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Abstract—Female Veterans are the most rapidly growing segment of new users of the Veterans Health Administration
(VHA), and a significant proportion of female Veterans receiving treatment from VHA primary care providers report persistent pain symptoms. Currently, available data characterizing the
neurobiological underpinnings of pain disorders are limited.
Preclinical data suggest that neurosteroids may be involved in
the modulation of pain symptoms, potentially via actions at
gamma-aminobutyric acid (GABA) and N-methyl-D-aspartate
(NMDA) receptors. Dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulfate (DHEAS) are neurosteroids
that modulate inhibitory GABA receptors and excitatory
NMDA receptors, producing complex neuronal effects. Emerging evidence from male Iraq/Afghanistan-era Veterans suggests
that reductions in neurosteroid levels are associated with
increased pain symptoms and that neurosteroids may be promising biomarker candidates. The current exploratory study thus
examined associations between self-reported pain symptoms
in 403 female Iraq/Afghanistan-era Veterans and serum
DHEAS and DHEA levels. Serum DHEAS levels were
inversely correlated with low back pain in female Veterans
(Spearman r = –0.103; p = 0.04). Nonparametric analyses indicate that female Veterans reporting moderate/extreme low back
pain demonstrated significantly lower DHEAS levels than
those reporting no/little low back pain (|Z| = 2.60; p = 0.009).
These preliminary findings support a role for DHEAS in pain
physiology of low back pain and the rationale for neurosteroid
therapeutics in pain analgesia.
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INTRODUCTION
Many Iraq and Afghanistan-era Veterans continue to
experience unremitting pain symptoms. Chronic pain
disorders are very costly, resulting in significant
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disabling effects [1], and health-related disabilities such
as chronic pain are a multibillion dollar annual expense
for the Veterans Health Administration (VHA) [2]. Additionally, chronic pain disorders can be difficult to manage
in Iraq/Afghanistan-era Veterans because this cohort
often reports complex co-occurring physical and psychological symptoms [3–5]. Commonly used pharmacological treatments for pain are frequently suboptimal in their
efficacy and/or side effect profiles. Opiates, for example,
are effective analgesics but demonstrate significant
addictive potential, and accidental or intentional misuse
can result in dangerous or lethal side effects. New treatment interventions that are both safe and efficacious are
thus urgently needed, in addition to the identification of
biomarker candidates associated with pain symptoms and
the prediction of therapeutic response.
Both preclinical and clinical evidence suggest that
there are significant sex differences in pain perception
and prevalence. In civilian populations, women tend to
have lower pain thresholds, lower pain tolerance, and
greater experimentally evoked pain than men [6–8].
Additionally, women report more migraine [9–10] and
tension headaches [11], orofacial pain [12–14], fibromyalgia symptoms [15], and musculoskeletal pain [16].
Women also report more severe pain that is longer in
duration [17–18] and are more sensitive to temporal summation over time [19]. Sex differences in pain prevalence
have also been reported in Veteran populations [20–21],
although few studies have addressed these differences in
the Iraq/Afghanistan-era cohort [22–23]. Findings from
one study in Iraq/Afghanistan-era Veterans showed
female Veterans were less likely to report pain overall,
but if pain was reported, it was likely to be moderate or
severe [22]. And, as noted in a second investigation also
using a cohort of Iraq/Afghanistan-era Veterans, while
female Veterans were no more likely to report specific
pain, the risk of developing joint problems, musculoskeletal pain, and back problems increased 1 to 7 yr following deployment [23]. Because female Veterans are the
fastest growing segment of VHA users [24], it is important to examine pain symptoms and their neurobiological
correlates in female Veterans specifically.
While sex differences appear to exist in pain perception for both Veterans and non-Veterans, the neurobiological mechanisms contributing to these differences have not
yet been completely characterized. Accruing data suggest
that neurosteroids, endogenous molecules found both in
the brain and in the periphery [25–27], may be involved in
the pathophysiology of pain and that neurosteroids may

