome CTS sum score

Overweight®

Males 1.01 (1.00; 1.02)*

Females 1.01 (1.01; 1.02)*
Obesity®

Males 1.03 (1.03; 1.04)*

Females 1.03 (1.03; 1.04)*

High waist circumference®
Males 1.02 (1.02; 1.03)*

Females 1.03 (1.02; 1.03)*

1 vs. no CM

1.04 (1.00; 1.09)
1.05 (1.00; 1.09)

1.12 (1.06; 1.18)*
1.09 (1.03; 1.15)*

1.05 (1.00; 1.10)
1.06 (1.02; 1.11)

Sex-stratified associations of total and cumulative childhood maltreatment exposure with overweight, obesity, and high waist

2 vs. no CM 3+ vs. no CM

1.10 (1.01; 1.20)
1.10 (1.02; 1.19)

1.17 (1.04; 1.31)
1.17 (1.07; 1.27)*

1.32 (1.19; 1.45)*
1.30 (1.19; 1.41)*

1.51 (1.32; 1.72)*
1.56 (1.43; 1.71)*

1.22 (1.13; 1.31)*
1.24 (1.16; 1.32)*

1.31 (1.18; 1.44)*
1.39 (1.29; 1.50)*

Data are reported as odds ratios (95% confidence intervals) for BMI-based outcomes (overweight and obesity) and high waist-circumference derived from sex-
stratified logistic regression models. All models are adjusted for age, years of formal education, and examination center. Cumulative CM exposure is associated
with overweight, obesity, and high waist circumference in a dose-response manner. Odds ratios for obesity and high waist circumference are comparable
across exposure categories between females and males, except in individuals with high exposure (i.e., 23 CM subtypes), where females exhibit higher odds
ratios. This pattern was not observed when overweight was the outcome, as odds ratios were comparable across exposure categories and sex.

Cl confidence interval, CM childhood maltreatment, CTS Childhood Trauma Screener, OR odds ratio.

20verweight is defined as >25 kg/m? BMI < 30 kg/m>.
PObesity is defined as BMI > 30 kg/m?.

“Increased waist circumferences are defined as >88 cm for females and =102 cm for males.

*Significant after Bonferroni correction (p < 0.003).

and across obesity-related traits, physical and emotional abuse
emerge as the exposures with the strongest average associations
and are associated with the most outcomes; (5) emotional neglect
and sexual abuse exhibit significant associations with most
obesity-related traits in females, but not males. Finally, explorative
analyses revealed an overall age-dependent decline in association
strength between CM exposure (CTS sum score) and anthropo-
metric and body fat markers, which was more pronounced in male
compared to female participants.

Overall, results are consistent with previous meta-analytical and
population-based findings [7, 12, 13, 22, 23] that have shown
stronger associations between CM exposure and obesity-related
traits in females compared to males, strengthening confidence in
this pattern of associations. Concerning the dose-response relation-
ship between CM exposure and most obesity-related traits
observed in both males and females, our findings are further in
line with the results of the original Adverse Childhood Experiences
(ACE) study [4]. Among other health outcomes, Felitti et al. [4]
demonstrated, without reporting sex-disaggregated results, that
with increasing numbers of ACEs, participants had an increased risk
of severe obesity (ie, BMI =35 kg/mz) compared to unexposed
individuals. Our results indicate that this association is comparable
in effect size already at a lower threshold for obesity (i.e.,
BMI = 30 kg/m?). Hughes et al. [6] in their meta-analysis reported
a combined OR for the association of ACEs with overweight and
obesity of 1.39. We here report that the magnitude of association
depends on the outcome and is larger in models with obesity as
the outcome (Table 3). Notably, sex differences in association
strength emerge only for obesity and high waist circumference, but
not for overweight at high levels of CM exposure (i.e., =3 CM
subtypes), where females exhibit higher odds ratios (see Table 3
and Fig. 2). Of note and unlike in our previous study [12], most
associations between CM exposure and obesity-related traits were
also significant in male participants, which is likely due to the
substantially increased sample size (SHIP study: n = 4006 vs. NAKO
study: n=151,143) and the resulting greater statistical power to
detect associations of smaller magnitude.

