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Abstract

We examined the associations between childhood maltreatment and the risk of impaired glucose metabo-
lism (IGM) or type 2 diabetes (T2D) in young adults aged 18-35. Participants (N = 8506) from the Lifelines
Cohort Study without IGM or diabetes at baseline (2007-2013) were included. Childhood maltreatment
was assessed by the Childhood Trauma Questionnaire (CTQ) and incident IGM/T2D was assessed by hae-
moglobin A levels (=5.7%) in 2014-2017. There were 223 (2.6%) cases of IGM/T2D during the follow-up
period. After adjusting for sociodemographic and health/lifestyle covariates and follow-up time, only the
CTQ Sexual Abuse subscale was significantly associated with IGM/T2D (RR = 1.05 [95% CI = 1.01, 1.10]).
The association remained when additionally accounting for depressive and anxiety symptoms (RR = 1.05
[95% CI = 1.00, 1.09]). Childhood sexual abuse was associated with an increased risk of IGM/T2D in young
adults, highlighting the long-term metabolic consequences of childhood maltreatment.
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IGM are estimated to develop diabetes annually
(Hagman et al., 2016; Morris et al., 2013).
IGM prevalence estimates are increasing glob-
ally in the general population (Hostalek, 2019)
and also in young people (Andes et al., 2020;
Thomas Pustorino et al., 2023). For instance, in
a nationally representative cross-sectional study
of adolescents aged 12-18 years and young
adults aged 19-34 years in the United States,
18% and 24% had prediabetes, respectively
(Andes et al., 2020). Young adults with IGM
have a heightened risk of adverse cardiovascu-
lar and metabolic health (Andes et al., 2020;
Suzuki et al., 2022). For instance, young adults
with IGM were found to have an increased risk
of higher systolic blood pressure (mean of
117 mmHg vs 113 mmHg), non-HDL choles-
terol (mean of 133 mg/dL vs 102 mg/dL), and
waist-to-height ratio (mean of 0.60 vs 0.53),
compared to young adults with normal glucose
metabolism (Andes et al., 2020). These findings
underscore the importance of understanding
and addressing IGM in the younger age groups.

In addition to evidence demonstrating a
moderate risk of IGM associated with lifestyle
factors such as physical inactivity and smoking
(Bennasar-Veny et al., 2020; Graham et al.,
2015), traumatic childhood experiences may
also increase the risk of IGM. Evidence from
several longitudinal studies suggests that
chronic stress, including stress experienced in
childhood, is associated with an elevated risk of
developing IGM and type 2 diabetes (T2D)
(Hackett and Steptoe, 2017; Pouwer et al.,
2010). According to the biological embedding
of adverse childhood experiences model
(Berens et al., 2017), stressful and traumatic
events experienced during childhood may
impair glucose regulation among those exposed
via metabolic, inflammatory, and behavioural
pathways and may therefore increase the likeli-
hood of IGM in young adulthood. In keeping
with this hypothesis, adverse childhood experi-
ences have been shown to increase the risk of
metabolic  conditions including  T2D
(Deschénes et al., 2018a; Huang et al., 2015;

Lynch et al., 2013; Rich-Edwards et al., 2010;
Shields et al., 2016; Zhu et al., 2022) and pre-
diabetes (Li et al., 2017) in adulthood.
However, less is known about the role of child-
hood maltreatment in glucose dysregulation in
younger adulthood. IGM is a precursor for the
development of T2D (Tabak et al., 2012), and
therefore identifying young adults at the highest
risk of IGM could be beneficial. Based on the
limited body of evidence thus far, childhood
maltreatment may be among the factors that
increase the risk of IGM in young adults.

Childhood maltreatment refers to acts of
commission or omission by a parent/caregiver
that harm, have the potential to harm, or pose a
threat to a child (Arias et al., 2008). Acts of
commission include physical, sexual, and emo-
tional abuse, while acts of omission involve
physical and emotional neglect. Physical abuse
entails intentional use of physical force against
a child that may result in physical injury; emo-
tional abuse includes intentional non-physical
actions (e.g. terrorizing, blaming, confining,
corrupting, exploiting); sexual abuse entails
involvement of a child who has not reached the
legal age of consent in any kind of sexual beha-
viour, completed or attempted, or activity
including sexual exploitation of the child (e.g.
sexual trafficking) and non-contact sexual inter-
action (e.g. exposure to pornography); and
emotional and physical neglect of a child entail
failure of the caregiver to fulfil the child’s basic
emotional, physical, and/or educational needs
or to protect the child from harm or potential
harm.

