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Mental illness increases risk for obesity which is often attributed to medications. We assessed the impact of
childhood maltreatment on body-mass-index (BMI) and obesity in N = 261 adult psychiatric inpatients and N =
81 controls. There was an increased risk for obesity in psychiatric inpatients compared to controls. Conditioned
random forest regression revealed parental abuse at ages 4-5 and peer-related violence at 7-13 as crucial factors

in BMI elevation among individuals with mental illness, while type of psychiatric diagnoses, and use of psy-
chotropics were not. Recognizing this link may aid in understanding the mechanisms and the development of

strategies to mitigate the risk.

1. Introduction

Individuals with psychiatric disorders are three times more likely to
have obesity (Afzal et al., 2021), a condition that also increases the
likelihood of disability, disease, and early death. This escalated risk is
ascribed to psychotropic medications, lifestyle, socioeconomic and
psychological factors, metabolic changes, sleep disturbances, and ge-
netic factors (Avila et al., 2015). However, the influence of childhood
maltreatment (CM), a known risk factor for both psychiatric disorders
and population-level obesity (Felitti et al., 1998; Danese and Tan, 2014),
on this increased obesity risk remains underexplored.

CM is a complex construct that involves exposure to different types of
adversity across childhood from an array of perpetrators. Meta-analyses
indicate that maltreatment, in general, is a risk factor for obesity,
particularly caregiver physical and sexual abuse and peer bullying

(Danese and Tan, 2014; Midei and Matthews, 2011). Timing of exposure
may be critical (Schalinski et al., 2019a) and a few studies have outlined
vulnerability windows to CM, including infancy (McKelvey et al., 2019)
and early teenage years (D’Argenio et al. 2009), and to peer violence
between ages 7-11 (Takizawa et al., 2015). However, a comprehensive
analysis of type and time risk factors has not been reported.

The aims of this study were to identify the most important type and
time risk factors for increased BMI and obesity and to ascertain how well
these specific experiences compared to global maltreatment measures,
and other risk factors including psychotropic medications and
psychopathology.
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2. Methods
2.1. Study sample, procedure, and setting

Psychiatric inpatients aged 18 to 40 with proficiency in German were
recruited from the Center for Psychiatry Reichenau. All had at least one
major ICD-10 diagnosis. Controls (N = 81) had no current or past psy-
chiatric history (confirmed by Mini International Neuropsychiatric
Interview, Ackenheil et al., 1999), and were selectively recruited from
the community to closely match patients in age, sex, and education. See
eTable 1 and 2 for demographic and descriptive data.

The study was reviewed and approved by the Ethics Committee of
the University of Konstanz. In accordance with the Declaration of Hel-
sinki 2008, all participants were informed by written and verbal infor-
mation about this study and provided written informed consent. All
methods were performed based on the relevant guidelines.

As part of a larger project investigating the relationship between CM
and various outcomes, we previously reported CM data in a different
methodological context, based on a data subset of the larger project (n =
167 patients, n = 75 controls; Schalinski et al., 2019b).

2.2. Instruments

Severity and timing of exposure to ten types of CM was assessed
retrospectively using the Maltreatment and Abuse Chronology of
Exposure scale (MACE-X; Isele et al., 2014; see supplement).

Exposure to other potentially traumatic events across the life span
was assessed with the Life Events Checklist (Gray et al., 2004). Trauma
load was calculated as the sum of all event types, potentially ranging
between 0 and 17.

Individuals with mental illness were weighed weekly during hospi-
talization and provided their weight and height during interviews.
Controls reported their weight and height. BMI was calculated as weight
(kg) divided by height (m?).

2.3. Statistical analysis

Adjusted odds ratios (OR) for BMI>25 and BMI>30 were calculated
using logistic regression to describe group differences between in-
dividuals with psychiatric disorders and controls. For cases only,
random forest regression with conditional inference trees (Breiman,
2001; Strobl et al., 2007, 2009) was implemented using the R package
’party’ as a predictive analytical strategy to identify the most important
risk factors for BMI, effectively addressing collinearity between predic-
tor variables. Potential risk factors included parental abuse and neglect
(ages 1-18), peer-related and sexual abuse (ages 4-18), global measures
of severity, multiplicity, duration of CM and trauma load. Age, years of
education and sex were covariates, along with binary variables for
diagnostic categories and the use of antipsychotics and antidepressants
(see supplement for more information). Logistic regression was used to
calculate adjusted odds ratios for risk factors identified by random forest
regression within cases. Due to psychological stress during CM assess-
ment, one individual with mental illness lacked CM data, leading to
partial exclusion from the analysis.

3. Results

3.1. Replication of the increased risk for overweight and obesity for
individuals with mental illness compared to controls

Psychiatric inpatients had an OR of 1.86 (95 %-CI 1.05-3.31) for
having overweight (BMI>25), and an OR of 3.43 (95 %-CI 1.18-9.96)
for having obesity (see eTable 3 and 4) compared to controls.
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3.2. Parental abuse at ages 4-5 and peer abuse at ages 7-13 are relevant
risk factors for BMI

The most important risk factors for increased BMI were parental
abuse at ages 4-5 and peer abuse at ages 7-13 (Fig. 1). As indicated in
eTable 5, none of the diagnostic categories emerged as significant risk
factors (all p>.22), nor did the use of antipsychotics (p=.20) or antide-
pressants (p=.17). None of the global MACE scores contributed signifi-
cantly to BMI (all p>.48), nor was trauma load (p=.65) or sex (p=.49)
significant risk factors in the random forest regression.

