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Presentation 4- William Reeves

Chronic Fatigue Syndrome Occurrence of Fatigue

Occurrence, Case Definition, Pathophysiology

Peroent Reporting Fatigue
]
Y

157]

10 Uneplained

&1 caronis Fatgus
21%

o Medioal Dn it

Various Outpatient Studies ‘_u
-;. Farah iy D1 74 '

Diagnoses in 200 Fatigue Pts

CFS Clinical Picture 1994 CFS Case Definition

FATIGUE
Persistent/relapsing = 6 o
Not alleviated by rest
m_; o Substantial reduction in activities
2 o M“q No explanatory medical or psychiatric causes
] : g : Accompanying
e Symptoms
= . impaired memory/concentration mustle pain
- post exertional fatigue multi-joint pain
unrefreshing sleep sore throat
headaches tender lymph nodes
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Preva_lence of CFS in Clinical CES in Gondor
Practice

Primarily women
— Primarily white
g Upper middle class

F - "‘ professionals
2 éill Most report sudden onset
.- ] Av duration illness 5+ years

Prevalence of CFS Prevalence of CFS-IIE;-:!(TGSS

in Defined Populations ATl el Urban 1,040

Survey all 7,317 residents for fatigue

Rural 1,670

Clinical evaluation neot practical
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CFS in the U.S.
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Fatigue in the Population

Frimarily wormen

Upper middle class
professionals

gBox > 1T

Lower socioeconomic

Frirmarily white

Racia ethnic minorities

host report sudden onset
Av duration illness 5+ years

Ay 22 physician visits annually

Most report gradual onset
Av duration illness 5+ years
Only 16% DxTx
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Age-Specific CFS Prevalence
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in the Population

1247 1828 30-39 40-49 5059 60-69
Age Group

Prevalence of CFS & Other Diseases

Acthma | a.2%

CFEdIhe 18%
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Impairment and Disability (SF-36) : .
- F
558 84 CFS in the U.S.
. ... Limited a lot performing all Performs all type s of n
Ph YSlcal activ It)"ph\}sical activities induding phyeical activties including 90 59 46 57 5T T2
bathing or dressing dueto the most Wgorous without 4 !
health limitations due to health
! ».urﬁ ‘(p.
Social activit Exreme &frequent ) Performe nommal social 95 59 71 T T¢ 5T ‘ ‘
Ocial ACIMILY  jnterference with normal soial — activities without : % ﬁ
adtivities dusto physical or intererence dueto .En& “, ,‘-
emational probl emes physical or emotional =
problems e 'v
Problems with work or other Mo problem:s with wark or .“
Role p hysmal daily activities due to phyeical  other daily activities dusto 89 30 34 M B 44 A
health physical health
Problems with wark or other No problems with work or 95 69 64 60 75 40
Role Ematianal daily activities due to emotional  other daily activties dusto
bl otional probl B -
promE EeenE previems Duration of illness 2-7 years
Bodily pain ;f:i:‘yse\nere extremelylimiting tliopziar:n orlimitations due T8 45 63 55 55 59 16% of CFS Dw ar Tx
29% of upper vs § % middle income
Mental health tl;lrirewnus Zdepressad all the Peacedll, happy, calmallthe g8 T4 T5 68 T8 46 41% of sudden ve & % gradual onset
Wita lity Tired orwomoutallthetime  Pep andenergyalithetime 72 23 44 45 50 40 25% unemployed/receiving disability
Seneral health ::tr?uo;;lehealm poor Zlikelyte  Personal health excellent g5 59 47 & &0 53

Economic Impact of CFS
lost productivity

*Annual loss to each family with CFS $20,000

Economic Impact of CFS
lost productivity

Annual productivity losses $9 Billion Annual productivity losses  $9 billion
ornen $3 Billian Wornen $3 Billian
Men $1 Billion Men $1 Billion

*Annual loss to each family with CFS $20,000
UK estimated direct costs US $4 billion
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CFS - Unanswered Questions

0
7P

-
l' _i@l“-‘a

Rac efethnicity ) %
Socioeconomic

Health c¢are utilization Risk Factors
Rural vs. Urban Biomarkers
Economic impact

CFS has been studied for more
than a decade and there are 3,000
articles in MEDLIME investigating
the etiology or markers of CFS.

