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Objective: The etiology of chronic fatigue syndrome is unknown, but genetic influences may be important in its
expression. Our objective was to assess the role of genetic and environmental factors in unexplained chronic fatigue.
Methods: A classic twin study was conducted using 146 female-female twin pairs, of whom at least one member
reported ⱖ6 months of fatigue. After completing questionnaires on symptoms, zygosity, physical health, and a
psychiatric interview, twins were classified using three increasingly stringent definitions: 1) chronic fatigue for ⱖ6
months, 2) chronic fatigue not explained by exclusionary medical conditions, and 3) idiopathic chronic fatigue not
explained by medical or psychiatric exclusionary criteria of the chronic fatigue syndrome case definition. Concordance rates in monozygotic and dizygotic twins were calculated for each fatigue definition along with estimates of
the relative magnitude of genetic and environmental influences on chronic fatigue. Results: The concordance rate
was higher in monozygotic than dizygotic twins for each definition of chronic fatigue. For idiopathic chronic
fatigue, the concordance rates were 55% in monozygotic and 19% in dizygotic twins (p ⫽ .042). The estimated
heritability in liability was 19% (95% confidence interval ⫽ 0 –56) for chronic fatigue ⱖ6 months, 30% (95%
confidence interval ⫽ 0 – 81) for chronic fatigue not explained by medical conditions, and 51% (95% confidence
interval ⫽ 7–96) for idiopathic chronic fatigue. Conclusions: These results provide evidence supporting the familial
aggregation of fatigue and suggest that genes may play a role in the etiology of chronic fatigue syndrome. Key words:
chronic fatigue, twins, concordance, genetics.

CDC ⫽ Centers for Disease Control and Prevention;
CFS ⫽ chronic fatigue syndrome; CI ⫽ confidence
interval; DIS ⫽ Diagnostic Interview Schedule; DZ ⫽
dizygotic; HLA ⫽ human leukocyte antigen; MZ ⫽
monozygotic.

