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Abstract: One third of Gulf War lliness (GWI) subjects in a recent study were found to develop transient postural
tachycardia after submaximal exercise stress tests. Post-exercise postural tachycardia is a previously undescribed
physiological finding. A new GWI cohort was studied to verify this novel finding and characterize this cardiovascular
phenomenon. Subjects followed the same protocol as before. The change in heart rate between recumbent and
standing postures (AHR) was measured before exercise, and after submaximal bicycle exercise. About one-fourth
of the verification cohort (14/57) developed transient postural tachycardia after submaximal exercise. These sub-
jects were the Stress Test Activated Reversible Tachycardia (START) phenotype. The largest change was observed
between pre-exercise and time points 2 + 1 (mean + SD) hours post exercise (1% Peak Effect). Eleven subjects had
Postural Tachycardia Syndrome (POTS) before and after exercise. The remaining subjects had normal AHR (12 + 5
bpm) and no 1% Peak Effect, and were the Stress Test Originated Phantom Perception phenotype (STOPP). These
findings indicate that about one-fourth of all Gulf War lliness study participants (24/90) developed transient pos-
tural tachycardia after the submaximal exercise stress test. The START phenotype was defined as being distinctly dif-
ferent from POTS. Additional studies are required to examine this phenomenon in other ilinesses and to determine
pathological mechanisms.
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Introduction

Rayhan et al made the novel and unprecedent-
ed observation that exercise induced transient
postural orthostatic tachycardia in one third of
Gulf War lliness (GWI) study participants [1].
Prior to exercise, all control and GWI study par-
ticipants had normal changes in heart rate (HR)
when standing up from a recumbent position
(12 + 5 bpm, mean + SD). However, after a sub-
maximal exercise stress test, they developed
transient orthostatic tachycardia with an incre-
ase in HR from recumbent to standing (AHR)
of greater than 30 bpm at two or more time
points. This subgroup was named the Stress
Test Activated Reversible Tachycardia (START)
phenotype. The remaining two thirds of GWI
subjects maintained a normal AHR before and
after exercise. This subset was named Stress
Test Originated Phantom Perception (STOPP)
phenotype because blood oxygen dependent
level (BOLD) imaging during cognitive testing
showed activation of basal ganglia and anterior

insula that was not seen in control or START
subjects [1].

The exercise-induced reversible tachycardia in
START was distinctly different from Postural
Tachycardia Syndrome (POTS). The consensus
definition of POTS requires AHR > 30 bpm at
two or more time measurements and the
absence of orthostatic hypotension (decrease
> 20 mmHg in systolic blood pressure) [2]. One
healthy control veteran had asymptomatic
POTS in the previous study and was excluded
from those publication data.

Gulf War lliness has affected 25% to 32% of
the 700,000 veterans who served in the Per-
sian Gulf War from 1990-1991 [3-5]. Along wi-
th chronic fatigue, gastrointestinal complaints,
total body pain, and cognitive impairment, a
portion of GWI veterans were found to have
altered heart rate variability due to blunted
parasympathetic responses at night, measured
by 24 hr Holter monitoring [6].
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This replication study was conducted to 1) veri-
fy that a subset of GWI veterans would have no
postural tachycardia before exercise and would
develop transient postural tachycardia only
after exercise (START), 2) detect POTS based
on postural tachycardia before and after exer-
cise (i.e., at every time point), and 3) determine
the relationship between POTS and the START
phenotype. We hypothesized that the START
phenotype would be identified in one third of
GWI subjects from the verification cohort (V).
Data were compared to the original cohort (O).

Materials and methods
Ethics statement

The protocol was approved by the Georgetown
University Institutional Review Board (IRB
2009-229, 2013-0943, and 2015-0579) and
USAMRMC Human Research Protection Office
(HRPO #A-15547 and A-18479), and listed in
clinicaltrials.gov (NCT01291758 and NCTOO-
810225). Healthy and Gulf War lliness (GWI)
veterans from the 1% Persian Gulf War, and
healthy, non-military control subjects were
recruited between 2009-2011 and 2015-2017
from websites, word of mouth, fliers, newspa-
per and online advertisements, and personal
contacts in clinics and support groups.

