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Introduction

Adverse childhood experiences (ACEs) during key 
developmental periods impact long-term health outcomes 
through various mechanisms.1 ACEs may include psy-
chological, physical, or sexual abuse; neglect; instability; 
and early life socioeconomic factors. ACEs are linked  
to behavioral changes1–5 as well as changes in epigenetic 
profiles, inflammatory response, metabolic changes, and 
increased allostatic load (AL).6–10

There are two proposed mechanisms by which ACEs 
may impact long-term health: behavior and biology. First, 
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increased exposure to early stress has been demonstrated to 
influence poor health behaviors such as smoking, alcohol 
intake, and poor diet,11,12 and reduced odds of compliance 
with important interventions such as breast cancer screen-
ing recommendations in adulthood.13 The second proposed 
mechanism is via biological embedding, the process by 
which chronic exposure to stress can lead to dysregulation 
of key physiological processes which manage stress hor-
mones.14 While behavioral changes may be due to coping 
mechanisms or learned behavior, it has been increasingly 
suggested that physiological changes in the brain may 
play a role. Although some stress during childhood is nec-
essary for normal emotional and cognitive growth, chronic 
exposure to stress can disrupt healthy brain development, 
impacting pleasure and reward feedback, executive func-
tioning, and response to fear.15 Chronic exposure to stress 
in childhood is also believed to result in increased inflam-
mation over the life course.12,16 Collectively, ACEs may 
lead to an increased risk of mental illness, chronic inflam-
mation, and predisposition to chronic health issues.17

The AL framework was proposed to describe the mech-
anisms by which chronic stress may impact physiological 
dysregulation. Allostasis is the process by which our bod-
ies modulate the internal environment to accommodate 
exogenous stressors.10,18 Physiologically, three main medi-
ators lead to dysregulation of internal systems, resulting in 
abnormal ranges in clinical biomarkers.19 The first media-
tor is the neuroendocrine system. Perceived threats initiate 
the sympathetic–adrenal–medullary (SAM) axis release of 
catecholamines such as epinephrine and norepinephrine, and 
the hypothalamic–pituitary–adrenal (HPA) axis secretion 
of glucocorticoids such as cortisol.20 The second mediator 
is neurophysiological, wherein chronic stress exposure can 
alter physiological function of the sympathetic and para-
sympathetic nervous systems, resulting in cardiovascular 
changes such as increased heart rate variability.21 The third 
mediator is the inflammatory system, where chronic stress 
can lead to an increase in proinflammatory cytokines such 
as tumor necrosis factor α (TNFα).22 These systems work 
to mobilize energy for fight-or-flight responses; however, in 
response to chronic stress, these mechanisms can be dys-
regulated, resulting in a shift in homeostasis toward abnor-
mal ranges.23 AL is a composite measure of biomarkers 
associated with the neuroendocrine, neurophysiological, 
and inflammatory systems that is intended to quantify 
damages to the body during repeated allostatic response 
to stress.23

The mechanisms by which early life stress may be 
internalized have been posited to differ by sex. Animal 
studies suggest that the effect of chronic stress on neural 
pathways varies according to sex, which is further impacted 
by hormonal differences,24 specifically the presence or 
absence of ovarian hormones estrogen and progesterone 
was shown to modify stress response in female rats.25 
Assessments of childhood trauma reporting show impor-
tant differences between males and females, including the 

type and frequency of trauma reported, and their associa-
tions with long-term health.26,27 While several studies have 
identified associations between childhood adversity and 
AL in adulthood,28 few studies have focused on female 
participants only. In studies assessing females in the United 
States, mixed results were observed.29,30 Among female 
veterans, AL was found to not differ between participants 
by reported sexual abuse,29 whereas a study of African-
American females found a history of ACEs was associated 
with increased AL after controlling for potential media-
tors.30 With a focus on women’s health, this analysis is 
aimed at understanding the association between early life 
trauma as reported in the Childhood Trauma Screener 
(CTS)31,32 and AL in adulthood among female participants 
of the UK Biobank, with the hypothesis that an increased 
exposure to ACEs will be associated with a higher AL in 
adulthood.

