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Abstract

The metabolic syndrome is conceptualized as a clustering of risk factors—including insulin resistance, dyslipidemia, central adiposity,
and elevated blood pressure (BP)—that increase the risk for cardiovascular disease and type 2 diabetes mellitus. Recent evidence suggests
that markers of systemic inflammation may be included in the definition of the syndrome and play some role in its pathogenesis. In this study,
we use a statistical modeling technique, confirmatory factor analysis, to evaluate relationships of systemic inflammation, as measured by
plasma concentrations of C-reactive protein and interleukin-6, with the component factors of the metabolic syndrome (insulin resistance,
dyslipidemia, central adiposity, and elevated BP) and to examine whether inflammation is a potential common pathway linking established
components to the full syndrome. Subjects were 645 community volunteers aged 30 to 54 years (48% male, 82% European American, 18%
African American). Consistent with existing literature, structural equation modeling adjusting for age, sex, and race confirmed a higher-order
common factor underlying the covariation of insulin resistance, dyslipidemia, adiposity, and BP. Inflammation was positively associated with
this common factor, accounting for 54% of its variance and partially mediating statistical aggregation of the component factors comprising
the metabolic syndrome. These results were particularly strong for adiposity, raising the possibility that inflammatory processes stimulated by
intraabdominal adipose tissue contribute to the development of the metabolic syndrome. The inclusion of inflammatory markers in the
clinical definition of metabolic syndrome seems warranted and may improve prognostic assessment of risk of type 2 diabetes mellitus and
cardiovascular disease.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The metabolic syndrome has been conceptualized as a
clustering of metabolic risk factors—including insulin
resistance, dyslipidemia, central adiposity, and elevated
blood pressure (BP)—that increase the risk for cardiovas-
cular disease (CVD) and type 2 diabetes mellitus [1,2]. These
risk factors co-vary in epidemiologic investigations [3]
and, when combined, predict incident disease, disease
course, and mortality, with the aggregate syndrome account-

Institution where work was done: University of Pittsburgh.

Institutional approval: Informed consent was obtained in accordance
with approved protocol guidelines of the University of Pittsburgh
Institutional Review Board.

* Corresponding author. Tel.: +1 412 624 2434; fax: +1 412 648 3720.

E-mail address: marsland@pitt.edu (A.L. Marsland).

0026-0495/$ — see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2010.05.015

ing for cardiovascular risk beyond that associated with the
component risk factors [4].

The clinical definition of metabolic syndrome has
undergone several iterations [1,5-7]. The current guidelines
promulgated by the American Heart Association and the
National Heart, Lung, and Blood Institute [5] largely overlap
with those recommended by the International Diabetes
Federation [1] and require evidence of 3 of the following
S criteria: elevated fasting glucose, elevated BP, large waist
circumference, elevated triglycerides, and reduced high-
density lipoprotein (HDL) cholesterol. Recently, it has also
been proposed that markers of systemic inflammation be
included in the definition of the syndrome [8,9]. In this
regard, elevated peripheral levels of proinflammatory
mediators, such as C-reactive protein (CRP) and interleukin
(IL)-6, correlate with individual components of the meta-
bolic syndrome and confer cardiovascular and metabolic
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risk beyond that associated with the clinically defined
syndrome [9-12]. Furthermore, mounting evidence suggests
that inflammation plays a causal role in the development of
both obesity and insulin resistance [13,14] and may provide
a common link between established components of the
syndrome [15].

The epidemiologic covariation of components of the
metabolic syndrome implies that one or another primary
etiologic process exists. To date, there has been much
speculation but no consensus regarding an underlying
process that gives rise to the clinical syndrome. Structural
equation modeling (SEM) and a derivative methodology,
confirmatory factor analysis (CFA), can test whether a single
factor contributes to associations between multiple variables
and whether additional variables correlate with this under-
lying factor. Findings from recent studies using these
approaches provide consistent evidence that 4 subfactors—
insulin resistance, adiposity, dyslipidemia, and elevated
BP—load on a single latent factor that is consistent with
currently accepted definitions of the metabolic syndrome
[16-18]. To date, no studies have used these techniques to
examine the possibility that inflammation is related to the
structure of the common latent factor.

