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Introduction

e Post Exertion Malaise (PEM) —
symptom worsening following
effort

* An understudied aspect of Gulf
War lliness (GWI)
 Symptomtype, severity and
time-course are not well
understood

* Critical towards understanding
pathophysiology & safety of
exercise




Project Overview

To determine dysfunction among central, autonomic,
and immune systems in GWI using a post-exertional
malaise model



Specific Aims

Determine baseline function across multiple
physiological systems (CNS, autonomic, and immune) in
GVs with and without GWI.

Determine the impact of an exercise challenge on CNS
regulation of pain/fatigue, cardiovascular autonomic

function, immune system activity, and symptoms in GVs
with and without GWI.

Determine whether interactions among multiple
systems explain symptoms of GWI.




Participants (Total)

* N =124 Deployed
CVAVEIREEEND
* n=73 GWI
 n=51 GV CON

F.& - .
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GWI —Kansas Domains & Symptoms

Fatigue Pain Neuro/Cog Skin Respiratory

o} QLR

Fatigue Body Memory Diarrhea Rashes

Dyspnea

Cough

Sleep Muscle Mood Nausea

Joint Headache

GWI = Score of 2+ (0-3 Scale) in at least 3/6 Kansas Domains
Minimum = 6 & Maximum= 87
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Experimental Protocol

Visit Visit Visit

24h
~— 3

~ 7 days
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Symptoms (VAS) 30 min Symptoms (VAS)
Behavior 70% HRR Behavior
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Characterizing PEM
In GWI

Presence, symptom type, severity, and variability



Not all Veterans with GWI respond negatively to exercise

International Journal of Psychophysiology 147 (2020) 202-212
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Purpose

To determine
symptom severity
changes 24hrs post-
exercise in GWI




|\/|Ode|iﬂg PEM (Doubly-multivariate repeated measures MANOVA)

\Yi[eYoYo k (6 subscales of POMS)

Pain: (4 subscales of MPQ)

GWI Symptoms: (coc

Symptom Inventory)
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No symptom exacerbation for full sample

\Yi[eYeYo k (6 subscales of PO, 1S)

Pain: (.. wscales of MPQ)

GWI Symptoms: i oc

Symptom Inventor
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GWI+PEM experienced symptom exacerbation

5 4
e Pain: (4 subscales of MPQ)

MUSCLE PAIN

GWI Symptoms: (coc

Symptom Inventory)
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v

. * Not all Veterans with GWI
Prel Iminad ry experience PEM
COnCIUSiOnS * Immediately or 24hrs post-

exercise

* Endorsement of feeling “unwell”
with exercise or exertion
mattered

* Deeper exploration is warranted




Purpose

To examine symptom
responses for one-week prior
to and one-week following
acute aerobic exercise in Gulf
War Veterans




Participants

* N =77 Deployed Gulf War
Veterans

* n=44 GWI|

* n=18 GWI

* n=26 GWI|+PEM
* n=33 GV CON




* How areyou feelingright now?

Post-Exertional Malaise * How are you feelingcompared to howyou felt prior

to exercise?

Fatigue

None -Worst Imaginable

Painin your Muscles

None -Worst Imaginable

Difficulty Concentrating

None -Worst Imaginable

¢ US, Department
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Statistical Analyses

e Linear Mixed Effects

* Group, pre- post-exercise, Days of symptom
measurement
e Group stratification (GWI, GWI+PEM, CON)
* Symptoms chosen a priori based on endorsement and category




Demographic and Baseline Data

GWI GWI+PEM CON
(n=18) (n=26) (n=33)

Age (yrs) 52.3(3.8) 52.2(4.5) 52.3(5.2)
Height (m) 1.8 (.08) 1.8 (.08) 1.8(.10)

Weight (kg) 102.2(19.2) 94.5(18.6) 89.9(15.7)
BMI 32.1(5.8) 30.3(5.7) 29.4(4.8)
SF-36 PCS 64.1(16.9) 55.8(17.8) 89.5(7.7)
SF-36 MCS 55.2(21.9) 52.4(16.8) 88.3(8.0)
MFI Total 64.7(13.0) 71.2(11.0) 35.1(11.8)
MPQ Total 1.9(1.7) 2.9(2.1) 0.3(0.4)