Subjects

Interested participants responded via tele-
phone or email. After obtaining verbal consent,
each volunteer had an initial telephone screen-
ing with a clinical research associate who read
a scripted outline of the study to assess inclu-
sion and exclusion criteria. Candidates were
screened for military service of at least 30 con-
secutive days between August 1, 1990 and July
31, 1991; service in the Gulf War Theater;
Veterans Administration ratings of disabilities;
Center for Disease Control criteria for GWI and
Chronic Fatigue Syndrome (CFS) [7, 8]; current
medications; chronic medical and psychiatric
illnesses; and factors preventing functional
magnetic resonance imaging (fMRI). After ap-
proval, subjects were asked to complete ques-
tionnaires using our online eZhengtricity data
collection system [9-12]. GWI diagnosis was
confirmed during history and physical on scre-
ening day by reporting moderate to severe
scores in 3 out of 6 symptom domains of the
Kansas criteria [4]. Exclusions included chronic
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medical illnesses that predated the onset of
GWI symptoms or that could explain the full
range of each individual's symptoms, and ch-
ronic psychiatric diseases with hospitalization
in the past five years. Subjects with any history
of cardiac illness or impairment were excluded
except for those with controlled hypertension.
Controlled Type Il Diabetes and thyroid disease
were allowed diseases.

Screening day

The first day of the protocol was considered an
adjustment period, and included the patient’s
history and physical, blood work, 12-lead EKG
including rhythm strip, and baseline studies.

Orthostatic measurements

Subjects lay supine and graded their symp-
toms. While recumbent, subjects relaxed and
remained quiet for 5 minutes to prevent any
confounding sympathetic nervous system acti-
vation. Continuous heart rates were acquired
with a 3-lead EKG and ANSAR software (ANSAR,
Philadelphia). Blood pressures were acquired
with a calibrated, automated blood pressure
cuff (Dinamap 300). Supine heart rate and
blood pressures were measured at the end of
every minute for the 5-minute supine period.
Then, subjects stood up by themselves and
remained 10 inches from the edge of the bed
for five minutes. Heart rates and blood pres-
sures were measured at the end of the first
minute and each of the next 4 minutes.
Symptoms were graded again at the end of the
5-minute standing period.

Orthostatic changes in heart rate, systolic
blood pressure (SBP), and diastolic blood pres-
sure (DBP) were recorded for each orthostatic
measurement. AHR was calculated by subtract-
ing the standing HR at the end of each minute
minus the average supine HR. ASBP and ADBP
were calculated in the same way. The average
of the 5 AHR, ASBP, and ADBP measurements
were calculated for each time point. Pre-exer-
cise measurements were obtained on the scr-
eening day and the morning before exercise.
After exercise, measurements were obtained
approximately 1, 3, 8, 16, 24, and 36 hours
after the first exercise stress test.

Bicycle stress test

The Schwinn AirDyne bicycle submaximal exer-
cise protocol was adapted from Light et al [13].
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Two tests were performed about 24 hours
apart. Subjects cycled for 25 minutes at 70%
predicted maximum heart rate (220-patient’s
age), followed by a climb to 85% maximum
heart rate to reach anaerobic threshold.

Definitions

All subjects were assessed for POTS on the
screening day. Subjects rested supine for 5
minutes and had HR measured from the con-
tinuous EKG monitor. Then, they stood up. POTS
was defined as an increase in AHR > 30 bpm
at two or more measurements during the five
minute standing period. AHR at the other 3
time points may have been less than 30 bpm
leading to an average AHR of less than 30 bpm.
Florid POTS was defined by a standing HR >
120 bpm at two or more measurements while
standing [2, 14, 15].

START was defined by having a normal AHR in
the pre-exercise phase and post-exercise ele-
vation in AHR to greater than 30 bpm at two or
more measurements during the 5-minute
standing periods [1].

STOPP was identified by a normal AHR (12 + 5
bpm, mean + SD) before and after exercise,
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inal and verification cohorts.

and having AHR < 30 bpm at every time point
[1].

The 1% peak effect in AHR was defined as the
difference between the average AHR at the first
post-exercise orthostatic measurement minus
the average pre-exercise AHR (AAHR).

Area under the curve (AUC) was calculated by
the trapezoid method, and divided by the total
duration of observations for each individual.
This metric, AUC/duration, normalized differ-
ences the number of orthostatic measure-
ments and total time in the study between
individuals.

