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Metabolic Syndrome and Subclinical Atherosclerosis in
Rheumatoid Arthritis
PATRICK H. DESSEIN, MILTON TOBIAS, and MARTIN G. VELLER

ABSTRACT. Objective. We assessed whether features of metabolic syndrome (MetSyn) were risk factors for sub-
clinical atherosclerosis independent of previously identified determinants of cardiovascular disease in
74 patients with rheumatoid arthritis (RA). We further evaluated the clinical utility of currently recom-
mended MetSyn definitions in the identification of RA patients with subclinical atherosclerosis.
Methods. We investigated the associations of MetSyn features and MetSyn definitions with ultrasono-
graphically determined common carotid artery intima-media thickness (CCA-IMT) and plaque, with
adjustment for age, radiographic scores (cumulative inflammation), polymorphonuclear cell counts
(current inflammation), or hypothyroidism.
Results. The Quantitative Insulin Sensitivity Check Index (QUICKI) (partial R = –0.24 to –0.26, p =
0.04 to 0.02), log triglycerides (partial R = 0.23 to 0.30, p = 0.05 to 0.01), and systolic blood pressure
(partial R = 0.22 to 0.30, p = 0.06 to 0.002) were consistently associated with the log CCA-IMT. Log
triglycerides (OR 1.04, 95% CI 1.01–1.08, p = 0.02) and the QUICKI (OR 0.22, 95% CI 0.05–0.91, 
p = 0.03) were associated with plaque after adjusting for cumulative inflammation. Hypertension (blood
pressure ≥ 130/85 mm Hg or drug treatment for hypertension) was consistently associated with CCA-
IMT (p = 0.05 to 0.0003) and plaque (p = 0.03 to 0.006). The WHO-defined MetSyn was associated
with CCA-IMT (p = 0.08 to 0.04) but not with plaque (p ≥ 0.1). The National Cholesterol Education
Program-defined MetSyn was not associated with CCA-IMT or plaque (p ≥ 0.3).
Conclusion. In this RA cohort, the MetSyn features of hypertension, insulin resistance, and triglyc-
erides were risk factors for subclinical atherosclerosis, independent of previously identified determi-
nants of cardiovascular disease. Individual MetSyn features were more strongly associated with
subclinical atherosclerosis than were currently recommended MetSyn definitions. (First Release Oct 15
2006; J Rheumatol 2006;33:2425–32)
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Patients with rheumatoid arthritis (RA) experience a marked-
ly increased prevalence of cardiovascular disease (CVD)1,2.
Markers of inflammation independently predict CVD in
RA1,3,4. However, evidence was reported that traditional risk
factors contribute at least as much as inflammation to RA ath-
erosclerosis5.

Total or low-density lipoprotein (LDL) cholesterol consti-
tutes the major cardiovascular risk factor in the general popu-
lation6. In RA studies, cholesterol bulk has generally not

emerged as a prime cardiovascular risk factor. Inflammation is
associated with reduced total and LDL cholesterol in this dis-
ease7. On the other hand, the metabolic syndrome (MetSyn)
features of insulin resistance, elevated triglycerides, and
reduced high-density lipoprotein (HDL) cholesterol were
hypothesized to play an important role in RA-related
CVD2,7,8. This is because high-grade inflammation is associ-
ated with features of MetSyn in RA2,7,8. In this regard, after
anti-tumor necrosis factor-α-infliximab infusions, a rapid
improvement in insulin resistance and insulin sensitivity was
observed in patients with RA that were undergoing periodic
treatment with this chimeric monoclonal antibody because of
severe disease refractory to therapy with conventional disease
modifying agents9. To our knowledge, the role of MetSyn in
RA-related CVD has not been reported.

The MetSyn is considered a multidimensional risk factor
for CVD and diabetes in the general population10. The US
National Cholesterol Education Program (NCEP) describes
the MetSyn as the metabolic complications of obesity6.
Obesity is reportedly not associated with CVD in RA1. On the
other hand, insulin resistance forms part of the entry criterion
of the World Health Organization (WHO)-defined metabolic
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syndrome11. The clinical utility of the NCEP-MetSyn and the
WHO-MetSyn in identifying patients with RA with athero-
sclerosis awaits elucidation.