Childhood maltreatment is a major public
health concern, with the WHO reporting a life-
time prevalence ranging from 8% to 36% for
different types of maltreatment (World Health
Organization, 2022). It constitutes a profound
traumatic experience with devastating conse-
quences on children’s development and long-
term psychological and physical wellbeing,
often persisting into adulthood. Meta-analytic
evidence suggests that individuals exposed to
any type of childhood maltreatment were 2.5
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and 1.6 times more likely to develop depression
and anxiety disorders, respectively (Gardner
et al., 2019). Childhood maltreatment has also
been linked to increased risk of developing
chronic physical conditions such as heart dis-
ease, chronic pain, and diabetes (Gordon,
2021).

Two large population-based studies to date
examined the role of child maltreatment in the
risk of developing IGM in young adults
(Duncan et al., 2015; Sonu et al., 2019).
Duncan et al. (2015) examined associations
between child maltreatment during two waves
of data collection as well as the risk of develop-
ing diabetes and prediabetes during the latter of
these two waves in a nationally representative
sample of US young adults aged 24-35 years,
stratified by sex, of the National Longitudinal
Study of Adolescent Health. Physical abuse
was found to predict an increased likelihood of
developing prediabetes in men in unadjusted
models, while neglect was consistently linked
to an increased risk of developing prediabetes
in women both in unadjusted and adjusted
models. In a cross-sectional study, Sonu and
colleagues (Sonu et al., 2019) examined the
associations between adverse childhood experi-
ences (ACEs), including childhood maltreat-
ment, and several early-onset chronic
conditions such as cardiovascular disease, can-
cer, and pre/diabetes, using data from the US
2011-2012 Behavioural Risk  Factor
Surveillance System. They found that young
adults aged 18-34 years with four or more
ACEs, compared to those with no ACEs, had a
three-fold higher risk of IGM, adjusted for sex,
race, income, education, and State. However,
childhood maltreatment was not examined
separately as an individual predictor. The pro-
spective associations between childhood mal-
treatment and the risk of incident IGM,
objectively measured using blood samples, in a
large and longitudinal cohort of young adults,
have to our knowledge not yet been examined.

Therefore, the primary aim of the present
study was to examine whether different types

of childhood maltreatment were longitudinally
associated with an increased risk of developing
IGM or T2D in young adults. A longitudinal
study design can strengthen the inferences that
could be made regarding the potential temporal
association between childhood maltreatment
and the subsequent onset of IGM or T2D.
Furthermore, given that meta-analytic evidence
has linked childhood maltreatment to an
increased risk of developing depressive and
anxiety disorders (Gardner et al., 2019; Li
et al., 2016), and has also shown that depres-
sion (Graham et al., 2020) and anxiety (Smith
et al., 2018) are associated with an increased
risk of T2D, a secondary aim of the present
study was to examine whether childhood mal-
treatment was associated with an increased risk
of IGM independently of associations with
depression and anxiety levels in addition to
sociodemographic and lifestyle covariates.

Methods

Study design and participants

Data were from the Lifelines Cohort Study and
Biobank (Lifelines) (Scholtens et al., 2015).
Lifelines is a multi-disciplinary prospective
population-based cohort study examining in a
unique three-generation design the health and
health-related behaviours of 167,729 persons
living in the North of The Netherlands.
It employs a broad range of investigative
procedures in assessing the biomedical, socio-
demographic, behavioural, physical, and
psychological factors which contribute to the
health and disease of the general population,
with a special focus on multi-morbidity and
complex genetics. Data are collected across
multiple waves involving self-report and survey
data as well as laboratory visits where biologi-
cal samples are collected, and anthropometric
assessments are performed. Baseline surveys
and laboratory assessments were completed in
2007-2013, and a second laboratory visit was
completed in 2014-2017. Details on the
Lifelines design and recruitment procedures are
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described elsewhere (Klijs et al.,, 2015). The
Lifelines study design was approved by the
Ethics Committee of the University Medical
Centre Groningen and all participants provided
informed consent prior to participation.