The finding that the CTS sum score is related to comparable
increases in VAT in males and females alike, but more consistently
across cumulative and specific types of CM exposure in females,
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may be of particular interest. One hallmark of the sexual
dimorphism in adult body composition is that compared to
premenopausal females, males accrue more VAT at comparable
BMI [15, 16]. This male-type body fat distribution is associated with
greater cardiometabolic risk, like insulin resistance, hypertension,
dyslipidemia, and chronic inflammation [24, 25]. These VAT-
associated alterations may partly underlie obesity-related compli-
cations in survivors of CM. Interestingly, females with exposure to
CM exhibit a significant accumulation of VAT, which may indicate
a tendency of these females to develop an “android” adult
phenotype of body fat distribution, which may predispose these
females to increased cardiometabolic health risks. In this context,
exploratory analyses also showed age-dependent associations
between CM exposure and obesity-related traits with some
notable sex differences seen especially for body fat markers.
While in male participants, associations between CTS sum scores
and body fat markers declined with increasing age in our cohort,
this was not observed in females. This may suggest a prolonged
exposure to VAT-related physiological alterations in CM-exposed
females compared to males, adding a potential additional source
by which CM exposure may contribute to sex differences in long-
term health outcomes. These hypotheses should be considered
with precaution, however, as it needs further validation and a
better understanding of the underlying linking mechanisms. Being
aware of the multifactorial etiology of increased VAT, we speculate
that, especially in female subjects, estrogen signaling may be a
promising candidate mechanism for future research. Estrogens
have pleiotropic effects with regard to fat metabolism and
distribution [26], energy expenditure [27], and central control of
food intake [28]. Moreover, estrogen deficiency as seen in
postmenopausal females induces a shift towards higher relative
amounts of VAT and decreased energy expenditure [27]. The role
of this estrogen pathway in CM-associated increases in VAT in
females is unclear, however, due to a lack of research. Animal
models have established that early postnatal stress predicts
reduced expression of estrogen-receptor a (ERa) in hypothalamic
neurons of female offspring [29]. Given that ERa-mediated
signaling is critical for estrogen effects in both behavioral and
physiological mechanisms related to obesity and body fat
distribution [26, 28], this pathway could represent a plausible
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Fig. 1 Sex-stratified associations between cumulative exposure to childhood maltreatment and anthropometric and body fat markers.

Childhood maltreatment and anthropometric (A, B) and body fat (C, D) markers. The left column shows results for males (A, C); the right
column shows results for females (B, D). Boxplots visualize the sex-specific associations indicated as standardized p-coefficients and 95%
confidence intervals*. Colors indicate exposure to one (green), two (yellow), or three or more (red) CM subtypes of at least moderate severity.
Cumulative CM exposure is associated with weight, BMI, waist circumference, and relative fat mass in a dose-response manner. Average
association strengths are larger in females compared to males. Only height exhibits negative associations with CM and more consistently so in
men as opposed to females. Note: *B-coefficients and 95% confidence intervals are derived from sex-disaggregated linear regression models
adjusted for age, years of formal education, and study center. BMI body mass index, CM child maltreatment, CTS Childhood Trauma Screener,
rFM relative fat mass, SAT subcutaneous adipose tissue, VAT visceral adipose tissue.

target mechanism to better understand the increased levels of
VAT in females after CM exposure.

It is also important to note that the cardiometabolic correlates
of CM exposure in males should not be underestimated either and
may differ from those seen in females. For example, we have
previously shown that only in males but not in females CM
exposure is associated with increased liver fat content and
increased odds for metabolic dysfunction-associated steatotic
liver disease [30], suggesting an alternate pathway through which
CM exposure may confer increased cardiometabolic risk in males.

