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Abstract
Exposure to traumatic psychological stress increases risk for disease events and mortality in
patients with cardiovascular disease (CVD). While the biological mechanisms of these effects are
not known, inflammation may play a key role as it is both elevated by psychological stress and
involved in the development and progression of CVD. In a prospective study of patients with
stable CVD (n = 979), we examined if higher lifetime trauma exposure was associated with
elevated levels of inflammation at baseline and at five-year follow-up, and with greater increases
in inflammation over time. Inflammation was indexed by a composite score incorporating the
inflammatory markers interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), C-reactive protein
(CRP) and resistin. In follow-up analyses, we adjusted for sociodemographic factors, psychiatric
disorders and health behaviors that were significantly associated with trauma exposure. Higher
trauma exposure was associated with elevated inflammation at baseline (β = .09, p = .01) and at
five-year follow-up (β = .09, p = .03). While levels of inflammation increased from baseline to
follow-up in the sample, there was no significant association between trauma exposure and rate of
change in inflammation. Findings were robust to adjustments for sociodemographic factors and
psychiatric disorders, but health behaviors appeared to contribute to the association between
trauma and inflammation at follow-up. This is the first large-scale demonstration of an association
between lifetime trauma exposure and inflammation. High lifetime exposure to traumatic stress
may contribute to an accelerated rate of CVD progression through elevated inflammation.
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Most people encounter traumatic psychological stressors, involving threat to life or physical
integrity, at some point in the lifespan. Such exposures impact both the brain and peripheral
bodily systems and increase risk for psychiatric disorders (Brown et al., 2000; Gillespie et
al., 2009) as well as for the development and accelerated progression of chronic physical
diseases including cardiovascular disease (CVD)(Dong et al., 2004; Glaesmer et al., 2011;
Norman et al., 2006; Shedd et al., 2004; Spitzer et al., 2009; Tottenham & Sheridan, 2010).
While the pathway from traumatic psychological stress to adverse health outcomes remains
poorly understood, there is emerging evidence that inflammation plays a key role.

Both acute and chronic forms of psychological stress have been linked with elevated
inflammation (Hansel et al., 2010; Kiecolt-Glaser et al., 2003; Steptoe et al., 2007), and
elevations in inflammation in turn have been implicated in the development and progression
of many chronic diseases including CVD (Harris et al., 1999; Libby, 2002; Libby et al.,
2011; Volpato et al., 2001). To date, however, only a small literature has examined the
relationship between exposure to traumatic stress and inflammation, independent of post-
traumatic stress disorder (Danese et al., 2007; Dekaris et al., 1993), and no studies have
examined this association in patients with CVD, a population for whom inflammation has
particular relevance as a promoter of disease progression and a predictor of mortality
(Libby, 2006).

A few lines of investigation indicate that traumatic stress exposure is associated with
elevated inflammation. First, individuals with post-traumatic stress disorder (PTSD) have
been shown to have elevated inflammation in several studies (Spitzer et al., 2010; von Kanel
et al., 2010; von Kanel et al., 2007). Second, research has indicated that exposure to specific
forms of traumatic stress is associated with elevated inflammation. For example, one large-
scale prospective study showed that individuals exposed to two or more forms of severe
maltreatment in childhood had significantly higher levels of the systemic inflammatory
marker C-reactive protein (CRP) in adulthood (Danese et al., 2007). Other studies have also
linked severe adverse early life events with elevated inflammation in adulthood (Carpenter
et al., 2010; Kiecolt-Glaser et al., 2011). Moreover, a handful of studies with small samples
have examined the impact of specific types of adulthood trauma on inflammation. The
results of these studies likewise indicate that exposure to traumatic events such as being a
prisoner of war or a victim of intimate partner violence is associated with elevated
inflammation (Dekaris et al., 1993; Woods et al., 2005). However, the focus of these studies
on the presence or absence of a single type of trauma limits the extent to which conclusions
can be drawn about the effects of trauma exposure more generally. Furthermore, to our
knowledge, no studies have examined the relationship between cumulative lifetime trauma
exposure and inflammation.