A total of N = 8506 participants met the
inclusion criterion for the present study, which
first consisted of being 18-35 years of age at
baseline. Because there is a lack of consensus
regarding the age ranges that constitute young
adulthood, we employed a liberal and more
inclusive definition of this life stage by extend-
ing the age range of young adulthood up to
35 years of age at the time of the baseline blood
test for IGM assessment, and up to 39 years old
in the follow-up assessment. Other inclusion
criteria were having available data on childhood
maltreatment at baseline and having complete
data on haemoglobin Alc (HbA,; a measure of
diabetes control over the previous 2—3 months)
levels at baseline and in the follow-up labora-
tory visit, with HbA . levels within the normal
range (20 mmol/mol; 4%—38 mmol/mol; 5.6%)
at baseline. Of those meeting the baseline inclu-
sion criteria (N =9007), 501 did not have
HbA,. data available in the follow-up labora-
tory visit and were therefore lost to follow-up.
Table 1 presents the participant characteristics
for the total included sample and the sample
stratified by IGM/T2D status at follow-up.

Participants who were lost to follow-up
were, on average, significantly younger at base-
line (mean age = 27.1, SD = 4.9), though with
only a small difference (Cohen’s d = 0.16)
compared to those included (mean age = 27.9,
SD =4.9),p < 0.001. There were also sex and
education level differences, with a higher pro-
portion of women and higher education levels
(71.3% and 45.3%, respectively) among those
lost to follow-up compared to those included in
the present study (61.5% and 41.8%, respec-
tively), p < 0.001 and p = 0.046, respectively.
There were no differences between those
included and those who met the inclusion cri-
teria at baseline but were lost to follow-up on
baseline HbA,;. levels, Childhood Trauma

Questionnaire scores (described below), prob-
able depression, probable anxiety, ethnicity,
BMI, smoking status, or alcohol use frequency
(p > 0.26).

Childhood maltreatment

Childhood maltreatment was retrospectively
assessed by self-report using the Childhood
Trauma Questionnaire-Short Form (CTQ)
(Bernstein et al., 1997, Thombs et al., 2009).
The CTQ is a widely used screening tool used
to assess and quantify a history of childhood
maltreatment in adults. The CTQ Short Form
comprises 25 items that are divided into five
subscales measuring Emotional Abuse, Physical
Abuse, Sexual Abuse, Emotional Neglect, and
Physical Neglect. Responses are rated on a 5-
point Likert scale (1 = never true, 2 = rarely
true, 3 = sometimes true, 4 = often true,
5 = very often true). Each subscale is repre-
sented by five items, and the total CTQ sum-
mary score ranges from 5 to 25. Items are
responded to with the context ‘During my child-
hood’, and example items for each subscale
include: ‘I felt that someone in my family hated
me (Emotional Abuse)’; ‘I was hit so hard by
family members that it left me with bruises or
marks’ (Physical Abuse); ‘Someone tried to
touch me in a sexual way or tried to make me
touch them’ (Sexual Abuse); ‘I felt loved
[reverse scored]’ (Emotional Neglect); and ‘I
had to wear dirty clothes’ (Physical Neglect).
The CTQ was administered later in Lifelines,
during the second assessment from 2015 to
2017. Notably, this psychometric tool was
designed to retrospectively capture childhood
maltreatment up to the age of 18 years.
Reliability of the total scale and each sub-
scale was calculated, with Cronbach’s alpha
coefficients indicating good to excellent relia-
bility for the total scale (o = 0.88), the CTQ-
Emotional Abuse (o = 0.80), CTQ-Physical

Abuse (a=0.78), CTQ-Sexual Abuse
(¢ =0.87), and CTQ-Emotional Neglect
(. =0.87). However, the CTQ-Physical
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Table I. Frequencies, means and standard deviations.

