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Abstract
Although depression is often associated with a reduction in cellular immune responses, other types
of emotional disturbance and psychopathology can activate certain aspects of immunity. Activation
markers on T cells, in particular, have been found to be elevated in post-traumatic stress states.
However, little is known about the relationship between the severity of PTSD symptoms and the
degree of change in T cell phenotypes, or about the potential role of neuroendocrine factors in
mediating the association. Twenty-four women with a history of sexual trauma during childhood,
including 11 who met diagnostic criteria for PTSD, were compared to 12 age-matched, healthy
women without a history of maltreatment. The women provided fasted blood samples for
enumeration of cell subsets by immunofluorescence and 24-hour urine samples for analysis of
catecholamine and cortisol levels. The percent of T cells expressing CD45RA, an early activation
marker, was higher in the PTSD diagnosed women, and the levels correlated positively with intrusive
symptoms and negatively with avoidant symptoms. These alterations in cell surface markers did not
appear to be mediated by norepinephrine (NE) or cortisol, making them a distinctive and independent
biomarker of arousal and disturbance in PTSD.

1. Introduction
Post-traumatic stress disorder (PTSD) is an anxiety disorder characterized by intrusive recall
of a prior trauma, active avoidance of reminders of the traumatic events, and heightened
autonomic arousal (American Psychiatric Association, 1994). Affected individuals vacillate
between periods of high arousal, accompanied by flashbacks or unwanted memories, and
behavioral efforts to avoid reminders of the original trauma (Horowitz, 1976; van der Kolk,
1987). By its very nature, PTSD is experienced as a dynamic and highly individualized
disorder. Two patients with similar overall symptom severity may present quite differently:
one showing a preponderance of intrusive symptoms, while another manifests more avoidant
symptoms. Thus, some have argued that a greater appreciation of the individual variation in
these psychological features is critical for understanding the PTSD patient (Foa et al., 1995).
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We hypothesized further that variability in presentation might shed light on the neuroendocrine
and immune correlates of PTSD.

Many researchers have reported that individuals with PTSD have a unique neuroendocrine
profile, which is often characterized by elevated norepinephrine (NE) in conjunction with low
or slightly below normal cortisol levels, although some also have found elevated cortisol
(Carrion et al., 2002; Heim et al., 2001; Mason et al., 1988; Oquendo et al., 2003; Yehuda et
al., 1994). A growing literature also indicates that a chronic disturbance of immune regulation
can accompany PTSD, including abnormal numbers and types of T lymphocytes in circulation.
For example, Woods et al. (2005a) found that PTSD symptoms induced by interpersonal
violence were correlated with the absolute number of CD4+ and CD8+ cells in a symptom-
specific manner. Intrusive symptoms were positively associated with CD4+ numbers, but not
CD8+ cells, whereas avoidance was positively linked to both CD4+ and CD8+ cells.

In addition, a history of childhood sexual abuse may continue to affect T cell number and
activity in adulthood via the persistence of PTSD symptoms. The severity of the PTSD appears
to drive the relationship between an abuse history and the increased production of IFN-gamma
by T cells (Woods et al., 2005a). Moreover, a study of 10 adult women with a current diagnosis
of PTSD secondary to childhood sexual trauma found an elevated ratio of CD45RO+/CD45RA
+ lymphocytes, suggestive of chronic immune activation (Wilson et al., 1999). In general, these
immune findings concur with other surveys of larger samples, which indicated that a history
of childhood trauma was associated with higher lymphocyte counts later in adulthood (Surtees
et al., 2003). One possible functional significance for these phenotypic changes was suggested
by the fact that women with PTSD related to childhood sexual abuse evince larger delayed
type hypersensitivity responses (DTH) (Altemus et al., 2003), a cutaneous reaction involving
both T regulatory and effector cells (Li et al., 1994; Werfel et al., 1995).

The number of T cells in circulation has been determined in several aroused and traumatized
populations both with and without PTSD diagnoses (Ironson et al., 2007). For example, an
elevated CD4/CD8 cell ratio -- both at baseline and following a laboratory challenge -- was
seen in women experiencing post-traumatic stress symptoms related to a diagnosis of cancer
in their children (Glover et al., 2005). In contrast, following sustained exposure to an
environmental disaster, both CD4+ and CD8+ lymphocytes were reduced in a community
survey after Hurricane Andrew when compared to normative values in the laboratory control
subjects (Ironson et al., 1997). Immune evaluations of Vietnam veterans with a current PTSD
diagnosis have yielded more mixed results, with some investigators reporting lower
lymphocyte counts and a tendency for reduced CD4+ and CD8+ cell percentages (Boscarino
and Chang, 1999), while others failed to replicate those results (Laudenslager et al., 1996).
Given the mixed results, it seemed of value to continue investigating how these immune
alterations generalize across different types of trauma, and especially to consider the
relationship to the profile of symptoms.