There are a number of factors that may contribute to any observed association between
traumatic stress and inflammation. First, several sociodemographic factors may predispose
individuals to both trauma (e.g., neighborhood violence) and elevated inflammation through
exposure to chronic psychological stressors that are known to impact inflammation (e.g.,
financial strain, discrimination) (Carroll et al., 2011; Morozink et al., 2010; Nazmi &
Victora, 2007). Second, in a sizeable minority of cases, exposure to traumatic stress results
in post-traumatic stress disorder (PTSD), major depression, or clinically high levels of
anxiety (Breslau et al., 1999; Glover et al., 2010; Maes et al., 2000) and all of these
disorders have been linked with elevated inflammation in physically healthy individuals
(Hoge et al., 2009; Miller et al., 2002; O’Donovan et al., 2010; O’Donovan et al., 2011b),
and in some but not all samples of patients with CVD (Ferketich et al., 2005; von Kanel et
al., 2010; Whooley et al., 2007). Third, trauma-exposed individuals with and without
psychiatric disorders are more likely to engage in potentially harmful behaviors that would
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increase inflammation (e.g., smoking, substance use) and less likely to engage in healthful
behaviors that would reduce inflammation (e.g., physical exercise, medication adherence,
sleep) (Bermudez et al., 2002; Cottler et al., 1992; de Assis et al., 2008; Feldner et al., 2007;
Llabre & Hadi, 2009; Prather et al., 2009; Shemesh et al., 2004). In the present study of
patients with stable CVD, we examined if higher lifetime trauma exposure is associated with
elevated levels and a faster rate of increase in inflammation. We also evaluated the role of
sociodemographic factors, psychiatric disorders, and health behaviors as contributors to the
relationship between lifetime trauma exposure and inflammation.

Methods
Participants

The Heart and Soul Study is a prospective cohort study designed to determine the
mechanism of association of psychological factors with risk of CVD events and mortality in
patients with stable CVD. Administrative data were used to identify outpatients with
documented CVD at two Department of Veterans Affairs Medical Centers (San Francisco
VA Medical Center and the VA Palo Alto Health Care System, California), one University
medical center (University of California, San Francisco), and nine public health clinics in
the Community Health Network of San Francisco. Patients were eligible to participate if
they had known CVD documented by at least one of the following: a history of myocardial
infarction, angiographic evidence of ≥50% stenos is in one of more coronary vessels, prior
evidence of inducible ischemia by treadmill or nuclear testing, or a history of coronary
revascularization. A total of 1024 participants were enrolled (age range: 45–90 years) and
methods have been described previously (Whooley et al., 2008). Five participants were
excluded from the present analyses because of missing data on traumatic stress exposure,
leaving 1,019 participants of whom an additional 40 were missing data on some
inflammatory markers. Thus, our baseline sample for examining the effects of traumatic
stress exposure on inflammation was 979. Five-year follow-up data on all inflammatory
markers was collected for 626 patients with baseline trauma data and prospective
associations are based on this smaller number of participants. This follow-up sample
includes 76% of the 829 members of the baseline cohort who were surviving at the time of
the follow-up examination.

Procedure
Study participants were instructed not to take aspirin for 1 week, not to eat for 12 hours
(except for medications, which they were instructed to take with water), and not to smoke
for 5 hours before their study appointments at baseline and at follow-up five years later. If
patients had any indicators of recent acute infection, their appointment was rescheduled. At
their appointments, participants donated morning blood samples and completed standardized
assessments of lifetime trauma exposure, demographic details, psychiatric disorders, and
health behaviors and had a thorough clinical review. On the same day, participants
underwent resting echocardiogram and exercise treadmill test with a stress echocardiogram.

