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Impact of physical and sexual abuse on risk of hospitalisations
for physical and mental illnesses: insights from two large
prospective cohort studies

Philipp Frank*** G. David Batty,b Jaana Pentti,“%* Markus jokela,f Jenni Ervasti,” Andrew Steptoe,® Glyn Lewis," and Mika Kivimaki*“*

®UCL Brain Sciences, University College London, 149 Tottenham Court Rd, London, W1T 7BN, UK

PResearch Department of Epidemiology and Public Health, University College London, 1-19 Torrington Place, London, WC1E 6BT, UK
“Clinicum, Faculty of Medicine, University of Helsinki, Tukholmankatu 8 B, Helsinki, FI-00014, Finland

dDepartment of Public Health, University of Turku, Turku, Finland

“Finnish Institute of Occupational Health, Topeliuksenkatu 41 B, Helsinki, FI-00250, Finland

fDepartment of Psychology and Logopedics, Faculty of Medicine, University of Helsinki, Haartmaninkatu 3, Helsinki, 00290, Finland
9Research Department of Behavioural Science and Health, University College, London, 1-19 Torrington Place, London, WC1E 7HB, UK

Summary

Background Physical abuse can lead to severe health consequences that extend beyond immediate harm. We explored
the associations of physical abuse experienced during childhood and adulthood with a wide range of adult health
conditions requiring hospital treatment.

Methods We utilised data from a sub-cohort of 157,366 UK Biobank participants (46.4% of the baseline population;
age range 45-81; 89,101 women) and repeated analyses in an independent population of 85,929 adults from the
Finnish Public Sector (FPS) study (age range 17-78; 68,544 women). Participants in both cohorts reported
instances of physical and sexual abuse at study baseline. Follow-up included 77 common health conditions
ascertained from linkage data to national hospital and mortality registries.

Findings Mean follow-up duration was 4.6 years (SD 0.14) in UK Biobank and 10.6 years (4.3) in FPS. Physical
and sexual abuse was associated with 22 mental and physical health conditions. After multivariable
adjustments, participants who experienced abuse during both early and later stages of life had a 2.12- (95%
confidence interval 1.39-3.23) to 3.37-fold (1.52-7.45) increased risk of mental and behavioural disorders, a
1.46 (1.20-1.79) to 1.83 (1.05-3.20) times increased risk of metabolic, haematologic, and respiratory
diseases, and a 1.24 (1.07-1.45) times higher risk of inflammatory diseases compared with non-exposed
participants. The absolute risk difference between these groups was greatest for metabolic and haematologic
conditions (rate 381 and risk difference 160 per 100,000 person-years). Frailty, comorbidities, and competing
risk of death did not modify these associations, but the possibility of bias or residual confounding cannot be
excluded.

Interpretation Repeated exposure to physical and sexual abuse amplifies the risk of hospitalisations from mental
disorders and physical diseases spanning diverse organ systems. Addressing this issue may necessitate multifaceted
strategies, including shifts in societal norms, legal measures, and increased healthcare provision for affected in-
dividuals and their families.
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Research in context

Evidence before this study

We searched PubMed for studies exploring the associations of
physical abuse with mental and physical health outcomes,
without language or date restrictions, from database
inception until February 5, 2024, using the search terms
“physical abuse”, “sexual abuse”, “intimate partner violence”,
“adverse childhood experiences”, “health”, “morbidity”, and
“mortality”. Of the 8535 identified articles, we found no
large-scale studies that explored the associations between
physical abuse exposure across the life course and a broad
range of health outcomes within a single analytical setting.
Such outcome-wide studies would facilitate non-selective
reporting, a systematic assessment of disease specificity, and
avoid methodological and statistical heterogeneity observed
in previous meta-analytic reviews of multiple disease
outcomes.

Added value of this study

This study investigated the risk of hospitalisation for 77
common health conditions in individuals who had
experienced physical abuse during childhood, adulthood, or at
both stages of life. Using longitudinal data from up to
156,958 participants of the UK Biobank study and 85,929
participants from the Finnish Public Sector study, we found
that exposure to physical abuse in childhood or adulthood
was associated with an increased risk of 22 health conditions
requiring hospital treatment, including mental and

Introduction

Despite substantial efforts aimed at its eradication,
physical and sexual abuse continues to be a persistent
issue in societies, affecting individuals in both early life
and adulthood. Globally, it is estimated that one in five
children has been exposed to physical abuse, while one
in ten has endured sexual abuse.' In the United States,
almost one third of adult women report having experi-
enced sexual or physical violence by an intimate
partner.*

Recent findings from large epidemiological studies
suggest long-term associations of childhood and adult-
hood abuse with mental and behavioural disorders,
selected physical illnesses, and premature mortality.””
This evidence base, however, has not comprehensively
examined the full scope of disease categories associated
with physical and sexual abuse experienced during
childhood, adult life, or, crucially, at both stages of life.
Studies in this field have typically focused on a limited
set of specific disease endpoints, with separate emphasis
on either childhood or adulthood abuse as the sole
exposure of interest.”" These studies have utilised
different populations, settings, and designs, as well as
heterogeneous measures of abuse and health
outcomes,>*'*"” complicating a comparison of the effects
of abuse on different disease outcomes. In addition,

behavioural disorders; diseases of the metabolic,
haematologic, musculoskeletal, circulatory, and respiratory
system; as well as infections. These associations were
particularly strong in individuals who had experienced
physical abuse during both childhood and adulthood.
Regardless of the timing of abuse, relative risks were highest
for hospitalisations due to mental and behavioural disorders.
The greatest absolute differences between individuals with
and without a history of abuse were observed for metabolic
and haematologic conditions. Most of these associations were
partially attributable to depressive symptoms, obesity,
smoking, and inflammation.

