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Childhood Trauma, Perceived Stress, and Hair
Cortisol in Adults With and Without
Cardiovascular Disease
Stéphanie Bossé, MSc, Tobias Stalder, PhD, and Bianca D'Antono, PhD
ABSTRACT
Objective: Childhood trauma has been associated with greater psychological and physical morbidity, including a greater risk of develop-
ing cardiovascular disease (CVD). This may partially reflect trauma-induced disturbances in how stress is later perceived and regulated.
This study evaluated the associations of childhood trauma with perceived stress and hair cortisol concentrations (HCC) in a large sample
of adults with coronary artery disease (CAD) and in non-CVD patients experiencing other nonfatal illnesses. Whether sex, age, or CVD
status influenced these associations was also examined.
Methods: A total of 1124 men and women (aged 65.2[6.9]years) recruited from a hospital cohort completed the Childhood Trauma and
Perceived Stress Questionnaires, whereas hair samples were obtained from 598 participants. Health status was confirmed via medical records.
Results: Moderate to severe childhood trauma was experienced by 359 participants. Childhood trauma was associated with greater per-
ceived stress levels for the past 2 years (r = .308, p = .01; β = 0.263, p < .001), but not 3-month cortisol secretion in hair. Perceived stress
correlated negatively with age (r = −.241, p < .001). In secondary analyses, age moderated the relation between sexual abuse and perceived
stress (β = −0.067, p = .016). Although sexual abuse was associated with greater levels of perceived stress among all participants, this
relation was strongest in younger individuals.
Conclusions: Participants who experienced trauma in their youth reported greater levels of perceived stress, but not HCC, in late adult-
hood.Whether this suggests intact hypothalamic-pituitary-adrenal regulation in those exposed to childhood trauma or whether this reflects
the characteristics of our sample requires further investigation.
Key words: aging, childhood trauma, coronary artery disease, hair cortisol, perceived stress, sex differences.
CAD = coronary artery disease, CTQ = Childhood Trauma Ques-
tionnaire,CVD= cardiovascular diseases,HCC= hair cortisol con-
centrations, HPA = hypothalamic-pituitary-adrenal, MHI =
Montreal Heart Institute, PSQ = Perceived Stress Questionnaire
INTRODUCTION

S tressful childhood experiences, including physical, emotional,
and sexual abuse, as well as physical and emotional neglect

(1,2), may have important implications for later health. Indeed, there
is growing evidence that exposure to childhood traumamay contribute
to psychiatric (e.g., mood disorders, anxiety disorders) and physical
(e.g., autoimmune disorders, peptic ulcers) health problems in adult-
hood (3,4), including the development and progression of cardio-
vascular disease (CVD) (3,5–10). These effects may be mediated
through trauma-induced influences on stress perception and regulation.
Exposed children may develop difficulties in dealing with stressors later
in adulthood (11), perhaps as a result of maladaptive coping strategies
(12). Indeed, studies have confirmed high levels of perceived stress
in adults who experienced trauma in childhood (11,13–15).

Childhood trauma may also influence brain development, par-
ticularly in the hippocampus and amygdala, known to play an im-
portant role in emotion regulation, memory, and stress response
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(16–19). For example, adults who experienced childhood trauma
have been found to present smaller hippocampal and amygdala
volumes (20,21). Alterations in neurobiological systems, such as
the hypothalamic-pituitary-adrenal (HPA) axis, may ensue (22)
and predispose to psychiatric vulnerability and health problems
(16,23). However, studies on associations between childhood
trauma and HPA-axis regulation present inconsistent findings
(24). A few investigations have reported a flattened morning cortisol
response in middle-aged or older adults who experienced trauma in
childhood (25,26). However, Klaassens (27) reported no difference
among a small sample of women. Stress-reactivity studies have
similarly led to inconsistent findings. Whereas hyporeactivity of the
chology Department (Bossé, D'Antono), Université de Montréal, Montreal,
sychology (Stalder), University of Siegen, Siegen, Germany.
eal Heart Institute, 5000 Bélanger St, Montreal, H1T 1C8, Canada. E-mail:

. on behalf of the American Psychosomatic Society. This is an open-access
ommercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permis-
not be changed in any way or used commercially without permission from

May 2018

mailto:bianca.d.antono@umontreal.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/


ORIGINAL ARTICLE
cortisol response to stress has been observed in young to middle-
aged adults who experienced childhood trauma (27,28), three
other investigations have reported hyperreactivity in similarly aged
individuals (29–31). DeSantis et al. (32) and Otte et al. (33), for
their part, observed no relation between childhood trauma and
cortisol response in young and middle-aged adults. Whether
methodological differences in the assessment of childhood
trauma, in participant characteristics, in the stress induction
protocols, and in cortisol measurements (plasma, saliva), are
responsible for these inconsistent findings is unclear (34,35).

