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Background: The metabolic syndrome is an independent risk factor for ischaemic heart disease. Patients with
systemic lupus erythematosus (SLE) have accelerated atherosclerosis; however, there are no controlled studies
of the metabolic syndrome in patients with SLE.
Objective: To compare the prevalence of the metabolic syndrome in patients with SLE and controls and to
evaluate its relationship to other cardiovascular risk factors and inflammation.
Methods: 102 patients with SLE and 101 controls were studied. The prevalence of the metabolic syndrome
was compared in patients and controls using the National Cholesterol Education Program Adult Treatment
Panel III (NCEP) and the World Health Organization (WHO) definitions, and associations with cardiovascular
risk factors and lupus characteristics were examined.
Results: The metabolic syndrome was present in 32.4% of patients and in 10.9% of controls subjects
(p,0.001) using the WHO definition that requires direct determination of insulin resistance, and in 29.4% of
patients with SLE and in 19.8% of controls (p = 0.14) using the NCEP definition. Among patients with SLE,
both definitions were significantly associated with higher concentrations of C reactive protein (p = 0.001) and
the NCEP definition was significantly associated with higher concentrations of homocysteine (p,0.001),
lipoprotein (a) (p = 0.02) and cholesterol (p = 0.04). Neither lupus disease activity nor damage scores were
associated with the metabolic syndrome.
Conclusions: Patients with SLE have a higher prevalence of insulin resistance and consequently of the WHO-
defined metabolic syndrome than controls. In patients with SLE, the metabolic syndrome was associated with
higher levels of inflammation and may provide a link between inflammation and increased cardiovascular risk.

T
he metabolic syndrome, a cluster of cardiovascular risk
factors that includes central obesity, dyslipidaemia, hyper-
tension and disturbed glucose metabolism, is highly

prevalent,1 and is an independent predictor of cardiovascular
morbidity and mortality2 that identifies substantial additional
cardiovascular risk beyond the sum of the individual risk
factors.3 In the general population, men with the metabolic
syndrome are 1.9–3 times more likely to die of any cause, and
2.9–4.2 times more likely to die from coronary heart disease.4

Women with the metabolic syndrome also have a two-fold
increased risk of major adverse cardiovascular events and
death.2 In addition to the cardiovascular risk factors that
comprise the metabolic syndrome, there is a strong relationship
with inflammation.5 Inflammation is not only associated with
the presence of the metabolic syndrome but is also present
before individuals develop the syndrome. Thus, in a population-
based study of individuals without diabetes and coronary artery
disease, inflammatory markers including C reactive protein
(CRP), fibrinogen and white cell count were correlated with
several components of the syndrome.6 Furthermore, high levels
of CRP obtained 11 years before predicted the presence of the
metabolic syndrome as defined by the World Health
Organization (WHO), even after adjustment for baseline
cardiovascular risk factors and body mass index (BMI; weight
(kg)/height2 (m2)).7

There are several mechanisms whereby inflammation could
increase the prevalence of components of the metabolic
syndrome. Thus, inflammation may increase levels of triglycer-
ides5 and of cytokines such as tumour necrosis factor (TNF)a
that facilitate insulin resistance; inflammation also impairs

endothelium-dependent vasodilatation, and thus could facil-
itate hypertension.8 9

The prevalence of atherosclerosis10 11 is increased in patients
with systemic lupus erythematosus (SLE), but the causes are
not clear. Identification of mechanisms that are common to
both inflammation and cardiovascular disease are of interest,
and SLE provides a unique model to consider such questions.
We recently reported that obesity was independently associated
with cardiovascular risk factors such as CRP in patients with
SLE,12 raising the possibility that, as has been suggested,13 the
metabolic syndrome may be more frequent in SLE. If true, this
would be important because the metabolic syndrome is a
stronger predictor of cardiovascular risk than obesity.2

Therefore, we examined the hypotheses that patients with
SLE have a higher prevalence of the metabolic syndrome, and
that there is an association between the metabolic syndrome
and other cardiovascular risk factors and inflammation.

