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AbsTrACT
Objectives To assess and compare associations 
between childhood maltreatment and cardiovascular 
disease (cVD) in men and women in the UK. in 
secondary analyses, we also explored possible age 
differences and associations with early onset cVD (<50 
years).
Methods We included 157 311 participants from 
the UK Biobank who had information on physical, 
sexual or emotional abuse, emotional or physical 
neglect. cVD outcomes were defined as any cVD, 
hypertensive disease, ischaemic heart disease (ihD) 
and cerebrovascular disease. These were extracted from 
self- report, blood pressure measurements, hospital 
register and death register. The associations between 
maltreatment and cVD were assessed using Poisson 
regression with robust variance to estimate risk ratios, 
stratified by sex and adjusted for socioeconomic and 
demographic factors.
results all types of maltreatment were associated 
with increased risk of cVD and ihD in both sexes. 
additionally, in women all types of maltreatment were 
associated with higher risk of hypertensive disease, 
and all, except emotional neglect, were associated 
with cerebrovascular disease. in men, all but sexual 
abuse, were associated with higher risk of hypertensive 
disease, and all, except physical and sexual abuse, were 
associated with cerebrovascular disease. associations 
were generally stronger in women, and individuals who 
were younger at baseline had stronger associations of 
childhood maltreatment with any cVD and ihD, but age 
differences were less evident when only early onset cVD 
was considered.
Conclusions childhood maltreatment was consistently 
associated with cVD and stronger associations were 
generally observed in women and seemed to be stronger 
for early onset cVD.

InTrOduCTIOn
Childhood maltreatment has been robustly associ-
ated with increased risk for many adverse mental 
and physical health outcomes, including cardio-
vascular diseases (CVD).1–4 A recent systematic 
review showed that childhood maltreatment, which 
comprises physical, sexual and emotional abuse and 
neglect, was associated with CVD – incorporating 
myocardial infarction (MI), stroke, ischaemic heart 
disease (IHD) and coronary heart disease (CHD) 

– in more than 90% of the 24 studies that included 
CVD endpoints.5

Men are more likely to report physical abuse, 
while women are more likely to report sexual abuse, 
emotional abuse and neglect, as well as a higher 
number of adversities.1 2 4 6 Sex differences in CVD 
also exist.7 Men are more likely to develop CHD 
as their first event, while women are more likely 
to have cerebrovascular disease or heart failure,8 
later onset CVD and lower mortality.9 10 Some 
evidence suggests that women are more vulner-
able to the consequences of psychosocial stress,1 2 
but investigation of sex differences in the associa-
tion between childhood maltreatment and CVD 
has been limited, and the evidence to date shows 
no consistent pattern.2 5 11 12 Understanding such 
sex differences might help to identify sex- specific 
protective or maladaptive mechanisms by which 
childhood maltreatment might affect CVD.

Age is the most important determinant of cardio-
vascular health and is plausibly related to the risk 
and/or recall of childhood maltreatment. A recent 
study assessing the association of psychiatric 
stress- related disorders and risk of CVD showed a 
stronger association in younger ages,13 suggesting 
that the effects of stress on CVD might vary with 
age. To the best of our knowledge, no studies have 
assessed potential modification by age in the asso-
ciation between childhood maltreatment and CVD.

We use data from a large cohort in the UK to 
assess the association between childhood maltreat-
ment and CVD, and to examine sex differences in 
this relationship. Given the wide age range of the 
participants (40–69 years at baseline) and the possi-
bility of age differences in the associations, we also 
tested whether the associations were stable across 
different age groups. Finally, we limited analyses 
to early onset CVD (<50 years of age) in all age 
groups to ensure comparability regarding the ‘time 
at risk’.

MeThOds
The UK Biobank includes 502 524 participants aged 
40–69 years at baseline, recruited between 2006 
and 2010.14 15 In 2016, 339 092 participants who 
provided an email address were invited to complete 
an online mental health questionnaire, which 
included information on childhood maltreatment.14 
From the 157 366 participants who completed the 
questionnaire (46% of those emailed),14 157 311 
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responded to at least one question about childhood maltreat-
ment, comprising the sample of this study.

Childhood maltreatment (physical, sexual and emotional 
abuse, emotional and physical neglect) was assessed using the 
Childhood Trauma Screener.16 The questions and cut- off points 
used are presented in online supplementary eTable 1.

CVD outcomes include self- reported diagnosis of vascular/
heart problems, self- reported use of blood pressure medication 
and measured blood pressure, all assessed at baseline, as well as 
hospital and death registers. Hospital registers cover the period 
between 1997 until March 2017, and death registers cover the 
period between May 2006 and February 2018. Details on how 
CVD outcomes were assessed are presented in online supple-
mentary material, and the timeline for the data is illustrated in 
online supplementary eFigure 1. Considering a previous study 
found stronger associations for self- reported CVD than medi-
cally verified cases,3 in sensitivity analyses only medical records 
and measured blood pressure were used to define the outcomes.

Potential confounders were selected a priori based on their 
known or plausible effects on childhood maltreatment and 
CVD. Age, ethnicity, Townsend deprivation index, maternal 
smoking around birth and family history of CVD were used as 
confounders. The UK Biobank lacks childhood socioeconomic 
measures, and considering smoking is strongly socioeconomi-
cally patterned, we used maternal smoking as a proxy of child-
hood socioeconomic position (SEP)17 and Townsend deprivation 
index, as a proxy for early- life SEP due to tracking. Other factors 
related to CVD were assessed to describe the sample among the 
UK Biobank participants who responded and did not respond to 
the childhood maltreatment questionnaire. All confounders and 
covariates were assessed at baseline and more details are avail-
able in online supplementary material.

sTATIsTICAl AnAlysIs
All analyses were conducted using Stata version 15.1 (Statacorp, 
College Station, TX). Childhood maltreatment types were 
assessed individually and using a summary score, ranging from 
0 (no experience of maltreatment) to 4+ (experience of four or 
five types of maltreatment). We summarised all covariates and 
outcomes in participants included (with information on child-
hood maltreatment) and not included in the analysis.

As the outcome was frequent, associations between childhood 
maltreatment and CVD were assessed using Poisson regression 
with robust variance to estimate risk ratios (RRs), unadjusted 
and adjusted for the confounders defined above. The analyses 
were performed stratified by sex, and evidence for sex differ-
ences were determined by comparing results between men and 
women and computing statistical tests for interactions between 
sex and each type of maltreatment.

We used stabilised inverse probability weights (IPW) to reduce 
selection bias from missing data due to non- response to the 
online questionnaire.18 19 More details about the propensity 
score and weighting procedure are described in online supple-
mentary material.

In order to investigate whether the associations between child-
hood maltreatment and CVD differed by age, as secondary anal-
ysis we estimated age- stratified (40–49y, 50–59y and 60+years) 
RRs. We computed statistical tests for interactions between age 
groups and each type of maltreatment. We also repeated anal-
yses restricting the outcome to early onset CVD, defined as any 
CVD occurring before 50 years, to ensure comparable ‘time at 
risk’ for all age groups. Age of CVD onset was based on base-
line self- reported age of diagnosis of heart attack, angina, stroke 

or high blood pressure. Similarly, statistical tests for interactions 
between early onset CVD and each type of maltreatment were 
computed.

resulTs
Responders to the UK Biobank online questionnaire with valid 
information for childhood maltreatment were more likely to be 
female and white, to have lower age, to experience less depri-
vation, to have higher education, lower prevalence of maternal 
smoking around birth, current smoking and depression, and 
higher frequency of alcohol intake than non- responders to the 
online questionnaire (table 1). Responders were also more likely 
to have more favourable cardiovascular health (lower systolic 
and diastolic blood pressures, lower body mass index (BMI), and 
lower use of blood pressure and cholesterol- lowering medica-
tions), and lower occurrence of CVD than non- responders.

Emotional neglect was the most common type of childhood 
maltreatment (22.5%), followed by physical abuse in men 
(21.1%) and emotional abuse in women (17.9%) (figure 1A). All 
types of maltreatment were more prevalent in women except for 
physical abuse, which was more prevalent in men. Women were 
also more likely to experience a higher number of types of child-
hood maltreatment: 4.6% of women experienced four or more 
types of maltreatment, while 2.7% of men experienced the same 
number (figure 1B). The prevalence of childhood maltreatment 
decreased with increasing age, except for sexual abuse in men, 
which did not vary, and physical neglect, which increased across 
age categories (see online supplementary eFigure 2a). Younger 
participants also reported a higher number of maltreatment 
types, especially women (see online supplementary eFigure 2b). 
The occurrence of any CVD was 54.3% in men and 40.3% in 
women, and all CVD types were more common in men (table 1, 
online supplementary eTable 2). When only medical records 
and measured blood pressure were considered, the occurrence 
of CVD was lower, but the same sex and age patterns were 
observed (see online supplementary eTable 2).