also have therapeutic potential. The majority of analgesia
research with neurosteroids has focused predominately on
positive modulators of the gamma-aminobutyric acid
receptor A (GABAA), such as allopregnanolone. However,
two other neurosteroids, dehydroepiandrosterone (DHEA)
and dehydroepiandrosterone sulfate (DHEAS) have also
been implicated in the pathophysiology of pain [28–35].
These neurosteroids have complex neuronal effects and
are relatively weak N-methyl-D-aspartate (NMDA) and
GABAA receptor modulators [36–37]. A number of
reports suggest that DHEAS levels are associated with
pain symptoms, although these effects may differ between
males and females. For example, DHEAS levels are
inversely correlated with musculoskeletal pain and distress
in menopausal women [38], and lower DHEAS levels are
associated with increased pain sensitivity in postmenopausal women with fibromyalgia [30]. Conversely, administration of DHEAS in male mice has been shown to
produce mechanical allodynia and facilitate pain [35], and
there is a modest positive relationship between DHEAS
and chest pain in a small sample of 82 male Iraq/Afghanistan-era Veterans [33]. Although the precise roles for
DHEAS in pain pathophysiology remain undetermined,
DHEAS levels do appear to be relevant to pain symptoms,
and may differentially affect males and females.
Levels of DHEA (the unsulfated form of DHEAS)
have been generally reported to be inversely associated
with pain and to produce possible analgesic effects. For
example, low doses of supplemental DHEA have resulted
in reduced joint pain in males with partial androgen deficiency [39], and DHEA levels are reduced in the spinal
cords of male mice with neuropathic pain-related injuries
[32]. In addition, both DHEA [28] and DHEAS [40] levels are reduced in individuals who report pain and who
are taking nonsteroidal anti-inflammatory drugs or opiate
medications. A number of clinical investigations have
also shown that DHEA may have potential as a therapeutic intervention in conditions that are highly co-occurring
in patients with pain disorders. For example, reduced levels of DHEA are associated with depression-like symptoms in animal models [41], and reductions in DHEA
[42] and DHEAS [43–44] are also associated with depression and anxiety symptoms in clinical populations. Furthermore, two recent functional magnetic resonance
imaging studies in healthy adult men suggest that a single
dose of DHEA modulates neurocircuitry involved in anxiety and depression [45–46]. In addition, a randomized,
double-blind placebo-controlled trial of DHEA resulted
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in improvement for negative symptoms, depression, and
anxiety symptoms in patients with schizophrenia [47]—
an effect that was more pronounced in females than in
males. In addition, DHEA administration appears to
improve midlife depression symptoms [48]. Together,
these findings suggest that DHEA and/or DHEAS levels
may have biomarker utility and that administration of these
neurosteroids could represent a novel therapeutic intervention for pain and commonly co-occurring disorders.
There are significant sex differences in DHEA and
DHEAS levels, and both of these neurosteroids are considerably lower in women than in men of the same age
(DHEA and DHEAS markedly decline with age in both
sexes). It is thus possible that these sex differences in
neurosteroid levels may contribute to differences in the
underlying pathophysiology of pain between sexes
[6,7,19]. Sex differences in pain symptoms and their neurobiological correlates also have ramifications for therapeutic interventions. Several studies suggest that there
are sex differences in therapeutic response in both animals and humans [49]. Given the presence of baseline
sex differences in neurosteroid levels, it is possible that
the development of these molecules as novel therapeutics
could be specifically tailored for pain reduction or alleviation in female clinical populations. We thus conducted
an exploratory pilot study investigating serum samples
from 403 female Iraq/Afghanistan-era Veterans to determine the relationship between self-reported pain symptoms and endogenous levels of DHEA and DHEAS.

METHODS
Study Population
The study protocol was approved by the local institutional review boards (IRBs) at the Durham Department
of Veterans Affairs (VA) Medical Center, Hampton VA
Medical Center, Hunter Holms McGuire VA Medical
Center, and W.G. (Bill) Hefner VA Medical Center, and
all participants provided written informed consent.
Research participants included 403 female Iraq/Afghanistan-era Veterans who were enrolled in the VA MidAtlantic Mental Illness Research, Education and Clinical
Center (MIRECC) Study of Post-Deployment Mental
Health (PDMH Study) between 2005 and 2012. The
PDMH Study consists of one study visit (on rare occasion, Veterans return the following day to complete any
remaining study assessments); it is a data and blood