In an explorative analysis, we recently reported that the
non-MetSyn features of age, markers of inflammation, and
hypothyroidism were strongly associated with ultrasono-
graphically determined common carotid artery subclinical
atherosclerosis in 74 patients with RA3. In the current investi-
gation, we analyzed data in this cohort to test 2 hypotheses:
(1) that MetSyn features are associated with subclinical ather-
osclerosis independent of these previously identified determi-
nants of CVD in RA; (2) that the WHO-MetSyn is more
strongly associated with atherosclerosis than the NCEP-
MetSyn, in RA.

MATERIALS AND METHODS
Patients and methods. Details on the RA patient cohort and study protocol
were reported previously3. Briefly, we recorded demographic characteristics,
markers of current and cumulative inflammation, the use of antirheumatic
agents, and MetSyn and other traditional cardiovascular risk factors. Patients
taking glucose or lipid-lowering agents were excluded3. The common carotid
artery intima-media thickness (CCA-IMT) and plaque were evaluated by high
resolution B-mode ultrasonography. Insulin resistance was assessed by the
Quantitative Insulin Sensitivity Check Index (QUICKI): = [1/(log insulin
(µU/ml) + glucose (mg/dl)]12. To allow for classifying patients as having the
WHO-MetSyn11, we also calculated the homeostasis model assessment of
insulin resistance (HOMA-IR): = [insulin (µU/ml) × glucose (mmol/l)/22.5]13.

We classified patients as having the NCEP-MetSyn using the criteria
recently updated by the American Heart Association and the National Heart,
Lung and Blood Institute6. Accordingly, patients were considered to have the
NCEP-MetSyn when 3 or more of the following were present: (1) waist cir-
cumference ≥ 102 cm in Caucasian men and ≥ 90 cm in South Asian men,
and ≥ 88 cm in Caucasian women and ≥ 80 cm in South Asian women; (2)
triglycerides ≥ 1.695 mmol/l; (3) HDL cholesterol < 1.036 mmol/l in men
and < 1.295 mmol/l in women; (4) systolic blood pressure ≥ 130 mm Hg
and/or diastolic blood pressure ≥ 85 mm Hg or drug treatment for hyperten-
sion; and (5) fasting plasma glucose ≥ 5.6 mmol/l.

Recently applied criteria were employed to classify patients as having the
WHO-MetSyn11. Patients were to have insulin resistance, defined as having a
HOMA-IR > 2.114 µU·mmol/ml·l (as determined in the Study of Inherited
Risk of Coronary Atherosclerosis), impaired fasting glucose (≥ 6.1 mmol/l),
or diabetes. In addition, patients needed to meet at least 2 of the following 3
additional criteria: (1) waist circumference > 94 cm in men and > 88 cm in
women; (2) triglycerides > 1.695 mmol/l and/or HDL cholesterol < 1.036
mmol/l in men and < 0.9065 mmol/l in women; (3) systolic blood pressure ≥
140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg, or drug treatment
for hypertension.
Statistical analysis. Results are expressed as mean (95% confidence interval)
unless indicated otherwise. For variables with a skewed distribution, geomet-
ric means (95% CI) are given.

We assessed univariate associations of the MetSyn features, the NCEP-
MetSyn, the WHO-MetSyn, the number of NCEP-MetSyn criteria, and the
number of WHO-MetSyn criteria with CCA-IMT and plaque using simple
linear regression analysis, the Mann-Whitney U-test, Fisher’s exact test, or
logistic regression analysis as appropriate. Although the previous analysis
included the association of systolic and diastolic blood pressure with athero-
sclerosis, 23 (31%) patients were using antihypertensive agents. Therefore,
we further assessed the association of hypertension (blood pressure ≥ 130/85
mm Hg or drug treatment for hypertension)6 with CCA-IMT and plaque.

