
Photo Details:
Creator: Department of Defense. American Forces 
Information Service. Defense Visual Information Center. 
Title: U.S. Marines roll into Kuwait International Airport 
in light armored vehicles after the retreat of Iraqi forces 
from Kuwait during Operation Desert Storm. At right is a 
CH-53 Sea Stallion helicopter.
Release Status: Released to Public
Date: 27 February 1991
Permission: Public domain (National Archives Identifier: 
6473457)
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Photo Details:
Creator: US Air Force 
Description: A USAF photo, showing F-16 A, F-15C 
and F-15E planes flying over the burning oil fields 
of Kuwait during Desert Storm
Permission: Public domain (VIRIN: 120319-D-LN615-
001)
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Photo Details:
Creator: Department of Defense. 
Title: Newly arrived Marines are led through an 
encampment near an airfield during 
Operation Desert Shield.
Release Status: Released to Public
Date: 11 January 1991
Permission: Public domain (National Archives Identifier: 
6461053)
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Test Your Knowledge
When were veterans of the First Persian 

Gulf War deployed?
a. 1975-77

b. 1984-86

c. 1990-91
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The First Persian Gulf War
• A military conflict triggered by Iraq’s invasion of Kuwait in 

August 1990. 
• In response, a US-led coalition of nations launched a large-scale 

military operation to force Iraqi troops out of Kuwait.
WHAT?

• Middle East- Primarily Kuwait, Iraq, Saudi Arabia, but also the 
entire broader Persian Gulf regionWHERE?

• Aug 1990 – Jan 1991: Operation Desert Shield
• Jan 1991 – Feb 1991: Operation Desert Storm

• Ground war just 4 days: February 24-28, 1991; Many never saw combat
• 28 Feb 1991: Ceasefire declared; troops remained until late 1991

WHEN?
• US-led coalition of over 35 countries
• ~697,000 American service members deployed to Gulf theater

• Americans made up bulk of forces
WHO?
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a. 1975-77

b. 1984-86

c. 1990-91

Test Your Knowledge
When were veterans of the First Persian 

Gulf War deployed?
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Test Your Knowledge
When were veterans of the First Persian 

Gulf War deployed?
a. 1975-77

b. 1984-86

c. 1990-91



Photo Details:
Creator: Department of Defense. 
Title: Oil well fires rage outside Kuwait City in the 
aftermath of Operation Desert Storm. The wells were set 
on fire by Iraqi forces before they were ousted from the 
region by coalition force.
Release Status: Released to Public
Date: 21 March 1991
Permission: Public domain (National Archives Identifier: 
6473762)
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The 
Exposures

Image in public domain



Photo Details:
Creator: Department of Defense. 
Title: An oil well burns out of control, darkening the sky 
with smoke, after being set ablaze by retreating Iraqi 
forces during Operation Desert Storm.
Release Status: Released to Public
Date: 02 March 1991
Permission: Public domain (National Archives Identifier: 
6473348)
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Test Your Knowledge
List 2-3 chemical exposures Gulf War 

veterans experienced
Image in public domainImage in public domain
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Unprecedented Exposures
Many new, unique, or excessive exposures1,2:

§ Pyridostigmine bromide (PB)3,4: Nerve agent protection pill

§ Pesticides and Repellants3,5,6: Prolonged, often excessive exposure to organophosphates, 
carbamates, pyrethroids, others 

§ Nerve gas: sarin or cyclosarin (organophosphates)3,7,8 (exposure occurred e.g. during demolition of 
munitions depot containing chemical weapons7,8), limited sulfur mustard7,8 

§ Oil fires: over 600 burning oil wells Jan-Nov 19919,10

§ Depleted uranium (e.g. to harden tanks, munitions)11-13

§ Large number of vaccines, including uncommon vaccines: Anthrax, Botulinum toxoid8,9

§ Many more (e.g.): open-air burning/burn pits7,8,14, solvents and fuels (e.g. jet fuel)7,8,15, chemical 
agent resistant coating (CARC) paint8, fine sand/sandstorms8, extremes of heat and cold8
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§ ”..We had a chemical alarm go off and "Holy cow" and you are like, put on your stuff and suit 
up and wait for the all clear. You never went to the bathroom without your mask.” –IC Lima

§ “They had the fire trenches lit.. 10,000 meters wide or long fire trench.. of oil was lit.. the 
flames were burning probably 30 feet high, absolutely no wind. So, from about from the 
ground level to about 30 feet there were tremendous flames, and then from 30 feet to maybe 
10,000 feet there was just a blanket of black smoke going straight up just like a -- just like a 
curtain.” –PJ Garmanb

§ “..when we went through afterwards and detonated equipment that had been left and stores 
that had been left, there were chemical munitions there.” –PJ Garmanb

§ “..oil fires that were so thick it looked like night in the middle of the day. Pyridostigmine 
bromide tablets we had to take every 8 hours..” –Gulf War veteranc

§ “..we demolished everything that we built, we burn it all in the pits, and I have photos of it. It 
was not weapons, but debris, human waste, tents, kitchen, shower tower..” –Gulf War veteranc

Exposure Experiences I

Selected quotes from: 
a. Lim IC. Veterans History Project Collection, American Folklife Center, Library of Congress; oral history recording and transcript (audio). Ingrid C. Lim, 

AFC/2001/001/65442; collected 2008-10-04. 
b. Garman PJ. Veterans History Project Collection, American Folklife Center, Library of Congress; oral history interview (video). Patrick J. Garman, 

AFC/2001/001/23800; collected 2004-02-17.
c. *Golomb Research Group survey response



Selected quotes from the 2008 RAC-GWVI Report (and citations from the Report):

There were no less than three days when the smoke ‘hugged’ the ground, and turned the
sunlit, bright day into a dark of night. Myself and others traveled the ‘coastal highway’ from
Kuwait City down to Saudi Arabia on April 1st, 1991, and the petroleum-thickened air was so
impregnated that we choked on oil while breathing through our doubled-up scarves and we
were forced to stop and clear the raw petroleum off vehicle windshields and our goggles
constantly. At some points on the highway the oil-thickened air was so thick our vehicle
headlights could not penetrate the air further than 10-15 feet, and Marine escorts were
needed to walk on foot ahead of the vehicles to keep us on the highway.–-Marine Corps Captain965