Postural systolic hypotension or hypertension
were defined as a decrease or increase > 20
mmHg in ASBP at two or more measurements
during 5-minute standing periods. Postural dia-
stolic hypotension was defined as a decrease
in ADBP < 10 mmHg at two or more mea-
surements while standing [16]. We previously
defined postural diastolic hypertension by
Receiver Operating Characteristic (ROC) curve
analysis as an increase in ADBP > 18 mmHg
at two or more measurements while standing
[4].
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Table 1. Subjects with hypertension and prescribed treatment

Hypertensiv ACE B Icium channel Angiotensin Il Alph renergi
Group  Total ygjbictss ° Hydro-chlorothiazide Inhi(l?)itor bloitke;r e CbL:ocLSeras ° receptgo?taen;gonist P el‘rJl?)ilfezre g
O-HC 10 1 0 0 0 0
O-STOPP 23 10 7 4 1 1 2 0]
O-START 10 2 1 0 1 0 2
V-POTS 11 0 1 0 2 0 0
V-STOPP 32 10 3 6 1 3 0 1
V-START 14 4 1 2 2 0 0 0
Total 100 32 13 14 4 7 2 4

32 subjects had a confirmed diagnosis of hypertension during history and physical examination. Eleven subjects were on a combination-drug regimen with the most com-
mon prescription being Hydrochlorothiazide/Lisinopril (n=6).

Table 2. Subject demographics and questionnaire data for control and all Gulf War lliness subgroups

Group 0O-HC O-STOPP O-START V-POTS V-STOPP V-START

N 10 23 10 11 32 14

Age 489 +6.1 46.8 £+ 2.7 444 +5.2 45.7 £ 3.6 50.2+23 46.6+3.8

BMI 29.5+ 3.7 31.7+2.8 28.5+3.7 30.4+3.6 299+21 281121

Sex
Male 8 18 9 9 25 11
Female 2 5 1 2 7 3

Race
White 9 18 8 9 25 13
Black 0 5 1 1 3 0
Other 1 0 1 1 4 1

CFSQ [10] 8.9+ 4.4% 21.3+21 24.7+25 21.2+33 211+19 23.7+20

GAD-7 [11] 3.7+3.0 8.6+23 146 +2.0t 11.2+51% 9.5+2.0 59+23

SF-36 [12]

Physical Function 83+13.6* 46.8+99 375+177 4551134 473+86 4691122
Limitations-Physical Health 675 +25.4* 159+12.3 0 0 109+ 8.5 9.6+ 15.2
Limitations-Emotional problems  86.7 + 17.4* 36.4 + 17.1 3.3+6.5 30.3+241 29.2+13.4 46.2+228
Energy/Fatigue 50.5+14.4* 15.7+5.7 145+ 6.8 20.5+8.2 19.7 £ 6.2 11.2+6.0
Emotional well being 70+8.2 576+71 39.2+139 545+140 549+87 588+8.1
Social functioning 71.3+19.3* 31375 15+9.5 33.0+111 375+10.6 30.8+10.6
Pain 64 + 14.4% 299+ 73 172 +9.6 34.1+8.8 30.4+6.5 284193
General Health 65.9 + 13.2* 27.6+8.0 15.7 £ 8.2 23.4+9.7 289+73 252+82

O-START and V-POTS had significantly higher GAD-7 anxiety scores than controls. All GWI subjects met CFS criteria and reported worse quality of
life by SF-36 than controls, except for in the “Emotional Well Being” domain. *P < 0.05 for O-HC vs. all GWI groups by one way ANOVA followed by
post-hoc Tukey’s HSD. 1P < 0.05 for O-HC vs. O-START and V-POTS by one way ANOVA followed by post-hoc Tukey’s HSD. Mean + 95% C.1.

Statistical analyses Results

The time courses for the average AHR, ASBP, Demographics and questionnaire outcomes
and ADBP at each time point were inspect-

ed for each subject. First peak AHR effects Recruitment outcomes for the two cohorts
and AUC/duration were evaluated by one way are displayed in Figure 1. Thirty-two subjects
ANOVA followed by post-hoc Tukey's Honest had a history of hypertension controlled with
Significant Difference (HSD) to account for mul- medicine (Table 1). Hypertensive subjects we-
tiple comparisons. All statistical analyses were re randomly distributed between all subgr-
calculated using IBM® SPSS® Statistics 25 oups, and so, hypertension and its treatment
for Windows and Microsoft Excel. Data were cannot explain the findings. There were no sig-
reported as mean = SD or mean + 95% confi- nificant differences in demographic variables
dence interval. between the original and verification cohorts
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Figure 2. Individual time courses of average AHR before and after exercise. The time courses for average AHR
changes before and after exercise were drawn for the Original Controls (A), Original STOPP (B), Original START (C),
Verification POTS (D), Verification STOPP (E), and Verification START (F) groups. AHR was higher at the first time
point after exercise (1% peak) in POTS, O-START, and V-START groups. Dotted red lines provide the reference point
of AHR=30 bpm for POTS and START identification. Black arrows indicate average 1% peak time point. Red arrows
indicate start of second exercise stress test. White circles indicate subjects with Florid POTS (n=4). Average pre-

exercise AHR values were fixed to -5 hours.

