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OBJECTIVES: Chronically fatiguing illness, defined as fatigue
for at least 6 months, has been associated with various
physical health conditions. Our objective was to determine
whether there is a significant relationship between chronically
fatiguing illness and 10 clinical conditions that frequently
appear to be associated with fatigue, adjusting for the
potentially confounding effects of psychiatric illness.

DESIGN: A co-twin control study controlling for genetic and
many environmental factors by comparing chronically fa-
tigued twins with their nonfatigued co-twins.

SETTING: A nationally distributed volunteer twin registry.

PARTICIPANTS: The study included 127 twin pairs in which
one member of the pair experienced fatigue of at least 6
months’ duration and the co-twin was healthy and denied
chronic fatigue. Fatigued twins were classified into three levels
using increasingly stringent diagnostic criteria.

MEASUREMENTS AND MAIN RESULTS: Twins reported on a
history of fibromyalgia, irritable bowel syndrome, multiple
chemical sensitivities, temporomandibular disorder, intersti-
tial cystitis, postconcussion syndrome, tension headache,
chronic low back pain, chronic pelvic pain (women), and
chronic nonbacterial prostatitis (men). The prevalence of these
comorbid clinical conditions was significantly higher in the
fatigued twins compared to their nonfatigued co-twins. Most
notably, compared to their nonfatigued co-twins, the chroni-
cally fatigued twins had higher rates of fibromyalgia (>70% vs
<10%) and irritable bowel syndrome (>50% vs <5%). The
strongest associations were observed between chronic fatigue
and fibromyalgia (odds ratios >20), irritable bowel syndrome,
chronic pelvic pain, multiple chemical sensitivities, and
temporomandibular disorder (all with odds ratios >4). Regres-
sion analysis suggested that the number of comorbid clinical
conditions associated with chronic fatigue could not be
attributed solely to psychiatric illness.

CONCLUSIONS: Chronically fatiguing illnesses were associated
with high rates of many other clinical conditions. Thus,
patients with chronic fatigue may present a complex clinical
picture that poses diagnostic and management challenges.
Nonetheless, clinicians should assess such patients for the
presence of comorbid clinical conditions. Future research
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should provide a better understanding of the temporal relation-
ship of the onset of fatigue and these conditions, and develop
strategies for early intervention.
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Prolonged fatigue is a common symptom in primary
care.! Chronic fatigue, defined as fatigue of at least 6
months’ duration, is associated with diverse physical
health conditions. Chronic fatigue syndrome (CFS) is a
less prevalent condition of unknown etiology characterized
by debilitating, persistent fatigue. Its diagnosis requires at
least four specified symptoms in the absence of exclu-
sionary medical and psychiatric disorders that could be
responsible for the fatigue.? Thus, medical and psychiatric
diagnoses such as cancer, AIDS, multiple sclerosis, schizo-
phrenia, and bipolar disorder are all exclusionary for CFS.
Clinically, patients with chronic fatigue and CFS often
present with comorbid medical and psychiatric illnesses
that are not regarded as part of the exclusion criteria.>”

The relationship between CFS and several poorly
understood nonexclusionary conditions such as fibromyal-
gia, irritable bowel syndrome, and multiple chemical sensi-
tivity increasingly has been the focus of recent research. For
example, although the hallmarks of CFS and fibromyalgia
are persistent fatigue and chronic musculoskeletal pain,
respectively, up to 90% of patients with fibromyalgia report
significant fatigue>® and a similar percentage of adults
with CFS experience myalgia, headache, and other local or
diffuse pain.8 Furthermore, it has been estimated that in
referral clinics, 20% to 70% of fibromyalgia patients meet
criteria for CFS*57 and, conversely, 35% to 70% of those
with CFS have fibromyalgia.*° Although the overlap be-
tween CFS and fibromyalgia has received the most attention
in the literature, several studies have also described
symptoms consistent with multiple chemical sensitivity,*1°
irritable bowel syndrome,'!'!? and interstitial cystitis in
fatigued individuals.'® However, the degree of association of
these comorbid clinical conditions with fatigue and CFS is
unknown. Furthermore, whether the apparent overlap
results from shared underlying mechanisms or coexisting
psychiatric disorders remains controversial.