We partitioned inpatients into those with high or low levels of
parental abuse and peer abuse at these ages using k-means clustering.
There were significant main effects of parental abuse (F(1255)=8.57,
p=.004, 1°=0.03) and peer abuse (F(1255)=10.39, p=.001, 5°=0.04) on
BM]I, and a significant interaction between these main effects (F(1255)=
4.06, p=.045, 112:0.02; Figure 1.2; see eTable10 and eTablel1). Parental
abuse had an OR 2.71 (95 %-CI 1.10-6.70), and peer abuse had an OR of
1.66-fold (95 %-CI 0.96-2.86) of having overweight. Individuals with
high exposure to parental abuse had an OR of 2.12 (95 %-CI 0.81-5.55),
while peer abuse had an OR of 2.31 for having obesity (95 %-CI
1.13-4.72; see eTable 6 and 7; Figure 1.3-1.4). While parental abuse and
peer abuse were independent risk factors, participants with both types of
maltreatment had the most elevated BMIs, and the combined effect
appeared to be more than additive, as indicated by their significant
interaction.

3.3. CM is a relevant risk factor for having overweight and obesity across
individuals with and without psychiatric disorders

Due to low exposure rates to CM in the control group, we partitioned
subjects into individuals with exposure to either parental or peer abuse
during these time periods (n = 112; including n = 9 controls) and those
without this exposure (n = 229; including n = 72 controls). Across all
participants there was a significant main effect of any exposure of
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Fig. 1. Variable importance + SD of neglect, parental abuse, peer abuse and
sexual abuse across age as risk factors for increased body-mass-index (BMI) in
individuals with mental illness as determined by random forest regression with
conditional inference trees. Figure 1.2-1.4: BMI as a function of risk exposure:
low versus high exposure to parental abuse at ages 4-5 and low versus high
exposure to peer abuse at ages 7-13 on 1.2: BMI (Distribution of BMI as a
function of risk exposure (n = 157 with low peer and parental abuse; n = 78
with high peer risk exposure and low parental abuse; n = 10 with high parental
abuse and low peer abuse; n = 15 with high parental and high peer abuse);
small white lines show individual observations, while the long black lines
represents the mean of the respective group); 1.3: Prevalence of BMI > 25 + 95
% confidence interval and 1.4: Prevalence of BMI > 30 4+ 95 % confi-
dence interval.
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parental and peer abuse (F(1336)=4.46, p=.036, ;12:0.01) on BMI, but
no significant main effect of mental illness (F(1336)=0.84, p=.360,
#2<0.01), nor a significant exposure by mental illness interaction (F
(1336) =0.02, p = .888, 112<0.01). Exposure had an OR of 1.84 for
having overweight (95 % CI 1.11-3.03, p=.018) and an OR of 2.57 for
having obesity (95 % CI 1.29-5.10, p=.007), respectively. When expo-
sure to maltreatment was included as a regressor, there was no longer a
significant association between mental illness and risk for having
overweight (adjusted OR=1.57, 95 %-CI 0.87-2.85, p=.135) or obesity
(adjusted OR=2.41, 95 %-CI 0.81-7.2, p=.115) (see eTable 8 and 9 in
the supplement).

4. Discussion

This study identified three key findings. First, the main risk factors
for higher BMI were early parental abuse and violence from peers during
ages 4-5 and 7-13, respectively. Second, these risk factors applied to
both inpatients and controls. Third, global measures of maltreatment,
current use of psychotropic drugs, or history of mental illness were not
significant risk factors when more specific type-time risk factors were
included in the analysis. The importance of both parental abuse and peer
bullying is consistent with Midei and Matthews (2011) but differs from
reports emphasizing the importance of sexual abuse (Danese and Tan,
2014), despite enough cases with a history of sexual abuse. Other
studies, however, have failed to find an association between sexual
abuse and obesity (Bentley and Widom, 2009) and most studies
reporting strong associations with sexual abuse do not control for
exposure to other CM types. Finally, the specific windows of vulnera-
bility identified are consistent with McKelvey et al. (2019) observation
of the importance of early developmental exposure to parental abuse
and Takizawa et al. (2015) prospective finding on the importance of
peer bullying between ages 7-11. Discrepancies may result from sample
selection (general populations versus psychiatric inpatients), maltreat-
ment measures, and statistical approaches.

These findings support the ecophenotype hypothesis, suggesting that
maltreated individuals with psychiatric disorders differ clinically and
neurobiologically from their non-maltreated counterparts (Teicher
et al., 2022). The increased obesity risk in maltreated individuals is
consistent with other ecophenotype characteristics, such as higher in-
flammatory markers (Danese et al., 2008) and alterations in
stress-susceptible  brain  regions (Teicher et al, 2016).
Maltreatment-associated alterations in biological systems, including
metabolism and immune system dynamics (Baldwin and Danese, 2019;
Wiss and Brewerton, 2020), reward system sensitivity (Opel et al.,
2019), and cognitive or behavioral control systems (Luo et al., 2020), or
types of weight control behaviors (Ruiz and Font, 2020) may underlie
the increased risk in the ecophenotype.

The study’s limitations include reliance on self-reported data for
weight and height, its cross-sectional nature, and retrospective CM as-
sessments, hindering causal inferences. However, similar associations
between CM and both self-reported and directly measured weights are
noted in meta-analyses (Danese and Tan, 2014). Detailed data on spe-
cific past and current medication usage were lacking, and a wide range
of antidepressants and atypical antipsychotics were prescribed. Since
only two cases received mood stabilizers, we were unable to include this
as a covariate. Furthermore, the inpatient setting may limit the gener-
alizability of the present results to individuals in outpatient settings or
the general population. Additionally, the control group had an insuffi-
cient number of participants for independent analysis of vulnerable
periods.

The study suggests that CM may play a major role in psychiatric
patients’ risk for obesity, highlighting the potential importance of
considering this factor in exploring mechanisms and interventions.
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