There have actually been very few studies that simultaneously examined diagnostic category,
symptom presentation, and the mediating role of neuroendocrine factors on the immune
disturbance. Our primary aim was to examine the relative contribution of intrusive thought,
distress, and avoidance, important components of PTSD in women with a history of childhood
maltreatment (Antelman et al., 1997; Horowitz, 1976), and to replicate the evidence for chronic
immune activation (Wilson et. al., 1999). A secondary goal was to examine the potential
neuroendocrine mediation. Intrusion was hypothesized a priori to be an important negative
predictor on the basis of its effects on number of natural killer cells (NK) (Ironson et al.,
1997) and expression of IL-2 receptors on lymphocytes (La Via et al., 1996). It was also
important to determine whether concurrent changes in neuroendocrine activity, specifically,
abnormal levels of NE or cortisol, accounted for the aberrant lymphocyte profile. Other
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conditions that increase autonomic activity, including vigorous exercise and preeclampsia
during pregnancy, lead to increases in T cell activation markers, including naïve CD45RA+,
memory CD45RO+, and the transitional CD45RA+CD45RO+ cells (Chaiworapongsa et al.,
2002; Chavance et al., 1993; Gabriel et al., 1993; Hong et al., 2004; Kryzywkowski et al.,
2001; Sondergaard et al., 2000). A mediating role for cortisol has also been implicated in
Vietnam veterans with PTSD, who were found to have high levels of glucocorticoid receptors
(GR) on their lymphocytes, suggestive of an upregulation in response to chronically low
cortisol (Yehuda et al., 1991). However, attempts to replicate that result after the Bosnian
conflict revealed that Croatian combat veterans with PTSD actually had the opposite profile
with elevated cortisol levels and reduced GR receptors on lymphocytes (Gotovac et al.,
2003). These inconsistencies may be explained by recent research indicating that both hormone
and immune effects vary with the type of the trauma, the passage of time since the traumatic
event, as well as the severity of symptoms (Kawamura et al., 2001; Yehuda, 2003). It seemed
imperative to determine if symptom presentation and severity helped to explain the degree of
lymphocyte activation, and to verify if the immune changes were dependent upon abnormal
neuroendocrine activity.

2. Methods
2.1. Participants

Thirty-six women with or without a history of childhood maltreatment participated in this
study. Participants were recruited through advertisements placed in local newspapers or
announcements in specialized treatment centers. The study was described in all advertisements
as a study of “the effects of women’s early experiences on adult mental and physical health”.
Phone interviews were conducted to screen for eligibility. The newspaper advertisements for
control and abused participants indicated we were looking for women who were between 18-40
years of age, menstruating regularly, non-medicated and willing to provide blood and urine
samples. When recruiting non-abused controls, the callers were informed that we sought to
evaluate women who had never experienced any unwanted sexual contact prior to 18 years of
age either within or outside of the home. The only difference in the advertisement for controls
was the absence of the words “sexual abuse survivors” in the title. Both advertisements also
indicated that an examination by medical staff would be included. After being screened as a
likely candidate meeting criteria, all participants completed the PTSD Symptom Scale, a
validated and standardized interview that assesses 17 DSM-III-R symptoms of PTSD (Foa et
al., 1993; Foa et al., 1995).

A total of 72 women were initially screened (mean age = 30.3, SD = 6.4 years). Half were not
included because of rigorous exclusion criteria, including the presence of any current physical
disease or use of any medication with immune-modulating effects, as determined by self-report
and a review of the medical interview by a physician (MC). All participants were completely
medication free at the time of testing. Any woman who had experienced a traumatic event or
major life stressor (e.g., divorce, death of a close family member, crime victimization, major
medical illness, job loss) within the previous 12 months was also excluded. None of the
participants were pregnant, within one year of giving birth, or lactating. After being provided
with a complete description of the study, each woman signed a consent form following
procedures approved by the Institutional Review Board of the University of Wisconsin Health
Sciences Center, and a subsequent visit was scheduled. The women received a small financial
remuneration for their participation.

The presence of Axis I diagnoses of PTSD and major depressive disorder was obtained through
a computerized version of the NIMH Diagnostic Interview Scale (DIS) (Marcus et al., 1991)
followed by a clinical interview during the initial visit. Any participant with a questionable
diagnosis of any Axis I disorder was further interviewed and case notes reviewed by a Licensed
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Psychologist (AML) in consultation with a physician (MC) to ensure accuracy of all
diagnoses1. The presence of a psychotic disorder, bipolar disorder or eating disorder
disqualified the subjects from continued participation. One subject was excluded on the basis
of psychotic symptoms and referred to a local psychiatrist for assistance. Final diagnostic
categorizations were made after study completion only after full examination of all available
data on the participant, including the phone interview material, IES scores, and clinical
interview, by both the psychologist and physician. The Symptom Checklist-90 Revised
(SCL-90-R) was administered and the resulting scores for depressive symptom severity used
in the regression analyses. Eligible participants were categorized initially into two groups
comprised of controls who did not report a history of childhood sexual abuse or treatment for
other psychiatric conditions (n = 12, mean age = 31.17 ± 1.7, range = 20 - 40 years) and 24
women who self-reported a history of childhood sexual abuse. Approximately half of the latter
women met criteria for a DSM-IV PTSD diagnosis (PTSD+: n = 11, mean age = 28.2 ± 2.1,
range = 18 - 40 years; and PTSD-: n = 13, mean age = 31.3 ± 1.8, range = 21-42 years of age,
respectively). The 3 groups did not differ significantly in age, ethnicity, or annual income.

2.2. Immunological Measures
Blood samples were processed on the morning of collection. Aliquots of heparinized blood
(100 μl) were used for enumerating the cell subsets using standard immunofluorescence and
two-color flow cytometric techniques (Fac-Scan, Becton-Dickinson). Briefly, samples were
incubated with 20 μl of the appropriate antibodies for 30 min at room temperature. Red blood
cells were then lysed, membranes were stabilized with a 2% formalin solution, and cells washed
in Dulbecco’s phosphate buffered saline (D-PBS). Surface proteins were stained with the
following monoclonal antibodies (MoAB): CD3 (pan T cell) phycoerythrin conjugated, CD4
(helper T cell) phycoerythrin conjugated, CD8 (cytotoxic T cell) both phycoerythrin and FITC-
conjugated, CD45RA phycoerythrin conjugated, and CD45RO FITC conjugated
(Immunotech, New York). Cell counts were analyzed both as a percentage of gated
lymphocytes and the total number of lymphocytes.