Independent associations of MetSyn features including hypertension, the
NCEP-MetSyn, the WHO-MetSyn, the number of NCEP-MetSyn criteria,

and the number of WHO-MetSyn criteria with CCA-IMT and plaque were
assessed in multivariable linear and logistic regression models as appropriate.
Our previous investigation in this RA cohort had revealed that age, radi-
ographic scores (cumulative inflammation), polymorphonuclear cell counts,
and hypothyroidism constituted non-MetSyn cardiovascular risk factors that
were independently associated with atherosclerosis3. Polymorphonuclear cell
counts were shown to reflect current inflammation in factor analysis3.
Twenty-three of our patients had plaque. In order to avoid overfitting (Type I
error)14, the potentially confounding non-MetSyn cardiovascular risk factors
were each adjusted for in separate multivariable regression models.

Variables with a skewed distribution were logarithmically transformed
prior to entering them in univariate and multivariable regression models.
Significance was set at 0.05.

RESULTS
Patient characteristics. Baseline patient characteristics are
shown in Table 1. The mean age and disease duration were 56
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Table 1. Baseline characteristics in 74 patients with RA. Results are
expressed as mean (95% CI) unless indicated otherwise.

Age, yrs 55.8 (53.2–58.3)
Women: men, n (%) 64 (86):10 (14)
Caucasian: South Asian, n (%) 68 (92):6 (8)
Disease duration, yrs 12.8 (12.3–15.2)
Current inflammation

Erythrocyte sedimentation rate, mm/h* 17 (13–22)
High-sensitivity C-reactive protein, mg/l* 9.1 (6.5–12.6)
Polymorphonuclear cell count, n × 106/l* 4.5 (4.1–4.8)

Cumulative inflammation
Radiographic scores*† 16 (11–24)

Glucocorticoid therapy
Current prednisone users, n (%)* 11 (15)
Current prednisone dose, mg/day* 1.2 (1.1–1.3)
Cumulative corticosteroid dose, g*‡ 1.7 (0.8–3.4)

Disease modifying agent users, n (%) 56 (76)
Metabolic syndrome features

Body mass index, kg/m2 25.0 (23.8–26.1)
Waist circumference, cm 87 (48–90)
Glucose, mmol/l* 4.4 (4.3–4.5)
Diabetes, n (%) 5 (7)
Triglycerides, mmol/l* 1.12 (1.02–1.23)
HDL cholesterol, mmol/l 1.60 (1.49–1.70)
Systolic blood pressure, mm Hg 128 (125–132)
Diastolic blood pressure, mm Hg 83 (81–85)
Hypertension, n (%) 36 (49)
Antihypertensive drug users, n (%) 23 (31)
HOMA, µU.mmol/ml.l* 1.202 (1.023–1.413)
QUICKI 0.377 (0.367–0.387)

Other traditional non-MetSyn CV risk factors
Total cholesterol, mmol/l 5.08 (4.86–5.30)
LDL cholesterol, mmol/l 2.86 (2.68–3.03)
Pack-year history smoking*§ 3.3 (2.3–4.9)

Hypothyroidism, n (%) 18 (24)

* Skewed variable for which geometric mean (95% CI) is given. 
† Evaluated using the Sharp/van der Heijde method. ‡ Comprising cumula-
tive oral prednisone dose and cumulative prednisone equivalent dose used
intraarticularly, intramuscularly, and/or intravenously. § Average number of
cigarettes smoked daily × years smoked/20. HDL: high-density lipopro-
tein, HOMA: Homeostasis Model Assessment for insulin resistance,
QUICKI: Quantitative Insulin Sensitivity Check Index, MetSyn: metabol-
ic syndrome, CV: cardiovascular, LDL: low-density lipoprotein.
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and 13 years, respectively. Only 11 patients were using pred-
nisone and the cumulative prednisone dose was only 1.7 g.
Thirty-eight patients (51%) were normotensive, 13 (18%) had
untreated hypertension, and 23 (31%) had treated hyperten-
sion. Eighteen patients had hypothyroidism.