(Table 2). GWI subjects from the two cohorts
met criteria for CFS and scored significantly
higher on the CFS questionnaire than controls
[8, 10]. START subjects in the original study
(O-START) and POTS subjects in the verification
cohort (V-POTS) had significantly higher GAD-7
anxiety scores than controls [11]. All GWI sub-
jects reported significantly worse quality of
life using the SF-36, except for equivalent
scores in the “Emotional Well Being” domain
[12].

Prior to exercise, 11 GWI subjects from the
verification cohort met criteria for POTS (V-
POTS). After exercise, the 2:1 ratio of STOPP
(32:14) was confirmed in the verification co-
hort by comparison to the original cohort
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(23:10); these were equivalent by Fisher’'s
Exact Test.

The effect of exercise on AHR for each indi-
vidual was graphed and inspected (Figure 2).
Before exercise, supine HR, standing HR, and
AHR were equivalent for controls, STOPP, and
START subjects in both cohorts. Only V-POTS
had significantly higher standing HR and AHR
from all other groups (P < 0.05, Tukey’s HSD)
(Table 3). POTS was detected in the verifica-
tion cohort, but was found in only one healthy
control veteran in the original cohort.

After exercise, controls, O-STOPP, and V-STOPP
were equivalent for supine HR, standing HR,
and AHR. O-START and V-START groups had sig-

Am J Transl Res 2018;10(10):3254-3264



Verification of START phenotype in Gulf War lliness

Table 3. Average vital signs before and after exercise

0-HC (n=10) O-STOPP O-START V-POTS V-STOPP V-START
(n=23) (n=10) (n=11) (n=32) (n=14)
Pre-Exercise
Supine HR 69.5+ 3.0 67.8+25 709+4.1 71.9+4.8 70.6+24 68.2 £ 3.2
Standing HR 82.3+2.6 80.4+1.8 86.2+1.9 96.4 + 2.2% 81.1+1.0 83.4+1.2
AHR 11.6+5.4 13.3+2.1 148+ 2.2 245+ 3.7* 10.8+ 1.6 15+2.1
Supine SBP 128 £ 7.2 127 + 4.7 128 £ 7.8 118 + 6.1 122 +4.3 123 +6.4
Standing SBP 124 + 7.7 125 +5.0 129 £ 8.7 120+5.4 124 + 4.2 126 £ 6.2
ASBP 4+24 2+27 0+5.0. 2+51 1+2.2 3+34
Supine DBP 73+6.2 72+3.1 74 +7.6 73+5.2 76 +29 75+5.7
Standing DBP 78+5.4 78+3.3 82+75 80+5.2 79+3.4 80+4.5
ADBP 5+1.1 6+1.6 8+4.1 7+4.41 4+£1.7 5+3.3
Post-exercise
Supine HR 72.3+25 72.0+£2.0 705+25 76.3+3.3 72.7+1.6 72.3+2.6
Standing HR 83.8+1.5 83.6+1.3 91.0+ 161t 104.0+1.6* 857+0.68 935+1.1t
AHR 11.6£1.0 12 £ 0.6 20.2 + 1.2t 27.3 + 1.0* 129+04 21.7+0.7t
Supine SBP 125+ 5.6 122 +£5.0 126 £ 9.0 117 £ 6.0 119+ 3.9 118 + 6.5
Standing SBP 124 + 6.6 123 +5.2 129+ 9.3 117 £+ 4.0 120+ 4.4 119+ 6.9
ASBP -1+£3.2 1+25 3+19 0+26 2+23 1+3.2
Supine DBP 72 +4.6 70+ 3.6 71+6.4 71+£5.3 73+29 72 +£5.2
Standing DBP 77 +4.1 77 +4.2 80 +6.7 76 £ 4.3 78+ 3.4 78 £5.2
ADBP 5+2.0 6+1.6 8+1.9 5+29 5+1.4 6+2.0

Before exercise, only V-POTS subjects had significantly higher standing HR and AHR than all other groups. After exercise, O-
START and V-START had significantly higher standing HR and AHR than control and STOPP groups, while V-POTS was signifi-
cantly higher than all other groups. Blood pressures did not differ. *P < 0.05 for V-POTS vs. all other groups by one way ANOVA
followed by post-hoc Tukey’s HSD. 1P < 0.05 for O-START and V-START vs. O-HC, O-STOPP, and V-STOPP. Mean + 95% C.1.

nificantly higher standing HR and AHR than
0-HC, O-STOPP, and V-STOPP groups (P < 0.05,
Tukey’s HSD). V-POTS had significantly higher
standing HR and AHR compared to all other
groups (P < 0.05, Tukey’s HSD).

Individual AHR time courses

0O-HC, O-STOPP, and V-STOPP had equivalent
AHR before and at each time point after exer-
cise (Figure 2A, 2B, 2E). One O-STOPP subject
had a single measurement of AHR > 30 bpm,
and so did not meet START criteria. These con-
straints followed published consensus recom-
mendations for POTS status [2].

O-START and V-START had normal AHR before
exercise followed by a large significant incre-
ase in the post-exercise period (P < 0.05,
Tukey's HSD) (Figure 2C, 2F). The largest
increase in AHR was observed in the immedi-
ate hours after the first exercise stress test
(1%t Peak Effect). AHR was more labile after
exercise in the original and verification START
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groups. One V-START subject developed a
standing HR > 120 bpm during three of the
orthostatic measurements.

By definition, V-POTS had orthostatic tachycar-
dia before and after exercise. Four V-POTS sub-
jects were identified as Florid POTS; three had
recumbent tachycardia (= 100 bpm) and a
standing HR > 120 bpm. After exercise, V-POTS
had orthostatic tachycardia at each time point
and lability of AHR over time (Figure 2D).
V-POTS subjects had significantly higher stand-
ing HR and AHR than all other groups for the
entire post-exercise period (P < 0.05, Tukey’s
HSD). One Florid POTS subject had AHR in the
normal range after exercise because of recum-
bent tachycardia, and standing HR between
120 to 125 bpm, resulting in AHR values that
were < 30 bpm.

First peak

The difference in AHR between the 1%t time
point after exercise and pre-exercise defined

Am J Transl Res 2018;10(10):3254-3264
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had significantly higher AHR before and after exercise. Black lines indicate
significance by Tukey’s HSD (P < 0.05). *(P < 0.01 for pre-exercise AHR in
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Figure 4. Area under the curve for AHR after exer-
cise. START and POTS subjects had the largest in-
creases in AHR after exercise relative to controls and
STOPP subjects. Black lines indicate significance by
Tukey’s HSD (P < 0.05). Mean + 95% C.I.

AAHR and the 1% peak effect (Figure 3). The
individual time courses revealed that O-START
(9.9 £+ 4.7) (AAHR, mean + SD), V-START (8.6 +
3.3), and V-POTS (5.6 + 5.2) groups appeared
to have a consistent elevation in AHR between
pre-exercise and their first post-exercise mea-
surement. O-HC (3.0 + 6.2), O-STOPP (-0.9 +
5.4), and V-STOPP (1.5 £ 6.1) were equivalent
and did not have any significant changes in
AHR or AAHR. Only O-START and V-START
groups had significant increases in AAHR at
the first peak (P < 0.05, Tukey’s HSD) (Figure
3). Before exercise, O-START and V-START had

3260

V-START

4.0, respectively. After exer-
cise, their first AHR were 24.7
* + 7.8 and 23.6 + 7.6, respec-
tively. O-START, V-START, and
V-POTS groups had equivalent
AHR at the first post-exercise
time point. The average time
for the 15t peak effect was 2.1
+ 1.0 hours (mean * SD) after
exercise.

Receiver operating character-
istics (ROC) for AAHR between
O- and V-START and O-HC,
O-STOPP, and V-STOPP had a
threshold of 5 bpm, specificity
of 0.72, sensitivity of 0.71,
and AUC of 0.82. Cohen’s d
(mean difference/SDpooled) for
AAHR was 1.14, indicating a
strong effect size.

V-POTS

AUC/duration

Area under the curve (AUC) was measured to
quantify the total increase in AHR after exer-
cise (Figure 4). Once normalized by the total
duration of observations for each subject,
O-START and V-START groups had significantly
higher AUC/duration than O-HC, O-STOPP,
and V-STOPP groups (P < 0.05, Tukey’'s HSD).
V-POTS subjects had the largest AUC/dura-
tion after exercise because orthostatic tachy-
cardia was present at every time point (Figure
2D). V-POTS, O-START, and V-START had equi-
valent AUC/durations that were significantly hi-
gher than O-HC, O-STOPP, and V-STOPP groups.
START and POTS could not be distinguished
solely by post-exercise AHR.