METHODS
In all, 102 patients with SLE and 101 control subjects who
constitute an ongoing study of cardiovascular risk factors in
SLE10 12 were studied. Consecutive eligible patients, aged
.18 years, who met the classification criteria of SLE14 and
had disease duration .1 year, were enrolled. Controls did not

Abbreviations: BMI, body mass index; CRP, C reactive protein; HDL, high-
density lipoprotein; HOMA, homeostasis model assessment; LDL, low-
density lipoprotein; NCEP, National Cholesterol Education Program Adult
Treatment Panel III; SLE, systemic lupus erythematosus; WHO, World
Health Organization
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meet the classification criteria for SLE or any other auto-
immune disease and were frequency-matched for age, sex and
race, so that the two groups did not differ materially with
regard to these variables. Patients were recruited from the
practices of local rheumatologists in Nashville, Tennessee, USA,
through a Lupus Foundation newsletter and by advertisements.
Controls were recruited from the patients’ acquaintances, by
advertisement and from a database of volunteers maintained by
the General Clinical Research Center, Vanderbilt University
School of Medicine, Nashville, Tennessee, USA. Exclusion
criteria for both patients and controls included a history of
myocardial infarction, angina or stroke. The study was
approved by the institutional review committee, and all subjects
gave written informed consent.

Patients and controls were evaluated using a standardised
clinical interview, physical examination, laboratory tests and, in
patients, chart review. Family history of coronary disease was
defined as a first-degree relative who had had a myocardial
infarction or stroke before the age of 55 years in men, or
65 years in women.15 Height and weight were measured and
the BMI was calculated. Waist measurements were obtained.
Blood pressure was recorded as the mean of two measurements
obtained 5 min apart after participants had rested in a supine
position for 10 min. Blood was collected for the measurement
of glucose, total cholesterol, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), triglycerides, lipoprotein (a),
homocysteine and insulin after overnight fasting. Insulin
concentrations were measured using ELISA (Lincoplex) and
reported as pg/ml. In patients with SLE, routine CRP and
Westergren erythrocyte sedimentation rate were determined,
and disease activity and damage were measured with the use of
the Systemic Lupus Erythematosus Disease Activity Index and
the Systemic Lupus International Collaborating Clinics Damage
Index, respectively.16 17

Metabolic syndrome definit ions
Patients with SLE and controls were classified as having the
metabolic syndrome based on The National Cholesterol

Education Program Adult Treatment Panel III (NCEP)15 and
the modified WHO definition.18 19

The NCEP defines the metabolic syndrome as being present if
three or more of the following five criteria are fulfilled: (1)
central obesity: waist .102 cm in men and .88 cm in women;
(2) hypertriglyceridaemia: >150 mg/dl; (3) low HDL ,40 mg/
dl in men and ,50 mg/dl in women; (4) high blood pressure:
>130/85 mm Hg or use of drugs for high blood pressure; and
(5) high fasting glucose >110 mg/dl.15

The WHO definition requires the presence of insulin
resistance defined by any of the following three criteria: a
homeostasis model assessment (HOMA) index (fasting glucose
(mmol/l)6 fasting insulin (mU/ml)/22.5 in the top quartile of a
population without diabetes, impaired fasting glucose
(>110 mg/dl) or diabetes. In addition, two of the following
three criteria are also required: (1) central obesity: waist
.94 cm in men and .88 cm in women; (2) dyslipidaemia:
triglycerides (>150 mg/dl) or HDL ,40 mg/dl in women or
35 mg/dl in men; and (3) high blood pressure: >140/90 mm Hg
or use of drugs for hypertension.19 On the basis of the Study of
Inherited Risk of Coronary Atherosclerosis data, we defined a
HOMA index .2.114 as representing the top quartile of a
population without diabetes.19

The metabolic score was calculated as described by Hunt et
al20 as either the sum of the five metabolic syndrome
components according to the NCEP or the sum of the four
components using the WHO definition.

Statistics
On the basis of preliminary data showing that the prevalence of
the WHO-defined metabolic syndrome was approximately 10%
in 40-year-old women, the study required 100 patients with
SLE and 100 controls to have 80% power and a two-sided type I
error probability of 0.05 to detect a minimum prevalence of 25%
of metabolic syndrome among patients with SLE.