An exception from the general pattern of stronger associations
observed in females represents body height, for which CM showed a
stronger association in males, which we have also shown before
[12]. Body growth is a sexually dimorphic and dynamic process that
occurs during a relatively long period, i.e., from fetal life until late
puberty/early adulthood [31]. During this extended developmental
time window, individuals are particularly prone to the deleterious
long-term effects of chronic stress, such as CM [32, 33]. In addition,
body height is strongly regulated by genetic and endocrine
mechanisms, which may interact with or be responsive to severe
stressors occurring during the early stages of life in an age- and sex-
dependent manner to account for individual differences in body
height [31]. Previous research has shown that in two independent
birth cohorts, CM exposure in the form of either neglect at 7 years
[34] or abuse and neglect between 0 and 14 years [35] was
prospectively associated with modest but significant reductions in
adult height, regardless of sex. Moreover, early life conditions that
often co-occur with CM, such as low childhood socioeconomic
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status (SES), have also been linked to reduced body growth [36]. In
this regard, it is worth noting that the strongest associations with
adult body height were observed for childhood physical neglect in
both males and females, an exposure that may be indicative of low
childhood SES. We have not measured childhood SES and caution is
therefore warranted to solely attribute the effects of childhood
physical neglect on adult body height (and other health outcomes)
to neglectful parenting. They may also represent health effects
associated with conditions that occur more frequently in low SES
contexts, such as malnutrition.

Several limitations need to be considered. First, the method of
assessing CM exposure poses several challenges. Participants
provided retrospective self-reports about their CM exposure using
the CTS, a 5-item screening instrument. Each CM subtype is
represented by only one item. However, the CTS has demon-
strated good agreement with the Childhood Trauma Question-
naire (CTQ) [19] and can be considered a reliable short version of
the CTQ, which is a well-established instrument in CM-related
research. Furthermore, retrospective self-report questionnaires
such as the CTS may be influenced in several ways, e.g., through
recollection errors, forgetting, exaggeration, or denial [37].
However, a previous meta-analysis has shown that CM-obesity
associations were comparable between studies that used retro-
spective and prospective measures of CM exposure [7].

Second, other dimensions of diversity, such as age, SES, or race/
ethnicity, may also contribute to differential obesity-related
cardiometabolic risk after CM. We have conducted our analyses
in an ethnically relatively homogenous white German population,
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while past research has shown that the CM-obesity association
may be stronger in samples with higher relative proportions of
white participants [7]. This circumstance may thus decrease the
generalizability of the current study to populations of more
diverse ethnic backgrounds and warrants further study. However,
supplemental analyses including migration background as an
additional covariate did not alter the overall pattern of associa-
tions. With regard to a possible effect modification by age in the
CM-obesity association, a longitudinal study in adults [38] found
consistently elevated WC over a 9-year follow-up in CM-exposed
individuals, but no evidence for a CM x time interaction.

Third, the response rate to participate in the NAKO study was
relatively low at 17% [17] with substantial variation between study
centers (9-32%). This may introduce biases related to sample
collection (e.g., selection bias). Therefore, the NAKO study
population cannot be considered representative for the German
general population and basic characteristics of the sample that are
relevant to the present study, such as CM prevalence are likely
underestimated.

Fourth, we considered biological sex as an analytical variable in
our study, while not (or only indirectly) addressing the role of
gender, which among others captures aspects of gender identity,
gender roles, and power hierarchies associated with gender. As an
example, and consistent with prior research [39], we found that
among individuals with CM exposure, females are approximately
three times more likely than males to report childhood sexual
abuse. A pathway towards prevention of this pernicious form of
violence, which disproportionately affects female individuals
needs to adopt gender rather than sex sensitive perspective to
accurately address this phenomenon.