INTRODUCTION
Fatigue is a common complaint in primary care
settings (1–5), being reported by at least 20% of patients seeking care. Likewise, large community surveys
indicate that up to half of the general population experiences fatigue, usually of limited duration (6 – 8). In
most cases the fatigue is transient, explained by prevailing circumstances, relieved by rest, and of little
cause for concern. In both community and clinical
settings, fatigue is typically more frequent among
women than men. However, persistent and debilitating fatigue is the hallmark of chronic fatigue syndrome
(CFS), an illness characterized by disabling fatigue
associated with muscle pain, pharyngitis, and alterations in mood, sleep, and neurocognition (9).
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Many theories on the pathophysiology of CFS have
been proposed (10). Initially the prominence of infectious, neurocognitive, and psychological symptoms
suggested a viral illness or psychiatric disorder (11,
12). Subsequently a variety of findings related to sleep
pathology and neuroendocrine, immunological, and
autonomic dysfunction were observed in subgroups of
patients with CFS (13–16). At the same time, our group
(anecdotal observations) and others (17) have noted
that CFS and other unexplained chronically fatiguing
conditions often affect several members of the same
family.
Twin studies have been useful in elucidating the
relative contributions of genetic and environmental
factors to numerous medical and psychiatric disorders, and they are especially helpful for the study of
diseases of unknown cause (18). Recently investigators
demonstrated a genetic influence on an index of general fatigue in a sample of Australian twins (19). With
this in mind, we undertook a classical twin study to
investigate the possible genetic and nongenetic influences on CFS. In this study we examined the familial
clustering of fatigue by comparing concordance rates
in monozygotic (MZ) and dizygotic (DZ) female-female
twins for three definitions of fatigue and developed
initial estimates of the heritability of chronic fatigue.
METHODS
Identification of Twins and Data Collection
Twins were recruited through a variety of sources, including
advertisements in patient support group newsletters (63%), clinicians and researchers familiar with CFS (12%), solicitations placed
on CFS electronic bulletin boards (8%), twin researchers or organizations (5%), friends and relatives (3%), and various other means
(9%). All recruitment efforts emphasized that fatigued twins were
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desired regardless of either the health of their co-twin or a definitive
diagnosis of CFS. Of the 204 pairs identified, complete data were
available for both members of 176 pairs (87%). Among these, 146
pairs were female-female, 10 were male-male, and 20 were malefemale twins. This study was restricted to female-female twins because the samples of male-male and male-female twins were too
limited to analyze. Written, informed consent was obtained from
each subject in accordance with the regulations of our institutional
Human Subjects Office.
All study subjects completed an extensive mailed survey questionnaire that included questions on fatigue and the CFS symptom
criteria according to the 1994 revised Centers for Disease Control
and Prevention (CDC) research definition (9). For nonfatigued twins,
a control version of questions was used that did not reference fatigue. A trained research assistant administered the Diagnostic Interview Schedule (DIS), version III-A (20), by telephone to all twin
pairs in which at least one member reported fatigue of ⱖ6 months in
duration. The DIS assigns diagnoses using a computer algorithm
based on criteria of the Diagnostic and Statistical Manual of Mental
Disorders, third edition revised (21). The interview included the
sections on major depression, dysthymia, generalized anxiety,
panic, agoraphobia, posttraumatic stress disorder, mania, bipolar
disorders, schizophrenia, eating disorders, somatization, and substance abuse/dependence. Depression with melancholic features
was scored without including symptoms attributable to CFS.
The questionnaire also included a checklist of self-reported medical problems; twins indicated whether a condition was currently
active or had resolved and whether it had been evaluated by a
physician. The application of the CDC-defined exclusionary medical
conditions to the checklist was determined by consensus of two
general internists, a psychiatrist with expertise in CFS, an infectious
disease specialist, and an internist/emergency room physician with
knowledge of, but little exposure to, patients with CFS. Examples
from the comprehensive list of exclusionary disorders included (but
was not limited to) steroid-dependent asthma, infectious hepatitis,
diabetes, cancer (other than skin cancer), congestive heart failure,
stroke, cirrhosis, multiple sclerosis, and systemic lupus erythematosus. To assess the performance of our list of exclusionary conditions, subjects’ self-reported health conditions were compared with
physician confirmation of these diagnoses by means of chart review
and telephone contact with treating physicians for a subsample of
twins. Among 40 twins, we did not find any fatigued participant to
be ineligible due to an exclusionary condition that was missing or
inaccurately reported on the checklist. Conversely, no exclusionary
conditions were observed in any twin who self-reported good
health.

Definition of Fatigue
We defined three progressively more stringent (but not mutually
exclusive) case definitions of fatigue. The first definition, chronic
fatigue, was based on the response to a single question: “Have you
been fatigued for at least 6 months?” No further inclusionary or
exclusionary conditions were applied.
The second definition, chronic fatigue not explained by medical
exclusions, classified all twins according to chronic fatigue using
data obtained solely from the mailed questionnaire. An algorithm
that defined chronic fatigue using the medical exclusionary components of the CDC case definition for CFS was developed (9). The
exclusionary medical criteria were applied to both the chronically
fatigued and nonfatigued twins. To be classified as having medically
unexplained chronic fatigue, twins were required to report fatigue of
ⱖ6 months duration that was not lifelong and that resulted in a
substantial reduction of occupational, educational, social, or per-
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sonal activities. Twins were excluded from this definition of chronic
fatigue if they had a body mass index ⬎45 (as stipulated in the CDC
criteria) or reported any of the exclusionary medical conditions.
The third definition (idiopathic chronic fatigue or chronic fatigue
not explained by medical and psychiatric exclusions) further restricted our sample on the basis of DIS-generated psychiatric diagnoses considered exclusionary by the CDC case definition (9). These
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. Identical psychiatric exclusionary criteria were used
with both fatigued and nonfatigued twins.

Determination of Zygosity
Studies have shown that questions about childhood similarity in
twin pairs can be used to correctly classify zygosity with an accuracy
of 95% to 98% compared with biological indicators (22, 23). As part
of the mailed questionnaire all twins were asked questions about
childhood similarity. Initial classification of twin pairs was based on
concordant responses to the following question: “When you were
young, were you as alike as peas in a pod?” Twins were classified as
MZ if they both answered affirmatively; those pairs in which both
twins denied this degree of similarity were considered to be DZ.
Further refinement and classification of twin pairs was based on
additional childhood similarity indicators (eg, eye and hair color
and general physical characteristics). Full details of our zygosity
classification algorithm can be found elsewhere (24).