Accordingly, the purpose of the current study was to use
SEM to evaluate relationships between low-grade systemic
inflammation, as measured by CRP and IL-6, and the
metabolic syndrome factor and to examine whether inflam-
mation is a potential common pathway linking established
metabolic components to the full syndrome. In light of
existing literature, the common factor was defined as a single
factor unifying 4 subfactors: insulin resistance, dyslipidemia,
adiposity, and elevated BP. Our hypothesis was that
inflammation would be positively associated with the
common factor and would at least partially account for
relationships between insulin resistance, dyslipidemia,
adiposity, and elevated BP.

2. Methods
2.1. Participants

Data for the present study were derived from the
University of Pittsburgh Adult Health and Behavior project,
a registry of behavioral and biological measurements on
non-Hispanic white and African American individuals
(30-54 years old) recruited via mass-mail solicitation from
communities of southwestern Pennsylvania, USA (princi-
pally Allegheny County). Exclusion criteria for entry into
the parent study included a reported history of atheroscle-
rotic CVD, chronic kidney or liver disease; cancer treat-
ment in the preceding year; neurologic disorders; or
psychotic illness. Other exclusions included pregnancy
and the use of insulin, nitrates, glucocorticoid, antiarrhyth-
mic, psychotropic, or prescription weight-loss medications.
Informed consent was obtained in accordance with

approved protocol guidelines of the University of Pittsburgh
Institutional Review Board.

Additional exclusion criteria for the current analyses
included use of antihypertensives, oral hypoglycemics,
cholesterol-lowering medications, immunosuppressants,
cold medications, or antihistamines. Of the 1007 members
of the parent project who met the above criteria, IL-6 and
CRP measurements were available on 723 individuals. Of
these, 73 individuals with IL-6 levels greater than 10 pg/mL
or CRP levels greater than 10 mg/L, suggesting the presence
of acute illness (eg, colds), and 5 individuals who were
missing components of the metabolic syndrome were
excluded, resulting in a final sample of 645 individuals.

2.2. Metabolic and inflammatory assessments

Participants were asked to fast overnight for 8 hours and
avoid exercise for 12 hours and alcohol for 24 hours before
coming into the laboratory in the morning to have blood
drawn. At this visit, a nurse completed a medical history and
medication use interview, obtained measurements of height
and weight for the determination of body mass index (BMI)
(in kilograms per square meter), took 2 manual BP measure-
ments after the subject had been seated for 20 minutes,
obtained a measurement of waist circumference, and drew a
40-mL blood sample. Serum glucose, HDL cholesterol, and
triglyceride concentrations were measured by the Heinz
Nutrition Laboratory, School of Public Health, University of
Pittsburgh, which has met criteria for the Centers for Disease
Control and Prevention—National Heart, Lung, and Blood
Institute Standardization Program since 1982. Insulin con-
centration was measured in duplicate with a radioimmuno-
assay (Code-a-count; Diagnostic Products, Los Angeles, CA).

For the assessment of inflammatory markers, blood was
collected in citrated tubes, with harvested plasma frozen
at —80°C until analysis in batches. Interleukin-6 levels were
determined using a high-sensitivity quantitative sandwich
enzyme immunoassay kit (R & D Systems, Minneapolis,
MN) according to manufacturer’s directions. The assay
standard range is from 0.156 to 10 pg/mL. Interleukin-6
levels were extrapolated from a standard curve with linear
regression from a log-linear curve. All samples were run in
duplicate, and the average coefficient of variation (CV)
between samples was 5%. Reciprocal transformation was
applied to normalize raw score distributions of the IL-6
values. For ease of interpretation, the signs of correlations
involving reciprocally transformed measurements of IL-6
were reversed.

C-reactive protein was measured at the University of
Vermont’s Laboratory of Clinical Biochemistry Research
with the BNII nephelometer from Dade Behring (Newark,
DE) using a particle-enhanced immunonephelometric assay.
In this procedure, polystyrene particles are coated with
monoclonal antibodies to CRP, which, in the presence of
antigen agglutinate, cause an increase in the intensity of
scattered light. The increase in scattered light is proportional
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to the amount of CRP in the sample. The assay range is 0.175
to 1100 mg/L. Intraassay CVs range from 2.3% to 4.4%, and
interassay CVs range from 2.1% to 5.7%. Final CRP values
were log normal (base ) transformed to better approximate a
normal distribution.

2.3. Data analysis

Structural equation modeling was conducted based on
the model of Bentler and Weeks [19] using the EQS
program [20]. Tests of significance were set at .01
(2-tailed). The ratio of cases to variables was greater than
60:1, and the ratio of cases to parameters was greater than
20:1. Both were sufficient for conducting SEM. A x* test
was used to evaluate the congruency between the
hypothesized model and empirical data. In addition, 3
other model fit indices were used: comparative fit index
(CFI; >.95 indicative of good fit), average absolute
standardized residuals (<.05 indicative of good fit), and
root mean square error of approximation (RMSEA; <.05
indicative of good fit) [20].