The CCA-IMT was 0.652 (95% CI 0.631-0.674) mm.
Univariate associations of MetSyn features with CCA-IMT
and plaque. Univariate associations of MetSyn features with
CCA-IMT and plaque are illustrated in Figures 1 to 3.
Triglycerides (p = 0.02), systolic blood pressure (p = 0.003),
and insulin sensitivity (p = 0.03) were associated with CCA-
IMT (Figure 1). Triglycerides (p = 0.04) and insulin sensitiv-
ity (p = 0.04) were also associated with plaque (Figure 2).

Hypertension was strongly associated with both CCA-IMT
(p = 0.001) and plaque (p = 0.004; Figure 3). The number of
patients with plaque was 6 (16%) in normotensives, 3 (23%)
in untreated hypertensives, and 14 (61%) in treated hyperten-
sives. Treated hypertension was associated with plaque (OR
7.26, 95% CI 2.36–22.32, p = 0.0004).
Univariate associations of the NCEP-MetSyn and WHO-
MetSyn with CCA-IMT and plaque. Prevalences of the NCEP-
MetSyn and WHO-MetSyn criteria are shown in Table 2.
Fourteen (19%) patients had NCEP-MetSyn and 10 (14%)
had WHO-MetSyn. This difference in prevalence seemed to
relate to the fact that there are 2 NCEP lipid criteria as com-
pared to one WHO lipid criterion. Of the 19 patients with
atherogenic dyslipidemia, 12 patients had both elevated
triglyceride and low HDL cholesterol concentrations.

The CCA-IMT was 0.679 (0.628–0.733) mm in patients
with NCEP-MetSyn and 0.646 (0.622–0.671) mm in those
without NCEP-MetSyn (p = 0.3). The CCA-IMT was 0.713
(0.635–0.802) mm in patients with WHO-MetSyn and 0.643
(0.621–0.665) mm in those without WHO-MetSyn (p =
0.046). NCEP-MetSyn was not associated with plaque (OR
0.86, 95% CI 0.24–3.18, p = 0.9). WHO-MetSyn was also not
significantly associated with plaque (OR 2.56, 95% CI
0.65–10.13, p = 0.2).

The number of NCEP criteria (0 to 5) was not associated
with CCA-IMT (R = 0.21, p = 0.08) or plaque (OR 1.41, 95%
CI 0.93–2.15, p = 0.1). By contrast, the number of WHO-
MetSyn criteria (0 to 4) was associated with CCA-IMT (R =
0.27, p = 0.02) and plaque (OR 1.55, 95% CI 1.03–2.33, 
p = 0.03).
Adjusted associations of MetSyn features with CCA-IMT and
plaque. Adjusted associations of MetSyn features with CCA-
IMT are shown in Table 3. After adjusting for age, cumulative
inflammation, current inflammation, or hypothyroidism,
triglyceride concentrations and insulin sensitivity remained
associated with CCA-IMT (p ≤ 0.05). The association of sys-
tolic blood pressure with CCA-IMT was no longer significant
(p = 0.06) after adjustment for age. Systolic blood pressure
remained strongly associated with CCA-IMT after adjusting
for other covariates (p ≤ 0.004). The association of hyperten-
sion with CCA-IMT remained significant after adjusting for

age (p = 0.05), cumulative inflammation (p = 0.003), current
inflammation (p = 0.0003), or hypothyroidism (p = 0.005).