It was a Monday, the sky was so dark it was like night. People’s eyes were running with black
tears, your saliva was black, you had to have a bandana over your nose to breathe.- Army Sergeant1608

At one point during the war, we were staying near the oil wells, and your uniform would be
completely covered with black, like soot all over you. Your arms were exposed, your food,
everything, your water where you took showers. It was constantly dark; there was no such
thing as daylight.- Army Gulf War veteran716

We were in a congested area with burning vehicles all around. Suddenly, the tank in front of
us caught fire. The ammunition blew, but the blowout panel saved the lives of the crew. We
saw DU penetrators flipping end over end over our heads. We immediately rushed to the tank
to rescue the guys in it. We were breathing smoke from the burning ammo, but we had no
concern about DU and took no protective measures. Afterwards, we stayed around that area
for two or three hours but we were buttoned up due to exploding vehicles and ordnance
around us.--Gulf War veteran, 24th Infantry Division425

For three months after the fighting stopped, R. and his buddies in the 3rd Armored Division
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§ “On a nightly basis, we would spray our uniforms with pesticides.. We weren’t supposed to put them on 
immediately after spraying them. The sand fleas were a problem. We used to put flea collars around the legs of 
our cots or we would put flea powder on the floor around our cots to try to keep the sand fleas away from us 
while we were sleeping. We slept with nets over us to keep the flies off. The flies were ungodly.” –SSgt TSa

§ “..we were staying near the oil wells, and your uniform would be completely covered with black, like soot all 
over you. Your arms were exposed, your food, everything, your water where you took showers. It was constantly 
dark; there was no such thing as daylight.” –Army Gulf War veterana

§  “A thermal plume rose into the atmosphere over the largest Iraqi chemical warfare agent research, production, 
and storage facility at Muthanna after Coalition aircraft and missile bombardment. Seventeen metric tons of Sarin 
were reportedly destroyed during these attacks, which began on January 17, 1991. These thermal and visual 
plumes extended directly toward the areas where those same chemical warfare agents were detected and 
confirmed..” –Jim Tuite, 1997 Congressional Testimonyb

§ “We were in a congested area with burning vehicles all around. Suddenly, the tank in front of us caught fire. The 
ammunition blew, but the blowout panel saved the lives of the crew. We saw DU penetrators flipping end over 
end over our heads. We immediately rushed to the tank to rescue the guys in it. We were breathing smoke from 
the burning ammo, but we had no concern about DU and took no protective measures.” –Gulf War veteranc

Exposure Experiences II

Selected quotes included in the 2008 RAC-GWVI Report from: 
a. Johnson A. Gulf War Syndrome: Legacy of a Perfect War. Brunswick, ME: MCS Information Exchange; 2001. 
b. U.S. House Committee on Government Reform and Oversight. Gulf War Veterans' Illnesses: VA, DOD Continue to Resist Strong Evidence Linking Toxic Causes 

to Chronic Health Effects (Second Report). Washington, D.C. Nov 7, 1997. HR 105-338. 
c. Fahey D. Case Narrative: Depleted Uranium (DU) Exposures. Swords to Plowshares, Inc., National Gulf War Resource Center, Inc., and Military Toxics Project, 

Inc.; Sep 20, 1998.



combat engineer squadron were ordered to crawl around in the black dust left over from
successful shots of depleted uranium. He was ordered to live and breathe in it while finishing
the job of destroying damaged Iraqi tanks and munitions, to make sure the enemy’s
equipment couldn’t be used again. ‘We actually slept underneath destroyed tanks and stuff
because we figured they wouldn’t fire at their own destroyed vehicles,’ R said. For months,
the black dust covered many of those vehicles, rubbing off on R’s clothing, getting on his skin,
and often into his food and water. --Interview with Gulf War veteran, 3rd Armored Division415

My unit arrived in the Gulf the day before the air war started. We first spent about a month in
Dhahran in Saudi Arabia. Our chemical alarms went off several times during that month, and
we had to go to MOPP-level four, which meant we had to put on chemical suits, masks,
gloves, and boots. While we were still in Dhahran, we started taking pyridostigmine bromide
pills, which were supposed to protect us against exposures to nerve gas. About three days
after I started taking the pills, my eyes were jittery, my vision was jumping, and I was seeing
double, and I was nauseated. By the fourth day, I was vomiting a little blood, so I went to
sick-call. They told me to cut the dose in half and said there was nothing to worry about. At
least I no longer vomited blood after I reduced the dosage. Many other people in the unit
reported having similar vision problems. --SSgt PB, Gulf War veteran716

On a nightly basis, we would spray our uniforms with pesticides. There was a chemical spray
that they gave us to spray our uniforms. We had to hang them outside so that the excess
spray would dissipate in the air, I guess. We weren’t supposed to put them on immediately
after spraying them. The sand fleas were a problem. We used to put flea collars around the
legs of our cots or we would put flea powder on the floor around our cots to try to keep the
sand fleas away from us while we were sleeping. We slept with nets over us to keep the flies
off. The flies were ungodly. --SSgt TS, Gulf War veteran716

A thermal plume rose into the atmosphere over the largest Iraqi chemical warfare agent
research, production, and storage facility at Muthanna after Coalition aircraft and missile
bombardment. Seventeen metric tons of Sarin were reportedly destroyed during these
attacks, which began on January 17, 1991. These thermal and visual plumes extended
directly toward the areas where those same chemical warfare agents were detected and
confirmed by Czechoslovak chemical specialists.--Jim Tuite, 1997 Congressional Testimony1684