Statistical analyses were performed in two phases. Firstly, the
prevalence of metabolic syndrome and its components were
compared between patients with SLE and controls using
Fisher’s exact test and Wilcoxon’s rank sum test as appropriate.

Table 1 Clinical characteristics of patients with systemic lupus erythematosus and controls*

Patients with SLE (n = 102) Controls (n = 101) p Value�

Demographics
Age (years) 40 (32–47) 44 (37–50) 0.05
Women (%) 91.2 89.1 0.65
Caucasian (%) 66.7 77.2 0.11
Education .12 years (%) 66.7 79.2 0.06

Insulin (pg/ml) 302 (167–526) 194 (125–409) 0.003
Glucose (mg/dl) 83 (75–92) 85 (81–91) 0.05
Creatinine (mg/dl) 0.7 (0.8–0.9) 0.7 (0.8–0.9) 0.25
Current use of NSAIDs (%) 50 (49) 34 (34) 0.03

Lipid profile
Total cholesterol (mg/dl) 166 (143–208) 181 (163–210) 0.04
High-density lipoprotein (mg/dl) 48 (36–55) 45 (39–54) 0.92
Low-density lipoprotein (mg/dl) 97 (81–130) 114 (91–138) 0.007
Lipoprotein (a) (mg/dl) 12 (5–39) 12 (5–34) 0.89
Triglycerides (mg/dl) 100 (71–153) 87 (64–119) 0.02

Other cardiovascular risk factors
Family history (%) 19 20 0.86
Homocysteine (mmol/l) 9.2 (7.5–11.1) 7.6 (6.7–8.7) ,0.001
Total pack-years of smoking 0 (0–3) 0 (0–4) 0.87
Body mass index (kg/m2) 28 (24.1–33.2) 25.9 (23.1–31.0) 0.11

NSAIDs, non-steroidal anti-inflammatory drugs; SLE, systemic lupus erythematosus.
*Continuous values are presented as median (interquartile range).
�p Values were calculated using Fisher’s exact test for categorical variables and Wilcoxon’s rank sum test for continuous
variables.
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The x2 test for linear trend was calculated to compare
proportions of patients with SLE and controls by metabolic
score. Binary logistic regression models were used to estimate
unadjusted and adjusted odds ratios (ORs) to evaluate the
association between SLE and the prevalence of the metabolic
syndrome. Regression covariates were chosen a priori, including
age, sex, race and BMI. A secondary analysis included a
proportional odds logistic regression model to assess the
association between SLE and a higher number of metabolic
syndrome criteria21 after controlling for age, sex, race and BMI.
The proportional odds assumption was assessed with the score
test. Regression models were validated using bootstrapping
methods providing an estimate of shrinkage that is obtained as
a slope of the calibration plot of observed responses against
predicted responses. The shrinkage estimate provides the
degree of overfitting to assess the internal validity of the
model.22

Secondly, an exploratory analysis including only patients
with SLE was performed. Disease characteristics and cardio-
vascular risk factors in patients with and without the metabolic
syndrome were compared with the use of Wilcoxon’s rank sum
test for continuous variables and Fisher’s exact test for
categorical variables. k Statistics were used to determine the
agreement between the two definitions of metabolic syndrome
among patients with SLE. All analyses used a 5% two-sided
significant level and were performed using STATA V.8.2 and R
V.2.1.0 (http://www.r-project.org).

Results
Table 1 shows the demographic characteristics, lipid profiles,
other cardiovascular risk factors, fasting levels of insulin and
the HOMA index for the 102 patients with SLE and the 101
controls. Patients with SLE had a median (range) disease
duration of 6 (3–11) years; 27 (26.5%) had had renal
involvement, 7 (6.9%) had had CNS involvement, 62 (62.6%)
were taking corticosteroids and 4 (3.9%) were receiving
cyclophosphamide. Patients with SLE were slightly younger

than control with an age of 40 (32–47) years v 44 (37–50) years
(p = 0.05). Median (interquartile range) concentrations of
fasting insulin were significantly higher in patients with SLE
(302 (167–526) pg/ml) than in controls (194 (125–409) pg/ml;
p = 0.003). Patients with lupus had significantly lower levels of
total (p = 0.04) and LDL cholesterol (p = 0.007) than controls;
however, concentrations of triglycerides (p = 0.02) and homo-
cysteine (p,0.001) were higher.