repository consisting of (1) self-reported mental and
physical health information and (2) serum and other
blood samples collected from Iraq/Afghanistan-era
Veterans on the same day as the mental and physical
health assessments. The only eligibility requirement for
participation in the PDMH Study is a history of service in
the U.S. military since September 11, 2001 (Iraq/Afghanistan era). To date, the PDMH Study continues to enroll.
PDMH Study participants are recruited by approved IRB
methods (flyers, letters, telephone calls) and enrolled at
one of four participating VA sites.
Blood Draw Procedures
Blood samples were collected via venipuncture by
qualified personnel trained in phlebotomy. Because the
PDMH Study is a one-time study visit, blood samples
were collected on the same day that study assessments
were administered. Approximately 90 percent of the
403 female Veterans in the current study received a blood
draw between 10:30 a.m. and 2:30 p.m.
Self-Reported Pain Measure: Symptom Checklist-90-R
The Symptom Checklist (SCL)-90-R, which is a 90item questionnaire that includes four ratings about pain
symptom severity over the past 7 d, was completed by all
study participants. The four pain items on the SCL-90-R
assess the following symptoms: headache (SCL-1), chest
pain (SCL-12), low back pain (SCL-27), and muscle
soreness (SCL-42) [50] and comprised our primary outcome measures. There were five possible response
options for pain ratings: none (level 0), a little (level 1),
moderate (level 2), quite a bit (level 3), and extreme
(level 4), and therefore responses were characterized by a
five-level integer scale. For nonparametric bivariate
Mann-Whitney analyses, pain scores were dichotomized
as previously described [33]. Therefore, individuals
endorsing pain levels of 0 or 1 on an SCL-90-R pain item
were designated to the “low pain” condition (no pain or a
little pain), while individuals endorsing pain levels of 2,
3, or 4 were designated to the “high pain” condition
(moderate to extreme pain).
Neurosteroid Analyses
Serum DHEAS and DHEA levels were determined
using commercially available radioimmunoassay kits
(Beckman Coulter; Indianapolis, Indiana) according to
manufacturer directions.
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Statistical Analyses
Possible associations between each of the selected
SCL-90-R pain items and serum levels of DHEA and
DHEAS were tested using Spearman correlation procedures. Because age and smoking are known to influence
DHEA and DHEAS levels, correlations were calculated
controlling (partialing) for the latter two factors. In a second series of analyses, differences in neurosteroid levels
between dichotomized pain levels were tested using nonparametric Mann-Whitney-Wilcoxon rank procedures.
Corrected rates controlling the family-wise error rate were
based on the Hochberg step-up procedure [51] and applied
to tests involving the four individual SCL-90-R items.

RESULTS
Study Participants
Mean age of participants was 36.62 ± 9.76 yr. Of the
participants, 29.53 percent identified as Caucasian and
29.18 percent were currently married. Mean years of formal education was 13.86 ± 3.61 yr, and 20.35 percent
reported they were currently smoking (Table 1).
Symptom Checklist-90-R Pain Items and Serum
DHEA and DHEAS
Median serum DHEAS levels were inversely correlated with self-reported low back pain in female Iraq/
Afghanistan-era Veterans (r = –0.103; p = 0.04, uncorrected for multiple comparisons in this exploratory
study). There were no significant DHEAS correlations
Table 1.
Demographic data for analysis cohort of 403 female Iraq/Afghanistanera Veterans.

Variable
Age (yr)
Race (n)
Caucasian
African American
Native American
Asian
Pacific Islander
Multiracial and Other
Married
Education (yr)
Current Smoker
*Data
†

available.
Calculated from available data.
SD = standard deviation.

