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Abstract

Over 25% of Persian Gulf War (PGW) veterans with Gulf War Illness (GWI) (chronic health 

complaints of undetermined etiology) developed GI symptoms (diarrhea and abdominal pain) and 

somatic complaints. Objectives: Our study objective was to determine if veterans with GWI and 

GI symptoms exhibit heightened patterns of somatic pain perception (hypersensitivity) across 

nociceptive stimuli modalities. Methods: Subjects were previously deployed GW Veterans with 

GWI and GI symptoms (n=53); veterans with GWI without GI symptom (n=47); and veteran 

controls (n=38). We determined pain thresholds for contact thermal, cold pressor, and ischemic 

stimuli. Results: Veterans with GWI and GI symptoms showed lower pain thresholds (p<0.001) for 

each stimulus. There was also overlap of somatic hypersensitivities among veterans with GI 

symptoms with 20% having hypersensitivity to all 3 somatic stimuli. Veterans with GWI and GI 

symptoms also showed a significant correlation between M-VAS abdominal pain ratings and heat 

pain threshold, cold pressor threshold, and ischemic pain threshold/tolerance. Discussion: Our 

findings show that there is widespread somatic hypersensitivity in veterans with GWI/GI 

symptoms that is positively correlated with abdominal pain ratings. In addition, veterans with 

somatic hypersensitivity that overlap have the greatest number of extraintestinal symptoms. These 

findings may have a translational benefit: strategies for developing more effective therapeutic 

agents that can reduce and/or prevent somatic and GI symptoms in veterans deployed to future 

military conflicts.
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INTRODUCTION

Over 700,000 United States military personnel participated in the Persian Gulf War between 

August 1990 and March 1991. By April 1997, the Persian Gulf Registry had identified a 

large number of these veterans as having chronic health disorders of undetermined etiology. 

Within 6 to 12 months after their return, up to 25% of Veterans had persistent 

gastrointestinal (GI) symptoms possibly related to their military service in the Gulf.1–3 The 

economic impact of these chronic GI disorders (workup, treatment, indirect costs, lost work) 

is estimated to be over $897 million (VA Environmental Epidemiology Service). Costs 

continue to grow because a large number of veterans still serve in the Middle East and are at 

high risk for developing the same chronic disorders.

Among the symptoms most frequently reported by veterans with Gulf War Illness (GWI) 

were chronic fatigue, frequent or persistent headache, frequent or persistent muscle or joint 

pain, and GI symptoms. GI symptoms (e.g. diarrhea, constipation, bloating, and abdominal 

pain) reported by these veterans accounted for the majority of complaints.4–6 It is estimated 

that over 50% of veterans deployed in the Gulf during the Gulf war in 1990–1991 developed 

acute gastroenteritis.7 Thus, acute gastroenteritis may be an underlying factor leading Gulf 

War Veterans to develop GWI with persistent GI symptoms.8–9 Veterans deployed to the 

Persian Gulf are exposed to a highly stressful environment, making them more susceptible to 

the development of persistent GI symptoms.

Interestingly, it is the Gulf War Veterans with GI symptoms that also have the greatest 

number of somatic complaints. The acute GI symptoms following gastroenteritis resolve 

within a week, however, a significant number of Gulf War Veterans are left with chronic and 

persistent abdominal pain, diarrhea, and bloating.4 Transient small bowel and colonic 

inflammation due to enteric infections acquired by veterans in the Persian Gulf may cause 

sensitization of the gut and enteric neurons to nociceptive stimuli, which can persist long 

after resolution of the inflammation, similar to changes observed in animal models of 

functional GI disorders.10–12 Sensitization of enteric neurons may then lead to central 

sensitization and be manifested by evidence of somatic hypersensitivity to experimental 

nociceptive stimuli as we have shown in patients with IBS.11,13–15

The overall goal of the current study was to determine alterations of pain processing 

mechanisms reflected in somatic hypersensitivity to experimental nociceptive stimuli in 

veterans with GWI with and without chronic GI symptoms compared to healthy veteran 

controls. Thus, our overall hypothesis was to determine if veterans with GWI and chronic GI 

symptoms exhibit heightened patterns of somatic pain perception (hypersensitivity) across 

nociceptive stimuli modalities. Well-controlled sensory stimuli designed to separately 

evaluate central and peripheral mechanisms were used to evaluate pain threshold affective 

ratings of contact thermal, cold pressor, and ischemic stimuli to compare differences in 

somatic hypersensitivity between veterans with GWI with GI symptoms; veterans with GWI 

without GI symptoms; and veteran controls. In addition to assessing perceptual responses, 

we also attempted to determine if the VAS ratings of the abdominal pain positively 

correlated with perceptual responses to the experimental pain stimuli in the veterans with 

