
Available online at www.sciencedirect.com

Metabolism Clinical and Experimental 59 (2010) 1351–1357
www.metabolismjournal.com
Chronic fatigue syndrome is associated with metabolic syndrome: results
from a case-control study in Georgia
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Abstract

We hypothesized that persons with chronic fatigue syndrome (CFS) would have a higher prevalence of metabolic syndrome compared
with well controls, and that unwell persons with insufficient symptoms or fatigue for CFS (termed ISF) would have a prevalence of metabolic
syndrome intermediate between those with CFS and the controls. We also sought to examine the relationship between metabolic syndrome
and measures of functional impairment, fatigue, and other symptoms. Our analysis was based on a population-based case-control study
conducted in metropolitan, urban, and rural areas of Georgia, United States, between September 2004 and July 2005. There were 111 persons
with CFS, 259 with ISF, and 123 controls. Metabolic syndrome was determined based on having at least 3 of 5 standard risk components
(abdominal obesity, high triglycerides, high blood pressure, elevated fasting glucose, and decreased high-density lipids) according to the
National Cholesterol Education Program Adult Treatment Panel III definition. Persons with CFS were 2-fold as likely to have metabolic
syndrome (odds ratio = 2.12, confidence interval = 1.06, 4.23) compared with the controls. There was a significant graded relationship
between the number of metabolic syndrome factors and CFS; each additional factor was associated with a 37% increase in likelihood of
having CFS. The association of ISF with metabolic syndrome was weaker (odds ratio = 1.72, confidence interval = 0.94-3.16). Among
persons with CFS, the number of metabolic syndrome factors was significantly correlated with worse fatigue on a standardized summary
measure of fatigue (r = 0.20, P = .04). In conclusion, CFS was associated with metabolic syndrome, which further exacerbated fatigue.
Published by Elsevier Inc.
1. Introduction

Chronic fatigue syndrome (CFS) presents unique chal-
lenges for those who have the illness, for health care
providers responsible for their evaluation and management,
and for public health authorities. Many of the challenges
reflect the lack of knowledge concerning the pathophysiol-
ogy of CFS, the absence of characteristic clinical signs or
diagnostic laboratory abnormalities in persons with CFS, and
the uncertainty concerning treatment and the clinical course
of the illness.
This study adhered to human experimental guidelines of US Department
of Health and Human Services and the Helsinki Declaration. The Centers for
Disease Control and Prevention Human Subjects committee approved the
study protocol, and all subjects gave informed consent.
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Because there are no characteristic clinical or laboratory
markers, diagnosis of CFS is based on self-reported
symptoms and exclusion of medical and psychiatric diseases
with a similar clinical picture [1,2]. Around half the
individuals in research studies who meet symptom criteria
for CFS are determined to have a previously undiagnosed
medical or psychiatric condition upon clinical evaluation,
which likely explains their symptoms [3-6]. The most
common explanatory medical conditions are thyroid disease,
diabetes, and cardiovascular diseases. It is important to
determine if persons with CFS are at increased risk for
developing such diseases.

Although the etiology of CFS remains unknown, an
increasing body of evidence supports the hypothesis that
alterations of the hypothalamic-pituitary-adrenal (HPA) axis
response to stress play a central role [7,8]. The HPA axis
regulates endocrine and autonomic nervous system function
and various immune pathways, and is central to the construct
of allostatic load, a physiologic measure of the cumulative
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wear and tear on the body due to repeated cycles of attempts
to adapt to change [9]. Allostatic load is determined based on
measurements of primary mediators (cortisol, noradrenalin,
epinephrine, dehydroepiandrosterone) and secondary out-
comes, or physiologic effects of dysregulated primary
mediators (blood pressure, waist to hip ratio, high-density
lipids, total cholesterol, and glucose) [10]. In 2 population-
based case-control studies, we found that persons with CFS
are more than 2-fold as likely as healthy controls to have a
high level of allostatic load; and the odds of having CFS
increased with increasing levels of allostatic load in a
significant dose-response relationship [11,12]. Increased
allostatic load is a risk factor for cardiovascular disease;
metabolic components of allostatic load largely account for
this association [13,14]. Metabolic syndrome is a cluster of
dyslipidemia, hypertension, glucose intolerance, and visceral
fat accumulation and is associated with increased risks of
maturity-onset diabetes, cardiovascular disease morbidity
and mortality, and Alzheimer disease [15-20].

