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Abstract

Objective: Patients with rheumatoid arthritis (RA) experience a markedly increased prevalence of cardiovascular disease (CVD), but the causal
factors have yet to be completely elucidated. Metabolic syndrome (MetS) is a cluster of risk factors of CVD and identifies additional cardiovascular
risk beyond the sum of its individual components. In this study, we investigated the prevalence of MetS and its possible relationship with disease-
related factors in patients with RA.

Matherial and Methods: Fifty-two patients with RA and 30 age- and sex-matched healthy controls were studied. Adult Treatment Panel Ill of
the National Cholesterol Education Program (NCEP-ATP Ill) and modified World Health Organization (WHO) criteria were used to define MetS.
RA disease activity is assessed by the disease activity score of 28 joints (DAS28), and the functional status of patients was evaluated by Health
Assessment Questionnaire (HAQ).

Results: Although there was no difference between groups regarding the frequency of MetS according to NCEP-ATP lll criteria (17.3% and 6.5%
in RA and control groups, respectively (p=0.158)) if modified WHO criteria were used, the prevalence of MetS was significantly higher in patients
with RA (28.8%) than in controls (9.7%) (p=0.04). Central obesity and hypertension were found to be more frequent in patients with RA by both
NCEP-ATP Il and WHO criteria. RA patients with MetS had higher systolic and diastolic blood pressure, BMI and frequency of smoking than

patients without MetS. Disease-related factors were similar in RA patients with or without MetS.
Conclusion: The evaluation of patients with RA for MetS, which is a multidimensional risk factor of CVD, may be beneficial.
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Introduction

Rheumatoid arthritis (RA) is associated with an increased risk of cardiovascular disease (CVD) compared
with the general population (1) and CVD accounts for about half of all deaths in these patients (2). This
increase cannot be explained fully with traditional risk factors (3).

Metabolic syndrome (MetS) is a combination of cardiovascular risk factors that identifies additional cardio-
vascular risk beyond the sum of its individual components. The main components of MetS are abdominal
obesity, insulin resistance, increased blood pressure and dyslipidaemia. Insulin resistance is thought to play
a key role (4). There are different definitions of MetS; two of the most commonly used are Adult Treatment
Panel Il of the National Cholesterol Education Program (NCEP-ATP 1ll) (5) and modified World Health Orga-
nization (WHO) criteria (6). These criteria are quite similar, except that the WHO definition requires direct
evidence of insulin resistance. The common goal of different definitions is to predict individuals at high risk
of developing CVD and to take preventive measures against it (7). In fact, according to a review of prospec-
tive studies, it was demonstrated that both WHO and NCEP defined that MetS are associated with adverse
cardiovascular outcomes (8). However, individuals with NCEP-defined MetS have a 65% increased risk of
CVD, which increases to 93% when the WHO definition is used compared to those people without MetS (9).

Although several studies have been reported about increased cardiovascular risk and insulin resistance in
RA, there are few studies about the prevalence of MetS, a multidimensional risk factor of CVD (9-11). The
aims of this study were to assess the prevalence of MetS according to both NCEP-ATP IIl and modified WHO
criteria, and the possible relationships of MetS with disease-related factors.

Material and Methods

Patients and Controls

Fifty-two consecutive RA patients fulfilling the 1987 revised American College of Rheumatology criteria
were included in the study. Thirty age- and sex-matched hospital staff members without any inflammatory
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rheumatic disease were enrolled as the con-
trol group. None of the patients were taking
anti-TNF agents. Those individuals with hypo-
thyroidism or using lipid-lowering agents were
excluded.

This study was approved by the regional eth-
ics committee. All participants gave written
informed consent.

Patient Assessment

Disease duration, medications, history of tradi-
tional risk factors of CVD were noted during a
structured interview. Height, weight and waist
circumference were measured and body Mass
Index (BMI) was calculated as “weight (kg)/
height (m)?" Obesity was defined as BMI >30
kg/m?. The waist circumference was measured
midway between the lower rib margin and the
iliac crest. All of the anthropometric measures
were performed by the same investigators (OK
and SO). RA disease activity is assessed by dis-
ease activity score based on evaluation of 28
joints (DAS28) and functional status by the
Health Assessment Questionnaire (HAQ).

Laboratory Tests

Fasting glucose, low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), triglyceride, rheumatoid fac-
tor, leucocytes, thyroid stimulating hormone
(TSH), insulin, C-peptide, and erythrocyte sed-
imentation rate (ESR) were measured. Insulin
resistance was assessed with the Homeostasis
Model Assessment (HOMA) Index. HOMA index
= (insulin (LU/mL) x glucose (mmol/L))/22.5. If
the HOMA index was >2.114, it was defined as
insulin resistance (6).