Statistical Analysis
Two measures of twin concordance were calculated as descriptive indices of the familial clustering of fatigue. The pairwise concordance rate gives the percentage of affected pairs that are concordant (ie, both members of the pair meet the definition for chronic
fatigue); it is simply defined as the ratio of fatigue-concordant twins
divided by the sum of the number of fatigue-discordant and fatigueconcordant twins. The proband concordance rate gives an estimate
of the prevalence of fatigue among twin siblings of probands. Concordance rates and associated 95% exact confidence intervals are
presented separately for each of the three definitions of fatigue (ⱖ6
months of fatigue, chronic fatigue not attributable to medical exclusion criteria, and idiopathic chronic fatigue not explained by medical or psychiatric exclusion criteria). The two-tailed Fisher’s exact
test was used for hypothesis testing to examine whether the difference between concordance rates in MZ and DZ pairs was significant
for each of the three definitions of chronic fatigue. When MZ rates
were higher than DZ rates, this was interpreted as evidence for a
genetic influence on chronic fatigue.
We also conducted a separate statistical analysis comparing the
concordance rates for the most stringent definition of idiopathic
chronic fatigue after further excluding all twins with a lifetime
history of major depression on the structured psychiatric interview.
Although this is not part of the formal CDC case definition for CFS,
we were concerned that any differences in concordance rates for
idiopathic chronic fatigue might be the result of comorbid depression, which is known to have a genetic component (25).
Estimates of the relative contribution of genetic and nongenetic
sources of phenotypic variability for each definition of chronic fatigue are derived using a multifactorial model of inheritance that
assumes both polygenetic and environmental effects (26). The number of concordant and discordant pairs, in combination with external estimates of the population prevalence for the three different
definitions of chronic fatigue, were used to derive estimates of the
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relative proportion of variance in liability for chronic fatigue attributable to additive genetic (commonly referred to as heritability),
common environment, and unique environment. Prevalence estimates of chronic fatigue in females were obtained from a recently
completed population-based study of CFS (L. Jason, personal communication, 1998); these prevalences were 4.2%, 2.1%, and 0.4%
for each of our three increasingly stringent definitions of chronic
fatigue. The mean age of the female chronic fatigue cases in the
population-based study was very similar to the average age in the
twin sample (44 vs. 46 years). The structural equation modeling
program Mx (27) was used to derive the estimates of additive genetic
(a2), common environment (c2), and unique environment (e2) effect
as well as the associated 95% confidence intervals (28).
Because this was a self-selected sample of twins, we attempted to
account for possible ascertainment biases that could influence our
estimates of genetic and nongenetic effects (29). We conducted a
series of alternative structural equation models based on varying the
ratio of the probability of ascertaining fatigue-concordant versus
fatigue-discordant twin pairs. When this ratio was 1, there was no
differential ascertainment. An ascertainment correction ratio of 2
implies that a fatigued twin with a fatigued co-twin is twice as likely
to be ascertained as a fatigued twin with a healthy co-twin. Different
models were estimated with ascertainment correction factors that
ranged from 1 to a maximum value of 4.

RESULTS
Table 1 presents the concordance rates in MZ and
DZ twins according to the three increasingly stringent
definitions of chronic fatigue. The concordance rates
for chronic fatigue of ⱖ6 months duration were greater
in MZ twins than DZ twins, although this difference
was not statistically significant (p ⫽ .253). A similar
pattern of higher MZ than DZ concordance rates was
observed for chronic fatigue not attributable to the
medical exclusion criteria; this difference was also not
TABLE 1.