Methods
Predictor Variable: Traumatic Stress Exposure—Patients reported history of
exposure to 18 different types of traumatic events from the Computerized Diagnostic
Interview Schedule for the Diagnostic and Statistical Manual-IV (CDIS), a validated
computer-based interview, which was administered by trained and calibrated research
personnel (Robins et al., 1981). Questions refer to a broad range of traumatic events, which
are summarized in Table 1. All responses were coded yes/no, and a cumulative trauma
exposure score was calculated (range 0 to 18).
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Outcome Variable: Inflammation—Fasting venous blood samples were collected from
the antecubital vein, using a 21-gauge butterfly needle, and placed into serum separator
tubes. Serum was then was separated by centrifugation, aliquotedin to individual cryovials
and stored at −70° until time of assay. Levels of IL-6, TNF-α, CRP, and resistin were
measured in serum derived from these samples at baseline and at five-year follow-up. A
Quantikine High Sensitivity Immunoassay kit was used to assess serum concentration of
IL-6 (R&D Systems, Minneapolis, MN, USA). The inter-assay CV for the IL-6 assay ranged
from 6.5% to 9.6%. The Human Serum Adipokine Panel B LINCO plex Kit (Linco
Research, Inc., St. Charles, MO) was used to measure TNF-α. The inter-assay CV for the
TNF-α assay ranged from 5.8% to 10.5%. High-sensitivity C-reactive protein levels were
measured using the Roche Integra assay (Indianapolis, Indiana) in the first 229 participants
and (due to a change in the laboratory) the Beckman Extended Range assay (Galway,
Ireland) in the remaining samples. Results from these two assays were highly correlated (r =
0.99 in 185 participants). The Roche Integra hsCRP assay had an inter-assay coefficient of
variation (CV) of 3.2%. The Beckman Extended Range hsCRP assay had an inter-assay CV
of 6.7%. The Linco Adipokine Panel A multiplex immunoassay was used to measure serum
resistin concentrations (Linco Research, Inc., St. Charles, MO). The inter-assay coefficient
of variation was 19.7% to 20.4% at a mean resistin level of 8.7 to 8.8 ng/mL. Each sample
was assayed in duplicate for all measures, and the average of the 2 measurements was
reported. The technicians who performed the assays were blinded to patient characteristics.
All of the inflammatory markers IL-6, TNF-α, CRP, and resistin were non-normally
distributed and were log transformed to produce a normal distribution.

Demographics—Participants completed standardized questionnaires to determine age,
sex, ethnicity, income, and highest education level achieved.

Cardiovascular Disease Severity—Participants underwent resting echocardiography
using an Acuson Sequoia Ultrasound System with a 3.5 MHz transducer (Siemens,
Mountain View, California). Standard 2-dimensional views were obtained and planimetry
with a computerized digitization system was used to determine left-ventricular ejection
fraction (LVEF). We defined systolic dysfunction as LVEF ≤ 50%(De Keulenaer &
Brutsaert, 2007). Participants also completed a symptom-limited, graded exercise treadmill
test according to a Standard Bruce Protocol. Participants were asked to walk on a treadmill
beginning at a workload of 20 to 30 watts and increasing by 20 to 30 watts every 3 minutes
until reaching dyspnea, symptom-limited fatigue, chest discomfort, or electrocardiographic
changes suggestive of ischemia. To achieve maximum heart rate, participants who were
unable to continue the Standard Bruce protocol (for orthopedic or other reasons) were
switched to slower settings on the treadmill and encouraged to exercise for as long as
possible. Total exercise capacity was estimated in metabolic equivalent tasks (METs)
achieved. At peak exercise, the development of right or left ventricular dilatation or wall
motion abnormalities was detected; inducible ischemia was defined as the presence of new
wall motion abnormalities at peak exercise that were not visualized on the baseline rest
echocardiogram. Results from all echocardiograms were interpreted by an expert
echocardiographer. Methods for these tests have been described in depth elsewhere (Beattie
et al., 2003; Gehi et al., 2008).

Comorbidities—Kidney dysfunction was indexed by creatinine clearance and cystatin C
levels. Creatinine clearance was assessed from a 24-hour urine sample collected by
participants and was calculated using the following formula: urine creatinine (mg/dl) * 24-h
urine volume (dl)/serum creatinine (mg/dl) * 1440 (min/d). Serum cystatin C was assessed
with a BNII nephelometer (Dade Behring, Inc., Deerfield, IL) with a particle-enhanced
immunonephelometric assay (N Latex Cystatin C, Dade Behring, Inc.). Methods for
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creatinine clearance and cystatin C assessments have been described elsewhere (Ix et al.,
2003). Participants self-reported on their history of diabetes, neurodegenerative disease,
cancer and cardiovascular revascularization including coronary artery bypass graft (CABG)
or percutaneous transluminal coronary angioplasty (PTCA) placement.

