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Background/Aims: To compare the frequency of metabolic syndrome (MetS) and
magnitude of insulin resistance, measured by the homeostatic model assessment
of insulin resistance (HOMA-IR), between South Korean women with rheuma-
toid arthritis (RA) and healthy subjects, and to evaluate risk factors for MetS and
increased HOMA-IR in patients with RA.

Methods: In a cross-sectional setting, 84 female patients with RA and 109 age-
matched healthy female subjects were consecutively recruited at a university-
affiliated rheumatology center in South Korea. MetS was defined according to the
Third Report of the National Cholesterol Education Program’s Adult Treatment
Panel (NCEP-ATP III) 2004 criteria.

Results: The frequency of MetS did not differ significantly between patients with
RA (19%) and healthy subjects (15.6%, p = 0.566), although patients with RA had a
higher HOMA-IR compared with healthy subjects (p < 0.001). Patients with RA
met the NCEP-ATP III 2004 criteria for high blood pressure more often than
healthy subjects (44% vs. 19.3%, p < 0.001), and low high density lipoprotein cho-
lesterol was more prevalent in healthy subjects (33%) than in patients with RA
(143%, p = 0.004). Although no obvious risk factors for the presence of MetS were
identified in patients with RA, higher serum C-reactive protein and disease activ-
ity score assessed using the 28-joint count for swelling and tenderness-erythro-
cyte sedimentation rate significantly contributed to a higher HOMA-IR.
Conclusions: Despite their increased insulin resistance, South Korean women
with RA did not have a significantly higher frequency of MetS compared with
that in healthy subjects.

Keywords: Arthritis, rheumatoid; Metabolic syndrome X; Insulin resistance; Car-
diovascular diseases

INTRODUCTION

Metabolic syndrome (MetS), also known as syndrome
X or insulin resistance syndrome, comprises obesity,
insulin resistance, impaired glucose tolerance or dia-
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betes, hypertension, and dyslipidemia, all of which are
known risk factors for atherosclerosis [1]. Among these
factors, insulin resistance is recognized as the key
pathophysiological factor for MetS. Moreover, insulin
resistance per se increases the risk for cardiovascular
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diseases (CVDs) and contributes to the association
between MetS and coronary atherosclerosis [2,3]. Al-
though the value of MetS as a predictor of cardiovascu-
lar risk has been much debated, a recent meta-analysis
showed that MetS is associated with a 2-fold increase
in cardiovascular outcome and a 1.5-fold increase in
all-cause mortality [4]. Hence, MetS has grown in
importance in light of its contribution to the burden
of cardiovascular morbidity and mortality in recent
years.

Recent studies have demonstrated that in addition to
insulin resistance, inflammation is closely associated
with the pathogenesis of MetS [1,5,6]. A rise in acute-
phase reactants such as C-reactive protein (CRP) and
proinflammatory cytokines, including tumor necrosis
factor-alpha (TNF-q) and interleukin-6 (IL-6), pro-
mote insulin resistance [1,7,8]. Inflammatory biomark-
ers are frequently elevated in subjects with MetS, and
conversely, MetS is prevalent in patients with chronic
inflammatory status such as rheumatic diseases [6].

Rheumatoid arthritis (RA) is a chronic systemic
inflammatory disease characterized by articular and
extra-articular involvement. Patients with RA have
an increased risk for CVDs due to accelerated athero-
sclerosis as a result of both increased inflammatory
cytokines and a higher prevalence of traditional risk
factors such as type 2 diabetes mellitus (DM) and
hypertension [9,10]. MetS may provide an additional
connection between accelerated atherosclerosis and
inflammation in RA [7]. MetS is a common manifesta-
tion in patients with RA, but previously reported fre-
quencies of MetS among patients with RA vary widely,
from 14% to 56% [11-24]. This diversity may be attribut-
able to differences in the definition of MetS, ethnicity,
geographic area, study design, and study population
characteristics. Moreover, some studies have demon-
strated a higher prevalence of MetS in patients with
RA than in the general population [14,19,21], whereas
others have not [12,13,22-24]. This discrepancy war-
rants further exploration. In addition, the prevalence
of MetS in South Korean women with RA has not been
investigated to date.