2.3. Psychological instruments
Each participant completed the Impact of Events Scale (IES) to delineate PTSD symptoms
(Horowitz et al., 1979). To generate comparable responses from the control participants, they
were asked to “think about the most upsetting or traumatic event during your childhood.”
Examples of stressful events within the control group included death of family members,
divorce, life-threatening accidents, or witnessing the traumatic death of a pet. In addition, the
Symptom Checklist-90-Revised was used as a means to evaluate depressive symptoms
(Derogatis, 1977). Both the IES and the SCL-90-R have demonstrated excellent reliability and
validity, and have been used extensively in a wide variety of trauma populations, both those
with and without PTSD (Foa et al., 1993; Lemieux and Coe, 1995; Neal et al., 1994; Popiel
and Susskind, 1985; Solomon, 1989; Zilberg et al., 1982). All abused subjects also completed
the Incest History Questionnaire (IHQ) (Courtois, 1988). Finally, the Survey of Immunological
and General Health (SIGH) served as a self-report measure of physical health (Kang et al.,
1991). The SIGH also included questions on age, weight, and demographic background and
has been used successfully across a wide variety of studies (Kang et al., 1991; Lemieux and
Coe, 1995; Strauman et al., 1993; Strauman et al., 2004).

1The third author (MC) is currently the Director of the Center for Women’s Health Research, an adjunct professor in the Department of
Psychiatry at the University of Wisconsin, and is the Director of the Women Veterans Health Clinic in Madison, WI.
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2.4. Neuroendocrine measures
Adreno-medullary and -cortical activity were assessed via analysis of the 24-hr urine
specimens. The clinical laboratory at UW Hospital quantified catecholamines (NE,
epinephrine, and dopamine) using high pressure liquid chromatography (HPLC), and urinary
free cortisol via radioimmunoassay. Creatinine levels were also determined, but not used to
adjust hormone values. The very high correlation with urine volume verified complete
collection of the daily voids, and thus it was not necessary to transform the actual hormone
concentrations by the excretion of creatinine.

2.5. Procedures
Once accepted into the study, the women were evaluated individually at the General Clinical
Research Center (GCRC) of the University of Wisconsin Hospital and Clinics. Each subject
completed two sessions: an initial session and a sample collection session. During the initial
session the DIS, physical exam, clinical interview, IHQ, SCL-90-R, and orientation/consent
to the project occurred. During the physical examination, strict adherence to the medication
exclusion criteria was explained to the subjects and all women again confirmed they were not
using any medications currently, either prescribed or over-the-counter. This included hormonal
drugs for contraception; in addition, a detailed description of both oral and topical medications
was discussed with each participant. Any participant who reported a change in medication
status was either rescheduled or dropped from the study (n = 3). Given the age range of 18-40
years, it was not expected that any women were peri-menopausal, but this fact was verified by
the physician during the clinical interview. None of the women were postpartum. The initial
sessions occurred at any time, while the sample collection session was specifically scheduled
to occur during the mid-follicular phase of the menstrual cycle (7 - 10 days after menses). At
the initial session each subject was given urine collection materials and the IES questionnaire,
and explicitly instructed to time the collection to her menstrual cycle. The women were also
told not to complete the IES until they were “in a safe and comfortable environment” during
the 24 hr of urine collection. This scheduling was intended to minimize any effect of a
potentially distressing clinical interview on the urine and blood results.

At the end of the 24-hr urine collection period, the subject returned to the GCRC unit and blood
sampled between 0700-0900 to control for diurnal variation. In this way, urine and blood
samples, as well as the assessment of PTSD symptoms, were obtained as concurrently as
possible. An 8 ml blood sample was obtained, and utilized for a Complete Blood Count with
differential and immunophenotyping of the lymphocytes. Subjects were also asked to refrain
from consuming alcohol the night before, provided a fasted sample, and again verified on
interview that they were not using any prescription medications. Adherence to procedures for
obtaining complete urine voids was encouraged via telephone contact and self-report about the
collection procedures.

2.6. Data analyses
Demographic, abuse, and psychological variables were analyzed as between-subjects factors.
Fisher’s exact test was used for the nominal data, rather than chi square, because of expected
frequencies below 5. Continuous data were analyzed using analysis of variance (ANOVA) or
t test. Regression analyses were conducted to assess the relationships between the
psychological, neuroendocrine, and immune measures. Distributions for each residual were
tested for normality using the Shapiro-Wilks W test of normality. In all cases, except for
numbers of CD45RO+ cells, the residuals were normal. Analysis of the CD45RO distribution
indicated that one outlier accounted for this discrepancy, and this score was not included in
subsequent analyses. Because age can have a significant influence on many immune variables,
it was included as a covariate in all analyses. Given the potential for a comorbid diagnosis of
depression, a careful examination of the effects of depression, including the issue of
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collinearity, was conducted. Statistical diagnostics were conducted (SPSS v14), and indicators
such as critical condition indices, variance inflation factors (VIF), and tolerance indicators in
the regression models were examined (see results section. The primary dependent variables
were percentage and number of cells with the following surface antigen designations: CD4
+CD45RA+ (early activation, T helper/inducer cells), CD8+CD45RA+ (early activation T
suppressor/cytotoxic cells), and CD45RO+ (late activation or memory cells). Predictors of
immune activity included the cardinal symptoms of PTSD (i.e., intrusion and avoidance),
depression severity on the SCL-90-R, urinary NE and cortisol.

3. Results
3.1. PTSD diagnosis and overall group differences

To verify that the rigid exclusion criteria did not differentially affect one group, a Chi Square
analysis was conducted to compare those who had been accepted or rejected to the eventual
group composition. Forty-seven percent of the women classified as controls were accepted into
the study, 32% of the women later classified as PTSD+ were accepted, and 48% of the women
eventually classified as PTSD - were included. The Chi Square analysis indicated showed that
there had not been preferential loss of subjects and that exclusion criteria had a comparable
effect across groups [X2(2) = 1.36, p > .05]. The sample was predominantly Caucasian [1 Other
in the Control group, 1 African American and 1 in the abused women with PTSD, and 1 African
American in the abused women without PTSD; X2(2) = .80, p > .10]. Age was similar across
all groups based on eventual diagnostic status [F(2, 33) = .85, p > .10].