Implications of all the available evidence

Preventing physical and sexual abuse is a complex task that
requires evidence-based interventions targeting various
domains, ranging from societal norms and legislative
measures to individual and familial aspects. In health care,
routine screening procedures and effective early detection
systems are needed to identify victims of abuse and provide
trauma-informed services. Underlining the importance of
abuse prevention, our findings show that physical and sexual
abuse is associated with a wide range of severe mental and
physical illnesses requiring hospital treatment, and that
repeated exposure to abuse across the life course may further
exacerbate the risk of ill health.

many studies have included physical and sexual abuse
among broader estimates of adverse childhood experi-
ences rather than focusing on the long-term health
outcomes associated with each adversity separately.'®

Using data from the UK Biobank, we conducted a
large-scale, outcome-wide study to examine the associ-
ations of childhood and adulthood physical and sexual
abuse with the incidence of 77 common health condi-
tions requiring hospital treatment; test the extent to
which these associations are attributable to poorer risk
profiles of individuals with a history of physical or sexual
abuse; and explore the reproducibility of findings by
repeating the main analyses in an independent dataset
of Finnish adults.

Methods

Study populations

In our primary analysis, we utilised data from the UK
Biobank study, a large prospective cohort study."*
Among the 9.1 million adults eligible for inclusion in
UK Biobank, a total of 502,665 aged 38-73 years
(273,450 women, 229,215 men) participated in a base-
line clinical examination between 2006 and 2010. Of
these, 339,092 were re-invited via email to fill out a se-
ries of online follow-up questionnaires. A subgroup of

www.thelancet.com Vol 40 May, 2024


http://www.thelancet.com

Articles

157,366 participants (response rate: 46.4%) completed
an online follow-up mental health questionnaire when
information on physical and sexual abuse was collected
for the first time. Taking place in 2016-17, this repre-
sents the study baseline for the present analysis.

To test the reproducibility of our findings from UK
Biobank, we repeated our main analyses in an inde-
pendent cohort, the Finnish Public Sector Study (FPS).
FPS is an occupational cohort study consisting of
113,578 Finnish employees aged 17-78 years who had
completed a survey during 2000 to 2002, 2004 to 2005,
2008 to 2009, and/or 2011 to 2013. Of these, we
included 85,929 individuals (68,544 women, 17,385
men) who had no missing data on the exposures and
covariates of interest and were successfully linked to
records of national health registries.

This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology
(STROBE) reporting guideline for cohort studies. Data
collection in UK Biobank was approved by the NHS
National Research Ethics Service, and in FPS, by the
ethics committee of the Finnish Institute of Occupa-
tional Health. In both cohorts, participants provided
written consent before their participation in data
collection.

Sexval and physical abuse

Sexual and physical abuse during childhood and adult-
hood were assessed at study baseline. In the primary
analysis of UK Biobank participants, data on childhood
physical and sexual abuse were ascertained from two
questions taken from the brief Childhood Trauma
Questionnaire.”’ These enquiries ascertained if in-
dividuals had experienced severe physical abuse causing
bruises or marks by a family member (“People in my
family hit me so hard that it left me with bruises or
marks”) and/or childhood sexual molestation (“Some-
one molested me sexually”). Adulthood partner abuse
was evaluated using two questions adapted from the
British Crime Survey,”” in which participants reported
their experience of physical violence or other forms of
violence (“A partner or ex-partner deliberately hit me or
used violence in any other way”), and/or sexual inter-
ference or forced sexual activity by a partner or ex-
partner (“A partner or ex-partner sexually interfered
with me, or forced me to have sex against my wishes”).
Both childhood and adulthood inventories used the
same response scale (range: 0 for never to 4 for very
often). In FPS, data on physical or sexual violence was
drawn from a single question regarding participants
exposure to physical or sexual abuse (0 for not at all, 1
for during the past 12 months, 2 for more than 12
months ago).

In both UK Biobank and FPS, we computed separate
binary variables (yes/no) for each abuse item such that a
score of 1 or higher indicated that the person had
experienced abuse, while a score of zero represented the
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reference group of individuals who had not been
exposed to such adversities.

Although the primary focus of this study is on
physical and sexual abuse experienced across the life
course, additional analyses exploring the associations
between emotional and physical neglect—two common
adverse childhood experiences—and an array of physical
and mental health endpoints are available in the
Supplement (pp 30-31).

Covariates

We used an array of covariates captured at baseline. Our
selection of covariates was informed by previous
research in this field.”*** Sociodemographic variables
were age and sex. Self-reported ethnic/racial origin was
included as an additional covariate, with participants
choosing among the categories Asian/Asian British,
Black/Black British, Chinese, White, mixed (multira-
cial), and other ethnic/racial groups. However, due to a
majority of UK Biobank participants having a White
ethnic/racial origin, there were insufficient health
events within individual minority groups for meaning-
ful analysis. As a result, we categorised the data as either
White or non-White. Educational qualification (none/
elementary, secondary, tertiary) was used as an indicator
of socioeconomic position.

We also measured other potential confounders and
mediators of the abuse—disease link.”** Health behav-
iours included self-reported smoking (never vs previous
or current smoker), alcohol consumption (up to three or
four times per week vs daily or almost daily), and
physical inactivity (physically active vs not active). Self-
reported depressive symptoms were ascertained from
the 9-item version of the Patient Health Questionnaire,
with scores of 10 or higher indicating probable depres-
sion.”* Body mass index (BMI) was computed from
weight in kilograms divided by height in meters squared
(kg/m?). Obesity was denoted as a BMI of >30 kg/m”.
C-reactive protein (CRP, mg/L) was included as a
marker of systemic inflammation and, in our analyses,
log-transformed owing to its skewed distribution. In
mediation analyses of the association between early-life
sexual and physical abuse and disease risk, adulthood
partner abuse (no vs sexual/physical abuse) was exam-
ined as an additional mediating mechanism.