Our primary objective was to determine if there is a
significant relationship between chronically fatiguing ill-
ness and 10 clinical conditions that appear to be associated
with fatigue, adjusting for the potentially confounding
effects of psychiatric illness.
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SUBJECTS AND METHODS
Study Design

We used the matched pair co-twin control method that
directly compared twins with chronic fatigue or CFS to their
healthy, nonfatigued co-twins with respect to differences in
the number and type of comorbid clinical conditions.
Unlike studies that compare CFS patients to healthy or
depressed controls, this method also adjusts for the
numerous characteristics shared by twin pairs such as
age, race, preadult home environment, and genetic factors
(100% in monozygotic twins and 50% on average in
dizygotic twins).'*

Registry Construction and Content

Twins were members of the CFS Twin Registry
established in 1993 at the University of Washington. The
twins had been identified through advertisements placed in
national and international organizations and other
sources. The advertisements did not state that a physician
fatigue-related diagnosis was required. This was for several
reasons. First, the criteria for CFS may not be strictly
applied in community settings. Second, some individuals
with fatigue may not have sought medical care. Finally, we
wished to classify twin pairs using increasingly stringent
fatigue criteria applying an algorithm based on the 1994
Centers for Disease Control and Prevention (CDC) CFS case
definition.? For each pair, the twin making the initial
inquiry was asked to provide his/her co-twin’s name,
address, and telephone number. No telephone screening
was conducted. Written, informed consent was obtained
from each registry member in accordance with the regula-
tions of our Institutional Human Subjects Office.

A total of 632 twins responded to our solicitation and
requested the registry intake questionnaire. Of these, 454
(72%) individuals returned the questionnaire. Of the 233
twin pairs identified in whom one or both members met
the study inclusion criteria of persistent fatigue for at least
6 months, approximately 55% were recruited through
patient support group newsletters, 10% through clinicians/
researchers familiar with CFS and fibromyalgia, 18%
through notices placed on electronic bulletin boards, 6%
through twin organizations and researchers, 3% through
relatives and friends, 3% through other national and
international contacts, and 6% through unknown sources.
Complete data were available for both members of 204
(88%) twin pairs; 127 pairs (62%) were discordant for >6
months fatigue and therefore eligible for this study.

The mailed questionnaires collected data on an
extensive range of topics including demographic data;
zygosity; habits; lifestyle; distress; physical health condi-
tions; the nature, extent, and consequences of fatigue; and
the symptoms of CFS.? For nonfatigued subjects, a control
version of questions was used that did not reference
chronic fatigue. Physical health was measured by self-
report using a checklist of medical disorders. As part of the

intake questionnaire, all twins were presented with an
extensive list of physical health problems that included the
10 comorbid clinical conditions. For each condition, the
respondent was asked, “Have you ever had this problem?”
If the answer was “yes,” the twin was asked if they had ever
been seen by a physician for the specific condition.

Zygosity was assigned to the twin pairs using a
previously validated method employing the response to
the following question: “As children, were you and your
twin as alike as two peas in a pod, or of only ordinary
family resemblance?”!%!® Pairs whose responses were
concordant for this question were classified as mono-
zygotic or dizygotic. Pairs whose responses disagreed were
assigned zygosity using an algorithm based on several
questions about childhood similarity. A more complete
description of the registry construction has been pub-
lished elsewhere.!”