Materials and methods

Population

The UK Biobank is a multisite cohort study established to 
collect lifestyle, environment, exposure, health history, 
and genotype data on individuals in the United Kingdom. 
During 2006–2010, the UK Biobank conducted its recruit-
ment phase in which 502,419 participants aged 40 to 69 
gave their written consent and completed their baseline 
assessment visit, including touch-screen questionnaires 
assessing lifetime exposure history, in-person interviews 
for physical measures, and blood, urine, and saliva sample 
collection. Detailed information on the study design, data 
capture, and variable definitions can be found on the UK 
Biobank website (https://www.ukbiobank.ac.uk/).

Our study sample was restricted to female participants 
identified by chromosomal sex, resulting in 264,748 
females based on chromosomal status. Participants with a 
cancer diagnosis prior to enrollment were excluded from 
analysis since the stress of this prior diagnosis and subse-
quent therapies may influence AL.33 Data on cancer diag-
noses are provided to the UK Biobank by the Medical 
Research Information Service and the Information Services 
Division of NHS Scotland. The UK Biobank is provided 
with all cancer diagnoses preceding the initiation of the 
study dating back to 1970 and following enrollment. The 
latest cancer registry record linked to the UK Biobank data 
was on 16 November 2021.34 The final analytic cohort 
consisted of complete cases with respect to AL, ACEs, and 
covariates identified via our prespecified directed acyclic 
graph (Figure 1). From eligible female participants, 59,141 
were missing at least one measure needed for the AL score. 
In addition, 119,277 participants were missing or did not 
respond to ACE questions. Of females with both AL and 
ACE measures fully captured, 23,867 were missing at least 
one covariate. The final analysis set consisted of 33,466 
complete cases (Figure 2).

https://www.ukbiobank.ac.uk/
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Exposure assessment

ACEs were measured from the CTS,31 which measures 
exposure to abuse (physical, psychological, and sexual) 
and neglect (physical and emotional). These five items are 
measured on a Likert-type scale as “never,” “rarely,” 
“sometimes,” “often,” and “very often.” The presence of 
ACEs was assessed by the validated instrument, such  
that physical and psychological abuse were considered 
present if the respondent answered “sometimes,” “often,” 
or “very often”; sexual abuse was considered present if 
the respondent answered “rarely,” “sometimes,” “often,” 
or “very often”; and factors associated with neglect were 
considered present if the respondent answered “never” or 
“rarely” (Table 1).35 Additional information on the CTS 
measure is available in Supplementary Table S1.

The ACE score was calculated by summing the pres-
ence of factors associated with abuse and neglect. A score 
of 0 represented no reported ACEs, and a score of 5 repre-
sented a report of all ACE items.

Outcome definitions

AL was determined based on 10 available biomarkers 
assessed at the baseline visit associated with dysregulation 
of metabolic, cardiovascular, and inflammatory sys-
tems.19,36 Unfasted blood serum biomarkers included 
serum glucose, total cholesterol, high-density lipoprotein 
(HDL) cholesterol, HbA1c, insulin-like growth factor 1 
(IGF-1), and C-reactive protein. Trained staff collected 
physical measures, including waist and hip circumference, 
weight, height, and blood pressure. Methods for assays 
and physical measures are outlined in Table 2.

Metabolic dysregulation was measured by serum glu-
cose (mmol/L), total cholesterol (mmol/L), HDL choles-
terol (mmol/L), HbA1c (mmol/mol), waist-to-hip ratio, 
and body mass index (BMI). Inflammatory dysregulation 
was assessed by C-reactive protein (mg/L), and cardio
vascular dysregulation was assessed by systolic blood 

pressure (SBP; mmHg) and diastolic blood pressure (DBP; 
mmHg). Blood pressure dysregulation was estimated 
based on criteria for hypertension, requiring either SBP or 
DBP being beyond their thresholds.