n
403*

Percent or Mean ± SD
36.62 ± 9.76

119
260
4
4
1
15
117
396*
81

29.53
64.52
0.99
0.99
0.25
3.72
29.18†
13.86 ± 3.61
20.35†

with headache, chest pain, or muscle soreness (nor were
there significant correlations with DHEA and any of the
four pain items). This finding with serum DHEAS and
low back pain was also supported by nonparametric
Mann-Whitney analyses, however, which showed that
female Veterans reporting moderate to extreme low back
pain demonstrated significantly lower median (quartile 1,
quartile 3) serum DHEAS levels (818.87 ng/mL [525.44,
1,285.33]) compared with female Veterans reporting no
low back pain or minimal low back pain (1,002.42 ng/mL
[683.73, 1,399.21], |Z| = 2.60; p = 0.009; adjusted p =
0.04; Table 2). The other three pain items (headache
pain, chest pain, and muscle soreness) were not significantly altered between these two groups (nor were
median serum DHEA levels different in the high vs low
pain groupings for any of the four pain items, Table 3).
As anticipated, DHEA and DHEAS levels were significantly inversely correlated with age (DHEA: r = –0.31,
p < 0.001; DHEAS: r = –0.45, p < 0.001), and both
DHEA and DHEAS levels were significantly positively
correlated with smoking (DHEA: r = 0.20, p < 0.001;
DHEAS: r = 0.15, p < 0.002).

DISCUSSION
Results of the current exploratory study show that
serum DHEAS levels are inversely correlated with selfreported low back pain in a cohort of 403 female Iraq/
Afghanistan-era Veterans and that female Veterans
reporting moderate to severe low back pain have significantly lower serum DHEAS levels than female Veterans
reporting no pain or little pain.
It is currently unclear why low back pain is the sole
pain symptom significantly associated with decreased
serum DHEAS levels in the current study. Although the
SCL-90-R does not account for whether pain symptoms
are acute or chronic in nature, it is possible that selfreported low back pain in this Veteran cohort is more
chronic than self-reported muscle, headache, and chest
pain, as the latter pain symptoms may be more intermittent. Thus, it is possible that chronic, rather than acute,
pain symptoms are related to changes in serum DHEAS
levels. This pilot exploratory biomarker investigation was
not designed to interrogate mechanisms of action involving DHEAS that are specific to back pain compared with
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Table 2.
Dehydroepiandrosterone sulfate levels as function of Symptom Checklist-90-R (SCL-90-R) pain items dichotomized into low and high
categories.
Median
Adjusted
Mann-WhitneySymptom
n
Mean ± SE
Probability
Q1
Q3
(ng/mL)
Probability
Wilcoxon |Z|
Headache Pain
197
994.60 ± 36.79
929.18
605.93
1,315.64
0.73
0.47
0.87
Low*
206
969.53 ± 38.30
895.01
576.75
1,278.78
—
—
—
High†
Chest Pain
332
974.41 ± 28.22
886.47
584.36
1,291.89
1.77
0.87
0.87
Low*
71 1,016.28 ± 73.25
987.00
589.39
1,315.64
—
—
—
High†
Low Back Pain
179 1,044.66 ± 38.53
1,002.42
683.73
1,399.21
2.60
0.009
0.04
Low*
224
931.54 ± 36.26
818.87
525.44
1,285.33
—
—
—
High†
Muscle Soreness
244 1,003.29 ± 34.58
929.99
607.09
1,294.83
–0.83
0.41
0.87
Low*
159
948.78 ± 41.42
853.22
561.20
1,299.23
—
—
—
High†
*SCL-90-R
†

pain rating: 0–1.
SCL-90-R pain rating: 2–4.
Q = quartile, SE = standard error.

Table 3.
Dehydroepiandrosterone levels as function of Symptom Checklist-90-R (SCL-90-R) pain items dichotomized into low and high categories.
Adjusted
Median
Mann-WhitneyProbability
Symptom
n
Mean ± SE
Q1
Q3
Probability
(ng/mL)
Wilcoxon |Z|
Headache Pain
Low*
197
4.69 ± 0.14
4.40
3.25
5.70
–1.41
0.16
0.64
High†
206
5.09 ± 0.18
4.74
3.40
6.16
—
—
—
Chest Pain
Low*
332
4.78 ± 0.12
4.48
3.24
5.86
1.77
0.08
0.95
High†
71
5.41 ± 0.35
5.02
3.80
6.41
—
—
—
Low Back Pain
Low*
179
4.80 ± 0.15
4.63
3.50
5.69
–0.07
0.95
0.95
High†
224
4.97 ± 0.17
4.57
3.18
6.11
—
—
—
Muscle Soreness
Low*
244
4.77 ± 0.12
4.48
3.45
5.74
0.59
0.56
0.95
High†
159
5.08 ± 0.22
4.73
3.16
6.48
—
—
—
*SCL-90-R
†

pain rating: 0–1.
SCL-90-R pain rating: 2–4.
Q = quartile, SE = standard error.