Blood pressures

The individual time courses showed no consis-
tent or persistent changes in systolic and dia-
stolic blood pressure in any group (Figures 5
and 6). This confirmed that significant postu
ral hypotension did not occur and was not a
stimulus for orthostatic tachycardia.

Postural diastolic hypertension was previously
described in the O-START group [1], but was
found at only two isolated time points in two
V-START subjects. Therefore, we did not con-
firm that postural diastolic hypertension was a
component of the START phenotype.

Am J Transl Res 2018;10(10):3254-3264
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Figure 5. Time courses for ASBP before and after exercise. There were no significant differences in ASBP between
groups. Red dotted lines provide reference points for postural systolic hypertension and hypotension (+ 20 mmHg).

Red arrows indicate start of second exercise stress test.

Discussion

The START and STOPP phenotypes were veri-
fied in GWI subjects by their responses to the
submaximal exercise stress test. Prior to exer-
cise, subjects had equivalent AHR, ASBP, and
ADBP with the exception of the 11 V-POTS sub-
jects. The O-HC, O-STOPP, and V-STOPP groups
had equivalent AHR before and after exercise
and had no 1% peak effect. Approximately one
third of GWI subjects had normal AHR before
exercise, but developed transient postural
tachycardia after exercise with significant in-
creases in 1% peak AAHR and elevated AUC
(START phenotype).

POTS subjects were found in the verification
cohort. V-POTS subjects had postural tachycar-
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dia and large increases in AHR before and after
exercise. START and POTS were not equivalent
because START subjects have normal AHR be-
fore exercise and developed postural tachy-
cardia as a transient, dynamic response to
exertion.

New hypotheses to be explored include exer-
cise-induced autonomic dysfunction and atro-
phy in the cardio-regulatory regions of the
brainstem as seen in CFS and START [1, 17].
Upregulation of adrenergic and cholinergic
receptors in peripheral blood leukocytes after
exercise has been observed in CFS, but not
examined in GWI [18]. Other hypotheses in-
clude disturbances in mitochondrial function
after exercise or hypometabolic profiles as
seen in CFS and GWI [19, 20].
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Figure 6. Time courses for ADBP before and after exercise. There were no significant differences in ADBP between
groups. Red dotted lines provide reference points for postural diastolic hypertension (> 18 mmHg) and hypotension
(=10 mmHg). Red arrows indicate start of second exercise stress test.

We rejected the hypothesis that significant pos-
tural hypotension would be the stimulus for
START physiology because postural systolic or
diastolic hypotension did not develop in any
group. There were isolated, spurious changes
in AHR, ASBP, and ADBP in 6 out of 100 sub-
jects, but these occurred at 15 out of 547 total
time points and can be explained as the bo-
unds of normal cardiovascular reactivity. Hy-
pertension was present in 32 subjects, but
there were no significant differences in the
number of hypertensive subjects per group.
A general linear model was constructed to de-
tect START based on post-exercise AHR, medi-
cal history of hypertension, treatment type
(ACE inhibitor, B-blocker, etc.), age, gender, and
BMI. All variables regressed out of the model
except for AHR for START detection, thus,
hypertension or the prescribed medical treat-
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ment did not affect the detection of START
status. Alternative explanations for the inability
to detect significant hypotension that were
addressed by standard clinical practice includ-
ed use of the incorrect blood pressure cuff size
and difficulties with oscillometric blood pres-
sure measurements in patients with higher BMI
[24, 22].

We rejected the hypothesis that START is the
same condition as POTS because POTS sub-
jects had postural tachycardia at every time
point, but postural tachycardia in START only
followed exercise.

Limitations
Other protocols and types of cognitive or emo-

tional stressors were not examined. Genera-
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lization to other illness groups is not yet possi-
ble. Patients with more severe symptoms did
not volunteer and may have a different propor-
tion of POTS and START phenotypes. Elevation
of AHR was not consistently detected after the
second exercise because subjects had other
tasks to perform and AHR measurements had
to be deferred. Future protocols may be rede-
signed to include additional measurements
soon after the second exercise test. Hyper-
tension was present in 32 subjects. B-blockers
and ACE inhibitors were the most common anti-
hypertensive drugs. In the original cohort, anti-
hypertensive drugs were stopped before the
screening day, but this led to rebound hyper-
tension in 2 subjects who needed to have pro-
pranolol restarted. Thereafter, stable medica-
tion regimens were continued throughout the
study. Hypertension, the type of drug, and dis-
continuation did not affect the detection of
START status. Larger studies would be needed
to study the interaction of START, hypertension,
and its treatment.