In the current study, we sought to measure metabolic
syndrome status and describe the association of metabolic
syndrome with CFS and with a less severe condition—
unexplained unwellness with insufficient symptoms or
fatigue to be considered CFS—termed ISF. We also sought
to assess the relationships between metabolic syndrome
and general health, functional impairment, fatigue severity,
and overall symptom frequency/intensity. Persons with
CFS and with ISF and well controls were identified in a
study of defined metropolitan, urban, and rural populations
of Georgia.
2. Subjects and methods

2.1. Study design

Between September 2004 and July 2005, we conducted a
cross-sectional population-based case-control study in met-
ropolitan, urban, and rural Georgia populations by using
random-digit dialing to identify persons with CFS, unwell
persons, and controls. Unwell household members included
those with at least one of the common CFS defining
symptoms (fatigue, cognitive impairment, unrefreshing
sleep, muscle or joint pain) for at least 1 month, and
control residents included those who had none of these
symptoms for at least 1 month. Sampling methodology and
subjects are described in detail elsewhere [21]. Briefly, we
conducted a screening interview with a household informant
aged at least 18 years to elicit demographic and health status
of household members between the ages of 18 and 59 years.
We then conducted detailed telephone interviews with adults
identified as unwell with fatigue, randomly selected adults
who were unwell but without fatigue, and a random sample
of control household residents. Eight thousand eight hundred
sixty-two subjects were selected for detailed interviews, and
5630 (75%) participated. Seven respondents were outside
age criteria, and 1609 reported exclusionary medical or
psychiatric conditions. The remaining 4014 were classified
as having CFS-like illness (n = 469) if, on interview, they
met 1994 CFS case definition criteria [1] but lacked medical,
psychiatric, and laboratory evaluations to diagnose exclu-
sionary conditions; as being chronically unwell (n = 1763) if
they reported symptoms of unwellness for at least 6 months;
or as being well (n = 1782) if they had no domain symptoms
for more than 1 month. All those classified as CFS-like were
invited to a 1-day clinical evaluation, and 292 (62%)
participated. Five hundred five randomly selected chroni-
cally unwell subjects were invited to the clinic, and 268
(53%) participated. Finally, 223 controls who were frequen-
cy matched to the CFS-like subjects on age (±3 years), sex,
race/ethnicity, and geographic strata attended the clinic.

2.2. Classification of subjects

Of the 783 subjects who completed the clinical
examination, 280 (36%) had medical or psychiatric condi-
tions considered exclusionary for CFS [1,2]; and 2 were
missing data. The remaining 501 subjects were further
classified for analysis. We diagnosed CFS according to the
criteria of the 1994 research case definition [1]. To apply the
1994 criteria, we followed the recommendations of the
International CFS Study Group [2] and evaluated functional
impairment with the Medical Outcomes Survey Short Form–
36 (SF-36) [22], fatigue with the Multidimensional Fatigue
Inventory (MFI) [23], and occurrence and severity of the
8 CFS-defining symptoms by using the Centers for Disease
Control and Prevention (CDC) CFS-specific Symptom
Inventory (SI) [24]. We applied a classification algorithm
based on subscale cutoffs per CDC recommendations [25]
and classified 113 subjects with CFS, 264 with ISF, and 124
as well.

2.3. Clinical and laboratory data

Demographic information was obtained in a telephone
interview and confirmed at the clinic visit. Physical
functioning, general health, fatigue, and other symptoms
were measured during the clinic visit based on subjects'
responses to standardized questionnaires (SF-36, MFI,
CDC SI).

A licensed nurse measured blood pressure at clinic after
participants had rested recumbent for 30 minutes. Height,
weight, waist, and hip circumference were measured in a
standing position. Waist circumference was measured at the
narrowest point between the iliac crest and the umbilicus.
Hip circumference was measured at the maximum buttocks.
Body mass index (BMI) was computed based on the ratio of
the weight in kilograms to height in meters squared.