*Infectious
—-EBY, enteroviruses, HTLY, other viruses
—Bacteria, rickettsia, novel agents

simmune function
—Immune systermn characterization
=celltypes, cytokines
—Functional analysis
stransformation, MK activity

sMeuroendocrne
—HPA axis
—MNeuroendocringfimmune
interaction

*Environmental

CFS has been studied for more than a
decade and there are 3 000 articles in

MEDLINE investigating the etiology or
markers of CF5.

Why haven’t we identified a consistent
association?

o Problems with case definition
o Studies have been clinic-hased
o Only prevalent cases studied

o CFS not amenable to classic case control design

CFS has been studied formore
than a decade and there are 3,000
articles in MEDLINE investigating
the etiology or markers of CFS.

Why haven’t we identified a
cohsistent association?

“Problems with case definition
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Problems with Case Definition

FATIGUE
Persistent/relapsing = § o
Not alleviated by rest
Substantial reduction in activities
MNo explanatory medical or psychiatric causes

Accompanying

Symptoms
impaired memorgiconcentration ruscle pain
post exertional fatigue roulti-joint pain
unrefreshing sleep sore throat
headaches tender lynph nodes

Limitations of the CFS Case Definition

Developed by consensus not empirically

Based on clinical experence not population-based
Defined by symptoms and disability
Focuses on Fatigue

Sensitivity/specificity not defined

Specific pathophysiologic process associated with CFS not
identified

Empiric Case Definition Population Data
Is the Consensus Construct Cormrect?

Tdephine Soreener nberview
0000 ko
Elﬁw
Hom fatigued
=36 »r."..ﬂs
Frobongel | [Chron icFet.gu
Fmgue
MedPrych Dx i ThrnE Haditerch T
s |

Wichita - Symptoms Lasting «~6 Months

Unrefreshing sleep 2% = Severe headaches 34%
Go sleep or wake up B1% = MNumbnesstingling 32%
Muszde aches/pain S0% = Shorness of breath 32%
Jaint P ain 49% = Stomachfabdominal pain  24%
Sinus/nasal problem 47 % = Diarrhea 16%
Depression 44% = Mausea 14%
Forgetfulness 44% =  Tender lymph nodes 11%
General weakness 43% = Chils 1%
Drifficutty thinking 43% = Sorethroat 7%
Fatigue post exertion 43% = Fewver E%
Photophobia 36%

a4 CFS Synmptoms 13%
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Wichita - Factor Analysis

+ Dichotomous factor analysis
— Symptoms coded as 0 or 1
+ Exploratory phase (n=718)

— Toestimate number of factors and factar
structure

+ Confirmatory phase (n=673)
— Totest exploratory model

Wichita - Three-factor Model
Musculoskela al

Muicls acher or pain HER
Jointpaln k14
Unuirual fatigue port-+:arton 45
General waakne 40
Shortns 11 of breath 31 Inflammation- hfection
Sore hroat i
Tandsriym phnodss T
Naursa 81
Fawar ar
Clariea E4]
Stomach or abdominal pain E4]
(=)} 4
SInu arna ial problem 1 4  Cognition- Mood- Sleep
CiMculty tunking or concentrating 50 ¢
Forgetfulner 1 or memary problamy e
unrafra ing tlasp ELR
Dupra nlon 40
Probilem 1 go tlesp or wake up L
FRChS corme s 055,027,033

Is the Consensus Construct Cormrect?