We used SEM to examine the association of inflamma-
tion with the metabolic syndrome, with age, sex, and race
statistically adjusted in each analysis. The first step was a
CFA based on our prior model [16,17] to confirm the factor
analytic structure of the metabolic syndrome in this sample
(metabolic syndrome CFA model). Specifically, fasting
insulin and glucose, BMI, waist circumference, fasting HDL
and triglycerides, and SBP and DBP were arranged to load
on 4 component factors: “insulin resistance,” “adiposity,”
“dyslipidemia,” and “elevated BP.” The model included a
higher- (second-) order latent factor, hypothesized to
underlie common variability among the 4 component
factors consistent with the conceptualization of the
metabolic syndrome.

For the next model, we created an inflammation factor,
defined by IL-6 and CRP, and examined the strength of
association between this factor and the second-order factor
reflecting the metabolic syndrome (association model). We
also examined whether inflammation accounted for some of
the correlation between individual components of the
metabolic syndrome (partial mediation model). Here, we
allowed the insulin resistance, adiposity, dyslipidemia, and
BP subfactors to load on the higher-order factor and,
independently, to be correlated with the inflammation factor.
We then examined whether the components of the metabolic
syndrome continued to load on the common factor once their
association with inflammation was taken into account.

Finally, we examined whether the inflammation factor
alone could account for the covariation among insulin
resistance, adiposity, dyslipidemia, and BP by fitting a
model in which these factors were correlated with the
inflammation factor but not permitted to load on an
underlying second-order factor (full mediation model). A
significant decrement in model fit in this nested model
relative to the partial mediation model above would indicate

that the partial mediation model is a better fit to the data than
the full mediation model.

3. Results

3.1. Sample characteristics

Demographic characteristics of the sample and descrip-
tive statistics of the metabolic and inflammatory variables
are displayed in Table 1. Table 2 displays Pearson
correlations between each pair of variables included in the
analyses. As expected, high correlations were observed
between clusters of factors proposed to load on the metabolic
syndrome and between metabolic factors and inflammatory
markers (all Ps <.01).

3.2. CFA of metabolic syndrome

In the metabolic syndrome CFA model, we replicated in
this sample our prior confirmatory factor analytic model of
the metabolic syndrome [16,17] (Fig. 1). Overall, the model
provided a good fit to the data. Although the statistically
significant x* test (x* = 57.51, df = 12, n = 645, P < .01)
indicated some difference between the estimated and
observed variance-covariance matrices, this was likely due
to the large sample size. The CFI of the model was .98, with
the average absolute standardized residual = 0.02 and
RMSEA = 0.08. These findings suggest that the factor
structure proposed fit the data reasonably well. Consistent
with previous work, the measured variables tended to load
strongly on their respective factors, with the potential
exception of the loading of glucose on the insulin resistance
factor. Each of the subfactors loaded significantly on the
second-order factor. As seen in prior studies, the least
strongly loading factor was elevated BP [16]. Overall, the
results indicate that the pattern of covariation among
measured components of the metabolic syndrome is
consistent with a model that includes 4 subfactors,

Table 1
Descriptive statistics of participants’ demographic and biomedical characteristics

Mean or % SD
Age 44.65 6.55

Sex (male/female) 48%/52%

Race (European Americans/African Americans) 82%/18%

Education (y) 15.60 2.74
Current smokers 15.8%

Insulin (#U/mL) 12.79 6.53
Glucose (mg/dL) 95.81 16.68
BMI (kg/m?) 27.16 5.38
Waist circumference (in) 35.85 5.87
HDL cholesterol (mg/dL) 54.05 14.19
Triglycerides (mg/dL) 120.55 86.93
Systolic BP (mm Hg) 116.35 13.27
Diastolic BP (mm Hg) 78.50 9.43
IL-6 (pg/mL) 1.79 1.68
CRP (mg/L) 1.65 1.79
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Table 2
Intercorrelations of components of the metabolic syndrome and markers of inflammation
SBP DBP Insulin Glucose BMI Waist HDL Triglycerides IL-6
Systolic BP
Diastolic BP a7t
Insulin® 28" 337
Glucose® 16" A7 28"
BMI 36" 367 517 217
Waist 407 457 547 327 857
HDL cholesterol —.18f -20f -357 -217 — 347 — 46"
Triglycerides® 31° 307 397 317 28" 417 —.46"
IL-6° 197 21F 177 157 297 317 -207 2%
CRP* 197 17" 347 13%* 487 417 —.187 21° 33%

? Transformed with a natural log function.