Metabolic Syndrome Definitions

Both NCEP-ATP Ill and modified WHO criteria
were used to define MetS. NCEPATP Il definition
of MetS requires the presence of three or more
of the following conditions (5): central obesity
(>88 cm in women and >102 cm in men), in-
creased triglyceride level (=150 mg/dL), low lev-
el of HDL-C (50 mg/dL in women and 40 mg/
dL in men), increased fasting glucose (=110
mg/dL), and increased systolic or diastolic blood
pressure (>130/85 mmHg) or self-reported use
of medication for high blood pressure.

The modified WHO definition of MetS requires
insulin resistance, defined as having a HOMA
index of >2.114, impaired fasting glucose (=110
mg/dL) or diabetes. In addition, patients need
to meet at least two of the following three cri-
teria (6): 1) central obesity (>94 cm in men and
>88 c¢m in women); 2) increased triglyceride
level (=150 mg/dL) and/or low level of HDL-C

(<35 mg/dL in men and <40 mg/dL in wom-
en); 3) increased systolic blood pressure (=140
mmHg) and/or increased diastolic blood pres-
sure (=90 mmHg), or use of antihypertensive
drug.

Statistical Analysis

Continuous variables are reported as mean+
standard deviation (SD). Variables were com-
pared by using either the Student’s t-test or ¥
test as appropriate. Correlation analyses were
assessed using either Pearson’s correlation test
or Spearman’s correlation test as appropriate.
p values <0.05 (two tailed) were considered
significant. SPSS (Statistical Package for Social
Sciences) for Windows version 15.0 (IBM; Chica-
go, IL, USA) was used for all statistical analysis.

Results

The characteristics of RA patients (n=52, with
a mean disease duration of 54 months) and
control subjects (n=30) are shown in Table 1.
The groups were similar except for LDL-C and
systolic blood pressure. Levels of LDL-C and
systolic blood pressure were higher in patients
with RA than in controls (p=0.032 and p=0.014,
respectively).

Nine RA patients (17.3%) and 2 control sub-
jects (6.5%) had MetS according to NCEPATP
Il definition. Although there was no signifi-
cant difference between groups (p=0.158),
using this definition, central obesity, hyper-
tension and low HDL-C were more frequent
in patients with RA (p values are 0.044, 0.03
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and 0.004, respectively). However, by using
the WHO definition, the frequency of MetS
was significantly higher (p=0.04) in patients
with RA (15 patients; 28.8%) than in controls
(3; 107%) (Table 2). Also, significant differenc-
es were found in the prevalence of central
obesity and hypertension between groups
(p=0.002 and p=0.04, respectively).

RA patients with MetS had higher systolic
blood pressure, diastolic blood pressure, BMI
and smoking than patients without MetS ac-
cording to both NCEP-ATP Il and modified
WHO definitions (Table 3).

Disease-related factors (disease duration,
DAS28, prednisolone using, HAQ, and ESR)
were similar in RA patients with or without
MetS according to both NCEP-ATP Il and mod-
ified WHO criteria. Additionally, there was no
correlation between DAS28 and either insulin
or HOMA index.

The prevalence of modified WHO criteria-de-
fined MetS was compared among obese (BMI
<30 kg/m?) and non-obese (BMI >30 kg/m?)
patients and controls; it was still higher in pa-
tients with RA.

Discussion

The present study showed an increased prev-
alence of MetS according to modified WHO
criteria in RA patients. This result may be im-
portant since RA is associated with an increased
risk of CVD (12). The aetiology of accelerated

Table 1. The characteristics of RA patients and controls

RA (n=52) Control (n=30) p value
Age (years) 51+10 48+14 0.328
Male sex 15 (29%) 9 (30%) 0.986
Diabetes mellitus 4 (8%) 1(3%) 0.646
Hypertension 14 (26.9%) 5(16.7%) 0.258
Myocardial infarction 2 (4%) 1(3%) 1.000
Family history of CHD 13 (25%) 4(13%) 0.187
Smoking (pack-year) 5.81+£11.1 8.39+14.2 0.440
BMI (kg/m?) 29+6 28+6 0.478
Waist circumference (cm) 97+13 93+14 0.149
Systolic blood pressure (mmHg) 132+26 120+18 0.014
Diastolic blood pressure (mmHg) 83+17 78+8 0.205
Fasting Glucose (mg/dL) 97+21 92+9 0.209
Triglyceride (mg/dL) 122455 127+64 0.670
LDL-C (mg/dL) 128+30 113+32 0.032
HDL-C (mg/dL) 55+12 48+10 0.05
TSH (mg/dL) 5.51+2.03 1.58+1.04 0.324
ESR (mm/hour) 28+20 22412 0.160
DAS-28 score 4.1+£1.3 NA NA

Data are mean+SD unless otherwise stated.