GWI and GI symptoms.
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2. METHODS

2.1 Participants

The study was performed at The Cincinnati Veterans Affairs Medical Center in Cincinnati, 

Ohio and the Malcom Randall Veterans Affairs Medical Center in Gainesville, Florida. The 

study was approved by the Institutional Review Boards at both participating centers. All 

subjects signed informed consent prior to the start of the study. We enrolled consecutive 

veterans that (i) were previously deployed to the Persian Gulf, (ii) were between the ages of 

30–72 at the time of enrollment, and (iii) developed GWI with or without chronic GI 

symptoms. Controls consisted of deployed GW veterans who did not develop GWI or GI 

symptoms.

All veterans with GWI with GI symptoms previously had upper endoscopy/colonoscopy 

with biopsies that were normal; a normal lactulose breath test to exclude bacterial 

overgrowth; a negative serum tissue transglutaminase to exclude celiac sprue; and negative 

stool studies; and underwent a 7-day screening period during which their daily abdominal 

pain score was recorded on a Mechanical VAS (M-VAS) and a mean was calculated.16 

Fibromyalgia (FM) was excluded in all participating veterans using the 1990 American 

College of Rheumatology criteria for FM.17 The asymptomatic Gulf War Veterans (controls) 

that were recruited were free of any evidence of acute and/or chronic somatic/abdominal 

pain based on a complete history and a physical exam. Veterans with GWI and controls were 

screened for systemic conditions that could affect sensory responses. None of the veterans 

took serotonin antagonists, serotonin reuptake inhibitors, tricyclic antidepressants, or 

analgesic medication for at least 1 month prior to the study. Subjects were instructed to 

refrain from the use of caffeine for 72 hours before their session.

All Gulf War Veterans completed the Beck Depression Inventory (BDI) and the State Trait 

Anxiety Inventory (STAI).18–19 Depressive and anxiety disorders were exclusions if they 

were severe enough to interfere with the individual’s ability to participate in the study. 

Therefore, veterans who scored ≥30 on the BDI and/or ≥53 on the STAI were excluded. 

Such scores are approximately one standard deviation above the mean for general medical 

patients.

2.2 Experimental Pain Procedures

Each veteran participated in an experimental session lasting approximately 1.5 hours. The 

order of administration of the 3 pain stimuli was randomly determined for each veteran to 

prevent any systematic effect of stimulus order. The sensory testing session was done on 

days that the veterans were free from abdominal pain and/or any extraintestinal symptoms 

(i.e. migraine headaches, back, or joint pain. The experimenter delivering the nociceptive 

stimuli was blinded to the group (GWI with abdominal pain, GWI without abdominal pain, 

control) to which the veteran belonged.

2.3 Heat Pain Threshold (HPTh)

All thermal stimuli were delivered using a computer-controlled Medoc Thermal Sensory 

Analyzer (TSA-2001, Ramat Yishai, Israel), which is a peltier-element-based stimulator 
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with a 3 × 3 cm thermode. Temperature levels were monitored by a contactor-contained 

thermistor, and returned to a preset baseline of 32°C by active cooling at a rate of 10°C/Sec. 

Heat pain thresholds were assessed on the ventral aspect of the right sole of the foot using an 

ascending method of limits. From a baseline of 32°C, probe temperature increased at a rate 

of 0.5°C/Sec until the subject responded by pressing a button on a handheld device. This 

slow rate of rise preferentially activates C-fibers and diminishes artifacts associated with 

reaction time.20 Veterans were instructed to press the button when the sensation “first 

becomes painful.” Three trials of HPTh were presented and the average of the 3 trials was 

calculated for heat pain threshold. The position of the thermode was altered proximal to the 

site but not overlapping between trials in order to avoid either sensitization or habituation of 

cutaneous receptors. In addition, interstimulus intervals of at least 5 minutes were 

maintained between successive stimuli.