® Reciprocally transformed with the sign of the correlation reversed for ease of interpretation.

T p<.0l.
£ Pp<.001.
* P <.05.

reflecting “insulin resistance,” “dyslipidemia,” “adiposity,”
and “elevated BP,” which, in turn, load on a single,
common, second-order factor, which we hypothesize to
reflect the metabolic syndrome.

3.3. Association of inflammation with the
metabolic syndrome

In the next model, we examined the association between
an inflammation factor and the common, second-order factor
(Fig. 2A). Again, the model fit indices suggest that the factor
structure proposed fit the data reasonably well, with CFI,
average absolute standardized residual, and RMSEA within
the acceptable range. Interleukin-6 and CRP showed a
moderate to strong association with the inflammation factor.
The path coefficient for the association between inflamma-
tion and the common factor was substantial, suggesting that
the inflammation factor accounted for more than half of the
variance (+ = [0.74]%, or 0.54) in the common, second-order

Glucose (In)

Dyslipidemia
Triglycerides (In)

Fig. 1. Confirmatory factor analysis model: Factor structure of the metabolic
syndrome with age, sex, and race covaried. C*=5751, df =12, n = 645;
CFI = .98, average absolute standardized residuals = .02, RMSEA = .08.

factor underlying components of the metabolic syndrome.
Secondary analyses showed that the association of the
inflammatory factor with the common factor was similar in
men and women (data not shown).

3.4. Mediation models

Given the strong association between the inflammation
factor and the common factor, we next sought to determine
whether inflammation could account for some portion of the
association between components of the metabolic syn-
drome. The partial mediation model (Fig. 2B), in which the
subfactors of the metabolic syndrome were permitted both
to correlate with the inflammation factor and to load on the
common factor, provided good fit to the data. Within the
model, the inflammation factor was associated significantly
with each of the component factors of the metabolic
syndrome (path coefficients, 0.37-0.68; s = 0.14-0.46),
with the strongest association for the adiposity factor. Each
of the component factors also continued to load significantly
on the common, second-order factor, although the strength
of these associations was now generally diminished.
Relative to the metabolic syndrome CFA model (Fig. 1),
the most substantial change in loading on the common
factor was for the adiposity factor, which dropped from a
factor loading of 0.74 to 0.41. For BP, insulin resistance,
and dyslipidemia, the factor loadings dropped from 0.48 to
0.30, 0.99 to 0.80, and 0.74 to 0.57, respectively. These
results suggest that inflammation does account for some of
the association between insulin resistance, dyslipidemia,
adiposity, and elevated BP, suggesting that inflammation
may be one factor accounting for correlation among
metabolic syndrome components.

Finally, we examined a full mediation model, in which the
inflammation factor accounted for all covariations among
components of the metabolic syndrome. Relative to the
partial mediation model, this nested model caused a
significant decrement in model fit (Ayx°[5] = 37.21, P <
.0001), indicating that the full mediation model provides a
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Fig. 2. A, Association model: Association between circulating inflammatory markers and metabolic syndrome with age, sex, and race covaried. C* = 97.44, df =
25, n = 645; CFI = .97, average absolute standardized residuals = .03, RMSEA = .07. B, Partial mediation model: Circulating inflammatory markers and
metabolic syndrome with age, sex, and race covaried. C*=179.93, df =22, n = 645; CFI = .98, average absolute standardized residuals = .02, RMSEA = .06.

From previous model: DC? = 17.51, df = 3, P = .0006.

less adequate fit to the data than the partial mediation model.
This confirms that, although the inflammation factor does
appear to contribute to associations between components
of the metabolic syndrome, it does not solely account for
these relationships.

4. Discussion

A consistent body of evidence shows (a) that the
metabolic syndrome is a clinical phenomenon; (b) that its
component risk factors of insulin resistance, adiposity,
dyslipidemia, and elevated BP aggregate within popula-
tions; and (c) that it confers cardiovascular risk beyond that
associated with these component risk factors [4]. In regard
to the clustering of traditional metabolic risk factors, our
findings lend support to the established hierarchical 4-factor
structure of the metabolic syndrome [16-18]. Consistent

with this literature, we found a higher-order common factor
underlying the covariation of insulin resistance, adiposity,
dyslipidemia, and BP, with strong associations between the
common factor and insulin resistance, adiposity, and
dyslipidemia, and a more moderate contribution of BP.
This model supports the currently accepted clinical
definitions of the metabolic syndrome [1,5-7] and provides
further support for common processes that unite these core
risk factors.