N —7“?‘\\
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Group X Pre-Post Exercise Interaction (p<0.01+« . recteq)

60 60
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0 0
PRE EXERCISE POST EXERCISE (DAYS 1-4) PRE EXERCISE POST EXERCISE (DAYS 1_4)
mGWI mGWI+PEM CON EGWI mGWI+PEM CON
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Group X Pre-Post Exercise Interaction (p<0.01+« . recteq)
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Peak Symptom responses

Fev
Musar

gue, 18.92%, 19%

Depressed, 5.41%, 5%

Sinus/Nasal Problems
,5.41%, 5%

Stomach/Abdominal -
Pain, 5.41%, 5%

Headache, 13.51%,
14%

Diarrhea, 5.41%, 5% 11%

Memory Problems, p
8.11%, 8%

Joint Pain, 10.81%,

D
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COnCl USiOﬂS * GWI is associated with PEM

* No clear pattern of symptom

& Future worsening
D| rections e PEM endorsement important

Biological predictors of PEM need
to be explored




Predicting PEM in GW|

Cardiopulmonary, perceptual, and physical function




Life Seiences 280 (2021) 119701

Contents lists available at ScienceDirect
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Purpose

To test whether select
metabolic and perceptual
exercise responses predict

PEM in GWI




Statistical Analyses

* General Linear Regression Model

* Independent Variables:

VR-36 Physical Component Score (PCS) —illness severity
VE/VCO2 — ventilatory efficiency / clinical utility

Peak leg muscle pain — peripheral afferent signaling
Cumulative work — power*duration

* Dependent Variable:

* Peak PEM response — change from 1-week pre to 1-weel post-
exercise




Steady state exercise response

Effect Size

GWI vs. CON

Mean (SD) Mean (SD) Hedges’ g 95% Cl
VO, (mLekgemin)* 16.15(3.61) 19.42(5.03) -0.76 (-1.34,-0.28)
VCO, (mL)* 1402.14(332.46) 1587.32(342.85) -0.54 (-1.02,-0.07)
VE (Lemin1) 42.60(12.46) 44.98 (9.84) -0.21 (-0.67,0.26)
VE/VO,* 29.87(4.49) 28.07(4.04) 0.49 (0.02,0.96)
VE/VCO, 28.63(4.45) 27.15(4.00) 0.40 (-0.07,0.86)
Heart rate (bpm) 134.75(11.64) 135.46(9.52) 0.07 (-0.44,0.57)
Work (kJ)* 235.66(35.27) 253.22(23.27) -0.50 (-0.98,-0.03)
g:?nk*'eg muscle 4.45 (2.54) 2.66(2.51) 070 (0.22,1.18)




I\/ledian 1 GWI
PEM

—1 CON

reSponse

Symptom severity




Peak
PEM
timeline

Number of Peak PEM Responses

0-

Timeline PEM Response

4
Days Post Exercise

-

GWI Status

W
. YES



Model did not explain
PEM

Pooled R2 =0.15, Adjusted R2 =0.03, p=0.34



Conclusions  Metabolic and perceptual

responses during exercise alone

& FUtU re do not predict PEM
D. . e Other combinations of
Ire CthnS cardiopulmonary responses

e Alternative and complimentary
measures of PEM

* Additional biological predictors of
PEM need to be explored




Mediators of PEM

Exercise-induced changes in gene
expression



Purpose

* To determine gene
expression responses to
exercise challenge in GWI

e To determine whether
gene expression changes
mediate PEM in GWI




Gene Panel: n = 13 Genes of Interest

Gene (n =13) Domain Assay ID
Beta -actin (ACTB) Adrenergic Hs01060665_g1
Beta-2 adrenergic receptor (ADRB2) Adrenergic Hs00240532_s1
Catechol-O-methyltransferase (COMT) Adrenergic Hs00241349 mf1
A el re;ee':ﬁ';‘:'(ﬂ;?g;’ »group C Cortisol Hs00353740_mf
Cluster of differentiation 14 (CD14) Immune Hs02621496_s1
Interleukin 6 (IL6) Immune Hs00985639 _m1
Lymphotoxin alpha (LTA) Immune Hs04188773_g1
Toll-like Receptor4 (TLR4) Immune Hs00152939 mf1
Interleukin 10 (IL10) Immune Hs00961662_m1
Acid Sensinglon Channel 3 (ASIC3) Metabolic Hs00245097_mf1
Purinoceptor 4 (P2RX4) Metabolic Hs00602442_mf1
Purinoceptor 5 (P2RX5) Metabolic Hs01112471_mf1
Transientreceptor potential cation channel Metabolic Hs00218912 m1

subfamily V member 1 (TRPV1)

V.