Adjusted associations of MetSyn features with plaque are
shown in Table 4. Triglycerides (p = 0.02) and insulin sensi-
tivity (p = 0.03) remained associated with plaque after adjust-
ing for cumulative inflammation. After adjusting for the 3
other covariates (age, current inflammation, and hypothy-
roidism), MetSyn features were no longer significantly asso-
ciated with plaque (p ≥ 0.06). Hypertension remained associ-
ated with plaque after adjusting for age (p = 0.03), cumulative
inflammation (p = 0.03), current inflammation (p = 0.006),
and hypothyroidism (p = 0.009).
Adjusted associations of NCEP-MetSyn and WHO-MetSyn
with CCA-IMT and plaque. The NCEP-MetSyn was not asso-
ciated with CCA-IMT and plaque after adjusting for covari-
ates (p ≥ 0.3). The WHO-MetSyn remained associated with
CCA-IMT after adjusting for cumulative inflammation (p =
0.049), current inflammation (p = 0.05), and hypothyroidism
(p = 0.04), but not after adjusting for age (p = 0.08). The
WHO-MetSyn was not associated with plaque after adjusting
for covariates (p ≥ 0.1).

The number of NCEP-MetSyn criteria was not associated
with CCA-IMT or plaque after adjusting for covariates (p ≥
0.06). The number of WHO-MetSyn criteria was associated
with CCA-IMT after adjusting for age (partial R = 0.26, p =
0.03), cumulative inflammation (partial R = 0.27, p = 0.02),
current inflammation (partial R = 0.27, p = 0.02), and
hypothyroidism (partial R = 0.25, p = 0.03). The number of
WHO-MetSyn criteria was also significantly associated with
plaque after adjusting for age (OR 1.53, 95% CI 0.99–2.36, p
= 0.05), cumulative inflammation (OR 1.72, 95% CI
1.09–2.69, p = 0.02), and current inflammation (OR 1.60,
95% CI 1.03–2.47, p = 0.03), but not after adjusting for
hypothyroidism (OR 1.49, 95% CI 0.97-2.28, p = 0.07).

DISCUSSION
In this investigation, comprehensive recording of both tradi-
tional and nontraditional cardiovascular risk factors enabled
us to elucidate whether the core MetSyn features of insulin
resistance, atherogenic dyslipidemia, blood pressure, and
plasma glucose were associated with subclinical atherosclero-
sis independent of previously identified determinants of CVD
in 74 patients with RA3. We found that hypertension was
strongly associated with subclinical atherosclerosis in univari-
ate and multivariable analysis. Triglycerides and insulin
resistance were also independently associated with CCA-IMT.
Our results substantiate the previously hypothesized role of
features of metabolic syndrome in subclinical atherosclero-
sis2,7-9, and therefore support the use of these markers in the
assessment of cardiovascular risk in RA. Determination of the
QUICKI12 or the HOMA13 is relatively inexpensive.
Compared to the MetSyn features, LDL cholesterol was not
associated with subclinical atherosclerosis in this cohort3.

In contrast to hypertension, only systolic blood pressure
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Figure 1. Univariate associations of MetSyn features with CCA-IMT,
assessed in simple linear regression analysis with log transformation of vari-
ables with a skewed distribution. BP: blood pressure, HDL: high-density
lipoprotein, QUICKI: Quantitative Insulin Sensitivity Check Index.
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Figure 2. Associations of MetSyn features with common carotid artery
plaque, assessed by Mann-Whitney U-test. Boxes represent 25th and 75th
percentile; dots represent the median. Lines outside boxes represent the min-
imum and maximum. HDL: high-density lipoprotein, BP: blood pressure,
QUICKI: Quantitative Insulin Sensitivity Check Index.
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was associated with CCA-IMT, whereas diastolic blood pres-
sure was not associated with CCA-IMT or plaque. Two-thirds
of our hypertensive patients were treated with blood pressure-
lowering medications. Our results indicate that the risk for
CVD is particularly high, i.e., 61%, in RA patients in whom
the treating physician has previously decided to initiate anti-
hypertensive therapy.

It is of interest that insulin resistance and high triglycerides
were more consistently associated with CCA-IMT than with
plaque. CCA intima-media thickening without plaque is asso-
ciated with a 10-year risk for cardiovascular events of 9%,
whereas the respective risk associated with plaque is 40% to
80%15. Therefore, isolated CCA intima-media thickening
reflects mild or early atherosclerosis, in contrast to the pres-
ence of plaque that is indicative of severe or advanced ather-
osclerosis15. Our findings suggest that insulin resistance and

high triglycerides are more involved in early than in advanced
atherosclerosis in RA.

In comparison with the individual MetSyn features of
hypertension, insulin resistance, and high triglycerides, the
NCEP-MetSyn6 and WHO-MetSyn11 performed poorly in
identifying RA patients with atherosclerosis. The NCEP-
MetSyn and the number of NCEP-MetSyn criteria were not
associated with subclinical atherosclerosis. The WHO-
MetSyn was associated with CCA-IMT, but not with plaque.
The number of WHO-MetSyn criteria was associated with
both CCA-IMT and plaque. The central feature in the WHO-
MetSyn is insulin resistance11, whereas it is abdominal obesi-
ty6 in the NCEP-MetSyn. Together, our results implied that
currently recommended MetSyn definitions perform less well
than individual MetSyn features in identifying RA patients
with subclinical atherosclerosis.

The MetSyn was recently described as one of the major
public health challenges worldwide10. However, currently
recommended definitions of the MetSyn are a matter of con-
troversy16,17. On behalf of the American Diabetes Association
and the European Association for the Study of Diabetes,
Kahn, et al16 recently performed an extensive review of
reports on the MetSyn, and concluded by questioning the clin-
ical utility of the MetSyn as currently defined by the NCEP
and WHO. The updated NCEP criteria and the new
International Diabetes Federation criteria identify essentially
the same individuals as having the MetSyn10. The sensitivity
of NCEP-MetSyn for predicting insulin resistance is only
20% to 50% in both population studies and in RA16,18.
Reaven17, the physician who first identified the MetSyn as
Syndrome X in 1988, recently stated that the NCEP-MetSyn
criteria could do more harm than good and urged physicians
to focus on individual CV risk factors, rather than determining
whether their patients meet a certain number of criteria. A
major issue raised by Kahn, et al16 and Reaven17 was that the
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Figure 3. Associations of hypertension with CCA-IMT (upper panel;
assessed by Mann-Whitney U-test) and plaque (lower panel; assessed by
Fisher’s exact test). Boxes represent 25th and 75th percentile; dots represent
the median. Lines outside boxes represent minimum and maximum. IMT:
intima-media thickness (mm).

Table 2. NCEP and WHO MetSyn criteria in 74 patients with RA.

NCEP MetSyn features
Central obesity, n (%) 25 (34)
Elevated triglycerides, n (%) 12 (16)
Reduced HDL cholesterol, n (%) 19 (26)
High blood pressure, n (%) 36 (49)
Elevated fasting glucose, n (%) 8 (11)

NCEP MetSyn definition, n (%) 14 (19)
No. of NCEP MetSyn criteria, mean (95% CI) 1.4 (1.2–1.7)

WHO MetSyn features
Insulin resistance, n (%) 13 (18)
Central obesity, n (%) 27 (37)
Dyslipidemia, n (%) 19 (26)
High blood pressure, n (%) 32 (43)

WHO MetSyn definition, n (%) 10 (14)
No. of WHO MetSyn criteria, mean (95% CI) 1.2 (0.9–1.5)

NCEP: National Cholesterol Education Program, WHO: World Health
Organization, MetSyn: metabolic syndrome, HDL: high-density lipopro-
tein.
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cutpoints for the chosen criteria are arbitrary. In the general
population, the NCEP-defined MetSyn and insulin resistance
as assessed by the HOMA were both reported to predict ath-
erosclerosis19 and vascular events20 independently of one
another. Whereas both the most recently recommended
MetSyn definitions describe the MetSyn as the metabolic
complications of obesity6,10, waist circumference and the
body mass index (data not shown) were not found to be asso-
ciated with subclinical atherosclerosis in our current RA
investigation. As well, Maradit-Kremers, et al reported that
being underweight was a CV risk factor, and that obesity did
not predict cardiovascular events in RA1. Our results suggest
that the issues raised by Kahn, et al16 and Reaven17 apply
even more in the prediction of CVD in those with RA than in
the general population.