22 Countries
50 Sites

15,749 Com munity
19 472 Primary
2503 Referal

Empiric Case Definition Population Data

37,724 chronic fatigue patients

International Study - Factor Analysis
The Construct

Key Elements
Mood
huz culosk eletal
InflammatiorInfection
Cognition
Sleep

Consistent across cultures
Tertiary care unstable
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Clinically Empirical Case Definition
1997 — 2000 Wichita Surveillance Subjects

Hewer Fatigued
rtervew ed no
fiéeg

Core Constructs CF3 and GWI

CFS GWI - US/UK
Fatigue Mood cognition
Cognition Fatigue CF3-Like
Slesp Concentratio dmemone Evaluated Clinicall
————— Unrefresh or poor sleep :
- - Respiratary (allergy) [} T T 1
S mimEten Nen Fatigued | oy Ever CF Ewer CF 5-MODM Ever I5F Ewer |SF-DDM
lifly 70 0 41 152 70 39
Peripheral nervous
Age
Race
Sex 2-day in-patient study
BMI

Clinically Empirical Case Definition

FATIGUE
PeriirBnEMap Iing =§ Mo,
Motallewamd by mat
Substrmial edwcionnacivien TP
ical Sl
Mo azplanatory madlca\or.pl';cnlamc caunel  — Paychistric SCID
Accompanying Symgents

I pa e O oo e ion mutch pain

portesrionl wigus muli-pintpain

unreReling wieep Wl Tircat
Twagaalel ender i;mphnoder

Clinically Empirical Case Definition

FATNGUE
Foralimmtrsbapaing = & &o.
Wotaleabd b rent
Hucrndul redugtoninasi Wi
Mo eiplanatory madical or prychlatrc caumn

. Disabilify 5F-36
Accomapanying Syrpfonts
Im palrad msmor; oncammton muncls pain
pants Ieriondl WG muintpain
UrmaRahling Ikep 190 Amaat

oeesing wnderi;mphinode s
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Function/Well Being SF-36

Ph | functighimit=d a ot perbrming il Performs all types of
ysical un ctio Ehysical activties ind uding physical acivities induding
bathing or dressing due to the most vigorous without
health limitations due to health
. B Edrame & fequent Perfarms normal social
Social function inererence with nomal social - astivties without
activities due to physical or inerferance dus o
emational problems physical or emotional
problems
Problems with work or ather Mo problerms with work or
Role physical  dailyactiities due to physical — other daily actities due o
health physical health
. Problems with work or ather Mo problems with workor
Role Emational daily activities due to emotional  other daily activties dus to
problems emational probl ems
Eo d”y- p ain “wiary 2 vere extremelylimiting Mo pain or limitations due
pain to pain

Mental health Mervous & depressed allthe Peaczful, happy, calm all the time
time
\/i{amy Tired or worn out all the time Pep and energy all the fme

General health Personalbealth poor & likelyto  Personal heatth excellent
get worse

Clinically Empirical Case Definition

FATMGUE

Farul ierirsapaing = 6 fo. /" Fafigue WF!
Notthe uand by reat
1

Huc Tl reduatoninasy wiee,
No ezplanaory medical or pazshlatr;

muscls paln

mui-foimtpan
urmialing ikep tors Trat
Neadaciwn TN Mp NoM L

Fatigue Characteristics MFI

General fatigue | fael fresh 1 feeltired
Physical fatigue Physically | & el able to do a lot Physically | fel onlyable to do a litde
Mental fatigue Ittakes e effortto concentrate  Irtakes alot of effort to concentrate
Reduced motivation el can do anything

Reduced activity

| don't feel like doing anything

Ithink | do a lot in @ day Ithink: | doviery litle ina day

Clinically Empirical Case Definition

FATNGUE
Foralimmtrsbapaing = & &o.
Wotaleabd b rent
Hucrndul redugtoninasi Wi
Mo eiplanatory madical or prychlatrc caumn

Accompanying Symofonts

Im paired memear; enaendraton Munale pan

ponte zerfonl BEge mu-gimpain
190 Aot

urmaraaing Ihap
Neadaciw RN Mp oM

Symgfont Complex COC-5!
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Symptom Characteristics
CDC Symptom Inventory

Case Definition

— Postexerional malaise

— Unrefreshing sleep — Diarrhea

— Irmnpaired memoryfconc entration — Chills

— Muscle pain — Mausea

— M ulti-joint pain — Stornachfabhdaminal pain
— Headaches — Sinusinasal problems

— Sore throat

— Tender cervicaliaxillary nodes

+«  Other symptoms
— Feverishness

— Shortness of breath
— Sensitivity ta light
— Depression

CDC Symptom Inventory

+ Freguency + Intensity
— 1=rarely -1 =Mild
— 2= Some of the time * - 2.5=Moderate

— 3= host of the time — 4 = Severe
— 4= Allof the time

Clinically Empirical Case Definition

SF-36

WFI

CDC sl

FPhysical Function %70

SocialFo:.lncﬁon £ 75

Role pl'zy:sical €50

Role Emotional £ 67
and

General fatigue =12

Reduceot; activity 210
and

Postexertional malaise
Unrefreshing sleep
Impaired memongconcentratio

M= cle pain * 3 Symptoms
Wuttijoint pain and
Headaches Soore > 24
Sore throat

Tender cenvicalaxillary nodes

Comparison of Standard 1994 and
Clinically Empirical Definitions

Standard 1994 Empiric Definition

Definition CFS |SF ME
CFS 10(E3%) 6 (38%) i 16
IS5F 32042%)  38(B0%) 6 (B%) 75
Mot Fatigued i 13(18%)  &8(82%) 71
42 a7 =]
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Correlations of disability, fatigue, and symptoms
with classification

CFS |ISF NF
Fhysical function 23 T a0
Soclal function a0 T4 a5
Roie physical 14 61 a9
Roig Emdtional a6 7B 95
Buodily pain 42 60 78
Mental health 41 75 a7
General health a1 7o a5
Witality 19 37 T2
General fafigue 18 15 g
Reduced activiy 15 11 3
Physical fatigue 14 11 T
Mental fatigue 14 10 T
Reduced motivation 12 10 6
Symptom Inventory 47 18 G

Other Parameters to Evaluate in Context of
Clinically Empirical Case Definition

Polysamnograpty
Cogritive Function
Autonomic Mervous System
MNeuroendochng

Immune system
Psychometrics

Gene Activity

Proteamics

CFS has been studied for more
than a decade and there are 3,000
articles in MEDLIME investigating
the etiology or markers of CFS.

Why haven't we identified a
consistent association?

o Studies have been clinic-based

= Cinly prevalent cases studied

CFS Not Amenable to Classic
Case-Control Design

CFSis a Complex
lliness

lliness represants alterations in

cornplex systerns of homeostasis ‘
Mot & result of & single rutation or [~ 2
single environmental factor (. - .

Arise fram a corrbined action af -
many genes, ervirnmental factors o o
and rigl —confernng behavior -

Understanding complex illness ma 4
elucidate the carmman pathway s g
other cormplex diseases

The Puzzie
of Complax
Diseases
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CFS is a Complex lliness CFS is a Complex lliness
The pathophysiology of The pathophysiclogy of
CFS appears to involve CFS appears to involve
afferent and efferent afferent and efferent
pathways of brain-body pathways of brain-body
communication “Chronic Fatigus Syadroma—snt It was, but ten it spread communication

that all in your head 7 Ao the rest of my body.”

A

/
—
<;’II )

L.-

>

S

CFS, what to sample? Is Peripheral Blood a Reasonable

Sample?
+ Moidentified lesion
+« PBEMC reflect immune
« What sample i systemn
representative of CFS « PBMWC reflect endocring
disease? i system

« Leukocytes in CNS in normal
and disease states
— Activated T cells —
enterfleave
— MK cells — enterfleave
— B cells — randarn traffic

— Monocytes —assist in
raintenance and function of
BBEB enterfleave CMS
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Central Dogma of Molecular Biomarker Discovery Strategy