Psychiatric Disorders

To ascertain psychiatric conditions, the Diagnostic
Interview Schedule Version III-A (DIS)'® was administered
by telephone. The DIS is a structured interview that uses a
computer algorithm to assign lifetime psychiatric diag-
noses based on the criteria of the Diagnostic and Statistical
Manual of Mental Disorders, Revised Third Edition.*® A
trained research assistant administered the sections on
major depression, dysthymia, generalized anxiety, panic,
agoraphobia, posttraumatic stress disorder, mania, bipolar
disorders, schizophrenia, eating disorders, somatization,
and substance abuse and dependence. Telephone admin-
istration of the DIS has been validated in several large
studies.?®?! Psychiatric conditions exclusionary for the
diagnosis of CFS included lifetime mania, hypomania,
bipolar disorder, schizophrenia, major depression with
psychotic or melancholic features, anorexia or bulimia
nervosa, and current alcohol or substance abuse/
dependence.

Clinical Conditions

On the basis of a computerized search of the medical
literature from 1975-1999, a review of extant publications,
and our clinical experience, we identified 10 clinical
conditions listed on the questionnaire that appeared to be
commonly associated with CFS: fibromyalgia, irritable
bowel syndrome, multiple chemical sensitivity, temporo-
mandibular disorder, interstitial cystitis, postconcussion
syndrome, tension headache, chronic low back pain,
chronic pelvic pain (women), and chronic nonbacterial
prostatitis (men). These syndromes have the following in
common: (1) an unknown etiology; (2) the absence of
objective findings on physical or laboratory examination;
(3) disability often out of proportion to pathophysiology;
and (4) exacerbations associated with “stress.” Impor-
tantly, none of the 10 conditions we identified are
considered as exclusionary according to the 1994 CDC
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criteria for CFS.?2 A comorbid clinical condition was
considered to be present only when respondents endorsed
having both the condition and a physician evaluation for
that problem. Finally, we computed a summary measure
consisting of the total number of these comorbid clinical
conditions.

Eligibility Criteria and Fatigue Definition

As described above, all twin pairs in the registry
reported that at least one member had chronic fatigue of
at least 6 months’ duration. The 127 twins pairs eligible
to participate in the current study were classified into
three progressively more stringent definitions of chronic
fatigue.

Level 1 Chronic Fatigue. To be eligible for inclusion in the
level 1 group, twin pairs had to contain one member who
responded “yes” to the question, “Have you been fatigued
for at least 6 months?” while the co-twin responded “no” to
this question.

Level 2 Chronic Fatigue. The level 2 group was defined
using the 1994 CDC CFS criteria based on responses to
the questionnaire and the DIS telephone interview.
Following these criteria, twins in level 2 reported at least
four of the eight CFS symptoms, a body mass index less
than 45, and none of the exclusionary medical (see below)
or psychiatric disorders. This group was considered to
have presumptive CFS. For inclusion in the analyses, the
exclusion criteria were applied both to fatigued and to
nonfatigued co-twins.

The medical diagnoses considered exclusionary were
developed by consensus of two internists, a psychiatrist
with expertise in CFS, an infectious disease specialist, and
an emergency department physician with knowledge of but
little clinical exposure to CFS. Examples of exclusionary
conditions included (but were not limited to) steroid-
dependent asthma, infectious hepatitis, diabetes, cancer
(other than skin), congestive heart failure, stroke, cirrhosis,
multiple sclerosis, and systemic lupus erythematosus. To
assess reliability, self-reported conditions were compared
to physician confirmation of these diagnoses by chart
review and telephone contact with treating physicians for
44 twins. Within this sample, no fatigued twin was found to
have an exclusionary medical condition that was missing
or inaccurately obtained by self-report. Conversely, no
exclusionary conditions were observed in any twin who
reported good health.

Level 3 Chronic Fatigue. The most restrictive classifi-
cation, level 3, required twins to be at least 18 years of
age, monozygotic, reared together, and discordant for
CFS. They also had to be willing to travel together to
Seattle to undergo a comprehensive clinical and
laboratory evaluation, and be willing to discontinue
alcohol, caffeine, and all medications 2 weeks prior to

and during the evaluation. First, fatigued and nonfatigued
twins were screened as described above for level 2. Next,
all medical records for the past 5 years were reviewed by
an internist (D.B.) for potentially exclusionary conditions.
Of the 29 twin pairs who met the stringent eligibility
criteria and were invited to participate, 22 (76%)
completed a 7-day evaluation in our research clinic that
included laboratory and diagnostic studies and a physical
examination. Four (14%) were unable to discontinue
potentially interfering medications, two (7%) had a
scheduling conflict with work or school, and one (3%)
refused to participate. Only monozygotic twins were
included in this group in order to control completely for
genetic influences. All fatigued level 3 twins met the CDC
case definition for CFS.

Statistical Analyses

Descriptive analyses estimated the prevalence of the
lifetime comorbid clinical conditions in fatigued and
nonfatigued twins. We then calculated matched pair odds
ratios (ORs) and exact 95% confidence intervals (CIs) to
assess the magnitude of the association between fatigue
and the 10 individual comorbid conditions.?? These
analyses were performed separately for each of the three
levels of chronic fatigue. It should be noted that in no
case was there a differential pattern of association
between fatigue level and comorbidity by zygosity or
gender; therefore, results were pooled across zygosity and
gender.

To assess the association of chronic fatigue and the
count of comorbid conditions after adjustment for poten-
tial confounding factors, we used random-effects regres-
sion models?® for ordinal dependent variables. This
approach accounts for the paired structure of the data
and estimates the strength of the association between
chronic fatigue and the count of comorbid conditions in
terms of adjusted ORs and 95% ClIs. We developed three
different regression models to assess confounding. An
initial regression model included only the effects of
chronic fatigue on the total number of comorbid condi-
tions. The second model included chronic fatigue as well
as the sociodemographic factors of age, gender, zygosity,
educational level, marital status, and number of children.
A third regression model included chronic fatigue, the
sociodemographic factors listed above, and the number of
nonexclusionary psychiatric diagnoses. The number of
psychiatric diagnoses was calculated based on a count of
the diagnoses that did not exclude a diagnosis of CFS:
major depressive episode, depression not otherwise spe-
cified, dysthymia, panic disorder, generalized anxiety
disorder, and posttraumatic stress disorder. Analyses
were conducted using SPSS for Windows, Version 6.1.4
(SPSS, Inc., Chicago, Il); SAS for Windows, Version 6.12
(SAS Institute, Inc., Cary, NC); MIXOR, Version 2 (share-
ware by Donald Hedecker, PhD and Robert D. Gibbons,
PhD, UIC, Chicago, Ill); and PEPI Pairs, Version 3
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Table 1. Zygosity and Demographic Characteristics of Twins by Fatigue Classification®

Level 1 Level 2 Level 3
Fatigue >6 Months Presumptive CFS Clinical CFS Diagnosis
(n = 127 pairs) (n = 80 pairs) (n = 22 pairs)
Gender and zygosity, %
Male-male monozygotic 4 6 9
Female-female monozygotic 54 54 91
Male-male dizygotic 2 3 0
Female-female dizygotic 24 23 0
Male-female dizygotic 15 15 0
Demographics
White, % 99 100 100
Year of birth, % +SE 1953 = 0.9 1953 + 1.6 1957 = 2.1
Education, mean years +SE 14.6 £ 0.2 14.8 £ 0.2 143+ 1.4
Children, mean number +SE 1.4 +0.1 1.5+0.1 1.4 +£0.2
Married, % 61 63 59

* CFS indicates chronic fatigue syndrome.

(shareware by JH Abramson and PM Gahlinger, USD,
Inc., Stone Mountain, Ga).