Based on the clinical interview and the DIS, 11 of the 24 women with a history of childhood
abuse met criteria for PTSD (Table 1), although the score range for individual items showed
considerable overlap across groups. Consistent with the diagnosis, the PTSD+ women scored
significantly higher on the intrusive and avoidance subscales of the IES as compared to PTSD
negative (PTSD-) and control women [F(2,33) = 15.35, p = .01; F(2,33) = 17.56, p = .01,
respectively]. Similarly, their total symptom scores were significantly higher [F(2,33) = 23.35,
p = .01]. The values were comparable to published reports for hospitalized male combat
veterans with PTSD (Yehuda et al., 1992).

Women with a PTSD diagnosis had experienced a more severe form of sexual abuse than did
the other 12 previously maltreated women who did not qualify for a current diagnosis (Table
1). They were more likely to have been abused by their fathers [Fisher’s Exact test = .048],
felt a threat to life during the abuse [Fisher’s Exact test = 0.018], and had experienced abuse
for longer periods [t(18) = 2.82, p = .01]. The PTSD+ women also evinced a nonsignificant
trend for a higher number of abusers [t(19) = 1.94, p = .07]. Other factors, such as mean age
at onset of abuse, vaginal penetration, ability of the victim to predict each occurrence, and the
use of weapons for intimidation, did not differ between the PTSD+ and PTSD- groups.
Although most of the PTSD- women were free of a current psychiatric diagnosis, the DIS
indicated that 46% of them might have qualified for a PTSD diagnosis at some point earlier in
their lives.

As expected, depression as defined by the DIS and clinical evaluation was the most frequent
comorbid condition in the PTSD+ group (73%), and it was the most common primary diagnosis
in the PTSD- group (23%). Only one subject had a history of smoking (PTSD+), but she did
not smoke at the time of the study. None of the subjects had current or lifetime alcohol abuse
or addiction diagnoses as determined by the DIS. One PTSD+ participant had a history of
cannabis use, but she had been drug-free for the 6 months prior to participation. Average weekly
use of alcoholic beverages (defined simply as “drinks per week”) was the lowest in the PTSD
+ women, highest in the controls, while the PTSD- women were intermediate [M = 0.9, SD =
1.43, M = 2.5, SD = 3.28, M = 1.3, SD = 1.57, respectively], though these differences were
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not significant (F(2, 33) = 1.53, p > .10). Recent sleep reported on the SIGH in average number
of hours per night over the last 5 nights and quality of sleep (rated as excellent, good, difficult,
poor or extremely disruptive) did not differ across the groups.

3.2. Group differences in immune and endocrine measures
In keeping with the prevailing PTSD literature, group comparisons were conducted initially to
examine the possibility of differences in neuroendocrine and immune values, which laid the
groundwork for the primary regression analyses with symptoms. Overall number and
percentages of leukocytes and T lymphocytes did not differ between the 3 groups of women
(Table 2). However, participants with abuse-related PTSD had a significantly higher
percentage of CD8+ lymphocytes expressing the early activation marker (CD45RA+) than did
both the controls or PTSD- women [F(2,29) = 5.24, p < .05]. Post hoc testing with Scheffe
procedures confirmed that the PTSD+ women were significantly different from controls (Mean
difference = -5.53, p = .03) and PTSD- women (Mean difference = -5.58, p = .025). There was
also a similar tendency for more CD4+CD45RA+ cells in the PTSD+ women, but this
difference did not reach statistical significance. Conversely, the PTSD+ women showed a
marginal tendency for an opposite effect on lymphocytes expressing CD45RO, with lower
percentages seen only in women experiencing PTSD related to their history of abuse [F(2,31)
= 2.67, p = .08].

As seen in Table 2, none of the groups excreted significantly more NE or less cortisol than the
other two groups (Table 2; F(2, 35) = .62, p >.10 and F(2, 34) = 2.53, p > .05 respectively),
although the mean differences were in the expected direction based on previous PTSD studies.
One cortisol specimen was lost due to technical error, thus accounting for the smaller sample
size in the cortisol analysis. Further exploration of neuroendocrine activity in terms of the NE/
cortisol ratio also did not reveal the abnormal hormone phenotype described for some other
PTSD populations [F(2,34) = 0.16, NS]. As expected from the completeness of the urine voids,
this negative result was found consistently with both creatinine-corrected and uncorrected
values. The uncorrected values are presented in Table 2 to permit the interested reader to see
the actual urinary concentrations. Finally, a regression analysis in which the continuous
measures of psychological distress were entered into a hierarchical regression indicated that
none of the psychological measures (SCL-90-R based estimates of depression, IES intrusion
scores, and IES avoidance scores) predicted the 24-hr cortisol, NE or the ratio of NE/cortisol.
Thus, neither diagnostic category nor individual differences in symptom presentation were
related to urinary catecholamine and cortisol excretion levels.

3.3. Regression analyses between neuroendocrine and immune variables
Despite the absence of significant hormone differences, PTSD symptom severity was related
to the T cell profile. Fig. 1 portrays a scatterplot of the IES Intrusion scores, regressed against
one of the activation markers on CD4+ cells, indicating that symptom severity was associated
with CD45RA+ expression across both the PTSD- and PTSD+ groups. Regression models with
age as a covariate entered first, followed group status as step 2 and by intrusion and avoidance
scores as step 3, were predictive of both the number and percentages of CD45RA+ and
CD45RO+ cells. The age covariate was significant at step 1 for only the percentage of CD4
+CD45RA+ subset (adjusted R2 = .10, p < .05) but not numbers of CD4+CD45RA+ cells
(adjusted R2 = .09, p > .10). With both age and group status in the model, the regression model
was again not significant for either number or percentage of CD4+CD45RA+ cells (adjusted
R2 = .03, p > .05 and adjusted R2 = .07, p > .05). Addition of symptom severity in the second
block of predictors raised the total model from non-significant R2 values near zero to
significance for both the number and percentage of CD4+CD45RA+ (adjusted R2 = .25, p < .
05 and adjusted R2 = .44, p < .001, respectively). Inclusion of symptom severity enabled the
models to predict a total 44% of the variance in the %CD4+CD45RA+ cells. Similarly,
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significant final models using the same predictors emerged for the relationships with the
percentage of CD8+CD45RA+ (R2 = .12, p < .05), and the percentage, but not number, of
CD45RO+ cell subsets (R2 = .11, p < .05). Table 3 provides a comparison of these regression
models for the percentages of CD4+CD45TA+, CD8+CD45RA+ and CD45RO+ cell subsets.
The results from similar analyses of cell subset numbers have not been shown to limit
redundancy in the presentation.