CHD: coronary heart disease; BMI: body mass index; RA: rheumatoid arthritis; LDL-C: low-density lipoprotein cholesterol; HDL-C:
high-density lipoprotein cholesterol; TSH: thyroid stimulating hormone; ESR: erythrocyte sedimentation rate; DAS-28: disease

activity score-28 joint
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Table 2. Prevalence of metabolic syndrome and its components in patient and control groups

RA (n=52) Control (n=30) p value
NCEP-ATP Ill criteria
Central obesity (%) 61 39 0.044
Hypertension (%) 50 26 0.030
Hypertriglyceridaemia (%) 29 32 0.743
Low HDL-C (%) 32 14 0.040
Hyperglycaemia (%) 0 8 0.292
Total meeting definition (%) 17.3 6.5 0.158
Modified WHO criteria
Insulin resistance (%) 48 36 0.263
Dyslipidaemia (%) 35 42 0.505
Hypertension (%) 46 13 0.002
Central obesity (%) 73 52 0.047
Total meeting definition (%) 28.8 9.7 0.040

RA: rheumatoid arthritis; HDL-C: high-density lipoprotein cholesterol

Table 3. The comparison of cardiovascular risk factors in patients with RA in terms of presence

of NCEPATP Ill criteria-defined MetS

Metabolic Metabolic
Syndrome (+) Syndrome (-)

(n=9) (n=43) p value
Age (years) 50+10 5111 0.83
Systolic blood pressure (mmHg) 151+10 129+27 <0.001
Diastolic blood pressure (mmHg) 99+6 80+16 <0.001
BMI (kg/m?) 34+6 28+5 <0.001
Smoking (pack-year) 6.8+11.9 1.1£3.3 0.01
LDL-C (mg/dL) 137+23 126+31 0.35
HDL-C (mg/dL) 54+12 55+12 0.76
Triglyceride (mg/dL) 139+47 118+56 0.31
HOMA index 3.1+4.7 2.5+1.8 0.70
ESR (mm/h) 29+24 27+19 0.40
DAS 28 4.3+1.3 3.7+1.3 0.22
HAQ 0.9+0.9 0.72+0.6 0.68

Data are mean=+SD unless otherwise stated.

NCEP-ATPIII: Adult Treatment Panel 1l of the National Cholesterol Education Program; BMI: body mass index; LDL-C: low-density
lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; HOMA: Homeostasis Model Assessment; ESR: erythrocyte sedi-
mentation rate; DAS 28: disease activity score of 28 Joints; HAQ: health assessment questionnaire

atherosclerosis in those patients is unknown.
Some of the traditional cardiovascular risk factors
like age, sex and smoking were found to be asso-
ciated with carotid and coronary artery athero-
sclerosis; however, it was also shown that mark-
ers of inflammation predicts CVD as well (2, 3).

Although MetS has a predictive value for CVD,
there are differences among definitions. Di-
rect evidence of insulin resistance, one of the
fundamental factors in increased cardiovas-
cular risk related to MetS according to many
authors, is required for modified WHO criteria
(13). However, insulin resistance is not included
in the NCEP-ATP Il definition and this criteria
describes MetS as a complication of obesity.
However, obesity was not found to be relat-
ed with CVD in RA (2) and this definition de-
termined insulin resistance by the rate of 20-
50% in non-diabetic patients (14). In addition,

Dessein et al. (15) found the sensitivity of NCEP
ATP Il definition in establishing insulin resis-
tance in 100 patients with RA as 23%. There-
fore, one can hypothesise that using modified
WHO criteria may be more beneficial to define
MetS than NCEP-ATP Ill in patients with RA.
In our study, MetS prevalence was higher in
patients with RA according to modified WHO
criteria, but there was no difference accord-
ing to NCEP-ATP Il criteria; also, we observed
a fair agreement between WHO and NCEP-ATP
Il definitions of MetS (p=0.38). In the present
work, the percentages of patients fulfilling the
definition of MetS was lower than reported by
Chung et al. (9), but was quite similar in other
studies (10, 11). Since age, sex, BMI, and smok-
ing status were similar between groups in the
present study, the contribution of these possi-
ble confounding factors to the observed differ-
ence is highly unlikely.