Biology
DNA
T mRNA Protein Protein
/ Aburidance Function
}

. ) Activity-based
[ Genomics J [Pr-ofeomlcs] E’r‘ofein Pr'ofilingJ

Gene Expression Profiling Gene Expression Profiling
+ An attempt to measure $ " « An attempt to measure

expression levels of all exprassion levels of all

- a2
genes in acell and to genesinacell and to
correlate the pattern with ! Q" correlate the pattern with .
disease phenotype 4 g '&‘._ disease phenotype » A
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Microarray Technology

Microarray Production Sample Preparation

TPhana)
DM & clones gy
] —_—
3 lizormcleotides Blmdﬁ o rELICE QPBMCS
Eryihwoctes
PCR amplification Brevlocites L
Punificaion T "‘_E

Fobotic pristine "'—E‘I:hel d cDNA
Bd

Hybridization

Microarray Technology

Scanning E i 8 -::.."..1

Biotin Anti-Biotin [

White light i i o

Labeled cDNA

Sample 2

Oligonucl entide

Microarray surface

How do we use microarray
data?

« Compare the intensity of one
spot (CFS3) to the intensity of
the corresponding spot

(contral) CFS |Cont |Ratio

QRO |~ = =

@@ @@ 3 1} 80

=N EY N

CFS Cont 4 100 100

Aflanta Case Control Study Gene
ExprESSion CFS Control Array s

CFS Case Arays
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Atlanta Case Control Study Gene Atlanta Case Control Study Gene
Expression . ... .. Expression

NS

Expression Profiles

CFS Case Arrays

Hierarchical Cluster Analysis

Gene Expression Intensity L '

Subjects

8

Atlanta Case Control Study
Conclusions

ot To Empirically Subtype CFS

+  The majority of the people with + 23 women with CFS from Wichita
CFS (red) grouped separately * Measure expression of 3,800 genes
from the non-fatigued people +  Question:

(green) — Could gene expression profiles

and differentially expressed
genes distinguish subtypes of
CFs?
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. ' Hierarchical cluster analysis on genes
Gene Expression to Define According to CFS onset

In
C FS fan ‘mﬁﬁ Of the 3,800 genes, 117 were significantly

Different between gradual vs sudden onset

+ Gene expression profiles compared by clinical
characteristics \

- Gradual onset versus sudden onset

- =50 years of age versus >50 years of age

- =210 years of illness vs. >10 years of illness

- 4 or 5 symptoms vs. 26 symptoms

- Body mass index (normal, overweight, obese)

- Symptom severity group

1)
SO WD 000 Ord e A
IEGRRREBERESR aRONEEg
NEIRNIERRFLSN SEoEaaT
o] 032 00 S 0 00 0 0 0 S o0 rnd o S e
C8S8S238383C3E g g e g
NRERARGaN NG AN AEANEEN

CFS Subtyping - Conclusions Biomarker Discovery Strategy

LTy Protein Protein

«+  First “molecular” evidence of a difference between people whose T mRNA > Abundance Function

CF$ occurred suddenly & those with gradual illness onset

& . o N . Activity-based
« Different profiles imply different pathophysiology Proteomics Protein Profiling

+ Several immune, endocrine and metabolic genes and pathways

involved « Gene expression of
PBMC tells us how
- Differentially expressed genes in RNA processing and metabolic the body is
pathways account for most of the (significant) differences between responding to the
CFS and controls illness fromthe
perspective of the

PBMC
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Biomarker Discovery Strategy

DNA Pratein Protein

T mRNA — A bundance Funet ian

Genomics I Proteomics |

Gene expression of = Protein profiling (proteomics) of

PEMC tells us how the serum will tell us about any

the body is process going on in the body

responding to the — Serum s ideal for biormarker

illness from the discavery as it samplesthat ertire

perspective of the body and contains protein

EEMC spillover from most bodil
processes

Act u.-ny bosed
Protein mellmg

Proteomics

Sebert Cp Array

Mass spectrometry of = | asssssssaisens

serum proteins to v I wsarareea, D

identify biomarkers of | rw || seew al_; P e

disease and to o e T

characterize the Rt g I o - _( -1

pathophysiology of . )

disease St | M 5
SELDI-TOF o bl [ ..