Although interesting, studies on salivary or plasma cortisol
reflect the present state rather than long-term regulation of the
HPA-axis activity (36). Commonly assessed measures, such as
the cortisol awakening response, are also sensitive to situational
influences and/or state-related confounding that can cause spurious
results (37), whichmay have contributed to the inconsistent findings
mentioned previously.

Information on long-term cortisol regulation may provide
greater explanatory power for the association between childhood
experiences and disease development. According to the allostatic
load model, for example, it is chronic or repeated activation of
the HPA axis and other physiological systems that leads to biolog-
ical damage and deleterious health outcomes (38,39). Seeman
et al. (40) suggested that cumulative exposure to stressful situa-
tions (e.g., childhood traumas) may render the HPA axis less resil-
ient to stimulation, which can result in prolonged activation (41).
There is increasing support for the notion that hair cortisol concen-
trations (HCC) reflect long-term cumulative cortisol secretion for
periods of several months (42,43) and provide a stable and robust
biomarker in trauma and chronic stress-related research (41,44,45).
To our knowledge, only three small studies have examined the
relationship between childhood trauma and cumulative cortisol se-
cretion in adulthood, and these have been performed in relatively
young samples. Whereas the experience of childhood trauma
was found to be associated with lower HCC in a sample of 84
middle-aged adults (46), the opposite pattern was found in a sam-
ple of 43 women (mean age = 35 years) (47). A third study by
Steudte et al. (48) did not reveal a specific influence of childhood
trauma on HCC in their adult sample of healthy individuals, trau-
matized healthy controls and patients with posttraumatic stress
disorder (mean age = 39 years).

The purpose of this study was thus to evaluate the associations
of childhood traumawith 3-month cumulative HCC and stress per-
ceived for the last 2 years in older adults with coronary artery dis-
ease (CAD) and those with other (non-CVD) illnesses. This is the
first study to provide information on the association of childhood
traumatic experiences with both physiological and subjective
stress. It was hypothesized that childhood trauma would be associ-
ated with greater perceived stress and attenuated HCC. Individual
differences in relations between childhood trauma and stress as a
function of age, sex, and CVD status were also explored. Stress
and stress responses have been shown to contribute to CVD devel-
opment and progression (49–52) and seem to differ as a function
of sex (53–56) and age (55–57). Importantly, limited data suggest
that the effect of trauma on stress outcome (cortisol levels) was
amplified with advancing age (58) and observed mostly in men
(26,29). Because previous studies exploring the effect of trauma
on stress perception were generally small (11,14,15) or included
only women (11,15), the possible influence of sex or age on this
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relationship is unknown. Given the paucity of data on individual
differences in the relations between childhood trauma and stress,
no specific hypotheses were emitted. Secondary analyses examined
whether specific elements of childhood trauma (physical, sexual,
and emotional abuse and/or neglect) seemed more deleterious to
stress regulation.
METHODS AND MATERIALS
This study is part of an ongoing prospective research project
(BEL-AGE) on pathological aging in adults with CAD and non-
CVD patients experiencing other nonfatal illnesses. This study was
approved by Le comité d'éthique de la recherche et du développement
des nouvelles technologies de l'Institut de Cardiologie de Montréal.
Recruitment for this study began September 2012 and finished in
May 2016.

A total of 1124 participants (707 men, 65.23[6.89]years) with
and without CAD were recruited from the pool of individuals al-
ready participating in the André and France Desmarais Hospital
Cohort of the Montreal Heart Institute (59,60). Any person work-
ing at or attending the Montreal Heart Institute (MHI) for any rea-
son can be participants of the MHI Biobank. As such, they may
include persons simply going for routine blood tests, patients with
or at risk for heart disease, their family members, or employees of
the MHI. Eligibility criteria for BEL-AGE were determined as fol-
lows: at entry in the MHI Cohort, (a) age between 30 and 70 years
(for reasons of feasibility of recruitment and follow-up), (b) living
in the greater Montreal area, (c) speaks French or English, (d) no
previous or current diagnosis of major cognitive impairment or se-
rious psychological disorders (e.g. bipolar disorder, schizophrenia,
delirium, or dementia as reported by patient and/or medical files)
with the potential to prevent understanding or participation in all
aspects of the study, (e) no previous or current diagnosis of other
major life-threatening diseases (e.g., Creutzfeldt-Jakob disease,
amyotrophic lateral sclerosis, AIDS, cancer), and (f) women were
not pregnant or breast feeding. Skin cancer (n = 29) was not
excluded given its high prevalence and benign coursewhen diagnosed
early. Depression, anxiety, and endocrine disorders were not excluded.

