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ABSTRACT

Background. Numerous nosological decisions are made when moving from the common human
symptom of unusual fatigue to the rare chronic fatigue syndrome (CFS). These decisions have
infrequently been subjected to rigorous evaluation.

Method. We obtained telephone interview data on fatiguing symptoms from 31406 individuals
twins in the Swedish Twin Registry aged 42—64 years; 5330 subjects who endorsed fatigue and
possessed no exclusionary condition formed the analytic group. We evaluated the definition and
classification of CFS-like illness using graphical methods, regression models, and latent class
analysis.

Results. Our results raise fundamental questions about the 1994 Centers for Disease Control cri-
teria as (1) there was no empirical support for the requirement of four of eight cardinal CFS
symptoms; (2) these eight symptoms were not equivalent in their capacity to predict fatigue; and (3)
no combination of symptoms was markedly more heritable. Critically, latent class analysis ident-
ified a syndrome strongly resembling CFS-like illness.

Conclusions. Our data are consistent with the ‘existence’ of CFS-like illness although the dominant
nosological approach captures population-level variation poorly. We suggest that studying a more
parsimonious case definition — impairing chronic fatigue not due to a known cause — would rep-
resent a way forward.

INTRODUCTION

This one of a series of papers that describes
the epidemiology and genetic epidemiology of

in population-based studies (Reyes et al. 2003)
to a common constellation of symptoms in
primary care (9-0%) (Skapinakis er al. 2003).

fatigue-related illness in the large, population-
based Swedish Twin Registry (STR) (Evengard
et al. 2005). In this paper, the focus is on defi-
nitional issues and heterogeneity in individuals
aged 42—-64 years.

The prevalence of chronically fatiguing illness
ranges by over an order of magnitude, from the
rare (0-235%) chronic fatigue syndrome (CFS)
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Fatiguing illnesses are widely assumed to pos-
sess considerable phenotypic and etiological
heterogeneity. These assumptions are relatively
strongly supported by clinical studies using di-
verse multivariate statistical approaches (Hickie
et al. 1995; Kirk et al. 1999; Nimnuan et al.
2001; Sullivan et al. 2003) and by the prevailing
consensus criteria for CFS (Fukuda et al. 1994;
Reeves et al. 2003). Not accounting for both
types of heterogeneity has multiple adverse con-
sequences for investigations of the causes and
treatments for CFS.
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The Centers for Disease Control (CDC-94)
criteria for CFS (Fukuda er al. 1994; Reeves
et al. 2003) have been particularly influential
and have provided a unifying approach that has
fostered communication and diagnostic pre-
cision, particularly in the research setting.
Despite these clear advantages, the CDC-94
criteria for CFS rely heavily on expert opinion,
and have been repeatedly criticized as lacking in
empirical support (Lewis & Wessely, 1992;
Buchwald, 1996; Levine, 1997; Komaroff &
Buchwald, 1998). For example, the combi-
nations of eight ancillary symptoms (e.g. muscle
pain, post-exertional malaise) have seldom been
examined rigorously. The CDC-94 criteria im-
plicitly assume that the ancillary symptoms
are equivalent, act additively, and that subjects
with from zero to three total criteria are quali-
tatively different from subjects with four to eight
criteria.

The present report had three broad goals that
addressed the definition and heterogeneity of
chronic fatigue in a large, population-based
sample of twins. First, we sought to evaluate
the distributional and predictive properties of
the basic CDC-94 criteria for CFS. Second,
we explored the phenotypic heterogeneity of
these criteria using latent class analysis. Finally,
using heritability (Neale & Cardon, 1992 ; Plomin
et al. 2003) as an external validator (Robins &
Guze, 1970), we attempted to discover the
item combinations that maximized heritability,
reasoning that a markedly higher heritability
of some item combination might identify an
etiologically important illness subtype. All three
goals serve the overarching aim of attempting
to delineate different aspects of heterogeneity
in this complex, intriguing, and costly human
syndrome.

METHOD
Swedish Twin Registry

The Swedish Twin Registry (STR, 2005) is the
largest population-based registry of twin births
in the world (Lichtenstein et al. 2002; Pedersen
et al. 2002). Data on current vital status, marital
status, address, and place of birth are available
on >99% of the 180000 individuals in the
registry along with record linkage to Swedish
national cancer and inpatient hospitalization
registries.
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Interview procedures

Over a 4-year period ending in December 2002,
we screened all living, contactable, interview-
able, and consenting twins born in Sweden on or
before 31 December 1958 for a range of dis-
orders that included chronic fatigue. Due to the
confounding influence of aging, questions about
chronic fatigue were asked only of twins aged
42—-64 years (i.e. born between 1 January 1935
and 31 December 1958). The interview pro-
cedure had the following steps. Each month, the
master twin register was matched to national
records to update vital status and current ad-
dress information, ~1000 pairs were randomly
selected for interviews and were sent intro-
ductory letters describing the study, and, about
2 weeks later, we then attempted to contact and
interview these twins via telephone. All inter-
views were conducted by trained lay inter-
viewers using a computer-based data collection
system.

