Good morning. As you can see, I am presenting this talk on behalf of Dr. Peter
Bayley who was unable to attend due to a family bereavement.
I was involved with this research project from its beginning and will do my best
to present the results clearly and represent Dr. Bayley’s work at this conference
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The usual disclosures
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Before I talk about the study, I will provide a brief history of the first Gulf War,
and describe the symptoms and characteristics of Gulf War Illness.
I will talk about a pilot study that help lead us to consider yoga as a viable
treatment for GWI and then will get into the nuts and bolts of the study and its
results
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Iraqi troops invaded Kuwait in August of 1990 and within the week US military began
deploying to the region. Many military were stationed in the gulf for months living in
harsh conditions and experiencing many chemical weapons false alarms. In January
1991 the air war began – lasting only a few days – and then the ground troops advanced
into Bagdad Sadam Hussein surrendered by the end of February.
Within 6 months to a year after returning from the Gulf, soldiers reported
experiencing a variety of symptoms – pain – widespread pain in joins and muscles –
similar to fibromyalgia , headaches, fatigue, cognitive problems such as impaired
memory and attention, breathing problems, gastrointestinal problems and skin rashes
and sleep problems. Many believe they were essentially “poisoned” by something.
It is known that there was wide insecticide use and some that we treated
at the WRIISC talked about wearing flea colors around their necks and ankles to protect
against the sand flies.
It is estimated that about 200,000/700,000 (30%) experienced some combination of
these symptoms.
27/28 Members of the coalition forces also reported similar symptoms –
France was the only coalition force not to report these problems. Deployed more
affected, but also found in non-deployed personnel.
These symptoms were Originally called “gulf war syndrome”, or “medically undiagnosed
illness” but GWI is the term recommended by National Academy of Medicine, and
commonly used by VA/DOD.
There were relatively few US soldiers killed during the combat period
(293 U.S. service members killed - 148 combat-related (35 due to friendly fire) and 145
non-combat deaths)
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Etiology
-service members were exposed to huge amount of chemicals including……
EXPOSURES TO CHOLINERGIC AGENTS ONE OF MOST LIKELY CLASS OF
COMPOUNDS
Broad exposure from ….
However, it is generally assumed individuals were exposed to various combinations of
these agents, with resulting uncertainties about types and doses, as well as lack of
understanding about synergistic effects of these compounds has prevented a consistent
theory of GWI etiology
Congress created the Researchl advisory committee on Gulf War Veterans’ Illnesses in
1998 to make recommendations to the Secretary of Veterans Affairs about government
research on health effects of military service during the Gulf War. The committee then
appointed the Health and Medicine Division (HMD) (formally known as the Institute of
Medicine) of the National Academy of Sciences, Engineering, and Medicine to study
potential causative agents of these symptoms. This group has published 11 volumes of
“Gulf War and health” but Despite Between 1994 and 2014, federal funding for research
on Gulf War veterans health totaled more than $500 million (VA, 2015b).
In spite of the large amount of research, there remain substantive gaps in our
understanding of the health effects resulting from deployment to the 1990–1991 Gulf
War, and particularly with regard to the pathophysiology of Gulf War illness. Indeed,
little progress has been made so far in identifying either specific causative agents or
effective treatments, and Gulf War veterans and their families continue to report
concerns about the war’s health effects. And recommended that future research be
focused on finding beneficial treatments.
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In January 2010 the Palo Alto War Related Illness and Injury Study Center (also called WRIISC) site began
offering yoga classes to local Veterans as part of a pilot yoga research project. The WRIISC specializes in gulf
war Veterans but is staffed by and collaborates with specialists in Mental health and sleep so we consulted
with colleagues and asked Veterans to complete standard self-report assessments in General health and wellbeing, pain, PTSD, and sleep with no pre-conceived idea of where we might see improvement or if Veterans
would even like or continue to attend yoga classes. The yoga program did succeed and results collected from
this small sample indicate that yoga might be beneficial for Gulf War Illness. We were also intrigue by the
improvement in energy result as chronic fatigue is one of the core symptoms of gulf war illness.

As a disclaimer – the pilot study was not conducted with gulf war veterans although there may have been one
or two in the mix. And, This photo is from one of the yoga classes but does not necessarily depict veterans
who participated in the pilot study.

The other reason we thought yoga might be beneficial for Gulf war Veterans is because yoga's effects on the
autonomic nervous system. There is a belief that some of the symptoms of Gulf War Illness are related to
cholinergic agents which can disrupt the ANS.