Follow-up of conditions requiring hospital
treatment

Ascertainment of hospital-treated conditions before or at
baseline and incident hospital-treated conditions at
follow-up was based on linked electronic health records.
Participants in UK Biobank and FPS were linked to
national hospital (in the UK, NHS Hospital Episode
Statistics) and mortality registers (in the UK, NHS
Central Registry). These electronic health records pro-
vided information on newly developed physical and
mental health conditions that required hospital
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treatment and, where applicable, death by cause. Event
surveillance was from January 1996 until December
2018 for a mean (SD) of 10.6 (4.3) years in the Finnish
study, and July 2016 until May 2021 for a mean (SD) of
4.6 (0.14) years in UK Biobank.

In both UK Biobank and FPS, individual diseases
and disease categories were coded according to the In-
ternational Classification of Diseases 10th Revision
(ICD-10). We examined 77 specific disease chapters and
diagnostic groups. For each health outcome, partici-
pants with the disease at or before baseline, as ascer-
tained from the linked health registry data, were
excluded from the analysis of incident hospital-treated
conditions at follow-up.

Statistical analysis

Our analysis, illustrated in Fig. 1, involved the following
steps. First, in the primary analyses of UK Biobank
participants, after confirmation that the proportional
hazards assumptions had not been violated
(Supplement, pp 3-13), we computed separate Cox
proportional hazards regression models” to examine the
associations of each abuse measure with 14 main ICD-
10 disease chapters. Hazard ratios (HRs) and accom-
panying 95% confidence intervals (CIs) were adjusted
for age and sex. We restricted subsequent analyses to
nine disease chapters that were associated with at least
two of the four abuse exposures (i.e., childhood physical
abuse, childhood sexual abuse, adulthood physical
abuse, and adulthood sexual abuse; p < 0.05).

Next, in a higher resolution analysis, we performed a
series of additional survival analyses to investigate the
associations of each abuse measure with specific disease
endpoints captured within the nine ICD-10 disease
chapters. Non-overlapping disease endpoints that
showed the most robust links with childhood and
adulthood abuse in UK Biobank were selected for sub-
sequent analyses. Robustness (at least 3 of the 5 criteria
met) was evaluated based on the magnitude of the effect
(“yes”, a HR > 1.20; otherwise “no”); statistical signi-
fcance at P < 0.05 after adjustment for age and sex
(“yes,”; otherwise “no”); consistency across exposures
(“yes,” association with endpoint evident across >2

o Outcome-wide analysis e Replication of hits

Outcome-wide analysis of
adulthood/childhood abuse with 14
incident disease chapters and 77 specific
adult health conditions requiring
hospital treatment.

. Cox proportional hazards regression
models to compute relative risk.

Replication of hits in an
independent dataset.
Cox proportional hazards
regression models to
compute relative risk.

© Cluster analysis

exposures; otherwise “no”), statistical significance after
controlling for multiple testing at a Bonferroni-corrected
a level of P < 6.49 x 10—4 (i.e., adjustment for 77 tests;
“yes”, the association remains after multiple testing;
otherwise “no”); and replication of exposure-outcome
associations in an independent population, employing
the same statistical adjustments and examining iden-
tical disease endpoints (“yes”, replication of association
in FPS; otherwise “no”). In addition, to confirm that the
observed associations were not sex-specific, we entered
an interaction term ‘abuse x sex’ in a model which also
included their main effects.

We then scrutinised how disease endpoints that were
associated with exposure to sexual and physical abuse in
both primary and replication grouped together in in-
dividuals with a history of abuse, using phi correlation
coefficients and hierarchical cluster analysis.”* In a
further set of survival analyses, we examined whether
the associations of childhood abuse, adulthood abuse,
and repeated exposure to both childhood and adulthood
abuse with the identified disease clusters remained after
multivariable adjustment. Accordingly, we controlled
effect estimates for age and sex, and additionally for
ethnic/racial origin and educational attainment. To
assess the risk differences in disease occurrence be-
tween individuals with and without a history of abuse in
absolute terms, we calculated the multivariable adjusted
rate per 100,000 person-years for each disease cluster.

To evaluate potential bias arising from the low
response rate to UK Biobank’s online follow-up (46.4%),
we performed a series of post-hoc analyses. These ana-
lyses examined whether features that may characterise
non-respondents, such as frailty, comorbidity, and
mortality, are likely to affect the associations between
abuse and disease endpoints. First, we conducted
separate Cox proportional hazards regression models
with interaction terms between lifecourse exposure to
physical/sexual abuse and past or present comorbidities,
as well as between lifecourse exposure to physical/sex-
ual abuse and frailty. Details on the measurement of
comorbidities and frailty” are provided in the
Supplement (p 14). Second, we used the Fine and Gray
method” (proportional sub-hazards model) to examine

@ Confounding and mediation

AEE

Examination of the associations of
childhood/adulthood abuse with disease
clusters using cox proportional hazards
regression models.

Exploration of potential mediators of the
association between childhood/adulthood
abuse and incident disease clusters using
causal mediation analysis.

Clustering of diseases associated with
childhood/adulthood trauma.

Absolute risk difference in disease

clusters between exposed and

unexposed individuals. .

Fig. 1: Design of the study.
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the extent to which accounting for the competing risk of
death affected the abuse-disease associations.

In addition, we conducted separate causal mediation
analyses to examine the mediating role of smoking,
alcohol consumption, physical inactivity, obesity,
depressive symptoms, and C-reactive protein in the
abuse—disease cluster relationships.” Causal mediation
analysis dissects the total effect of abuse into two
distinct components: the direct effect, which operates
independently of any mediator, and the indirect effect,
which operates through one or more mediators to in-
fluence the outcome.