All types of maltreatment were associated with a greater risk 
of any CVD and IHD in both sexes, even when adjusting for 
potential confounders (figure 2A). Additionally, in women, all 
types of maltreatment were associated with a greater risk of 
hypertensive disease and all, except emotional neglect, were 
associated with a greater risk of cerebrovascular disease. In men, 
all types of maltreatment but sexual abuse were also associated 
with hypertensive disease and all, except physical and sexual 
abuse, were associated with a greater risk of cerebrovascular 
disease. Associations between childhood maltreatment and CVD 
outcomes were generally stronger in women (figure 2A; online 
supplementary eTable 3). For instance, the association between 
physical abuse and IHD was RR=1.48 (95% CI 1.34 to 1.63) 
in women and RR=1.20 (95% CI 1.13 to 1.27) in men (P- value 
for sex interaction <0.001). Unadjusted and adjusted associa-
tions, as well as statistical tests for sex interactions, are detailed 
in online supplementary eTable 3. Similar results were obtained 
when only medical records and measured blood pressure were 
used to define CVD (see online supplementary eTable 4).

A dose- response effect was observed such that a higher 
number of maltreatment types was associated with higher risk 
of CVD (figure 2B). The only sex difference observed was for a 
stronger association between the number of types of childhood 
maltreatment and IHD in women. Both unadjusted and adjusted 
associations are presented in online supplementary eTable 5.

In age- stratified analyses, associations of childhood maltreat-
ment (individually or summed into a score) with any CVD and 
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Table 1 Comparison of responders and non- responders to the mental health online questionnaire containing childhood maltreatment in the UK 
Biobank

Men Women

non- responders
n=160 894
(70.2%)

responders*
n=68 240
(29.8%)

non- responders
n=184 240
(67.4%)

responders*
n=89 071
(32.6%)

Continuous variables: mean (SD)

  Age (years) 56.8 (8.4) 56.6 (7.8) 56.8 (8.1) 55.5 (7.7)

  SBP (mmHg) 141.3 (17.8) 140.0 (16.8) 136.3 (19.5) 133.4 (18.4)

  DBP (mmHg) 84.2 (10.1) 83.8 (9.8) 81.0 (10.1) 80.1 (9.8)

  BMI (kg/m2) 28.0 (4.3) 27.3 (4.0) 27.4 (5.3) 26.4 (4.9)

Categorical variables: %

  Ethnicity (white) 93.5 97.1 93.4 97.1

  Townsend deprivation index

   First quintile (20% least deprived) 18.7 23.5 19.0 22.1

   Fifth quintile (20% most deprived) 22.9 15.2 21.2 15.9

  Qualifications

   None of the below 22.0 7.2 22.2 6.8

   Other/NVQ/CSE 20.8 15.5 17.3 12.8

   O- level 19.3 17.4 24.4 21.9

   A- level 9.6 12.3 10.7 14.5

   College/university degree 28.4 47.5 25.4 44.1

  Maternal smoking

   No 60.2 62.0 62.6 63.9

   Yes 26.5 25.8 25.1 25.2

   Do not know 13.4 12.2 12.3 10.9

  Smoking status

   Never smoker 34.4 35.5 45.2 43.9

   Former smoker 51.4 55.9 44.5 49.9

   Current smoker 14.3 8.6 10.3 6.2

  Alcohol intake

   Daily or almost daily 24.0 28.6 14.6 19.1

   3–4 x/week 24.9 28.7 18.8 23.9

   1–2 x/week 26.6 24.2 25.9 25.4

   1–3 x/month 9.1 8.5 13.1 12.9

   Special occasions only 8.1 5.6 16.6 12.0

   Never 7.2 4.4 11.0 6.5

  Depression 27.2 25.6 42.4 40.2

  Use of blood pressure medication 26.6 20.5 20.2 12.6

  Use of cholesterol- lowering medication 24.5 19.7 14.7 8.8

  Family history of CVD 70.7 72.5 77.4 77.7

  Any CVD 63.2 54.3 52.0 40.3

  Hypertensive disease 51.9 43.4 40.1 29.4

  Ischaemic heart disease 15.6 10.0 7.1 3.6

  Cerebrovascular disease 5.1 2.5 3.3 1.4

  Early onset 12.6 10.0 9.4 7.1

All P- values for comparisons between non- responders and responders were <0.001, except for family history of CVD in women, which was 0.022.
*From the responders to the childhood maltreatment questionnaire, 98.4% of men and 97.1% of women responded to all questions on childhood maltreatment.
A- level, advanced level or equivalent; BMI, Body mass index; CSE, certificate of secondary education or equivalent; CVD, cardiovascular disease; DBP, diastolic blood pressure; 
HND, higher national diploma of equivalent; NVQ, national vocational qualification; O- level, ordinary level; SBP, systolic blood pressure.

IHD were stronger in younger men than in older men (figure 3A, 
online supplementary eFigure 3, eTables 6 and 7). The RR for 
the association between emotional abuse and IHD, for example, 
was 1.82 (95% CI 1.41 to 2.36) in men aged 40–49y, 1.43 
(95% CI 1.26 to 1.63) in men aged 50–59y and 1.18 (95% CI 
1.08 to 1.30) in those aged 60y or more. A similar pattern was 
observed in women for the associations of emotional and phys-
ical neglect with any CVD and hypertensive disease, of physical 
and sexual abuse and emotional and physical neglect with IHD, 

between emotional neglect and cerebrovascular disease, and of 
a higher number of maltreatment types with any CVD, hyper-
tensive disease and IHD. When analyses were limited to early 
onset CVD, associations with maltreatment generally remained, 
but a stronger association in younger individuals was observed 
only for physical neglect in men, and for emotional and physical 
neglect in women (figure 3B, online supplementary eTable 8). We 
therefore directly compared associations of childhood maltreat-
ment with early and later onset CVD among participants aged 
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Figure 1 Prevalence of types of childhood maltreatment (A) and number of childhood maltreatment types experienced (B) in men and women.

Figure 2 Adjusted association (risk ratios and 95% CIs) of types of childhood maltreatment (A) and number of childhood maltreatment types 
experienced (B) with cardiovascular disease in men and women.

>50 at baseline. This suggested that associations with early onset 
CVD were of greater magnitude, especially in men, though CIs 
overlap (see online supplementary eFigure 4).

dIsCussIOn
Overall, all five types of maltreatment were associated with 
higher risk of CVD. There was some evidence of stronger asso-
ciations in women and younger individuals, but age differences 
were less evident when only early onset CVD was considered.

A recent systematic review showed a wide variation on the 
prevalence of self- reported childhood maltreatment, which 
reflects methodological differences, including data collection 
methods and maltreatment definitions, in addition to geograph-
ical and sex differences.6 In the UK, the prevalence of physical 
abuse ranged from 3.6% to 32.6%, sexual abuse from 0.7% to 
27.8%, emotional abuse from 4.0% to 66.7% and neglect from 
5.6% to 77.8%.6 Our estimates of childhood maltreatment lie 
between those ranges.

Most studies showing that childhood maltreatment is associ-
ated with increased CVD are based on self- reported diagnosis 
of CVD.5 We confirmed these findings using combined self- 
reported and medically confirmed cases of CVD, as well as 
medically confirmed cases only, with similar results observed in 
both scenarios. As hospital records in the UK Biobank date back 
to 1997, cases occurring before that would have been missed 
without the use of self- reported information.

The magnitude of the associations with the different types 
of CVD was similar across the types of childhood maltreat-
ment, and stronger associations were observed for IHD 
and cerebrovascular disease, especially in women. Better 

understanding of the pathways that link childhood maltreat-
ment to CVD is needed. Possible mechanisms include health- 
related behavioural factors (i.e., smoking, overeating, physical 
inactivity), mental health (i.e., depression, anxiety) and biolog-
ical factors (i.e., altered stress response, chronic inflammation 
and metabolic changes).2 3 13 20 21 These potential mediators 
are by no means mutually exclusive and may be part of the 
same pathways, for example, maltreatment causing depres-
sion, physical inactivity, greater adiposity and inflammation, 
resulting in CVD. Work to understand these different path-
ways is ongoing.

Few studies have explored sex differences in the association 
between childhood maltreatment and CVD, and the available 
evidence has not yielded consistent findings.2 5 11 21 In our 
study, most associations between childhood maltreatment and 
CVD were found in both sexes and, when sex differences were 
evident, women had stronger associations. Sex differences are 
evident in the hypothalamic- pituitary- adrenal axis dysregulation 
in response to stress,22 23 and women might be more vulnerable 
to the consequences of psychosocial stress, such as childhood 
maltreatment.1 2 Other risk factors for CVD, which may mediate 
this association, also differ between men and women and might 
explain some of the sex differences. A recent study showed that 
although systolic blood pressure, hypertension, smoking status 
and diabetes were associated with MI in both men and women, 
the associations were stronger in the latter.24 A better under-
standing on why sex differences emerge might help to inform 
interventions to reduce the burden of CVD in those who suffered 
maltreatment.
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Figure 3 Adjusted associations (risk ratios and 95% CIs) of types of childhood maltreatment (A) with cardiovascular disease and (B) with early 
onset cardiovascular disease, according to age groups, in men and women.

Younger individuals, especially men, had stronger associ-
ations between maltreatment and both CVD and IHD. The 
magnitude of the associations for all CVD events and for early 
onset CVD were overall similar, and some – though not all – 
age differences were attenuated when only early onset CVD 
was considered. This analysis was undertaken as participants 
aged 40–49 years could not have experienced a ‘late’ onset 
CVD event, which could be a reason for the observed effect 
modification by age. We then confirmed that the magnitude 
of associations of maltreatment with early onset CVD were 
usually larger than for later onset events, especially in men, 
though with overlapping CIs. Of note, a recent Swedish 
registry- based study reported that, similar to our findings, 
psychiatric stress- related disorders were associated with 
increased CVD risk, and with early onset CVD in particular.13 
Other potential explanations for the observed differences 
(other than stronger associations with early onset CVD) are 
survival bias, age (and CVD) related bias in recall of child-
hood maltreatment, different aetiology of CVD with age and 
memory bias in age of CVD onset. Further studies assessing 
whether these age differences replicate in other populations 
and whether the risk differs according to age of CVD onset 
would be useful.

Studies exploring possible gene- environment interactions 
between childhood maltreatment and CVD would also be valu-
able, assessing whether genetic heritability of CVD differs in 
individuals who suffered and did not suffer maltreatment, and 
potentially whether sex also plays a role in this relationship.

sTrengThs And lIMITATIOns
To our knowledge, this is the largest study assessing the associ-
ation between childhood maltreatment and CVD in both men 
and women and exploring different types of maltreatment and 
different types of CVD. Our sample was large enough to inves-
tigate differences in the associations by sex and the possibility of 
differences by age. The use of self- report in combination with 
medically confirmed cases of CVD is also a strength.

We acknowledge that the large sample size and the multiple 
tests carried out can increase type 1 error. However, we inter-
preted our results based on the estimates and their CIs, rather 
than statistical significance,25 and therefore we did not formally 
correct for multiple comparisons.

A key limitation of this study is selection bias. This arises 
from: the use of a cohort which had a low response rate (~5%) 
and is not representative of the UK population;26 and the use 

of a selected subset of participants, who differed from the 
original cohort. We used IPW to minimise selection bias due 
to responsiveness to the questionnaire in which maltreatment 
was reported.27 This resulted in a good balance of the measured 
covariates between those who responded and did not respond to 
the online questionnaire (see online supplementary eFigure 3), 
therefore, reducing bias due to selective participation. Of note, 
unweighted estimates were similar to weighted estimates, indi-
cating that bias due to selection to the online questionnaire did 
not substantially affect results (results available from authors on 
request). However, the UK Biobank participants are less socio-
economically deprived, and more likely to be older, female and 
healthier than the general population, and have a lower prev-
alence of CVD.26 Furthermore, they are probably less likely 
to have experienced childhood maltreatment, and bias due to 
selective participation in the UK Biobank cannot be ruled out. 
This selection bias can induce collider bias, which would lead 
to biased estimates, in this case, negative.28 Therefore, estimates 
presented here are likely to be underestimated.

There is no gold standard to assess childhood maltreatment 
and both prospective and retrospective reports entail poten-
tial limitations. Like most large studies, we used self- reported 
retrospective measures of childhood maltreatment, which 
might be affected by recall bias and/or measurement error (e.g., 
affected by individual’s emotional state at the time of report, 
perceptions, interpretations or existential recollections).29 The 
alternative to self- report is police, court or other administrative 
records of abuse and neglect. However, only the minority of 
and the more severe cases are reported to authorities, whereas 
retrospective reports might detect more true cases.29 Although 
studies have shown modest or poor agreement between prospec-
tive and retrospective measures of childhood adversities,29 30 the 
use of retrospective measures is valid in population studies but 
might overestimate the association with subjectively measured 
outcomes (e.g., self- reported) and underestimate the association 
with objectively measured outcomes (e.g., physical health).30 
Our associations were similar when compared with only medi-
cally confirmed cases of CVD; therefore, if bias due to use of 
retrospective measures of maltreatment is present, it is likely to 
have underestimated the associations.

We used maternal smoking as a proxy of childhood SEP and 
Townsend deprivation index as a proxy for early- life SEP, which 
might be insufficient to adjust for socioeconomic confounding; 
therefore, our associations might be biased by residual 
confounding. However, the magnitude of the associations was 
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similar or slightly lower, though still evident, when we further 
adjusted for education (results available from authors on 
request), thus residual confounding is unlikely to have driven 
the associations observed.

COnClusIOns
All types of maltreatment were associated with higher risk of CVD 
in both men and women, with stronger associations in the latter 
and in younger participants, but some age differences disappeared 
when only early onset CVD was considered. Interventions that 
ameliorate the negative effects of childhood maltreatment are 
needed, as well as more understanding of the pathways that link 
childhood maltreatment to CVD and whether they differ by sex, 
types of maltreatment and CVD types.

Patient and public involvement
Details of patient and public involvement in the UK Biobank 
are available online (https://www. ukbiobank. ac. uk/ wp- content/ 
uploads/ 2011/ 07/ Summary- EGF- consultation. pdf). No patients 
were directly involved in setting the research question, devel-
oping plans for recruitment, design or implementation of this 
study. No patients were asked to advise on interpretation or 
writing of the results. There are no specific plans to dissemi-
nate the results of the research to study participants, but the UK 
Biobank disseminates key findings from projects on its website 
(https://www. ukbiobank. ac. uk/ published- papers; https://www. 
ukbiobank. ac. uk/ news/).

Key questions

What is already known on this subject?
 ► Childhood maltreatment has been consistently associated 
with CVD. However, most studies assessed self- reported 
CVD, and few have used medically verified cases and/or 
investigated different types of CVD. Despite the occurrence 
of both childhood maltreatment and CVD differs by sex, sex 
differences in their association have been underexplored, and 
the evidence to date shows no consistent pattern.

What might this study add?
 ► This study contributes to the growing body of evidence 
demonstrating an association between childhood 
maltreatment and CVD. The magnitude of the associations 
with the different types of CVD was similar across all 
the types of childhood maltreatment, and stronger 
associations were observed for ischaemic heart disease 
and cerebrovascular disease. When associations differed by 
sex, stronger associations were observed in women, and 
results suggested stronger associations for early onset CVD 
(occurring before the age of 50).

how might this impact on clinical practice?
 ► Individuals who suffered maltreatment in childhood have 
higher risk of CVD, especially women, and might benefit from 
early screening and interventions to prevent cardiovascular 
consequences.

Twitter ana luiza gonçalves soares @ana_lg_soares
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Childhood maltreatment may be linked to heart disease in adulthood 

Women appear to be particularly at risk of cardiovascular disease following child 
maltreatment, say researchers 

Adults who experienced various forms of maltreatment in their childhood appear to 
have a higher risk of cardiovascular disease, suggests research published online in 
the journal Heart. 

A team of international researchers found that women especially were more likely to 
have heart disease following a childhood that involved maltreatment including 
physical abuse, sexual abuse, or neglect. 

Previous studies have suggested that childhood maltreatment is associated with an 
increased risk for many adverse mental and physical health outcomes, including 
cardiovascular diseases (CVD) in adulthood. 

However, most studies assessed self-reported CVD, and few have used medically 
verified cases and/or investigated different types of CVD. There is also little evidence 
of how the association between maltreatment in childhood and CVD differs by sex 
and age. 

Researchers, therefore, led by Dr Ana Gonçalves Soares from the University of 
Bristol’s Medical School set out to assess and compare associations between 
childhood maltreatment and cardiovascular disease in men and women in the UK as 
well as possible age differences and associations with early onset CVD. 

For their study, the researchers analysed responses to an online mental health 
questionnaire completed by 157,311 participants from the UK Biobank – an 
international health database designed to improve prevention, diagnosis and 
treatment of a wide range of serious and life-threatening illnesses. 

The people selected had information on physical, sexual or emotional abuse, or 
emotional or physical neglect. 

CVD outcomes – defined as any cardiovascular disease, hypertensive disease, 
ischaemic heart disease (IHD), and cerebrovascular disease – were extracted from 
self-report, blood pressure measurements, hospital registers and death registers. 

Emotional neglect was the most common type of childhood maltreatment (22.5%), 
followed by physical abuse in men (21.1%) and emotional abuse in women (17.9%). 

Analysis of the results showed that all types of maltreatment were associated with 
increased risk of CVD and IHD in both sexes but all forms of the maltreatment were 
more prevalent in women except for physical abuse, which was more prevalent in 
men. 

Women were also more likely to experience a higher number of types of childhood 
maltreatment – 4.6% of women experienced four or more types of maltreatment, 
compared with 2.7% of men. 



The prevalence of childhood maltreatment decreased with increasing age, except for 
sexual abuse in men, which did not vary, and physical neglect, which increased 
across age categories. 

Younger participants also reported a higher number of maltreatment types, 
especially women. 

The occurrence of any CVD was 54.3% in men and 40.3% in women, and all CVD 
types were more common in men. 

When only medical records and measured blood pressure were considered, the 
occurrence of CVD was lower, but the same sex and age patterns were observed. 

The authors acknowledged some limitations to their study such as the possibility of 
selection bias from the participants, and those involved were predominantly white, 
more likely to live in less deprived areas, and healthier with lower disease rates than 
the general British population. 

Despite this, they said they believe their work to be the largest study to date 
assessing the association between childhood maltreatment and CVD in both sexes 
and exploring different types of maltreatment and different types of CVD. 

They conclude: “All types of maltreatment were associated with higher risk of CVD in 
both men and women, with stronger associations in the latter and in younger 
participants, but some age differences disappeared when only early onset CVD was 
considered. 

“Interventions that ameliorate the negative effects of childhood maltreatment are 
needed, as well as more understanding of the pathways that link childhood 
maltreatment to CVD and whether they differ by sex, types of maltreatment and CVD 
types.” 

In an accompanying editorial, Dr Leah Li and Dr Rebecca Lacey from University 
College London in the UK, say: “This current study adds important knowledge to the 
so-far limited literature on gender difference in the life course influence of childhood 
maltreatment on cardiometabolic health. 

“If the association indeed differs by gender, it will be crucial to further explore the 
mechanisms and life course pathways that may contribute to the gender-specific 
associations and also the timing of their emergence. This may indicate the sensitive 
period during which intervention could lead to improvements in adult cardiometabolic 
health, especially for women.” 

 



 

 

Sex differences in the association between childhood maltreatment and cardiovascular 

disease 

 

ONLINE MATERIAL 

 

Supplementary methods 

Cardiovascular disease outcomes 

Self-reported diagnosis of cardiovascular disease (CVD) was assessed at baseline using 

the question: “Has a doctor ever told you that you have had any of the following conditions?”, 

considering the options: heart attack, angina, stroke, high blood pressure, blood clot in the leg 

(deep vein thrombosis) and blood clot in the lung. Self-reported use of blood pressure 

medication was assessed by the question “Do you regularly take any of the following 

medications?”, with blood pressure medication being one of the options. Systolic blood 

pressure (SBP) and diastolic blood pressure (DBP) were measured twice at baseline assessment 

using Omron 750 IT electronic blood pressure monitor, and the mean of both measures was 

used. Hospital registers and death registers were coded according to the International 

Classification of Diseases (ICD). Hospital records date back to 1997 for England, 1998 for 

Wales and 1981 for Scotland, and death registers covers the period between May 2006 and 

February 2018. 

We used as outcomes: any CVD (ICD-10 codes: I00-I99, ICD-9 codes: 390-459, self-

reported diagnosis of vascular/heart problems, self-reported diagnosis of blood clot in the leg 

or in the lung, use of blood pressure medication, or SBP ≥140 mmHg and DBP ≥90 mmHg); 

hypertensive disease (ICD-10 codes: I10-I15, ICD-9 codes: 401-405, self-reported diagnosis 

of high blood pressure, self-reported use of blood pressure medication, or SBP ≥140 mmHg 

and DBP ≥90 mmHg); IHD (ICD-10 codes: I20-I25, ICD-9 codes: 410-414, or self-reported 

diagnosis of heart attack or angina); and cerebrovascular disease (ICD-10 codes: I60-I69, ICD-

9 codes: 430-438, or self-reported diagnosis of stroke). 

 

Confounders 

Age, ethnicity, Townsend deprivation index, maternal smoking around birth and family 

history of CVD were assessed at baseline. Age (complete years) was calculated based on date 

of birth and date of attending the initial assessment centre. Ethnicity was classified as White, 

Mixed, Asian, Black, Chinese and Others. Townsend deprivation index was calculated based 

on preceding national census output areas, and each participant was assigned a score 



 

 

corresponding to the output area in which their residing postcode was located; for descriptive 

analysis, the index was divided into quintiles. Maternal smoking around birth (yes/no) was 

assessed by the question: “Did your mother smoke regularly around the time when you were 

born?”. Family history of CVD was based on self-report of high blood pressure, stroke or heart 

disease of the mother, father or siblings. 

We did not adjust for adult health and lifestyle factors, such as diabetes, body mass 

index (BMI), smoking, alcohol intake and physical activity, as these are likely to be mediators 

in the relationship between childhood maltreatment and CVD. 

 

Covariates 

All covariates were assessed at baseline. Assessment centre corresponds to the 22 

assessment centres located across the United Kingdom. Qualification was assessed in 

categories (College, university or other professional degree; Advance levels/ Advance 

Subsidiary levels or equivalent; Ordinary levels/ General Certificate of Secondary Educations 

or equivalent; Certificate of Secondary Educations or equivalent, National Vocational 

Qualifications; Higher National Diploma, Higher National Certificate or equivalent; Other 

professional qualification, and None). Smoking status was categorised as never, previous or 

current smoker. Alcohol intake frequency was assessed by the question “About how often do 

you drink alcohol?”, with response options: daily or almost daily, three or four times a week, 

once or twice a week, one to three times a month, special occasions only, or never. Depression 

was defined as a positive answer to either questions: “Have you ever seen a general practitioner 

(GP) for nerves, anxiety, tension or depression?” or “Have you ever seen a psychiatrist for 

nerves, anxiety, tension or depression?”. Body mass index (BMI) was calculated using weight 

and height measured at baseline.  

 

Propensity score and weighting procedure 

A logistic regression was fitted, separately for men and women, to estimate the 

propensity score (PS) for responding to the online questionnaire assessing childhood 

maltreatment. The model included covariates that predicted both responsiveness to the 

questionnaire and CVD. We then derived stabilised inverse probability weights (IPW), which 

were used in the substantive models of the associations between childhood maltreatment and 

CVD outcomes. 

The PS was estimated using logistic regression, regressing response to the online 

questionnaire assessing childhood maltreatment on: age (in 5-year groups), ethnicity, 



 

 

assessment centre, Townsend deprivation index, qualifications, maternal smoking, smoking 

status, alcohol intake, depression, use of blood pressure medication, use of cholesterol-

lowering medication, SBP, DBP, BMI (in quintiles), and family history of CVD.  

The IPW in men had mean 2.0, varying from 1.02 to 32.4, and in women, mean 1.99, 

ranging from 1.01 to 27.1. Stabilised weights (SW) were calculated by SW𝑖 =
p

π𝑖
  in those who 

responded to the online questionnaire and SW𝑖 =
1−p

1−π𝑖
 in those who did not respond to the 

online questionnaire, where p is the probability of responding the online questionnaire without 

considering the covariates and π𝑖 corresponds to the probability of responding to the online 

questionnaire considering the covariates (Xu, 2010). The mean value of SW for both men and 

women was 1.0 (standard deviation 0.33 in men and 0.35 in women), with range 0.45 – 9.64 in 

men and 0.47 – 8.82 in women. Stabilised IPW were used in all analyses using the weighting 

procedure. 

The standardised difference of the covariates before and after weighting is presented in 

eFigure 5. A covariate is considered balanced if the absolute value of the standardised 

difference is less than 0.05 standard deviations. 

 

Missing data 

There were missing data for the covariates to be used in the PS and adjustment. The 

highest proportion of missing data was 2.0% (qualification) in the full sample and 1.4% (family 

history of CVD) in the sample with data for childhood maltreatment.  

Complete case analysis (CCA) was shown to be a useful way to handle missing values 

in covariates for propensity scores (Choi, 2019). Though CCA can introduce bias in the 

estimates, the amount of bias is likely to be small, given 96.4% of the sample with data on 

childhood maltreatment had complete data for all covariates (Madley-Dowd, 2019; White, 

2010). Therefore, we opted to perform CCA. 
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eTable 1. Assessment of childhood maltreatment. All sentences referred to “When I was growing up”. 

Maltreatment Sentence Cut-off 

Physical abuse People in my family hit me so hard that it left me with 

bruises or marks 

≥ 1 

Sexual abuse Someone molested me (sexually) ≥ 1 

Emotional abuse I felt that someone in my family hated me ≥ 1 

Emotional neglect I felt loved ≤ 2 

Physical neglect There was someone to take me to the doctor if I needed it ≤ 3 

For all sentences, the response options were: 0: never true; 1: rarely true; 2: sometimes true; 3: often true; 4: very often true 

 

  



 

 

eTable 2. Occurrence of cardiovascular disease (CVD) among men and women who responded to the 

online questionnaire assessing childhood maltreatment  

  Men Women 

CVD Age N cases % (95% CI) N cases % (95% CI) 

Any source 

Any CVD All 28,853 42.3 (41.9; 42.7) 28,415 31.9 (31.6; 32.2) 

40-49 y 3,361 22.6 (21.9; 23.3) 4,143 18.6 (18.1; 19.1) 

50-59 y 9,501 39.6 (39.0; 40.3) 10,326 29.9 (29.4; 30.4) 

60+ y 15,894 54.6 (54.1; 55.2) 13,772 43.5 (43.0; 44.1) 

Hypertensive disease All 29,504 43.3 (42.9; 43.6) 25,690 28.9 (28.6; 29.2) 

40-49 y 3,189 25.9 (25.2; 26.6) 2,658 15.3 (14.9; 15.8) 

50-59 y 8,611 42.2 (41.6; 42.8) 8,107 27.9 (27.4; 28.3) 

60+ y 12,926 53.1 (52.5; 53.6) 10,513 39.5 (39.0; 40.1) 

Ischemic heart disease All 5,904 8.7 (8.5; 8.9) 2,666 3.0 (2.9; 3.1) 

40-49 y 302 2.0 (1.8; 2.3) 206 0.9 (0.8; 1.1) 

50-59 y 1,628 6.8 (6.5; 7.1) 760 2.2 (2.0; 2.4) 

60+ y 3,968 13.6 (13.2; 14.0) 1,693 5.3 (5.1; 5.6) 

Cerebrovascular disease All 1,443 2.1 (2.0; 2.2) 1,052 1.2 (1.1; 1.3) 

40-49 y 103 0.7 (0.6; 0.8) 133 0.6 (0.5; 0.7) 

50-59 y 398 1.7 (1.5; 1.8) 365 1.1 (1.0; 1.2) 

60+ y 938 3.2 (3.0; 3.4) 549 1.7 (1.6; 1.9) 

Early onset CVD (<50 y) All 6,800 10.0 (9.8; 10.2) 6,292 7.0 (6.9; 7.2) 

40-49 y 1,835 12.3 (11.8; 12.8) 1,807 8.0 (7.7; 8.4) 

50-59 y 3,018 12.5 (12.1; 13.0) 2,765 8.0 (7.7; 8.2) 

60+ y 1,947 6.7 (6.4; 7.0) 1,720 5.4 (5.2; 5.7) 

Medical records and measured blood pressure 

Any CVD All 19,903 29.2 (28.9; 29.5) 18,806 21.1 (20.9; 21.4) 

40-49 y 2,034 13.7 (13.2; 14.3) 2,628 11.8 (11.4; 12.3) 

50-59 y 6,182 25.9 (25.3; 26.5) 6,544 19.1 (18.7; 19.5) 

60+ y 11,562 39.8 (39.3; 40.4) 9,398 29.9 (29.4; 30.4) 

Hypertensive disease All 23,056 33.8 (33.5; 34.2) 18,814 21.1 (20.9; 21.4) 

40-49 y 2,999 20.1 (19.5; 20.7) 2,407 10.7 (10.3; 11.2) 

50-59 y 8,018 33.3 (32.7; 33.9) 7,165 20.7 (20.2; 21.1) 

60+ y 12,016 41.3 (40.7; 41.8) 9,217 29.0 (28.5; 29.5) 

Ischemic heart disease All 5,344 7.8 (7.6; 8.0) 2,303 2.6 (2.5; 2.7) 

40-49 y 272 1.8 (1.6; 2.0) 172 0.8 (0.7; 0.9) 

50-59 y 1,458 6.1 (5.8; 6.4) 650 1.9 (1.7; 2.0) 

60+ y 3,596 12.4 (12.0; 12.8) 1,473 4.7 (4.4; 4.9) 

Cerebrovascular disease All 928 1.4 (1.3; 1.5) 644 0.7 (0.7; 0.8) 

40-49 y 80 0.5 (0.4; 0.7) 83 0.4 (0.3; 0.5) 

50-59 y 273 1.1 (1.0; 1.3) 226 0.7 (0.6; 0.8) 

60+ y 571 2.0 (1.8; 2.1) 329 1.0 (0.9; 1.2) 

CVD: cardiovascular disease 

Occurrence of CVD includes prevalent and incident cases  



 

 

eTable 3. Unadjusted and adjusted association between childhood maltreatment and cardiovascular disease in men and women 

Outcome Childhood 

maltreatment 

Men Women p-value for 

sex interaction Unadjusted 

RR (95% CI) 

Adjusted 

RR (95% CI) 

Unadjusted 

RR (95% CI) 

Adjusted 

RR (95% CI) 

Any cardiovascular 

disease 

Physical abuse 1.02 (1.00; 1.04) 1.06 (1.04; 1.08) 1.03 (1.01; 1.05) 1.11 (1.09; 1.13) 0.008 

Sexual abuse 1.04 (1.01; 1.07) 1.03 (1.00; 1.06) 1.03 (1.00; 1.06) 1.07 (1.04; 1.10) 0.106 

Emotional abuse 1.01 (0.98; 1.03) 1.06 (1.04; 1.09) 1.02 (1.00; 1.04) 1.09 (1.07; 1.12) 0.345 

Emotional neglect 1.04 (1.02; 1.06) 1.05 (1.04; 1.07) 1.06 (1.04; 1.08) 1.08 (1.06; 1.10) 0.069 

Physical neglect 1.14 (1.12; 1.16) 1.08 (1.06; 1.10) 1.16 (1.13; 1.18) 1.07 (1.05; 1.09) 0.354 

Hypertensive disease Physical abuse 1.02 (1.00; 1.04) 1.06 (1.04; 1.09) 1.01 (0.98; 1.04) 1.10 (1.07; 1.13) 0.338 

Sexual abuse 1.02 (0.98; 1.06) 1.01 (0.97; 1.05) 1.00 (0.96; 1.03) 1.04 (1.00; 1.07) 0.421 

Emotional abuse 1.00 (0.97; 1.03) 1.06 (1.03; 1.09) 0.98 (0.95; 1.01) 1.07 (1.04; 1.10) 0.380 

Emotional neglect 1.03 (1.01; 1.05) 1.04 (1.02; 1.07) 1.05 (1.02; 1.08) 1.07 (1.05; 1.10) 0.317 

Physical neglect 1.17 (1.14; 1.19) 1.10 (1.07; 1.12) 1.19 (1.16; 1.23) 1.08 (1.06; 1.11) 0.279 