Citations used in the 2008 RAC-GWVI Report:
415. Evans B. Danger Dismissed: How the Pentagon downplays the risks of depleted uranium weapons - 'Silver Bullet,' Black 
Dust. Hampton Roads Daily Press. Newport News, VA. Dec 12, 2004: A.12.
425. Fahey D. Case Narrative: Depleted Uranium (DU) Exposures. Swords to Plowshares, Inc., National Gulf War Resource 
Center, Inc., and Military Toxics Project, Inc.; Sep 20, 1998.
716. Johnson A. Gulf War Syndrome: Legacy of a Perfect War. Brunswick, ME: MCS Information Exchange; 2001.
965. Marine Corps veteran. Subject: Your Gulf War Illness Presentation. [E-mail message to U.S. Department of Defense, Office 
of the Special Assistant for Gulf War Illnesses]. Jan 21, 1998. Available at: 
http://www.gulflink.osd.mil/owf_ii/owf_ii_refs/n44en003/8021_E01_0000001.htm.
1608. U.S. Department of Defense, Office of the Special Assistant for Gulf War Illnesses. Interview with Gulf War Army veteran 
re: Oil Well Fires. [Lead Sheet 8858]. May 15, 1997. Available at: 
http://www.gulflink.osd.mil/owf_ii/owf_ii_refs/n44en062/5293_008_0000001.htm.
1684. U.S. House Committee on Government Reform and Oversight. Gulf War Veterans' Illnesses: VA, DOD Continue to Resist 
Strong Evidence Linking Toxic Causes to Chronic Health Effects (Second Report). Washington, D.C. Nov 7, 1997. HR 105-338.
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§ “..we had traveled through many of the oil fires that were burning so we had that smoke that 
we were inhaling, right? ..Gulf War sand particulates are extremely sharp and minute. We were 
engulfed in numerous sandstorms where it was just a wall. And when it hit ya, you couldn’t see 
your hand three inches right in front of your face. We had goggles but nothing really for 
protection for lungs.. they think that our unit was hit with low levels of sarin gas between four 
and eight times.. And then the last one of the details is either trash burning, the burn pit, along 
with doing cleaning out the latrine stalls, using diesel and lime to ignite that burn.” –Jeremy 

§ “And all this time, they were giving us pills, shots, you know, because supposedly he had 
anthrax and all that other chemical warfare stuff.” –Joseph

§ “.. all my alarms started going off.. So the M8 alarms were going off, verifying with the M256 
kits. We called that in, and everybody was put in MOPP level four. MOPP level four is where you 
put on all your protective equipment, gas masks.. At the time, I did not know that there was an 
ammunitions dump nearby that was blown up and that we were directly downwind from that. 
So it's my firm belief that all of us that were exposed.” –”Santos”

Exposure Experiences III

Quotes from: HealthExperiencesUSA, multiple Gulf War veterans, Gulf War Illness – Military Exposures, accessed August 2025.



Photo Details:
Creator: Department of Defense. 
Title: An oil well burns out of control, darkening the sky with smoke, after being set 
ablaze by retreating Iraqi forces during Operation Desert Storm.
Release Status: Released to Public
Date: 02 March 1991
Permission: Public domain (National Archives Identifier: 6473348)
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Test Your Knowledge
List 2-3 chemical exposures Gulf War 

veterans experienced
Image in public domainImage in public domain
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Any combination of:
§ Pyridostigmine bromide (PB)

§ Pesticides: organophosphates, carbamates, pyrethroids
§ Nerve agents: sulfur mustard, sarin, cyclosarin

§ Unusual Vaccines: high multiplicity, anthrax, botulinum
§ Oil fires

§ Depleted uranium
§ Open-air burning/Burn Pits

§ Fuels & solvents, CARC paint, sand, temperature extremes

Test Your Knowledge
List 2-3 chemical exposures Gulf War 

veterans experienced



Photo Details:
Creator: Department of Defense. 
Title: A hospital corpsman checks a 
Marine's blood pressure in a field hospital during 
Operation Desert Storm
Release Status: Released to Public
Date: 27 February 1991
Permission: Public domain (National Archives Identifier: 
6465563)
*Edited to obscure symbols and identifiers, per DoD 
instruction.* 
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The 
Symptoms

Image in public domain, 
edited to preserve privacy
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Test Your Knowledge
Which of these are symptoms of Gulf 

War Illness?
a. Pain

b. Cognitive Problems
c. Fatigue

d. Gastrointestinal Problems



Selected quotes from the 2008 RAC-GWVI Report (and citations from the Report):
I arrived in Theater on January 6, 1991 … During official visits to strategic military cities there
were frequent SCUD attacks during which I heard chemical alarms sound. When I asked if
these alarms meant chemicals had been detected, I was told that the chemical alarms had
malfunctioned. I became ill and was treated for nausea, headaches, vomiting, diarrhea, and
high temperature. Rashes I had over my body I thought were normal and expected since I
spent most days in the sand, wind, and sun with all the attendant fleas, flies, and desert
parasites. Headaches I attributed to fatigue and lack of sleep. The symptoms…continued
after I returned home and got progressively worse.--COL GR, Gulf War veteran1684

My symptoms began in the Gulf with severe abdominal cramping and severe diarrhea. I also
had terrible headaches and bouts of dizziness and tingling. Once I returned to the base in
Germany, the headaches persisted, and I experienced the cramps and diarrhea on a cyclic
basis. I also went through periods of night sweats. And there were periods when I would
sleep a lot because I was so fatigued. My joints were stiff, and my knees would swell after I
ran. It was harder for me to do things without feeling short of breath. These symptoms
became worse as time passed.. --SSgt BJ, Army Gulf War veteran716

DG was a Staff Sergeant with the 1165th Military Police Company. He recalled being
awakened at 3:30 a.m. The Battalion NBC NCO was announcing that they were under
chemical attack. An M-256 kit registered a positive reading for a chemical agent. They went
to MOPP level 4 for four hours. Afterward, all of them had runny noses. When asked if people
were made sick from the attack, DG responded that most people were already sick from the
pyridostigmine bromide pills. He said that they had been taking them for two or three days
before the attack and that ‘a lot of people got sick and three or four had to be medevaced out.’
DG currently suffers from headaches, fatigue, joint and muscle pain, an inability to
concentrate, recurring rashes, irritability, night sweats, insomnia, diarrhea, gastrointestinal
problems, dizziness, blackouts, excessive photosensitivity, sore gums, swollen lymph nodes,