am am am am mm

2ld| & 8] 35[0 &-| o1 ro|
w| stz BI%/T 2| 2lx{x|x]| £[F x| &) 5] o)
[0 = sty [0 3 weeie [0 3 2] @0 6] deasa| o]
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Principal Components Analysis

Putting It All Together

| ———
| Non Fatigued |¢.>| CFS || ISF |

Omix
CAFTIE Endscrinedmmune Gencix
H H Aok Brignain
1 S eskinee oo i
minsrabios € b ik resimier
pnedal st
T nagr e T el

Putting It All Together

| e———
| Non Fatigued |9‘ oFs H 15F |
& Bse
S PP,
L e -
% ’ ‘

— ‘o
Identify diagnostic markexs ’
Elucidate clinical p arameters
Define p athop hysiology
Identify risk faciors

Devise control and prevention strategies

" that's whiy we nbed § compaiter.”
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Genomics &
Proteomics

Meuroendocrine

Epidemiology

Clinical

CFS Program Bioinformatics Strategy

Pratesmics

Biwnfermaticsd ||| Col ond System |||

Genomics | Infarmetion Mansgemeni | Modeing

Asalysis Tosks,
||| Dats Intagration,
|| Computationsl Bislegy

Chaical Hetwarks and
Pathaays

Epidemislogy

Therapestic
1| Intervention

Preventisn

pie
Morker




	Table of Contents
	Attendance Record
	
	Members of the Committee
	Consultant to the Committee
	Committee Staff
	Guest Speakers


	Abbreviations
	Agenda
	Welcome, introductions, and opening remarks
	CFS, Fibromyalgia, and MCS:  Defined “Chronic Mul
	Chemical Sensitivity
	Time-Dependent Sensitization in Chemical Intolerance and Gulf War Illnesses
	Chronic Fatigue Syndrome:  Occurrence, Case Definition, and Pathophysiology
	The Pathophysiological Basis of Fibromyalgia
	Treatment of Fibromyalgia and Other Chronic Multisymptom Illnesses
	Public Comment – Day 1
	Depleted Uranium CAPSTONE Aerosols Study and Human Health Risk Assessment
	Estimating Depleted Uranium Aerosol Doses and Risks:  An Overview of the Capstone Depleted Uranium Aerosol Study and the Capstone Human Health Risk Assessment
	Research on Health Effects of DU in Relation to G
	Behavioral Changes and Brain Lipid Oxidation Following Uranium Exposure
	Neurological Effects of Acute Uranium Exposure
	Gulf War Illnesses and Vaccines:  Overview of Epidemiological Findings and Remaining Issues
	20 Studies to Evaluate Adverse Events After Anthrax Immunization
	Studies on the Health Effects of Multiple Vaccines:  Completed and Ongoing
	Vaccinations and Illness in Persian Gulf War Veterans
	Public Comment – Day 2
	Report to Research Advisory Committee on Gulf War
	Update on Research in Persian Gulf Veterans – Apr
	RAC Committee Business
	Public Comment – Day 3
	Appendix
	Presentation 1 – Lea Steele
	Presentation 2 – William Meggs
	Presentation 3 – Iris Bell
	Presentation 4- William Reeves
	Presentation 5 – Daniel Clauw
	Presentation 6 – Daniel Clauw
	Presentation 7 – Mark Melanson
	Presentation 8 – Mary Ann Parkhurst
	Presentation 9 – Lea Steele
	Presentation 10 – Wayne Briner
	Presentation 11 – David Barber
	Presentation 12 – Lea Steele
	Presentation 13 – John Grabenstein
	Presentation 14 – Phillip Pittman
	Presentation 15 – Brian Schuster
	Presentation 16 – Beatrice Golomb
	Presentation 17 – Lea Steele