Assessment of chronic fatigue

When the telephone interview for chronic fatigue
was designed in 1996-1997, no generally rec-
ognized assessment instrument was available.
Therefore, we designed a screening module for
chronic fatigue that emulated closely the CDC-
94 consensus criteria for chronic fatigue syn-
drome (Fukuda et al. 1994). The following data
were collected. The stem question was “have you
felt abnormally tired during the last 6 months?’
and was used to define ‘fatigue’. The time-frame
was the 6 months prior to interview, as as-
sessment of lifetime fatigue was believed to be
considerably less reliable. Only subjects who
endorsed this item were asked further questions.
Subjects were then asked about the con-
tinuousness of fatigue in the prior 6 months
and about the duration of continuous fatigue.
Impairment was considered present if subjects
considered themselves ‘too tired to live a normal
life’, that fatigue had caused social problems, or
that fatigue had caused >25 % work incapacity.
Finally, subjects were asked about eight ancil-
lary symptoms during the period of abnormal
tiredness: substantial impairment in short-term
memory or concentration; sore throat; tender
lymph nodes; muscle pain; multi-joint pain
without swelling or redness; headaches of a new
type, pattern, or severity; unrefreshing sleep;
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and post-exertional malaise lasting more than
24 hours. The presence of four or more of these
ancillary symptoms are a component of the
definition of chronic fatigue syndrome (Fukuda
et al. 1994).

Fatigue-related definitions

We defined fatigue as the presence of self-
reported abnormal tiredness in the absence of
an exclusionary condition. Exclusionary con-
ditions were determined from multiple sources.

(1) Exclusions from the telephone interview:
morbid obesity (self-reported current Quetelet’s
body mass index >40m/kg?); lifetime history
of anorexia nervosa or bulimia nervosa (APA,
1994) via the Structured Clinical Interview for
DSM-III-R (SCID; Spitzer et al. 1992); “alcohol
abuse’ via the SCID (Spitzer et al. 1992) [oper-
ationalized as lifetime DSM-IV alcohol depen-
dence (APA, 1994) including both tolerance and
withdrawal and with the subject endorsing
alcohol consumption in the past year]; and self-
reported history of congestive heart failure,
stroke, emphysema, Parkinson’s disease, mul-
tiple sclerosis, polio, systemic lupus erythema-
tosis, Crohn’s disease, or ulcerative colitis.

(2) Exclusions from Swedish national regis-
ters: inclusion in the Swedish National Cancer
Registry (registration only for cervical cancer
in situ and non-melanoma skin cancers did not
lead to exclusion) and any hospitalization with a
discharge diagnosis corresponding to narrow
definitions of schizophrenia, schizoaffective dis-
order, and bipolar disorder.

(3) Exclusions via physician review of all avail-
able medical records that revealed the presence
of any other exclusionary diagnosis. These in-
cluded: drug or alcohol dependence; a sleep
disorder with adequate work-up; infection with
hepatitis B or C or HIV; neurological disorders
including multiple sclerosis and myasthenia
gravis; significant rheumatological disorders
(e.g. rheumatoid arthritis or systemic lupus
erythematosis); chronic obstructive pulmonary
disease; significant endocrine disorder; or in-
flammatory bowel disease (see Evengard et al.
2005, for details).

Prolonged fatigue was the presence of fatigue
with no exclusionary condition plus duration
of =1 month. Definition A of chronic fatigue
(CF-A) was the presence of fatigue (and no ex-
clusions) plus duration >6 months, CF-B was
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defined as the prior definition plus impairment,
and CF-C was the prior definition plus the
presence of >4 or 8 specific symptoms.

Assessment of additional conditions

Lifetime DSM-III-R major depression (APA,
1987) was assessed during the telephone inter-
view via an adaptation of the Composite In-
ternational Diagnostic Interview (WHO, 1990).
Chronic widespread pain (akin to fibromyal-
gia but without the required physical exam) was
assessed during the telephone interview via an
adapted version of the American College of
Rheumatology criteria for fibromyalgia (Wolfe
et al. 1990).