19

Veterans Describe Symptoms
§ “..I am diagnosed with chronic fatigue.. Fibromyalgia, and IBS, just to name a few” –Veteran 

from Dallas, TXa

§ “Insomnia, chronic fatigue, skin rash, sleep apnea.” –Veteran from Duncan, OKa

§ “..my body still hurts all the time and have joint and back pain.. still living with headaches 
almost daily as well and skin rashes with severe psoriasis and memory loss. Believe it or not as 
I'm writing this I have to stop for a bit to remember names of things that I have known for 
years..” –Veteran from Geneva, OHa

§ “My symptoms began in the Gulf with severe abdominal cramping and severe diarrhea. I also 
had terrible headaches and bouts of dizziness and tingling. Once I returned to the base in 
Germany, the headaches persisted, and I experienced the cramps and diarrhea on a cyclic 
basis. I also went through periods of night sweats. And there were periods when I would sleep 
a lot because I was so fatigued. My joints were stiff, and my knees would swell after I ran. It 
was harder for me to do things without feeling short of breath. These symptoms became 
worse as time passed…” –SSgt BJb

Selected quotes from: 
a. Winnett DK Jr. Statement for the Record before the U.S. House of Representatives, Committee on Veterans' Affairs, Subcommittee on Oversight and 

Investigations, for a hearing entitled “Persian Gulf War: An Assessment of Health Outcomes on the 25th Anniversary”. 2016 Feb 23. Available 
from: https://www.congress.gov/114/chrg/CHRG-114hhrg99606/CHRG-114hhrg99606.pdf

b. Johnson A. Gulf War Syndrome: Legacy of a Perfect War. Brunswick, ME: MCS Information Exchange; 2001. (Included in the 2008 RAC-GWVI Report.)



and a spot on his brain.--1994 Senate Committee report on Gulf War veteran1688

Citations used in the 2008 RAC-GWVI Report:
716. Johnson A. Gulf War Syndrome: Legacy of a Perfect War. Brunswick, ME: MCS Information Exchange; 2001.
1684. U.S. House Committee on Government Reform and Oversight. Gulf War Veterans' Illnesses: VA, DOD Continue to Resist 
Strong Evidence Linking Toxic Causes to Chronic Health Effects (Second Report). Washington, D.C. Nov 7, 1997. HR 105-338.
1688. U.S. Senate Committee on Banking Housing and Urban Affairs. U.S. Chemical and Biological Warfare-Related Dual Use 
Exports To Iraq and Their Possible Impact on the Health Consequences of the Persian Gulf War. Washington, D.C. May 25, 1994.
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Photo Details:
Creator: US Air Force. 
Title: PTSD is not just about combat.
Release Status: Released to Public
Date: 17 September 2015
Permission: Public domain (VIRIN: 150917-F-YH552-
004)
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Gulf War 
Illness
(GWI)

About 25-35% of those deployed became ill, attributable to deployment16*
Most have remained ill, even decades later17,18

*i.e.: the fraction that are ill, over and beyond the percent 
of non-deployed veterans meeting similar criteria.

Image in public domain
§Chronic

§Multi-symptom

§Chemical-induced
§PB

§Pesticides

§Nerve agents

§Other exposures
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Gulf War Illness Symptom Domains

Fatigue/Sleep 

Neurological 

Pain 

Gastrointestinal 

Respiratory 

Skin

01.

02.

03.

04.

05.

06.

Citation #19: Steele L. Prevalence and patterns of Gulf War illness in Kansas veterans: Association of symptoms with characteristics of 
person, place, and time of military service. Am. J. Epidemiol. 2000;152:992–1002. doi: 10.1093/aje/152.10.992. 

“Kansas criteria” are specific for GWI

Includes Cognitive and Mood
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Fatigue/Sleep Domain
§ Fatigue
§ Problems falling or staying asleep
§ Not feeling rested after you sleep
§ Feeling unwell after physical exercise or exertion

Neurological/Cognitive/Mood Domain
§ Headaches
§ Feeling dizzy, lightheaded, or faint
§ Eyes very sensitive to light
§ Blurred or double vision
§ Numbness or tingling in your extremities
§ Tremors or shaking
§ Low tolerance for heat or cold
§ Night sweats
§ Having physical or mental symptoms after breathing 

in certain smells or chemicals
§ Difficulty concentrating
§ Difficulty remembering recent information
§ Trouble finding words when speaking
§ Feeling down or depressed
§ Feeling irritable or having angry outbursts

Pain Domain
§ Pain in your joints
§ Pain in your muscles
§ Body pain, where you hurt all over

Gastrointestinal Domain
§ Diarrhea
§ Nausea or upset stomach
§ Abdominal pain or cramping

Respiratory Domain
§ Difficulty breathing or catching your breath
§ Frequent coughing when you don't have a cold
§ Wheezing in your chest

Skin Domain
§ Skin rashes
§ Other skin problems

Gulf War Symptoms19
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GWI Defined by Symptoms and Deployment
§ Symptoms arising during or after Gulf theater deployment
§ Symptom profile consistent across Gulf War veteran populations and studies16,19

Kansas GWI criteria:
Chronic symptoms (present for ≥6 months*), 
either multiple or > mild, in at least 3 of 6 
domains:

§ Fatigue/Sleep
§ Neurological
§ Pain
§ Gastrointestinal
§ Respiratory
§ Skin

*Many with GWI have had symptoms persist for >30 years

19

Early GWI studies excluded conditions later shown to be 
increased by Gulf service; these exclusions are now mostly 
dropped by researchers and are not clinically disqualifying.