Subsequent analyses considered the possible predictive value of the two neuroendocrine factors
in addition to the symptom severity. As the inclusion of group designation based on PTSD
diagnosis was not a significant predictor in the first regression analysis, it was dropped in favor
of the symptom severity measures (see Table 3). Age was entered as a covariate, and then NE
and cortisol as a block of variables, and psychological symptoms (depression symptoms on
the SCL-90-R, intrusion, and avoidance) as a final block of variables. Due to the potential
confound of depression and PTSD symptoms showing collinearity, a careful examination of
the collinearity diagnostics was conducted (SPSS v14). Since none of the critical condition
indices exceeded 15, collinearity did not seem evident. Further analyses supported this
conclusion. All variance inflation factors (VIF) were well below 5, which are much lower than
recommended “red flag” criteria of ≥ 10, and no tolerance indicators in the collinearity statistics
were below 0.2. The full model predicting the percentage of CD4+CD45RA+ cells was
significant and accounted for 55% of the variance [F(6, 23) = 4.72, p < .01; R2 = .55]. An
examination of standardized beta coefficients showed that within this model only age (β = -.
31, p < .05) and intrusive symptoms (β = .74, p < .001) were significant predictors of the percent
of CD4+CD45RA+ cells. The level of avoidance symptoms had a marginal negative
relationship with CD4+CD45RA percentages (β = -.49, p < .07). Neither the NE or cortisol
levels were significant predictors in these models (all p > .10, see Table 4). Additional
examination of the regression models was conducted to examine whether depressive symptoms
was a primary factor accounting for either the cell numbers or hormone levels. The strongest
predictors of CD4+CD45RA+ cells remained intrusive and avoidant symptoms, and these
relationships did not appear to be mediated through depression (R2 change = .026, F(1,23) =
1.33, p > .10) or neuroendocrine activity (R2 change = .032, F(2,23) = 0.89, p > .10). Similar
modeling attempts for the number of CD4+CD45RA+, and the number and percent of CD8
+CD45RA+ cells yielded regression models that failed to attain significance (all p’s > .10).

Given the effect size reported above, a sample size analysis was conducted to verify that the
study was not underpowered. An online sample size calculator was used (Soper, D. S., 2007;
http://www.damielsoper.com/statcalc). An alpha level of 0.05 was entered with 7 predictors
(full model with covariates), and an R2 = .55 as the effect size (f2 = 1.22), with a desired power
level of 0.9. This analysis indicated a minimum required sample size would be 24. Because
our study was based on 32 participants, the findings were not derived from an underpowered
model. In addition, a post hoc statistical power calculation indicated that the observed power
for a study with 7 predictors and our observed R2 of 0.55 was 0.99.

4. Discussion
This study provides further support for a significant and enduring relationship between PTSD
and the percentages and types of T cell subsets in circulation. At a general level, these findings
concur with a prior report indicating a relationship between severity of traumatic stress
symptoms and numbers of T helper and T cytotoxic cells in the parents of pediatric cancer
patients (Glover et al., 2005). Likewise, the current results generally support a very large recent
study of childhood maltreatment, which indicated that early trauma during childhood can result
in a proinflammatory physiological bias later in adulthood, although the influence of specific
PTSD-related symptoms was not examined in those analyses (Danese et al., 2007).
Furthermore, our results showed that at least in our sample of otherwise healthy women with
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a history of sexual abuse, neither NE nor cortisol were significant predictors of the effects on
T cell subsets.

It is this documentation of a specific influence of PTSD-related symptoms, in the absence of
neuroendocrine mediation, that makes our report unique. PTSD symptoms were sufficient to
distinguish between women still suffering and those not currently manifesting symptoms or
who had never been maltreated, and to predict the enumeration of the CD4+ CD45RA+ cell
subset. This linkage occurred despite the lack of significance in a simpler factorial approach
involving general diagnostic category. The findings thus concur with the individualistic and
dynamic nature of the PTSD diagnosis. It was the analysis of the continuum of symptoms that
most revealing beyond just meeting the criteria for a PTSD diagnosis. A relationship between
the profile of PTSD symptoms and immunity concurs with the conclusions of Wilson et al.
(1999), although the direction of their effect differed. They highlighted the importance of the
ratio of CD45RO+ to CD45RA+ cells. The apparent discrepancy between their study and ours
could be due to the small sample sizes, but more likely may reflect the absence of non-
psychiatric controls and a possible influence of not including individual covariates in their
statistical modeling. Their paper also did not detail whether one could predict CD45RA+ cell
numbers based on diagnostic category alone. It is also important to note that the developmental
age at the time of trauma and the extent of the abuse differed between the two studies. Finally,
while our results differ from a large study of abused women that found elevated numbers of
lymphocyte across several subsets, both reports found positive correlations with intrusion and
avoidance (Woods et al., 2005b), Several methodical differences in that study should be noted,
including the fact that their community sample included a high percent of minority participants,
and that the blood specimens for immune analyses were collected 40 minutes after the
completion of possibly arousing questionnaires.