Reliability

To establish test—retest reliability, 105 individual
twins who completed the telephone screening
were selected at random and reinterviewed
within 2 weeks. Cohen’s k (Cohen, 1960) for the
presence of fatigue was 0-69 [95% confidence
interval (CI) 0-49-0-89], 0-75 (95% CI 0-56—
0-94) for prolonged fatigue, and 0-76 for chronic
fatigue (95% CI 0-53-0-99). These « values sug-
gest very good to excellent test-retest reliability
(Schlesselman, 1982).

Statistical analyses

Descriptive analyses were conducted with sas
(SAS Institute Inc., 1999) and S-Plus (MathSoft,
2000). Prediction of classification stringency was
conducted using logistic regression with gen-
eralized estimating equations (GEE) to account
for sample clustering implicit in ascertaining
twin pairs (Zeger & Liang, 1986; Zeger et al.
1988; Zeger & Liang, 1992).

We used latent class analysis to investigate
heterogeneity. Latent class analysis is unsuper-
vised (i.e. it is given no prior knowledge about
how symptoms might interrelate) and can be
considered akin to cluster analysis (do the
observed data arise from a single homogeneous
cluster or from multiple different clusters?). To
conduct latent class analysis (McCutcheon,
1987; Yang & Becker, 1997; Sullivan et al. 2003)
we used a FORTRAN program (Eaves et al. 1993;
Bucholz et al. 1996) that employed an efficient
estimization-maximization algorithm (Dempster
et al. 1977). To determine the optimal number of
latent classes, we fit 1, 2, 3, ..., 10 latent class
models to the data (with 50 runs within each
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class, using randomized starting values) and
used the Bayesian Information Criterion to
select the number of latent classes. Finally, we
calculated all possible linear combinations of
the central CFS criteria, computed the tetra-
choric or polychoric correlations separately for
monozygotic and dizygotic twin pairs, and esti-
mated heritability as a?=2(ryz —rpz). For the
univariate discrete case, this simple approach
functions well and has improved accuracy in
comparison with parsimony-based modeling
(Sullivan & Eaves, 2002).

RESULTS
Sample screening

Of alleligible twins (n =41 499), 31 406 individual
twins responded, giving an individual response
rate of 75:68 %. Data were obtained from both
members of 12407 pairs and from one member
of 6592 pairs. Of the complete pairs, 3269 pairs
were monozygotic, 9010 pairs dizygotic, and 128
pairs of unknown zygosity (Lichtenstein et al.
2002).

Predictors of participation

We had access to data on all eligible twins
independent of participation and were thus able
to examine the predictors of participation. Sig-
nificant predictors of participation in a multi-
variate logistic regression model were: being a
monozygotic twin [odds ratio (OR) 1-68, p<
0-0001], having a co-twin who was also eligible
for the interview (OR 1-44, p<0-0001), female
gender (OR 1-39, p<0-0001), fewer total hospi-
talizations (dichotomized at the 75th percentile
of four hospitalizations, OR 1-18, p<0-0001),
age (OR 1-:007, p=0-0001) but not registration
in the Swedish Cancer Registry (OR 1-01, p=
0-85). Given the large sample size, some strongly
significant variables are not of singular import;
for example, the R? for age was only 0-02 % and
the mean difference in age between participants
and non-participants was only about 86 days.

Descriptive analyses

Abnormal tiredness in the prior 6 months was
endorsed by 6571 individual twins (20-92 %),
denied by 24 467 twins (77-91 %), and 368 twins
provided no usable answer (1:17%). Of the in-
dividuals endorsing fatigue, 5330 (81-11 %) had
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none of the exclusions defined above and 1241
subjects (18:89 %) had one or more exclusionary
condition as determined by self-reported medi-
cal history, findings in national registers, or
physician evaluation of medical records.

The 5330 subjects who endorsed fatigue and
who possessed no exclusionary condition are the
analytic group for the remainder of this report.
Our analytic goals required data on fatiguing
symptoms which were available only for these
5330 subjects. These individuals were predomi-
nantly female (64-17 %). The duration of fatigue
was <1 month for 28:07%, 1 to <6 months
for 23:68%, and >6 months for 48-11% of
fatigued subjects. Significant impairment was
reported by 60-54% of fatigued subjects. The
mean number of ancillary symptoms was 2-40
(s.p. 1-61) and the median was 2-0 (interquartile
range 1-3). The four most common ancillary
symptoms were unrefreshing sleep (79-87 %),
memory/concentration impairment (48:48 %),
muscle pain  (37-:26%), and joint pain
(28:26%). The four least common symptoms
were tender lymph nodes (6-89 %), headaches of
anew type (11-11 %), sore throat (11-99 %), and
post-exertional malaise (15:76 %).