The objectives of the present study were to compare
the frequency of MetS between South Korean female
patients with RA and healthy subjects and to evalu-
ate factors associated with the presence of MetS in
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patients with RA. Additionally, insulin resistance was
measured by the homeostatic model assessment of
insulin resistance (HOMA-IR) and compared between
patients with RA and healthy subjects.

METHODS

Study design and subjects

We designed a cross-sectional study that included 84
female patients with RA and 109 age-matched female
healthy subjects (+ 2 years) (age range, 22 to 76). The
entire study population was consecutively recruited
at a university-affiliated rheumatology center in
South Korea from January 2008 to December 2009.
All patients with RA fulfilled the American College of
Rheumatology 198y revised classification criteria for
RA [25]. Patients with rheumatic diseases other than
RA or who refused to participate in this study were
excluded. Healthy subjects were selected randomly
from among applicants undergoing an annual health
check in the same center and had no history of taking
any medications such as glucocorticoids (GCs) or oral
contraceptives that would affect insulin resistance and
no current autoimmune or rheumatic diseases. Writ-
ten informed consent was obtained from each subject
based on the Declaration of Helsinki. This study was
approved by the Research and Ethics Review Board of
the Pusan National University Hospital, Busan, South
Korea.

Assessments

All information was collected during an interview and
by reviewing medical records. Anthropometric pa-
rameters, including height, weight, body mass index
(BMI), waist circumference, and blood pressure, were
measured in all study subjects. BMI was calculated by
dividing body weight by the square of height in meters
(kg/m®), and waist circumference was measured using
a tape at the midpoint between the lower part of the
lowest rib and the highest point of the iliac crest on
the mid-axillary line. Blood pressure was determined
as the mean of two measurements taken at an interval
of 5 minutes using a TM-2655P apparatus (A&D Com-
pany Ltd., Tokyo, Japan). Hypertension was defined as
blood pressure = 140/9o mmHg or requiring antihy-
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pertensive medication.

Study subjects also underwent biochemical assess-
ments. Fasting blood samples of all participants were
taken between 8:00 AM and 10:00 AM to determine
total cholesterol (TC), triglycerides (TGs), low density
lipoprotein cholesterol (LDL-C), high density lipopro-
tein cholesterol (HDL-C), fasting glucose and insulin,
and CRP. The concentrations of TC, TGs, and HDL-C
were analyzed using an enzymatic colorimetric re-
agent (Roche Diagnostics, Zurich, Switzerland) and
a P8oo Module (Roche Diagnostics). LDL-C was cal-
culated using the Friedewald formula. CRP was mea-
sured with a particle-enhanced immunoturbidimetric
assay (Tina-quant C-reactive protein assay, Roche
Diagnostics) using a P8oo Module (Roche Diagnos-
tics). Fasting glucose and insulin were assessed by the
glucose oxidase method (Synchron LX-20, Beckman
Coulter Inc., Fullerton, CA, USA) and radioimmunoas-
say (Diagnostic Product Co., Los Angeles, CA, USA),
respectively.