A derived indicator for each biomarker was determined 
by clinical cutoff points identified in literature or clinical 
guidelines. An assigned value of 1 indicated the measure 
was beyond the clinically normal range (Table 2). In addi-
tion, self-reported use of medication for cholesterol, blood 
pressure, or diabetes (glucose) was imputed as HDL cho-
lesterol, SBP/DBP, or glucose being beyond the clinical 
threshold, respectively. AL was estimated as a summation 
of these multi-system indicators. Because SBP and DBP 
were combined into a single blood pressure measurement, 
the possible range of scores is from 0 (no dysregulation) to 
9 (all markers dysregulated).

AL was modeled as a continuous count measure,  
representing the number of dysregulated biomarkers. For 
descriptive purposes, a prespecified categorical variable 
was constructed with low AL representing approximately 
the bottom 80th percentile and high AL representing 
approximately the top 20th percentile. All measures were 
taken at or shortly following enrollment into the UK 
Biobank study, and for participants with more than one 
valid measure of any biomarker, the instance with the clos-
est proximity to enrollment was used.

Covariates

Potential confounding factors between early life trauma 
and AL in adulthood were specified a priori based on 
plausible effects and availability in the UK Biobank data-
base (Figure 1). As date of birth and date of enrollment are 
considered personal information and therefore not shared 
under General Data Protection Regulation (GDPR), par-
ticipant age was estimated as year of enrollment – year of 
birth and is therefore susceptible to rounding error. Age 
was scaled per 10 years for modeling purposes. Race was 
self-reported and considered across four categories: 
Caucasian, Black, Asian, and Other. Early life factors as 
self-reported through questionnaires included the partici-
pant’s place of birth (United Kingdom or outside of the 
United Kingdom), whether the participant’s mother 
smoked around the time of their birth, whether the partici-
pant was breastfed as a baby, whether the participant was 
part of multiple births, and the participant’s weight at 
birth (kg). Adoption at birth was included as a prespeci-
fied covariate; however, the rate of reporting this factor 
was rare and not carried through into modeling. Responses 
of “don’t know” and “prefer to not respond” were treated 
as missing.

Statistical analysis

The final analytic data set included complete cases, and a 
STROBE diagram was constructed to display participant 

Figure 1.  Directed acyclic graph.
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disposition. Population characteristics were described 
overall as well as those with low versus high AL. 
Continuous measures were displayed as mean (standard 
deviation (SD)) as well as median (minimum to maxi-
mum). Categorical variables were displayed as n (%). 
Comparison of population characteristics of complete 
cases and the full eligible population was explored to 
assess potential selection bias in the analytic population.

Because AL is a count of dysregulated systems, univari-
able and multivariable Poisson regression was used to 
assess the association between number of reported ACEs 
and AL. The association between individual components 
of AL and ACE measures was also explored. Multivariable 
models included a priori–defined confounding factors 
(Figure 1). Potential heterogeneity of the association 
between ACE and AL was assessed through inclusion of 

age, race, and early life factors as multiplicative terms with 
ACE count, with a 1% level of significance indicating het-
erogeneity. For all models, robust standard errors were 
estimated using the R package sandwich,37 and exponenti-
ated confidence intervals were derived using the delta 
method via the R package msm.38 Model assumptions were 
visually assessed as any small divergence from the assump-
tions would come out significant due to the large sample 
size. With over 30,000 complete cases, this analysis is 
powered to detect at least a 5% increase in incidence rate 
ratio (IRR) at over 90% power.

Data management was conducted using SAS software, 
Version 9.4 (SAS Institute Inc, Cary, NC, USA). Analyses 
were performed in R (R Foundation for Statistical 
Computing, Vienna, Austria). STROBE Guidelines were 
used when preparing this article.

Figure 2.  Participant flow chart.
AL: allostatic load; ACE: adverse childhood experience.
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Results

Sample characteristics

The analysis sample had an average age of 54 years and 
was 97.8% White, and 93.6% were born in the United 
Kingdom. Maternal smoking at birth was reported by 
26.8% of participants, and 29.0% reported not being 
breastfed. Median birth weight was reported at 3.29 kg. 
Comparison of the complete cases against the overall eli-
gible population indicates those without missing data 
tended to be younger (median age 54 vs 57 years), a higher 
proportion were White (97.8% vs 94.4%), have higher 
level of education (46.2% college educated vs 29.4%), and 
lower index of multiple deprivation (median 11.0 vs 12.9; 
Supplementary Table S2).