As part of the mission, we provide comprehensive evaluations to many Veterans of the first gulf war and as
part of my job I participated in clinical meetings and met with each Veteran one on one. A recurring theme
was how they were no longer able to exercise and how fatigued exercise made them. I started to add some
gentle seated yoga postures and pranayama to our meetings and some Veterans expressed feeling grateful to
find something that they could do after all the years of feeling they could no longer participate in physical
activity.
Provides justification for using yoga as a treatment for GWI
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Research on GWI relies on several different case definitions. Fukuda (cdc), and
Kansas definitions are most commonly used.
For this study we chose the Fukuda case definition of Gulf War Illness.
Fukuda is recommended for clinical use as its more inclusive than Kansas
criteria, which has more exclusionary criteria.
In fact, either definition yields between 25% (fukuda) and 32% (Kansas)
prevalence of GWI in VA population of GW-era veterans
Both criteria are used, but Fukuda more common in clinical environment.

7

8

The primary outcome measure was the Brief Pain Inventory short form (BPI-SF)
pain severity score which is a self-report measure administered at baseline, at
weeks 2/4/6, and 8 during treatment and within one week of the final treatment
session at week 10. We assessed pain severity and pain interference.
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Ages 18-55
Used McGill Pain scale 0-100 – had to score at least 4/10
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Difficult population to recruit
33% through National Registries - Gulf War Illness Registry for Gulf War Era
veterans were single biggest source of participants
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Recruitment was conducted from June 2015 to September 2017. Our initial goal
was to recruit 50 Veterans in each group. This turned out to be very difficult due
to the location of the study (Palo Alto) and the small number of eligible gulf war
veterans living within reasonable driving distance. 75 participants were
randomized to a treatment. 1 dropped out during baseline assessment leaving 74
participants for analysis.
Gulf war illness is a difficult condition to recruit due to the small numbers of
these Veterans – everyone has a difficult time recruiting
Mention tons of calls
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This slide shows the demographics and some clinical characteristics of the study
population. 76% males – slightly lower than hospital population of 90% male
The groups were well matched.
½ married – important for results later….
Bmi IN THE obese range
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As we prepared for grant submission, we gathered a team of experts in chronic pain, yoga, and yoga
therapy. The team included a physical medicine and rehab physician, physical therapists, a yoga
therapist, and me. Each member was familiar with the Gulf War Veteran population and had some
knowledge of yoga. We developed a broad outline of yoga tools and described why we chose them and
what effect we expected them to have.
After being awarded the grant, we hired 2 additional yoga instructors for the study – both were already
teaching yoga at the Palo Alto VA as part of the WRIISC clinical yoga program and had experience
teaching yoga to Veterans participating the comprehensive evaluation with the WRIISC many of whom
were struggling with Gulf War Illness – and were very experienced in teaching adaptive yoga to this
population.
Stop reading here
---------------------------------------------The 10 week protocol was developed as an iterative process – we would start with an outline of what the
class might include and meet weekly to discuss and revise. A sample of the protocol from Week 7 is
displayed on the right slide. The left side lists postures, breath work, and meditation for each session and
the right side provides instructive language and the meditation theme for the session.
Before starting the first cohort, each yoga instructor practiced following the protocol by leading the other
2 teachers in a session. During this process we further revised the protocol. I taught all 10 sessions for
the first cohort with the other 2 teachers providing assistance in class. So we worked as a team for the
first 1 week cohort – continuing to meet by phone weekly but did not change the protocol after the first
cohort.

15

One key element of yoga‘s benefit comes from enhanced AWARENESS: Awareness of one’s
own natural posture, the breath, and how attention can wander.
We utilized a large poster shown on the right to illustrate both correct posture
and variations and discussed posture in detail at the start of the first session and kept this
poster on display throughout the 10 weeks. We also explored and reviewed correct seated
posture each week.
Experience with WRIISC patients allowed us to anticipate some of the issues.
Some Gulf War Veterans have been living with chronic pain for so long that they have become
deconditioned and do not believe they are able to exercise or move at all. Our goal was to
provide them with a gentle process to start building strength and flexibility and to also give
them breathing and meditation tools to help them while still. We focused on what they CAN do
rather than focusing on what they are no longer able to do.
Other Veterans, tend to do or expect too much from themselves. We used yoga
to help both groups find balance.
I will say right now that the protocol we develop was a bit ambitious and some
weeks we were not able to complete everything.
Fidelity to the protocol was recorded in weekly check lists for both the CBT and yoga groups.
Some of you may have seen my poster illustrating fidelity to the yoga protocol.
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CBT is standard therapy in VA for treating pain and is also used in VA as
treatment to help with other symptoms of Gulf War Illness.
We specifically chose CBT group therapy as an active control – not the
standard wait list control - so that all conditions of the study would be equal
except the treatment modality.
The particular CBT manual we used was provided by Dr. David Williams and had
been used in a previous study of Gulf War Illness. We condensed it to fit in a 10
week trial.
In CBT the veterans Learned mental and physical techniques to control pain.
Donta ST, Clauw DJ, Engel CC, et al. Cognitive Behavioral Therapy and Aerobic
Exercise for Gulf War Veterans' Illnesses. JAMA: The Journal of the American
Medical Association. 2003;289(11):1396-404.
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Symptoms might be related to these factors:
1.