The following additional data were collected for pa-
tients with RA: disease duration, medication records,
erythrocyte sedimentation rate (ESR; mm/hr), CRP
(mg/dL), immunoglobulin M-rheumatoid factor (RF;
IU/mL), and disease activity score assessed using the
28-joint count for swelling and tenderness (DAS28)-
ESR. Medication records included the use of GCs;
disease modifying antirheumatic drugs (DMARDs),
including methotrexate, hydroxychloroquine, sul-
fasalazine, leflunomide, and tacrolimus; TNF inhibi-
tors, and antihypertensive drugs. We calculated the
cumulative GC dose by multiplying the current daily
dose by the number of days the patient had been tak-
ing GCs since they were first prescribed. RF was as-
sessed by particle enhanced immunoturbidometric
assay, and seropositivity was defined as > 14.0 IU/mL.
DAS28-ESR was calculated using the following for-
mula [26]:

DAS28-ESR score = [0.56 x V (tender joint count 28)]

+[0.28 x V (swollen joint count 28)] + (0.70 x in ESR) +

(0.0014 x visual analogue scale)

MetS was defined according to the Third Report of
the National Cholesterol Education Program’s Adult
Treatment Panel (NCEP-ATP III) 2004 [27], using the
Asian criteria for central obesity [28] when three or
more of the following components were present: 1)
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waist circumference = 8o cm in women, 2) elevated
blood pressure = 130/85 mmHg or requiring drug
therapy, 3) elevated serum TG level = 150 mg/dL, 4)
reduced serum HDL-C = 50 mg/dL in women, and 5)
elevated fasting glucose level = 100 mg/dL or requir-
ing drug therapy. Insulin resistance was evaluated by
HOMA-IR, which was calculated with the formula de-
fined by Matthews et al. [29] as follows:

HOMA-IR = [fasting serum insulin (pIU/mL) x fast-

ing serum glucose (mg/dL) x 0.055 [ 22.5]

Statistical analysis

Data are summarized as mean (standard deviation)
or median (interquartile) for continuous variables
and as number (percentage) for categorical variables.
The Kolmogorov-Smirnov test was used to assess the
distributions of continuous variables. The two-tailed
Student’s t test or Mann-Whitney U test was used to
compare continuous variables between patients with
RA and healthy subjects, and the chi-squared test or
Fisher’s exact test was performed for categorical vari-
ables. Univariate and multivariate logistic regression
models were used to estimate unadjusted and adjusted
odds ratios (ORs) for factors associated with the pres-
ence of MetS. The multivariate logistic regression
model included variables with p < 0.20 in the univari-
ate logistic regression analysis. To approximate a nor-
mal distribution, natural log-transformed HOMA-
IR values were used in Pearson’s correlation analysis
and stepwise multivariate linear regression analysis
for estimating independent predictors of increased in-
sulin resistance. Values of p < 0.05 were considered to
indicate statistical significance. All statistical analyses
were carried out using STATA version 11.1 for Win-
dows (StataCorp LP, College Station, TX, USA).

RESULTS

Clinical characteristics of the study subjects

The demographics of the study subjects are summa-
rized in Table 1. The mean + SD age of the 84 female
patients with RA was 50.6 + 11.3 years, and the median
(interquartile range) disease duration was 42.2 (24.6 to
76.5) months. Sixty-eight patients (81%) had RF sero-
positivity, and the mean + SD DAS28-ESR in patients
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Table 1. Clinical characteristics of the study subjects

Characteristic RA Healthy controls pvalue
(n=84) (n =100)
Age, yr 50.6 +11.3 483 +113 0.157
Smoker 3(3.6) 7(6.4) 0.518
SBP, mmHg 122.7 £11.6 119.2 +16.4 0.083
DBP, mmHg 80.1+ 8.2 73.0 £10.7 < 0.001
LDL-C, mg/dL 112.9 £313 118.1 £36.7 0.305
TG, mg/dL 90.0 (62.5-133.0) 78.0 (64.0-109.0) 0.101
HDL-C, mg/dL 66.8 £17.1 57.5+£12.9 <0.001
TC, mg/dL 192.3+39.3 194.7 £37.8 0.753
Weight, kg 56.9+823 57.0 £ 8.0 0.911
Height, cm 157.1 £ 6.4 157.1+£5.8 0.956
BMI, kg/m* 23.1%3.4 23.2£3.5 0.912
Waist circumference, cm 76.2 £7.4 77.7 8.4 0.189
Fasting glucose, mg/dL 87.0 (81.0-95.0) 87.0 (82.0-91.5) 0.753
Fasting insulin, pIU/mL 5.84 (4.03—7.78) 3.35(2.30-5.84) <0.001
Type 2 diabete mellitus 6(7.1) 6(5.5) 0.766
Serum CRP, mg/dL 0.20 (0.06-0.86) 0.04 (0.02—0.10) <0.001
HOMA-IR 1.27 (0.81-1.65) 0.73 (0.48-0.99) <0.001