Concordance for Chronic Fatigue in Monozygotic and Dizygotic Female Twin Pairs

Fatigue ⱖ6 months

Zygosity

Monozygotic, N of pairs
Concordant, N of pairs
Discordant, N of pairs
Pairwise concordance
95% CI
Proband concordance
95% CI
Dizygotic, N of pairs
Concordant, N of pairs
Discordant, N of pairs
Pairwise concordance
95% CI
Proband concordance
95% CI

significant (p ⫽ .109). For idiopathic chronic fatigue
not explained by the medical or psychiatric exclusion
criteria, the difference in concordance rates became
larger, with the MZ pairwise (38%) and proband (55%)
concordance rates significantly elevated (p ⫽ .042)
compared with the respective DZ rates (11% pairwise
and 19% proband). To explore whether depression
could be confounding our analyses, we reanalyzed
chronic fatigue not explained by the medical or psychiatric exclusion criteria after excluding twins if either had a history of major depression. In this highly
refined sample of 25 MZ and 11 DZ twins, the difference in concordance rates remained statistically significant (p ⫽ .016) with a 40% pairwise and 57%
proband rate in the MZ twins and a pairwise and
proband rate of 0% in the DZ twins.
Figure 1 presents estimates of the relative contribution of genetic and nongenetic effects for the three
definitions of chronic fatigue. For chronic fatigue of
ⱖ6 months, genetic effects were relatively modest, accounting for 19% of the variance (95% CI ⫽ 0 –56),
whereas common environmental effects accounted for
69% of the variance (95% CI ⫽ 32– 89). For chronic
fatigue not explained by medical conditions, common
environmental effects still predominated (a2 ⫽ 30%,
95% CI ⫽ 0 – 81; c2 ⫽ 58%, 95% CI ⫽ 9 – 89). Idiopathic chronic fatigue not explained by medical or
psychiatric exclusionary criteria displayed the largest
genetic influence with a heritability of 51% (95% CI ⫽
7–96). As shown in Table 2, adjusting for various levels of differential ascertainment of concordant to discordant pairs yielded results that were generally con-

%
%

%
%

a

Chronic Fatigue Not
Due to Medical
Exclusionsb

Chronic Fatigue Not
Due to Medical or
Psychiatric
Exclusionsc

77
30
47
39
28–51
56
46–66
28
6
22
21
8–41
35
20–54

55
21
34
38
25–52
55
43–67
19
2
17
11
1–33
19
5–42

106
44
62
42
32–52
59
50–67
40
12
28
30
17–47
46
32–61

p ⫽ .253 by Fisher’s exact test for comparing the MZ and DZ concordances rates.
p ⫽ .109 by Fisher’s exact test for comparing the MZ and DZ concordances rates.
c
p ⫽ .042 by Fisher’s exact test for comparing the MZ and DZ concordances rates.
a
b
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Fig. 1.
TABLE 2.

Estimates of genetic and environmental influence on the liability to chronic fatigue with 95% confidence intervals.
Estimates of the Percentage of Variance in Liability to Chronic Fatigue Due to Additive Genetics, Common Environment,
and Unique Environment Under Different Twin Ascertainment Assumptions

Fatigue ⱖ6 months

Assumed
Ascertainment Ratioa

1.0
1.5
2.0
2.5
3.0
3.5
4.0

Chronic Fatigue Not Due to
Medical Exclusionsb

Chronic Fatigue Not Due to
Medical or Psychiatric
Exclusions

a2

c2

e2

a2

c2

e2

a2

c2

e2

19
24
26
28
29
29
30

69
57
48
40
35
30
26

12
19
26
31
36
41
45

30
37
40
42
43
42
43

58
48
37
30
25
21
18

11
17
23
28
32
36
39

51
58
61
63
64
65
65

42
30
22
17
13
10
7

8
12
16
20
23
25
28

The ratio is defined as of the probability of ascertaining fatigue-concordant versus fatigue-discordant twin pairs. When the ratio ⫽ 1, it is
assumed that there is no differential ascertainment of concordant compared with discordant pairs. Ratios ⬎1 suggest that fatigue-concordant
twins are more likely than fatigue-discordant twins to be identified in the Chronic Fatigue Twin Registry.
b
Includes five individuals excluded for a body mass index ⬎45.
a

sistent. For chronic fatigue of ⱖ6 months, the
estimates of genetic effects ranged from 19% with no
ascertainment adjustment to a maximum of 30% with
an ascertainment correction ratio of 4; likewise, for
chronic fatigue not explained by medical conditions,
genetic effects ranged from 30% to 43%. Common
environmental effects, which were substantial for both
fatigue of ⱖ6 months and chronic fatigue not explained by medical conditions, were reduced as the
ascertainment correction ratio was increased. For
chronic fatigue not explained by medical or psychiat-
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ric exclusionary criteria, the genetic effects increased
from 51% to 65% as the ascertainment ratio increased
from 1 to 4, whereas the common environmental influence was diminished from 42% to 7%.
DISCUSSION
At the beginning of the century a popular diagnosis
that bears some resemblance to modern-day CFS was
neurasthenia. At the time most authorities on neurasthenia favored a distinction between an inherited and
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an acquired form (30). Moreover, it was commonly
observed that the illness ran in families and could
begin in early life (30). Although a greater appreciation
of the methodological difficulties in separating congenital and acquired factors developed, a role of heritability was never eliminated; instead it became unfashionable to ascribe neurasthenia to inherited
factors. Only in the context of “effort syndrome,” a
condition of easy fatigability with exertion, were careful studies performed; these studies showed a modest
genetic contribution (31). No further studies were conducted for several decades on the heritability of fatiguing disorders.
Modern genetic technologies unavailable to the previous generation of neurasthenia researchers are now
accessible, but few investigators have applied these to
CFS. In one of the first reports, a Scottish group attempted to determine HLA status in patients with CFS
but were inexplicably hampered by difficulties in obtaining lymphocyte expression of HLA markers (32).
Another investigator, who did not experience technical problems, reported no specific association of HLA
class II antigens (33). In contrast, American researchers
found that HLA-DQ3 and HLA-DR5 antigens were significantly associated with CFS (34). Taken together,
these and other studies of HLA type have produced
conflicting results and have failed to show any consistent association with CFS (11, 35).
Several other investigations have suggested that a
combination of host and environmental factors may be
involved in the etiology of CFS. One report identified
a family in which 5 of 6 siblings and 3 other immediate
family members developed CFS as adults (17). Blood
samples were collected and tested for natural killer
cell activity over a 2-year period from the 8 affected
and 12 unaffected family members and 8 normal control subjects. The cytotoxic activity of the affected
immediate family members was significantly lower
than that of the control subjects, with unaffected family members intermediate between these two groups.
Although a familial influence (ie, common environment) could also explain their findings, the authors
concluded that the natural killer cell dysfunction in
this family may have resulted from a genetically determined immunological abnormality predisposing to
CFS. Others have recently described a new pattern of
autoantibodies to gangliosides, phospholipids, and especially serotonin in CFS patients (36). The observation that these antibodies were present among family
members of CFS patients was interpreted in favor of an
inherited predisposition to the illness. Finally, in a
community-wide investigation of pediatric cases of a
CFS-like illness, the best predictive model of illness
produced significant estimates of relative risk for both
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environmental and genetic/familial effects, including
a risk of 23.3 for symptoms among other family members (37).
Twin studies have been widely used to estimate the
heritability of numerous complex disorders and conditions. Recent research has estimated that heritable
influence accounts for 39% of the variation in major
depression (38), 54% in osteoarthritis (39), and 44% in
blood pressure in the elderly (40). However, twin and
family studies have not been extensively used to examine the heritability of CFS and similar chronically
fatiguing conditions. An exhaustive, computerized
search of the medical literature of the last decade
yielded only four citations on twins and fatigue, all
using a large volunteer registry of Australian twins (19,
41– 43). These publications examined shorter periods
of fatigue (eg, 1 week to 1 month) and not CFS-like
illnesses (19, 41– 43) among children and adolescents
as reported by their parents (41) and older individuals
(43). Interestingly, several of these studies found that
the genetic and environmental influences on fatigue
were for the most part independent of those for anxiety, depression, and psychological distress (19, 42, 43).
Despite different populations and highly variable case
definitions of fatigue, these investigations, like our
own, found evidence to support a familial effect.
Publications on objective measures of energy metabolism have also demonstrated that many characteristics that contribute to aerobic capacity are heritable
(44 – 49). For example, level of habitual physical activity, resting metabolic rate, energy cost of exercise, endurance performance response to training, and maximum oxygen consumption (VO2max) are all, to some
extent, genotype-dependent (45, 47). In this regard, an
intriguing recent report claims to have identified a
gene for physical performance (50). Finally, the awareness of symptoms depends, in large part, on how the
central nervous system processes information (ie, an
individual’s perception). Because MZ twins have remarkably similar cortical structures, electroencephalographic patterns, neurotransmitter activity, and autonomic nervous system activation symptom perception
clearly could have a heritable basis (51).
This study has several potential limitations. First, as
with all classical twin studies, there is the assumption
that the rearing experience of MZ and DZ twins is
comparable. If this so-called equal environment assumption is violated, the estimates of genetic influence could be falsely inflated. However, this assumption has recently been examined for several
psychiatric disorders and found to be quite tenable
(52, 53). Second, it is important to acknowledge that
the method we used to identify the twin sample was
not ideal. We used a selected sample of volunteer
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twins who responded to solicitations from a variety of
sources. This approach was a practical solution to
identifying a relatively large sample of twins with
chronic fatigue. The more desirable strategy of systematically identifying twins with chronic fatigue and CFS
from a well-defined, truly population-based twin registry is not readily accomplished. The use of selected
samples of twins has a long history in twin studies of
medical and psychiatric disorders (18) and has recently been applied successfully in a study of the
genetics of homosexuality (28). However, this approach could result in potentially biased ascertainment. Although we repeatedly emphasized in all advertisements and contacts with support groups and
physicians that probands could participate regardless
of either a definitive diagnosis or the health of their
co-twin, it is likely that subjects screened themselves
as eligible or ineligible. In this study, an ascertainment
bias could have occurred if twin pairs in which both
members experienced fatigue were more likely to volunteer and complete the lengthy booklet. We addressed this in our analysis by constructing a series of
ascertainment scenarios to examine the impact on heritability estimates. Another type of ascertainment bias
might have occurred if there was differential participation of chronic fatigue– concordant pairs according
to zygosity. If an excess of MZ concordant twins had
volunteered, this could have resulted in an overestimate of the influence of genetics. Without a population-based sample of twins, it is very difficult to estimate the extent of this type of bias.
Other possible limitations are the methods we used
to define and measure fatigue and exclusionary medical conditions. Although a clinical examination of all
twins was not feasible, we closely followed the CFS
symptom and psychiatric criteria as articulated by the
CDC. In addition, our three increasingly stringent measures of fatigue were consistent with those used in
several recent epidemiological studies (L. Jason, L
Steele, S. Reyes, personal communication, 1998) and
permitted us to assess the magnitude of genetic influence across these different definitions. We were likewise concerned with the use of self-reported health
conditions. This methodology could result in either an
overestimate or underestimate of the actual rate of
idiopathic chronic fatigue depending on whether individuals did not report conditions that might be exclusionary or incorrectly claimed to have been diagnosed with conditions they did not actually have.
However, we presented evidence that the measurement of exclusionary medical conditions using selfreport was adequate. Lastly, we considered the possibility that the heritable effects on fatigue might be a
surrogate for a genetic influence on major depression,
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because this diagnosis is common in chronic fatigue
(54), has known genetic influences (25), and is not an
exclusionary psychiatric criterion for CFS. When we
excluded all twins with a lifetime history of major
depression from the definition of idiopathic chronic
fatigue, the MZ concordance rates remained higher
than the DZ rates. Similarly, researchers using the
Australian Twin Registry have demonstrated that fatigue seems to be under genetic influence that is distinct from the genetic influence on depression (19, 42,
43).
In conclusion, the present study supports the familial aggregation of fatiguing illnesses. Furthermore,
these data are consistent with the presence of a genetic
influence on idiopathic chronic fatigue. An important
observation was that heritability increased as our definition of chronic fatigue was made more stringent.
This suggests that future research would benefit by
distinguishing CFS from milder forms of chronic fatigue. Our study provides evidence that there is a
genetic vulnerability to idiopathic chronic fatigue. In
this respect, CFS and related conditions may be similar to other disorders in which situational and environmental factors enhance the likelihood of illness
expression. A practical implication for the non-ill proband will be to examine which of these factors might
be important triggers and perpetuators of CFS and to
identify those that might be amenable to change.
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