2.4. Laboratory data

All subjects had blood drawn by a research nurse at
approximately 8:30 AM after fasting since midnight. Total
cholesterol, high-density lipids, triglycerides, glucose, and
insulin were measured using standard laboratory tests.
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Insulin resistance was determined using the homeostasis
model assessment algorithm (serum insulin [micro–interna-
tional units per milliliter] × (fasting glucose [millimoles per
liter]/22.5) and based on a cutoff of the 75th percentile for
well controls [26].

2.5. Metabolic syndrome

We identified metabolic syndrome by using the 5
standard components (abdominal obesity, high level of
triglycerides, low level of high-density lipids, high blood
pressure, and high level of fasting glucose). We considered
metabolic syndrome to be present if a subject's measure-
ments for at least 3 factors were greater than or less than the
risk cutoffs as defined by the revised Third Report of the
National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel) definition
[27]. Taking medication to lower lipids, blood pressure, or
glucose also attributed 1 point each toward a subject's risk
factor total, respectively (Table 2) [27].

2.6. Statistical methods

Throughout our analysis, we compared the 2 groups of ill
participants (CFS and ISF) to the same control group. We
used the Wilcoxon rank sum test to compare mean ages by
case-control status and a χ2 or Fisher exact test to compare
categorical demographic and metabolic factors by case-
control status. Wilcoxon rank sum test was used to compare
mean number of metabolic syndrome components present
between cases and controls. Statistical significance for these
tests was determined at α b .05 level, and all tests were
2-tailed. Logistic regression analysis was used to generate
odds ratios (ORs) as measures of the association of metabolic
syndrome with CFS and ISF relative to the control. All
matching factors were included as covariates in models
predicting CFS (age [continuous values], sex, race, geo-
graphic stratum) because matching of CFS-like to controls in
the source study was broken because of reclassification,
precluding use of a matched analysis. For models predicting
ISF, only age and sex were included as covariates. In
addition, education (8 categories) and BMI (continuous)
were examined as potential confounders. Model fit was
assessed using the Hosmer-Lemeshow (HL) goodness of fit
test; P values N.05 were indicative of a good model fit.

We assessed the correlation of number of metabolic
syndrome factors with continuous summary measures of
physical and mental functioning (SF-36 physical and mental
component scores), fatigue (total MFI summary score),
symptom score (CDC SI score for CFS and non-CFS
symptoms), and self-reported duration of fatigue among the
CFS group using Spearman partial correlations, adjusting for
age, sex, and BMI.

Age-standardized prevalence rates of metabolic syndrome
were computed using the 2000 US Census population as the
standard population. Ten-year age group proportions were
derived from the standard population and multiplied by our
crude prevalence estimates for each age group to obtain
products that were summed to produce age-standardized
rates per 100. EMM conducted all analyses using SAS
version 9.0 (SAS Institute, Cary, NC).
3. Results

Eight (0.1%) of the 501 participants lacked complete
clinical and laboratory data for all metabolic factors and were
excluded from the analysis. Our analysis is based on 493
persons, including 123 controls, 111 persons with CFS, and
259 persons with ISF. Fourteen subjects had previously been
diagnosed with type 2 diabetes mellitus or were taking
diabetic medications at therapeutic levels (4 controls, 8 ISF,
2 CFS).

Our study sample comprised mostly middle-aged white
women, and the largest proportion lived in rural areas
(Table 1). Control, ISF, and CFS groups were demograph-
ically similar except for education level. Lower proportions
of the CFS group completed post–high school education
levels compared with the control (P = .05). In addition,
both the CFS (P = .06) and ISF (P = .005) groups had a
greater proportion of subjects in the overweight and obese
categories of BMI compared with the control.

Metabolic syndrome was determined based on standar-
dized criteria presented in Table 2. All study groups had a
range of 0 to 5 metabolic factors that fell in the risk level for
metabolic syndrome. Persons with CFS had an average of
2.12 (±1.45) metabolic factors in the high-risk range, which
was significantly higher than an average of 1.59 (±1.14)
among the control (P = .006). The ISF group also had a
higher mean number of metabolic factors with values in the
risk category (1.88 ± 1.41) compared with the control,
although this difference was not significant (P = .11).