The lymphocyte subset differences in the present study occurred in the absence of systematic
differences in the total white cell count, which might be more likely to occur when PTSD+
participants also differ in their neuroendocrine activity. The regression analyses indicated that
the relationship between intrusive symptoms and cell subsets was not mediated by either NE
or cortisol. In general, the field of research on PTSD has been challenged by the marked
variation in hormone levels across the populations under study (Bierer et al., 2006; Yehuda et
al., 1994). So, while early studies suggested that a profile of elevated NE and low cortisol
would be a reliable biological index of PTSD, further research on a wider range of traumas has
indicated that the disturbance in neuroendocrine activity is quite variable (Yehuda et al.,
2006). Even across populations of male combat veterans, different research teams found both
low and high cortisol levels, which correlated with either increased or decreased GR numbers
on lymphocytes (Gotovac et al., 2003). Thus, it may not be too surprising that a study of women
who had experienced a very different type of trauma at a young age in childhood yielded results
that don’t concur exactly with results on PTSD+ men. It is also now known that the co-
occurrence of depression and PTSD can influence whether cortisol differences are found
(Oquendo et al., 2003).

It should also be reiterated that our rigorous exclusion criteria prevented any women with
physical illnesses, currently using prescription or over-the-counter medication, or postpartum
and lactating from participating. This methodological issue is extremely important because
many subclinical illnesses and psychological disorders can create a proinflammatory
physiological state, which could drive the activation of lymphocytes (Maes et al., 1992). The
issue of whether or not to include individuals with minor clinical conditions or using
medications is a methodological challenge for any project of this type. In our case, we opted
to exclude all participants using medications or reporting even minor health problems, which
would certainly influence the likelihood of finding immune differences. There was not a
differential rate of rejection or acceptance across groups indicating that overall the restrictions
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affected all groups in a comparable manner. The findings, do, however, provide a rare glimpse
into the relatively pure effect of psychological state in a healthy sample free of the
pharmacological effects of medication. Future studies will be needed to replicate these immune
findings in other samples of PTSD patients who are medication free.

Finally, childhood sexual abuse can be a significant risk factor for early onset of alcohol
consumption (ages 12-13), although the rate of conversion from use to dependence appears to
be similar to the general population (Sartor et al., 2007). Thus the observed low rate of alcohol
use by these women is a critical feature of the rigorous inclusion/exclusion criteria of the present
study. Drinking was actually moderately higher in the controls, but still estimated by self-report
as averaging only 2.5 alcoholic beverages per week. Given the relationship between alcohol
dependence, sleep disturbance and immune function, especially in the recently abstinent
African American participants (Irwin et al., 2002; Irwin et al., 2004), there is a considerable
need for future studies to consider the potential immunological influence of alcohol use in
women with abuse histories. The present study was not intended to examine this important
issue and did not have detailed longitudinal design required to appropriately address this
concern (c.f. Sartor et al., 2007). The very low rate of alcohol use documented in our sample,
however, suggests that our rigid inclusion criteria were successful in providing us with a sample
of women who were both physically healthy and had relatively healthy lifestyles.

It is also important to emphasize that our modeling indicated that the relationships between
PTSD symptoms and T cell activation were not driven by depression. As reported in most other
PTSD studies, the psychological evaluations indicated that current or past depression was
common in those with a history of maltreatment. While other papers have reported that that
major depressive disorder can affect the CD4+CD45RA+ cell subset (Maes et al., 1992), the
current results were not secondary to depressive symptoms. Moreover, the regression models
indicated that intrusion even more than avoidance was related to the cell activation. Thus, the
effects were mediated more by the psychological distress and arousal than by dysphoria. The
importance of intrusion has also been highlighted in analyses on NK cell numbers and IL-2
receptor levels, where the influence was a suppressive one (Ironson et al., 1997); (La Via et
al., 1996). A prior report on patients with panic disorder indicated they showed a trend for
higher percentages of CD45RA+ cells, which was positively predicted by global severity of
symptoms and, marginally, by anxious symptoms (Manfro et al., 2000). T cell numbers, in
general, increase in the circulation immediately following an acute stressor, often due to
increased sympathetic activity and changes in adhesion molecules that serve to release cells
from the blood vessel wall (Mills et al., 1997).

A potential, but untested, factor that could account for the increased CD45RA+ cells is
neuropeptide Y (NPY). Low levels of NPY have been linked to childhood abuse (Seedat et al.,
2003), and NPY increases with successful resolution of PTSD symptoms (Yehuda et al.,
2006). The cognitive state of dissociation, which is common in PTSD, has also been negatively
correlated with NPY during periods of acute interpersonal stress (Morgan et al., 2000). Given
that NPY is co-localized with NE on sympathetic terminals, and plays a role in the
differentiation and proliferation of T cells, and it could stimulate an increase in T helper cells
(Bedoui et al., 2001). NPY may thus be another important physiological mediator to explore
in the future.

In summary, women with PTSD were found to have a distinct T cell profile, which was related
more to the severity of intrusive symptoms than to their avoidant behavior. These differences
in naïve T helper cells did not appear to be due to altered NE or cortisol activity and thus may
provide an independent biomarker for this disorder. Given that many studies have now found
that victims of childhood abuse are over-represented later among many adult disease
populations, including those with gastrointestinal disorders, chronic pain conditions, and even
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some types of cancer (Drossman, 1994; Felitti, 1991; Springer et al., 2007), more studies on
the predictive significance of this immune and inflammatory dysregulation are warranted. We
would argue further that a failure to account for individual differences in specific psychological
symptoms may help to account for inconsistencies in the disparate PTSD literature, which has
been based primarily on group differences in broad diagnostic categories.
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Fig. 1.
This scatterplot shows the association between intrusion scores and T cell activation (% CD4
+45RA+) obtained in the first regression analysis (See Table 3), standardized β = .84, p < .
01.To facilitate the subsequent discussion of the statistical analyses, the post hoc group
designations are shown, which illustrates the overlap in intrusion scores across the three groups.
Control women are indicated by circles, PTSD- women by squares, and PTSD+ women by the
triangles.
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Table 1
Psychological and abuse characteristics of the 3 groups of women

Controls PTSD- PTSD+
N=12 N=13 N=11

IES Intrusiona 2.5 (2.9) 6.9 (6.6) 17.5 (9.17)***
      Range: 0 - 8 0 - 19 6 - 33
IES Avoidancea 4.3 (5.5) 12.0 (11.8) 24.7 (5.7)***
      Range: 0 - 15 0 - 36 16 - 34
IES Totala 6.8 (7.8) 18.9 (16.9) 42.3 (10.7)***
      Range: 0 - 21 0 - 55 25 - 59
Age at entry into studya 31.2 (6.0) 31.3 (6.5) 28.2 (6.9)
Ethnicityb 92% 82% 92%
Alcohol use per weeka 2.5 (3.3) 1.3 (1.6) 0.9 (1.4)
Age at abuse onset (yrs) NA 7.2 (2.8) 9.3 (4.0)
Duration (years) NA 1.5 (2.1) 4.0 (1.9)**
Perpetrators NA 1.1 (0.5) 1.8 (1.1)#
Father abuser NA 1 5*
Life threat NA 1 6*
Penetration NA 7 8
Predictability NA 7 4
Weapons NA 0 1

a
Note: Data presented as means (standard deviations) followed by range.

b
Ethinicity expressed as percent Caucasian.

#
p =.07

*
p < .05

**
p < .01

***
p < .001
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Table 2
Neuroendocrine and immune status of control and previously abused women

Controls PTSD- PTSD+

NE μg/day (n = 36)a 32.4 (9.6) 31.2 (14.6) 36.7 (13.0)
Cortisol μg/day (n = 35)a 82.2 (34.4) 48.8 (17.1) 22.2 (9.8)
CD4+ (n = 35) 42.53 (13.13) 44.95 (10.85) 44.62 (11.09)
CD8+ (n = 35) 24.17 (8.06) 23.98 (6.68) 22.99 (6.97)
CD4+CD45RA+ (early activation Th/I, n = 32)b 17.7 (2.31) 17.9 (2.21) 23.97 (2.56)
CD8+CD45RA+ (early activation Tc/s, n = 32)b 13.6 (1.32) 13.6 (1.26) 19.2 (1.45)*

CD45RO+ (memory T cells, n = 35)b 40.2 (2.68) 41.1 (2.47) 32.7 (2.68)#

a
Note: Data presented as total daily excretion not corrected by creatinine.

b
Data presented as percentage of lymphocyte subsets.

*
Post hoc Scheffe comparisons indicate significant differences between controls and PTSD+ as well as PTSD+ and PTSD- (p < .05), but not PTSD- and

controls.

#
Overall effect of group comparison was marginal at F(2, 31) = 2.68, p = .085. Sample size differences reflect samples lost due to technical errors.

Brain Behav Immun. Author manuscript; available in PMC 2009 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lemieux et al. Page 18
Ta

bl
e 

3
R

eg
re

ss
io

n 
an

al
ys

es
 o

f t
he

 c
om

pa
ris

on
 o

f g
ro

up
 a

nd
 P

TS
D

 sy
m

pt
om

 se
ve

rit
y

%
 C

D
4+

C
D

45
R

A
+

%
 C

D
8+

C
D

45
R

A
+

%
 C

D
45

R
O

+

M
od

el
B

a
SE

 B
β

t
B

b
SE

 B
β

t
B

c
SE

 B
β

t

St
ep

 1
A

ge
-.4

85
.2

27
-.3

64
2.

13
9*

-.1
57

.1
48

-.1
90

-1
.0

57
.2

44
.2

48
.1

71
.9

81

St
ep

 2
A

ge
-.4

86
.2

31
-.3

65
-2

.1
06

*
-.1

60
.1

40
-.1

93
-1

.1
41

.2
44

.2
53

.1
71

.9
67

G
ro

up
-.1

67
1.

59
7

-.0
18

-.1
05

-.7
68

.9
97

-.1
34

-.7
70

.0
84

1.
93

0
.0

08
.0

43
St

ep
 3

A
ge

-.4
75

.1
80

-.3
57

-2
.6

46
**

-.1
60

.1
40

-.1
93

-1
.1

41
.2

33
.2

36
.1

63
.9

85
G

ro
up

-.5
33

1.
27

9
-.0

58
-.4

16
-.7

68
.9

97
-.1

34
-.7

70
1.

00
4

1.
84

7
.0

92
.5

44
In

tru
si

on
 (I

ES
)

.7
07

.1
60

.8
37

4.
42

4*
**

-.0
67

.1
25

-.1
28

-.5
37

-.4
84

.2
32

-.4
90

-2
.0

83
*

A
vo

id
an

ce
 (I

ES
)

-.2
96

.1
33

-.4
27

-2
.2

23
*

.2
29

.1
04

.5
32

2.
20

6*
.0

59
.1

84
.0

76
.3

22

a N
ot

e:
 F

or
 st

ep
 1

, %
 C

D
4+

C
D

45
R

A
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.1

03
, Δ

R
2  

= 
.1

32
, p

 <
 .0

5;
 fo

r s
te

p 
2,

 %
 C

D
4+

C
D

45
R

A
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.0

73
, Δ

R
2  

= 
.0

00
, p

 >
.0

5;
 fo

r s
te

p 
3,

 %
 C

D
4+

C
D

45
R

A

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

.4
39

, Δ
R

2  
= 

.3
79

, p
 >

 .0
01

.

b Fo
r s

te
p 

1,
 %

 C
D

8+
C

D
45

R
A

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

.0
04

, Δ
R

2  
= 

.0
36

, p
 >

 .0
5;

 fo
r s

te
p 

2,
 %

 C
D

8+
C

D
45

R
A

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

-.0
30

, Δ
R

2  
= 

.0
01

, p
 >

 .0
5;

 fo
r s

te
p 

3,
 %

 C
D

8+
C

D
45

R
A

+

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.1

15
, Δ

R
2  

= 
.1

93
, p

 <
 .0

5.

c Fo
r s

te
p 

1,
 %

 C
D

45
R

O
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
-.0

01
, Δ

R
2  

= 
.0

29
, p

 >
 .0

5;
 fo

r s
te

p 
2,

 %
 C

D
45

R
O

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

-.0
33

, Δ
2  

= 
.0

00
, p

 >
 .0

5;
 fo

r s
te

p 
3,

 %
 C

D
45

R
O

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2

= 
.1

06
, Δ

R
2  

= 
.1

85
, p

 <
 .0

5.