Developed Did not develop Full sample

IGM/T2D (n =223) IGM/T2D (n = 8283) (n = 8506)
Variable Mean Standard Mean Standard Mean Standard

or N deviation or % or N deviation or % or N deviation or %
Sex, female 132 59 5095 62 5227 6l
Education, advanced degree 88 39 3471 42 3559 42
Race/ethnicity, non-white <10 <45 99 | 102 |
BMI, obese 38 17 625 8 663 8
Smoker 83 37 1899 23 1982 24
Alcohol consumption, 4-7 days 21 9 810 10 831 10
per week
CTQ total score (mean/SD) 346 103 33.1 88 33.1 89
CTQ emotional abuse (mean/SD) 6.9 3.0 6.6 28 6.6 28
CTQ physical abuse (mean/SD) 55 1.6 53 1.4 5.3 1.4
CTQ sexual abuse (mean/SD) 57 27 54 1.8 54 1.8
CTQ emotional neglect (mean/SD) 9.9 4.1 9.4 4.0 9.4 4.0
CTQ physical neglect (mean/SD) 6.5 2.0 6.3 2.0 6.3 2.0
Probable depression <l0 <45 129 2 136 2
Probable anxiety 15 7 323 4 338 4

Sample size varies due to missing data on covariates. Groups with sample sizes of less than 10 are considered as
potentially identifiable and are therefore reported as <10, in accordance with the Lifelines Cohort Study publishing

guidelines. N = 8650.

IGM: impaired glucose metabolism; CTQ: childhood trauma questionnaire [total score range = 25—125; subscale ranges

from 5 to 25 each).

Neglect subscale demonstrated low reliability
(a0 = 0.38), and therefore we did not include
this subscale in analyses examining the
unique contribution of each type of childhood
maltreatment.

IGM

IGM status at baseline (2007-2013) and follow-
up (2014-2017) was determined by haemoglo-
bin Alc (HbA,.) levels ranging from 39 mmol/
mol (5.7%) to 46 mmol/mol (6.4%), according
to the American Diabetes Association (ADA)
diagnostic criteria for prediabetes (American
Diabetes Association, 2010). The ADA HbA
threshold for prediabetes is lower than other
diagnostic guidelines such as those published
by the World Health Organization (42 mmol/
mol or 6.0%) and was therefore selected to
identify a greater number of participants at high
risk and maximize the statistical power of the

study. T2D was considered as an HbAlc level
of 6.5% or above.

Covariates

The  Mini-International ~ Neuropsychiatric
Interview (MINI) (Sheehan et al., 1998) was
used to screen for a current, probable episode
of major depressive disorder and generalized
anxiety disorder symptoms at baseline. The
MINI is a structured diagnostic interview
designed to assess psychiatric disorders adher-
ing to the Diagnostic Statistical Manual IV or
International Classification of Diseases-10 diag-
nostic criteria. Participants were asked whether
they experienced depressive symptoms, such as
changes in appetite, sleep, or anhedonia in the
past 2 weeks, and anxiety symptoms such as
excessive worry and anxiety about several
aspects in the past 6 months. Research has
established the psychometric quality of the
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MINI (Sheehan et al., 1997, 1998). More infor-
mation about the use of MINI as a diagnostic
tool for depressive and anxiety symptoms in
the Lifelines study is available elsewhere
(Deschénes et al., 2018b; Meurs et al., 2016).
In the present study, the probable depression
group and the probable anxiety group refer to
participants with a positive screen for major
depressive disorder and generalized anxiety dis-
order, respectively, on the MINI.

Other covariates included sociodemographic
characteristics  (sex, ethnicity, educational
attainment) and lifestyle/health characteristics
at baseline and were examined in adjusted anal-
yses. These are presented with their respective
categories in Table 1. Data for covariates except
from body mass index (BMI) were collected
through self-report. BMI was measured by
trained research staff during the laboratory visit
and was calculated as kg in weight/meters” in
height and categorized according to World
Health  Organization BMI classification.
Alcohol consumption frequency was assessed
by asking participants on how many days in the
past 4 weeks they drank one or more alcoholic
drinks. Smoking status was coded as current
smoker or current non-smoker.

Statistical analysis

Descriptive and frequency analyses were cal-
culated for the CTQ total score and each of
the subscales, probable depression and anxi-
ety groups, incident IGM and T2D, and cov-
ariates. Given the low expected frequency of
T2D, IGM and T2D outcomes were com-
bined. Associations between the CTQ and the
risk of IGM/T2D were examined using modi-
fied Poisson regression analyses with robust
standard errors (Zou, 2004). Risk ratios,
p-values, and 95% confidence intervals (CI)
are reported. Unadjusted and adjusted analy-
ses are reported. A first set of adjusted analy-
ses controlled for potential confounders of
age, sex, and follow-up time. A second set of
adjusted analyses additionally controlled for