Disease duration, mon

42.2(24.6—76.5)

RF seropositivity 68 (81.0) - -

DAS28-ESR 3.49 £1.09 - =

Current medication
GC 80 (95.2) g -
Cumulative GC dose, g 2.60(0.94-5.45) - -
Methotrexate 68 (81.0) - -
Hydroxycholorquine 28(33.3) - -
Sulfasalazine 8(9-5) - -
Lefluomide 35 (41.7) - -
Tacrolimus 6(7.2) - -
TNF inhibitor 1(1.2) - -
Antihypertensive 8(9.5) . -

Values are presented as number (%), mean + SD, or mean (interquartile range).

RA, rheumatoid arthritis; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein
cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; TC, total cholesterol; BMI, body mass index;
CRP, C-reactive protein; HOMA-IR, homeostatic model assessment of insulin resistance; RF, rheumatoid factor; DAS28-ESR,
disease activity score 28-erythrocyte sedimentation rate; GC, glucocorticoid; TNF, tumor necrosis factor.
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with RA was 3.49 + 1.09. The majority of patients were
taking GCs, and all but one of the patients with RA
was treated with at least one DMARD. Compared with
the healthy subjects, patients with RA had signifi-
cantly higher diastolic blood pressure, HDL-C, fast-
ing serum insulin, and serum CRP. No significant
differences were observed according to age, propor-
tion of smokers, systolic blood pressure, LDL-C, TG,
BMI, waist circumference, fasting serum glucose, or
percentage with type 2 DM between the two groups.
HOMA-IR was significantly higher in patients with
RA than in healthy subjects (p < 0.001), suggesting that
patients with RA were more insulin resistant than
healthy subjects.

Frequency of MetS and MetS-related features

Table 2 shows the frequency of the individual MetS
criteria, according to the NCEP-ATP III 2004, in the
study population. The frequency of MetS in patients
with RA (19%) was not significantly higher than that
in healthy subjects (15.6%, p = 0.566). Patients with RA
met the NCEP-ATP III 2004 criteria for high blood
pressure more often than healthy subjects (44% vs.
19.3%, p < o.oo1), and low HDL-C was more prevalent
in healthy controls than in patients with RA (33% vs.
14.3%, p = 0.004). No significant differences in waist
circumstance, TG, or glucose criteria were seen be-
tween the two groups.

The Korean Journal of Internal Medicine Vol. 28, No. 2, March 2013

Factors associated with MetS and increased insulin
resistance

Table 3 shows the ORs of disease-related variables for
the presence of MetS in 84 female patients with RA.
In the univariate analyses, higher age (OR, 1.08; 95%
confidence interval [CI], 1.02 to 1.14) and longer disease
duration (OR, 1.01; 95% CI, 1.00 to 1.12) were related
to an increased frequency of MetS, whereas serum
CRP, RF seropositivity, DAS28-ESR, cumulative GC
dose, and hydroxychloroquine and methotrexate use
did not demonstrate a significant association. Longer
disease duration tended to be associated with MetS in
the multivariate logistic regression model, but did not
remain statistically significant after adjusting for age
(p = 0.084). To identify an independent relationship
between disease duration and MetS, we entered dis-
ease duration as a dichotomous variable, instead of a
continuous variable, using the cutoff point defined by
the median value (< 42, = 42 months) in the multivari-
ate model; age was still not statistically significant (data
not shown).