Back to our question, which of these are symptoms of gulf war illness?
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Test Your Knowledge
Which of these are symptoms of Gulf 

War Illness?
a. Pain

b. Cognitive Problems
c. Fatigue

d. Gastrointestinal Problems



All of these: pain, cognitive problems, fatigue, and gastrointestinal problems—and 
many more are symptoms of gulf war illness.
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a. Pain
b. Cognitive Problems

c. Fatigue
d. Gastrointestinal Problems

Test Your Knowledge
Which of these are symptoms of Gulf 

War Illness?



Photo Details:
Creator: Department of Defense. 
Title: Dressed in rain suits, gloves and M-17A1 
protective masks, three soldiers from the 82nd Airborne 
Division walk around their camp to acclimate their 
bodies to the heat of the Saudi summer during Operation 
Desert Shield
Release Status: Released to Public
Date: 18 August 1990
Permission: Public domain (National Archives Identifier: 
6461892)
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Exposures 
Linked to 

Illness

Image in public domain
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Test Your Knowledge
Which (2) of the following factors currently show 

strong evidence tying them to GWI?

a. Brucellosis

b. Pyridostigmine bromide (PB)

c. Uranium

d. Pesticides
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Exposure* OR for GWI (95% C.I.)†

PB Pills 2.6 (2.2-3.1)

Chemical or nerve agent 
attack 2.6 (1.9-3.5)

NBC suits (proxy for PB, 
sarin, heat) 2.7 (2.3-3.3)

Pesticide (personal 
pesticides) 2.2 (1.9-2.6)

Hear chemical alarms 
(possible proxy for nerve 

agent exposure)
2.2 (1.9-2.6)

*Table from PNAS paper exploring evidence of exposures linked strongly to 
illness from many studies3.
†For those with these exposures relative to unexposed.  

Example 
Evidence of 

Exposure 
Links to GWI
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PB Pills Show a Dose Relation to GWI
Pyridostigmine bromide (PB) nerve agent protection pill

Dose response3,20: P<0.0001
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Test Your Knowledge
Which (2) of the following factors currently show 

strong evidence tying them to GWI?

a. Brucellosis

b. Pyridostigmine bromide (PB)

c. Uranium

d. Pesticides
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Test Your Knowledge
Which (2) of the following factors currently show 

strong evidence tying them to GWI?

a. Brucellosis

b. Pyridostigmine bromide (PB)

c. Uranium

d. Pesticides



Photo Details:
Creator: US Navy. 
Title: Next Generation DNA Sequencing
Release Status: Released to Public
Permission: Public domain (VIRIN: 160308-N-PI709-
048)
*Edited to obscure symbols and identifiers, per DoD 
instruction.* 
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Objective 
Markers and 
Mechanisms

Image in public domain, 
edited to preserve privacy
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GWI: Many Objective Markers are Altered
 Mitochondrial function/bioenergetics21-24 (also GWI animal models)25,26

Δ  Lipidomics, lipid products27-29 (also GWI animal models)30-32

  Inflammation (mild), coagulation33-35   

     Neuroinflammation36 (also GWI animal models)37,38

  Autoantibodies39

     Autonomic dysfunction40-42

Δ Hormones43-46

  Natural killer cells (number, activity)39,47,48

  Brain gray matter/volume; white matter changes49-51



Notes for slide:
Q/R polymorphism at position 192 of the paraoxonase (PON)-1 enzyme produce PON1192 variants with 
different capacities for neutralizing specific chemicals, including certain acetylcholinesterase inhibitors.
Q=glutamine
R=arginine

34

PON1 Gene-
Environment 
Interactions

§ A variant at position 192 on the PON1 detoxifying 
enzyme relates to PON1’s effectiveness at detoxifying 
different chemicals, including organophosphates (OPs), 
such as nerve agents and pesticides
§ The R variant at 192 is worse at detoxifying sarin than the 

Q variant
§ The Q variant at 192 is worse at detoxifying some 

pesticides than the R variant

§ Those with less effective sarin detox (R at 192) had 
more GWI, in those exposed to sarin*52,53

§ Those with less effective pesticide detox (Q at 192) had 
more GWI, in those exposed to some pesticides53

*By proxy of hearing chemical alarms 
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§ Butyrylcholinesterase (BChE) enzyme: binds and 
detoxifies pyridostigmine bromide (PB)

§ Among Gulf War veterans with usual BChE genotypes: 
PB exposure → ~3× higher prevalence of GWI54

§ Among GW veterans with low activity BChE genotypes: 
PB exposure → 40× higher prevalence of GWI54

§ Adverse BChE genotype ≠ illness: in the absence of PB 
use, BChE genotype was not associated with GWI54

§ Findings support causal role of PB

PB Gene-
Environment 
Interactions
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Possible Mechanism: Mitochondrial Impairment24

Factors In Gulf War Illness^ In Mitochondrial Impairment
Exposures (e.g.):

Carbamates (including PB) ✅ ✅55,56

Organophosphates ✅ ✅56-60

Pyrethroids ✅ ✅58

Symptoms (e.g.):
Multiple, vary person to person ✅ ✅61-63

Brain, fatigue, muscle (organs with 
high energy demand) ✅ ✅64,65

Variable latency to onset ✅ ✅66,67

Comorbidities (e.g.):
Sleep apnea ✅ ✅68

Hypertension ✅ ✅69

Cardiovascular disease ✅ ✅70

Treatment (early data): cell energy 
and antioxidant support yields 

benefit
✅ ✅71,72

*Additionally: Severity of GWI is tied to severity of mitochondrial impairment, not true (e.g.) for inflammation24

^Gulf War Illness-specific citations in previous slides
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Chemical 
Exposures 
Meet Hill’s 
Criteria for 
Causality 
of GWI

Hill AB. The Environment and Disease: 
Association or Causation? Proc R Soc Med. 
1965 May;58(5):295-300. 

Relationship shows:
§Strength
§Consistency
§Temporality 
§Biological gradient
§Biological plausibility
§Specificity
§Coherence with other evidence

✓
✓✓
✓
✓✓
✓
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Many 
Comorbidities 

Increased

Image in public domain 
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“Overlap conditions”: CFS73-78, 
fibromyalgia77,79,80, IBS74,80, MCS73,74,76,78,81,82

ALS (early post-deployment years only)83-85

Hypertension73-75,86-88

Heart disease87,89,90

GERD91,92

Sleep apnea76,93

Small fiber peripheral neuropathy94

Examples of 
Elevated 

Comorbidities
(among many)

CFS = chronic fatigue syndrome;
IBS = irritable bowel syndrome;
MCS = multiple chemical sensitivity;
ALS = amyotrophic lateral sclerosis; 
GERD = gastroesophageal reflux disease
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Sleep Apnea

§ A vicious cycle: Sleep apnea is prevalent among those with mitochondrial 
diseases71, and intermittent hypoxia, in turn, causes mitochondrial damage 
and oxidative stress68 

§ Veterans with GWI have more frequent Sleep Disordered Breathing than 
control veterans(p<0.0001)93

§ Sleep apnea magnifies GWI symptoms due to its impact on cell energy

§ SDB treatment with CPAP lessens GWI symptoms like pain, fatigue, 
cognitive dysfunction, and more, supporting its contributory role76
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ICD-10-CM 
Code: The 
Diagnosis
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Test Your Knowledge
We have discussed causes & symptoms; list 

2-3 considerations for diagnosis?

Image in public domain, 
edited to preserve privacy
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Test Your Knowledge
Which (1) of these patients meets Gulf War Illness 

diagnostic (Kansas) criteria?
a. 42-year-old veteran presenting with muscle pain, irritability, and emphysema 

who developed symptoms in the years after deploying to Iraq in 2003
b. 53-year-old veteran, who served in Kuwait in 1990, presenting with diarrhea, dry 

skin, nausea, headaches, mild confusion, and fatigue who reports that he has 
suffered from headaches since childhood, but did not notice other symptoms 
until he started chemotherapy for small cell lung cancer

c. 62-year-old veteran presenting with severe diarrhea, hypertension, muscle pain, 
severe fatigue, and recurrent unexplained rashes, symptoms emerging gradually 
starting around 6 months after he returned from June 1991 service in Iraq

d. 75-year-old veteran, who served in Saudi Arabia during Operation Desert Shield, 
presenting with muscle pain and joint pain that have been increasing in the last 
five years, but are well-controlled with occasional acetaminophen use, on review 
of symptoms, there are no other persistent complaints
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Diagnosing Gulf War Illness

§ Deployment to the Gulf War theatre of operations 01 Aug 1990 - 31 Jul 1991
§ Chronic Symptoms (≥6 months), with either multiple symptoms per domain 

or ≥1 symptom considered moderate or severe in ≥	3 of 6 domains:
§ Neurological, Fatigue/Sleep, Respiratory, Pain, GI, Skin

§ Symptom onset during or after Gulf deployment 
§ Symptoms present over the previous 6 months
§ In research, we exclude some veterans with conditions that those with GWI 

are at increased risk for, but these should not be clinically disqualifying
§ Consider timing of symptoms, deployment, and other conditions

“Kansas criteria”
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ICD-10-CM Codes:

T75.830 = Gulf War Illness

Z77.31 = Contact with and 
[suspected] exposure to 

Gulf War theater
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"It is my sincere hope that with the creation of ICD-10 codes for Gulf War Illness, I will be able to spend more of my 
time and energy focused on doing what I need to improve my symptoms, and less time educating and advocating 
for my care.. The creation of these codes will help people within the VA better understand us and our illness. This 
better understanding will relieve veterans who suffer from Gulf War Illness of some of the burden of having to 
constantly re-explain ourselves and the medical background of our illness.. I look forward to the improved care and 
collaboration that the creation of these codes promises for me and veterans like me.” –Veteran Jason Carrick

Why is an ICD-10-CM code important? In their words…
"The single most important thing for me about this new code is validation of an illness 
that has impacted me for 34 years.” –Ronald E. Brown, Gulf War Veteran, Toxic Wounds 
Consultant for Vietnam Veterans of America

"With use of this diagnostic code over time, there is real potential for better monitoring continued health 
problems, tracking treatments tried successfully and not, and identifying co-occurring conditions potentially 
related to Gulf War Illness. All that will help our veterans suffering from this debilitating and currently incurable 
disease.” –Anthony Hardie, National Chair & Director, Veterans for Common Sense
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Supportive 
Care

§ Test and Treat Sleep Apnea!

§ “Clean” nutrient-dense low processed food diet95

§ Avoid additional chemicals to which many veterans are intolerant96

§ Such diets are beneficial across many populations97

§ Exercise: “Start low, go slow”
§ Many veterans experience post-exertion fatigue, severe pain, 

cognitive, and/or muscle problems42

§ Rethink Pharmacological Approaches
§ “Avoiding certain drugs is often more beneficial than application of 

established, apparently indicated drugs”98 in patients with 
mitochondrial problems, since many drugs compound mitochondrial 
impairment96

§ Keep your eyes open for new studies; many small studies show 
apparent benefit.
§  Monitor clinicaltrials.gov/search?cond=Gulf%20War%20Illness 

http://clinicaltrials.gov/search?cond=Gulf%20War%20Illness
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Test Your Knowledge
We have discussed causes & symptoms; list 

2-3 considerations for diagnosis?