Both the epidemiologic aggregation of risk factors and the
findings of SEM suggest the existence of an underlying,
common etiologic process. Identification of this unidentified
factor would both improve our understanding of the
pathophysiology of the metabolic syndrome and also likely
improve our ability to predict disease [9]. One candidate
factor is low-grade systemic inflammation, itself a known
participant in the development of obesity, insulin resistance,
and atherosclerosis. The current findings show that 2


image of Fig. 2

1806 A.L. Marsland et al. / Metabolism Clinical and Experimental 59 (2010) 1801-1808

markers of systemic inflammation, IL-6 and CRP, load on a
single factor that is associated significantly with the
factor analytically derived index of metabolic syndrome,
accounting for 54% of its variance among 645 relatively
healthy, midlife men and women. Indeed, the association of
the common factor with inflammation was stronger than its
associations with lipid levels or BP, which accounted for
49% and 24% of the variance, respectively. These findings
are consistent with prior studies that show an association
between inflammatory markers and both individual compo-
nents and clinical definitions of the metabolic syndrome
[9,21-23]. Taken together, these findings raise the possibility
that systemic inflammation is a shared etiologic process that
underlies the coexpression of insulin resistance, central
adiposity, elevated BP, and dyslipidemia. In addition, the
relationships between the metabolic syndrome and increased
vulnerability to CVD and type 2 diabetes mellitus could be
mediated, in part, through inflammatory pathways.

To date, the mechanisms linking components underlying
the metabolic syndrome remain unclear; and other investi-
gators have suggested that inflammation plays a primary
pathogenic role [24]. To explore this possibility, we
examined whether associations between core metabolic
components and the common factor were diminished if
inflammation was statistically controlled. When component
factors of the metabolic syndrome were permitted both
to correlate with the inflammation factor and to load on
the common, latent factor, significant associations were
observed between inflammation and all metabolic compo-
nents, with the strongest relationships for insulin resistance
and adiposity. In addition, the strength of all relationships
between metabolic components and the common, latent
factor diminished with the inflammatory factor in the model,
suggesting partial mediation of the correlation of compo-
nents of the metabolic syndrome by low-grade inflammation.
This was particularly notable for the adiposity factor, which
accounted for 55% of the common factor when the
inflammatory factor was not included and only 17% of the
variance when the inflammation factor was included. These
findings are generally consistent with the results of a recent
principal components factor analysis, which showed that
BMI, waist circumference, insulin sensitivity, fibrinogen,
and CRP loaded on a single factor among 1087 nondiabetic
midlife adults [25]. Although the current results suggest that
inflammation accounts for some of the associations between
the metabolic syndrome component risk factors and the
common latent factor, the data best fit a partial, rather than
full, mediation model, suggesting that inflammation only
partially accounts for the correlation among components of
the metabolic syndrome and that additional etiologic factors
also contribute to the syndrome.

Complex interrelationships exist between inflammation,
adiposity, insulin resistance, and the metabolic syndrome,
making it difficult to delineate clear causal pathways.
However, it is widely suggested that adiposity and insulin
resistance drive the clustering of metabolic risk factors

[25,26]. Indeed, recent evidence shows that a moderate
decrease in weight (8 kg) results in significant reductions in
the prevalence of the metabolic syndrome among the obese
[27]. Obesity is considered a proinflammatory state, with
adipocytes producing 10% to 35% of circulating IL-6
[28,29] and mononuclear cells of the obese being primed
to express proinflammatory cytokines [30]. Proinflammatory
cytokines, in particular IL-6, stimulate the peripheral
production of CRP by hepatocytes [31]. Thus, adiposity
results in increased systemic levels of both IL-6 and CRP.

Animal models show that inflammation plays a primary
pathogenic role in the development of obesity-induced
insulin resistance by down-regulating components of the
insulin signaling cascade and by inducing suppressors of
cytokine signaling (SOCS) known to interfere with insulin
signal transduction [32]. Consistent with these models,
recent human evidence shows that acute adipose inflam-
mation, induced by the experimental administration of low-
dose endotoxins, results in the expression of SOCS
proteins in adipose tissue and the subsequent induction of
systemic insulin resistance [33]. Furthermore, the expres-
sion of SOCS-3 proteins is increased among the obese and
is inversely related to insulin signal transduction and
insulin resistance [34]. Taken together, these findings
suggest that inflammatory processes may result in systemic
resistance to insulin.

Independently of obesity, recent evidence suggests that
diet may also induce inflammatory processes that contribute
to insulin resistance. Ghanim and colleagues [35] randomly
assigned lean individuals to receive either a 910-calorie
meal high in fat and carbohydrates or an isocaloric meal
rich in fruit and fiber. Over the 3 hours following the meal,
only the individuals who received the high-fat, high-
carbohydrate meal showed increases in plasma endotoxin
concentrations, the expression of toll-like receptors (TLR) —
2 and —4 and SOCS-3 proteins, the generation of reactive
oxygen species, and increased nuclear factor—«xB binding
activity. These findings are consistent with animal models
examining the impact of high-fat diets [32,36] and support
an up-regulation of inflammatory processes that are known
to interfere with insulin signal transduction, including
endotoxemia and the expression of SOCS-3, TLR-2, and
TLR-4. In contrast, the high-fruit and -fiber diet was not
associated with activation of these inflammatory processes.
This is consistent with prospective epidemiologic evidence
that diets high in fiber are associated with decreased risk for
incident type 2 diabetes mellitus in older men, an
association that is partly explained by lower circulating
levels of CRP and IL-6 [37]. Thus, converging evidence
supports the possibility that inflammation plays a primary
pathogenic role in the development of insulin resistance and
the metabolic syndrome [38].

In addition to diet and obesity, other environmental
factors and genetics contribute to systemic inflammation. For
example, systemic levels of CRP have been shown to be
highly heritable and to share genetic determinants with
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multiple components of the metabolic syndrome, including
BM]I, insulin, insulin resistance, BP, and triglycerides [39].
Furthermore, a growing literature shows that psychosocial
characteristics (eg, lower socioeconomic status) are associa-
ted with increased circulating levels of IL-6 and CRP and
with vulnerability to the metabolic syndrome [40,41]. Thus,
it is likely that multiple factors contribute to the systemic
inflammation that is associated with adiposity, insulin
resistance, and the metabolic syndrome.

The current findings have potential implications for the
early detection and treatment of systemic inflammation.
Evidence that overeating and adiposity contribute to
systemic inflammation and development of the metabolic
syndrome raises the possibility that lifestyle interventions
may provide effective means of reducing risk. In this regard,
converging evidence shows that weight reduction and
exercise interventions are associated with decreases in
markers of systemic inflammation, including IL-6 and CRP
[42]. Furthermore, lifestyle interventions decreased risk of
developing type 2 diabetes mellitus in a high-risk,
prediabetic population [43]. Future longitudinal studies can
explore whether the decrease in risk associated with lifestyle
changes is mediated by decreases in systemic inflammation.

The present findings should be interpreted in the context
of a number of limitations. As noted above, our findings are
cross-sectional, which precludes any causal interpretations
of relationships between factors that contribute to cumulative
risk. Another limitation of the study is the single assessment
of risk factors, including the inflammatory markers.
Although evidence suggests that both IL-6 and CRP are
relatively stable over extended periods [44], a more reliable
indicator of chronic interindividual variability would be
derived from multiple assessments over time. In addition,
our study was limited to European and African Americans.
Finally, all of the measured variables tended to load strongly
on their respective factors, with the potential exception of the
loading of glucose on the insulin resistance factor. Future
studies may benefit from the inclusion of a more direct
measure of insulin resistance.

Despite these shortcomings, our findings show a strong
association between peripheral markers of systemic inflam-
mation, IL-6 and CRP, and the metabolic syndrome,
providing support for the hypothesis that subclinical systemic
inflammation comprises a component of the syndrome
[10,45]. The current findings also show that inflammation
partially mediates the statistical aggregation of the compo-
nent factors (insulin resistance, central adiposity, dyslipi-
demia, BP) comprising the metabolic syndrome. The results
were particularly strong regarding adiposity, raising the
possibility that inflammatory mediators derived from adipose
tissue contribute to metabolic risk. Given the relative ease of
measuring peripheral markers of systemic inflammation,
such as CRP, the inclusion of inflammatory markers in the
clinical definition of metabolic syndrome seems warranted
and may be tested for its ability to improve prognostic
assessment of risk of type 2 diabetes mellitus and CVD.
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