Fig. 1 depicts the influence of the total num-
ber of ancillary symptoms on a number of
symptomatic characteristics. The distributions
lack any consistent or notably sharp inflections
as implied by the CDC-94 criteria. Panel (a)
shows the proportion of subjects with 0, 1, ..., 8
ancillary symptoms. Panel (b) shows the mean
number of months of fatigue for individuals
with zero through eight ancillary symptoms.
With the exception of a minor dip for individ-
uals with seven symptoms, the mean months
of fatigue increases nearly linearly. Similarly, in
panel (c), the proportion of subjects with im-
pairment related to fatigue increases approxi-
mately linearly with the number of ancillary
symptoms, as does the proportion of women
[panel (d)]. Panels (e—/) depict the proportion of
subjects with each specific ancillary symptom by
the total number of ancillary symptoms. By
definition, each of these panels is anchored at
0% for subjects with zero total symptoms and
at 100 % for subjects with eight total symptoms.
The relationship with total number of symptoms
is approximately linear. The possible exception
is the most common symptom [unrefreshing
sleep, panel (k)] which has a sharp increase from
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Fic. 1. Trellis graph depicting the relationships with the 0, 1, 2, ..., 8 cardinal chronic fatigue syndrome symptoms. A vertical

reference line is shown at the Centers for Disease Control (CDC) cut-point between three and four total symptoms. Panels (a)—(d)
are essentially simply histograms [e.g. panel (¢) shows the proportion of subjects with no symptoms, two symptoms, etc.]. Panel (a)
shows the proportion of subjects. Panel (b) depicts the mean duration of fatigue in months. Panel (¢) shows the proportion of
females. Panels (e)—(/) depict the proportions of subjects with each of the individual symptoms and are more akin to cumulative
distributions. By definition, Panels (e)—(/) are fixed at 0 % for zero total symptoms (as no subject with zero symptoms can have, for
example, memory deterioration) and 100 % for eight total symptoms (as all subjects with eight symptoms must have, for example,

sore throat).

zero to one total ancillary symptoms and ap-
proximately linear changes thereafter.

The CDC criteria for chronic fatigue syn-
drome (Fukuda et al. 1994) specify that four or
more of eight ancillary symptoms are required
for a positive diagnosis. This cut-point implies
the existence of a ‘point of rarity’ (Kendell &
Brockington, 1980 ; Kendell, 1989) between three
and four total ancillary symptoms (indicated by
the vertical gray reference line in Fig. 1) that
separates normalcy from pathology. However,
there is no evident abrupt increase or disconti-
nuity in any of the panels in Fig. 1 at any cut-
point. We obtained a similar pattern of results
when we limited the descriptive analyses only
to subjects with definition CF-A (unexplained

fatigue of >6 months duration, data not
shown).

Multivariate prediction

We next considered whether we could identify
predictors of increased classification stringency
in a logistic regression model (Table 1). The rows
show the four dependent variables (the presence
or absence of prolonged fatigue, CF-A, CF-B,
or CF-C). The columns list the eight ancillary
symptoms in the CDC definition of CFS
(Fukuda et al. 1994). Note that the CF-C defi-
nition requires a certain number of ancillary
symptoms which are considered independent
variables in the lower row; thus, these odds
ratios are artifactually inflated.
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Table 1.  Prediction of increased classification stringency using logistic regression (with GEE)
Dependent Memory Unrefreshing Post-exertional Tender lymph
variable deterioration Muscle pain Multi-joint pain sleep malaise nodes Headache  Sore throat
Prolonged fatigue 1-76 1-38 1-64 1-37 1-39 0-87 1-19 0-70
(fatigue of >1 (1:55-2:01)  (1-19-1-61)  (1-39-1-94) (1-18-1-59)  (1-14-170)  (0-67-1-14)  (0-96-1-48)  (0-57-0-85)
month duration)
CF-A (fatigue of 1-90 1-67 1-75 1-40 1-26 1-02 1-04 0-65
>6 months’ (1:69-2-14)  (1-46-1-91)  (1-52-2-02) (121-1:62)  (1-07-148)  (0-80-1-29)  (0-86-1:25) (0-54-0-78)
duration)
CF-B (add 2-56 177 1-83 1-78 1-80 112 1-25 0-71
impairment) (225-291)  (1-53-2:04)  (1-58-212)  (1-49-2.12)  (1-52-2:12)  (0-87-1-44)  (1-03-1-51) (0-58-0-87)
CF-C (add >4 of 11-3 892 7-54 877 561 226 3-61 1-47
8 symptoms (8:30-152)  (6:80-11-7) (5-85-9-71) (5:10-15:09)  (4:24-7-44) (1-40-3-62)  (2:58-5-03) (1-00-2-16)