RESULTS

Subject Characteristics and Prevalence of
Comorbid Conditions

Table 1 presents the distribution of eligible twins
according to zygosity, gender, and chronic fatigue level
along with basic demographic information on age, educa-
tion, and marital status. A more detailed account of
subject characteristics has been previously published.'”
On a 10-point scale that rated their fatigue during the last

week (1 = least and 10 = most fatigue), fatigued twins had
a mean score of 7.7 and nonfatigued twins a mean of 3.1.
The prevalence data for the 10 comorbid clinical condi-
tions in fatigued and nonfatigued twins are shown in
Table 2. With the exception of chronic nonbacterial
prostatitis, the fatigued twins more frequently endorsed
receiving a lifetime diagnosis for each of the comorbid
conditions examined. The most commonly reported con-
ditions affecting fatigued twins at some time in their lives
were fibromyalgia (range, 72% to 77%), irritable bowel
syndrome (range, 52% to 59%), chronic low back pain
(range, 43% to 48%), and tension headache (range, 39% to
46%). Temporomandibular disorder and chronic pelvic
pain occurred in one quarter to one third of fatigued

Table 2. Frequency of Comorbid Clinical Conditions Among Fatigued and Nonfatigued Twins by Fatigue Classification®

Level 1 Level 2 Level 3
Fatigue >6 Months Presumptive CFS Clinical CFS Diagnosis
Fatigued Nonfatigued Fatigued Nonfatigued Fatigued Nonfatigued
Individual diagnoses, %
Fibromyalgia 72 7 75 4 77 0
Irritable bowel syndrome 52 14 54 14 59 9
Multiple chemical sensitivities 13 2 11 3 24 0
Temporomandibular disorder 29 11 33 11 27 14
Interstitial cystitis 17 2 16 1 9 5
Postconcussion syndrome 6 2 8 0 5 0
Tension headache 42 22 39 22 46 23
Chronic low back pain 48 25 48 23 43 24
Chronic pelvic pain? 26 7 25 8 30 5
Chronic nonbacterial prostatitis® 0 0 0 0 0 0
Comorbid clinical conditions, N/
None 8 56 7 55 5 48
1 15 19 12 23 14 33
2 13 11 12 13 5 14
>3 63 14 69 9 76 5

* Percentages may not add up to one hundred due to missing data from some twin pairs for certain conditions.

t For level 1, n = 127 pairs; for level 2, n = 80 pairs; and for level 3, n = 22 pairs.

i Percentages based on female-female twin pairs only: for level 1, n = 99 pairs; for level 2, n = 62 pairs; and for level 3, n = 20 pairs.
§ Percentages based on male-male twin pairs only: for level 1, n = 8 pairs; for level 2, n = 7 pairs; and for level 3, n = 2 pairs.

I'For level 1, n = 120 pairs; for level 2, n = 75 pairs; and for level 3, n = 21 pairs.

CFS indicates chronic fatigue syndrome.
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twins; considerably less frequent were multiple chemical
sensitivity (range, 11% to 24%), interstitial cystitis (range,
9% to 17%), and postconcussion syndrome (range, 5% to
8%). The distribution of the count of comorbid conditions
was dramatically different between fatigued and nonfati-
gued twins at all levels of diagnostic stringency. Over 60%
of fatigued twins experienced three or more comorbid
conditions; in contrast, more than 75% of the nonfatigued
co-twins reported no or only one condition.

Odds Ratio Analysis

The ORs for the association of fatigue with each of the
10 clinical conditions are displayed in Table 3 for the
three progressively more stringent levels of fatigue.
Fatigued twins were more than 20 times more likely to
report a lifetime diagnosis of fibromyalgia, and 4 to 10
times more likely to be diagnosed with irritable bowel
syndrome, temporomandibular disorder, multiple chemi-
cal sensitivity, and chronic pelvic pain compared to their
unaffected co-twins regardless of the definition of chronic
fatigue. Similarly, fatigued twins experienced more than a
two-fold increase in the prevalence of chronic tension
headache and chronic low back pain compared to the
nonfatigued twins. Despite higher rates of lifetime clinical
conditions among the fatigued twins in the level 3 group,
the small number of pairs and consequent decrease in
statistical power precluded achieving statistically signifi-
cant findings for individual comorbid conditions aside
from irritable bowel syndrome. A striking association
between chronic fatigue and the total number of comorbid
clinical conditions was observed. The odds ratios progres-
sively increased with the level of diagnostic stringency
(from 14.1 to 29.4 to 92.6), although the confidence
intervals were broad.

Regression Analysis of the Count of
Comorbid Conditions

Figure 1 presents the regression-derived odds ratios
(and their 95% confidence intervals) between chronic
fatigue and the number of lifetime comorbid clinical
conditions for the level 1 and 2 definitions of chronic
fatigue. Regression models could not be generated for the
level 3 definition because of sample size limitations. The
initial regression analysis (model 1) is equivalent to the
unadjusted odds ratios found in Table 3 for the number of
comorbid conditions and chronic fatigue. There is little
evidence of confounding due to sociodemographic factors
(model 2) because the odds ratios are nearly identical to the
unadjusted estimates. However, when adjusted for the
number of nonexclusionary psychiatric conditions (model
3), the odds ratios, while still large, are substantially
reduced (from 14 to 11 for level 1 and from 29 to 19 for
level 2).

DISCUSSION

The 1994 publication that summarized the CDC
criteria for CFS urged investigators to better define the
co-occurrence of fatigue with the many other health
conditions frequently observed in patients with chronic
fatigue, regardless of their apparent relatedness to CFS.>
In the present study, fibromyalgia, irritable bowel syn-
drome, temporomandibular disorder, tension headache,
and chronic low back pain were the conditions most
commonly comorbid with chronic fatigue. Over a 70%
lifetime prevalence of fibromyalgia was reported by
fatigued twins, and fatigued twins were more than 20
times more likely than their nonfatigued co-twins to suffer
from this disorder. These results are consistent with

Table 3. Odds Ratio Analysis of Comorbid Clinical Conditions Among Fatigued and Nonfatigued Twins by
Fatigue Classification

Level 1
Fatigue >6 Months
(n = 127 pairs)

OR (95% CI)

Lifetime Diagnosis

Level 2 Level 3
Presumptive CFS Clinical CFS Diagnosis
(n = 80 pairs) (n = 22 pairs)

OR (95% CI)

OR (95% CI)

Fibromyalgia

Irritable bowel syndrome
Multiple chemical sensitivities
Temporomandibular disorder
Interstitial cystitis
Postconcussion syndrome
Tension headache

Chronic low back pain
Chronic pelvic pain*

Chronic nonbacterial prostatitis’
No. of comorbid conditions

21.5 (8.1 to 80.7)
9.0 (3.9 to 25.6)
7.5 (1.7 to 67.6)
4.1 (1.8to 11.2)

20.0 (3.2 to 829.0)
6.0 (0.7 to 276.0)
2.7 (1.4 to 5.2)
3.3 (1.7 to 6.7)
5.8 (2.0 to 22.9)

14.1 (7.6 to 26.1)

29.5 (7.8 to 249.3)
7.4 (2.9 to 24.1)
8.0 (1.1 to 355.0)
4.4 (1.6 to 15.0)

13.0 (2.0 to 552.5)

H

2.4 (1.1 to 6.0)

3.2(1.5t07.7)

3.5 (1.1 to 14.6)
H

29.4 (12.1 to 71.3)

1
6.5 (1.5 to 59.3)
i

4.0 (0.4 to 197.0)
2.0 (0.1 to 118.0)
1

i

3.0 (0.5 to 30.4)

6.0 (0.7 to 276.0)
H

92.6 (7.6 to 1135.2)

* Female-female twin pairs only.
t Male-male twin pairs only.
 Undefined.

CFS indicates chronic fatigue syndrome; 95% CI, 95% confidence interval.
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FIGURE 1. Odds ratios and 95% confidence intervals for chronic fatigue and the number of comorbid clinical conditions. Model 1 is
unadjusted. Model 2 is adjusted for age, gender, zygosity, educational level, marital status, and number of children. Model 3 is
adjusted for the sociodemographic factors used in model 2 and the number of nonexclusionary psychiatric disorders.

previous studies documenting that among adults with
CFS, as many as 90% experience myalgias and other local
or diffuse pain,® and 35% to 70% meet criteria for
fibromyalgia.*® Similarly, in patients diagnosed with
fibromyalgia, up to 90% are fatigued, and 42% actually
have CFS.5578

While the overlap between fibromyalgia, chronic
fatigue, and CFS has been relatively well characterized,
the relationship of fatigue to many of the other clinical
conditions under study is considerably less clear. The only
publication to systematically examine the relationship of
chronic fatigue to irritable bowel syndrome®* found that
73% of chronically fatigued adults met the Manning
symptom-based irritable bowel syndrome criteria®® over
a l-year retrospective time period. This is somewhat
higher than the physician-diagnosed lifetime estimates of
irritable bowel syndrome reported by our fatigued twins
(52% to 59%). We previously observed that when the
Manning case definition was applied to CFS clinic
patients, up to 92% met lifetime criteria for irritable bowel
syndrome.?® Although definitions differ across studies,
these rates all greatly exceed the estimated prevalence of
irritable bowel syndrome in the general population, which
ranges from 9% to 21%,%” suggesting that chronically
fatigued individuals are disproportionately affected with
this condition.

Although temporomandibular disorder, tension head-
ache, and low back pain commonly occur in syndromes of

chronic pain-like fibromyalgia,?®2° and are reported

anecdotally among CFS patients, to our knowledge, these
relationships have not been investigated in fatigued
populations. This is surprising because we noted relatively
high lifetime rates and a two- to four-fold increase in the
likelihood of having these three conditions among the
fatigued twins compared to their nonfatigued co-twins.
Similarly, there has been no information published on the
frequency of interstitial cystitis or chronic pelvic pain
among chronically fatigued individuals. While interstitial
cystitis was not one of the more prevalent disorders in the
level 3 group, it was associated with an OR of 20 in the
level 1 sample. In support of an overlap with chronic
fatigue, a recent, large survey found that 9% of interstitial
cystitis patients had CFS.'® Finally, with regard to multi-
ple chemical sensitivity, our earlier study noted that 53%
to 67% of CFS patients reported a worsening of their
multisystem symptoms with exposure to various chemi-
cals.* The lower prevalence of multiple chemical sensitiv-
ity (11% to 24%) reported by fatigued twins probably
reflects the difference between the frequency of a symptom
(hypersensitivity) and a more well-defined syndrome
(multiple chemical sensitivity). Alternately, as some have
argued, multiple chemical sensitivity may often be un-
recognized by affected individuals or treating physicians,
leading to an underestimation of this disorder among
fatigued individuals.®°

Given the common perception that manifestations of
CFS and related disorders such as fibromyalgia may be
explained, at least in part, by underlying psychiatric
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disorders,®! investigating this association was of great
interest. Thus, we examined whether the consistently
higher frequency of comorbid conditions among the
fatigued twins would be observed when adjusted for the
number of lifetime affective and anxiety psychiatric dis-
orders. The odds ratio comparing the frequency of comor-
bid conditions between fatigued and nonfatigued twins was
greater than 10, even after adjusting for psychiatric status,
suggesting that the association was not solely the conse-
quence of psychiatric illness.

If the relationship between chronic fatigue and the
associated clinical conditions assessed here is not primar-
ily attributable to psychiatric factors, what are possible
alternative explanations? It seems highly probable that the
manifestation of chronic fatigue and a spectrum of
comorbid conditions is due to the complex interplay
between genes and environmental influences.”"'* More-
over, the “hardwiring” of perception almost certainly has a

heritable basis,3?

and symptom perception has cognitive
and psychological components that depend on information
processing by the central nervous system. In this regard,
studies have shown that pain perception is related to
activation of cortical and subcortical brain structures in
patients with fibromyalgia.>® Furthermore, objective simi-
larities among some clinical conditions such as increased
pain sensitivity in patients with fibromyalgia and inter-
stitial cystitis suggest a possible common alteration in
central processing mechanisms.®* Finally, the high rates of
health care utilization among patients with chronic fatigue,
CFS, and fibromyalgia®®-*® suggest that one consequence of
excessively seeking health care may be the receipt of
multiple diagnoses.