Presence of CAD was defined by the experience of a previous
myocardial infarction, coronary artery bypass, coronary angio-
plasty, or stenosis more than 50% on an angiography. Non-CVD
status was defined by the absence of CAD, angina, arrhythmia,
congenital heart disease, heart failure, cardiomyopathy, and stroke.
The number and types of illnesses experienced by the non-CVD
group were very diverse (e.g., arthritis, diabetes, high blood pres-
sure, gastroesophageal reflux, asthma, eczema, etc.). Those few in-
dividuals in the overall sample who were very healthy (n = 54)
were excluded from current analyses given vast differences across
sociodemographic, psychological, and medical variables from
both groups. Data for the article were obtained during the BEL-
AGE evaluation performed 59.1(8.99)months after participants'
entry into the MHI cohort.

Eligible participants were contacted by telephone and scheduled
for an appointment on a weekday between 8:00 am to 10:00 am at
the MHI. They were asked to refrain from eating, drinking (except
water), smoking, and exercising 12 hours before the appointment
and to abstain from alcohol or recreational drugs for 24 hours. They
were allowed to take their medication as prescribed. Once consent
was obtained, a blood draw was performed, and waist circumference,
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weight, and height were measured. Participants completed demo-
graphic, life-style, medical, and psychological questionnaires.

Measures

Sociodemographic and Health Information
Data on sex, age, ethnicity, weight, height, waist circumference,
years of schooling, marital status, personal and family income,
and personal and family medical history were collected. Data on
behavioral risk factors (tobacco, alcohol, caffeine consumption,
diet, and physical activity) were obtained using the WHO STEPS
Instrument (61).

Childhood trauma was assessed with the Childhood Trauma
Questionnaire (CTQ) (2,62). This 25-item questionnaire evaluates
childhood and adolescent trauma experiences using a five-point
scale ranging from “never true” to “very often true.” The CTQ
comprises the following subscales: physical, sexual, and emo-
tional abuse and physical and emotional neglect. Participants
are classified as positive for history of childhood trauma when
they have scores within the moderate-to-severe range on at least
one subscale: emotional abuse (≥13), physical abuse (≥10), sexual
abuse (≥8), emotional neglect (≥15), and physical neglect (≥10).
This instrument has acceptable to excellent internal consistency
for the different subscales (0.68–0.94) and test-retest reliability co-
efficients that range from 0.79 to 0.86 for a 4-month period
(62,63). In the current sample, internal consistency of the overall
scale was α value of 0.91, whereas the internal consistency for
the different subscales ranged from α value of 0.57 (physical ne-
glect), 0.81 (physical abuse), and 0.83 (emotional abuse, sexual
abuse, emotional neglect). The low internal consistency for the
physical neglect subscale in the current study is consistent with
that of previous studies (2,62,63).

Perceived stress was measured with the Levenstein Perceived
Stress Questionnaire (PSQ) (64). This 30-item questionnaire is
composed of the following seven dimensions: harassment, overload,
irritability, lack of joy, fatigue, worries, and tension. Participants indi-
cate on a four-point scale from “almost never” to “usually” how fre-
quently they experienced each of the stress-related statements for the
last 2 years. The sum of all items is added in a total PSQ index (raw
score − 30/90), which represents the stress degree of each participant.
The cut-off score for moderate level is between 0.45 and 0.60 and for
high level more than 0.60. The PSQhas a test-retest reliability of 0.82
and an internal consistency of 0.90 (64,65). In the current sample, the
internal consistency was α value of 0.94.