As another limitation, we have conducted cross-sectional
analyses and could therefore not establish longitudinal or causal
associations. In this regard, it is important to note that the effects
of CM on obesity are already seen in children and adolescents,
particularly in girls [40, 41], indicating that biological embedding
(e.g., through epigenetic mechanisms; altered stress physiology)
and behavioral alterations (e.g., disordered eating; physical
inactivity) related to obesity may manifest early after CM exposure
in a sex-specific manner. Adding an additional level of complexity
to this body of evidence, Moog et al. [42] recently reported that
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maternal exposure to CM predicts obesity in their female but not
male children, suggesting an intergenerational mother-to-
daughter transmission of CM-associated obesity. Together, these
results indicate that CM exposure, both intra- and intergener-
ationally, is associated with early onset obesity in girls, which may
in turn expose these female individuals to prolonged periods of
obesity-related alterations in metabolic homeostasis and
increased cardiovascular risk (e.g., increased inflammation),
possibly contributing to the premature mortality seen in adult
females (but not males) after CM exposure [10].

It has also been shown that variables related to CM, such as age
at exposure may contribute to differences in CM-associated long-
term health outcomes [43]. We suggest that future research on
CM-related long-term health outcomes should more comprehen-
sively characterize characteristics of the exposure beyond the
different types of maltreatment. As another limitation, we should
note the absence of genetic risk scores in our study. Obesity has a
considerable genetic component [44]. Therefore, future studies
exploring associations between CM exposure and obesity should
include genetic risk scores (i.e., gene-environment interactions) to
further refine our understanding of CM-related obesity risk.

Finally, we acknowledge that we have not tested potential
mediators in the present study. In this regard, several current
reviews have provided narrative [45] and quantitative [46]
syntheses on the various biological and behavioral pathways that
may partly explain the association of CM exposure and obesity-
related traits in adulthood. We propose to further investigate the
role of depression in the context of sex-specific CM-obesity
associations, given its particular clinical relevance in this context.
CM is an established risk factor for depressive disorders [47, 48]
that are characterized by higher recurrence risk, treatment
resistance [49], and comorbid cardiometabolic disease [50].
Simultaneously, females are more likely than males to be
diagnosed with depression after CM [5] and we have recently
shown that recurrent major depression, which is more likely after
CM exposure [49], is associated with increased obesity-related
traits in females, but not in males [51]. As a next step, we propose
that future research, by focusing on sex differences, should try to
integrate these findings in order to identify subgroups of
individuals with CM exposure, more severe (e.g., recurrent and/
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or treatment resistant) forms of depression, and concurrent
obesity-related cardiometabolic risk, which may help to tailor
individualized treatments within a framework of personalized
medicine.

A major strength of our study is the sex-stratified analytical
approach that takes into consideration the sexual dimorphism in
adult obesity [16] and the sex-specific pattern of exposure to
different CM subtypes [52]. Moreover, the large sample size of
151,143 individuals provides robust estimates of CM-associated
alterations in adult obesity-related traits, and the fact that, in
addition to standard anthropometric markers, we also obtained
direct measures of body fat through BIA and ultrasound. Body fat
tissue, and especially VAT, is associated with increased cardiome-
tabolic risk in people with obesity [24], and most pertinent studies
have considered BMI or waist circumference as the primary
outcomes in association with CM exposure [7, 53]. The present
study may therefore provide a valuable contribution to stimulate
further research into the sex-specific pathways that mediate the
CM-obesity association in order to achieve a more accurate
prediction of chronic obesity-related complications in both males
and females after CM.

Taken together and bearing the limitations mentioned above in
mind, our data suggest a nuanced pattern of associations
between CM exposure and anthropometric and body fat markers
that may depend on the sex of the exposed individual, the
cumulative severity and type of CM, as well as the measured
outcome. In light of the rapidly increasing levels of obesity and the
consistently high rates of child maltreatment worldwide, it
appears imperative to implement early sex-and gender sensitive
prevention strategies to either reduce the exposure to CM or
mitigate their detrimental long-term effects on health.
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