The prevalence of metabolic syndrome in the entire
study sample was 31.0%; it was lowest among the controls
(21.1%), intermediate among the ISF group (32.4%), and
highest among the CFS group (38.7%). These prevalence
rates were slightly higher than the age-standardized rates
per hundred persons that were computed based on the age
distribution of the US population: 15.8 for the controls,
25.4 for the ISF group, and 31.4 per hundred for the CFS
group. The difference between our study prevalence rates
and the age-standardized rates likely reflects the larger
proportion (70%) of persons between the ages of 40 and 59
years in our study sample compared with the general US
population (45%).

Persons with CFS were 2-fold as likely as controls to
have metabolic syndrome, after adjusting for matching
factors (ORadjusted = 2.65, confidence interval [CI] = 1.43-
4.81) (HL goodness of fit test P value = .51). Additional
adjustment for education did not appreciably alter the OR
for the relationship between CFS and metabolic syndrome
(OR = 2.62, CI = 1.40-4.91). Further adjustment for BMI



Table 1
Distribution of demographic and risk factors among subgroups of persons
with CFS, persons with ISF, and healthy persons in Georgia

Factors Control
(n = 123)

ISF
(n = 259)

CFS
(n = 111)

P value

Age (y)
Mean ± SD 44.6 ± 10.5 43.1 ± 10.4 44.5 ± 10.0 P = .80a

Range (19-59) (18-59) (18-59) P = .15b

Sex (n [%])
Female 93 (75.6) 196 (75.7) 90 (81.1) P = .31a

Male 30 (24.9) 63 (24.3) 21 (18.9) P = .98b

Race (n [%])
White 94 (76.4) 193 (74.5) 83 (74.8) P = .52a

Black 28 (22.8) 53 (20.5) 20 (18.0) P = .76b

Otherc 1 (0.8) 13 (5.0) 8 (7.3)
Geographic stratum (n [%])
Metropolitan 22 (17.9) 52 (20.1) 22 (19.8) P = .92a

Urban 42 (34.1) 89 (31.7) 36 (32.4) P = .83b

Rural 59 (47.9) 125 (48.3) 51 (47.7)
Education
Grades 1-8 0 3 (1.2) 1 (0.9) P = .05a

Some high
school

2 (1.6) 7 (2.7) 4 (3.6) P = .14b

High school
graduate

12 (9.8) 44 (17.0) 27 (24.3)

Trade/technical/
vocational

11 (8.9) 33 (12.8) 9 (8.1)

Some college 25 (20.3) 52 (20.2) 24 (21.6)
2 y of college 11 (8.9) 18 (7.0) 10 (9.0)
4 y of college 27 (21.9) 57 (22.1) 19 (17.1)
Postgraduate 32 (26.0) 41 (15.9) 17 (15.3)
Indeterminated 3 (2.4) 3 (1.2) 0

BMI (n [%])
b25.0 58 (47.1) 78 (30.1) 35 (31.8) P = .06a

25.0-29.9 34 (27.6) 94 (36.3) 40 (36.4) P = .005b

≥30.0 31 (25.2) 87 (33.6) 35 (31.8)
a P values for comparison of CFS and control.
b P values for comparison of ISF and control.
c Other race was not included in statistical comparison.
d Indeterminate education was not included in statistical comparison.
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reduced the strength of the association between CFS and
metabolic syndrome, but it remained statistically significant
(ORadjusted = 2.12, CI = 1.06-4.24) (HL P value = .68).
There was a graded relationship between CFS and
metabolic syndrome; each additional metabolic risk factor
was associated with a significant 37% increased likelihood
Table 2
Metabolic syndrome components and their respective risk levels

Components Risk levels

Abdominal obesity
Men Waist N102 cm (N40 in)
Women Waist N88 cm (N35 in)

Triglycerides ≥150 mg/dL or on lipid-lowering medication
High-density lipids
Men b40 mg/dL
Women b50 mg/dL

Blood pressure ≥130/≥85 mm Hg or on blood pressure medication
Fasting glucose ≥100 mg/dL (5.6 mmol/L) or on

glucose-lowering medication
of having CFS (OR = 1.37, CI = 1.06-1.79), after adjusting
for age, sex, race, geographic stratum, and BMI (HL
P value = .75).