other sociodemographic and lifestyle factors
including education level, smoking, alcohol
use, and BMI. A final set of adjusted analyses
additionally controlled for probable depres-
sion and anxiety. Covariates were selected to
examine whether any associations between
childhood maltreatment would remain after
accounting for traditional risk factors for
IGM/T2D. However, given that some covari-
ates could have temporally followed child-
hood maltreatment, these traditional risk
factors could also be potential mediators.
Therefore, we employed a stepwise approach
to examining potential covariates. This
approach allowed us to control for traditional
risk factors while also providing a better
understanding of the potential processes link-
ing childhood maltreatment with IGM.

The CTQ was first examined as a continu-
ous total score, followed by comparable analy-
ses using each subscale separately. Associations
between each CTQ subscale with incident IGM
were also examined using an established cate-
gorical cut-off score (Walker et al., 1999) to
compare moderate to severe childhood mal-
treatment with no or low childhood maltreat-
ment. Of those meeting inclusion criteria for
the present study, missing data on covariates
was low, with 7.0% missing data in sociodemo-
graphic and lifestyle/health covariates and 9.2%
missing data on all covariates. Therefore, miss-
ing data were not imputed.

Results

There were 8506 participants (61% female)
aged 18-35 years (mean age = 28 years,
SD = 5 years) included in unadjusted analyses,
with 223 (2.6%) incident cases of IGM/T2D
over an average follow-up duration of 4
(SD = 1.2; range = 2-10) years (see Table 1).
The mean CTQ total score was 33.1 (SD = 8.9,
range = 25-104). Two percent of participants
met the criteria for probable depression, and
4% of participants met the criteria for probable
anxiety.
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Table 2. Univariate (unadjusted) associations between childhood maltreatment, probable depression and

anxiety, and the risk of IGM/T2D.

Variable RR Lower 95% ClI Upper 95% ClI p-Value
CTQ total score 1.02 1.00 1.03 0.009
CTQ emotional abuse 1.04 1.00 1.08 0.064
CTQ physical abuse 1.05 0.98 1.12 0.182
CTQ sexual abuse 1.07 1.02 1.12 0.007
CTQ emotional neglect 1.03 1.00 1.06 0.053
Probable depression® 1.98 0.95 4.13 0.067
Probable anxiety® 1.73 1.04 2.90 0.036

IGM: impaired glucose metabolism; T2D: type 2 diabetes; RR: risk ratio; CTQ: childhood trauma questionnaire [total
score range = 25—125; subscale ranges from 5 to 25 each). N = 8506.

N = 8268.

Univariate analyses demonstrating the unad-
justed associations between childhood maltreat-
ment, probable depression, and probable
anxiety, with the risk of IGM/T2D are pre-
sented in Table 2. The CTQ total score and the
CTQ-Sexual Abuse subscale were indepen-
dently associated with an increased risk of
IGM/T2D. Probable anxiety was also indepen-
dently associated with an increased risk of
IGM/T2D.

Table 3 describes the adjusted associations
between childhood maltreatment and respective
subscale scores with the risk of IGM/T2D. In
analyses adjusted for age, sex, and follow-up
time, a similar pattern of results emerged as in
the unadjusted associations, though probable
depression was also associated with IGM/T2D.
When additionally adjusting for sociodemo-
graphic and lifestyle/health variables, only the
CTQ-Sexual Abuse subscale remained signifi-
cantly associated with the risk of IGM/T2D, with
every l-unit increase in the subscale score associ-
ated with a 5% increase in IGM/T2D risk. This
subscale remained the only statistically signifi-
cant association in the fully adjusted analyses that
additionally controlled for probable depression
and anxiety, and with a similar effect size.

There was no significant interaction between
CTQ-Sexual Abuse and probable depression
(OR = 1.00, 95% CI = 0.85, 1.18) or probable
anxiety (OR = 1.05, 95% CI = 0.93, 1.18) on
the risk of IGM/T2D.

A post-hoc analysis was conducted using a
categorical cut-off score (Walker et al., 1999)
applied to the CTQ subscales to compare those
with moderate to severe levels versus no or low
reports of childhood maltreatment. In unad-
justed analyses and analyses adjusted for age,
sex, and follow-up time, sexual abuse (n = 376,
4.4%) was associated with an increased risk of
incident IGM/T2D (unadjusted RR = 1.78,
95% Cl=1.10, 2.89, p=0.019; adjusted
RR =1.74, 95% CI = 1.08, 2.82, p = 0.025).
A total of 17 participants (4.5%) in the sexual
abuse category developed IGM/T2D, compared
to 206 (2.5%) in the no/low sexual abuse cate-
gory. However, this association was no longer
statistically significant in analyses that were
adjusted for sociodemographic and lifestyle
characteristics (RR =1.53, 95% CI=0.95,
2.48, p = 0.081) or in analyses that were addi-
tionally adjusted for probable depression and
probable anxiety (RR = 1.48, 95% CI = 0.90,
2.41, p =0.120). No significant associations
were found for emotional abuse (n = 928,
10.9%), physical abuse (n =371, 4.4%), or
emotional neglect (n = 942, 11.1%). All unad-
justed and adjusted risk ratios and confidence
intervals for each maltreatment subtype are pre-
sented in Supplemental Table 1.

The covariates that were most consistently
associated with IGM/T2D risk in the fully
adjusted analyses were consistently age (continu-
ous), follow-up time in years (continuous),
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Table 3. Results of adjusted modified Poison regression analyses for the associations between childhood

maltreatment types and the risk of IGM/T2D.

Adjusted for age, sex,
and follow-up time

Additionally adjusted for
ethnicity, education level,

Additionally adjusted for
probable depression and

(N = 8506) body mass index, smoking anxiety (N = 7725)
status, and alcohol
use (n = 7909)
RR  95% ClI p-Value RR  95% CI p-Value RR  95% CI p-Value
CTQ total score 1.0l 1.00,1.03 0.035 1.0l 0.99,1.02 0.386 .00 0.99, 1.02 0.479
CTQ emotional abuse .03 1.00,1.08 0.085 1.0l 0.97,1.05 05I6 1.0l 0.97,1.05 0.635
CTQ physical abuse 1.04 097,1.12 0.246 1.00 0.92,1.09 0.997 .00 0.92, 1.09 0.978
CTQ sexual abuse 1.06 1.01,1.11 0.013 1.05 1.0I,1.10 0.024 1.05 1.00, 1.09 0.042
CTQ emotional neglect 1.02 0.99,1.05 0.185 1.0l 0.98,1.04 0.639 .01 0.97,1.04 0.747
Probable depression 2.17 1.06,447 0.035 157 072,344 0258 - - -
Probable anxiety 1.80 1.08,3.00 0.024 1.59 092,273 0.095 - - -

IGM: impaired glucose metabolism; T2D: type 2 diabetes; RR: risk ratio; CTQ: childhood trauma questionnaire [total

score range = 25-125; subscale ranges from 5 to 25 each).

obesity (categorical), and smoking status (bin-
ary). In the fully-adjusted analysis examining the
CTQ-Sexual Abuse subscale presented in Table
3, the RR associated with continuous age was
1.07 (95% CI = 1.04, 1.11, p < 0.001), the RR
associated with follow-up time in years was 1.24
(95% CI = 1.13, 1.38, p < 0.001), the RR asso-
ciated with smoking category was 1.87 (95%
CI=141,248,p < 0.001), and the RR associ-
ated with obesity relative to normal BMI was
2.25(95% CI = 1.54,3.28, p < 0.001).

Discussion

In this prospective study of 8506 young adults
without IGM or diabetes at baseline from the
Lifelines Cohort Study, we found significant posi-
tive associations between childhood sexual abuse
and the risk of developing IGM/type 2 diabetes
during the follow-up period. Notably, however,
the effect size was small. To our knowledge, this
is the first longitudinal study to investigate the
prospective associations between distinct types of
childhood maltreatment and the risk of incident
IGM/T2D, objectively measured using blood
samples, in a large prospective cohort of young
adults aged 18-35 years old at baseline. Our find-
ings demonstrate that childhood sexual abuse is a

predictor of IGM/T2D in young adults, even after
adjusting for age, sex, and study follow-up time.
We further adjusted for other sociodemographic
factors and variables such as lifestyle, obesity,
and mental health covariates, which could serve
as potential pathways between childhood sexual
abuse and IGM/T2D. The association between
childhood sexual abuse and IGM/T2D were atte-
nuated but remained with these adjustments,
which may suggest that these pathways, in addi-
tion to others, are involved.