Across the nine components of AL, the percent of par-
ticipants who were classified as dysregulated ranged from 
2% in glucose to 51% in BP (Table 2). AL score ranged from 
0 to 8 in the analysis sample, with a mean AL score of 1.85 
(SD = 1.5). The distribution of AL scores is skewed right 
and approximately follows a Poisson distribution (λ≅2) 
(Figure 3). With 85% of individuals having an AL score of 
0–3, the dichotomous AL measure was defined as low 
(AL ⩽ 3) and high (AL > 3). Table 3 describes participant 
characteristics by low versus high AL as well as overall.  
In bivariate analyses, age, race, birth origin, and maternal 
smoking were associated with a significant increase in aver-
age AL, while increase in reported birth weight was associ-
ated with reduced average AL (Supplementary Table S1).

The distribution of AL by reported ACEs are presented 
in Table 4. About 75.3% of the participants in the analytic 
sample had no reported ACEs, and 2.9% had three or more 
ACEs. An increased number of reported ACEs is associ-
ated with an increased average AL, with mean (SD) AL of 
1.85 (1.49) in individuals with no ACEs versus 2.45 (1.71) 
in those with five ACEs. This trend is consistent across 
ACE categories, with higher average AL observed in 
respondents reporting the ACE domain as being present.

Association between ACEs and AL

Univariable and multivariable Poisson regression models 
assessing the association between ACEs are reported in 

Table 5. Assessment of interactions showed no evidence of 
heterogeneity of effect between ACE and AL (data not 
shown), and as such models report overall association 
between ACEs and AL. In univariable models, average 
AL is expected to increase by 3% per one ACE reported 
(IRR = 1.03, 95% confidence interval (CI) = 1.02–1.04). 
Multivariable models adjusting for age, race, and early 
life factors result in similar associations (IRR = 1.04, 95% 
CI = 1.03–1.05).

Exploratory analyses of ACE and AL 
components

Individual components of AL were assessed for their asso-
ciation with ACEs. After adjustment for sex, race, and 
early life factors, individuals reporting a higher number of 
ACEs were found to have increased dysregulation in BMI 
(IRR = 1.14, 95% CI = 1.12–1.17), waist-to-hip ratio 
(IRR = 1.07, 95% CI = 1.07–1.10), C-reactive protein 
(IRR = 1.11, 95% CI = 1.09–1.14), HbA1c (IRR = 1.07, 
95% CI = 1.03–1.11), and HDL Cholesterol (IRR = 1.10, 
95% CI = 1.08–1.13) (Figure 4).

In multivariable models, the presence of individual 
components of the ACE score was found to be associated 
with increased AL. Across all domains, the reporting of 
that ACE was associated with an increased average AL 
with the highest magnitude of association in those with 
physical abuse (IRR = 1.10, 95% CI = 1.07–1.14), sexual 
abuse (IRR = 1.07, 95% CI = 1.04–1.10), and physical 
neglect (IRR = 1.08, 95% CI = 1.03–1.13). Physical 
abuse showed a dose-response trend, with increasing fre-
quency of exposure leading to an increase in average AL 
ranging from an expected 9% and 10% increase in average 
AL in those reporting rarely and sometimes vs never, 
respectively, to a 18% and 23% increase in average AL 
in those reporting often and very often vs never, respec-
tively. The dose-response trend was less evident in other 
ACE domains; however, across all ACE domains the 
reporting of any abuse or neglect with frequency of often 
or very often had the highest magnitude of association 
(Supplementary Figure S1).

Discussion

In this study of female participants in the UK Biobank, a 
significant association between reported ACEs and AL in 
adulthood is observed. Associations persisted after con-
trolling for a priori confounding factors as defined by our 
directed acyclic graph. These results are in alignment with 
a growing body of evidence identifying an association 
between early life stress and physiological dysregulation 
in adulthood.

Several studies have explored the association between 
reported ACEs and AL. In a systematic review of articles 
assessing the association between ACEs and AL, 14 of 19 

Table 1.  Adverse childhood experiences.

Domain Item “When I was growing up. . .”

Abuse Physical People in my family hit me so hard 
that it left me with bruises or marks

Psychological I felt that someone in my family 
hated me

Sexual Someone molested me (sexually)
Neglect Physical There was someone to take me to 

the doctor if I needed it
Emotional I felt loved
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studies found a history of ACEs was associated with ele-
vated AL in adulthood.28 Two of the identified studies 
focused specifically on female populations. Among female 
veterans, Beckie et al.29 reported that women with a his-
tory of sexual assault during childhood as well as civilian 
and military life presented with increased AL, but not 
those reporting either individually. An analysis by Berge  
et al.39 found that among Black women, a reported history 
of childhood adversity was significantly associated with 

increased AL, with an estimated 11% increase in AL count 
per 1 standard deviation increase in early life adversity. 
Berge et al.39 used a five-item questionnaire focusing on 
parental involvement, divorce, parental death, household 
violence, and marital conflict, which varies substantially 
from the ACE domains included in this current analysis.

Additional studies explored interactions with or strati-
fication by sex, with mixed results with respect to sex-
specific patterns. In an analysis of individuals living with 

Figure 3.  Distribution of allostatic load.

Table 2.  Biomarkers and clinical thresholds for the construct of allostatic load.

Domain Biomarker Analysis methodology Clinical threshold % dysregulated

Metabolic Glucose Enzymatic ⩾ 7.0 mmol/L (32) 2%
Total cholesterol Enzymatic >6.2 mmol/L (33) 35%
HDL Enzyme immuno-inhibition <1.3 mmol/L (33) 19%
HbA1c High-performance liquid chromatography ⩾ 48 mmol/mol (34) 11%
IGF-1 Chemiluminescent Immunoassay—one-step sandwich Age-specific (35–37) 19%
Age 36–40 >30.3 nmol/L
Age 41–45 >29.1 nmol/L
Age 46–50 >28.6 nmol/L
Age 51–55 >27.5 nmol/L
Age 56–60 >25.4 nmol/L
Age 61–65 >23.1 nmol/L
Age 66–70 >21.5 nmol/L
Age 71+ >21.0 nmol/L
Waist-to-hip ratio Wessex non-stretchable sprung tape measure, manual 

entry
>0.85 (38) 24%

BMI Tanita BC-418 MA body composition analyzer, Seca 202 
height measure, manual entry

>30.0 kg/m2 (39) 18%

Inflammatory C-reactive protein Immuno-turbidimetric ⩾ 3 mg/L (40) 19%
Cardiovascular SBP Omron HEM-7015IT digital blood pressure monitor, two 

readings, automatic entry
>140/90 (41) 38%

DBP

HDL: high-density lipoprotein; IGF: insulin-like growth factor; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure.
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HIV, Wallace et al.40 identified a significant increase in 
mean AL with an increasing number of ACEs reported, 
though a non-significant interaction with sex. One study 
reported a significant association between stressful events 
and circumstances in childhood and AL in males but not 
females; however, three separate studies reported signifi-
cant associations between childhood adversity and AL in 
females but not males.41,42 Importantly, each of these 
studies had varying definitions of childhood adversity and 
constructs of AL, which may contribute to inconsistent 
findings.

Several studies were identified which captured similar 
domains of ACEs and their association AL components 
or related clinical outcomes in adult women.1,42–45 In a 
German population with ACEs reported via the CTS, 
female participants with a higher CTS score were found to 
be at increased risk of obesity.43 While the association was 
attenuated after controlling for socioeconomic factors in 
adulthood, it should be noted that these factors may be on 
the causal pathway or act as independent risk factors, 
rather than true confounders. Two separate analyses from 
the Nurses’ Health Study demonstrated a dose-response 
relationship between early life physical and sexual abuse 
with hypertension44 and type II diabetes45 in women, 
results that persisted after adjusting for the potential medi-
ation of BMI. Each of these clinical outcomes is related to 

biomarkers included in our current study, with alignment 
in our finding of significant associations between BMI, 
waist-to-hip ratio, and HbA1c which serve as clinical 
markers for obesity and diabetes.