Shown above are the odds ratios (95 % confidence intervals) from logistic regression. Generalized estimating equations (GEE) were used to
control for the non-independence of twin pairs. Four regression models were run corresponding to the rows in the table. Each model had eight
independent variables corresponding to the ancillary symptoms included in the 1994 CDC definition of chronic fatigue syndrome.

The ancillary symptoms of memory deterio-
ration, muscle pain, and multi-joint pain per-
formed well. The OR estimates for each
increased with classification stringency and
never included unity, suggesting their utility.
The pattern for unrefreshing sleep and post-
exertional malaise was similar although the ORs
did not evidence an increasing trend over all
definitions of fatiguing illness. In contrast, ten-
der lymph nodes and headache did not robustly
predict fatigue classification. Finally, the pres-
ence of the sore throat ancillary symptom was
associated with the absence of three of the four
definitions of fatiguing illness and was not a
significant predictor for CF-C.

Latent class analysis

We entered 11 dichotomous items into the latent
class analysis (gender, impairment due to fa-
tigue, duration =6 months, and the eight ancil-
lary symptoms). In the data, we observed 679
different patterns out of a theoretical maximum
of 2048 patterns (2, 33-2%). The data sug-
gested five latent classes (via the Schwarz
Bayesian Criterion). The observed class-item
frequencies are shown in the upper portion of
Table 2. These values describe a particular class
in terms of the 11 items entered into latent class
analysis. Class-item probabilities that deviate
from those of the entire sample by >15% are
noted by arrows. The middle and lower portions
of Table 2 provide additional data about the
latent classes through variables not used in the
latent class analysis.

Class 1

Class 1 (14% of the fatigued sample) consisted
principally of women who had relatively high
endorsement rates for the eight ancillary symp-
toms (mean of 5:03 symptoms) with near-
universal impairment and long duration of fa-
tigue. Most individuals in Class 1 met the CF-C
definition of illness and many met criteria for
a lifetime major depressive episode and chronic
widespread pain. We labeled this class ‘CFS-
like’ given its resemblance to clinical depictions
of individuals with chronic fatigue syndrome.

Class 2

Class 2 (29% of the sample) had a predomi-
nance of males and relatively few symptoms
(mean 0-86). The main symptom was unrefresh-
ing sleep, and the prevalence of major
depression and chronic widespread pain was
relatively low. We termed this the ‘Residual’
class.

Class 3

Class 3 (17 % of the sample) contained individ-
uals with greater muscle and multi-joint pain of
long duration. Relatively few of these indi-
viduals met criteria for CF-C (11 %) although
this class had the second-highest proportion
with chronic widespread pain. We labeled this
class ‘Rheumatic’.

Class 4

Class 4 (35% of the sample) consisted of indi-
viduals with memory deterioration, impairment,
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Table 2. Latent class analysis of 11 fatigue-related characteristics
Fatigued
sample Class 1 Class 2 Class 3 Class 4 Class 5
Class probability 1-00 0-14 0-29 0-17 0-35 0-05
Class label/mnemonic — CFS-like Residual Rheumatic Depressive APS
Female gender 0-62 0-87 1 0-44 | 0-65 0-65 0-61
Memory deterioration 0-49 098 1 0-09 | 033 | 0-74 1 033 |
Sore throat 0-12 027 1 0-04 0-03 0-05 094 1
Tender lymph nodes 0-07 0221 0-00 0-03 0-02 0-51 1
Muscle pain 038 0-95 1 0-09 | 0-79 1 014 | 0-69 1
Multi-joint pain 0-29 0751 0-05 | 079 1 0-04 | 0-40
Headache 0-11 0351 0-02 0-07 0-11 0-19
Unrefreshing sleep 0-80 097 1 0-56 | 0-85 091 0-81
Post-exertional malaise 0-16 0-551 0-02 0-14 0-12 026
Impairment 061 0-99 1 016 | 0-64 0-84 1 0-57
Duration >6 months 0-49 0-87 1 025 | 067 1 0-51 017 |
Fatigue classification
Prolonged fatigue 0-73 0-94 0-54 0-83 0-78 0-51
CF-A 0-49 0-87 0-25 0-67 0-51 0-17
CF-B 0-36 0-86 0-02 0-44 0-44 0-08
CF-C 0-14 0-86 0-00 0-11 0-01 0-04
Mean number of symptoms 24 (1-6) 503 (1:01) 0-86 (0-69) 3:03 (0-89) 2-14 (0-82) 4-13 (1-20)
Mean months of fatigue (s.D.) 27-3 (60-5) 621 (84-8) 10-2 (36°6) 38-8 (69-8) 242 (553) 7-65 (29-1)
Validators
Mean age at interview (s.D.) 52:5(56) 522 (535) 529 (5-81) 534 (5-44) 519 (5:53) 527 (543)
Major depressive episode in 0-37 0-57 0-20 0-35 0-44 0-31
lifetime
Chronic widespread pain 0-08 0-30 0-01 0-12 0-03 0-04