Injuries sustained in the military

2.

Autonomic nervous system dysfunction

3.

An autoimmune response to something encountered while in the military

4.

Non-restorative sleep

5.

Something unknown to date
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41 participants attended at least 7 classes and 47 completed the post-treatment
assessment.
For analysis of the primary outcome measures, aligned with the “Intention to treat”
principle using linear mixed effects modeling to estimate changes from baseline to EOT
in primary and secondary outcomes.
We also looked at age as a potential moderator of the BPI-SF pain severity as well as sex,
ethnicity, education, marital status, BMI, and total COMPASS-31 score as potential
exploratory moderators.
For homework, the Yoga group was provided with detailed step by step homework
instructions and they were asked to do homework on 5 non-class days and turn in a log
of which days they completed the homework
CBT – asked to apply CBT principles to daily life and record activities in a daily log.
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All randomized individuals were included in the analyses utilizing the “Intention
to Treat” principle.
Changes in pain severity from baseline to end of treatment were calculated based
on longitudinal mixed effects modeling.
At the EOT, There was a of .87 reduction in pain in the yoga group – a significant
result and a .24 reduction in pain in the CBT group – not a significant result.
The difference between groups were not statistically significant
Figure 2. BPI-SF Total Pain Experience Outcome
This chart displays the model-estimated average slopes of change in Brief Pain
Inventory Total Pain Experience from baseline (week 0) to end of treatment
(week 10) for the CBT and yoga groups. Panel (a) displays outcomes among the
full sample; panels (b) and (c) show outcomes among married and not married
participants, respectively. BPI-SF=Brief Pain Inventory – Short Form;
CBT=cognitive behavioral therapy.
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The BPI short form also measures how pain interferes with the subjects general
activity, mood, walking ability, work, relations with others, sleep, enjoyment of
life, concentration and appetite.
Once again, the yoga group improved and the CBT group did not. The difference
approached closer but did but did not reach significance
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We defined clinically significant results in pain severity as a 15% or more
decrease in pain from baseline to end of treatment and in pain interference as a 1
point or more decrease from baseline to end of treatment
So now we are looking at individuals – how many Veterans saw clinical
improvement after treatment.
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The chart displays the range of change in pain interference ( from an increase of
2 points down to a decrease of 6 points) and the % of participants whose pain
interference fell within the range. For example, at the threshold of decrease of 1
point on pain interference (our definition of clinical significance) 68% of
participants in the yoga group experienced a decrease in the Brief Pain
Inventory’s pain interference scale of at least one point, and 29% experienced a
decrease of at least 2 points. A one-point decrease is considered a minimally
clinically significant decrease in pain interference. Only participants who
completed the end of treatment assessment are included.
Note that at the far right 6% of the participants in the yoga group experienced a
decrease in pain interference compared with 0% of the CBT group.

23

On the 6 minute walk test only the yoga group experienced significant
Improvement. Improvement in fatigue was the only result that resulted in
between group significant results indicating that yoga may be a good treatment
alternative for chronic fatigue syndrome.
Fatigue is a core symptom of Gulf War Illness – we did not use a primary
outcome for this study but it is an important finding
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Among the SF-36 subscales both CBT and Yoga showed improvement in role
limitations due to physical health and pain but only yoga showed improvement
in social functioning
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First demonstration of efficacy of yoga for GWI – novel finding
We collected data on HRV,
actigraphy for sleep,
and MRI on subset of participants
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The chart displays the relationship between the number classes/sessions
participants attended and changes from their baseline to their end-of-treatment
Brief Pain Inventory – Short Form total pain experience scores. Participants
randomized to the yoga group are shown in panel (a) and participants in the
cognitive behavioral therapy group are shown in panel (b). Negative changes in
pain experience scores indicate improvement. Displayed R2 values were
determined via
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-

Breath practices – Calm or
stimulate the ANS

-

Ocean breath and lengthening breath in general
stimulates the vagus nerve behind the vocal chords and
at the diaphragm to slow heart rate, lower blood
pressure, and when done with the Surya mudra can
begin to bring heat into the body for those who are
unable to move a lot
When one practices deep diaphragmatic breathing the
lungs and heart and connecting tissue are stretched
down as the diaphragm contracts and moves back up
under the ribs as the diaphragm releases which may
improve circulation to the thymus gland and improve
function
Alternate Nostril Breathing - Stimulates both sides of the brain by balancing