Similarly, persons with ISF were twice as likely as
controls to have metabolic syndrome, after adjusting for age
and sex (ORadjusted = 2.19, CI = 1.27-3.77) (HL P value =
.15). Additional adjustment for education altered that OR
only slightly (OR = 2.13, CI = 1.23-3.70) (HL P = .63).
Further adjustment for BMI reduced the OR for the
association of ISF and metabolic syndrome, and eliminated
its statistical significance (ORadjusted = 1.72, CI = 0.94-3.16)
(HL P value = .61). Each additional metabolic risk factor
was associated with a 13% increased likelihood of having
ISF (OR = 1.13, CI = 0.91-1.40) (HL P value = .53).

We examined the prevalence of the 5 components
comprising the metabolic syndrome in the separate study
groups (Fig. 1). All metabolic syndrome components were
least prevalent in the control, intermediate in the ISF group,
and most prevalent in the CFS group; and these trends were
significant for high waist circumference (Ptrend = .04), high
triglycerides (Ptrend = .004), and high glucose (Ptrend = .03).
The prevalence of insulin resistance was lowest (25.0%) in
the control, intermediate (37.8%) in the ISF group, and
highest (42.7%) in persons with CFS (P = .01, P trend =
.005). High waist circumference, high triglycerides, high
glucose, and insulin resistance were significantly more
common in persons with CFS than the controls (P = .03, P =
.004, P = .04, and P = .005, respectively). The ISF group had
significantly higher prevalence rates of high glucose (P =
Fig. 1. Distribution of prevalence of metabolic syndrome components and
insulin resistance by study group. Gray bars represent controls, striped bars
represent the ISF group, and black bars represent the CFS group. P values
represent statistically significant differences in metabolic syndrome
components or insulin between the CFS or the ISF group relative to the
control: ⁎P value b .05, ⁎⁎P value b .01, and ⁎⁎⁎P value b .001. Compared
with the control, the CFS group had significantly higher prevalence rates of
high waist circumference (P = .03), high triglycerides (P = .004), high
glucose (P = .04), and insulin resistance (P = .005). The ISF group had
significantly higher prevalence rates of high glucose (P = .04) and insulin
resistance (P = .02) compared with the control.
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.04) and insulin resistance (P = .02) compared with the
control. Neither the CFS nor the ISF group differed
significantly from the control with respect to the prevalence
of low high-density lipids or high blood pressure. In
addition, the ISF group did not differ significantly from the
control with respect to the prevalences of high waist
circumference and high triglycerides.

We examined the association between the number of
metabolic syndrome factors present in a subject and
summary scores for fatigue (total MFI summary score),
impaired physical and mental functioning (physical compo-
nent summary score, mental component summary score),
and symptom scores (CDC SI) in the CFS group. The
number of metabolic syndrome factors was linearly
correlated with the fatigue summary score, indicating that
increasing metabolic factors was weakly linearly associated
with worse overall fatigue (r = 0.20, P = .04), after adjusting
for age, sex, and BMI. The number of metabolic factors was
not significantly linearly correlated with physical (P = .21) or
mental functioning (P = .15) as measured by summary
scores, or with the CFS-specific symptom score (P = .93) or
non-CFS symptom score (P = .97).

Ninety-nine persons with CFS had information on self-
reported duration of fatigue. The average duration of
fatigue among the CFS group was 7.6 years (range, 0.04-
49.6 years). Duration of fatigue was not linearly correlated
with number of metabolic syndrome factors in this group
(r = 0.04, P = .69).
4. Discussion

We examined the relationship between CFS and
metabolic syndrome in a study of clinically confirmed
CFS cases and controls ascertained from defined metropol-
itan, urban, and rural populations in Georgia. Compared
with controls, persons with CFS were twice as likely to have
metabolic syndrome after adjusting for BMI; waist
circumference, triglycerides, and glucose were the metabo-
lic syndrome factors that accounted for this difference. We
found a similar relationship when comparing persons with
ISF to the same control group; however, the strength of that
association was weaker and became statistically nonsignif-
icant after adjusting for BMI. The overall prevalence of
metabolic syndrome in our study (31%) was similar to the
total reported prevalence for the US general population of
nonpregnant adults (34.5%) measured by the National
Cholesterol Education Program Adult Treatment Panel III
definition in 1999-2002 [28]. In addition to metabolic
syndrome, we examined insulin resistance, as it is
considered the pathophysiologic mechanism of metabolic
syndrome [26,28]. We showed that persons with CFS as
well as persons with ISF have significantly higher
prevalences of insulin resistance compared with controls,
with the highest prevalence detected among the CFS group.
The prevalence of insulin resistance in the controls was
similar to the crude prevalence among a survey of US adults
40 years and older [29].