Conclusions

We verified the discovery of the novel cardio-
vascular phenomenon that exercise causes
transient postural tachycardia, with no changes
in blood pressure, in one quarter (verification
cohort) to one third (original cohort) of GWI
subjects. START was different from POTS indi-
cating a different pathophysiological response
to exertion in the START phenotype compared
to the constant postural effect in POTS. Criteria
to define START status can now be indepen-
dently verified by other groups and testing
schemes. The START and STOPP phenotypes
begins to explain heterogeneity in the patho-
physiology of Gulf War lliness as previously
shown by the different fMRI patterns seen dur-
ing cognitive testing [1].

Acknowledgements

The study was supported by funding from The
Sergeant Sullivan Circle, Dr. Barbara Cottone,
Dean Clarke Bridge Prize, Department of De-
fense Congressionally Directed Medical Re-
search Program (CDMRP) W81XWH-15-1-0679,
and Neurological Disorders and Stroke R21-
NS088138 and RO1INS085131.

Disclosure of conflict of interest

None.

3263

Address correspondence to: Richard S Garner,
Division of Rheumatology, Immunology and Allergy,
Department of Medicine, Georgetown University,
3900 Reservoir Rd NW, Preclinical Science LDO03,
Washington, DC 2007, USA. Tel: 202-687-8231;
Fax: 202-687-9886; E-mail: Rsgb66@georgetown.
edu

References

[1] Rayhan RU, Stevens BW, Raksit MP, Ripple JA,
Timbol CR, Adewuyi O, VanMeter JW, Baraniuk
JN. Exercise challenge in Gulf War lliness re-
veals two subgroups with altered brain struc-
ture and function. PLoS One 2013; 8: e63903.

[2] Sheldon RS, Grubb BP, Olshansky B, Shen WK,
Calkins H, Brignole M, Raj SR, Krahn AD, Mo-
rillo CA, Stewart JM, Sutton R, Sandroni P, Fri-
day KJ, Hachul DT, Cohen MI, Lau DH, Mayuga
KA, Moak JP, Sandhu RK and Kanjwal K. 2015
heart rhythm society expert consensus state-
ment on the diagnosis and treatment of pos-
tural tachycardia syndrome, inappropriate si-
nus tachycardia, and vasovagal syncope.
Heart Rhythm 2015; 12: e41-e63.

[3] RAC-GWVI (Research Advisory Committee on
Gulf War Veterans’ llinesses) Gulf War lliness
and the Health of Gulf War Veterans (U.S. Gov-
ernment Printing Office, Washington, DC,
2008).

[4] Steele L. Prevalence and patterns of Gulf War
lliness in Kansas veterans: association of
symptoms with characteristics of person,
place, and time of military service. Am J Epide-
miol 2000; 10: 152992-161002.

[5] White RF, Steele L, O’Callaghan JP, Sullivan K,
Binns JH, Golomb BA, Bloom FE, Bunker JA,
Crawford F, Graves JC, Hardie A, Kilmas N,
Knox M, Meggs WJ, Melling J, Philbert MA and
Grashow R. Recent research on Gulf War llI-
ness and other health problems in veterans of
the 1991 Gulf War: effects of toxicant expo-
sures during deployment. Cortex; a journal de-
voted to the study of the nervous system and
behavior. Cortex 2016; 74: 449-475.

[6] Haley RW, Vongpatanasin W, Wolfe GlI, Bryan
WW, Armitage R, Hoffmann RF, Petty F, Callah-
an TS, Charuvastra E, Shell WE, Marshall WW,
Victor RG. Blunted circadian variation in auto-
nomic regulation of sinus node function in vet-
erans with Gulf War syndrome. Am J Med
2004; 117: 469-478.

[7] Fukuda K, Nisenbaum R, Stewart G, Thompson
WW, Robin L, Washko RM, Noah DL, Barrett
DH, Randall B, Herwaldt BL, Mawle AC, Reeves
WC. Chronic multisymptom illness affecting air
force veterans of the gulf war. JAMA 1998;
280: 981-988.