-

-

breath through both nostrils - Both a breath practice and a meditation

Skull Shining breath – some believe that this breath practice Can reactivate the multifidae muscles of
back – which sometimes shut down with back injury
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- Seated and standing poses Increase
endorphins and improve
alignment and function of MSK
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-

-

-

Ocean breath and lengthening breath in general
stimulates the vagus nerve behind the vocal chords
and at the diaphragm to slow heart rate, lower blood
pressure, and when done with the Surya mudra can
begin to bring heat into the body for those who are
unable to move a lot
When one practices deep diaphragmatic breathing
the lungs and heart and connecting tissue are
stretched down as the diaphragm contracts and
moves back up under the ribs as the diaphragm
releases which may improve circulation to the
thymus gland and improve function
Alternate Nostril Breathing - Stimulates both sides of the brain by
balancing breath through both nostrils

-

Skull Shining breath – some believe that this breath practice Can reactivate the multifidae
muscles of back – which sometimes shut down with back injury
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Seated mountain
Standing mountain
Hero I with cactus arms
Hero I sending breath to upper back of lungs
Hero I sending breath to upper front of lungs
Half dog
Low cobra
Modified locust
Knees to chest with strap
Standing cat cow
Modified childs pose/ for those who cannot be on knees
Sun mudra
Standing side plank
Bent knee side plank
Legs up the wall
Legs on a chair
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1.

These instructions were included in the homework packets

2.

Try practicing this breathing exercise before you go to bed at night. End
the breath practice by exhaling through the left nostril.
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On August 2, 1990 About 100,000 Iraqi troops invade Kuwait, initiating the Gulf
War.
On August 7, 1990 the U.S. military launches Operation Desert Shield. First U.S. troops arrive in
Saudi Arabia. US Naval forces were strengthened and 2100 Marines sent to area on aircraft
carrier
During their time in the region, military personnel Experienced multiple alarms for potential
chemical/biological warfare and had to wear MOPP suits in extreme heat
On January

12 : U.S. Congress passes a joint resolution authorizing the use of
military against Iraq, on January 16: Operation Desert Storm announced and the
air war that most of us saw on the news began on January 17, 1991.
January 22:: Iraqi troops begin blowing up oil wells in Kuwait, oil well fire
smoke becomes a problem
February 24: Ground war begins, U.S./Coalition forces invaded Iraq and
Kuwait
February 26: Saddam Hussein orders the Iraqi withdrawal from Kuwait.
About 10,000 retreating Iraqi troops were killed when Coalition aircraft
bombs their vehicles (Highway of Death)
February 28: Saddam Hussein surrenders, U.S. President George H. W.
Bush announces ceasefire
March 10: US forces destroy the Iraqi weapons depot at Kamisiyah
producing large cloud, ? sarin
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March 17 to June 13: U.S. troops participating in ground war
returned home
April 1991-Present: Operations Northern/Southern Watch,
Operations Vigilant Warrior, Vigilant Sentinel, Desert Strike,
Operation Iraqi Freedom, Operation New Dawn, etc.
There were relatively few US soldiers killed during the combat period (293 U.S.
service members killed - 148 combat-related (35 due to friendly fire) and 145 noncombat deaths) but shortly after returning from the region the soldiers began
experiencing debilitating symptoms.

The Highway of Death (Arabic:  طرﯾق اﻟﻣوتṭarīq al-mawt) is a sixlane highway between Kuwait and Iraq, officially known as Highway 80. It runs
from Kuwait City to the border town of Safwan in Iraq and then on to the Iraqi
city of Basra. Coalition forces bombed retreating Iraqi soldiers along this
highway.
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Attendee introductions – allow them to tell their story.
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-because many of the symptoms of GWI relate to nervous system dysfunction, much GWI
research has focused on nervous system pathobiology
Imaging Studies
Various modalities used to measure brain structure and function – show consistent pattern of
abnormalities.
MRI – atrophy consistent with “toxic encephalopathy” caused by variety of organic solvents –
consistent with “exposures” theory of GWI. Our own group recently replicated the brain stem
atrophy findings, which correlated with extent of fatigue and depression (submitted for
publication).
Neurocognitive – impairments centered around domains of …..Executive Functions = decision
making, planning.
Autonomic Nervous System - suggested that abnormalities of ANS may underlie chronic
symptoms of GWI, eg. Dizziness, fatigue, GI problems.
e,g, Haley (2004) measured HRV, found reduced in GWI. High HRV thought to be healthy.
HRV = oscillations in interval between successive heart beats.
Proxy measure of ANS function
Reflecting physiological balance; sympathetic, parasympathetic.
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Our study also measure HRV but those results are still under analysis and I will
not report on them here.
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