Ischemic heart 

disease 

Physical abuse 1.08 (1.02; 1.15) 1.20 (1.13; 1.27) 1.27 (1.15; 1.40) 1.48 (1.34; 1.63) <0.001 

Sexual abuse 1.21 (1.09; 1.34) 1.18 (1.07; 1.31) 1.20 (1.07; 1.35) 1.29 (1.15; 1.45) 0.207 

Emotional abuse 1.15 (1.07; 1.24) 1.31 (1.22; 1.41) 1.33 (1.21; 1.47) 1.53 (1.39; 1.69) 0.009 

Emotional neglect 1.14 (1.07; 1.21) 1.18 (1.11; 1.25) 1.37 (1.26; 1.50) 1.41 (1.29; 1.54) <0.001 

Physical neglect 1.33 (1.25; 1.42) 1.16 (1.09; 1.24) 1.52 (1.39; 1.67) 1.28 (1.17; 1.41) 0.022 

Cerebrovascular 

disease 

Physical abuse 0.96 (0.83; 1.10) 1.04 (0.91; 1.19) 1.10 (0.93; 1.30) 1.23 (1.04; 1.46) 0.088 

Sexual abuse 1.05 (0.83; 1.32) 1.03 (0.82; 1.30) 1.28 (1.06; 1.55) 1.34 (1.11; 1.62) 0.058 

Emotional abuse 1.27 (1.09; 1.49) 1.43 (1.23; 1.67) 1.15 (0.98; 1.36) 1.27 (1.07; 1.50) 0.439 

Emotional neglect 1.14 (1.00; 1.30) 1.17 (1.03; 1.33) 1.01 (0.86; 1.18) 1.01 (0.86; 1.19) 0.241 

Physical neglect 1.55 (1.36; 1.77) 1.36 (1.19; 1.55) 1.46 (1.24; 1.71) 1.25 (1.07; 1.47) 0.548 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease 
* p-value corresponds to p-value for sex interaction in the adjusted model  



 

 

eTable 4. Unadjusted and adjusted association between childhood maltreatment and cardiovascular disease, based on medical records and measured blood 

pressure, in men and women 

Outcome Childhood 

maltreatment 

Men Women p-value for 

sex 

interaction 

Unadjusted 

RR (95% CI) 

Adjusted 

RR (95% CI) 

Unadjusted 

RR (95% CI) 

Adjusted 

RR (95% CI) 

Any cardiovascular disease Physical abuse 1.02 (1.00; 1.04) 1.07 (1.05; 1.09) 1.04 (1.01; 1.06) 1.12 (1.09; 1.15) 0.012 

Sexual abuse 1.03 (0.99; 1.07) 1.03 (0.99; 1.06) 1.04 (1.00; 1.07) 1.08 (1.05; 1.11) 0.044 

Emotional abuse 1.01 (0.98; 1.03) 1.07 (1.04; 1.09) 1.02 (0.99; 1.05) 1.10 (1.07; 1.13) 0.343 

Emotional neglect 1.03 (1.01; 1.06) 1.05 (1.03; 1.07) 1.07 (1.05; 1.10) 1.09 (1.07; 1.12) 0.022 

Physical neglect 1.14 (1.11; 1.17) 1.08 (1.06; 1.10) 1.17 (1.14; 1.20) 1.08 (1.05; 1.10) 0.272 

Hypertensive disease Physical abuse 1.02 (0.99; 1.04) 1.06 (1.04; 1.09) 1.02 (0.98; 1.05) 1.12 (1.08; 1.16) 0.149 

Sexual abuse 0.99 (0.94; 1.04) 0.98 (0.94; 1.03) 1.00 (0.96; 1.04) 1.05 (1.01; 1.09) 0.078 

Emotional abuse 0.99 (0.96; 1.03) 1.06 (1.03; 1.09) 0.99 (0.95; 1.02) 1.09 (1.05; 1.12) 0.956 

Emotional neglect 1.02 (0.99; 1.05) 1.04 (1.01; 1.07) 1.06 (1.03; 1.09) 1.09 (1.06; 1.12) 0.082 

Physical neglect 1.17 (1.13; 1.20) 1.10 (1.07; 1.13) 1.21 (1.18; 1.25) 1.10 (1.06; 1.13) 0.097 

Ischemic heart disease Physical abuse 1.08 (1.01; 1.15) 1.19 (1.12; 1.27) 1.26 (1.13; 1.40) 1.47 (1.33; 1.63) <0.001 

Sexual abuse 1.22 (1.09; 1.36) 1.20 (1.08; 1.33) 1.19 (1.05; 1.34) 1.27 (1.12; 1.44) 0.362 

Emotional abuse 1.16 (1.08; 1.26) 1.33 (1.23; 1.43) 1.35 (1.21; 1.49) 1.55 (1.40; 1.72) 0.013 

Emotional neglect 1.14 (1.07; 1.22) 1.18 (1.11; 1.26) 1.34 (1.22; 1.48) 1.39 (1.26; 1.52) 0.003 

Physical neglect 1.32 (1.23; 1.41) 1.15 (1.08; 1.23) 1.48 (1.34; 1.64) 1.25 (1.13; 1.39) 0.066 

Cerebrovascular disease Physical abuse 0.84 (0.71; 0.99) 0.91 (0.77; 1.07) 1.00 (0.81; 1.24) 1.12 (0.90; 1.39) 0.114 

Sexual abuse 1.14 (0.88; 1.48) 1.11 (0.86; 1.44) 1.12 (0.88; 1.43) 1.17 (0.92; 1.50) 0.715 

Emotional abuse 1.25 (1.04; 1.50) 1.37 (1.14; 1.64) 1.10 (0.89; 1.36) 1.21 (0.97; 1.51) 0.410 

Emotional neglect 1.10 (0.95; 1.29) 1.12 (0.96; 1.30) 0.94 (0.77; 1.16) 0.95 (0.77; 1.17) 0.244 

Physical neglect 1.59 (1.36; 1.85) 1.41 (1.21; 1.65) 1.37 (1.12; 1.67) 1.18 (0.97; 1.44) 0.255 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease 
* p-value corresponds to p-value for sex interaction in the adjusted model 



 

 

eTable 5. Unadjusted and adjusted association between the number of childhood maltreatment types experienced and cardiovascular disease in men and 

women 

Outcome Number of 

childhood 

maltreatment 

Men Women p-value for 

sex 

interaction 

Unadjusted 

RR (95% CI) 

Adjusted 

RR (95% CI) 

Unadjusted 

RR (95% CI) 

Adjusted 

RR (95% CI) 

Any cardiovascular 

disease 

1 1.03 (1.01; 1.05) 1.02 (1.01; 1.04) 1.04 (1.02; 1.06) 1.03 (1.01; 1.05) 0.781 

2 1.06 (1.04; 1.09) 1.07 (1.05; 1.09) 1.06 (1.03; 1.09) 1.08 (1.05; 1.11)  

3 1.06 (1.03; 1.10) 1.09 (1.06; 1.13) 1.08 (1.04; 1.12) 1.12 (1.09; 1.16)  

4+ 1.13 (1.08; 1.17) 1.17 (1.12; 1.22) 1.14 (1.10; 1.19) 1.20 (1.16; 1.24)  

Hypertensive disease 1 1.03 (1.01; 1.05) 1.02 (1.00; 1.05) 1.03 (1.01; 1.06) 1.02 (0.99; 1.04) 0.765 

2 1.06 (1.03; 1.10) 1.07 (1.04; 1.10) 1.02 (0.99; 1.06) 1.04 (1.01; 1.08)  

3 1.05 (1.01; 1.10) 1.08 (1.04; 1.12) 1.06 (1.01; 1.10) 1.11 (1.06; 1.15)  

4+ 1.15 (1.09; 1.21) 1.19 (1.13; 1.25) 1.13 (1.07; 1.18) 1.19 (1.14; 1.25)  

Ischemic heart disease 1 1.07 (1.01; 1.14) 1.06 (0.99; 1.12) 1.14 (1.03; 1.26) 1.10 (0.99; 1.21) 0.017 

2 1.15 (1.06; 1.25) 1.16 (1.07; 1.26) 1.33 (1.18; 1.50) 1.37 (1.21; 1.54)  

3 1.24 (1.11; 1.38) 1.31 (1.17; 1.46) 1.49 (1.28; 1.74) 1.60 (1.38; 1.86)  