Medications—Participants were instructed to bring their medication bottles to their
appointment, and study personnel recorded all current medications, which were
subsequently categorized using Epocrates Rx (San Mateo, California). We examined use of
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins), aspirin, β-blockers,
renin-angiotensin inhibitors and corticosteroids.

Psychiatric Diagnoses—Participants were assessed for PTSD, major depression, and
anxiety disorders based on criteria outlined in the Diagnostic and Statistical Manual-IV
using the CDIS, a validated, standardized psychiatric interview (Robins et al., 1981). For the
present study, the CDIS was administered by trained research personnel who attended a
four-day CDIS training sessions that included observed interviews to standardize
administration. The CIDS has been widely used in epidemiologic studies and has shown
good concordance among lay and clinical interviewers (Breslau et al., 1999; Kulka et al.,
1988).

Health Behaviors—Standardized questionnaires were used to assess health behaviors,
including tobacco use, illicit substance use, alcohol use, physical activity, and medication
adherence (Cohen et al., 2009; Whooley et al., 2008). To evaluate illicit substance abuse,
participants were asked, “Has a doctor or nurse ever told you that you have drug addiction/
abuse?” Alcohol use was measured with the AUDIT-C, a validated screening questionnaire
that uses three questions to assess frequency and amount of alcohol use and yields a total
score of 0–12. Regular alcohol use was defined as a score of >3 (Bush et al., 1998).
Participants were asked to indicate on a 5-point Likert Scale how physically active they had
been in the previous month based on their engagement in vigorous physical activity for at
least 15 – 20 minutes at a time: not at all; a little (1 – 2 times); fairly (3 – 4 times); quite (1 –
2 times per week); very (3 – 4 times per week); or extremely (more than 5 times per week)
and were coded as inactive if they were not at all or a little active. Medication adherence
was assessed by asking how often patients took their medications as prescribed in the
previous month: all of the time (100%); nearly all of the time (90%); most of the time
(75%); about half of the time (50%); or less than half the time (<50%) and were coded as
non-adherent if they took their prescribed medications 75% or less of the time (Gehi et al.,
2007). Poor sleep quality was defined as a self-rating of very bad or fairly bad sleep quality
on a 5-point scale ranging from very bad to very good. BMI was measured by trained
technicians and was calculated as weight in kilograms divided by the square of height in
meters.

Data Analysis
The sum of log-transformed and z-scored IL-6, TNF-α, CRP and resistin at baseline and
follow-up were used as indices of inflammation. Our primary analytic strategy consisted of a
series of linear regression models assessing the associations between lifetime trauma
exposure and baseline, follow-up, and rate of change over time in, inflammation. We also
tested for the presence of non-linear relationships between trauma exposure and
inflammatory activity using a linear regression model that includes a quadratic trauma
exposure term and by using the “gam” (generalized additive model) module in Stata 12.0,
which employs cubic smoothing splines. In secondary analyses, we repeated our linear
regression models to examine associations between trauma exposure and the individual
inflammatory markers IL-6, TNF-α, CRP and resistin. As appropriate based on associations
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with lifetime trauma exposure, we adjusted for age, gender, markers of disease severity and
comorbidities in the first step of all models and included sociodemographic factors (income,
education, ethnicity), psychiatric disorders (PTSD, major depression and generalized anxiety
disorder), and health behaviors (BMI, smoking, physical activity, illicit drug use, medication
adherence, and sleep quality) sequentially to the models to examine if they accounted for the
observed relationship between trauma and inflammation.

T-tests and chi-square tests were used to assess group differences in trauma exposure and
Pearson’s correlations were used to examine associations between trauma exposure and
potential continuous variables. Paired samples t-tests were used to examine absolute change
in the inflammatory index and in the individual inflammatory markers over time. The
threshold for statistical significance was set at p< .05 for primary and secondary analyses.
However, we set a conservative threshold of p < .10 for the inclusion of covariates
associated with lifetime trauma exposure. We included only participants who had complete
data for trauma exposure and all inflammatory markers in our analyses. SPSS 18.0 (IBM
Inc.) was used for all analyses and Stata 12 was used to create the figures.