Shown in the top panel are the class-item probabilities from a five-latent-class solution. The lower two panels show potential validators of
the latent class solution relating to fatigue (middle panel) and characteristics of relevance to chronic fatigue (lower panel) where the values
shown are proportions of the class or mean (s.n.) as appropriate. APS, Acute physical syndrome.

and lesser probabilities of muscle and multi-joint
pain. Few met the CF-C criteria, although a
substantial proportion met criteria for a lifetime
major depressive episode (44 %). We termed this
class ‘Depressive’.

Class 5

Class 5 (5% of the sample) had higher prob-
abilities of sore throat, tender lymph nodes, and
muscle pain and lower probabilities of memory
deterioration and long duration. In some re-
spects, these individuals resemble an acute viral
illness leading to the label of ‘Acute Physical
Syndrome’.

Item heritability

To investigate the possibility that some subset of
the eight ancillary symptoms possessed notably
higher heritability, we calculated all possible
linear combinations of the eight ancillary
symptoms (total 28— 1 or 255). There were eight
one-item combinations, 28 two-item combi-
nations, 58 three-item combinations, 70 four-
item combinations, 58 five-item combinations,

28 six-item combinations, 8 seven-item combi-
nations, and 1 eight-item combination. In Fig.
2, we depict the heritability by the number of
items for female-female and male-male twin
pairs. Each point shows the heritability of a
unique combination of items.

The Spearman correlation between the heri-
tabilities of female and male twin pairs was
modest (Spearman p =0-25, p<0-0001). No par-
ticular combination of items had markedly
higher heritabilities. The possible exceptions
were the single items of multi-joint pain in
females (heritability 49 %) and males (67 %), the
combination of sore throat-new headaches
in males (80%), and sore throat-tender lymph
nodes-new headaches in males (68%). The
magnitude of these point estimates has to be
considered against the wide confidence intervals
on each estimate (not shown).

DISCUSSION

Unusual fatigue is a common symptom in twins
aged 42-64 years from the STR. This finding is
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similar to that found in other samples worldwide
(David et al. 1990; Lewis & Wessely, 1992;
Pawlikowska et al. 1994 ; Lawrie & Pelois, 1995;
Chester, 1997; Jason et al. 1999). However, in
moving from a common symptom (unusual
fatigue) to an uncommon syndrome (CFS-like
illness or CFS itself), numerous decisions are
required. The overarching question addressed
by this report examines the performance of the
CDC-94 criteria for CFS (Fukuda et al. 1994,
Reeves et al. 2003) in delineating normal from
abnormal states of fatigue.

In brief, our results suggest that the CDC-94
criteria have fundamental flaws for the classifi-
cation of fatigue in a population-based sample.
On the other hand, a critically important result
was in the identification of a syndrome re-
sembling CFS-like illness using a relatively un-
biased classification strategy. The latter result, in
our view, is an important finding that validates
the existence of CFS-like illness. The good news is
that CFS-like illness appears to ‘exist’ (and only
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partially overlaps with major depression and
chronic widespread pain). The bad news is that
the predominant international classification
criteria do not function well: (1) there was no
empirical support for the requirement of four of
eight cardinal CFS symptoms; (2) the eight
symptoms were not equivalent in their capacity
to predict fatigue; and (3) no combination of
symptoms was markedly more heritable.

Definitional issues

In order to delineate the common symptom of
fatigue from uncommon CFS, a number of de-
cisions are required and a key feature of the
dominant CDC-94 criteria (Fukuda et al. 1994;
Reeves et al. 2003) is the required endorsement
of four of eight ancillary symptoms whose val-
idity rests on a number of implicit assumptions.
First, the four or more of eight criterion
assumes that there is an important difference
between individuals with unexplained chronic
fatigue with zero to three versus four to eight of
the ancillary criteria. The criteria imply that there
is a ‘point of rarity’ (Kendell & Brockington,
1980; Kendell, 1989) between a total of three
and four ancillary criteria that ‘carves nature at
the joint’. This assumption was not supported
by our data. If this assumption were true, dis-
continuities should have been evident in several
panels in Fig. 1. For the proportion of subjects
[panel (a)], the proportion of subjects with im-
pairment [panel (¢)], and essentially all of the
specific symptoms, there were no marked dif-
ferences between subjects with three and four
total symptoms. Moreover, the data did not
suggest any reasonable alternative cut-point.
Second, the criteria assume that the ancillary
symptoms are fundamentally interchangeable
and thus similar in their impact on the prob-
ability of CFS. Simple prevalence data do not
support this assumption as endorsement pro-
portions for the ancillary symptoms ranged
from ~7% (tender lymph nodes) to over 80 %
(unrefreshing sleep). More direct assessment of
the adequacy of the CFS ancillary symptoms to
predict fatigue classification is shown in Table 1.
Three symptoms performed well (memory de-
terioration, muscle pain, and multi-joint pain),
two performed adequately (unrefreshing sleep
and post-exertional malaise), and three per-
formed poorly (tender lymph nodes, headache,
and sore throat). These data are consistent with
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prior studies (Wessely et al. 1996) and suggest
that the latter three ancillary symptoms do not
strongly assist in the delineation of more extreme
types of fatiguing illness. Notably, the sore
throat ancillary symptom significantly predicted
the absence of several definitions of chronic
fatiguing illness.

Latent class analysis of heterogeneity

We next investigated the heterogeneity of chronic
fatiguing illness using latent class analysis
(Table 2). We believe that these results are of
particular interest.

First, latent class analysis identified a class
(class 1) in this epidemiological sample that
strongly resembles clinical samples with CFS.
This statistical technique is not influenced by
nosological assumptions; we emphasize that the
identification of this class was not strongly in-
fluenced by any prior beliefs about the nature
of CFS or its definition. Individuals in this
CFS-like class — comprising 2-4 % of the entire
sample — endorsed a large number of ancillary
symptoms (mean of 5), nearly all had some de-
gree of impairment, and a majority had longer
duration of fatigue. In addition, there was a
female predominance and substantial but not
universal co-morbidity with major depression
and chronic widespread pain. The ancillary
symptoms identified as performing poorly in the
analyses above were not highly prevalent in this
class. The CFS-like class has features highly
similar to clinical samples with CFS and its
identification in a population-based sample sup-
ports its existence as a syndromic entity.

Second, the remaining classes provide some
insight into the heterogeneity of fatigue in a
population sample. Class 5 (‘Acute physical
syndrome’) endorsed symptoms reminiscent of
a time-limited acute viral syndrome (fatigue,
sore throat, muscle pain, lymphadenopathy,
and briefer duration). The presence of this class
was at least part of the reason why the sore
throat criterion predicted the absence of various
definitions of fatigue. These individuals could
presumably be found in samples ascertained
from medical primary care settings but would be
less likely in a tertiary CFS clinic.

In latent class analyses, it is not uncommon to
find a class characterized by relatively few symp-
toms such as Class 2 (‘ Residual’). These individ-
uals endorsed the unusual fatigue item but then
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had few commonalities other than a low number
of ancillary symptoms, male gender, and briefer
duration of fatigue. It is possible that this class
represents individuals impacted by time-limited
but diverse stressors that prompted endorse-
ment of unusual fatigue. The remaining two
classes seemed to represent common complaints
in middle-aged population samples. Class 3
(‘Rheumatic’, i.e. syndromic stiffness or pain of
the extremities or back) endorsed muscle and
multi-joint pain of relatively long duration. Few
met the criteria for the most extreme definition
of fatigue although a minority met criteria for
chronic widespread pain. It is likely that this
class consists of individuals with diverse mus-
culoskeletal complaints such as osteoarthritis,
rheumatoid arthritis, fibromyalgia, and even
non-pathological aches and pains associated
with middle age. Finally, Class 4 (‘ Depressive”)
had a relatively high prevalence of lifetime
major depression, memory deterioration, and
impairment. If these individuals were older, one
might expect the impact of a dementing illness
but this is less likely in this cohort.