While the mechanism by which ACEs may lead to 
increased dysregulation of biomarkers is not well under-
stood, research focused on physical and sexual abuse in 
women demonstrate an increased risk of mental illness and 
depressive symptoms,46–48 which may impact health 
behaviors and physical well-being in adulthood, thereby 
mediating the observed associations. For example, Barboza 
Solís et al.1 reported a significant association between 
childhood adversity and AL in adult women, but after con-
trolling for health behaviors at the age of 23 the associa-
tion disappeared, indicating strong mediation by health 
behavior.

This analysis used the CTS to estimate exposure to 
ACEs. Approximately 75% of the analytic sample reported 
no ACEs, which may be high. For instance, only 34% of 
the sample reported no ACEs in the landmark CDC-Kaiser 
ACE Study compared with 75% in this analysis.49 
However, among the questions that closely overlap 
between the original ACE study and CTS, prevalence of 
exposure to physical and psychological abuse was similar 
(physical abuse: 10.8% vs 7.7%; psychological abuse: 
11.1% vs 10.8%) but not sexual abuse (22.0% vs 7.7%). 

Table 3.  Patient characteristics by allostatic load.

Allostatic load 0–3
(n = 28,626)

Allostatic load 4–8
(n = 4840)

Overall
(N = 33,466)

Age at enrollmenta

  Mean (SD) 53.5 (7.54) 56.6 (7.37) 54.0 (7.59)
  Median (min, max) 53.0 (40.0, 70.0) 58.0 (40.0, 70.0) 54.0 (40.0, 70.0)
Race
  White 28,019 (97.9%) 4703 (97.2%) 32,722 (97.8%)
  Black 113 (0.4%) 39 (0.8%) 152 (0.5%)
  Asian 196 (0.7%) 36 (0.7%) 232 (0.7%)
  Other 298 (1.0%) 62 (1.3%) 360 (1.1%)
Born in the United Kingdom
  No 1922 (6.7%) 241 (5.0%) 2163 (6.5%)
  Yes 26,704 (93.3%) 4599 (95.0%) 31,303 (93.5%)
Maternal smoking at birth
  No 21,090 (73.7%) 3407 (70.4%) 24497 (73.2%)
  Yes 7536 (26.3%) 1433 (29.6%) 8969 (26.8%)
Breastfed as baby
  No 8297 (29.0%) 1401 (28.9%) 9698 (29.0%)
  Yes 20,329 (71.0%) 3439 (71.1%) 23,768 (71.0%)
Part of multiple births
  No 27,993 (97.8%) 4745 (98.0%) 32,738 (97.8%)
  Yes 633 (2.2%) 95 (2.0%) 728 (2.2%)
Birth weight (kg)
  Mean (SD) 3.29 (0.572) 3.23 (0.637) 3.28 (0.582)
  Median (min, max) 3.29 (0.910, 10.0) 3.23 (0.620, 6.35) 3.29 (0.620, 10.0)

SD: standard deviation.
aAge is estimated as [year of enrollment – year of birth] and is, therefore, susceptible to rounding error.
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The CTS is an abbreviated version of the 28-item 
Childhood Trauma Questionnaire (CTQ) which is a com-
monly used tool in assessing childhood trauma.32 In vali-
dation of the tool, CTS showed high correlation to CTQ,31 
suggesting that this abbreviated survey may capture simi-
lar information as the more extensive ACE tools, albeit 
across fewer domains.