Image in public domain, 
edited to preserve privacy
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Test Your Knowledge
We have discussed causes & symptoms; list 

2-3 considerations for diagnosis?
Any combination of:

§Deployment to Gulf region 1990-91
§Gulf exposures, if known by veteran

§ Symptoms: Kansas criteria
§Health problems prior to Gulf deployment

§ Timing of symptom onset relative to deployment and 
other candidate causes

§High risk of comorbidities
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Test Your Knowledge
Which (1) of these patients meets Gulf War Illness 

diagnostic (Kansas) criteria?
a. 42-year-old veteran presenting with muscle pain, irritability, and emphysema 

who developed symptoms in the years after deploying to Iraq in 2003
b. 53-year-old veteran, who served in Kuwait in 1990, presenting with diarrhea, dry 

skin, nausea, headaches, mild confusion, and fatigue who reports that he has 
suffered from headaches since childhood, but did not notice other symptoms 
until he started chemotherapy for small cell lung cancer

c. 62-year-old veteran presenting with severe diarrhea, hypertension, muscle pain, 
severe fatigue, and recurrent unexplained rashes, symptoms emerging gradually 
starting around 6 months after he returned from June 1991 service in Iraq

d. 75-year-old veteran, who served in Saudi Arabia during Operation Desert Shield, 
presenting with muscle pain and joint pain that have been increasing in the last 
five years, but are well-controlled with occasional acetaminophen use, on review 
of symptoms, there are no other persistent complaints
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a. 42-year-old veteran presenting with muscle pain, irritability, and emphysema 
who developed symptoms in the years after deploying to Iraq in 2003

b. 53-year-old veteran, who served in Kuwait in 1990, presenting with diarrhea, dry 
skin, nausea, headaches, mild confusion, and fatigue who reports that he has 
suffered from headaches since childhood, but did not notice other symptoms 
until he started chemotherapy for small cell lung cancer

c. 62-year-old veteran presenting with severe diarrhea, hypertension, muscle pain, 
severe fatigue, and recurrent unexplained rashes, symptoms emerging gradually 
starting around 6 months after he returned from June 1991 service in Iraq

d. 75-year-old veteran, who served in Saudi Arabia during Operation Desert Shield, 
presenting with muscle pain and joint pain that have been increasing in the last 
five years, but are well-controlled with occasional acetaminophen use, on review 
of symptoms, there are no other persistent complaints

Test Your Knowledge
Which (1) of these patients meets Gulf War Illness 

diagnostic (Kansas) criteria?
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Provider 
Attitudes 

Matter

Image in public domain, 
edited to preserve privacy
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Provider 
Understanding 

of GWI

§ Providers lack knowledge about Gulf War Illness99,100.

§ Education has been called for to increase provider 
knowledge, including an online course99,100.

§ A qualitative study titled "Because the country, it seems 
though, has turned their back on me": Experiences of 
institutional betrayal among veterans living with Gulf War 
Illness provides poignant illustrations of adverse healthcare 
experiences of Gulf War veterans101.

“I think because of the early beginnings of skepticism, an 
awful lot of VA providers still don’t believe it or don’t have 

the education to know that it’s real or even know what it is.” 
-Pharmacologist99
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Veteran 
Survey:
Best and 
Worst 
Healthcare 
Visits

Berg B, Golomb B. Adverse provider attitudes compromise healthcare for veterans with Gulf War illness. Partnerships for Veteran and Military Health Conference 
2025; Aurora, CO: September 3-5.

In BEST encounters, veterans:
§ Feel honored and validated
§ Perceive providers as empathetic
§ Think providers are knowledgeable
§ See providers as trying to help

In WORST encounters, providers:
§ Don’t believe veterans
§ Suggest veterans are malingering
§ Suggest symptoms are in their head
§ Suggest symptoms are due to stress or age 

(even when veterans were in their 20s)
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Quotes from 
Veterans on 

Provider 
Attitudes

§ “The provider is unaware and/or in denial of GWI, they don't seem to 
care and comes up with accusations that this is just made up in my 
head...”

§ “He wanted me to fit into a box he recognized, and when I didn’t, he 
referred me to a bunch of experts, and when their tests all showed up 
negative, he took to constantly asking me if I was depressed and told 
me to exercise more”

§ “I did not feel like I was heard. The provider had made up their minds 
about my symptoms and the diagnosis before they ran any tests or 
asked me any questions. They did not believe the possibility that my 
symptoms were from exposures overseas.”

§ “The worse was my current VA doctor who is new. I was scheduled for 
labs before our appt.. so I wrote her a letter to explain that I am a 
Desert Storm vet and that I suffer from Desert Storm syndrome and 
that my ANA and RNP are normally elevated... When I arrived, she 
came in the room, rolled her eyes and said I read your letter and I 
never heard of Desert Storm syndrome. The appt. went downhill from 
there…”

§ “It was very, very hard after what I’ve been through in the military, 
how doctors looked at me, ‘Is this malingering?’ Some of my greatest 
emotional wounds are from that.”

Berg B, Golomb B. Adverse provider attitudes compromise healthcare for veterans with Gulf War illness. Partnerships for Veteran and Military Health Conference 
2025; Aurora, CO: September 3-5.
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Provider 
Attitudes 

Cause Harm

Veterans Mistrust Providers Who:
§ Suggest GWI is malingering (p<0.0001)
§ Suggest GWI is in their heads (p<0.0001)
§ Suggest GWI is not tied to Gulf exposures (p<0.0001)

In Turn, Mistrust Predicts:
§ Nonadherence to recommendations (p<0.0001)
§ Nonreturn for care (p<0.0001)

Berg B, Golomb B. Adverse provider attitudes compromise healthcare for veterans with Gulf War illness. Partnerships for Veteran and Military Health Conference 
2025; Aurora, CO: September 3-5.
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Veteran 
Quotes:

Disbelief
Builds 

Distrust

§ “When I originally went for the Gulf War Registry exam the 
Dr. dismissed all my concerns & although not said out loud, 
he intimated.. that I was just a hysterical female & 
everything was just in my head.”

§ “..Did not want to hear about the Persian Gulf. Actually put 
a comment in my VA record ‘Patient trying to pin condition 
on the Desert Storm’ [After this dermatologist’s proposed 
treatments all failed.] ‘I told him of the [CoQ10] study my 
wife found & how it was helping, he looked at me & 
basically escorted me out the door. I have not been back to 
the VA Dermatologist since”

§ “During a visit with the VA Dr. they had no time no 
compassion & put no credence on the fact my symptoms 
could be related to my time in the gulf. I had no faith in 
them as they completely discounted my gulf service”

Berg B, Golomb B. Adverse provider attitudes compromise healthcare for veterans with Gulf War illness. Partnerships for Veteran 
and Military Health Conference 2025; Aurora, CO: September 3-5.
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You Can Make a Difference! 
Honor and respect your veterans. They served their country, 
and their Gulf War Illness is a legacy of their noble service. 