All UK Biobank analyses were conducted using Stata
version 17.0 and RStudio version 2023.03.1 (R package
‘regmedint™ for causal mediation analysis), and those of
FPS using SAS version 9.4. Statistical code is provided
in the Supplement (pp 15-16).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Analytical samples in UK Biobank varied according to
the exposure of interest (Fig. 2). Of the 157,366 UK
Biobank participants who responded to the follow-up
questionnaire on mental health (46.4% of those
invited), 122,123 (66,437 women, 54.4%) had complete
data on the exposures and covariates and were suc-
cessfully linked to electronic records of national health
registries. The mean (SD) age of this sample was 63.3
(7.6) years. Out of these, 30,157 (24.7%, 54.4% women)
reported childhood sexual or physical abuse, 18,318
(15.0%, 74.3% women) experienced adult violence from
a partner or ex-partner, and 7632 (8.6%, 72.8% women)
reported having experienced both. Compared with un-
exposed individuals, those with a history of abuse were
more likely to be women, younger in age, and current
smokers at baseline. They were also more likely to have
an ethnic/racial minority background, higher levels of
C-reactive protein, and to report depressive symptoms.
By contrast, they were less likely to consume alcohol on
more than 3 days per week compared with their unex-
posed counterparts. No differences in physical activity
levels between these two groups were observed. Differ-
ences in 2006/10 baseline characteristics between the
baseline sample and analytical (i.e., follow-up) sample
are shown in the Supplement (p 19, and below). While
there was no apparent difference in the proportion of
men and women between the two samples, participants
who completed the online follow-up questionnaire
appeared to have a slightly more favourable risk factor
profile.

In the replication cohort, the FPS, the analytical
sample consisted of 85,929 individuals (68 544 women
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[79.8%]), with a mean (SD) age of 45.3 (10.7) years.
Among these, 14,650 (17.1%; of whom 12,279 were
women [83.8%)]) had a self-reported history of physical
or sexual abuse. Further information on baseline char-
acteristics of the primary and replication cohorts is
provided in the Supplement (pp 17-19).

In Fig. 3, we rank (1-5) the associations of each
abuse measure with 14 main ICD-10 disease chapters
according to statistical significance and strength in UK
Biobank. Exposure to abuse in both early and later life
was associated with nine disease chapters. After
adjustment for age and sex, the strongest associations of
physical and/or sexual abuse in childhood and adult-
hood were observed for hospitalisations due to mental
and behavioural disorders (hazard ratio [HR] range:
1.28-2.40), followed by diseases of the respiratory
(range: 1.32-1.37) and endocrine (range: 1.20-1.42)
systems. Less consistent associations were found for
hospital-treated cancers, diseases of the eye, ear, and
skin, as well as diseases of the genitourinary system,
which we therefore excluded from subsequent analyses.

In Fig. 4, we present the associations of physical and
sexual abuse with specific disease endpoints within the
nine selected ICD-10 disease chapters that were asso-
ciated with abuse in the previous analyses. In UK Bio-
bank, sexual and physical abuse in early and later stages
of life was associated with 33 distinct disease endpoints
(results for all 77 disease outcomes are reported in the
Supplement, pp 20-22). There were no consistent sex
differences across abuse indicators, although men
showed a stronger association between adulthood sexual
abuse and diabetes (HR and 95% CI in women vs men
1.27, 0.54-1.98 vs 7.62, 3.08-18.83). For women, adult-
hood physical abuse had a stronger link with bacterial
infections (1.27, 1.10-1.46 vs 0.97, 0.77-1.12) and
chronic obstructive bronchitis (2.51, 1.85-3.40 vs 1.23,
0.74-2.05) compared with men.

Analyses of the Finnish cohort data confirmed 22 of
the 33 associations observed in the primary analysis,
including bacterial (HR 1.33, 95% CI, 1.19-1.48) and
viral (1.36, 1.04-1.78) infections; anaemia (1.40,
1.04-1.97); diabetes (1.21, 1.12-1.31); hospital-treated
obesity (1.87, 1.46-2.39); disorders due to substance
abuse (2.30, 1.83-2.89); mood (2.37, 1.96-2.86) and
neurotic (2.44, 2.08-2.86) disorders; hospital-treated
poisonings (2.83, 2.23-3.60); sleep disorders (1.57,
1.42-1.73); hypertension (1.12, 1.03-1.21); ischemic
heart disease (1.14, 1.02-1.28); arrythmias (1.10,
1.01-1.21) influenza and pneumonia (1.28, 1.14-1.44);
chronic obstructive bronchitis (1.72, 1.36-2.17); asthma
(1.37, 1.25-1.51); rheumatoid arthritis and related dis-
orders (1.17, 1.12-1.23); osteoarthritis (1.13, 1.04-1.22);
sciatica (1.22, 1.05-1.43); soft tissue disorders (1.19,
1.09-1.29); as well as inflammatory bowel (1.22,
1.05-1.43) and alcoholic liver (1.69, 1.13-2.51) disease
(results for all 77 disease outcomes in FPS are reported
in the Supplement, pp 23-24). While, in the UK
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Approximately 9.1 million people in
eligible
population from UK Biobank

Approximately 8.6 million
excluded due to no
response to survey

502 665 participated in clinical
examination in
2006-10

l

157 366 completed the mental
health questionnaire in 2016-17

113 578 people in FPS eligible
population in 2000-2013

21 897 excluded due to no
response to FPS survey or
did not provide consent

91 681 survey respondents, linked
to register data in FPS

5752 excluded due to
missing data on abuse in
FPS

Excluded due to missing data on
childhood physical abuse (n=408),
childhood sexual abuse (n=1902),
adulthood physical abuse (n=541),

adulthood sexual abuse (n=565),

childhood and adulthood sexual

and physical abuse (n=2738)

Y

85 929 with no missing data on
abuse in FPS

No missing data on
childhood physical abuse (N=156 958)
childhood sexual abuse (N=155 464)
adulthood physical abuse (N=156 825)
adulthood sexual abuse (N=156 801)
childhood and adulthood sexual and physical
abuse (N=154 628)

0 excluded due to missing
data on age and sex

Included in final study population for
primary analysis
Childhood physical abuse (N=156 958)
Childhood sexual abuse (N=155 464)
Adulthood physical abuse (N=156 825)
Adulthood sexual abuse (N=156 801)
Childhood and adulthood sexual and physical
abuse (N=154 628)

0 excluded due to missing
data on age and sex

85 929 included in final study
population for
replication analysis

Fig. 2: Study profile.

Biobank cohort, most of these associations were evident
across all four abuse measures, an increased risk of
hospitalisations due to circulatory conditions was pri-
marily observed in individuals with a history of child-
hood physical or sexual abuse.

The clustering of these 22 health conditions in UK
Biobank participants who had encountered instances of
physical or sexual abuse during childhood and/or
adulthood is shown in Fig. 5. We identified 8 disease
clusters: cluster 1 encompassed three metabolic and

haematologic disorders (diabetes, anaemia, and hyper-
tension); cluster 2 consisted of sleep disorders and
obesity; cluster 3 of inflammatory diseases (inflamma-
tory bowel disease, bacterial infections, and viral in-
fections); cluster 4 of respiratory diseases (chronic
obstructive bronchitis, influenza, pneumonia, and
asthma); cluster 5 of musculoskeletal conditions (soft
tissue disorders, osteoarthritis, rheumatoid arthritis,
and sciatica); cluster 6 of hospital-treated poisonings,
mood disorders, and neurotic disorders; cluster 7 of
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Disease category (ICD-10 chapter)

Infections

Cancer

Diseases of the blood

Endocrine diseases

Mental and behavioural disorders
Diseases of the nervous system
Diseases of the eye

Diseases of the ear

Diseases of the circulatory system
Diseases of the respiratory system
Diseases of the digestive system
Diseases of the skin

Diseases of the musculoskeletal system
Diseases of the genitourinary system

Rank*

v b~ W N

* Ranking for each exposure based on age and sex-adjusted hazard ratio for disease

category. Numbers indicate rankings for top 5 associations.

® Statistically significant association (<0.05) but not ranked within the top 5 in terms of

effect size.

Fig. 3: Association of childhood and adulthood sexual/physical abuse with main ICD-10 disease chapters according to rank (UK Biobank).

disorders due to substance abuse and alcoholic liver
disease; and cluster 8 of cardiac disorders (ischaemic
heart disease and arrhythmias).

Table 1 shows the results of the analyses examining
the strength of associations between abuse and 7 disease
clusters for individuals who experienced abuse during
childhood, adulthood, or both (cluster 8 was removed
from subsequent analyses due to violations of the pro-
portional hazards assumption across all exposures). In-
dividuals who experienced abuse during both stages of
life (whether sexual or physical) exhibited the greatest
risk of hospitalisations (Table 1, lower panels). After
accounting for age, sex, education, and ethnic/racial
origin, and compared with individuals without a history
of physical and sexual abuse, these participants had a
more than 2-fold increase in the risk of mental and
behavioural disorders (clusters 6 and 7; range of
adjusted HRs 2.12-3.37). The risk of metabolic, hae-
matologic, and respiratory diseases was approximately
1.5-fold (clusters 1, 2 and 4; HR range 1.46-1.83),
whereas the risk of inflammatory diseases was about
1.2-fold (clusters 3 and 5; HR range 1.20-1.29). The
separation in the crude hazard curves between partici-
pants exposed to physical abuse in both childhood and
adulthood and those not exposed continued the entire
follow-up for six of the seven outcome clusters
(Supplement, p 25; violations of the proportional haz-
ards assumption were observed for the cluster of
musculoskeletal disorders, which we therefore omitted
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from subsequent analyses). We further tested potential
time-dependent effects of these associations by adding
an interaction term between abuse and the logarithm of
the follow-up time to each model (Supplement, p 26).
While the results showed no significant interactions for
six of the seven associations (p > 0.05), the association of
abuse with the “diabetes, anaemia, and hypertension”
cluster slightly attenuated during the second half of the
follow-up (Years 0-2.5: 1.67, 1.32-2.12; years +2.5: 1.43,
1.07-1.92; p for interaction 0.021). In addition, we found
no statistically significant interactions between exposure
to physical/sexual abuse during childhood and adult-
hood and either frailty or (pre-) existing comorbidities
(p > 0.05), suggesting that these factors did not signifi-
cantly alter the associations of abuse with disease risk
(Supplement, p 14; note that analyses on clusters 6 and
cluster 7 could not be estimated due to the rarity of
outcome events). The associations between lifecourse
exposure to physical/sexual abuse and disease clusters
were also robust to adjustment for competing risk of
death (Supplement, p 27). Comparison of exposure-
outcome associations across all abuse measures sug-
gests that most associations were driven by exposure to
physical and sexual abuse in early life.

In Table 1, we also show the multivariable-adjusted
absolute risk for the 7 disease clusters, along with the
absolute risk differences between individuals with and
without a history of abuse. The highest hospitalisation
rates were found in individuals who had been exposed
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Diagnosis or diagnostic group o & V‘b Vp L
I"fem,o",s " Hazard ratio
Bacterial infections | 1.25 | 1.30 | 1.17 | 1.30 yes .
Viral infections | | 1.35 | 1.67 yes 2 or higher
Diseases of the blood 19
Anaemia [128]a53] 114126 | [ yes 1.8
Endocrine diseases 17
Diabetes yes 1.6
Obesity requiring hospital treatment yes 1.5
Mental and behavioural disorders 1.4
Dementia 1.3
Disorders due to substance abuse yes 1.2
Mood disorders yes 1.1
Neurotic disorders yes 1.0 or lower
Psychotic disorders
Poisoningst yes
Diseases of the nervous system
Parkinson disease
Multiple sclerosis
Epilepsy
Headaches
Transient ischemic attack
Sleep disorders yes
Diseases of the circulatory system
Hypertension 1.64 yes
Ischemic heart diseases 1.16 | 1.24 yes
Angina pectoris 1.48
Myocardial infarction 1.24
Pulmonary embolism 1.31
Arrhythmias 1.14 | 1.23 yes
Heart failure
Stroke