Statistical Analyses

* Gene Expression processed and analyzed by
Pharmacogenomics Analysis Lab (PAL) - Central
Arkansas Veterans Health System

e Quantitative Polymerase Chain Reaction (qPCR) analyses
(white blood cells)

e Doubly-Multivariate Repeated Measures (RM)
MANOVA

* RM ANOVA for select genes




Peak symptom response

CDC VAS
100- CON
i GWI
g : CDC Mean (SD Effect Size (d
o 4
»n 1 GWI
= 50
= : N=37 41.38(27.87) 1.65(1.06,2.25)
m J
I CON !
- N=25  4.8(7.80) *
0_'

CON GWI
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Differential changes in gene expression

Fold Change (RQ)

2.5

2.0

1.5

1.0

0.5

0.0

ACTB

-

%

(L X
w

Pre CON GWI CON GWI
| 30 Min

Gene

ACTB

COMT
TLR4

Group:

<0.01
<0.01
<0.001

COMT

T
1

i

Pre CON GWI CON GWI

| 3omin || 24Hr |
RM-ANOVA
partial n2 30 Min Post
0.09 <0.05
0.10 <0.05
0.10 <0.05

2.5;

2.0;

1.51

1.0:

0.5

TLR4

%% & o

Pre CON GWI CON GWI

30 Min

24Hr |

24 Hr Post
<0.05
<0.05
<0.05
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Mediation: CDC
VAS

e (C’ = Direct Effect
e A* B=|ndirect Effect
 X=Independent Variable

Gene Expression (M)

* Y= Dependent Variable
* M = Maediator
* W = Moderator

P = i~|a +e'X + b1M + l'J‘-_:-‘IJ"I.L, 3 b._.."u"-.-"_- + bW
B =iy + X+ 2,W, +a;Ws + 2,




TLR4 24 Hour Post - CDC VAS

TLR4 24 Hour Post (M)

A=-U.UU37 B =5.63

Exercise (X) » CDC VAS(Y)

Direct Effect (C’) = -0.12; 95% Cl = (-0.35, 0.10)
Indirect Effect (A*B) = -0.02; 95% Cl = (-0.07, 0.05)

‘ US. Department
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v

COﬂCl usions « GWI had differential changes in

gene expression to exercise
challenge

* Unexpected direction of change

* Gene expression alone did not
explain PEM

e Alternative and complimentary
measures of PEM

» Additional biological predictors of
PEM need to be explored




Overall Discussion

e PEM occurs in GWI:
* Not in all Veterans
* Variable — intensity, type, timecourse

e Exercise responses differ
 Model was not explanatory

* Gene expression responses differ
* Not a mediator
* Multiple physiological systems within the same model

(interactions) may be necessary to explain both GWI and
PEM
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Thank you
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ACTB

Beta-actin protein
Cell/receptor motility

Neuro/Cognitive/Mood
& Gl Symptoms

% Choose A

Discussion: Aim 1

COMT

Catecholamine
degradation

Impaired spatial
orientation,
depression, anxiety,
(Cognitive/Mood)

TLR4

Pro-inflammatory
Mediator

Pain (differentin males
vs. females) &
Cardiovascular

Function
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Metabolic data processing

150

100

Heart Rate (bpm)

Ramp-Up
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Recovery

(9
o
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Exercise &
Genetics -
Considerations

Meyer et al., 2013

Maximal exercise test — no
differencesin VO,

Associations between gene
expression (mMRNA) and fatigue,
pain, and confusion symptoms

Fatigue, confusion, and pain all
correlated with NR3C1
(glucocorticoid receptor)

Change from Baseline

Fold increases in mRNA

Controls vs CFS patients
Mnultivariate Model Variables

OPXX4
OAD2A
mIL10
ENRIC]

Post 48-Hour 72-Howr

Control

Post 48-Hour T2-Hour

CFS

OConfusion
m Pain

m Fatigue

?Q-Haur

Control

Post 48-Hour 72-Hour

CFs
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Demographics & Baseline Symptoms:

GWI
(n=37)

CON
(n=25)

GWI vs. CON

GWI vs. CON

ge

51.75 (4.04)

52.56 (5.58)

-0.62 0.54

(-0.69, 0.35)

Sex (Male/Female, %)

34/3 (91.8%)

24/1 (96%)

NA

NA

Height (m)

1.76 (0.08)

1.76 (0.09)

(-0.50, 0.54)

Weight (kg)

95.97 (17.72)

88.63 (15.71)

(-0.10, 0.96)

BMI (kg/m?)

Kansas*

30.87 (5.36)
27.35 (12.79)

28.53 (4.34)
2.78 (2.75)

(-0.06, 1.00)
(1.76, 3.12)

R-36 PCS*

59.72 (17.60)

90.46 (7.46)

(-2.79, -1.49)

R-36 MCS*

51.66 (17.76)

89.09 (7.92)

(-3.27, -1.87)

43.61 (13.89)

18.32 (7.99)

(1.49, 2.78)

70.25 (13.99)

33.36 (11.84)

(2.08, 3.53)

SF-MPQ-2*

1.31 (1.08)

0.17 (0.56)

(0.69, 1.81)

PsQl*

12.67 (4.22)

6.87 (3.58)

(0.84, 2.09)

POMS TMD*

NOTE. * = Significant difference between groups at p<0.05.

Kansas = Kansas Symptom Inventory; VR-

36 PCS = Veterans RAND 36-item Healthy Survey Physical Component Score; VR-36 MCS = Veterans
RAND 36-item Healthy Survey Mental Component Score; FSS = Fatigue Severity Scale; MFI Total =

Multiple Fatigue Inventory; SF-MPQ-2 = Short Form McGill Pain Questionnaire; PSQI = Pittsburgh Sleep
Quality Index; POMS TMD = Profile of Mood States Total Mood Disturbance.

U.S. Department

of Veterans Affairs




Cardiopulmonary Exercise Testing (CPET) Response:

GWI CON
GW!Ilvs. CON GW!Ivs. CON
(n=37) (n = 25)
Mean (SD) Mean (SD) t-statistic p-value Effect Size (Cohen d) 95% CI

VO, (kg | 1454273 | 2011 (499) (065, 1.55)

VCOu i {1355 74 (351 17)[1600.07 (360,63 0I5 129

Peak Leg Pain

VE (L-min™!) 39.40(10.41) | 45.06 (11.37) -1.9 0.06 0.51 (-0.03, 1.06)
Vr 1.94 (0.47) 2.17 (0.43) -1.86 0.07 0.49 (-0.05, 1.05)

fr 25.33 (4.70) 25.72 (4.68) -0.3 0.76 0.08 (-0.46, 0.62)
VE/VO, 29.61 (4.68) 27.85 (3.97) 1.46 0.15 -0.4 (-0.95, 0.16)
VE/VICO; 28.20 (3.89) 26.85 (4.11) 1.22 0.23 -0.33 (-0.89, 0.22)
RER 0.92 (0.08) 0.91 (0.04) 0.4 0.69 -0.11 (-0.66, 0.44)
RPM 64.15(7.42) | 62.74(14.71) 0.42 0.67 -0.12 (-0.68, 0.43)

— Power | 7211(17.53) | 10059 (34.50 0.4, 162

[ HR | 134.94(11.69) | 136.20(s8.65) | 045 | 065 | 012 | (-0.42 0.66) |
“Séof Testin HRR70 | 95.10(7.96) | 97.95(5.70) | . 147 | . 015 | 04 | (016097 |
R 7 O T B T o

Peak RPE*

15.09 (2 18)

13.6 (1 72)

(-1.34, -0.13)

Peak Fatigue*

= oxygen consumption; VCO; =
Frequency; VE/VO; = ventilatory equivalent for oxygen; VE/VCO; = ventilatory equivalent for carbon dioxide; RER = Respiratory Exchange
Ratio; RPE = Rating of Perceived Exertion. Cardiopulmonary values are represented as averagesacross three steady-state periods that
ere identified during data processing. Perceptual ratingsindicate the highest rating recorded during steady-state exercise. Positive and
negative effect sizes indicate larger values in GWIand CON groups, respectively.