Believe your veterans’ symptoms and their suffering and 
validate their experience with empathy. 

Acknowledge the tie between GWI and Gulf deployment 
exposures. 

Become educated about GWI. (This CME is a great start!) 

Be a partner in your veteran patients’ search for solutions. 
Try multiple approaches and listen to their input. 
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Veteran 
Quotes:

Good 
Providers

§ “I would pass out brochures for [the 
provider] in the rain, sleet, and snow.”

§ “I follow [the provider’s] advice, every 
time he gives it.”

§ [About a treatment] “True game changer 
in my life.”

“I have restored part of my soul.”

Berg B, Golomb B. Adverse provider attitudes compromise healthcare for veterans with Gulf War illness. Partnerships for Veteran 
and Military Health Conference 2025; Aurora, CO: September 3-5.
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In 
Veterans’ 

Words
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In Their Own Words..

"Pain all over the place. I’ve 
been tested, poked, and 
probed, and diagnosed 

with post-traumatic stress 
disorder, which I don’t buy. 

And [they] told me there 
has been no real 

connection between the 
individuals [exposures], like 

Pyridostigmine and gulf 
war, or anthrax vaccine and 
the gulf war, or this and the 

gulf war. "

“In general worst 
experiences deal with 
medical physicians not 

looking for causation to any 
conditions complained 
about; fatigue, muscle 

aches, lack of sleep, GI. Any 
complaints regarding these 

conditions have/had no 
follow through to discover 
root causation leading to 

treatment.”

“I have been shot at age 
13, Had a Motorcycle 

wreck, and had broken 
bones. None of these have 
caused the levels of pain I 
feel now every day. The 

above listed injuries were 
severe but I healed from 

them. I don't feel there is a 
healing for GWI.”

“I felt [they] were 
abandoning the very 

principle of leave no soldier 
behind. My rank and career 
were taken away. My life as 
I knew it had ended and I 

was ashamed of who I was 
and I no longer felt worthy 

of wearing the uniform, 
being a person."
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Mercifully delivered, away from death we rode,
Traveling down highways paved with gold,
Arms stretched skyward in victory,
None could ever have imagined what lay in store,
Soon our health would be gone forevermore,
Our vision back then was crystal clear,
yet we were too blind to see,
Young & naive, bold & cool,
that magical day - the day the world we ruled,
Coming home to crowds & cheers & ice cold beers,
Nothing could stop us, there was nothing we feared,
Humbly taking it all in stride,
for a time it seemed, what a rush, what a ride,
Then suddenly things began to fall apart,
the symptoms began, but that was only the start,
Why? was the question, What is it? we asked,
What is wrong with our bodies, failing so fast?,
The answer is simple, our government said,
There is no Gulf War Illness,
It's all in your head. -Captain David K. Winnett Jr.

All In Your Head
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Recap

§ Gulf War typified by heavy exposures: PB, 
pesticides, sarin, and more

§ ~1/3 became ill as a result

§ Chemicals relate causally to illness

§ GWI is defined by symptoms (and deployment)
§ GI, Skin, Pain, Respiratory, Sleep, Neurological

§ Many objective markers are altered

§ Many comorbidities are increased

§ An ICD-10-CM code released 01 October 2025

§ Provider attitudes affect outcomes
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Learn More
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Helpful 
Links For 
Providers

§ Gulf War Illness Info Sheet & Kansas Diagnostic Criteria 

§ Quick reference guide to GWI & diagnosis scoring sheet:
https://www.golombresearchgroup.org/resources

§ Gulf War Illness Research Program Report (2020)

§ https://cdmrp.health.mil/gwirp/pdfs/GWIRP_Landscape_2020.pdf 

§ War Related Illness and Injury Study Center (WRIISC):

§ Has information about exposure-informed care with resources for 
providers and veterans, screening information, and education 
materials:
https://www.warrelatedillness.va.gov/WARRELATEDILLNESS/EIC/Vet
erans.asp

§ VA Providers can refer complex cases of GWI and other service-
related conditions to WRIISC for evaluation:
https://www.warrelatedillness.va.gov/WARRELATEDILLNESS/clinical/
va-referrals.asp 

https://www.golombresearchgroup.org/resources
https://urldefense.com/v3/__https:/cdmrp.health.mil/gwirp/pdfs/GWIRP_Landscape_2020.pdf__;!!LLK065n_VXAQ!i3YwIjP20WXPiTdVR-jdLz4ugs8eXgDcZ3G638qE5x0nly2LYPU1jOAuc5b5-1amm_pH-r4MRb4WKtdwHMoM0hPUnTdTi6k$
https://www.warrelatedillness.va.gov/WARRELATEDILLNESS/EIC/Veterans.asp
https://www.warrelatedillness.va.gov/WARRELATEDILLNESS/EIC/Veterans.asp
https://www.warrelatedillness.va.gov/WARRELATEDILLNESS/clinical/va-referrals.asp
https://www.warrelatedillness.va.gov/WARRELATEDILLNESS/clinical/va-referrals.asp
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Veteran-
Centered 

Groups and 
Resources

§ Veterans for Common Sense: Offers information, education, and 
advocacy

§ https://veteransforcommonsense.org 

§ Wounded Warrior Project: Veterans organization involved in 
information, service, advocacy, and support programs

§ www.woundedwarriorproject.org

§ VA Adaptive Sports and Arts: Offers health and healing through 
sport, art, and therapy

§ https://department.va.gov/veteran-sports/

§ Boulder Crest Foundation: Holistic healing and posttraumatic 
growth for veterans, including family programs

§ www.bouldercrest.org 

§ Outward Bound for Veterans: Adventure-based healing 
experiences using teamwork in nature

§ www.outwardbound.org/veterans 

https://veteransforcommonsense.org/
http://www.woundedwarriorproject.org/
https://department.va.gov/veteran-sports/
http://www.bouldercrest.org/
http://www.outwardbound.org/veterans
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