A number of prior studies have used factor
analysis, latent class analysis, and latent profile
analysis to attempt to delineate heterogeneity.
Direct comparison of the results of these studies
to that presented here is difficult owing to the
different samples and item data entered into
the multivariate statistical technique. One of the
four studies that used latent class analysis found
a three class solution in a CFS clinical sample
that resembled the CFS-like, Rheumatic, and
Residual classes presented here (Hadzi-Pavlovic
et al. 2000). The items used in two prior latent
class analyses were not comparable with those
presented here (Sullivan er al. 2002; Sullivan
et al. 2003). Insufficient data were presented to
evaluate confidently the two class solutions
from a latent class analysis (Hickie et al. 1995)
and a latent profile analysis (Wilson ef al. 2001).
Factor analysis is rather different conceptually
from latent class analysis but one study from
primary care identified factors reminiscent of
fibromyalgia, chronic fatigue, somatic de-
pression, somatic anxiety, and irritable bowel
syndrome (Robbins et al. 1997). Other studies
identified factors akin to the acute physical
syndrome (Nisenbaum et al. 1998) and the
Rheumatic class (Bourdette er al. 2001) found
here.
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Heritability as a validator

Heritability is often considered as a critical ex-
ternal validator (Robins & Guze, 1970). Indeed,
clarifying the heritable essence of a phenotype is
often a strong motivation of modern twin and
family studies (provided one is willing to assume
the unimportance of shared familial environ-
mental effects). We approached this issue via a
‘brute force’ technique whereby we computed
all possible linear combinations of the eight an-
cillary items to determine the item combinations
that maximized the difference of the correlations
of monozygotic and dizygotic twin pairs. No
combination of items stood out as markedly
more heritable. Therefore, using these eight
items, we were not successful in employing
heritability as a phenotypic validator. A future
report will describe the twin modeling results
for various definitions of fatiguing illness.

Suggestions for the definition of CFS-like
illness

The broad conclusions from these results dove-
tail to suggest an alternative approach to the
definition of CFS-like illness. First, it is clear
that empirical evaluation of the criteria to be
used for the definition of a complex trait should
be conducted prior to its publication and wide-
spread adoption. We do not mean to take the
framers of the CDC-94 criteria specifically to
task on this issue; expert consensus is a complex
process with numerous hazards and advantages
and we note that certain of the ICD-10 (WHO,
1993) and DSM-IV criteria (APA, 1994) are
open to the same criticism.

Second, the assumptions behind the four or
more of eight ancillary symptoms criterion ap-
pear to be incorrect. The items themselves are
not equivalent. Several items do not perform as
expected. Most important, there appears to be no
inherent difference between people with between
zero and three criteria and between four and
eight criteria.

Finally, there is an obvious alternative defi-
nitional strategy that could be used. If the an-
cillary criteria were dropped entirely, the
definition of CFS-like illness could simply focus
on impairing chronic fatigue not due to a known
physical cause. This definition is more parsi-
monious and isolates the most salient public
health issue. Such an alternative definition would
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also be far easier for practitioners to remember
and apply more precisely. For researchers, there
are two key advantages: the ability to target
larger numbers of subjects and the avoidance of
the assumption that imperfectly reported clinical
symptoms (i.e. the ancillary features) actually
correspond to biological human differences. The
impact of such criteria could always be the sub-
ject of post hoc analyses.

Strengths and limitations

The results reported here had several distinctive
strengths. First, it is one of the largest popu-
lation screenings conducted for fatiguing illness.
Second, we could assess non-response bias. The
significant predictors of participation (mono-
zygosity, female gender, age, having a co-twin
who was also eligible, and fewer hospitalizations)
are not unexpected and reassuringly small in
magnitude.

The results of this study should be viewed in
light of two limitations. First, at present, we
only possess approximations of the full defi-
nition of CFS. The complete criteria require
clinical evaluation which has not yet been con-
ducted on this sample. Second, there is a tension
between research based in epidemiological and
clinical settings. Population-based work such as
that presented here is less likely to be influenced
by the numerous referral biases that can impact
on clinical samples; alternatively, the study of
presumptive cases in the population may pos-
sess limited relevance to clinicians.

CONCLUSIONS

In this investigation of a large population
sample of twins, we found: little support for
the CDC-94 criterion of four or more of eight
ancillary symptoms; several ancillary symptoms
(tender lymph nodes, headache, and sore throat)
discriminated poorly; most notably, a CFS-like
class using latent class analysis; and that heri-
tability estimates did not identify a more essen-
tial definition of CFS-like illness.
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