In fully adjusted analyses, every unit
increase in the CTQ-Sexual Abuse subscale
score was associated with a 5% increase in the
likelihood of developing IGM/T2D in young
adulthood. When examining the associations
between a binary childhood sexual abuse vari-
able and IGM/T2D using an established cut-off
for the CTQ-Sexual Abuse subscale, we found
that young adults reporting having experienced
moderate to extreme sexual abuse during child-
hood had a 78% increased likelihood of devel-
oping IGM/T2D compared to those with low or
no childhood sexual abuse in unadjusted analy-
ses. However, this association dissipated when
accounting for covariates, which may suggest
that lifestyle factors, body mass index, and
depressive and anxiety symptoms are potential
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mechanisms  underlying the associations
between childhood sexual abuse and IGM/
T2D. The use of categorical cut-offs applied to
the continuous measures may have also reduced
statistical power, which may explain the non-
significant results after adjusting for the covari-
ates. Overall, these findings highlight the role
of childhood maltreatment, especially sexual
abuse, in the risk of developing IGM/T2D in
young adulthood. Further research is needed to
investigate the mechanisms linking childhood
sexual abuse to IGM/T2D in young adults.

In our study, we found that childhood sexual
abuse was the only type of childhood maltreat-
ment that was associated with IGM/T2D in
young adults after accounting for covariates. In
contrast to the study by Duncan et al. (Duncan
et al., 2015), we did not find a significant asso-
ciation between physical abuse or emotional
neglect and the risk of IGM/T2D. This discre-
pancy in findings between our study and the
study by Duncan et al. (2015) may be due to
different measures used to capture childhood
maltreatment. For instance, in our study, the
validated psychometric tool CTQ was used,
while Duncan et al. (2015) used single items
employed by the National Longitudinal Study
of Adolescent Health survey. We therefore may
have had a more nuanced approach, capturing
to a greater extent the complexity of childhood
maltreatment experiences. Previous studies
have reported that the association between
childhood maltreatment and the risk of diabetes
in adulthood, including middle age and older
adulthood, depended on the type of abuse expe-
rienced, though the nature of the associations
with maltreatment type has been inconsistently
reported (Pouwer et al., 2010). For instance, in
a German study of 2510 participants aged
14 years and above, physical neglect had the
strongest association with diabetes while sexual
abuse had the weakest association, although all
types of abuse were significantly associated
with diabetes (Clemens et al., 2018).
Conversely, a study of 21,878 adults (Shields
et al., 2016) found sexual abuse to be a stronger

predictor of diabetes than physical abuse,
though both were significant predictors.
Consistent findings emerged in another large
study (Campbell et al., 2018a), where sexual
abuse demonstrated a stronger association with
diabetes compared to verbal abuse, physical
abuse, or having a parent with mental illness,
though all subtypes were significantly associ-
ated with increased diabetes risk. Discrepant
findings across individual studies may reflect
underlying differences in measurement, sample
age and composition, or cultural norms in
reporting maltreatment.

Moreover, a 2015 meta-analysis (Huang
et al., 2015) incorporating seven cross-sectional
and prospective cohort studies explored the
relationship between adverse childhood experi-
ences and diabetes in adulthood. In this analy-
sis, sexual abuse was associated with a 39%
increased likelihood of type 2 diabetes — a
smaller effect size compared to neglect (odds
ratio of 1.92) but larger than for physical abuse
(odds ratio of 1.30) (Huang et al., 2015).
However, in our sample, the physical neglect
subscale had low internal consistency, render-
ing direct comparisons unreliable. Finally, a
more recent systematic review and meta-
analysis found statistically significant pooled
associations for specific types of adverse child-
hood experiences and diabetes in adulthood,
including sexual abuse, but not for childhood
maltreatment subtypes of emotional abuse or
neglect (Zhu et al., 2022).