Constructs of AL are inconsistent across studies, with 
varying biomarkers included and estimation methods 
observed. Review of studies constructing a measure of AL 

identified inconsistency of biomarkers included in the con-
struct of AL.50 In addition, estimation of AL varied with 
respect to what constituted high measures for each compo-
nent. In some studies, the cutoff point for high biomarker 
measures was established via clinical criteria, while others 
used sample-specific quartiles as cutoffs. Across all studies, 
AL comprised the sum of all biomarkers falling above the 
specified threshold.33 However, in systematic reviews of 
associations between constructs of AL and health out-
comes, consistent results demonstrating higher AL is 
related to increased risk of poor health outcomes suggests 
that AL may be robust against these variations.51

Many of the reviewed studies included adjustment for 
covariates that represent post-exposure factors such as 
educational attainment, occupation, or health behaviors 
like smoking and alcohol use. Through careful construc-
tion of directed acyclic graph, we considered these factors 
to be potential mediators of the association between ACEs 
and AL rather than confounders. This analysis instead 
adjusted for early life factors which may influence both the 
likelihood of childhood trauma and adult health, and found 
no impact on the associations between ACEs and AL.

This study had strengths in the design and analysis 
compared with other assessments of ACEs on adult health. 
We focused our analysis on individuals without a diagno-
sis of cancer prior to the assessment of AL as the internal-
ized stress of such a diagnosis along with subsequent 
therapies may artificially influence physiological meas-
urements. In addition, the UK Biobank provides consistent 
measures of biomarkers, with all measurements adhering 
to the same protocol. This reduces noise that may be intro-
duced in a population-based analysis where measures may 
be collected in varying manners. Our prespecification of a 
directed acyclic graph reduced the introduction of poten-
tial mediating factors which would alter the interpretabil-
ity of our models, and instead focus on early life factors 
which may act as confounders between ACEs and AL in 
adulthood. Finally, the assessment of exposure was cap-
tured via a validated questionnaire on ACEs, which has 
been demonstrated to efficiently capture information on 
early life adversity.

This study also has several limitations. The CTS is an 
abbreviated questionnaire which may be missing critical 
aspects of early life adversity such as socioeconomic status 
(SES) and household dysfunction, both of which have 
been established as having association with AL in adult-
hood.28,49,52 Research has found early life socioeconomic 
status to be an important explanatory factor in a child’s 
physiological response to stress,53 as well as to AL later in 
life.28,54,55 Furthermore, a general recollection of a “diffi-
cult” childhood was found to be strongly associated with 
AL in adulthood.56 In addition, respondents may suffer 
from recall bias when responding to these questions. 
However, in an assessment of the validity of retrospective 
measures of ACEs it was concluded that false negatives 

Table 4.  Allostatic load by reported adverse childhood 
experiences.

n (%) Mean AL (SD)

Number of ACEs
  0 27,585 (75.3%) 1.85 (1.49)
  1 6043 (16.5%) 1.87 (1.54)
  2 1928 (5.3%) 1.91 (1.56)
  3 750 (2.0%) 1.99 (1.62)
  4 252 (0.7%) 2.17 (1.63)
  5 74 (0.2%) 2.45 (1.71)
Abuse—Physical
  Never true 30,250 (82.6%) 1.85 (1.49)
  Rarely true 3559 (9.7%) 1.90 (1.57)
  Sometimes true 2320 (6.3%) 1.93 (1.55)
  Often true 314 (0.9%) 2.10 (1.73)
  Very often true 189 (0.5%) 2.19 (1.76)
Abuse—Psychological
  Never true 30,381 (82.9%) 1.87 (1.50)
  Rarely true 2316 (6.3%) 1.81 (1.50)
  Sometimes true 2821 (7.7%) 1.84 (1.53)
  Often true 598 (1.6%) 1.86 (1.59)
  Very often true 516 (1.4%) 2.07 (1.72)
Abuse—Sexual
  Never true 32,706 (89.3%) 1.86 (1.50)
  Rarely true 1994 (5.4%) 1.84 (1.51)
  Sometimes true 1470 (4.0%) 2.00 (1.61)
  Often true 257 (0.7%) 1.85 (1.56)
  Very often true 205 (0.6%) 2.32 (1.77)
Support—Emotional
  Never true 423 (1.2%) 2.09 (1.63)
  Rarely true 1494 (4.1%) 1.92 (1.58)
  Sometimes true 5640 (15.4%) 1.88 (1.53)
  Often true 8540 (23.3%) 1.90 (1.51)
  Very often true 20,535 (56.1%) 1.84 (1.49)
Support—Physical
  Never true 662 (1.8%) 2.11 (1.58)
  Rarely true 264 (0.7%) 2.06 (1.47)
  Sometimes true 921 (2.5%) 2.02 (1.59)
  Often true 3735 (10.2%) 2.03 (1.55)
  Very often true 31,050 (84.8%) 1.83 (1.50)