Results
Participant Characteristics

Sample characteristics for participants with complete data on trauma and inflammation at
baseline (n = 979) and follow-up (n = 626) are displayed in Table 2. At baseline, a large
majority of participants in the sample endorsed at least one category of trauma (970/979;
99%). The median number of categories of trauma endorsed was 5 and the range was from 0
to 17 categories. Compared to the group of participants not available at follow-up, those
available at follow-up had lower lifetime trauma exposure (t = −2.95, df = 1017, p = .003),
younger age (t = −3.17, df= 1017, p = .002), higher exercise capacity (t = 7.74, df = 939, p
< .001), less ischemia (t = 3.36, df = 934, p = .001), higher ejection fraction (t = −3.01, df =
1015, p = .003), and lower levels of inflammation (t = 6.34, df = 977, p< .001). However,
groups of participants available versus not available at follow-up were not significantly
different from one another in gender composition or mean BMI.

At baseline, higher lifetime trauma exposure was associated with younger age and male
gender as well as with greater prevalence of arthritis, gout or chronic joint problems and
neurodegenerative disease at p < .10. These were therefore adjusted in all models of baseline
and change over time. There were no associations between trauma exposure and kidney
dysfunction, diabetes, history of cancer, or cardiovascular revascularization (CABG or
PTCA). At follow-up, higher lifetime trauma exposure was associated with age, sex and use
of statins and renin-angiotensin inhibitors at p < .10, and these were therefore adjusted in all
models of follow-up. Trauma exposure was not associated with greater prevalence of
comorbidities at follow-up or with a history of cardiovascular revascularization.

Traumatic Stress and Inflammation
Table 3 displays the results of our primary and secondary analyses of associations between
traumatic stress exposure and inflammation. Higher lifetime trauma exposure was associated
with elevated inflammation at baseline and at five-year follow-up, adjusting for potential
confounds (Figure 1). Over time, the sample as a whole exhibited significant increases in
inflammation, t (625)= −3.98, p< .001. However, while there was a tendency for higher
trauma exposure to be associated with a greater increase in inflammatory activity from
baseline to five-year follow-up, this effect was not statistically significant. Follow-up
analyses indicated that nonlinear models did not provide significantly better model fit to the
data than the linear models.
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In our secondary analyses, trauma exposure was associated with significantly elevated levels
of IL-6, CRP and resistin at baseline and with significantly higher levels of CRP and a trend
towards higher levels of resistin at follow-up.

The Contribution of Sociodemographic Factors, Psychiatric Disorders and Health
Behaviors

Next, we examined the contribution of sociodemographic factors, psychiatric disorders and
health behaviors to the association between trauma exposure and inflammation. Of the
potential sociodemographic risk factors and correlates of trauma exposure, higher lifetime
trauma exposure was associated with non-White ethnicity and lower than high school
educational attainment at both baseline and follow-up, but there were no differences in
trauma exposure between participants with and without a household income <$20,000 per
year. After additional adjustment for White versus non-White ethnicity and education, the
association between lifetime trauma exposure and inflammation remained significant at
baseline, FChange (1,965) = 7.95, β = .09, SE = .03, p = .005, and at five-year follow-up,
FChange (1,611) = 4.89, β = .09, SE = .03, p = .03, and the association with change over time
remained non-significant, FChange (1,613) = 1.92, β = .05, SE = .03, p = .17.

Participants with a current diagnosis of PTSD, major depression, or generalized anxiety
disorder reported significantly higher lifetime trauma exposure. However, even after
additional adjustment for these diagnoses, the association between lifetime trauma exposure
and inflammation remained significant at baseline, FChange (1,961) = 10.49, β = .11, SE = .
03, p = .001, and at five-year follow-up, FChange (1,611) = 5.09, β = .10, SE = .04, p = .02,
and the association with change over time remained non-significant, FChange (1,610) = 1.76,
β = .05, SE = .04, p = .19. The same pattern emerged if we controlled for lifetime history
instead of current diagnosis.

Finally, we assessed the contribution of health behaviors to our models. Higher lifetime
trauma exposure was associated with more tobacco use, poorer sleep quality, and illicit drug
use at baseline and follow-up, but there were no significant associations between trauma
exposure and physical inactivity, alcohol use, adherence to medication regimens or BMI.
After additional adjustment for tobacco, drug use and sleep quality, the association between
lifetime trauma exposure and inflammation remained significant at baseline, FChange (1,956)
= 7.76, β = .09, SE = .03, p = .005, but became non-significant at five-year follow-up,
FChange (1,576) = 2.37, β = .07, SE = .05, p = .12, and the association with change over time
remained non-significant, FChange (1,605) = 1.64, β = .05, SE = .04, p = .20.

Discussion
This study is the first large-scale demonstration of an association between higher lifetime
cumulative trauma exposure and elevated inflammation. Importantly, the present study was
conducted in a sample of patients with CVD for whom stress-related elevations in
inflammation have particular clinical relevance because inflammation is both a mechanism
of accelerated CVD progression and a strong predictor of adverse CVD events and mortality
(Harris et al., 1999; Libby, 2002; Libby et al., 2011; Volpato et al., 2001). Results
specifically indicate that higher lifetime trauma exposure is associated with elevated
inflammation as indexed by the combination of IL-6, TNF-α, CRP and resistin, each of
which is individually associated with an accelerated rate of CVD progression (Cesari et al.,
2003; Dunlay et al., 2008; Jamaluddin et al., 2011; Reilly et al., 2005; Tuomisto et al., 2006;
Volpato et al., 2001). The association between lifetime trauma exposure and inflammation
was independent of sociodemographic factors and psychiatric disorders. However, we found
some limited evidence that poor health behaviors may contribute to the relationship between
trauma and inflammation.
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The present results expand upon findings indicating that exposure to specific types of
traumatic stress is associated with elevated basal and reactivity levels of inflammation in
later life (Carpenter et al., 2010; Danese et al., 2007; Dekaris et al., 1993; Kiecolt-Glaser et
al., 2011; Woods et al., 2005). Our data extend this literature by suggesting that cumulative
exposure to different categories of trauma across the lifespan is also associated with elevated
inflammation. In particular, our results indicate that higher cumulative lifetime trauma
exposure is associated with elevated inflammation at baseline and at five-year follow-up in a
sample of older adults with CVD. Prior evidence indicates that cumulative stress exposure
has the most potent and enduring negative effects on psychological and biological systems
(Breslau et al., 1999; O’Donovan et al., 2011a; Schnurr et al., 1998; Shrira et al., 2010). In
line with these studies, our results indicate that different types of traumatic life experiences
may have additive effects on inflammation.

Sociodemographic factors, psychiatric disorders, and health behaviors as measured in the
present study accounted for some, but not all variance, in the relationship between traumatic
stress and inflammation in our sample. Thus, the complete pathway from traumatic stress to
elevated inflammation remains unclear. One alternative pathway is through altered neural
and peripheral stress responses. Trauma exposure impacts neural systems, leading to
structural and functional abnormalities in the hippocampus, amygdala and prefrontal cortex
(Tottenham & Sheridan, 2010). Trauma exposure also influences cognitive-behavioral
responses related to these neural systems, and exaggerated threat perception has been
observed in individuals exposed to trauma in childhood (Pole et al., 2007) or in adulthood
(Lindstrom et al., 2011). Threat, in turn, is a key feature of psychological stressors that elicit
biological stress responses, including hypothalamic pituitary adrenal (HPA) axis,
sympathetic nervous system (SNS) and inflammatory systems responses, leading to
increases in levels of the glucocorticoid hormone cortisol, catecholamines, and
inflammatory cytokines (Blascovich & Mendes, 2010; Dickerson et al., 2009; Dickerson &
Kemeny, 2004; Steptoe et al., 2007; van Marle et al., 2009). In the setting of repeated and
prolonged stress reactivity, basal levels of inflammation may become chronically elevated
(Kiecolt-Glaser et al., 2002; Kiecolt-Glaser et al., 2003). Thus, one potential pathway from
trauma exposure to elevated inflammation is through exaggerated threat perception and
associated repeated and prolonged activation of the inflammatory response.

Limitations
The present findings should be interpreted in the context of a number of limitations.
Lifetime traumatic stress exposure is difficult to measure, particularly in a large sample.
While the present retrospective assessment method for traumatic stress used a validated
measure and permitted the collection of trauma exposure data for a relatively large sample
of patients with CVD, it did not yield details on perceived severity of the trauma or on
reactions to traumatic events. Lifetime trauma exposure was also considerably higher in our
sample than in previous reports (Breslau, 2002; Breslau et al., 1999; Kessler, 2000; Resnick
et al., 1993; Stein et al., 2000). However, this high rate of trauma exposure can be explained
by several factors. First, the mean age of our cohort is above 65, which is higher than prior
studies. As cumulative exposure to traumatic events increases with age, being 60% by age
35 in one study, it can be expected that an older cohort will have a higher prevalence of
events (Breslau et al., 1997). Second, our trauma measure was derived from DSM-IV, which
is a measure that typically shows a higher rate of trauma exposure due to its expanded list of
potential traumatic events, some of which were particularly prevalent in our sample
(Breslau, 2002). For example, the unexpected death of a close friend or relative was
endorsed by 75% of our sample; life-threatening illness was endorsed by 54% of our
sample; and exposure to a natural disaster was endorsed by 79% of our Bay Area sample,
many of whom may have been exposed to the 1989 Bay Area earthquake. We also did not
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collect information on either age at trauma exposure, number of exposures to each specific
type of trauma or severity of traumatic events, each of which is likely to play an important
role in the relationship between trauma exposure and inflammation (Danese et al., 2007;
Kaysen et al., 2010).

Given that the majority of our participants were male, we had limited power to assess gender
differences in the relationship between traumatic stress and inflammation. However, the
present study is the first to investigate the relationship between cumulative traumatic stress
exposure and inflammation and suggests that further research in males and a larger sample
of females is warranted. We lost a number of participants from baseline to follow-up,
primarily due to a high mortality rate in the cohort. However, a large majority (76%) of the
Heart and Soul cohort alive at the follow-up time point were included in our analyses.
Finally, as our sample includes older and mostly male patients with CVD, it is unclear to
what extent the findings are generalizable to a healthy older sample or to younger subjects.

Conclusion
The present study indicates that higher lifetime exposure to traumatic psychological stress is
associated with elevated levels of inflammation in patients with CVD. Inflammation is a
potentially modifiable risk factor for CVD and other chronic illnesses, as well as a potential
treatment target in patients with CVD. Therefore, a better understanding of how
psychological trauma influences inflammation could lead to new methods to improve the
long-term health of patients who experience traumatic events. In sum, the psychological,
behavioral and biological sequelae of traumatic psychological stress may persist across the
lifespan and have an important influence on health in later life.
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Research Highlight

Cumulative lifetime traumatic stress exposure is associated with elevated inflammation in
patients with cardiovascular disease.
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Figure 1.
Figures 1a, 1b and 1c. Figures 1a, 1b and 1c illustrate the relationship between lifetime
trauma exposure and inflammation with a line graph created using a running line smoother.
1a shows baseline inflammation, 1b shows follow-up inflammation, and 1c shows change
over time. Shaded areas represent 95% point wise confidence intervals, which represent
dispersion at individual points in the curve. Note that there are few participants at the
extreme ends of low and high lifetime trauma exposure, and that non-linear models did not
provide significantly better model fit to the data than non-linear models.
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Table 1

Summary description of items on the lifetime trauma exposure measure

Item # Item Description

During time in combat:

1. Has been held captive/tortured

2. Has been wounded

3. Has seen someone seriously injured/killed

4. Has unexpectedly discovered dead body

In non-combat situations:

