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Figure 5. Time courses for ΔSBP before and after exercise. There were no significant differences in ΔSBP 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 ΔHR, ΔSBP, and 
ΔDBP with the exception of the 11 V-POTS sub-
jects. The O-HC, O-STOPP, and V-STOPP groups 
had equivalent ΔHR before and after exercise 
and had no 1st peak effect. Approximately one 
third of GWI subjects had normal ΔHR before 
exercise, but developed transient postural 
tachycardia after exercise with significant in- 
creases in 1st peak ΔΔHR and elevated AUC 
(START phenotype).

POTS subjects were found in the verification 
cohort. V-POTS subjects had postural tachycar-

dia and large increases in ΔHR before and after 
exercise. START and POTS were not equivalent 
because START subjects have normal ΔHR 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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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 ΔHR, ΔSBP, and ΔDBP 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 ΔHR, medi-
cal history of hypertension, treatment type 
(ACE inhibitor, β-blocker, etc.), age, gender, and 
BMI. All variables regressed out of the model 
except for ΔHR for START detection, thus, 
hypertension or the prescribed medical treat-

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 
[21, 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- 

Figure 6. Time courses for ΔDBP before and after exercise. There were no significant differences in ΔDBP 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.
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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 ΔHR was not consistently detected after the 
second exercise because subjects had other 
tasks to perform and ΔHR 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. β-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 Illness as previously 
shown by the different fMRI patterns seen dur-
ing cognitive testing [1].
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