Cumulative HCCs
Because of insufficient hair length for some individuals, hair
strands were obtained from only 598 participants. They were cut
from the posterior vertex region of the head closest to the scalp
and placed separately in aluminum foil with a mark indicating the
scalp-near end. Theywere stored at room temperature in a dark place
and later analyzed in the laboratory of TU Dresden, Germany (Prof.
Clemens Kirschbaum). Analyses were performed on the proximal
3-cm hair segment that, based on hair growth rate of approximately
1 cm per month (66), is assumed to reflect cumulative cortisol secre-
tion over the 3-month period before hair sampling. Wash and corti-
sol extraction procedures followed a protocol described elsewhere
(67); study II), with 7.5 mg of whole, nonpulverized hair being
washed with 2.5 ml of isopropanol and steroid extraction being
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conducted with 1800 μl of methanol for 18 hours at 45°C. Cortisol
determination was performed in triplicate using a commercially
available immunoassay with chemiluminescence detection (CLIA,
IBL-Hamburg, Germany). The intra- and interassay coefficient of
variance of this assay has been shown to be less than 8%. Differ-
ences across medical, sociodemographic, behavioral, and psycho-
logical variables were observed between those for whom we did
and did not obtain samples (See Supplemental Digital Content 1,
http://links.lww.com/PSYMED/A445).

Statistical Analyses

Preliminary Analyses
Twelve participants presented HCC greater than 3 SD from the
mean. Although these HCC were accurate (as determined by redoing
the assay), theywerewinsorized to 3 SD to reduce their impact in para-
metric statistical analyses. Natural logarithmic transformations were
then applied to HCC and BMI data and square root transformation
to childhood trauma data. Potential covariates were identified from
the literature on perceived stress levels (14,68) and HCC (41,69,70).
Pearson correlations andχ2 analyseswere performed to finalize our list
of demographic, medical, and health behavior covariates. Only those
covariates that reached a p value of .10 with the dependent variables
were retained, as they were most likely to confound results.

One-way analyses of variance were performed to examine
whether childhood trauma, perceived stress level, and HCC dif-
fered significantly as a function of sex and health status. Pearson
correlations between these variables and age were also performed.

Main Analyses
Associations of childhood trauma with perceived stress and HCC
were examined using Pearson correlations and two hierarchical
multiple regressions. Analyses were performed on continuous
measures. Covariates were forced into block 1. Childhood trauma
was forced into block 2 and its two- and three way interactions with
age and sex were entered stepwise in block 3. The analyses were re-
peated for each childhood trauma subscale to determine whether spe-
cific types of trauma were more significantly associated with the
outcomes of interest. When there were significant interaction effects,
simple slopes analyseswere performedwith lower and higher estimates
for age and childhood trauma based on values ± 1 SD from the mean
(71). Statistical significance was set at a p value of less than.05.

RESULTS
Table 1 presents the sample characteristics. The CAD participants
were more likely to be male, slightly older, more overweight, and
smokers compared with participants with non-CVD illness. Years
of schooling, annual family income, and time spent exercising
were somewhat greater in those with non-CAD illness. Whereas
hormone therapy was more commonly prescribed in non-CAD
patients, α- and β-adrenergic medications were more frequently
prescribed in CAD patients, as would be expected. Although the
groups did not differ with respect to overall childhood trauma ex-
periences, CAD patients reported slightly more physical abuse and
neglect compared with non-CAD participants.

Individual Differences in Perceived Stress and HCCs
Table 1 indicates that CAD participants showed significantly
higher-cortisol concentrations in hair compared with non-CVD
May 2018
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TABLE 1. Participant Characteristics

n (%) or M (SD)

CAD (n = 629) Non-CVD (n = 495) Full Sample (n = 1124)

Demographic variables

Age, y** 66.02 (6.33) 64.22 (7.43) 65.23 (6.89)

Men, n (%)** 495 (78.70) 212 (42.83) 707 (62.90)

Years of schooling** 13.88 (3.76) 14.86 (3.54) 14.31 (3.68)

Married/living with someone, n (%) 448 (71.22) 374 (75.56) 822 (73.13)

Currently employed, n (%)* 144 (22.89) 157 (31.72) 301 (26.78)

Annual family income, n (%)**

≤$29,999 94 (14.94) 31 (6.26) 125 (11.12)

$30,000–59,99 280 (44.52) 222 (44.85) 502 (44.66)

≥$60,000 255 (40.54) 242 (48.89) 497 (44.22)

Behavioral/medical variables

Smoker, n (%)** 85 (13.51) 27 (5.45) 112 (9.96)

Body mass index, kg/m2** 29.79 (5.29) 28.75 (5.19) 29.33 (5.27)

Hours of exercise/wk* 2.85 (3.37) 3.36 (3.40) 3.08 (3.39)