Using the NCEP definition, 30 of 102 (29.4%) patients met
the criteria for metabolic syndrome compared with 20 of 101
(19.8%) controls (p = 0.14); unadjusted OR (95% confidence
interval (CI)) 1.69 (0.88 to 3.23), p = 0.11; OR adjusted for age,
sex, race and BMI was 1.77 (0.91 to 3.45), p = 0.32. The median
(interquartile range) NCEP metabolic syndrome score was 2 (1–
3) in patients with SLE and 1 (1–2) in controls (p = 0.04).
However, the adjusted (for age, sex, race and BMI) association
between SLE and the NCEP metabolic score did not remain
significant, OR 1.45 (0.68 to 3.07), p = 0.17. Figure 1 shows the
frequencies of metabolic syndrome scores in patients and
controls.

Using the WHO definition, the metabolic syndrome was
present in 33 of 102 (32.4%) patients with SLE and in 11
(10.9%) controls (p,0.001). The unadjusted OR (95% CI) for
the prevalence of the metabolic syndrome was 3.91 (1.85 to
8.29); p,0.001, and the association remained significant after
adjusting for age, sex, race and BMI (OR 4.37 (1.77 to 10.82);
p = 0.001). The median (interquartile range) WHO metabolic
syndrome score was 2 (1–3) in patients with SLE and 1 (0–2) in
controls (p,0.001). After adjusting for age, sex, race and BMI,
the association between SLE and the metabolic score remained
significant (OR 4.3 (1.74 to 10.65); p = 0.002)

The model using the WHO definition criteria had a bootstrap
shrinkage coefficient of 0.88, and that using the NCEP
definition criteria was 0.9, indicating robustness of the
regression models.

Table 2 shows the frequency of the individual criteria for the
two definitions of the metabolic syndrome. Patients with SLE
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Figure 1 Prevalence of the metabolic syndrome scores among patients with systemic lupus erythematosus (SLE) and controls. The top two panels represent
the proportion of patients with SLE (black) and controls (white) by the number of metabolic syndrome criteria met. The two panels at the bottom represent the
proportion of patients with SLE (black) and controls (white) in each individual metabolic syndrome score. p Values using the x2 test for trend were 0.04 and
0.001 using the National Cholesterol Education Program Adult Treatment Panel III (NCEP) and the World Health Organization (WHO) definitions,
respectively.
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met the WHO criteria for insulin resistance (44.1% v 24.8%;
p = 0.005), hypertension (43.1% v 20.8%; p,0.001) and central
obesity (51% v 35.6%; p = 0.03) more often than controls. For
the NCEP definition, patients with SLE met the criteria for
waist girth (48% v 33.7%; p = 0.05) and hypertension (51% v
34.7%; p = 0.02) more often than controls.

Among patients with SLE, the metabolic syndrome, as
defined either by the NCEP or the WHO criteria, was associated
with increased levels of CRP (p = 0.001), but only the NCEP
definition of metabolic syndrome was associated with signifi-
cantly higher concentrations of lipoprotein (a) (p = 0.02), LDL
cholesterol (p = 0.02) and homocysteine (p,0.001; table 3)
Although insulin resistance is not a criterion for meeting the
NCEP classification criteria of the metabolic syndrome, many of
the patients identified by the NCEP criteria were also insulin
resistant (table 3). There were no significant differences in level
of education or cumulative corticosteroid use in patients with
and without the metabolic syndrome regardless of the
definition used.

Of the 102 patients with SLE, 21 (20.5%) and 60 (58.8%)
were classified as having and not having the metabolic
syndrome by both sets of criteria, respectively. The k statistic
value was 0.52 (p,0.001), suggesting good agreement
(table 4).23

DISCUSSION
This study shows that patients with SLE have an increased
prevalence of the metabolic syndrome, as defined by the WHO
criteria, and interestingly this remained significant after
adjustment for age, sex, race and BMI, suggesting that these
differences are not due to differences in these potential
confounders. This novel observation suggests a common
mechanism between premature atherosclerosis and inflamma-
tion, both features of SLE.