2.4 Cold Pressor Pain Threshold (CPTh)

The cold-pressor procedure was conducted as previously described.21–22 Veterans immersed 

their right foot in 5°C water. The water temperature was maintained (+ 0.1°C) by a 

refrigeration unit (Neslab, Portsmouth, NH), and the water was constantly recirculated to 

maintain a constant temperature throughout the water bath and to prevent local warming 

around the submerged foot. Veterans were told that they could remove their foot at any time 

if the pain became intolerable. CPTh was determined when the veteran first felt pain. Three 

trials were done and the average of the 3 trials was computed for cold pain threshold. An 

interstimulus interval of at least 5 minutes was maintained between successive stimuli.

2.5 Ischemic Pain Threshold (IPTh) and Tolerance (IPTo)

The ischemic test was conducted using a modified submaximal effort tourniquet test.23 The 

right arm was exsanguinated by elevating it above heart level for 60 secs after which the 

right arm was occluded with a straight segmental blood pressure cuff inflated to 240 mm Hg 

using a Hokanson cuff inflator and air source (Bellevue, WA). Veterans were then instructed 

to do 20 hand grip exercises of 2-sec duration at 4-sec intervals at 50% of their maximum 

grip strength. Veterans were instructed to say “pain” when they first felt pain (IPTh) and to 

continue until the perceived pain became intolerable (IPTo) or for 15-min. Then, the trial 

was repeated for a total of 3 times with at least 5 minutes in-between testing, and the average 

time to IPTh and IPTo was recorded for each veteran.

2.6 Statistical Analysis

Statistical analyses were done using SAS software, Version 9.4 of the SAS system (SAS 

institute Inc.) and Prism version 6. The analysis involved one between- and two within-

subject variables, and, consequently, the repeated measures command within the General 

Linear model module of SPSS was also used. Differences between veterans with GWI and 

GI symptoms; veterans with GWI without GI symptoms; and asymptomatic veterans for 

HPTh, CPTh, and IPTh were tested. One way ANOVA followed by Tukey’s comparison was 

used to analyze the pain testing data. Values are expressed as means ± standard deviation 

(SD). Pearson correlations between M-VAS abdominal pain ratings in the GWI with GI 

symptoms and HPTh, CPTh, IPTh, and IPTo were analyzed.
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3. RESULTS

Gulf War Veterans that had been deployed were recruited for this study from the Malcom 

Randall VAMC in Gainesville, Florida and from the Cincinnati VAMC in Cincinnati, Ohio. 

A total of 138 veterans completed the study: 53 had documented GWI with chronic GI 

symptoms; 47 had GWI without GI symptoms; and 38 were asymptomatic and did not 

develop GWI or GI symptoms during deployment and were asymptomatic at the time of this 

study and served as controls. Clinical characteristics and demographics of the enrolled Gulf 

War Veterans were similar in the 3 groups (Table 1). Mean age was 47.9±3.0 years; 93% 

were male. There was no difference between the two groups in age, sex or ethnicity using a 

comparison analysis. There were no group differences on the State Trait Anxiety Inventory 

(STAI), the Beck Depression Inventory (BDI) or between Gulf War Veterans who developed 

GWI and asymptomatic veterans (p=0.7). Covariate analysis was done but did not reveal any 

effects of group membership on scores on the STAI, or BDI. Some of the veterans with GWI 

and chronic GI symptoms included in the study had a history of extraintestinal symptoms, 

but they were all free from acute abdominal pain and/or extraintestinal symptoms during the 

day of sensory testing.

3.1 Heat Pain Threshold (HPTh)

Gulf War Veterans with GWI/GI symptoms exhibited lower HPTh in response to the thermal 

probe stimulation of the sole of the foot compared to veterans with GWI (no GI symptoms) 

(*p<0.01) and veteran controls (**p<0.001) (Figure 1). There was no significant difference 

between veteran controls and veterans with GWI (no GI symptoms). Comparison of tests of 

thermal stimulation of the foot yielded a significant main effect for group (p<0.001). This 

indicated that veterans with GWI/GI symptoms had significantly higher pain ratings 

compared to veterans with GWI and veteran controls.

3.2 Cold Pressor Pain Threshold (CPTh)

In the cold pressor test, veterans with GWI/GI symptoms exhibited lower CPTh scores in 

response to cold water immersion of the foot compared to veterans with GWI (no GI 

symptoms) (*p<0.01) and veteran controls (**p<0.001) (Figure 2). There was no significant 

difference between control veterans and veterans with GWI (no GI symptoms). Comparison 

of cold water immersion of the foot yielded a significant main effect for group (p<0.001). 

The results indicated that on this test, too, veterans with GWI/GI symptoms had significantly 

higher pain ratings compared to veterans with GWI (no GI symptoms) and veteran controls.