Because HOMA-IR was not normally distributed,
we used natural log-transformed HOMA-IR values
to assess the risk factors for insulin resistance. In the
Pearson’s correlation analyses, age, TG, BMI, waist cir-
cumference, serum CRP, and DAS28-ESR were posi-
tively correlated with log HOMA-IR (data not shown).
Whether RA-specific variables such as serum CRP and
DAS28-ESR are independent predictors for insulin
resistance was of interest. However, the two variables
were significantly correlated (p = 0.010). Two stepwise

Table 2. Frequency of metabolic syndrome criteria in study subjects

NCEP-ATP III definition RA Healthy controls p value
(n=384) (n=109)
Waist circumference = 8o cm 25(29.8) 36 (33.0) 0.643
BP = 130/85 mmHg or requiring drug therapy 37(44.0) 21(19.3) < 0.001
TG = 150 mg/dL 14 (16.7) 12 (11.0) 0.291
HDL-C <50 mg/dL 12 (14.3) 36 (33.0) 0.004
Glucose = 100 mg/dL or requiring drug therapy 16 (19.0) 12 (11.0) 0.149
MetS 16 (19.0) 17 (15.6) 0.566

Values are presented as number (%)

NCEP-ATP III, Third Report of the National Cholesterol Education Program’s Adult Treatment Panel; RA, rheumatoid
arthritis; BP, blood pressure; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; MetS, metabolic syndrome.
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multivariate linear regression models that included
CRP and DAS28-ESR were constructed separately to
avoid multicollinearity (Table 4). Both RA specific vari-
ables remained significant, and the magnitude of the
statistical association in the multivariate models was
greater for CRP than for DAS28-ESR (p < 0.001 and p =
0.036, respectively). Higher TG and BMI were also in-
dependent risk factors for log HOMA-IR, but age was
not.

KJIM™

DISCUSSION

In the present study, no significant difference was
observed in the frequency of MetS between female pa-
tients with RA and healthy subjects, whereas the mag-
nitude of insulin resistance in patients with RA was
significantly higher than that in healthy subjects. De-
spite the lack of obvious risk factors for the presence
of MetS in patients with RA, RA inflammation (CRP),
and disease activity (DAS28-ESR) significantly contrib-

Table 3. Odds ratio for the presence of metabolic syndrome in female patients with rheumatoid arthritis

Variable

Crude OR (95% CI)

Adjusted OR (95% CI)*

Age, yr

Disease duration, mon
Serum CRP, mg/dL

RF seropositivity
DAS28-ESR

Cumulative GC dose, g
Hydroxycholorquine use

Methotrexate use

1.08 (1.02-1.14)" -

c

1.01 (1.00-1.02) 1.01 (1.00-1.02)"

0.72 (0.37-1.39) -
0.64 (0.18-2.34) -
1.10 (0.61-1.67) -
1.00 (0.98-1.01) -
0.61 (0.18-2.10) -

1.02 (0.25—4.13) -

OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; RF, rheumatoid factor; DAS28-ESR, disease activity score

28-erythrocyte sedimentation rate; GC, glucocorticoid.
‘Adjusted for age.

bp =0.012.

b =0.049.

% =0.084.

Table 4. Stepwise multivariate linear regression models for insulin resistance in female patients with rheumatoid arthritis

Log HOMA-IR
Regression coefficient (SE) pvalue Adjusted R

Model 1*

BMI, kg/m* 0.055 (0.020) 0.008 0.222

TG, mg/dL 0.003 (0.001) 0.001 -

DAS28-ESR 0.134 (0.063) 0.036 -
Model 2*

BMI, kg/m* 0.068 (0.019) 0.001 0.305

TG, mg/dL 0.003 (0.001) < 0.001 -

CRP, mg/dL 0.100 (0.026) <0.001 -

HOMA-IR, homeostatic model assessment of insulin resistance; SE, standard error; BMI, body mass index; TG, triglyceride;
DAS28-ESR, disease activity score 28-erythrocyte sedimentation rate; CRP, C-reactive protein.

‘Models 1 and 2, adjusted for age.
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uted to increased insulin resistance as measured by
HOMA-IR.

A growing body of evidence indicates that both MetS
and RA are closely related to increased cardiovascular
morbidity and mortality, which has led to the need to
evaluate whether MetS is more prevalent in patients
with RA compared with healthy subjects in the last
decade. Several studies have demonstrated a higher
prevalence in patients with RA than in healthy con-
trols [14,19,21], whereas others have not [12,13,22-24].
Our results yielded no difference in the frequency of
MetS between patients with RA and healthy subjects.
Interestingly, Sahebari et al. [23] reported that the fre-
quency of MetS in patients with RA was significantly
lower than that in healthy controls. The epidemiologi-
cal association between RA and MetS has not yet been
fully determined, and various factors may be respon-
sible for the differences in the prevalence of MetS in
patients with RA. Among these factors, ethnicity and
geographic area appeared to affect the difference in
MetS between patients with RA and healthy controls.
Two of three previous studies in Asian subjects report-
ed a similar prevalence of MetS in patients with RA
than in controls [23,24]. Considering that our study in-
cluded South Korean subjects only, it is presumed that
MetS tends to be less prevalent among Asian patients
with RA. This assumption was also suggested in a
recent systematic review by Yiu et al. [30]. As the num-
ber of studies is limited, further research is needed to
confirm the relationship between RA and MetS and to
evaluate the effect of ethnicity and geographic area on
the frequency of MetS.

No significant risk factors for MetS were observed in
female patients with RA. In some studies, methotrex-
ate therapy was associated with reduced prevalence
of MetS in patients with RA [16,18,19]. Toms et al. [18]
suggested that the anti-inflammatory effect of metho-
trexate and concurrent folic acid supplementation may
contribute to the decreased frequency of MetS in pa-
tients with RA. However, these findings are not consis-
tent with other studies [12,31]. Our study also showed
no significant association between methotrexate use
and MetS in patients with RA. A better understand-
ing of the differences among these studies will require
further investigation to elucidate a plausible protective
effect of methotrexate against MetS in patients with
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RA.

In addition, the use of GCs did not significantly con-
tribute to the presence of MetS in patients with RA in
previous reports [14,15,19]. As the majority of patients
in our study were taking GCs, we assessed the OR of
cumulative GC dose instead of GC use, and no signifi-
cant relationship between GCs and MetS in patients
with RA was observed, similar to previous reports. It
has been recognized that GCs have a deleterious ef-
fect on blood pressure, insulin resistance, and lipid
metabolism [32] and that GCs lead to increase CVD in
patients with RA [33]. GCs also have anti-inflammatory
and immunosuppressive properties that could coun-
teract undesirable side effects in patients with RA [34].
Hence, verifying the contribution of GCs to MetS in
patients with RA is complicated by the intricacy of GC
actions.

Among various direct and indirect methods for
measuring insulin resistance, HOMA-IR, derived
from fasting blood insulin and glucose concentra-
tions, is a simple and useful clinical index, particu-
larly in epidemiological studies [8,35]. In our study,
both serum CRP and DAS28-ESR were independent
risk factors for increased HOMA-IR in female patients
with RA. These findings largely agreed with some pre-
vious studies evaluating predictors for HOMA-IR in
patients with RA [36-38]. Over the last decade, increas-
ing evidence has suggested a relationship between
chronic inflammation and insulin resistance in RA
[39]- Proinflammatory cytokines such as TNF-o and
IL-6 are key players in the pathogenesis of RA and are
closely related to insulin resistance [6,7,39]. Further-
more, the role of various adipokines in both RA and
insulin resistance has been highlighted recently [6].
Taken together, our results suggest a connection be-
tween inflammation and insulin resistance in patients
with RA.