Our study was cross-sectionally designed, as are most
reports on MetSyn, and confirmation in longitudinal studies is
needed. Investigation of a larger cohort may also reveal a more
consistent association of MetSyn definitions with CVD in RA.

The correlation coefficients in univariate analysis between
CCA-IMT and triglycerides, systolic blood pressure, and
QUICKI scores were small, i.e., 0.26 to 0.35 (Table 3). This is
to be expected, since atherosclerosis is a condition in which
many factors are involved, both in the general population and
in patients with RA21.

The individual metabolic syndrome features of hyperten-
sion, insulin resistance, and high triglycerides were risk fac-
tors for subclinical atherosclerosis independent of previously
identified determinants of CVD in this RA cohort. By con-
trast, the NCEP-MetSyn was not associated with atheroscle-
rosis. The WHO-MetSyn was associated with early but not
with advanced atherosclerosis. These findings have implica-
tions in the understanding, identification, and prevention of
CVD in RA.
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Table 3. Adjusted associations of MetSyn features with log CCA-IMT in 74 patients with RA.

Partial R* p Partial R† p Partial R‡ p Partial R§ p

Waist, 66 to 120 cm 0.21 0.07 0.22 0.06 0.23 0.05 0.20 0.09
Log triglycerides × 100, –26.8 to 41.5 mmol/l 0.23 0.05 0.27 0.02 0.30 0.01 0.27 0.02
HDL cholesterol, 0.8 to 2.6 mmol/l –0.03 0.8 –0.05 0.7 –0.05 0.7 –0.02 0.8
Systolic BP, 98 to 164 mm Hg 0.22 0.06 0.35 0.002 0.34 0.004 0.34 0.004
Diastolic BP, 67 to 109 mm Hg 0.28 0.02 0.22 0.06 0.20 0.09 0.21 0.08
Log glucose × 10, 5.2 to 10.1 mmol/l –0.05 0.7 0.02 0.9 0.05 0.7 0.04 0.7
QUICKI × 10, 2.67 to 4.81 –0.24 0.04 –0.26 0.03 -0.26 0.02 –0.25 0.03

Associations were assessed in multivariable linear regression models. Each association was assessed in a separate model. Log: logarithmically transformed,
CCA-IMT: common carotid artery intima-media thickness, R: correlation coefficient, HDL: high-density lipoprotein, BP: blood pressure, QUICKI:
Quantitative Insulin Sensitivity Check Index. * Adjusted for age. † Adjusted for cumulative inflammation (radiographic scores). ‡ Adjusted for current inflam-
mation (polymorphonuclear cell count). § Adjusted for hypothyroidism.

Table 4. Adjusted associations of MetSyn features with plaque in 74 patients with RA.

OR (95% CI)* p OR (95% CI)† p OR 95% CI)‡ p OR (95% CI)§ p

Waist, 66 to 120 cm 1.03 (0.99–1.07) 0.1 1.04 (1.00–1.09) 0.06 1.03 (0.99–1.08) 0.1 1.03 (0.99–1.07) 0.2
Log triglycerides × 100, –26.8 to 41.5 mmol/l 1.02 (0.99–1.06) 0.1 1.04 (1.01–1.08) 0.02 1.03 (1.00–1.06) 0.09 1.03 (1.00–1.06) 0.06
HDL cholesterol, 0.8 to 2.6 mmol/l 1.49(0.44–5.00) 0.5 1.76 (0.53–5.85) 0.3 1.54 (0.46–5.18) 0.5 1.68 (0.49–5.76) 0.4
Systolic BP, 98 to 164 mm Hg 1.00 (0.98–1.05) 0.6 1.02 (0.98–1.05) 0.3 1.03 (0.99–1.06) 0.1 1.02 (0.98–1.05) 0.3
Diastolic BP, 67 to 109 mm Hg 0.99 (0.93–1.05) 0.8 0.98 (0.91–1.04) 0.4 1.00 (0.94–1.06) 0.9 0.97 (0.91–1.04) 0.4
Log glucose × 10, 5.2 to 10.1 mmol/l 1.34 (0.61–2.94) 0.5 1.82 (0.78–4.26) 0.2 1.29 (0.56–2.94) 0.5 1.75 (0.77–3.95) 0.2
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Associations were assessed in multivariable logistic regression models. Each association was assessed in a separate model.  HDL: high-density lipoprotein,
BP: blood pressure, QUICKI: Quantitative Insulin Sensitivity Check Index. * Adjusted for age. † Adjusted for cumulative inflammation (radiographic scores).
‡ Adjusted for current inflammation (polymorphonuclear cell count). § Adjusted for hypothyroidism.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


2005;52:3413-23.
6. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and 

management of the metabolic syndrome. An American Heart
Association/National Heart, Lung, and Blood Institute Scientific
Statement. Executive summary. Circulation 2005;112:e285-90.

7. Dessein PH, Joffe BI, Stanwix AE. Effects of disease modifying
agents and dietary intervention on insulin resistance and 
dyslipidemia in inflammatory arthritis: a pilot study. Arthritis Res
2002;4:R12.

8. Gonzalez-Gay MA, Gonzalez-Juanatey C, Martin J. Rheumatoid
arthritis: a disease associated with accelerated atherogenesis. Semin
Arthritis Rheum 2005;35:8-17.

9. Gonzalez-Gay MA, De Matias JM, Gonzalez-Juanatey C, et al.
Anti-tumor necrosis factor-alpha blockade improves insulin 
resistance in patients with rheumatoid arthritis. Clin Exp Rheumatol
2006;24:83-6.

10. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome — a new
worldwide definition. Lancet 2005;366:1059-62.

11. Lakka HM, Laaksonen DE, Lakka TA, et al. The metabolic 
syndrome and total and cardiovascular disease mortality in 
middle-aged men. JAMA 2002;288:2709-16.

12. Katz A, Nambi SS, Mather K, et al. Quantitative insulin sensitivity
check index: a simple, accurate method for assessing insulin 
sensitivity in humans. J Clin Endocrinol Metab 2000;83:2402-10.

13. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia 1985;28:412-9.

14. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A
simulation study of the number of events per variable in logistic
regression analysis. J Clin Epidemiol 1996;49:1371-9.

15. Belcaro G, Nicolaides AN, Ramaswami G, et al. Carotid and
femoral ultrasound morphology screening and cardiovascular
events in low risk subjects: a 10-year follow-up study (the 
CAFES-CAVES study (1)). Atherosclerosis 2001;156:379-87.

16. Kahn R, Buse J, Ferrannini E, Stern M; American Diabetes
Association; European Association for the Study of Diabetes. The
metabolic syndrome: time for a critical appraisal. Diabetes Care
2005;28:2289-304.

17. Reaven G. The metabolic syndrome: requiescat in pace. Clin Chem
2005;51:931-8.

18. Dessein PH, Joffe BI, Stanwix AE. Should we evaluate insulin sen-
sitivity in rheumatoid arthritis? Semin Arthritis Rheum 
2005;35:5-7.

19. Reilly MP, Wolfe ML, Rhodes T, Girman C, Mehta N, Rader DJ.
Measures of insulin resistance add incremental value to the clinical
diagnosis of metabolic syndrome in association with coronary 
atherosclerosis. Circulation 2004;110:803-9.

20. Saely CH, Aczel S, Marte T, Langer P, Hoefle G, Drexel H. The
metabolic syndrome, insulin resistance, and cardiovascular risk in
diabetic and nondiabetic patients. J Clin Endocrinol Metab
2005;90:5698-703.

21. Dessein PH, Joffe BI. When is a rheumatoid arthritis patient at risk
for cardiovascular disease? J Rheumatol 2006;33:201-3.

2432 The Journal of Rheumatology 2006; 33:12

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