Clinically, patients with multiple syndromes may be
more difficult to treat than those with a single condition.
One clinical study observed that temporomandibular
disorder patients with poor outcomes had significantly
more general health complaints.?” Other investigators have
noted that patients with temporomandibular disorder who
also have nonmasticatory musculoskeletal complaints
were more refractory to treatment than those without
auxiliary pain.®® The degree of comorbidity also may have
a substantial negative impact on health care utilization and
costs. For example, the number of concurrent health
conditions among fibromyalgia patients was the most
powerful predictor of total health care costs in a recent
7-year, multicenter prospective study.®® In chronically
fatigued patients, comorbid clinical conditions may further
compound the social cost of an illness already associated
with substantial economic consequences in terms of health
care, excessive unemployment, and functional disabil-
ity.®®39 Thus, our findings, in conjunction with others
cited here, should alert providers to the potentially
devastating cumulative effects of these conditions and
argue for early and aggressive intervention.

This co-twin control study had several notable
limitations. First, the study relied on self-reported health
conditions rather than on a clinical examination and

review of medical records for all subjects. This may be
particularly problematic for the 10 comorbid clinical
conditions under investigation. This methodology could
have resulted in either over- or underestimation of the
fatigue-associated conditions we evaluated, depending on
the accuracy of the twins’ reporting. However, at least for
the medical diagnoses exclusionary for CFS, we presented
evidence based on written and verbal communication with
physicians that self-report appeared to be valid. Second,
the method used to identify the sample was not ideal.
Solicitation by advertisement resulted in a volunteer
sample of twin pairs with the potential for ascertainment
problems. However, the more desirable strategy of system-
atically identifying twins from a well-defined population-
based twin registry is not readily accomplished in the
United States. Although we emphasized in all recruitment
efforts that twins were desired regardless of either the
health of their co-twin or a definitive CFS diagnosis,
subjects likely screened themselves as eligible or ineligi-
ble. This could likely limit the generalizability of our
findings to more severely fatigued individuals, such as
those found in tertiary care clinics.

A third limitation is related to sample size. Because the
clinically diagnosed group consisted of only 22 pairs, we
had insufficient power to make definitive statements about
the relationship of CFS to specific conditions under study.
However, we were able to demonstrate a greater than 90-
fold OR between the number of comorbid conditions
associated with CFS in the level 3 sample. Other potential
problems arise from difficulties in defining and identifying
these conditions. Several of the illnesses under study are
controversial and do not have a universally agreed upon
case definition. Furthermore, the criteria applied by diverse
physicians representing many disciplines may have influ-
enced our findings because certain specialties may be more
(or less) likely to recognize and diagnose comorbid clinical
conditions. Finally, results from this study cannot ascer-
tain whether their onset came before or after the develop-
ment of CFS.

In conclusion, this co-twin control study is the first to
demonstrate that individuals with a range of fatiguing
illnesses have a consistently increased likelihood of experi-
encing selected comorbid clinical conditions compared to
exceedingly well-matched, healthy controls who denied
chronic fatigue. These results were independent of the
stringency of the case definition for fatigue and the degree
of psychiatric morbidity. We relied upon the strengths of a
twin design because this method is especially well-suited to
the study of disorders of unknown etiology and those for
which the appropriate comparison groups are not clearly
defined.'* Because they control, to a substantial extent, for
genetic and environmental factors, twin studies offer a
unique approach to the examination of CFS and comorbid
conditions—illnesses that represent complex interactions
of biological, psychological, and environmental factors.
Investigators with access to unselected, population-based
twin registries should attempt to replicate our findings to
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better determine the relative influences of genetic and
noninherited factors underlying the relationships between

fatigue and related illnesses. Future research should also

investigate the temporal relationship of fatigue onset to the
appearance of other clinical conditions and assess the
usefulness of early interventions.
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