Am J Transl Res 2018;10(10):3254-3264


mailto:Rsg66@georgetown.edu
mailto:Rsg66@georgetown.edu

(8]

(9]

(10]

(11]

[12]

[13]

[14]

Verification of START phenotype in Gulf War lliness

Fukuda K, Straus SE, Hickie I, Sharpe MC, Dob-
bins JG, Komaroff A. The chronic fatigue syn-
drome: a comprehensive approach to its defi-
nition and study. Ann Intern Med 1994; 121:
953-959.

Rayhan RU, Zheng Y, Uddin E, Timbol C, Ad-
ewuyi O, Baraniuk JN. Administer and collect
medical questionnaires with google docu-
ments: a simple, safe, and free system. Appl
Med Inform 2013; 33: 12-21.

Baraniuk JN, Adewuyi O, Merck SJ, Ali M, Ra-
vindran MK, Timbol CR, Rayhan RU, Zheng Y,
Le U, Esteite R and Petrie KN. A chronic fatigue
syndrome (CFS) severity score based on case
designation criteria. Am J Transl| Res 2013; 5:
53-68.

Spitzer RL, Kroenke K, Williams JBW, Léwe B. A
brief measure for assessing generalized anxi-
ety disorderthe GAD-7. Arch Intern Med 2006;
166: 1092-1097.

Ware JE, Gandek B; IQOLA Project Group. The
SF-36 health survey: development and use in
mental health research and the IQOLA project.
Int J Mental Health 1994; 24: 49-73.

Light AR, White AT, Hughen RW, Light KC. Mod-
erate exercise increases expression for senso-
ry, adrenergic and immune genes in chronic
fatigue syndrome patients, but not in normal
subjects. J Pain 2009; 10: 1099-112.
Freeman R, Wieling W, Axelrod FB, Benditt DG,
Benarroch E, Biaggioni |, Cheshire WP, Chelim-
sky T, Cortelli P, Gibbons CH, Goldstein DS,
Hainsworth R, Hilz MJ, Kaufman JH, Jordan J,
Lipsitz LA, Levine BD, Low PA, Mathias C, Raj
SR, Robertson D, Sandroni P, Schatz |, Schon-
dorff R, Stewart JM and Gert van Dijk J. Con-
sensus statement on the definition of ortho-
static hypotension, neutrally mediated syn-
cope, and the postural tachycardia syndrome.
Clin Auton Res 2011; 21: 69-72.

3264

(15]

(16]

(17]

(19]

[20]

Cook D, Koltyn K. Pain and exercise. Interna-
tional Journal of Sports Psychology 2000; 31:
256-277.

Fessel J, Robertson D. Orthostatic hyperten-
sion: when pressor reflexes overcompensate.
Nat Clin Pract Nephr 2006; 2: 424-431.
Barnden LR, Crouch B, Kwiatek R, Burnet R,
Mernone A, Chryssidis S, Scroop G and Del
Fante P. A brain MRI study of chronic fatigue
syndrome: evidence of brainstem dysfunction
and altered homeostasis. Nmr in Biomedicine
2011; 24: 1302-1312.

Light AR, Bateman L, Jo D, Hughen RW, Van-
haitsma TA, White AT, Light KC. Gene expres-
sion alterations at baseline and following mod-
erate exercise in patients with chronic fatigue
syndrome, and fibromyalgia syndrome. J Intern
Med 2012; 271: 64-81.

Naviaux RK, Naviaux JC, Li K, Bright AT, Alaynick
WA, Wang L, Baxter A, Nathan N, Anderson W,
Gordon E. Metabolic features of chronic fa-
tigue syndrome. Proc Natl Acad Sci U S A 2016;
113: E5472-80.

Abdullah L, Evans JE, Joshi U, Crynen G, Reed
J, Mouzon B, Baumann S, Montague H, Zakiro-
va Z, Emmerich T, Bachmeier C, Klimas N, Sul-
livan K, Mullan M, Ait-Ghezala G, Crawford F.
Translational potential of long-term decreases
in mitochondrial lipids in a mouse model of
Gulf War lliness. Toxicology 2016; 372: 22-33.
Meidert AS, Saugel B. Techniques for non-inva-
sive monitoring of arterial blood pressure.
Front Med 2017; 4: 231.

Araghi A, Bander JJ, Guzman JA. Arterial blood
pressure monitoring in overweight critically ill
patients: invasive or noninvasive? Critical Care
2006; 10: R64.

Am J Transl Res 2018;10(10):3254-3264