other types of pain, however, and addressing this question
would require modeling approaches in rodents that are
beyond the scope of the current clinical effort. In addition,
these preliminary results would optimally first be replicated in larger clinical cohorts prior to investigating possible neurosteroid mechanisms of action that may be
specific to back pain in reverse-translation efforts utilizing
clinical findings to inform mechanistically directed rodent
studies. Given that only one small correlation between
low back pain symptoms and DHEAS levels was significant, the finding could also be a spurious one. Nonetheless, these findings contribute additional evidence to a

growing body of scientific literature suggesting that
neurosteroids may play an important role in the pathophysiology of pain analgesia and may have promise for
pain therapeutics.
Neurosteroids as Biomarker Candidates for Pain
These findings provide additional support for the quantification of serum DHEAS levels as possible biomarker
candidates for pain conditions. Identification of biomarkers
associated with pain symptoms could help detect risk
factors for the development of pain symptoms and guide
the development of novel neurosteroid therapeutics for pain
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disorders. Based on these current findings and prior reports
[30,38,40,48], DHEA administration could have therapeutic utility considering it markedly increases DHEAS levels
[45–46,48], and quantifying these neurosteroids may have
biomarker potential. For example, although the associations
found in this study cannot elucidate causation, it is possible
that individuals with low DHEAS levels at baseline may be
more vulnerable to the development of chronic pain—and
that pain symptoms could be ameliorated by restoring
DHEAS and/or enhancing DHEAS levels through exogenous administration of DHEA or other neurosteroids. Conversely, it is also possible that pain itself contributes to
decreases in DHEAS.
DHEA and DHEAS: Postulated Mechanisms of
Action in Pain
The inverse association of DHEAS with low back
pain is consistent with accruing data demonstrating potential analgesic properties of DHEAS, suggesting that the
modulation of DHEAS or other endogenous neurosteroids
may hold promise for therapeutic intervention in pain disorders. However, the underlying mechanism(s) remain
unclear and are likely multifaceted. Although the current
study was not designed to investigate possible neurosteroid mechanisms of action in the neurobiology of pain
regulation, several possibilities from prior preclinical
studies merit mention. For example, DHEA and DHEAS
modulate actions of inhibitory GABAA and excitatory
NMDA receptors. These neurosteroids are weak negative
modulators of GABAA and positive modulators of
NMDA receptors [36–37], and thus their receptor activity
profiles are not necessarily consistent with pain analgesia
(i.e., many analgesics are positive modulators of
GABAA). DHEA and DHEAS have pleiotropic effects,
however, and it is possible that multiple other mechanisms of action contribute to their analgesic actions. A
better understanding of these actions may inform the
direction for future therapeutics. For example, DHEA and
DHEAS demonstrate neuroprotective effects in multiple
animal models. DHEA and/or DHEAS are protective
against oxidative stress [52], and the excitotoxic effects of
NMDA, AMPA (α-amino-3-hydroxy-5-methyl-4-isoxazole
propionic acid), kainic acid [53–54], and anoxia [55] in
rodent models. Additionally, DHEA has neuroprotective
effects in autoimmune neurodegenerative processes [56–
58], brain ischemia [59], and brain trauma [60–62].
DHEA and/or DHEAS also demonstrate anti-inflammatory
effects [63–65] and increase neurogenesis [66–68]. Thus,