6.48 (2.03)

4.08 (1.96)

(-1.81, -0.55)

U.S. Department

of Veterans Affairs



Aim 2: Primary & Secondary
Analyses

Primary: Gene expression as mediator of symptom changes at 24h post-

GWI participants ONLY

exercise

* Exercise (X; independent variable) — cumulative work (kJ)

* Symptoms (Y; dependent variable) — peak change CDC VAS at 24h in lab

* Gene Expression (M; mediator) — RQ

* Covariates: Age, BMI, baseline symptom scores

* Moderators (W,) - PEM endorsement (W,), and V¢/VO, (W;) during exercise

post-exercise

* Exercise (X; independent variable) — cumulative work (kJ)

* Symptoms (Y; dependent variable) — peak change KSI VAS at home

* Gene Expression (M; mediator) — RQ

e Covariates: Age, BMI, baseline symptom scores

* Moderators (W,) - PEM endorsement (W,), and V¢/VO, (W;) during exercise

¥ U.S. Department

Chcose j of Veterans Affairs



Primary Analysis: PEM & Gene Expression - Mediation

CDC VAS Mediation Effect: 30 Min Post CDC VAS Mediation Effect: 24 Hour

Gene: Direct: 95% ClI Indirect/Mediation: Conclusion: | Direct: 95% ClI Indirect/Mediation: Conclusion:
ACTB 0.06  (-0.38,0.01) (-0.14,0.008) No Mediation | <0.05 (-0.41,-0.009) (-0.11,0.03) No Mediation
ADRB2  0.09  (-0.41,0.03) (-0.14,0.02) No Mediation | <0.05  (-0.45,-0.03) (-0.03,0.05) No Mediation
ASIC3 0.07  (-0.40,0.02) (-0.16,0.03) No Mediation | 0.054 (-0.42,0.004) (-0.10,0.02) No Mediation
cD14 0.07  (-0.39,0.01) (-0.14,0.02) No Mediation | 0.051 (-0.41,0.001) (-0.11,0.06) No Mediation
comT 0.054 (-0.37,0.003) (-0.16,0.03) No Mediation | <0.05 (-0.42,-0.003) (-0.10,0.02) No Mediation
IL-6 <0.05 (-0.44,-0.01) (-0.11,0.04) No Mediation | <0.05  (-0.45,-0.03) (-0.03,0.09) No Mediation
IL-10 <0.05 (-0.42,-0.004) (-0.11,0.02) No Mediation | 0.055 (-0.43,0.005) (-0.11,0.03) No Mediation
LTA 0.07  (-0.40,0.02) (-0.11,0.03) No Mediation | <0.05  (-0.43,-0.02) (-0.09,0.05) No Mediation
NR3C1  <0.05 (-0.44,-0.02) (-0.05,0.04) No Mediation | <0.05  (-0.45,-0.03) (-0.04,0.05) No Mediation
P2X4 <0.05 (-0.43,-0.008) (-0.07,0.03) No Mediation | <0.05  (-0.44,-0.02) (-0.03,0.03) No Mediation
P2X5 0.07 (-0.42,0.02) (-0.12,0.02) No Mediation | 0.054 (-0.41,0.004) (-0.13,0.02) No Mediation
TLR4 <0.05 (-0.43,-0.01) (-0.05,0.04) No Mediation | 0.45  (-0.34,0.16) (-0.07,0.02) No Mediation
TRPV1  <0.05 (-0.44,-0.02) (-0.05,0.02) No Mediation 0.4 (-0.36,0.14) (-0.04,0.02) No Mediation
GTF2B NA NA NA NA NA NA NA NA
PSMB6  <0.05 (-0.44,-0.03) (-0.11,0.02) No Mediation | 0.43  (-0.34,0.15) (-0.05,0.05) No Mediation
IPOS <0.05 (-0.44,-0.02) (-0.06,0.05) No Mediation | 0.2 (-0.40,0.09) (-0.01,0.16) No Mediation

Note: Results lose Direct Effect with covariates Age, BMI, CDC 24 Pre-Scores

* Mediation was not observed at 30 min & 24-hour post-exercise
* Moderators (VE/VO,& PEM Endorsement) did not alter results (no mediation
through moderation)
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