5. Has been shot or stabbed

6. Has been mugged/threatened with a weapon or robbed

7. Has been raped/sexually assaulted by a relative

8. Has been raped/sexually assaulted by a non-relative

9. Has been in a disaster

10. Has been exposed to radiation/dioxin/other dangerous materials

11. Has been experienced an unexpected, sudden death or a close friend/relative

12. Has been held captive/tortured/kidnapped

13. Has been diagnosed with a life-threatening illness

14. Has been in a serious accident

15. Has seen someone seriously injured/killed

16. Has unexpectedly discovered a dead body

17. Learned that any of these terrible things happened to a close friend/relative

18. Had other terrible experiences
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Table 2

Sample characteristics at baseline and follow up

Baseline Association with trauma Follow-up Association with trauma

N = 979 p N = 626 p

Age M (SD) 66.72 (10.95) <.001 70.97 (10.21) .01

Sex (male) 797 <.001 514 (82) .001

Lifetime Trauma M (SD) 5.64 (2.78) -- 5.48 (2.67) --

LVEF ≤50% 116 (12) .75 85 (14) .22

Exercise capacity M (SD) 7.31 (3.53) .62 6.73(3.02) .12

Inducible ischemia M (SD) 217 (23) .35 150 (24) .39

CABG 349 (36) .55 232 (37) .99

PTCA 381 (40) .41 271 (43) .18

Creatinine clearance M (SD) 81.07 (28.77) .25 70.36 (25.91) .36

Cystatin-C M (SD) 1.20 (.56) .72 1.00 (.46) .25

Diabetes 258 (27) .41 181 (29) .81

Arthritis/Gout/Joint Problems 531 (55) .004 351 (56) .15

Cancer 59 (6) .34 50 (8) .88

Neurodegenerative Disease 7 (1) <.001 9 (1) .21

Medications

 Statins 630 (66) .21 156 (25) .03

 Aspirin 757 (79) .87 456 (73) .79

 β-blockers 563 (59) .83 421 (67) .96

 Renin-angiotensin Inhibitor 502 (52) .55 409 (65) .08

 Steroids 22 (2) .64 24 (4) .97

Education (< High School) 300 (31) .02 166 (27) .08

Low Income (< $20k/year) 470 (49) .20 242 (39) .69

White 593 (61) .004 378 (60) .01

Tobacco use 194 (20) <.001 88 (13) .001

Poor sleep quality 272 (28) .001 195 (31) .003

Physical inactivity 358 (37) .17 248 (40) .10

Alcohol use 285 (30) .86 175 (28) .75
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Baseline Association with trauma Follow-up Association with trauma

N = 979 p N = 626 p

Illicit drug use 69 (7) <.001 35 (6) <.001

Medication non-adherence 79 (8) .33 45 (7) .48

BMI M (SD) 28.43 (5.37) .10 28.62 (5.52) .18

PTSD 89 (9) <.001 29 (5) .007

Depressive disorder 216 (23) <.001 66 (11) .003

Generalized anxiety disorder 104 (11) .02 21 (3) .03

Interleukin-6
Median (IQR)

2.62 (1.62–4.20) .04 3.22 (2.17–5.47) .15

Tumor necrosis factor-α
Median (IQR)

3.78 (2.56–5.61) .99 5.52 (4.02–7.38) .42

C-reactive protein
Median (IQR)

2.27 (.92–4.96) .08 1.40 (.67–3.61) .74

Resistin
Median (IQR)

8512.25 (5785.54–12121.52) .13 15,971.34 (11,880.58– 22,174.35) .26

Notes. Numbers refer to n (%) unless otherwise specified. BMI = body mass index; CABG = coronary artery bypass graft surgery; IQR =
interquartile range; LVEF = left ventricular ejection fraction; M = mean; SD = standard deviation; MET = metabolic equivalent of task; PTCA =
Percutaneous transluminal coronary angioplasty; PTSD = post-traumatic stress disorder. T-tests were used to calculate differences between
dichotomous groups in trauma exposure. Pearson’s correlations were used to calculate associations between trauma exposure and continuous
variables. P values are all based on unadjusted models. Medians and interquartile ranges for interleukin-6, tumor necrosis factor-α, C-reactive
protein and resistin are based on raw data, but the p values for unadjusted associations with trauma exposure are based on log-transformed data.
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