To our knowledge, this is the first report of an association
of CFS with metabolic syndrome, although there is
precedent for this association. Fibromyalgia, a condition
that shares many clinical features with CFS and also has
fatigue as a core symptom, has been associated with
metabolic syndrome; within that study, energy level was
measured as a surrogate for fatigue and was inversely related
to the level of glycosylated hemoglobin, a stable measure of
glucose [30].

The number of metabolic syndrome factors was signif-
icantly correlated with a worse summary score for fatigue
among the CFS group, but not with worse physical or mental
functioning, or overall CFS-specific or non-CFS symptom
scores. Our results on functional impairment are contrary to a
study of obese persons seeking weight reduction that
reported an association of metabolic syndrome with worse
physical functioning [31]. Our study suggests that fatigue
may be associated with metabolic syndrome. Additional
studies of CFS in other populations are needed to confirm
these findings.

Our results were generated from a cross-sectional study of
CFS, which limits our ability to determine the temporal
relationship between CFS and metabolic syndrome. It is
equally possible that metabolic syndrome preceded or
proceeded development of CFS. However, we did not find
a significant correlation between number of metabolic
syndrome risk factors and duration of illness, suggesting
that metabolic syndrome did not develop because of illness
duration. A further limitation is that persons with abnormal
values for many standard laboratory tests were excluded
from this analysis in accordance with the study design. Our
findings may therefore be an underestimate of the prevalence
of metabolic syndrome in the CFS and ISF groups that had
larger proportions of exclusionary conditions than the
control group [32].

A possible explanation of the relationship between CFS
and metabolic syndrome is provided by an adaptation of the
model for metabolic syndrome provided by Tentolouris et al
[33]. Accordingly, high levels of insulin activate the HPA
axis and the sympathetic nervous system (SNS) [34,35].
Increased activation of the SNS stimulates production of
inflammatory molecules including the cytokines interleukin-
6 and tumor necrosis factor–α by adipose tissue and
macrophages, resulting in increased secretion of C-reactive
protein (CRP) [36]. This model is supported by a growing
body of evidence supporting a role for alteration of the HPA
axis response to stress in CFS [7,8] and the findings that CFS
is associated with decreased heart rate variability, consistent
with increased SNS activity [37] and high levels of high-
sensitivity (hs) CRP [38-40], although the relationship with
hs-CRP was mitigated by symptoms of depression in one of
these studies [40]. Thus, the insulinemia associated with
metabolic syndrome may be triggering inflammation; and
both could be impacting symptoms. In CFS, a high level of
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hs-CRP was significantly associated with worse functioning
due to physical symptoms, as measured by the physical
component score of the SF-36 [40]; a high level of insulin
was associated with worse fatigue, as measured by the
reduced motivation subscale of the multidimensional fatigue
inventory [12].

Prospective studies indicate that compared with persons
without metabolic syndrome, persons with metabolic
syndrome have approximately a 2- to 3-fold increased risk
for atherosclerotic cardiovascular disease, an approximate 5-
fold increased risk for type 2 diabetes mellitus, an
approximate 2- to 4-fold increased risk of cardiovascular
mortality [15-19], and a 2-fold increased risk for Alzheimer
disease among the elderly [20]. Prospective studies of
persons with CFS and controls are warranted to determine
the temporal relationship between CFS and metabolic
syndrome, in addition to the risk of atherosclerotic
cardiovascular disease, type 2 diabetes mellitus, and
Alzheimer disease, among persons with CFS.

In conclusion, persons with CFS had a significantly
elevated prevalence of metabolic syndrome compared with
healthy individuals. Metabolic syndrome is a known risk
factor for type 2 diabetes mellitus, cardiovascular disease,
and Alzheimer disease. Metabolic syndrome should there-
fore be evaluated in persons with CFS. If detected,
appropriate treatment of abnormal metabolic factors should
be implemented.
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