There has been a lack of consensus as to how best define the
metabolic syndrome. Thus, first the WHO and then the NCEP
published criteria to standardise the definition. Using either
definition the prevalence of the metabolic syndrome in the
general population is high,24 and the presence of the syndrome
is a predictor of cardiovascular outcomes.25 However, the
definition of the metabolic syndrome that requires the direct
ascertainment of the presence of insulin resistance (the WHO

metabolic syndrome) was more strongly associated with SLE
than the NCEP syndrome. This is important because inflamma-
tion may drive insulin resistance directly, and this observation
points to the mechanisms driving the increased prevalence of
the WHO metabolic syndrome in patients with SLE. Concordant
with this interpretation, insulin resistance was associated with
markers of inflammation such as CRP (r = 0.31, p = 0.001) and
erythrocyte sedimentation rate (r = 0.26, p = 0.009). The
association between inflammation and insulin resistance is of
interest because insulin resistance is considered by many to be
fundamental to the increased cardiovascular risk attributed to
the metabolic syndrome.4 19 In keeping with this notion, data
from the general population show that measures of insulin
resistance provide additional value to the association between
the metabolic syndrome and coronary atherosclerosis.19 By
contrast, the NCEP definition, which does not require insulin
measurements, is simpler and therefore more commonly used.

Our data suggest that in SLE, the two definitions are
reasonably concordant with agreement in 79.4% of subjects
and a k statistic of 0.52. However, approximately 20% of
subjects met the classification criteria for only one definition,
and 9/30 patients (30%) positive by NCEP criteria were negative
by WHO criteria, and 12/33 (36%) patients positive by WHO
criteria were negative by NCEP criteria. Studies in the general
population reported k coefficients of 0.45 and 0.51.26

The prevalence of the metabolic syndrome in a population of
predominantly Caucasian women aged about 40 years would
be expected to be approximately 20% using the NCEP criteria1

and 13% (range 6–24%) using the WHO criteria.27 In our study,
the prevalence of the metabolic syndrome in controls was
similar to that in the general population. The prevalence of the
NCEP-defined metabolic syndrome was 29.4% in patients with
SLE and this was not significantly higher than in controls
(19.8%); however, our study was not powered to detect small
differences in frequency. The marked differences in prevalence
of the WHO-defined metabolic syndrome between patients
with SLE and controls are largely accounted for by higher levels
of insulin. We used the Study of Inherited Risk of Coronary
Atherosclerosis cut-off value of 2.114 to define the upper
quartile of HOMA. If we used the upper quartile of the HOMA
in our control group (2.078), the findings did not change
materially, and 32.4% of patients with SLE and 11.8% of

Table 2 Frequency of the metabolic syndrome criteria in patients with SLE and controls*

Patients with SLE Controls p Value

NCEP definition
Waist girth (%) 48.0 33.7 0.05
Hypertension� (%) 51.0 34.7 0.02
Hypertriglyceridaemia (%) 27.5 16.8 0.09
Low HDL (%) 52.0 58.4 0.40
Hyperglycaemia (%) 2.9 2.0 1.00

Total meeting definition (%) 29.4 19.8 0.14

WHO definition
Insulin resistance` (%) 44.1 24.8 0.005
Dyslipidaemia (%) 51.0 41.6 0.21
Hypertension� (%) 43.1 20.8 ,0.001
Central obesity (%) 51.0 35.6 0.03

Total meeting definition (%) 32.4 10.9 ,0.001

HDL, high-density lipoprotein; NCEP, National Cholesterol Education Program Adult Treatment Panel III; SLE, systemic
lupus erythematosus; WHO, World Health Organization.
*p Values were calculated using Fisher’s exact test.
�Hypertension is defined as >130/85 mm Hg or use of drugs for blood pressure in the NCEP criteria and >140/
90 mm Hg or use of drugs for blood pressure in the WHO criteria.
`Insulin resistance defined by the presence of any of the following three criteria: a homeostasis model assessment index
(fasting glucose (mmol/l)6fasting insulin (mU/ml)/22.5 in the top quartile of a population without diabetes (.2.114 in
the Study of Inherited Risk of Coronary Atherosclerosis sample), impaired fasting glucose (>110 mg/dl) or diabetes.
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controls (p = 0.001) had the WHO-defined metabolic syn-
drome.