In the present study, HOMA-IR was significantly
higher in female patients with RA than in healthy sub-
jects, which agreed with previous studies [14,24,36,38].
Taken together, these findings suggest that patients
with RA had significantly increased insulin resistance
compared with healthy controls. However, consider-
ing that insulin resistance is the major catalyst in
MetS, the lack of a significant difference in the fre-
quency of MetS between patients with RA and healthy
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controls in our study was unforeseen and interesting.
Similarly, Karimi et al. [24] also demonstrated higher
HOMA-IR in women patients with RA compared with
controls, yet there was no difference in the prevalence
of MetS between the two groups. We assumed that
the complexity in MetS characteristics could explain
these findings. MetS is a constellation of different, but
correlated, metabolic abnormalities rather than a par-
ticular disease entity, and insulin resistance may be
necessary, but not sufficient, for MetS [40,41]. Hence,
increased HOMA-IR may not always result in the pres-
ence of MetS.

Whether patients with RA have significantly higher
probabilities of traditional cardiovascular risk factors
such as high blood pressure, dyslipidemia, diabetes,
and smoking compared with those in the general pop-
ulation is somewhat controversial [30]. In our study,
diastolic blood pressure and the frequency of the
NCEP-ATP III 2004 criteria for high blood pressure
were significantly higher in patients with RA than in
healthy controls (Tables 1 and 2). Numerous factors, in-
cluding obesity, inflammation, physical inactivity, and
medications, may increase blood pressure in patients
with RA [42]. Therefore, our findings are unlikely to
be generalizable. In addition, HDL-C was significantly
higher in patients with RA than in healthy subjects
(Table 1). High disease activity in patients with RA is
associated with low HDL-C levels, and antirheumatic
treatment, including GCs, can reverse this dyslipid-
emia [43]. As mentioned above, most patients with RA
in our study were taking antirheumatic medications
that can alleviate dyslipidemia.

The findings in the present study must be consid-
ered in light of major limitations. First, this was an
observational study with a cross-sectional design.
The majority of our patients with RA were receiving
GCs and DMARDs. Thus, we could not fully adjust
for the effect of various medications on MetS and in-
sulin resistance. Second, subjects in our study were
recruited from only a single center located in a harbor
city. Hence, most of our study subjects resided in a
seacoast region, which was assumed to affect the over-
all frequency of MetS in our study (RA, 19.6%; healthy
controls, 15.6%). Similarly, the prevalence of MetS in
2,519 healthy female subjects in the same center, re-
ported by Kang et al. [44] in 2008, was 15.6% according

http://dx.doi.org/10.3904/kjim.2013.28.2.206
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to criteria used in our study. However, using the same
criteria, the prevalence of MetS in a nationwide survey
in South Korea in 2005 was 38.7% [45], which appears
to be higher than that in our center. Taken together,
we speculate that the geographic characteristics of
the area could have acted as a confounding factor that
affected the difference in MetS frequency between
patients with RA and controls. Therefore, our results
should be carefully interpreted. Last, the number of
subjects in the present study might not have been suf-
ficient to investigate all potential associated factors.

In conclusion, the frequency of MetS in South Kore-
an women with RA was comparable to that in healthy
subjects, although HOMA-IR was significantly higher
in patients with RA than in healthy subjects. As many
epidemiological factors, particularly ethnicity, may
affect the frequency of MetS in patients with RA, it is
still not clear whether patients with RA have a higher
prevalence of MetS. Further studies are needed to con-
firm the relationship between RA and MetS.

KEY MESSAGE

1. The frequency of metabolic syndrome in South
Korean women with rheumatoid arthritis (RA)
was similar to than in that in healthy subjects.

2. RA patients had a higher homeostatic model
assessment of insulin resistance (HOMA-IR), a
measure of insulin resistance, than healthy sub-
jects.

3. In RA patients, higher C-reactive protein and
disease activity were associated with increased
HOMA-IR.
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