Brain Behav Immun. Author manuscript; available in PMC 2009 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lemieux et al. Page 19
Ta

bl
e 

4
R

eg
re

ss
io

n 
an

al
ys

es
 o

f a
ge

, n
eu

ro
en

do
cr

in
e 

va
lu

es
 a

nd
 P

TS
D

 sy
m

pt
om

s i
n 

pr
ed

ic
tin

g 
th

e 
%

 C
D

4+
C

D
45

R
A

+,
 %

 C
D

8+
C

D
45

R
A

+ 
an

d
%

 C
D

45
R

O
+ 

su
bs

et
s

%
 C

D
4+

C
D

45
R

A
+

C
D

8+
C

D
45

R
A

+
C

D
45

R
O

+

M
od

el
B

a
SE

 B
β

t
B

b
SE

 B
β

t
B

c
SE

 B
β

t

St
ep

 1
A

ge
-.5

05
.2

34
-.3

77
-2

.1
56

*
-.1

83
.1

32
-.2

53
-1

.3
84

.2
36

.2
55

.1
67

.9
26

St
ep

 2
A

ge
-.4

49
.2

32
-.3

35
-1

.9
33

+
-.1

50
.1

32
-.2

07
-1

.1
33

.2
26

.2
66

.1
59

.8
49

N
or

ep
in

ep
hr

in
e

-.1
92

.1
22

-.2
69

-1
.5

75
-.0

94
.0

69
-.2

44
-1

.3
58

-.1
42

.1
75

-.1
50

-.8
12

C
or

tis
ol

-.0
60

.0
56

-.1
84

-1
.0

61
-.0

37
.0

32
-.2

13
-1

.1
66

.0
24

.0
71

.0
64

.3
40

St
ep

 3
A

ge
-.4

10
.1

96
-.3

06
-2

.0
88

*
-.1

01
.1

25
-.1

39
-.8

07
.2

56
.2

52
.1

81
1.

01
6

N
or

ep
in

ep
hr

in
e

-.1
57

.1
08

-.2
19

-1
.4

50
-.1

53
.0

69
-.3

97
-2

.2
31

*
-.1

75
.1

67
-.1

85
-1

.0
49

C
or

tis
ol

-.0
06

.0
49

-.0
19

-.1
26

-.0
27

.0
31

-.1
53

-.8
57

-.0
31

.0
68

-.0
82

-.4
54

SC
L-

90
-

R
 D

ep
re

es
io

n
2.

14
8

1.
86

1
.2

46
1.

15
4

2.
06

8
1.

18
6

.4
38

1.
74

3
-.2

83
2.

48
6

-.0
28

-.1
14

In
tru

si
on

 (I
ES

)
.6

22
.1

90
.7

43
3.

28
2*

*
-.0

63
.1

21
-.1

39
-.5

20
-.6

88
.2

58
-.7

05
-2

.6
64

*
A

vo
id

an
ce

 (I
ES

)
-.3

46
.1

85
-.4

89
-1

.8
64

.0
67

.1
18

.1
74

.5
64

.2
59

.2
33

.3
31

1.
11

4

a N
ot

e:
 F

or
 st

ep
 1

, %
 C

D
4+

C
D

45
R

A
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.1

22
, Δ

R
2  

= 
.1

42
, p

 <
 .0

5;
 fo

r s
te

p 
2,

 %
 C

D
4+

C
D

45
R

A
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.1

57
, Δ

R
2  

= 
.1

02
, p

 >
.0

5;
 fo

r s
te

p 
3,

 %
 C

D
4+

C
D

45
R

A

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

.4
35

, Δ
R

2  
= 

.3
08

, p
 >

 .0
1.

b Fo
r s

te
p 

1,
 %

 C
D

8+
C

D
45

R
A

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

.0
31

, Δ
R

2  
= 

.0
64

, p
 >

 .0
5;

 fo
r s

te
p 

2,
 %

 C
D

8+
C

D
45

R
A

+ 
eq

ua
tio

n 
ad

ju
st

ed
 R

2  
= 

.0
67

, Δ
R

2  
= 

.1
00

, p
 >

 .0
5;

 fo
r s

te
p 

3,
 %

 C
D

8+
C

D
45

R
A

+

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.2

15
, Δ

R
2  

= 
.2

14
, p

 =
 .0

74
.

c Fo
r s

te
p 

1,
 %

 C
D

45
R

O
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
-.0

05
, Δ

R
2  

= 
.0

02
8,

 p
 >

 .0
5;

 fo
r s

te
p 

2,
 %

 C
D

45
R

O
+ 

eq
ua

tio
n 

ad
ju

st
ed

 R
2  

= 
.0

45
, Δ

R
2  

= 
.0

29
, p

 >
 .0

5;
 fo

r s
te

p 
3,

 %
 C

D
45

R
O

+ 
eq

ua
tio

n 
ad

ju
st

ed

R
2  

= 
.1

31
, Δ

R
2  

= 
.2

43
, p

 =
.0

56
.

Brain Behav Immun. Author manuscript; available in PMC 2009 August 1.