3.3 Ischemic Pain Threshold (IPTh) and Ischemic Pain Tolerance (IPTo)

On the modified tourniquet test, veterans with GWI/GI symptoms had a shorter time to IPTh 

(p<0.001) than veteran controls (Figure 3, Left Panel). Interestingly, veterans with GWI (no 

GI symptoms) also had a significantly shorter time to IPTh compared to veteran controls 

(p<0.01) (Figure 3, Left Panel). On the ischemic tolerance test (IPTo), veterans with GWI/GI 

symptoms had a lower tolerance (IPTo) compared to control veterans (p<0.001) (Figure 3, 

Right Panel). Similar to IPTh, veterans with GWI (no GI symptoms) also had a significantly 

shorter time to IPTo compared to veteran controls (p<0.01) (Figure 3, Right Panel).
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3.4 M-VAS Abdominal Pain Correlations

Pearson correlations between M-VAS abdominal pain ratings and the main outcome 

measures of heat pain threshold, cold pressor threshold, and ischemic pain threshold were 

analyzed (Table 2). Among veterans with GWI/GI symptoms, there were significant 

correlations between the M-VAS abdominal pain ratings and heat pain threshold, cold 

pressor threshold, and ischemic pain threshold and tolerance. Thus, veterans with greater 

average daily abdominal pain had greater somatic sensitivity to experimental nociceptive 

testing.

3.5 Overlap of Somatic Hypersensitivity in Gulf War Veterans

Figure 4 depicts the overlap among veterans with GWI/GI symptoms who had 

hypersensitivity to thermal, cold pressor, and ischemic nociceptive stimuli. A total of 20% of 

veterans with GWI/GI symptoms had hypersensitivity to all 3 nociceptive stimuli (thermal, 

cold, and ischemic). Overlap of both thermal and ischemic hypersensitivity were present in 

25% of veterans with GWI/GI symptoms. A total of 19% of veterans with GWI/GI 

symptoms had overlap of both cold and ischemic hypersensitivity. Finally, the largest 

overlap (37%) was between thermal and cold hypersensitivity in veterans. There were no 

differences in scores on the BDI and STAI between the groups of veterans with overlap. The 

20% of veterans with GWI/GI symptoms that had overlap with all 3 nociceptive stimuli also 

had a history of >85% of extraintestinal symptoms.

4. DISCUSSION

Here we have shown that the onset of chronic abdominal pain and GI symptoms in veterans 

with GWI is common during deployment and often persists after deployment. This study 

demonstrates several important new findings. Our present study compared differences in 

somatic hypersensitivity between veterans with GWI/GI symptoms and is unique in several 

ways. To our knowledge, this is the 1st study to examine somatic pain perception in veterans 

with GWI using a battery of diverse experimental pain procedures and well-validated 

psychophysical pain testing procedures. Second, our results show the presence of somatic 

hypersensitivity in veterans with GWI/GI symptoms suggesting an alteration in afferent pain 

processing mechanisms. This suggests that chronic peripheral nociceptive input from the gut 

may sensitize spinal cord neurons as we have previously shown in patients with functional 

bowel disorders such as IBS.11,13–15 Third, there was a significant overlap of thermal, 

ischemic, and cold pressor hypersensitivities among veterans with GWI/GI symptoms 

(Figure 4). This suggests that different mechanisms may play a role in the hypersensitivity 

seen with diverse nociceptive pain stimuli, as veterans with a history of the greatest number 

of extraintestinal symptoms had the highest overlap of hypersensitivities to nociceptive 

stimuli. Finally, there was a positive correlation of abdominal pain ratings and somatic 

hypersensitivity in veterans with GWI/GI symptoms on the experiment nociceptive pain 

tests. This correlation suggests the possibility of viscerosomatic convergence of central and 

peripheral pain processing pathways in veterans with GWI/GI symptoms.

These findings extend our studies of GWI. Our research team has been studying Gulf War 

Veterans with GWI and chronic GI pain disorders that started during their deployment to the 
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Persian Gulf in 1990–91.4 The pathophysiologic mechanisms of GI symptoms are not well 

understood, but these mechanisms cause significant morbidity in Gulf War Veterans. Among 

the symptoms most frequently reported by veterans with GWI were chronic fatigue, frequent 

or persistent headache, frequent or persistent muscle or joint pain, and GI pain. Indeed, GI 

symptoms reported by these veterans accounted for the majority of complaints.3,5,24

The mechanisms underlying the GI symptoms are unclear. One of the earliest studies 

evaluated 57 deployed and 44 non-deployed members of a National Guard unit in an attempt 

to better define the etiology and prevalence of chronic GI symptoms in Persian Gulf War 

Veterans.6 After deployment to the Persian Gulf region, up to 80% reported chronic GI pain 

that persisted after their tour of duty. The abrupt onset of gastrointestinal pain was 

coincidental with deployment to a stressful wartime environment. Despite this high 

prevalence, the mechanisms of chronic gastrointestinal pain in Gulf War Veterans is not well 

understood.4,11 There have been several potential causes entertained including a post-

infectious, IBS-like syndrome.25–27 The acute symptoms will usually resolve within a week 

although abdominal pain, diarrhea, and bloating often persist. Interestingly, transient bowel 

inflammation may cause sensitization of the gut that persists long after resolution of the 

inflammation, similar to the sensitization shown in animal models of gastrointestinal pain.
10,28–34

Somatic symptoms may be important in GWI/GI symptoms as they exhibit a wide variety of 

somatic symptoms including back pain, migraine headaches, heartburn, dyspareunia, and 

muscle pain in body regions somatotopically distinct from the gut. Collectively, these 

somatic symptoms suggest that Gulf War Veterans with GWI/GI symptoms may also suffer 

from central hyperalgesic dysfunction similar to patients with IBS.14,21 Patients with other 

chronic pain disorders such as temporomandibular disorders have also been shown to have 

generalized hyperalgesia.35–36 Newer studies now suggest that processing of visceral and 

somatic stimuli overlap as a result of viscerosomatic convergence in the lumbosacral 

distribution.11 Chronic afferent nociceptive input from the gut may sensitize spinal cord 

neurons that exhibit somatotopic overlap with the gut. This spinal sensitization could be 

created and/or maintained by tonic impulse input from the gut to the spinal cord. We have 

previously shown that using a local anesthetic blockade in the colon (i.e. lidocaine jelly), 

both visceral and somatic hypersensitivity in IBS patients is diminished.17 Several recent 

studies by our group using an animal model of visceral and somatic hypersensitivity further 

supports the possibility of viscerosomatic convergence in these Gulf War Veterans with GWI 

and chronic GI symptoms.11 In this model, NMDA NR1 subunit expression was greater in 

the L4-S1 in laminae I & II of the spinal cord compared to the T10-L1 cord.32–34 Thus, our 

current findings for Gulf War Veterans confirm and extend our previous studies that suggest 

that a chronic visceral drive from the gut may be an underlying mechanism of somatic 

hypersensitivity in patients with other chronic pain conditions, such as IBS patients.

Our findings indicate that veterans with GWI/GI symptoms have greater thermal sensitivity 

than veterans with GWI and veteran controls as the former group reported a lower pain 

threshold to heat stimuli applied to the sole of the foot. These findings support our previous 

studies indicating that some IBS patients are more sensitive to heat stimuli than controls.14 

The cold pressor task is a commonly used experimental pain task and cardiovascular 
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challenge. Veterans with GWI/GI symptoms also showed significantly lower thresholds to 

the cold pressor stimuli applied to the foot compared to veterans with GWI and veteran 

controls. Finally, during the ischemic test, veterans with GWI/GI symptoms had a shorter 

time to pain threshold and pain tolerance. Interestingly, in comparison to the thermal and 

cold pressor tests, veterans with GWI (no GI symptoms) had a lower ischemic threshold and 

tolerance compared to veteran controls. These findings can be explained given the 

perceptual qualities of the ischemic test, the robust pain experienced may be more likely to 

reveal somatic hypersensitivity. The modified submaximal effort tourniquet procedure used 

in our current study produces a diffuse, deep pain that is associated with activation of a large 

number of C fibers in the muscle, compared to other nociceptive stimuli, which include 

primarily cutaneous stimuli of shorter duration and activate a greater proportion of a-delta 

fibers.23 Others have reported hypersensitivity when using this ischemic pain stimulus in 

temporomandibular disorders, fibromyalgia, and interstitial cystitis.37–38 It is interesting that 

there is a significant overlap in hypersensitivities among veterans with GWI/GI symptoms 

with thermal, cold pressor, and ischemic hypersensitivity. This suggests that different 

mechanisms may be at play in the hypersensitivities seen with diverse nociceptive pain 

stimuli, as the veterans with a history of the greatest number of extraintestinal symptoms had 

the greatest overlap of hypersensitivities to nociceptive stimuli.

There are a few limitations of our study. The study was conducted over 20 years after the 

war and there may be recall bias. Our study population mainly consisted of Gulf War 

Veterans enrolled in the Gulf War Registry at the Malcom Randall VAMC and at the 

Cincinnati VAMC. It is not clear whether these findings are applicable to veterans at other 

VAMCs. Also, veterans who agree to participate may be a biased sample that is more likely 

to report a higher prevalence of disorders. The higher prevalence of bowel disorders after the 

Gulf War may be due to increased health care utilization and higher reporting by the 

Veterans after returning from the War.

5. Summary

In conclusion, our study demonstrates that Gulf War veterans with GWI and persistent GI 

symptoms commonly have overlapping somatic hypersensitivity. The new findings in our 

study are important as they may lead to both novel diagnostic biomarkers and therapeutic 

strategies for returning Gulf War Veterans who suffer from GWI/GI symtoms for which 

there are few available treatments. Gulf War Veterans with evidence of somatic 

hypersensitivity and GI symptoms may need more broad analgesic therapy rather than 

treatments just aimed at the gut. Moreover, evidence for the clinical relevance of 

experimental pain testing could lead to the development of more objective clinical markers 

of GWI and gastrointestinal symptoms that can be used in clinical trials.39–41 Somatic pain 

testing might be used to measure the changes in improvement following therapies given in 

clinical trials. These advances become even more important for an increasing number of 

veterans who are now serving in the Persian Gulf and are at a high risk of developing these 

chronic pain disorders.
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Figure 1. 
Heat Pain Threshold by Group: Gulf War Veterans with GWI/GI symptoms exhibited lower 

HPTh in response to the thermal probe stimulation of the sole of the foot compared to 

veterans with GWI (no GI symptoms); *p<0.01; **p<0.001
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Figure 2. 
Cold Pressor Threshold by Group: Gulf War Veterans with GWI/GI symptoms exhibited 

lower CPTh in response to immersion of their right foot in 5°C water compared to veterans 

with GWI (no GI symptoms). *p<0.01; **p<0.001
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Figure 3. 
Ischemic Threshold and Tolerance by Group; Gulf War Veterans with GWI/GI symptoms 

exhibited lower IPTh and IPTo in response to immersion of their right foot in 5°C water 

compared to veterans with GWI (no GI symptoms); *p<0.01; **p<0.001
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Figure 4. 
Overlap of Somatic Hypersensitivity: depicts the overlap among veterans with GWI/GI 

symptoms who had hypersensitivity to thermal, cold pressor, and ischemic nociceptive 

stimuli. A total of 20% of veterans with GWI/GI symptoms had hypersensitivity to all 3 

nociceptive stimuli (thermal, cold, and ischemic). Overlap of both thermal and ischemic 

hypersensitivity were present in 25% of veterans with GWI/GI symptoms. A total of 19% of 

veterans with GWI/GI symptoms had overlap of both cold and ischemic hypersensitivity. 

Finally, the largest overlap (37%) was between thermal and cold hypersensitivity in veterans.
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Table 1

Demographics of Enrolled Gulf War Veterans

GWI/GI Symptoms (N=53) GWI (N=47) Controls (N=38)

Characteristic

Age--yr 49.1±3.7 48.2±1.2 46.6±4.1

Sex—no. (%)

 Male 48 (91) 47 (100) 34 (90)

 Female 5 (9) 0 4 (10)

Ethnic group-no. (%)

 White 27 (51) 39 (83) 21 (55)

 Black 25 (47) 8 (17) 17 (45)

 Hispanic 0 0 0

 Asian 1 (2) 0 0

 Other 0 0 0

*
Plus-minus values are means±SD. There were no significant differences between the 3 groups. All Gulf War Veterans were deployed to the 

Persian Gulf.

Clin J Pain. Author manuscript; available in PMC 2019 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zhou et al. Page 17

Table 2

Pearson correlation coefficients for veterans with GWI and GI symptoms

M-VAS Abdominal Pain Rating

Heat Pain Threshold (HPTh) 0.694 p<0.001

Cold Pressor Threshold (CPTh) 0.682 p<0.001

Ischemic Pain Threshold (IPTh) 0.764 p<0.001

Ischemic Pain Tolerance (IPTo) 0.792 p<0.001
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