Cerebrovascular diseases

Intracerebral haemorrhage

Cerebral infarction

1.28

Arteriosclerosis

Deep vein thrombosis

Diseases of the respiratory system

Influenza and pneumonia 1.25 | 1.31 | 1.23 | 1.55 yes
Chronic obstructive bronchitis 1.51 | 1.47 yes
Asthma 1.47 yes
Lung cancer¥ | 855} | 1.47
Diseases of the musculoskeletal system

Rheumatoid arthritis and related disorders 1.31 yes
Gout

Osteoarthritis 1.17 1.11 yes
Sciatica 1.30 | 1.35 155 yes
Back pain 1.69 | 1.60 | 1.41

Soft tissue disorders 1.26 | 1.25 | 1.16 yes
Diseases of the digestive system

Appendicitis 1.47

Inflammatory bowel disease 1.29 yes
Diseases of liver 1.67
Alcoholic liver disease yes

Pancreatitis 1.54

Abbreviations: FPS, Finnish Public Sector study

*Participants with the disease at or before baseline, as ascertained from thelinked health
registry data, were excluded from the analysis. Hazard ratio adjusted for age and sex. Hazard
ratios significant at p <0.0006 (Bonferroni correction for multiple testing) are shown in

bold.
tUnder miscellaneous category
}Under neoplasmsin ICD-10

Fig. 4: Association of childhood and adulthood physical and sexual abuse with incident disease (UK Biobank and FPS).

to physical and sexual abuse during both childhood and
adulthood. In this group, the greatest absolute risk dif-
ference was observed for metabolic and haematologic
conditions (rate per 100,000 person-years rate 381, risk

difference per 100 000 person-years compared with non-
exposed individuals 160). Diseases of the respiratory
system ranked second (rate 319, risk difference 131).
The smallest absolute risk differences were observed for
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Fig. 5: Patterns of disease clusters associated with physical and sexuval abuse during childhood and adulthood (UK Biobank).

mental and behavioural disorders (rate 78, risk differ-
ence 40) and disorders related to substance abuse (rate
23, risk difference 20).

Causal mediation analyses suggested that self-
reported depressive symptoms, obesity, and inflamma-
tion acted as mediators in most abuse-disease cluster
associations, with baseline depressive symptoms ac-
counting for 16%-63%, obesity for 2%-30%, and
inflammation for 4%-17% of these associations (Fig. 6).
In sensitivity analyses, we further explored whether
depressive symptoms remained a significant mediator
after additionally adjusting effect estimates for child-
hood physical and emotional neglect. While there was a
slight attenuation in the total proportion mediated by
depressive symptoms, they continued to act as a strong
intermediatory factor (Supplement, p 28). Furthermore,
we examined the mediating role of inflammation in a
subgroup of individuals without obesity. The results
indicate that elevated levels of CRP remained a mediator
in the majority of exposure-outcome associations, albeit
with comparatively smaller effects (Supplement, p 29).
Smoking appeared to be most relevant for behavioural,
circulatory, and respiratory disease clusters, with the
total proportion mediated ranging from 5% to 34%. By
contrast, excessive self-reported alcohol consumption
was a relatively weak mediator, and no significant in-
direct effects were found for physical activity.
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Discussion
The findings from this study suggest that exposure to
physical and sexual abuse during early and later stages of
life is associated with an increase in hospitalisations
related to 22 non-overlapping diseases. The greatest risk
of hospitalisations was found in individuals who had
experienced abuse both in childhood and adulthood.
These individuals had an over 2-fold risk of
hospital-treated mental and behavioural disorders, an
approximately 1.5 times increased risk of metabolic,
haematologic, and respiratory diseases, and an around
1.2 higher risk of inflammatory diseases, compared with
their non-exposed counterparts. The greatest absolute
risk difference between individuals with versus those
without a history of abuse was found for metabolic and
haematologic conditions, and diseases of the respiratory
system. The majority of abuse-disease cluster relation-
ships were, at least in part, attributable to elevated
depressive symptoms, obesity, and inflammation,
whereas smoking acted as a dominant mediator primarily
for behavioural, circulatory, and respiratory conditions.
To our knowledge, this is the first study to employ an
outcome-wide approach within a single analytical setting
to examine the associations between early and later life
physical and sexual abuse and a wide array of mental
and physical health conditions. Prior meta-analytic re-
views in this field have reported considerable
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Outcome
Cluster 1: Cluster 2: Cluster 3: Cluster 4: Cluster 5: Cluster 6: Cluster 7:
Diabetes, Sleep disorders, Inflammatory bowel Chronic obstructive Soft tissue disorders, Poisonings, mood Alcoholic liver disease,
anaemia, hospital-treated diseases, bacterial bronchitis, influenza and  osteoarthritis, rheumatoid disorders, neurotic disorders due to
hypertension  obesity infections, viral infections pneumonia, asthma arthritis, sciatica disorders substance abuse
Exposure: Childhood
abuse”
Abused [N (cases)/N  505/29,455 54/29,802 770/28,649 459/29,615 1529/26,149 72/29,769 17/30,089
(total)]
Not abused [N (cases)/ 1211/89,978  111/91,312 2026/88,145 1193/90,650 4386/81,404 155/91,385 38/91,873
N (total)]
Adjusted” relative risk
Hazard ratio (95% Cl) 1.36 1.40 (1.01-1.95) 1.22 (1.13-1.33) 131 (1.17-1.46) 117 (1.10-1.24) 1.44 (1.08-1.90) 1.28 (0.72-2.28)
after adjustment for ~ (1.22-1.51)
confounders
Incidence
Abused (per 100,000 374.34 39.30 590.70 338.40 1308.11 52.46 12.26
person-years)
Not abused (per 293.86 26.37 505.16 287.35 1205.36 36.79 8.97
100,000 person-years)
Adjusted” absolute risk
Risk difference (95% 105.79 10.55 111.14 (65.67-166.7) 89.08 (48.85-132.18)  204.91 (120.54-289.29) 16.19 (2.94-33.11) 2.51 (-2.51 to 11.48)
(l) after adjustment ~ (64.65-149.87) (0.26-25.05)
for confounders
Exposure: Adulthood
abuse*
Abused [N (cases)/N  261/17,908 33/18,127 421/17,358 253/17,973 922/15,960 48/18,036 14/18,276
(total)]
Not abused [N (cases)/ 1455/101,525 132/102,987  2375/99,436 1399/102,292 4993/91,593 179/103,118 41/103,686