AL: allostatic load; ACE: adverse childhood experience; SD: standard 
deviation.
Categories in italics define those used to indicate the presence of 
abuse or neglect. Row percentages are presented.
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are more likely than false positives.57 Nevertheless, results 
from this analysis may be impacted by such bias. The con-
struct of AL in this analysis was limited to biomarkers 
available through the UK Biobank study. Importantly, bio-
markers from the neuroendocrine system were not incor-
porated, which represents a primary mediator for biological 
systems. Finally, both the UK Biobank population and 
complete case sample may suffer from selection bias, 
resulting in a lack of diversity and reducing generalizabil-
ity to a broader population. In addition, only 14% of the 
original sample of eligible genetic females without a prev-
alent cancer were included in the analyses, due to missing 
data on the exposure, outcome, and covariates. The large 
amount of missing data leave open the distinct possibility 
for selection bias. If individuals with more ACEs were 
more likely to refuse to answer these questions due to their 
sensitive nature, and, if individuals with high AL were 
more likely to miss study visits for health reasons, then we 

would expect this to attenuate our association between 
ACEs and AL. In assessment of differences between the 
eligible population and complete cases, minor differences 
were seen in distributions of race and some early life fac-
tors. Assessment of socioeconomic factors, including 
Index of Multiple Deprivation and Education, suggests 
that females belonging to higher socioeconomic status 
were more likely to have complete data, including the 
reporting of ACE questions. As such, the possibility of 
selection and reporting bias cannot be ruled out. In addi-
tion, analysis of the UK Biobank against other UK popula-
tion data suggests that the study population differs in 
critical ways compared to the sampling frame, including 
belonging to higher socioeconomic groups, lower report-
ing of poor health behaviors such as smoking and alcohol 
use, lower rate of self-reported disease, and lower rate of 
all-cause mortality,58 which may have influenced the 
observed distribution of AL in our sample.

Conclusion

These findings support growing literature demonstrating 
long-term health effects of ACEs, with particular emphasis 
on AL in adult females. With increasing evidence of asso-
ciations between childhood trauma and AL, there is a dem-
onstrated need for translational efforts to inform clinical 
interventions and monitoring in both pediatric and adult 
settings.59 The ability to identify individuals with prior 

Figure 4.  Multivariable Poisson regression of AL (continuous) and individual AL components (yes vs no) by ACE burden. Models 
adjusted for age, race, birth origin, maternal smoking, history of being breastfed, part of multiple birth, and weight at birth.
AL: allostatic load; ACE: adverse childhood experience; BMI: body mass index; IGF-1: insulin-like growth factor 1; HDL: high-density lipoprotein; 
IRR: incidence rate ratio; CI: confidence interval.
aDue to age-specific patterns of dysregulation, IGF-1 model includes interaction with mean-centered age.

Table 5.  Poisson regression models of allostatic load.

Covariate Incidence rate ratio 95% CI

ACE burden
  Univariable model 1.03 1.02–1.04
  Multivariable modela 1.04 1.03–1.05

CI: confidence interval; ACE: adverse childhood experience.
aAdjusted for age, race, birth origin, maternal smoking, history of being 
breastfed, part of multiple birth, and weight at birth.
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exposure to ACEs who may be at increased risk of physi-
ological dysregulation may allow for improved screening 
programs for downstream chronic disease, or interven-
tional efforts to improve health behaviors. In addition, 
research is needed to understand potential interventions in 
the pediatric setting. Given the high prevalence of ACEs in 
the general population, investing in community-based 
intervention or safety networks may lead to improved 
long-term health outcomes. Initial research has demon-
strated the value of early interventions in reducing expo-
sure to and/or the impact of childhood trauma.60–62
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