Glasses of alcohol/wk 6.27 (8.04) 5.55 (6.40) 5.95 (7.37)

Medications

Psychotropic medications 71 (11.29) 59 (11.92) 130 (11.57)

Stimulant and suppressant adrenal agents 45 (7.15) 22 (4.44) 67 (5.96)

Hormone therapy** 29 (4.61) 55 (11.11) 84 (7.47)

α- and β-adrenergic medications** 422 (67.09) 61 (12.32) 483 (42.97)

Other prescription drugs** 620 (98.57) 402 (81.21) 1022 (90.93)

HCCs, pg/mg** 14.92 (29.64) (n = 262) 9.47 (23.93) (n = 336) 11.857 (26.67) (n = 598)

Psychological variables

Perceived stress past 2 y 55.16 (13.56) 56.17 (14.47) 55.60 (13.98)

Childhood trauma 36.51 (12.63) 35.86 (12.29) 36.23 (12.48)

Emotional abuse 6.89 (3.37) 7.17 (3.64) 7.01 (3.49)

Physical abuse* 6.25 (2.86) 5.91 (2.40) 6.10 (2.67)

Sexual abuse 5.97 (2.49) 5.91 (2.57) 5.94 (2.52)

Emotional neglect 10.11 (4.61) 10.01 (4.71) 10.06 (4.65)

Physical neglect* 7.29 (3.03) 6.87 (2.68) 7.11 (2.89)

Non-CVD = individuals with non-cardiovascular illness; CAD = individuals with CAD; hair cortisol concentration.

* p < .05.

** p < .001.

TABLE 2. Univariate Correlations Between Childhood Trauma,
HCCs and Perceived Stress

Hair
Cortisol (n = 598)

Perceived
Stress (n = 1124)

Childhood trauma −0.009 0.308*

Emotional abuse 0.025 0.288*

Physical abusea 0.025 0.162*

Sexual abusea 0.008 0.161*

Emotional neglect 0.001 0.288*

Physical neglect 0.004 0.179*

* p < .01.
a Spearman correlations.

ORIGINAL ARTICLE
patients experiencing other nonfatal illnesses (mean[SD] = 14.92
[29.64] versus 9.47[23.93]; F(1, 597) = 22.834, p < .001). They
did not, however, differ in terms of perceived stress. Women
showed significantly lower cortisol concentrations in hair (mean
[SD] = 10.06[23.91] versus 14.16[29.78]; F(1, 597) = 15.283,
p < .001) compared with men. However, they reported significantly
more perceived stress than men (mean[SD] = 58.92[14.29] versus
53.65[13.42]; F(1, 1123) = 38.605, p < .001). There was no signif-
icant correlation betweenHCC and age (r= .044, p = .281), although
perceived stress correlated negatively with age (r = −.241, p < .001).

Associations Between Childhood Trauma, Perceived
Stress, and Hair Cortisol, and Moderating Effects of
Sex and Age
Table 2 presents bivariate correlations between the overall Child-
hood Trauma Questionnaire score (and subscales) with perceived
stress and HCC conducted across groups of CAD and non-CVD
Psychosomatic Medicine, V 80 • 393-402 396 May 2018



TABLE 3. Hierarchical Regression Analysis Details for HCCs

β t p Semipartial r

Block 1

Sex −0.109 −2.433 .15 −0.100
Age 0.034 0.827 .41 0.034

Health status −0.122 −2.375 .018 −0.098
Smoking status −0.011 −0.278 .78 −0.011
Glasses of alcohol/wk −0.008 −0.185 .85 −0.008
Body mass index 0.155 3.785 <.001 0.154

Psychotropic medications 0.038 0.952 .34 0.039

Stimulant and suppressant adrenal agents 0.042 1.037 .30 0.043

Hormonal therapy 0.028 0.697 .49 0.029

α and β-adrenergic medications 0.055 1.106 .27 0.046

Other prescription drugs −0.031 −0.721 .47 −0.030
F(11,586) = 4.663, p < .001, R2 = 0.08, R2adj = 0.063

Block 2

Childhood trauma −0.012 −0.299 .77 −0.012
F(12, 585) = 4.275, p < .001, R2 = 0.081, R2adj = 0.062, R2add = 0.0001

Health status refers to individual with or without CAD.

Childhood Trauma and Stress Regulation
patients. There was no association between HCC and the general
or subscale CTQ scores. No significant association was noted
when analyses were performed separately for men and women
and for CAD and non-CVD groups. Perceived stress correlated
significantly and positively with the overall CTQ score, as well
as with the emotional abuse, physical abuse, sexual abuse, emotional
TABLE 4. Hierarchical Regression Analysis Details for Perceived S

Block 1

Sex

Age

Health status

Smoking status

Body mass index

Marital status

Glasses of alcohol/wk

Employment status

Years of schooling

Exercise

Psychotropic medications

Stimulant and suppressant adrenal agents

Hormonal therapy

α- and β-adrenergic medications

Other prescription drugs

F(15, 1108) = 13.872, p < .001, R2 = 0.158, R2adj = 0.147

Block 2

Childhood trauma

F(16, 1107) = 19.900, p < .001, R2 = 0.223, R2adj = 0.212, R2add = 0.065

Health status refers to individual with or without CAD.
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neglect, and physical neglect subscales. Tables 3 and 4 provide re-
sults of the hierarchical multiple regression analyses. Childhood
trauma was not associated with HCC but was associated with signif-
icantly greater perceived stress levels, and it explained 6.5% of the
variance in perceived stress beyond that explained by the covariates
and moderators. No interaction effects emerged.
tress

β t p Semipartial r

0.157 4.876 <.001 0.145

−0.140 −4.290 <.001 −0.128
−0.041 −1.146 .25 −0.034
0.026 0.913 .36 0.027

0.003 0.088 .93 0.003

−0.053 −1.881 .060 −0.056
−0.034 −1.186 .24 −0.036
0.103 3.185 .001 0.095

0.006 0.208 .84 0.006

−0.123 −4.249 <.001 −0.127
0.205 7.271 <.001 0.213

−0.002 −0.084 .93 −0.003
0.028 0.997 .32 0.030

0.012 0.360 .72 0.011

−0.015 −0.490 .62 −0.015

0.263 9.646 <.001 0.278
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Secondary Analyses
None of the childhood trauma subscales were significantly associ-
ated with HCC. On the other hand, each CTQ subscale was signif-
icantly and independently associated with perceived stress level;
emotional abuse and neglect explained respectively 4.5% and
6% of perceived stress level beyond that explained by the covari-
ates. Physical abuse, sexual abuse, and physical neglect explained
respectively 2.1%, 2.4%, and 2.8% of perceived stress level be-
yond that explained by covariates. Refer to Table 5 for details of
the regression analyses.

Only the age by sexual abuse interaction was significant
(β = −0.067, t = −2.417, p = .016). Simple slopes analyses were
performed based on age groups ± 1 SD from the mean. Analyses
indicated that greater sexual abuse was associated with significantly
TABLE 5. Hierarchical Regression Analysis Details for Perceived S

Block 1

Sex

Age

Health status

Smoking status

Body mass index

Marital status

Glasses of alcohol/wk

Employment status

Years of schooling

Exercise

Psychotropic medications

Stimulant and suppressant adrenal agents

Hormonal therapy

α- and β-adrenergic medications

Other prescription drugs

F(15, 1108) = 13.872, p < .001, R2 = 0.158, R2adj = 0.147

Block 2

Emotional abuse

F(16, 1107) = 17.615, p < .001, R2 = 0.203, R2adj = 0.191, R2add = 0.045

Block 2

Emotional neglect

F(16, 1107) = 19.311, p < .001, R2 = 0.218, R2adj = 0.207, R2add = 0.060

Block 2

Physical abuse

F(16, 1107) = 15.146, p < .001, R2 = 0.180, R2adj = 0.168, R2add = 0.021

Block 2

Physical neglect

F(16, 1107) = 15.871, p < .001, R2 = 0.187, R2adj = 0.175, R2add = 0.028

Block 2

Sexual abuse

F(16, 1107) = 15.452, p < .001, R2 = 0.183, R2adj = 0.171, R2add = 0.024

Block 3

Age by sexual abuse

F(17, 1106) = 14.950, p < .001, R2 = 0.187, R2adj = 0.174, R2add = 0.004

Health status refers to individual with or without CAD.
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greater perceived stress levels among all age groups but particu-
larly among those that were somewhat younger: younger individ-
uals (b = 28.70, t = 6.065, p < .001), intermediate-aged individuals
(b = 20.21, t = 10.702, p < .001), and older individuals (b = 11.73,
t = 2.302, p = .022). Refer to Figure 1.

DISCUSSION
This research sought to confirm the hypotheses that trauma expe-
rienced in childhood would be associated with HCC for the past
3 months and the degree of stress perceived in the past 2 years
among older adults with CAD or other non-CVD illness. It was ex-
pected that these associations might be influenced by age, sex, and
cardiovascular status. Hypotheses were only partially corroborated:
individuals who reported more childhood trauma also reported
tress With Childhood Trauma Subscales

β t p Semipartial r

0.157 4.876 <.001 0.145

−0.140 −4.290 <.001 −0.128
−0.041 −1.146 .25 −0.034
0.026 0.913 .36 0.027

0.003 0.088 .93 0.003

−0.053 −1.881 .06 −0.056
−0.034 −1.186 .24 −0.036
0.103 3.185 .001 0.095

0.006 0.208 .84 0.006

−0.123 −4.249 <.001 −0.127
0.205 7.271 <.001 0.213

−0.002 −0.084 .93 −0.003
0.028 0.997 .32 0.030

0.012 0.360 .72 0.011

−0.015 −0.490 .62 −0.015

0.219 7.890 <.001 0.231

0.251 9.225 <.001 0.267

0.150 5.385 <.001 0.160

0.172 6.226 <.001 0.184

0.159 5.755 <.001 0.170

−0.067 −2.417 .016 −0.072
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FIGURE 1. Association of sexual abuse with perceived stress differs by age. The association of sexual abuse with perceived stress differs
as a function of age. The age by sexual abuse interaction was significant. More sexual abuse was associated with significantly greater
levels of perceived stress among younger (b = 28.70, p < .001) compared with intermediate (b = 20.21, p < .001) and older (b = 11.73,
p = .022) individuals. Color image is available only in online version (www.psychosomaticmedicine.org).
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having experienced more stress in the past 2 years. However, no
significant associations were found between childhood trauma
and HCC. Furthermore, sex and coronary status were not found
to moderate the associations between childhood trauma and our
outcomes of interest. However, age moderated the association be-
tween sexual abuse and perceived stress.

The more traumas participants were exposed to in their child-
hood, the more they reported stress for the past 2 years. This effect
was rather robust, with childhood trauma explaining 6.5 % of var-
iance in perceived stress independently of that explained by other
pertinent covariates. These results are consistent with those of pre-
vious investigations, despite very divergent sample types and mea-
sures of stress (11,13–15).

Although sample characteristics pertaining to age, sex, and car-
diovascular status did not generally influence the associations ob-
served between childhood trauma and our outcomes of interest,
one interaction did emerge between sexual abuse and perceived
stress. More specifically, sexual abuse experienced in childhood
was more strongly associated with self-reported stress among
those who were younger. To our knowledge, no previous studies
have examined moderating effects of age on the relation between
childhood trauma experiences and perceived stress in late adult-
hood. It has been suggested that as individuals grow older they
tend to interpret situations as less stressful, focus less on negative
emotions, and develop better coping strategies (55). Increased per-
sonal resources among our older participants may have contrib-
uted to them being less affected by earlier sexual abuse
experiences compared with younger participants. This is consis-
tent with the fact that older participants reported less stress overall
compared with their younger counterparts in the current investiga-
tion. Given the number of tests in secondary analyses, this partic-
ular result may also reflect a spurious finding.

Childhood traumawas not associated with 3-month cumulative
HCC in the current study nor in that by Steudte et al. (48).
Hinkelmann et al. (46) and Schalinski et al. (47), for their part, ob-
served significant associations between childhood trauma and
HCC, albeit in opposite directions. A recent study investigated the
impact of childhood maltreatment on HCC in a sizeable sample of
children and adolescents (aged 3–16 years), who were recruited
from child protection services, youth psychiatric services, and com-
munity (72). Childhood maltreatment was found to be associated
Psychosomatic Medicine, V 80 • 393-402 399
with lower HCC from middle childhood on (age = 9–16 years),
especially when maltreatment occurred in infancy or adolescence.
It is still unclear what accounts for the differences between these
findings and the present results. One factor is that the focused
recruitment of maltreated youths in the latter study might have led
to a more heavily traumatized sample and thus with more severe
endocrine alterations as compared with the present study. In
addition, the different assessment mode of childhood traumatic
experiences might have affected results, i.e., the study by White
et al. (72) used a multisource approach combining interview
data with information from youths' child protection files. Conversely,
it is also conceivable that childhood trauma-induced endocrine
alterations might not be fully sustained into adulthood, as
suggested by our results and those of Steudte et al. (48). Cortisol
secretion changes considerably over time in childhood compared
with adulthood, as brain structures continue to mature (73) and
possibly as children develop the requisite coping skills to limit
the impact of childhood experiences on the HPA axis.

Although women reported greater levels of perceived stress
and lower HCC compared with men in the current study, sex did
not influence the relation between childhood trauma and our out-
come measures. Greater self-reported stress in women versus
men is consistent with previous literature (55), as is lower HCC
(45,69,74), free salivary cortisol, total plasma, and circadian corti-
sol secretion (53,75,76).

As expected, those with CAD reported greater HCC compared
with non-CVD participants, indicating a potential role for cortisol
in CVD development and progression. Indeed, higher cortisol levels
have been associated with CVD risk factors, including atherosclero-
sis, hypertension, diabetes, obesity, and dyslipidemia (77–80).

Despite emerging data suggesting increased risk for CAD as a
function of childhood trauma (3,5–8), only physical abuse and
neglect were reported more frequently by CAD patients in the
current investigation. Methodological differences related to age and
timing of measure of childhood trauma may explain some of the
differences. In previous studies, childhood trauma was measured at
a younger age, which raises questions about memory bias.
Alternatively, the increased risk associated with childhood trauma
may not be limited to CAD specifically, as previous research has
found that childhood trauma may increase risk for other physical
or psychiatric diseases in adulthood (3,4).
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Several factors may limit the conclusions that can be drawn
from the current results. Hair characteristics (coloration, straight-
ening, washing frequency, etc.) were not assessed and may have
confounded the cortisol analyses (45,69,79,81). A large number
of individuals (n = 526) had hair that was too short to provide
a sample. These individuals differed significantly from those for
whom we did obtain samples on numerous sociodemographic,
medical, behavioral, and psychological variables (See Text, Supple-
mental Digital Content 1, which describes post-hoc analyses, http://
links.lww.com/PSYMED/A445). These differencesmay have affected
the cortisol outcomes. Childhood trauma history and perceived stress
levels were self-reported and retrospective. Presence of memory bias
is possible, particularly regarding childhood history of abuse and
neglect (82). Moreover, the timing and the duration of the trauma
experiences were not assessed, and these factors might have had
different effects on HPA-axis activity (73). An interview about
childhood abuse and neglect would have provided more compre-
hensive information. As can be seen from Table 1, our sample was
generally older and sicker than those from previous studies (46–48).
Furthermore, as CVD is a leading cause of death, participants
still alive may represent individuals who were resilient to the
effects of childhood trauma and other life stress. The cross-sectional,
retrospective design of our study limits any conclusions regarding the
causal relation between childhood trauma and stress experienced in
later adulthood. Finally, analyses may have revealed limited evidence
of moderation by age, sex, or CVD of the relations between
childhood trauma experiences and stress measures in adulthood
as a result of the low statistical power often associated with detecting
significant interaction terms.

On the other hand, the current study has several strengths, in-
cluding a large sample size and number of covariates assessed
and included in analyses. Assessment of long-term cortisol secre-
tion provides information on long-term cumulative cortisol secre-
tion, which may inform on the sustained effect of childhood
trauma on disease development and progression. The association
of childhood trauma and hair cortisol had been previously assessed
but three times in adult samples. Moreover, to our knowledge, this
study is the first to simultaneously evaluate the impact of child-
hood traumatic experiences on perceived stress andHCC in adults,
providing a fuller evaluation of the potential association or impact
of childhood trauma on stress regulation, and compared these out-
comes between CAD patients and non-CVD individuals.

In conclusion, our results suggest that childhood trauma is as-
sociated with greater reports of chronic stress among generally
older individuals with health issues but may have no lasting effect
on the activity of the HPA axis, at least as measured via HCC.
Given evidence that greater levels of self-perceived stress, espe-
cially in those who have experienced childhood trauma, may
increase risk for morbidity and mortality (68,83–87), preven-
tion and intervention seem essential. Promoting the development
of efficient coping skills from a young age, especially among
more vulnerable populations, may help decrease vulnerability
to stress in adulthood and prevent various stress-related health
problems. The benefits are not limited to young or healthy indi-
viduals however. Gulliksson et al. (88) have found in a large
sample of men and women experiencing CAD that stress man-
agement intervention lowered by 41% the rate of recurrent CVD
events and by 28% all cause mortality during a mean 94 months
of follow-ups.
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