N (total)]
Adjusted” relative risk
Hazard ratio (95% Cl)

after adjustment for
confounders

Incidence
Abused (per 100,000
person-years)
Not abused (per
100,000 person-years)
Adjusted” absolute risk
Risk difference (95%

(1) after adjustment
for confounders

Exposure: Childhood

and adulthood abuse®
Abused [N (cases)/N
(total)]

Not abused [N (cases)/
N (total)]

Adjusted” relative risk
Hazard ratio (95% Cl)
after adjustment for
confounders

Incidence
Abused (per 100,000
person-years)

Not abused (per
100,000 person-years)

Not estimated®

130/7449

1080/79,519

154
(1.28-1.86)

381.05

296.54

1.53 (1.04-2.27)

39.49

27.80

14.74
(1.11-35.31)

15/7527

93/80,712

1.83
(1.05-3.20)

43.23

24.99

1.09 (0.98-1.21)

533.05

524.94

47.24 (-10.5 to 110.24)

185/7183

1790/77,970

124 (1.07-1.45)

566.05

504.56

1.26 (1.10-1.44)

307.35

298.61

77.64 (29.86-131.39)

109/7469

1049/80,146

1.46 (1.20-1.79)

318.64

285.78

Not estimated®

400/6539

3864/71,983

Not estimated®

1.45 (1.05-2.00)

57.73

37.65

16.94
(1.88-37.65)

2717477

134/80,826

212 (1.39-3.23)

7833

35.96

2.58 (1.38-4.81)

16.62

13.55 (3.26-32.68)

8/7611

32/81,208

337 (1.52-7.45)

22.80

8.55

(Table 1 continues on next page)
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Outcome
Cluster 1: Cluster 2: Cluster 3: Cluster 4: Cluster 5: Cluster 6: Cluster 7:
Diabetes, Sleep disorders, Inflammatory bowel Chronic obstructive Soft tissue disorders, Poisonings, mood  Alcoholic liver disease,
anaemia, hospital-treated diseases, bacterial bronchitis, influenza and  osteoarthritis, rheumatoid disorders, neurotic disorders due to
hypertension  obesity infections, viral infections pneumonia, asthma arthritis, sciatica disorders substance abuse
(Continued from previous page)
Adjusted” absolute risk
Risk difference (95%  160.13 20.75 121.09 (35.32-227.05)  131.46 (57.16-225.76) - 4028 20.26 (4.44-55.13)
(l) after adjustment ~ (83.03-255.03) (1.25-54.99) (14.03-80.2)
for confounders
“Comparison between participants with vs without childhood abuse. bAdjustecl for age, sex ethnic/racial origin, and education. “Comparison between participants with vs without adulthood abuse. “The
proportional hazards assumptions not met. “Comparison between participants with vs without childhood and adulthood abuse.
Table 1: Multivariable-adjusted associations of childhood abuse, adulthood abuse, and repeated abuse across both life stages with 7 disease clusters (UK Biobank).

methodological heterogeneity across studies and insuf-
ficient adjustment for potential confounding
factors.>>'"” These limitations have hindered mean-
ingful comparison of the effects of abuse in relation to
different disease outcomes. In contrast, our approach
enabled us to compare the relative importance of each
abuse-disease relationship using homogenous mea-
surements, accounting for various important con-
founders, and investigating the role of psychological,
behavioural, and biological factors.

Overall, our findings reveal a generalised pattern of
association between abuse and poor health, adding to

evidence from previous studies. The elevated risk of
mental and behavioural disorders, substance abuse-
related disorders, respiratory diseases, and diseases of
the circulatory system in people with a history of
childhood or adulthood abuse confirm previous meta-
analytic investigations and large-scale population-based
studies.***'7%*31 Much of this work had relied on self-
report measures of ill health rather than linkage data
to national hospital records as we have used here.
Furthermore, previous studies on the health impacts of
childhood abuse have primarily focussed on single or
cumulative measures of various adverse childhood

Outcome

Cluster 1: Cluster 2: Cluster 3: Cluster 4: Cluster 5: Cluster 6: Cluster 7:

Diabetes, Sleep Inflammatory bowel Chronic obstructive Soft tissue disorders,  Poisonings, Mood Alcoholic liver

Anaemia, disorders, diseases, Bacterial bronchitis, Influenza Osteoarthritis, disorders, disease, Disorders

Hypertension Hospital- infections, Viral and pneumonia, Rheumatoid arthritis, Neurotic due to substance
treated obesity infections Asthma Sciatica disorders abuse
Proportion mediated (%)
Smoking 5.0 16.5 9.3 40% or more
'§ Alcohol consumption 30
] . Physical inactivity 20
= [
S8 Obesity 12.0 _ 9.9 9.4 21.4 103 10
s 3
5% Depression 201 _ 256 2.7 235 _ 1% or less
s C-reactive protein 62 14.4 8.0 123 83
3
Adulthood abuse 66 49

H
g Alcohol consumption 83
-E E Physical inactivity
¥ 3 Obesity 23
£4
& C-reactive protein 10.9 4.2
3 smoking 26.9 203
23 Alcohol consumption
58
3 f; K1 Physical inactivity
g7 32 Obesity 115 233 9.1 8.1 7.6
32"
g8 Depression LA U w1
& C-reactive protein 8.6 17.4 11.0 14.9 11.0

* Comparison between participants with vs without childhood abuse

+ Comparison between participants with vs without adulthood abuse

+ Comparison between participants with vs without childhood and adulthood abuse
Note: All analyses were adjusted for age, sex, ethnic/racial origin, and education

Fig. 6: Mediators of the associations of childhood abuse, adulthood abuse, and repeated abuse across both life stages with mental and

physical health outcomes (UK Biobank).
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experiences,” but not on individuals who had been
exposed to physical and sexual abuse during both early
and later stages of life.