4+ 1.57 (1.38; 1.79) 1.70 (1.50; 1.93) 1.88 (1.61; 2.19) 2.05 (1.75; 2.39)  

Cerebrovascular disease 1 1.07 (0.94; 1.22) 1.05 (0.92; 1.20) 1.27 (1.08; 1.50) 1.23 (1.04; 1.44) 0.473 

2 1.23 (1.04; 1.45) 1.24 (1.05; 1.46) 1.11 (0.88; 1.38) 1.11 (0.89; 1.39)  

3 1.20 (0.94; 1.53) 1.25 (0.98; 1.59) 1.17 (0.91; 1.50) 1.22 (0.95; 1.57)  

4+ 1.62 (1.21; 2.17) 1.72 (1.29; 2.29) 1.53 (1.16; 2.02) 1.58 (1.20; 2.09)  

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease 

* p-value corresponds to p-value for sex interaction in the adjusted model 



 

 

eTable 6. Adjusted association between childhood maltreatment and cardiovascular disease in men and 

women, by age groups 

CVD Childhood 

maltreatment 

Age group Men Women 

RR (95% CI) RR (95% CI) 

Any CVD Physical 

abuse 

p-value age interaction 0.009 0.830 

40-49y 1.11 (1.05; 1.16) 1.11 (1.05; 1.18) 

50-59y 1.06 (1.03; 1.09) 1.11 (1.07; 1.15) 

60+ y 1.03 (1.01; 1.06) 1.10 (1.07; 1.14) 

Sexual abuse p-value age interaction 0.059 0.266 

40-49y 1.13 (1.02; 1.24) 1.10 (1.02; 1.18) 

50-59y 1.03 (0.98; 1.08) 1.08 (1.03; 1.12) 

60+ y 1.01 (0.97; 1.04) 1.05 (1.01; 1.08) 

Emotional 

abuse 

p-value age interaction 0.002 0.762 

40-49y 1.11 (1.05; 1.18) 1.10 (1.04; 1.16) 

50-59y 1.08 (1.05; 1.12) 1.10 (1.06; 1.13) 

60+ y 1.02 (0.99; 1.05) 1.09 (1.06; 1.12) 

Emotional 

neglect 

p-value age interaction 0.013 0.012 

40-49y 1.11 (1.05; 1.17) 1.12 (1.06; 1.19) 

50-59y 1.05 (1.02; 1.08) 1.10 (1.07; 1.14) 

60+ y 1.04 (1.02; 1.06) 1.06 (1.03; 1.08) 

Physical 

neglect 

p-value age interaction 0.006 <0.001 

40-49y 1.12 (1.04; 1.20) 1.21 (1.14; 1.29) 

50-59y 1.12 (1.08; 1.15) 1.01 (1.06; 1.14) 

60+ y 1.06 (1.04; 1.08) 1.03 (1.01; 1.06) 

Hypertensive 

disease 

Physical 

abuse 

p-value age interaction 0.292 0.373 

40-49y 1.08 (1.01; 1.15) 1.12 (1.04; 1.21) 

50-59y 1.07 (1.03; 1.11) 1.11 (1.06; 1.16) 

60+ y 1.05 (1.02; 1.08) 1.08 (1.04; 1.13) 

Sexual abuse p-value age interaction 0.544 0.420 

40-49y 1.07 (0.95; 1.21) 1.06 (0.96; 1.17) 

50-59y 0.99 (0.93; 1.06) 1.05 (0.99; 1.11) 

60+ y 1.01 (0.96; 1.05) 1.02 (0.97; 1.07) 

Emotional 

abuse 

p-value age interaction 0.159 0.970 

40-49y 1.07 (0.99; 1.15) 1.05 (0.97; 1.14) 

50-59y 1.09 (1.04; 1.14) 1.07 (1.02; 1.12) 

60+ y 1.04 (1.00; 1.07) 1.07 (1.03; 1.11) 

Emotional 

neglect 

p-value age interaction 0.369 0.032 

40-49y 1.08 (1.01; 1.15) 1.09 (1.02; 1.18) 

50-59y 1.04 (1.00; 1.08) 1.11 (1.06; 1.15) 

60+ y 1.04 (1.01; 1.07) 1.04 (1.01; 1.08) 

Physical 

neglect 

p-value age interaction 0.104 <0.001 

40-49y 1.13 (1.04; 1.23) 1.27 (1.16; 1.39) 

50-59y 1.13 (1.08; 1.18) 1.11 (1.06; 1.16) 

60+ y 1.08 (1.05; 1.11) 1.05 (1.01; 1.08) 

p-value age interaction 0.002 0.030 



 

 

Ischemic heart 

disease 

Physical 

abuse 

40-49y 1.40 (1.10; 1.78) 1.81 (1.35; 2.43) 

50-59y 1.34 (1.20; 1.50) 1.67 (1.41; 1.97) 

60+ y 1.11 (1.03; 1.20) 1.34 (1.17; 1.54) 

Sexual abuse p-value age interaction 0.043 0.002 

40-49y 1.59 (1.07; 2.35) 2.14 (1.51; 3.04) 

50-59y 1.31 (1.09; 1.57) 1.29 (1.04; 1.60) 

60+ y 1.10 (0.97; 1.24) 1.16 (1.00; 1.35) 

Emotional 

abuse 

p-value age interaction 0.001 0.332 

40-49y 1.82 (1.41; 2.36) 1.78 (1.31; 2.42) 

50-59y 1.43 (1.26; 1.63) 1.55 (1.32; 1.83) 

60+ y 1.18 (1.08; 1.30) 1.48 (1.30; 1.68) 

Emotional 

neglect 

p-value age interaction <0.001 0.049 

40-49y 1.73 (1.36; 2.21) 1.73 (1.29; 2.32) 

50-59y 1.28 (1.14; 1.43) 1.53 (1.31; 1.79) 

60+ y 1.10 (1.02; 1.18) 1.33 (1.19; 1.49) 

Physical 

neglect 

p-value age interaction 0.033 0.020 

40-49y 1.38 (1.02; 1.86) 1.69 (1.17; 2.42) 

50-59y 1.28 (1.12; 1.46) 1.46 (1.23; 1.74) 

60+ y 1.11 (1.03; 1.20) 1.19 (1.06; 1.34) 

Cerebrovascular 

disease 

Physical 

abuse 

p-value age interaction 0.500 0.277 

40-49y 1.16 (0.74; 1.80) 1.65 (1.11; 2.45) 

50-59y 1.11 (0.88; 1.40) 1.25 (0.95; 1.65) 

60+ y 0.99 (0.83; 1.18) 1.11 (0.86; 1.44) 

Sexual abuse p-value age interaction 0.813 0.283 

40-49y 1.24 (0.61; 2.51) 0.93 (0.55; 1.59) 

50-59y 1.02 (0.67; 1.53) 1.51 (1.11; 2.04) 

60+ y 1.00 (0.74; 1.35) 1.35 (1.03; 1.76) 

Emotional 

abuse 

p-value age interaction 0.037 0.615 

40-49y 2.45 (1.59; 3.77) 1.31 (0.87; 1.97) 

50-59y 1.37 (1.05; 1.78) 1.38 (1.07; 1.78) 

60+ y 1.30 (1.05; 1.60) 1.20 (0.93; 1.54) 

Emotional 

neglect 

p-value age interaction 0.070 0.042 

40-49y 1.90 (1.27; 2.84) 1.68 (1.12; 2.54) 

50-59y 1.07 (0.85; 1.36) 1.00 (0.78; 1.29) 

60+ y 1.12 (0.95; 1.33) 0.92 (0.73; 1.15) 

Physical 

neglect 

p-value age interaction 0.229 0.755 

40-49y 1.91 (1.15; 3.18) 1.46 (0.91; 2.34) 

50-59y 1.43 (1.10; 1.86) 1.15 (0.86; 1.53) 

60+ y 1.29 (1.10; 1.51) 1.26 (1.02; 1.54) 

p-value for interaction test between age groups and childhood maltreatment 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease  



 

 

eTable 7. Adjusted association between the number of childhood maltreatment types and cardiovascular disease in men and women, by age groups 

Outcome N of 

childhood 

malt.  

Men 

RR (95% CI) 

p-value, 

age inter. 

Women 

RR (95% CI) 

p-value, 

age inter. 