A previous cross-sectional study (Campbell
et al., 2018b) found that the association between
childhood sexual abuse and diabetes was
accounted for by obesity and depression. In our
prospective study, we found that the association
between sexual abuse and incident IGM/T2D
remained after accounting for a host of covari-
ates including obesity and depression, suggest-
ing that other mechanisms may also be
involved. Overall, there are several potential
behavioural, psychological, and physiological
mechanisms through which childhood maltreat-
ment may increase the risk of IGM in young



10

Journal of Health Psychology 00(0)

adults. Childhood adversity is associated with
many behavioural, social, and emotional factors
associated with the development of diabetes,
including unhealthy eating, heavy drinking,
smoking, poor educational and employment out-
comes (Bellis et al., 2014), anxiety, and depres-
sion. However, the present study found that
adjustment for these factors only moderately
reduced the association between childhood sex-
ual abuse and IGM/T2D. While some residual
confounding may remain, these findings suggest
that there may be additional pathways of insulin
dysregulation associated with sexual abuse.
Childhood sexual abuse may activate proinflam-
matory processes (Bertone-Johnson et al.,
2012), which have been consistently associated
with insulin resistance (Luc et al., 2019) and
increased risk of diabetes (Wang et al., 2013).
Similarly, sexual abuse in early childhood may
lead to disruption of the hypothalamic—
pituitary—adrenal (HPA) axis (Hulme, 2011),
which, in turn, can lead to insulin resistance and
visceral adiposity (Bjorntorp, 2001; Champaneri
et al., 2010), precursors to IGM and T2D.
Future research is needed, particularly exploring
potential sex and gender differences, and exam-
ining biological systems suggested to be acti-
vated by early life sexual abuse that are also
implicated in affecting glycaemic outcomes, to
clarify the mechanisms linking childhood mal-
treatment to IGM/T2D in young adulthood.
Finally, contradicting previous findings, in our
study, neither discrete types of maltreatment,
other than sexual abuse, nor cumulative expo-
sure to abuse predicted risk of IGM/T2DM in
young adults in adjusted models. Although
speculative, one possible interpretation of this
finding is that the long-term impact of sexual
abuse may have significantly more detrimental
outcomes when compared to other types of
childhood maltreatment (Lewis et al., 2016).

Strengths and limitations

This population-based cohort study examining
the prospective associations between childhood

maltreatment and IGM in young adults without
IGM or diabetes at baseline had considerable
strengths. The longitudinal design employed by
the present research allows to determine the
temporal sequence of childhood maltreatment
and onset of IGM/T2D, while it minimizes the
risk of confounding factors such as potential
differences in disease management or treat-
ments. Furthermore, IGM was determined
through objective measurements of HbA.
levels.

Despite its strengths, the present study had
important limitations. First, there was no infor-
mation available about characteristics of child-
hood sexual abuse cases such as age of onset,
chronicity, frequency, or severity of exposure,
and these dimensions may have a differential
impact on physical health outcomes (Winter
et al., 2022). Second, despite using a well-
established tool to retrospectively measure
childhood maltreatment, the physical neglect
subscale demonstrated a low Cronbach’s alpha
coefficient in our sample and was subsequently
excluded from some analyses. Thus, we were
not able to explore the unique link between this
type of childhood treatment and IGM
(Georgieva et al., 2021). Third, as an observa-
tional study, there is a risk for unmeasured con-
founding. In particular, other potential risk
factors for IGM could be examined alongside
childhood maltreatment in future research, such
as a family history of type 2 diabetes, to
account for potential genetic risk factors.
Finally, the sample of the present study, drawn
from the Lifelines dataset, has high demo-
graphic homogeneity predominantly compris-
ing of White participants. While this could be
addressed by future research, caution is
required in generalizing the present study find-
ings in cohorts from diverse demographic
backgrounds.

Conclusions

Overall, our findings add to the pool of evi-
dence highlighting the adverse long-term health
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outcomes of childhood maltreatment, and par-
ticularly sexual abuse, that often persist into
adulthood (Gordon, 2021), and suggest that the
chronic metabolic impact of childhood trauma
can be evident in young adulthood. Childhood
sexual abuse is one of the most profound
adverse childhood experiences linked to long-
term outcomes including mental disorders and
physical health conditions (Hailes et al., 2019).
In the present study, we found that childhood
sexual abuse was associated with an increased
risk of IGM/T2D in young adults. Increasing
awareness of the possibility of childhood
trauma among clinicians working with young
adults could be helpful, so that trauma-informed
care strategies could be adopted as needed
(Oral et al., 2016). Awareness of a potential his-
tory of trauma can help inform treatment or
health prevention strategies.
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