In our study, self-reported depressive symptoms
emerged as the strongest intermediatory factor in most
abuse-disease relationships. This aligns with prior
studies reporting an increased risk of mood disorders in
abuse survivors,'*? and a link between depression and
various endocrine, respiratory and musculoskeletal dis-
orders.”* Obesity was a strong mediator of the associa-
tion between abuse and diabetes, anaemia, and
hypertension, confirming previous studies on the rela-
tionship between abuse and obesity,” and between
obesity and morbidity.** Systemic inflammation was
identified as an additional underlying factor, particularly
in relation to respiratory diseases, inflammatory condi-
tions, sleep problems, and hospital-treated obesity.
These results expand upon previous research linking
childhood and adulthood abuse with immune system
disturbances,’***** and systemic inflammation with
various physical illnesses.” Notably, the magnitude of
mediation exerted by systemic inflammation was
considerably reduced in individuals without obesity,
suggesting that obesity may be an underlying factor
driving the mediating effect of inflammation. Other
untested possible biological mechanisms include stress-
induced accelerated ageing (e.g., telomere attrition,
accumulation of senescent cells, DNA methylation
changes), corticosteroid-related stress pathways; struc-
tural changes in the brain (e.g., reduced cortical volume);
and alterations in monoamine transmitter secretion.>***

Our findings also support a potential mediating role
of behavioural factors. Smoking mediated the associa-
tions between abuse and circulatory, respiratory, and
behavioural conditions. While the findings on the role of
self-reported alcohol use were inconclusive, participants
who had been subjected to both childhood and adult-
hood abuse had a 3-fold higher risk of hospitalisations
from alcoholic liver disease, substance abuse disorders,
and poisonings. These data concur with prior observa-
tions indicating that individuals with a history of abuse
are more likely to engage in adverse health behaviours,
which in turn, can elevate the risk of health complica-
tions later in life.>*

Our findings are plausible. The strong associations
with mental and behavioural disorders and substance
abuse-related disorders as well as the mediating role
of behavioural factors in abuse-diseases associations
highlight the important role of psychological factors
in excess ill health among victims of physical and
sexual abuse. Psychological stress, in addition to the
damage caused by substance abuse and other health
risk behaviours, may also contribute to an elevated
risk of metabolic disorders and communicative dis-
eases because long-term stress is related to reduced
self-care, impairs metabolism by increasing lipid
accrual, lipolysis, and blood glucose concentration,

and induces immune dysfunction and low-grade
inflammation.*®

Interpretation of our findings requires consideration
of various limitations. Our study is based on observa-
tional data, thus precluding the possibility of inferring
causation. The accuracy of self-reported abuse may be
influenced by biases in memory, repression of past ex-
periences, mental health problems such as depression,
and an individual’s comfort level with sharing sensitive
information, possibly leading to under- or over-
estimation of associations.”*' This applies particularly
to adverse childhood experiences reported during
adulthood. While the primary aim of this study was to
examine the association of lifecourse exposure to phys-
ical and sexual abuse with physical and mental health
conditions, future studies are needed to examine the
health ramifications of other common types of adver-
sities, such as emotional and physical neglect."** Since
the covariates and exposure to abuse were measured at
the same time, establishing a temporal order between
abuse and the measured biological, psychological, and
behavioural factors is not possible. Conclusions about
the temporal sequence between abuse and disease onset
may be hampered owing to missing data on undiag-
nosed diseases and disease diagnoses made in primary
care. Utilising hospitalisation records to ascertain dis-
ease outcomes misses milder health problems. Addi-
tionally, the prevalence of undiagnosed diseases tends to
be higher in those with disadvantaged backgrounds.
These issues may, if anything, contribute to an under-
estimation of the strength of abuse-disease associations.
Furthermore, while the Finnish Public Sector study
achieved a participation rate of 80.7% among invitees,
the UK Biobank cohort had a much lower baseline
(5.5%) and follow-up (46.4%) response rate. Loss to
follow-up can introduce bias, leading to the potential for
overestimation or underestimation of risk factor—
outcome associations. Due to the selection process
associated with low response rates, participants in the
UK Biobank tend to have more favourable risk factor
levels and are generally healthier than UK’s general
population.”” We sought to evaluate the magnitude of
potential bias by examining whether factors that may
contribute to attrition (frailty, comorbidities, competing
risk of death) modified abuse-disease relationships in
UK Biobank, as well as by repeating the main analyses
in an independent cohort of Finnish adults with a
higher response rate. While no clear evidence was found
for a modifying role of these factors or survival bias, and
our main findings were replicated in FPS, skewed risk-
factor outcome associations cannot be ruled out. Lastly,
with the large majority of participants in the present
analyses having a White ethnic/racial background, the
generalisability of our results to minority groups is
unknown.

In conclusion, we showed that possible re-
percussions of both childhood and adulthood physical
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and sexual abuse pervade mental and physical health
domains, with widespread associations across multiple
organ systems. Policy makers and clinicians should be
aware of these potential long-lasting health conse-
quences for victims, irrespective of age. Our findings
highlight the need for an intensified focus on abuse
prevention within public health strategies. These
include, for example, educational initiatives, reinforce-
ment of routine screening procedures, and early detec-
tion systems for abuse in primary and secondary care.
Interventions that target modifiable intermediary factors
that lie on the pathway between exposure to abuse in
early and later life and subsequent physical illness, such
as mental health problems and lifestyle factors, may also
be beneficial.
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