Previously, Chung et al. (9) studied 154 patients
with RA and found a higher MetS prevalence
than in controls according to both NCEP-ATP
lll'and modified WHO criteria. However, they
found an association only between modified
WHO criteria and the presence of coronary
atherosclerosis. Dessein et al. (10) found simi-
lar results when compared with NCEP-ATP III;
atherosclerosis was associated with modified
WHO criteria. Therefore, modified WHO criteria
are not only more useful to determine MetS,
but also correlate better with CVD in patients
with RA.

Inflammation gives rise to the presence of MetS
through many mechanisms. Several cytokines
are released from synovial tissue into systemic
circulation in RA. High plasma levels of TNF-q,
IL-18 and IL-6 are found in these patients. These
circulating cytokines affect adipose, skeletal
muscle, liver and vascular endothelium and
causes a spectrum of pro-atherogenic changes
that includes insulin resistance, dyslipidaemia,
prothrombotic effects, pro-oxidative stress,
and endothelial dysfunction (16). Cytokines, es-
pecially TNF-a, can directly inhibit insulin-me-
diated glucose uptake in skeletal muscle (17).
Moreover, TNF-a and IL-6 can stimulate adipo-
cyte lipolysis, leading to the increased release
of free fatty acids from peripheral tissues and
an enhanced cycle of fatty acids between liv-
er and adipose tissue (18). Increased free fatty
acid fluxes play an important role in the patho-
genesis of insulin resistance. Previously, it was
reported that the prevalence of insulin resis-
tance was markedly increased in patients with
RA (9). In this study, insulin resistance was not-
ed in 48% of RA patients and in 36% of controls,
but the difference did not reach statistical sig-
nificance, possibly because our patients were
on anti-inflammatory treatment that might
improve insulin resistance.

Some of the individual components of both
NCEP-ATP Il and WHO definitions of MetS were
more markedly different between our RA pa-
tients and control subjects, as seen in the other
study (10). Since the cross-sectional nature and
subclinical atherosclerosis was not evaluated
in the present study, it may not be possible to
reach a sound conclusion as to whether this dif-
ference will better identify those patients at risk.

In the present study, we could not demon-
strate a relationship between disease-related
factors such as DAS-28 scores, HAQ, ESR, dis-
ease duration, and the presence of metabolic
syndrome. The association of disease status
and the presence of Mets have been reported
to be controversial in RA. Although in a previ-
ous study (9), the prevalence of this syndrome



Ozmen et al. Metabolic syndrome in rheumatoid arthritis

was shown to be higher among the patients
with RA for a longer time than among those
in the early phase (42% vs. 31%), some of the
previous studies found no association of MetS
and disease status (19, 20) ESR (11, 20), DAS-28
scores (20). Additionally, another study showed
that there was no relationship between dis-
ease duration and the risk of CVD in RA. There-
fore, it has been proposed that the increased
risk of CVD may precede the clinical onset of
RA (2), and that there is a preclinical phase of
RA during which inflammatory activity and se-
rological disturbance occur (21).

There are some limitations of this study; first,
the number of participants may be insufficient
to confidentially eliminate the type Il error in
comparing the frequency of MetS according
to NCEP-ATPIII criteria. The post hoc power
calculation showed that 110 participants in
each group may be required to demonstrate
the difference in rates of NCEP-ATP Ill defined
MetS between RA patients (17.3%) and con-
trols (6.5%). Second, it is a cross-sectional study
and longitudinal studies evaluating the effects
of MetS on the risk of cardiovascular events in
RA patients will be of interest. Third, most of
our patients were on steroid treatment, which
might improve insulin sensitivity. In fact, pre-
vious studies suggest that corticosteroids may
have beneficial effects on glucose metabolism
and MetS via the control of inflammation.

In conclusion, patients with RA have an in-
creased prevalence of MetS, which is a multidi-
mensional marker of cardiovascular risk. Mod-
ified WHO criteria, which need direct proof
of insulin resistance, may be more suitable to
evaluate cardiovascular risk in patients with RA.

Ethics Committee Approval: Ethics committee ap-
proval was received for this study from the ethics
committee of izmir Atatlrk Training and Research
Hospital.

Informed Consent: Written informed consent was ob-
tained from patients who participated in this study.
Peer-review: Externally peer-reviewed.

Author contributions: Concept - M.O, O, Design -
MO, OY; Supervision - MO, Data Collection&/or
Processing - 0. Y, S.0, DS, MH,; Analysis&/or Inter-
pretation - M.O;; Literature Search - O.Y,; Writing - M.O.

Conflict of Interest: No conflict of interest was de-
clared by the authors.

Financial Disclosure: The authors declared that this
study has received no financial support.

References

1. Wolfe F, Freundlich B, Straus WL. Increase in car-
diovascular and cerebrovascular disease preva-
lence in rheumatoid arthritis. J Rheumatol 2003;
30: 36-40.

2. