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Abstract

Post-exertional malaise (PEM) is a potentially debilitating aspect of Gulf War Illness (GWI) that 

has received limited research attention. The purpose of the present investigation was to determine 

symptom severity changes following exercise in Veterans with GWI compared to control Veterans 

without GWI (CO). Sixty-seven Veterans (n=39 GWI; n=28 CO) underwent a 30-minute 

submaximal exercise challenge at 70% of heart rate reserve. Symptom measurements (e.g. fatigue, 

pain) occurred pre-, immediately post-, and 24-hours post-exercise. Self-reported physical and 

mental health, and physiological and perceptual responses to exercise were compared between 

groups using descriptive statistics, independent samples t-tests and repeated measures Analysis of 

Variance (RM-ANOVA). Post-exertional malaise was modeled using Group by Time (2 × 3) 

doubly-multivariate, RM-MANOVAs for (1) mood, (2) pain and (3) GWI-related symptoms, 

respectively (α=0.05). Data were analyzed for the full sample of Veterans with GWI (n=39) 

compared to CO (n=28) and a subsample of Veterans (n=18) who endorsed “feeling unwell after 

physical exercise or exertion” (“PEM endorsers”) during screening. Veterans with GWI reported 

significantly lower physical and mental health. Groups exercised at similar relative exercise 

intensities, but GWI perceived exercise as more painful and fatiguing. Group-by-Time interactions 

were not significant for the entire sample for the three PEM models, however limiting the GWI 

sample to “PEM endorsers” resulted in significant interactions for Pain- and GWI-related PEM 
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models. These results indicate that not all GVs with GWI experience PEM 24 hr after exercise, 

and that more research is needed to determine the extent that exercise worsens symptoms in GWI.
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1. Introduction

Shortly after returning home from the Persian Gulf War, Veterans began experiencing a 

myriad of symptoms with no clearly discernable cause or pathophysiological explanation.1–3 

Based on estimates by the Gulf War Research Advisory Committee and the 2010 National 

Academy of Medicine report, between 175,000 to 250,000 of American Gulf War Veterans 

(GVs), approximately 25–35% of the 1990–1991 Gulf War Veteran population, report 

symptoms consistent with Gulf War Illness (GWI) - a chronic, multi-symptom illness 

principally characterized by fatigue, pain, and problems with cognitive function.1–3 It has 

been nearly 30 years since the conclusion of the Persian Gulf War and yet GWI remains a 

disabling problem for a substantial percentage of GVs,4–7 with longitudinal data indicating 

declining physical and mental health in symptomatic GVs, despite significant health care 

utilization.5 One condition that is reported by GVs with GWI,8 but has received scant 

research attention in controlled laboratory studies, is post-exertional malaise (PEM).

PEM is hallmark feature of myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) 

– another chronic multisymptom illness sharing substantial symptom overlap with GWI.
2,9,10 Clinically, PEM is defined as an increase in pain, fatigue, cognitive problems, and 

other associated symptoms that is sustained for an inordinately long period of time following 

mental and/or physical exertion.11,12 ME/CFS patients report that even minimal exertion 

dramatically worsens their entire symptom complex.12 Given the central role of physical 

exertion in precipitating PEM, exercise challenges are frequently used in ME/CFS research 

and these studies have described changes for several symptoms following exercise including 

increased fatigue, sore throat, headaches, muscle pain, joint pain, confusion, and decreased 

energy.13–18

To our knowledge, the PEM response has not been systematically studied under controlled 

laboratory settings in GWI. Although several studies have used exercise challenges to 

describe differences in immune parameters,19,20 lactate production,21 pain sensitivity,22 and 

perceived exertion23 in GVs with GWI, these studies have not tested whether symptom 

exacerbation occurs following a single bout of exertion. Our goal was to explore whether 

GVs with GWI demonstrate a similar symptom exacerbation response to that seen in the 

literature involving ME/CFS. Therefore, the purpose of the present investigation was to 

determine the extent to which symptoms associated with GWI change following an acute 

sub-maximal aerobic exercise challenge in GVs with GWI compared to an otherwise healthy 

GV control group (CO). Our primary hypothesis was that GVs with GWI would report a 

significant worsening of symptoms from pre- to post-exercise. We further expected that this 

worsening of symptoms in GV with GWI would be significantly greater than any changes 
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exhibited by the CO. Finally, we expected that the largest changes in symptom severity 

would be observed in GVs with GWI who reported PEM during the screening phase of this 

study.

2. Methods

The methods and data reported here are part of an ongoing large-scale multisite study aimed 

toward determining brain, autonomic, and immune system deficits in GWI (Department of 

Veterans Affairs Merit Review Award # I01CX001329: Cook and Falvo: PIs). This 

collaboration included the William S. Middleton Memorial Veterans Hospital & the 

University of Wisconsin – Madison, Madison, WI; the War Related Illness and Injury Study 

Center within the Department of Veterans Affairs, New Jersey Health Care System, East 

Orange, NJ; and the Kessler Foundation (Rocco Ortenzio Neuroimaging Center), East West 

Orange, NJ. The scope of the present report is focused on drawing comparisons between 

GWI and CO Veterans in terms of (i) physical and mental health symptoms at baseline, (ii) 

perceptual, cardiorespiratory, and metabolic responses to sub-maximal exercise, and (iii) 

potential exacerbation of symptoms that would be indicative of a PEM response 

immediately and 24hr following exercise.

2.1 Participants

Sixty-seven GVs who were deployed to the Persian Gulf during Operations Desert Shield or 

Desert Storm (n=39 GWI and n=28 CO) were recruited and volunteered for the study. 

Participants were recruited from both the Madison and NJ VA Hospitals through letters sent 

to Veterans within Veteran Integrated Service Networks (VISN) ‘2’ (NJ) and ‘12’ (WI). As 

our primary method of identifying potentially eligible Veterans, we used the VA Informatics 

and Computing Infrastructure Corporate Data Warehouse to identify names and mailing 

addresses of Veterans in the VISN 2 and 12 areas who were between the ages of 45–65 and 

had been deployed to the Persian Gulf War. Additional recruitment methods included the 

Defense Manpower Data Center, outpatient referral clinics, and distribution of study fliers to 

the VA Office of Public Health Gulf War News Letter service and local Veteran Service 

Organizations, hospitals, and clinics.

2.1.1 Inclusion/Exclusion Criteria—To be included in the study, participants had to 

be deployed to the Persian Gulf during Operations Desert Shield and/or Desert Storm and 

meet criteria for our GWI and CO groups. A GWI diagnosis was based on the Kansas Case 

Definition (71) which was derived from a population-based survey of over 2,000 Veterans 

who served during the 1990–1991 Gulf War and whose symptoms began during or following 

deployment. To meet criteria, Veterans must endorse at least one moderately severe 

symptom or multiple mildly severe symptoms which has/have persisted for the previous 6 

months in at least three of the following domains; pain, fatigue neurological/cognitive/mood, 

skin, gastrointestinal, and respiratory – with symptoms first becoming a problem during or 

after the Gulf War. In order to be eligible for the present study, Veterans with GWI were 

required to endorse moderately severe symptoms in either the pain or fatigue domain.

Screening for inclusion/exclusion criteria took place during an initial 20–25 min phone call 

followed by a 1-hr in-person interview. The initial study visit included a health records 
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check in the VA Computerized Patient Record System, physical health exam, and the 

administration of the Mini-International Neuropsychiatric Interview (MINI). Veterans were 

excluded from participation if they: 1) screened for current or lifetime bipolar I disorder, 

psychotic disorders, or mood disorder with psychotic features (from MINI); 2) screened for 

evidence of active illicit substance use or fit criteria for active substance dependence and 

substance dependence in partial remission for less than 1 year (from MINI); 3) reported or 

had a medical record of using select medications including beta & calcium channel blockers, 

anti-convulsants, non-steroidal anti-inflammatory drugs within 48-hr of testing; 4) had a 

diagnosis of a chronic conditions (e.g., cancer, rheumatoid arthritis) not associated with Gulf 

War service which could explain their symptoms (self-report and medical record review); 5) 

had absolute contraindications to exercise testing according to American College of 

Cardiology/American Heart Association guidelines24; or 6) had contraindications to MRI 

testing (e.g. ferrous material in the body, claustrophobia). Stable use (≥3 months if taking) of 

psychotropic medications (i.e., antidepressants, antipsychotics, mood stabilizers – except 

when used to treat exclusionary psychiatric conditions), and select analgesics and sedatives 

was permitted, however, concurrent use of multiple (>1) sedatives was exclusionary.

2.2 Experimental Procedures

Participants reported to the Exercise Psychology Laboratory at the University of Wisconsin 

– Madison or the Cardiorespiratory Physiology Laboratory of the WRIISC for symptom 

assessment and exercise testing procedures. Participants completed 3 days of testing for this 

study. Visit 1 involved confirmation of the inclusion and exclusion criteria and baseline 

characterization of demographics and self-reported mental and physical health. Visit 2 

occurred approximately 1-week following baseline data collection and consisted of symptom 

measurement and exercise challenge. Visit 3 occurred 24-hr post-exercise and consisted of 

symptom measurement.

Prior to study initiation, personnel from both sites received in-depth training on the methods 

that were employed (e.g. standardized assessments of GWI diagnostic criteria, behavioral 

symptom and cardiorespiratory data collection methods). This included both in-person site 

visits and tele- and video-conference training. Regular communication between sites and 

periodic data quality checks were also performed to check for methodological consistency, 

minimize between-site variability, and ensure data integrity.

All study procedures were approved by the institutional review boards and the Research and 

Development Committees of the University of Wisconsin – Madison, VA Madison and the 

Department of Veterans Affairs, New Jersey Health Care System. All participants provided 

informed consent according to the Declaration of Helsinki prior to testing.

2.3 Participant characteristics

Several questionnaires were completed at baseline in order to characterize participant 

demographics and mental/physical health symptoms. These included: 1) demographic and 

medical history questionnaires; 2) the Veterans Rand 36-item Medical Health Survey 

(VR-36)25; 3) the Pittsburgh Sleep Quality Index26; 4) the Centers for Disease Control 

(CDC) Symptom Inventory27; 5) the short-form McGill Pain Questionnaire-2 (SF-
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MPQ-2)28; 6) the Widespread Pain Index29; 7) the Multidimensional Fatigue Inventory30; 8) 

the Fatigue Severity Scale31; 9) the brief version of the Profile of Mood States (POMS-

BF)32; and 10) the International Physical Activity Questionnaire – Short Form33.

2.4 Endorsement of Post-exertional Malaise

One item of the Kansas Case Definition questionnaire asks whether GVs experience “feeling 

unwell after physical exercise or exertion”. These responses were used to determine how 

many GVs in our sample reported PEM as a problem prior to characterization of the PEM 

response under controlled laboratory conditions. We also used this information to determine 

whether the magnitude of the difference between GWI and CO changed when we restricted 

the GWI group only to those who endorsed that exertion worsened their symptoms (GWI

+PEM). Thus, comparisons between GWI and CO with respect to illness severity, 

perceptual, cardiorespiratory and metabolic responses during exercise, and symptom 

responses following exercise were followed up with comparisons between the GWI+PEM 

sub group and CO group (See Data Processing & Analysis section).

2.5 Characterization of the Post-exertional Malaise Response

Importantly, there are no universally agreed-upon definitions of PEM. Various case 

definitions for ME/CFS describe PEM as including pain, cognitive problems, and other 

associated symptoms present for an “inordinately long amount of time” or as a period of 

extreme, prolonged exhaustion following mental or physical activity.11,12,34 These 

descriptions are generally inadequate for research purposes, and thus for the present study 

we operationally define PEM as a greater increase in symptom severity as measured by the 

SFMPQ-2, POMS-BF, and CDC Symptom Inventory VAS ratings from baseline to post-

exercise for the GWI group relative to the CO group. Because of the potential heterogeneity 

for symptom responding,35 PEM may present as an increase in one symptom (e.g., the 

patient’s primary symptom of fatigue) or as a cluster of symptoms (e.g., pain, fatigue, and 

confusion). Thus, our approach was to descriptively examine symptoms at the pre-exercise 

time-point (e.g. whether a symptom is endorsed and how severe the symptom is rated) and 

then compare the magnitude of change in these symptoms from pre- to post-exercise 

between GWI and CO. We therefore modeled the PEM response based on “Mood”, “Pain” 

and “GWI-related” symptoms (See section 2.7 Data Processing & Analysis section).

We used the SFMPQ-2, POMS-BF, and a 0–100 visual analogue scale version of the CDC 

Symptom Inventory to characterize the PEM response because they measure symptoms that 

are associated with GWI (e.g., pain, fatigue, mood disturbance) and have been shown to be 

sensitive to acute exercise in our previous studies involving ME/CFS patients.18,35,36 These 

questionnaires were delivered at pre-exercise, immediately and 24-hr post-exercise using 

instructional sets that advised participants to rate how they were feeling “right now” or “at 

this moment. For the CDC Symptom Inventory, 0 “none” to 100 “worst imaginable” visual 

analogue scale ratings were obtained for 16 of 19 symptoms (e.g. fatigue, muscle pain, joint 

pain, memory/concentration problems, headaches, muscle weakness and swollen or tender 

lymph nodes). Two items pertaining to sleep (i.e., unrefreshing sleep, sleeping problems) 

and one pertaining to gastrointestinal (i.e. diarrhea) were removed because they did not 

apply to changes that might occur immediately following exercise. To minimize the 
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possibility of introducing response bias that might artificially inflate Veteran reports of 

symptom exacerbation37, participants were reminded throughout testing (e.g., study 

advertisements, informed consent, and interactions with study personnel) that the purpose of 

the study was to investigate potential pathophysiological mechanisms of GWI. Test 

administrators were also instructed to avoid communicating any expected directional effects 

of exercise on symptom severity to participants.

2.6 Submaximal Exercise Challenge

Participants completed 30 min of exercise on an electronically-braked cycle ergometer 

(Lode Corival, Lode B.V., Groningen, The Netherlands or Ergoline 100, Windhagen, 

Germany). Exercise intensity was set at 70% of the participant’s age-predicted heart rate 

reserve (HRR). Following supine monitoring of resting heart rate (HR) for 5 min, age-

predicted maximum HR was calculated via the following formula: 209 – 0.70 × Age.38 

Next, target HR was calculated via American College of Sports Medicine recommendations: 

Target HR = (HRmax – HRrest) × %intensity + HRrest.39 Following a 2-minute period of 

resting data collection, exercise began at 50 Watts and the intensity of exercise was gradually 

increased until participants reached their target HR. Once the target HR was reached (~5 

min), participants completed 30 min of steady-state exercise at the target intensity. Exercise 

intensity (70±5%) of HRR) was maintained by making minor Watt adjustments throughout 

the exercise session. Exercise ended with a 3-min active recovery period at 0 Watts. 

Following the delivery of standardized instructional sets, perceptual ratings were taken every 

5 minutes during exercise using validated scales for ratings of perceived exertion (RPE),40 

leg muscle pain,41 and a 0–10 visual analog scale for feelings of overall fatigue.42

During exercise electrocardiography and a HR rate monitor (POET II; Criticare Systems, 

Waukesha, WI; T12×; Cosmed, Rome, Italy; Polar, Lake Success, NY) were used to monitor 

heart rhythm and rate during exercise and recovery. Blood pressure was monitored every five 

min during steady-state exercise via manual auscultation. Oxygen consumption (VO2), 

carbon dioxide production (VCO2), ventilation (VE), HR, and work rate measures were 

obtained breath-by-breath during exercise using a metabolic cart (Parvo Medics TrueOne; 

Parvo Medics, Sandy, Utah; Quark CPET; Cosmed, Rome, Italy) and a bidirectional non-

rebreathing valve attached to an oronasal mask (Hans-Rudolph, Kansas City, MO). The 

flowmeter was calibrated prior to each exercise test by making multiple comparisons to a 3-

liter piston syringe. Oxygen and carbon dioxide sensors were calibrated by the presentation 

of known gas concentrations. Prior to exercise testing, room environment (temperature, 

humidity, barometric pressure) and participant height and weight were recorded. Blood 

lactate (Nova Lactate Pro, Nova Biomedical, Waltham, MA) was measured via finger stick 

at baseline, the end of the 30-min steady state exercise period, and 2-min after active 

recovery.