potential analgesic effects of DHEA and/or DHEAS may
result, at least in part, from their anti-inflammatory
actions. Moreover, DHEA and DHEAS are precursors to
other steroids such as testosterone and estradiol, and it is
possible that conversion to sex steroid metabolites (i.e.,
estrogens and androgens) may also play a role in their
analgesic actions [32,69–70]. In addition, the timing of
DHEA or DHEAS administration may be an important
component of the effect of these molecules on pain physiology. For example, DHEAS may have neuroprotective
properties in transient forebrain ischemia [71] and brain
trauma [72–74] that are biphasic. While DHEA has been
shown to protect against brain ischemia, this neuroprotective property may depend upon the timing of DHEA
administration. For example, DHEA administered 3 to 48
h following ischemia is neuroprotective, but administration of this neurosteroid 1 h before or shortly after ischemia results in increased neuronal death [59]. There thus
appear to be multiple complex mechanisms of action that
may be contributing to the analgesic actions of DHEAS
and DHEA, and it is possible that a combination of effects
(rather than a single mechanism) may be involved.
Future Directions
This exploratory pilot investigation of 403 female
Iraq and Afghanistan-era Veterans will require replication
in a larger cohort of female participants. In addition, an
examination of DHEA and DHEAS levels in male Iraq/
Afghanistan-era Veterans and possible relationships to
pain symptoms will be important; considering pronounced
sex differences in DHEA and DHEAS levels, the investigation of these molecules in both males and females could
contribute to the understanding of sex differences in the
neurobiology of pain. Given recent promising neuroimaging findings following DHEA administration [45–46], the
use of neuroimaging approaches in the future could also
yield new insights into the possible mechanistic contributions of DHEA and DHEAS to the physiology and therapeutics of pain and provide potential biomarker data for
the prediction of therapeutic response to neurosteroid
interventions. In addition, examining the genetic underpinnings of neurosteroid synthesis and metabolism will be
critical.
Limitations
There are several limitations to this exploratory study
in 403 female Iraq/Afghanistan-era Veterans. Because
only female Veterans were examined in this pilot study, it
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is not known whether results will also generalize to male
Iraq/Afghanistan-era Veterans. In addition, blood draw
time varied to some degree within this cohort, although
the majority of participants (approximately 90%) had a
blood draw within a 4 h window (10:30 a.m. to 2:30 p.m.).
Although DHEAS demonstrates minimal diurnal variation
[75], the diurnal variation pattern of DHEA is more pronounced (and could potentially explain lack of significant
findings for DHEA compared with DHEAS). It is also
possible, however, that the absence of DHEA findings
simply reflects a negative study. In addition, single items
were used to assess self-reported pain experienced within
the past 7 d on a scale of 0 (no pain) to 4 (extreme pain)
with the SCL-90-R. These questions do not address duration of pain symptoms, however, and it is not known
whether participants were reporting acute or chronic pain
symptoms. No self-reported pain symptoms were associated with serum DHEA levels, and only self-reported low
back pain was inversely associated with serum DHEAS
levels (uncorrected for multiple comparisons). However,
DHEAS levels were significantly lower among female
Veterans reporting moderate to severe low back pain (corrected for multiple comparisons), and thus, the relationship between self-reported pain symptoms and DHEAS
levels warrants further investigation. Information with
regard to the possible effects of these self-reported pain
symptoms on level of function is also not available in this
PDMH Study cohort of female Veterans. Associations
between neurosteroid levels and self-reported pain symptoms are solely correlational, and causality cannot be
assumed. Future studies will be necessary to determine
whether altered neurosteroid levels at baseline may predispose individuals to experiencing greater pain symptoms and/or pain may result in altered neurosteroid levels.
These results should thus be viewed as very preliminary
and will require replication in larger cohorts.

CONCLUSIONS
DHEAS is inversely associated with self-reported low
back pain symptoms in 403 female Iraq/Afghanistan-era
Veterans, and female Veterans reporting moderate to
extreme pain demonstrate significantly reduced DHEAS
levels compared with female Veterans reporting few or no
back pain symptoms. These findings provide additional
support for the potential analgesic effect of DHEAS and
suggest that neurosteroids may have promise as bio-

marker candidates and novel therapeutics for pain conditions. Further research with larger Veteran cohorts will be
required to replicate the current findings and to determine
whether DHEAS levels are also inversely associated with
pain symptoms in male Veterans. This exploratory study
supports a role for neurosteroids in pain physiology and
provides additional rationale for the development of
neurosteroid therapeutics for pain analgesia.
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