As recently reported by others,13 28 we found that insulin
levels were higher in patients with SLE, and that the metabolic
syndrome prevalence was high, but not related to disease
activity, use of corticosteroids or use of antimalarial drugs.13

Also, the metabolic syndrome was associated with an increased
CRP. These findings thus link inflammatory markers with
reduced insulin sensitivity and suggest a potential mechanism
for increased cardiovascular risk in SLE. The study also suggests
that the WHO criteria, that include a measure of insulin
sensitivity, may be more appropriate than the NCEP criteria in
the setting of an inflammatory disease.

We found that levels of CRP were higher in patients with the
metabolic syndrome regardless of the definition used. In the
general population, CRP is also associated with the presence of
metabolic syndrome, especially in women.29 Furthermore, CRP
adds prognostic information for evaluating cardiovascular risk.30

We found no significant differences in insulin concentrations
(308.9 (172.8–528.3) pg/ml v 295.9 (153.4–471.3) pg/ml;
p = 0.58), HOMA index (1.7 (0.9–2.8) units v 1.5 (0.7–2.6) units;
p = 0.65) or glucose concentrations (82 (76–91) mg/dl v 84 (75–
94) mg/dl; p = 0.57) among the 65 patients with SLE currently
receiving antimalarial and the 37 patients who were not. These
data suggest that, as is the case in subjects without diabetes,31 the
use of malaria drugs in this population of patients with SLE was
not associated with changes in insulin sensitivity.

Our findings have potential therapeutic implications.32

Recently, a study showed that after 36 weeks of treatment
with either simvastatin or atorvastatin, almost 50% of patients
with the metabolic syndrome no longer met the classification
criteria. Similarly, fluvastatin significantly reduced not only
triglyceride, total and LDL cholesterol but also fasting insulin.33

Furthermore, many statins also decrease CRP levels,34 and diet
and exercise can reduce markers of inflammation.35 Thus, in
addition to immunomodulating drugs to control SLE, interven-
tions to control dyslipidaemia and obesity may be important.
Also, several potential mechanisms linking the metabolic
syndrome and inflammation may constitute therapeutic tar-
gets. These include signalling kinase pathways common to

Table 3 Characteristics of patients with systemic lupus erythematosus according to the presence or absence of the metabolic
syndrome

NCEP WHO

Metabolic syndrome
(+) (n = 30)

Metabolic syndrome
(2) (n = 72) p Value

Metabolic syndrome
(+) (n = 33)

Metabolic
syndrome (2)
(n = 69) p Value

Demographics
Age (years) 44 (40–50) 39 (31–46) 0.06 44 (38–48) 40 (30–46) 0.18
Female (%) 86.7 93.1 0.44 93.9 89.9 0.71
Caucasian (%) 63.3 68.1 0.65 63.6 68.1 0.66
Education .12 years (%) 63.3 68.1 0.65 60.6 69.6 0.38

Cardiovascular risk factors
Systolic blood pressure (mm Hg) 128 (120–138) 113 (105–121) ,0.001 120 (113–129) 115 (105–126) 0.07
Diastolic blood pressure (mm Hg) 76 (71–85) 70 (64–79) 0.02 74 (65–85) 73 (65–81) 0.68
BMI (kg/m2) 33 (29.7–35.9) 25.8 (22.8–30) ,0.001 33.9 (30.8–39) 25.2 (22.7–28.5) ,0.001
Homocysteine (mmol/l) 11 (8.8–12.2) 8.8 (6.6–10.6) ,0.001 9.8 (8.5–11.5) 8.9 (7.3-11.1) 0.10
Cumulative smoking (pack-years) 0.1 (0–16.8) 0 (0–1.1) 0.12 0 (0–19) 0 (0-1) 0.10
Cholesterol (mg/dl) 204 (148–222) 163 (142–184) 0.04 177 (132–215) 163 (146–202) 0.56
Low-density lipoprotein (mg/dl) 129 (84–146) 92 (80–111) 0.02 109 (78–133) 94 (81–125) 0.42
High-density lipoprotein (mg/dl) 36 (31–46) 52 (40–58) ,0.001 36 (32–51) 52 (39–58) 0.003
Lipoprotein (a) (mg/dl) 25 (6.9–60.8) 9.6 (4.5–34) 0.02 17 (5–47) 10.1 (5–34) 0.29
Triglycerides (mg/dl) 158 (129–202) 87 (68–123) ,0.001 143 (88–201) 89 (69–139) ,0.001

Glucose (mg/dl) 88 (78–98) 81 (75–88) 0.006 91 (82–94) 80 (74–86) ,0.001
Insulin (pg/ml) 485 (377–752) 222 (134–439) ,0.001 529 (461–784) 208 (128–309) ,0.001
Creatinine (mg/dl) 0.9 (0.7–1) 0.8 (0.7–0.9) 0.04 0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.53
Current use of NSAIDs n (%) 12 (40) 38 (52.7) 0.28 14 (42.4) 36 (52.2) 0.40

Disease characteristics
Disease duration (years) 7 (4–11) 6 (3–12) 0.41 5 (3–11) 8 (3–11) 0.35
SLEDAI 4 (2–6) 4 (0–6) 0.30 6 (2–6) 4 (0–6) 0.10
SLICC 0 (0–2) 1 (0–1) 0.91 0 (0–1) 1 (0–1) 0.88
Current dose of corticosteroids (mg/day) 5 (0–10) 4 (0–6) 0.24 5 (0–9) 5 (0–5) 0.36
Cumulative corticosteroid dose (g) 18.2 (4.6–38.1) 9.8 (2.7–26.5) 0.10 12.8 (2.7–29.2) 12.5 (4.1–29.2) 0.80
Current use of corticosteroids (%) 70 56.9 0.27 57.6 62.3 0.67
Current use of hydroxychloroquine (%) 63.3 63.9 1 66.7 62.3 0.83

Other markers of inflammation
Erythrocyte sedimentation rate (mm/h) 24 (13–39) 16 (7–36) 0.10 24 (13–37) 16 (7–37) 0.09
C reactive protein (mg/l) 6 (3–11) 3 (3–5) 0.001 7 (4–11) 3 (3–4) ,0.001

NCEP, National Cholesterol Education Program Adult Treatment Panel III; NSAIDs, non-steroidal anti-inflammatory drugs; SLEDAI, Systemic Lupus Erythematosus
Disease Activity Index; SLICC, Systemic Lupus International Collaborating Clinics Damage Index; WHO, World Health Organization; +, present; 2, absent.

Table 4 Agreement between the WHO and the NCEP
definition of the metabolic syndrome in patients with SLE

NCEP (+) (%) NCEP (2) (%) Total (%)

WHO (+) 21 (20.5) 12 (9.8) 33 (32.4)
WHO (2) 9 (8.8) 60 (58.8) 69 (67.6)
Total 30 (29.4) 72 (70.6) 102 (100.0)

NCEP, National Cholesterol Education Program Adult Treatment Panel III;
SLE, systemic lupus erythematosus; WHO, World Health Organization; +,
present; 2, absent.
k statistic 0.52, p,0.001.
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both,36 abnormalities of endothelial function,37 oxidative stress38

and the hypertriglyceridaemia associated with inflammation.5

Some limitations should be considered. Firstly, socioeco-
nomic status is a potential confounder difficult to measure.
Education was used as its surrogate, and there was no
significant difference in patients with and without the
metabolic syndrome. Secondly, controls were slightly older.
However, as the prevalence of the metabolic syndrome
increases with age, this difference might have biased our
results towards the null, and the association remains valid.
Thirdly, the patients with SLE included in this study had low
disease activity (as determined by the Systemic Lupus
Erythematosus Disease Activity Index score) and low damage
(as determined by the Systemic Lupus International
Collaborating Clinics Damage Index Score). However, the
findings regarding insulin resistance are likely to be even more
striking in a more severely affected group. Thus, the fact that
this finding was present in patients with mild to moderate
disease is even more remarkable.

In summary, this study shows that patients with SLE have
higher levels of insulin and increased frequency of the
metabolic syndrome as determined by the WHO definition,
and this is associated with higher levels of inflammation. The
metabolic syndrome may constitute a common link between
the increased cardiovascular risk and higher levels of inflam-
mation present in SLE.
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