  40-49y 50-59y 60+y  40-49y 50-59y 60+y  

Any CVD     0.001    0.022 

1 1.01 (0.95; 1.07) 1.02 (0.99; 1.05) 1.03 (1.01; 1.05)  1.05 (0.99; 1.12) 1.07 (1.03; 1.10) 1.00 (0.97; 1.02)  

2 1.10 (1.02; 1.18) 1.07 (1.03; 1.11) 1.06 (1.04; 1.09)  1.11 (1.03; 1.19) 1.12 (1.08; 1.17) 1.05 (1.02; 1.09)  

3 1.21 (1.11; 1.33) 1.13 (1.08; 1.19) 1.02 (0.98; 1.06)  1.17 (1.07; 1.28) 1.14 (1.08; 1.20) 1.10 (1.05; 1.15)  

4+ 1.25 (1.11; 1.40) 1.18 (1.11; 1.25) 1.12 (1.07; 1.18)  1.28 (1.17; 1.41) 1.20 (1.13; 1.28) 1.17 (1.11; 1.23)  

Hypertensive 

disease 

    0.478    0.033 

1 1.04 (0.97; 1.11) 1.02 (0.98; 1.06) 1.03 (1.00; 1.05)  1.02 (0.94; 1.11) 1.06 (1.01; 1.11) 0.99 (0.96; 1.03)  

2 1.08 (0.99; 1.19) 1.07 (1.01; 1.12) 1.07 (1.03; 1.11)  1.03 (0.93; 1.15) 1.12 (1.06; 1.18) 1.01 (0.96; 1.06)  

3 1.11 (0.99; 1.25) 1.14 (1.06; 1.22) 1.03 (0.98; 1.09)  1.10 (0.97; 1.25) 1.14 (1.06; 1.22) 1.09 (1.03; 1.16)  

4+ 1.22 (1.05; 1.41) 1.19 (1.10; 1.29) 1.17 (1.10; 1.25)  1.32 (1.16; 1.50) 1.18 (1.09; 1.28) 1.16 (1.08; 1.24)  

IHD     <0.001    0.049 

1 0.82 (0.61; 1.10) 1.17 (1.04; 1.32) 1.04 (0.97; 1.12)  1.49 (1.03; 2.14) 1.17 (0.97; 1.41) 1.04 (0.92; 1.18)  

2 1.34 (0.94; 1.92) 1.25 (1.07; 1.46) 1.12 (1.02; 1.24)  1.78 (1.17; 2.72) 1.36 (1.09; 1.70) 1.34 (1.15; 1.56)  

3 2.22 (1.53; 3.22) 1.57 (1.29; 1.91) 1.11 (0.97; 1.28)  1.76 (1.10; 2.82) 1.62 (1.24; 2.12) 1.59 (1.31; 1.93)  

 4+ 2.31 (1.52; 3.52) 2.02 (1.63; 2.52) 1.47 (1.25; 1.74)  3.45 (2.19; 5.45) 2.47 (1.92; 3.17) 1.67 (1.33; 2.08)  

Cerebrovascular 

disease 

    0.262    0.761 

1 1.28 (0.79; 2.07) 1.01 (0.79; 1.30) 1.05 (0.89; 1.23)  1.48 (0.90; 2.43) 1.36 (1.03; 1.79) 1.14 (0.92; 1.41)  

2 1.75 (0.99; 3.10) 1.17 (0.86; 1.58) 1.22 (0.99; 1.50)  1.44 (0.85; 2.45) 1.34 (0.95; 1.89) 0.96 (0.69; 1.35)  

3 2.38 (1.14; 4.97) 1.56 (1.05; 2.32) 0.99 (0.72; 1.36)  1.15 (0.59; 2.27) 1.23 (0.80; 1.90) 1.24 (0.88; 1.73)  

4+ 3.48 (1.68; 7.22) 1.45 (0.88; 2.38) 1.63 (1.10; 2.40)  2.41 (1.29; 4.49) 1.53 (1.00; 2.34) 1.45 (0.95; 2.22)  

CI: confidence interval; CVD: cardiovascular disease; IHD: ischemic heart disease; RR: risk ratio 

p-value for interaction test between age groups and childhood maltreatment 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease 



 

 

eTable 8. Adjusted association between childhood trauma and early onset cardiovascular disease, by 

age groups 

 

 

 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease. 

Reference group corresponds to non-early onset CVD (i.e. no CVD or CVD occurring ≥ 50 years) 

 

  

Childhood 

maltreatment 

Age group Men Women 

RR (95% CI) RR (95% CI) 

Physical abuse p-value age interaction 0.913 0.810 

40-49y 1.10 (0.99; 1.22) 1.17 (1.05; 1.32) 

50-59y 1.08 (0.99; 1.17) 1.12 (1.01; 1.23) 

60+ y 1.14 (1.01; 1.29) 1.14 (0.98; 1.33) 

Sexual abuse p-value age interaction 0.342 0.816 

40-49y 1.13 (0.93; 1.36) 1.11 (0.96; 1.28) 

50-59y 1.04 (0.90; 1.21) 1.19 (1.06; 1.34) 

60+ y 1.03 (0.83; 1.27) 1.10 (0.93; 1.30) 

Emotional abuse p-value age interaction 0.238 0.817 

40-49y 1.26 (1.12; 1.41) 1.13 (1.00; 1.27) 

50-59y 1.15 (1.04; 1.27) 1.21 (1.10; 1.33) 

60+ y 1.07 (0.92; 1.26) 1.14 (0.98; 1.33) 

Emotional neglect p-value age interaction 0.184 0.010 

40-49y 1.20 (1.08; 1.34) 1.21 (1.09; 1.35) 

50-59y 1.08 (0.99; 1.17) 1.12 (1.03; 1.23) 

60+ y 1.15 (1.02; 1.29) 1.01 (0.88; 1.15) 

Physical neglect p-value age interaction 0.007 <0.001 

40-49y 1.30 (1.14; 1.48) 1.34 (1.18; 1.53) 

50-59y 1.17 (1.05; 1.30) 1.21 (1.09; 1.34) 

60+ y 1.15 (1.02; 1.30) 1.02 (0.89; 1.16) 

Number of childhood 

maltreatment types 

p-value age interaction 

0.107 0.067 

1 40-49y 1.03 (0.91; 1.15) 1.14 (1.01; 1.29) 

 50-59y 1.03 (0.94; 1.13) 1.15 (1.04; 1.27) 

 60+ y 1.08 (0.96; 1.21) 0.95 (0.83; 1.08) 

2 40-49y 1.28 (1.11; 1.48) 1.18 (1.01; 1.37) 

 50-59y 1.10 (0.98; 1.23) 1.24 (1.09; 1.40) 

 60+ y 1.15 (0.97; 1.35) 0.97 (0.81; 1.16) 

3 40-49y 1.29 (1.07; 1.54) 1.26 (1.05; 1.51) 

 50-59y 1.16 (0.99; 1.36) 1.26 (1.08; 1.46) 

 60+ y 1.08 (0.86; 1.35) 1.02 (0.81; 1.28) 

4+ 40-49y 1.45 (1.16; 1.81) 1.47 (1.21; 1.78) 

 50-59y 1.31 (1.09; 1.57) 1.32 (1.12; 1.57) 

 60+ y 1.51 (1.15; 2.00) 1.38 (1.06; 1.79) 



 

 

 

 

 

 

 

 

 

eFigure 1. Timeline for data available 
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eFigure 2. Prevalence and 95% confidence intervals of types of childhood maltreatment (a) and number 

of childhood maltreatment types experienced (b) according to age groups in men and women 

a) 

b) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

eFigure 3. Adjusted associations (risk ratios and 95% confidence intervals) of number of childhood maltreatment types with cardiovascular disease, according 

to age groups in men and women. 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

eFigure 4. Adjusted associations (risk ratios and 95% confidence intervals) of childhood maltreatment and number of childhood maltreatment types with early 

(<50 years) and late onset (≥ 50 years) cardiovascular disease (CVD) in men and women aged 50 years or more. 

Adjusted for age, Townsend deprivation index, ethnicity, maternal smoking, and family history of cardiovascular disease 

Reference group for both early and late onset CVD is no CVD 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

eFigure 5. Balance of covariates (standardised difference) before and after use of inverse probability weighting.  

A-level: advanced level; BMI: body mass index; BP: blood pressure; CHOL: cholesterol; CSE: certificate of secondary education; CVD: cardiovascular disease; DBP: diastolic blood pressure; O-level: ordinary level; 

SBP: systolic blood pressure 
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