2.7 Data Processing & Analysis

Participant characteristics and self-report data for GVs were examined and compared using 

descriptive statistics, including the Hedges’ g effect size metric and 95% confidence 

intervals.43 Cardiorespiratory, perceptual, and lactate data during exercise were compared 
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between groups using independent samples t-tests and repeated measures Analysis of 

Variance (RM-ANOVA).

To test the primary hypothesis, we conducted three separate Group-by-Time (2 × 3) doubly-

multivariate, repeated-measures MANOVAs (α = 0.05) with partial η2 effect sizes. We chose 

this analytic approach as an efficient and statistically justifiable means for exploring PEM in 

GVs. The overall MANOVA compared the groups on a linear combination of the dependent 

variables within a given model and across the repeated measures collected, thereby limiting 

the number of analyses and reducing the likelihood of type I errors. We tested three models 

representing mood, pain and disease-relevant symptom domains each with an overall level of 

significance (α) equal to 0.05. Assuming a large effect size f(V) of 0.65 and α = 0.05, a total 

sample of 67 participants provided a power (error probability) of 0.80, 0.85, 0.94 to detect a 

group-by-time interaction for MANOVA models 1, 2, and 3, respectively. Given the lack of 

prior studies of symptom responses to exercise challenge in Veterans with GWI, the 

assumption of a large effect size for this power analysis may be considered theoretical.44

Model 1 included the six POMS-BF subscale scores (Tension, Depression, Anger, Vigor, 

Fatigue, Confusion) as dependent variables to examine mood related PEM. Model 2 used the 

four SF-MPQ-2 subscale scores (Continuous, Intermittent, Neuropathic, Affective) as 

dependent variables to reflect pain related PEM. Model 3 included select symptoms from the 

CDC VAS measures to represent a more disease-relevant PEM model (i.e. GWI-related 

PEM). We used a two-step approach to make an a priori decision about which of the 16 

CDC VAS items best aligned with the Kansas definition of GWI. First, we examined the 

face validity of the items by determining whether each CDC-VAS could be considered 

representative of one of the six categories comprising the GWI case definition (i.e., Fatigue, 

Pain, Neurological/Cognitive/Mood, Skin, Respiratory, Gastrointestinal). For instance, a 

CDC-VAS item that asks about fatigue was assigned to the fatigue GWI category. 

Alternatively, a CDC-VAS item that asks about tender lymph nodes and swollen glands did 

not fit with any GWI categories and was eliminated from further consideration. After 

assigning items to GWI categories, we used a statistical approach to further optimize our 

model by eliminating items that were highly correlated and thus would not be expected to 

explain unique variance. This also served to improve the ratio between sample size and 

number of variables in the model. This step was achieved by exploring bivariate correlations 

between items from different GWI categories. For instance, two CDC VAS items, (1) joint 

pain and (2) muscle aches and pain, were assigned to the pain GWI category, but were found 

to be highly correlated (r ≥ 0.80). After exploring correlations between those two items and 

the lone item that was assigned to the fatigue GWI category, it was determined that joint 

pain would be included in the final model because it had a lower correlation with fatigue. 

Thus, the CDC VAS muscle aches and pain item was eliminated from the model. The final 

GWI PEM model included fatigue, joint pain, headache, memory problems, depressed 

mood, shortness of breath, and nausea.

We also performed secondary analyses based on whether our participants endorsed that 

exertion worsened their symptoms (section 2.4). Thus, analyses conducted for the full 

sample were repeated for the subset of patients who endorsed feeling unwell following 

physical exercise or exertion on the Kansas questionnaire (GWI+PEM).
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Because our primary (GWI vs. CO) and secondary (GWI+PEM vs. CO) analyses consisted 

of 6 total MANOVA tests, the threshold for a significant interaction effect was set to 

p<0.008 using the Bonferroni correction for familywise error.

3. Results

3.1 Missing data during exercise

Data for perceptual and cardiorespiratory responses during exercise were partially missing 

for 13 participants either because of early test termination or issues related to 

instrumentation/technical difficulties. Five participants asked to stop exercising early 

because of gastrointestinal symptoms (n=1), lightheadedness (n=1), physical fatigue (n=2), 

or low back pain (n=1). Instrumentation/technical issues included participant discomfort 

with wearing the oronasal mask during exercise (n=1), difficulty with equipment interfacing 

that affected communication between the metabolic cart software and ECG/Heart Rate 

Monitor (n=4) or cycle ergometer (n=1), and corrupted (n=1) or inadvertently deleted (n=1) 

files.

3.2 Participant characteristics

We first compared whether our groups (GWI & CO) differed between the two sites 

(Wisconsin and New Jersey) by examining demographic and baseline characteristics (Tables 

1–3) with independent samples t-tests. Veterans with GWI were significantly (p=0.02; 

Hedges’ g=0.78, 95% CI: 0.13, 1.43) older at the New Jersey site (M= 54.06; SD=4.84) 

compared to Wisconsin (M=50.71; 3.59). Otherwise, none of the measured variables were 

significantly different between sites (p<0.05). Thus, data from both sites were combined for 

the statistical analyses of interest.

Participant demographics and self-reported mental and physical health for the full GWI 

sample, GWI+PEM subgroup, and CO are presented in Tables 1–3. GVs with GWI reported 

lower mental and physical health including severe fatigue, poor sleep quality, depressed 

mood, widespread pain, limited function and a variety of additional disease-related 

symptoms – with large differences compared to CO (Effect size range = 0.82 – 2.13). 

Eighteen of the 39 Veterans with GWI (46%) endorsed “feeling unwell after physical 

exercise or exertion” (GWI+PEM) during eligibility screening with the Kansas 

questionnaire. These Veterans reported greater symptom severity (i.e. higher symptom 

scores) and had larger differences than the entire GWI sample when compared to CO (Effect 

Size range = 1.15 – 2.73).

3.3 Perceptual, lactate and cardio-respiratory responses during exercise

Perceptual and blood lactate responses to exercise for the full GWI sample, GWI+PEM 

subgroup, and CO are shown in Figure 1. Significant increases from baseline were observed 

for leg muscle pain intensity (F(6,342) = 35.54, p<0.001, partial η2 = 0.38), feelings of fatigue 

(F(6,348)= 60.26, p<0.001, partial η2 = 0.51), RPE (F(6,342) = 238.57, p<0.001, partial η2 = 

0.81), and blood lactate (F(2,106) = 45.79, p<0.001, partial η2 = 0.46). Compared to CO, 

GWI participants reported higher leg muscle pain intensity (F(1,57)= 8.6, p=0.005, partial η2 

= 0.13) and feelings of fatigue (F(1,58)= 17.32, p<0.001, partial η2 = 0.23), but a between-
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group difference was not observed for RPE (F(1,57)= 1.3, p=0.26, partial η2 = 0.02) or blood 

lactate (F(1,53) = 0.24, p=0.63, partial η2 = 0.004). Time and group effects for perceptual 

responses were similar when the GWI+PEM subgroup was compared to CO.

Average cardio-respiratory responses during steady-state exercise in the full GWI sample, 

GWI+PEM subgroup, and CO are shown are shown in Table 4. Effect sizes and 95% CI 

indicated that GWI (GWI and GWI+PEM) and CO were not significantly different across 

several different measures of relative exercise intensity (e.g., HR, RER). However, 

moderate-large between-groups differences were observed for VE/ VCO2 (g = 0.64; 95% 

CI: 0.09, 1.19), VO2 (−1.0; 95% CI: −1.56, −0.43), and power (Watts)(g = −1.36; 95% CI: 

−1.95, −0.76), respectively.

3.4 Post-Exertional Malaise Models

Symptom responses from pre-, immediately-post, and 24-hr post -exercise challenge are 

illustrated in Figures 2–4. The doubly multivariate repeated-measures comparisons 

presented below describe the linear composite of our dependent variables of interest from 

pre- to immediately- and 24-hr post-exercise challenge as a function of group. Analyses are 

presented for both the full sample and for a sub sample of GVs with GWI that endorsed 

PEM (GWI+PEM).

3.4.1 Model 1: Mood-related PEM Response

3.4.1.1 Full sample (GWI vs. CO): Group (Wilks’ Λ = 0.55; F (6,59) = 8.01; p < 001; 

partial η2 = 0.45) and Time (Wilks’ Λ = 0.50; F (12,53) = 4.35; p < 0.001, partial η2 = 0.50) 

effects were significant, but the Group ×Time interaction was not (Wilks’ Λ = 0.80; F (12,53) 

= 1.12; p =0.37, partial η2 = 0.20).

3.4.1.2 PEM endorsers only (GWI+PEM vs. CO): Group (Wilks’ Λ =0.32; F (6,38) = 

13.23; p < 0.001; partial η2 =0.68) and Time (Wilks’ Λ =0.43; F (12,32) = 3.52; p =0.002, 

partial η2 = 0.57) effects were significant, but the Group × Time interaction was not (Wilks’ 

Λ =0.60; F (12,32) = 1.79; p =0.09, partial η2 = 0.40).

3.4.2 Model 2: Pain-related PEM Response

3.4.2.1 Full sample (GWI vs. CO): The Group (Wilks’ Λ = 0.76; F (4,61) = 4.74; p = 

0.002, partial η2 =0.24) effect was significant, but the main effect of Time (Wilks’ Λ = 0.90; 

F (8,57) = 0.83; p = 0.58, partial η2 =0.10) and Group × Time interaction effects were not 

(Wilks’ Λ = 0.82; F (8,57) = 1.52; p = 0.17, partial η2 =0.18).

3.4.2.2 PEM endorsers only (GWI+PEM vs. CO): Main effects for Group (Wilks’ Λ = 

0.63; F (4,40) = 5.97; p = 0.001; partial η2 =0.37) and Time (Wilks’ Λ = 0.59; F (8,36) = 3.16; 

p=0.008, partial η2 =0.41) were significant, as was the Group × Time interaction effect 

(Wilks’ Λ =0.53; F (8,36) = 4.05; p =0.002, partial η2 =0.47).

3.4.3 Model 3: GWI-related PEM Response

3.4.3.1 Full sample (GWI vs. CO): Group (Wilks’ Λ = 0.53; F (7,56) = 7.16; p < 0.001; 

partial η2 =0.47) and Time (Wilks’ Λ = 0.41; F (14,49) = 4.99; p < 0.001, partial η2 =0.59) 
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effects were significant, but the Group × Time interaction was not (Wilks’ Λ =0.71; F (14,49) 

= 1.42; p = 0.18, partial η2 =0.29).

3.4.3.2 PEM endorsers only (GWI+PEM vs. CO): Main effects for Group (Wilks’ Λ 
=0.36; F (7,36) = 9.28; p <0.001; partial η2 =0.64) and Time (Wilks’ Λ = 0.26; F (14,29) = 

5.98; p < 0.001, partial η2 =0.74) were significant, as was the Group × Time interaction 

(Wilks’ Λ =0.36; F (14,29) = 3.66; p = 0.002, partial η2 =0.64).

4. Discussion

We sought to determine the extent that an acute exercise challenge affected symptoms in 

GVs with GWI compared to a similarly deployed but otherwise healthy group of GVs. 

Veterans with GWI reported a multitude of mental and physical health symptoms that are 

emblematic of the disease and clearly distinguished them from CO Veterans. Despite similar 

ratings of perceived effort during exercise, exercise was rated as more painful and fatiguing 

for Veterans with GWI. Cardiorespiratory and metabolic data indicated that both groups 

exercised at the same relative intensity with respect to HR, VE, RER, and blood lactate, but 

that GVs with GWI displayed a lower power output, had less efficient ventilation, and 

consumed less oxygen at 70% of their HRR. Although symptom data demonstrated clear 

group differences at pre-, immediately post-, and 24 hr post-exercise, the evidence for PEM 

responses to the exercise challenge was less definitive and somewhat dependent on whether 

GVs with GWI met our criteria for PEM endorsement.

The phenomenon of PEM is considered common in GWI. Symptom worsening following 

physical exertion is a component of the diagnostic criteria, although it is not required for 

diagnosis.1,9,45 However, to our knowledge, experimental evidence of symptom worsening 

following exercise or physical exertion is lacking in GWI research. In the National Health 

Survey of Gulf War Era Veterans and Their Families,45 GVs were twice as likely to report a 

“chronic fatigue syndrome-like” illness in part due to their report of fatigue lasting greater 

than 24 hr after exertion. In a subsample (n=2,189) from the same National Health Survey 

cohort, the prevalence of chronic multisymptom illness was determined based on meeting 

two out of three symptom clusters including “Fatiguability”, “Mood and Cognition” and 

“Musculoskeletal” – with the “Fatiguability” cluster represented as “persistent fatigue 24 hr 

or more following exertion”. Chronic multisymptom illness was found to be two times more 

prevalent (28.9% vs. 15.8%; OR=2.16) among GVs, however the number of Veterans 

endorsing fatigue following exertion was not reported. A recent meta-analysis of 129,000 

GVs across four different countries did not list PEM or “fatigue with exertion” among the 56 

most commonly reported symptoms and did not mention symptom exacerbation or 

worsening as characteristic of GWI.46 Given the paucity of data, we attempted to model 

symptom responses immediately and 24 hr following a controlled exercise challenge.

Based on the results of our doubly-multivariate MANOVA models that involved the full 

sample of GWI and CO, we did not observe any significant Group-by-Time interactions. 

This indicates that changes in symptom responses over time did not differ between groups. 

Interestingly, in a secondary analysis where we restricted the GWI group only to those 

participants who endorsed feeling unwell after exercise or physical exertion (GWI+PEM), 
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significant interactions were observed for both the pain-related and the GWI-related PEM 

models, but not for the mood-related PEM model.

4.1 Model 1: Mood-related PEM Response

In MANOVA models for both the full GWI sample and the secondary analysis involving the 

GWI+PEM sample, we did not detect a significant Group-by-Time Interaction, indicating 

that mood related changes were not a primary feature of PEM in our sample of Veterans 

with GWI (Figure 2). These results are in agreement with our prior work involving ME/CFS 

and symptom responses to a submaximal exercise challenge,18 but differ from those where 

we employed a maximal exercise challenge.36 Similar to the present study, changes in 

POMS subscale scores were not significantly different between ME/CFS patients and 

healthy controls 24 hr after sub-maximal exercise.35 However, in the maximal exercise 

study, we showed large and significant differences between groups for POMS fatigue 

(ES=0.90; 95% CI: 0.06, 1.74), confusion (ES=0.93; 95% CI: 0.09, 1.78), and total mood 

disturbance (ES=0.90; 95% CI: 0.06, 1.75) at 72 hr after exercise. Differences between our 

previous results and results from the present study may be due to the groups studied (GWI 

vs. ME/CFS), features of the exercise stimulus (sub-max vs. max), or post-exercise 

measurement time-points (immediately after, 24-hr, 48-hr, 72-hr).

4.2 Model 2: Pain-related PEM Response

We observed a significant group-by-time interaction for the GWI+PEM vs. CO comparison 

that was not observed in the full sample. Visual inspection of Figure 3 indicated that 

individual symptom changes in the GWI group were larger than those reported by the CO 

group. Specifically, immediately after exercise we observed small increases in continuous, 

intermittent, and neuropathic pain for GV with GWI. Conversely, affective symptoms 

slightly decreased immediately after exercise, but then increased at 24hr post-exercise, 

especially in the GWI+PEM sub-group. An additional finding that was not reflective of 

PEM was that continuous and intermittent pain dropped below pre-exercise values at 24-hr 

post-exercise, indicating an improvement in these types of pain symptoms. These findings 

highlight the importance of taking the multi-dimensional nature of pain into account when 

studying PEM and suggest that pain dimension responses to exercise differ in terms of 

direction and time-course.

4.3 Model 3: GWI-related PEM Response

Symptoms in the GWI-related model differed between groups and changed over time. 

Similar to model 2, in the GWI+PEM sub-group, we also observed a significant group-by-

time interaction that was not observed in the full sample. Visual inspection of mean changes 

for individual symptoms revealed larger changes in the GWI-PEM group rather than the CO 

group (Figure 4). For instance, although fatigue symptoms increased for the GWI+PEM 

subgroup and CO immediately after exercise, the CO group appeared to show a larger 

recovery at 24-hr post-exercise. For nausea symptoms, both full GWI and the GWI+PEM 

sub-group increased from pre- to immediately post-exercise, but GWI+PEM Veterans 

displayed a smaller recovery response at 24-hr post-exercise. In the case of shortness of 

breath, the GWI+PEM sub-group showed a large increase immediately after exercise 

whereas the CO group did not. Thus, we observed symptom responses that would be 
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consistent with PEM for certain CDC VAS symptoms, but changes in other CDC VAS were 

suggestive of exercise-related improvements. For instance, depression severity decreased by 

approximately 7 points (~22%) immediately after exercise. This illustrates that not all 

symptoms in our GWI-related model were worsened by exercise which again highlights the 

complex nature of this disease and the need for systematic studies into the nature of PEM in 

GWI.

4.4 Acute Exercise Challenge in GWI

In general, exercise challenge studies of GWI have focused on determining perceptual and 

physiological responses during exercise or the physiological consequences of acute exercise 

challenge. Our group has reported greater perceived exertion and pain during exercise,22,23 

similar aerobic capacities among GVs with CFS,47 and greater pain sensitivity post 

submaximal exercise.22 Results for the current study extend these finding by showing that 

both feelings of fatigue and leg muscle pain during exercise are elevated in GVs with GWI 

despite rating similar levels of effort. Perceptual responses during exercise are an important, 

yet often overlooked variable that help provide important contextual information when 

exercise is used as a stressor. Although beyond the scope of this initial investigation, testing 

the interplay between pain, effort, and fatigue during exercise and the experience of PEM 

will be an important consideration for future studies.

Rayhan and colleagues have reported that acute exercise challenge resulted in differential 

physiological responses from pre- to 1-hr post-exercise in GVs with CFS.48 One group 

demonstrated orthostatic intolerance and the other enhanced pain sensitivity as a function of 

tender point counts. Additionally, these subgroups exhibited different structural and 

functional brain outcomes. In a follow-up study these same subgroups were found to have 

differential micro-RNA expression in cerebral spinal fluid post-exercise challenge.49 Other 

research has reported delayed phosphocreatine recovery following ankle flexion suggestive 

of reduced muscle oxidative capacity and/or mitochondrial dysfunction.50 Recently, 

investigators in our group reported direct evidence for mitochondrial DNA (mtDNA) 

damage, expressed as increased lesion frequency and copy number, in GVs with GWI.51 

None of these studies tested whether symptom exacerbation occurred as a result of the 

exercise challenge or whether symptom exacerbation was related to the primary outcome of 

interest (e.g. pain psychophysics, brain, muscle oxidative function). Studies that measure 

both the behavioral and physiological consequences of exercise are necessary for 

determining when the pathophysiological mechanisms that are being tested are a 

phenomenon of GWI or an epiphenomenon of some other factor. For example, Li et al., 

examined autonomic nervous system (ANS) measures in a sample of GVs who were 

stratified based on “self-reported post-exertional fatigue” and reported greater ANS 

disturbance indicated by greater heart rate responses to 70 degree head-up tilt and greater 

Composite Autonomic Scale Scoring total averages in the post-exertional fatigue group.10 

Although the study by Li and colleagues did not employ an exercise challenge or measure 

symptom exacerbation directly, it highlights the potential impact of PEM on the 

pathophysiology of disease.
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The phenomenon of PEM has received greater research attention in ME/CFS, including a 

recommendation by the National Academy of Medicine to change the name of the disease to 

systemic exertion intolerance disease (SEID) and requiring the presence of PEM for 

diagnosis.12 These studies have also focused on determining the physiological consequences 

of acute exercise challenge and have reported alterations in cardiorespiratory responses to 

exercise,52,53 pain regulation,54 immune and adrenergic system function,16,36,55,56 and gut 

microbiome interactions.57 However, symptom exacerbation has also been a focus of many 

of these investigations. We have previously reported symptom exacerbation following acute 

exercise challenge both immediately post- and up to 72-hr post-exercise for mood, pain, 

fatigue and cognition.18,36 Moreover, these studies have demonstrated significant 

relationships between changes in symptoms and changes in both gene expression36 and 

brain function.18 The symptom worsening effects of exercise in ME/CFS have been 

supported by several other labs,58–62 however the exact nature of PEM for a given person 

with ME/CFS appears to be highly variable.35 A recent meta-analysis of exercise in 

ME/CFS reported moderate to large effects of acute exercise on ratings of fatigue (Effect 

Size = 0.73; 95% CI: 0.24, 1.23), but concluded that the results were heterogeneous and that 

better controlled studies were needed.63 In the present study, PEM responses were clearly 

not as robust as seen in the ME/CFS literature. Potential explanations include that, compared 

to ME/CFS, PEM in GWI may (i) follow a different time course, (ii) require a more robust 

physical stimulus, or (iii) be less prevalent and/or severe. Our results should be viewed as 

hypothesis generating and the need for replication and extension of this research is clear.

4.5 Limitations

Notable limitations for the current study include a single dose of exercise, lack of a validated 

instrument for determining PEM endorsement, restricting the time-course of symptom 

measurement to 24 hr, and limited generalizability. It is possible that our dose of exercise 

was insufficient to induce PEM in GVs with GWI. We selected a dose of 70% of peak HRR 

for 30 min because this was similar to exercise intensities and durations that have been 

employed in previous ME/CFS PEM research and because it was a dose that we determined 

could be completed by the majority of this largely inactive population. As mentioned, there 

is a need for future studies that directly examine the dose-response issue of PEM severity 

and exercise intensity in both GWI and ME/CFS. It is also possible that our psychometric 

instruments were not sensitive enough, or representative of PEM, in GWI. However, there is 

currently no validated instrument for measuring PEM responses to exercise. Recent 

Common Data Elements Workgroups for both ME/CFS (https://

www.commondataelements.ninds.nih.gov/MECFS.aspx#tab=Data_Standards) and GWI 

(https://cdmrp.army.mil/gwirp/research_highlights/19gwi_cde_initiative_highlight.aspx) 

have recommended the development of such instruments. Developing a PEM specific 

instrument will be challenging given the heterogeneity of these diseases and of the PEM 

response but would make a valuable contribution if achieved. Our choice to measure 

symptoms immediately- and 24-hr post-exercise was based primarily from research 

involving ME/CFS patients showing robust symptom responses for these time-points and 

diminishing symptoms further out.64 In ME/CFS, clinical case definitions and survey data 

indicate that over 80% of patients endure PEM for ≥24 hr, which can last anywhere from 

days to weeks.65,66 GVs with GWI may have a different temporal response and future 
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research that tracks symptoms over a longer period of time will help to determine whether 

there is a pattern of PEM in GWI that is distinct from ME/CFS. We had strict inclusion and 

exclusion criteria for this study and thus we may not have captured the most severely 

affected GVs. Further, the more severely affected persons with GWI may not be inclined to 

volunteer for an acute exercise study for fear of symptom worsening. We also tested few 

female Veterans and thus may not represent the proportion of female Veterans with GWI.

4.6. Conclusion

Cross-sectional, epidemiological, and clinical trial data make clear that GVs with GWI 

suffer numerous symptoms and conditions that defy medical explanation and result in 

profound reduction in quality of life. It is also clear from these studies that a significant 

percentage of GVs report feeling unwell following exercise or physical exertion. However, 

the exact nature, severity, and time-course of PEM in GWI is unknown and to our 

knowledge has not been tested in controlled laboratory settings. We report here that 

symptom exacerbation in response to an acute submaximal aerobic exercise challenge did 

not occur in all GVs with GWI either immediately- or 24-hr post-exercise. This appears to 

be due, in part, to the majority of our sample not endorsing symptom worsening with 

exertion. More PEM research that systematically determines the mode, intensity, and 

duration of exercise that are tolerable (i.e. do not produce PEM) and necessary (i.e. produce 

clear PEM) is needed to better understand this phenomenon in this population. Future 

investigations should also be aimed toward further exploring the difference between those 

GWV who do and do not exhibit PEM. We show here that acute exercise does not bring 

about a significant worsening of symptom severity for the majority of GVs that were tested.
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Highlights:

• Studies of post-exertional malaise that involve Veterans with Gulf War (GWI) 

Illness rarely measure potential changes in symptoms

• We examined the effect of acute aerobic exercise on mood, fatigue, and other 

GWI related symptoms in 39 Veterans with GWI and 28 health control 

Veterans

• In the full sample, we did not observe differences between groups in terms of 

post-exertional exacerbation of symptoms

• When the GWI group was restricted only to Veterans who endorsed feeling 

unwell following exercise or physical exertion during baseline testing, 

Veterans with GWI displayed a larger exacerbation of symptoms than healthy 

controls
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Figure 1. 
Mean (SE) perceptual and lactate responses to exercise challenge in Veterans with Gulf War 

Illness (GWI), the GWI subgroup with PEM endorsement (GWI+PEM) subgroup, and 

control Veterans without GWI (CO)

Note. Total participants with complete listwise data across all time-points for each outcome 

are listed as follows: Ratings of Perceived Exertion (GWI=32; GWI+PEM=15; CO=27); Leg 

Muscle Pain Intensity (GWI=33; GWI+PEM=15; CO=26); Fatigue (GWI=33; GWI

+PEM=15; CO=27); Blood Lactate (GWI=32; GWI+PEM=16; CO=23)
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Figure 2. 
Mean (SE) POMS-BF symptoms before, after, and 24 hours after exercise in Veterans with 

Gulf War Illness (GWI; n=39), GWI subgroup with PEM endorsement (GWI+PEM; n=18), 

and control Veterans without GWI (CO; n=28). Note. Total participants with complete 

listwise data across all time-points was: GWI=38; GWI+PEM=17; CO=28.
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Figure 3. 
Mean (SE) SF-MPQ-2 symptoms before, after, and 24 hours after exercise in Veterans with 

Gulf War Illness (GWI; n=39), GWI subgroup with PEM endorsement (GWI+PEM; n=18), 

and control Veterans without GWI (CO; n=28). Note. Total participants with complete 

listwise data across all time-points was: GWI=38; GWI+PEM=17; CO=28.
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Figure 4. 
Mean (SE) CDC VAS symptoms before, after, and 24 hours after exercise in Veterans with 

Gulf War Illness GWI (n=39), GWI subgroup with PEM endorsement (GWI+PEM; n=18), 

and control Veterans without GWI (CO; n=28). Note. Total participants with complete 

listwise data across all time-points was: GWI=36; GWI+PEM=16; CO=28.
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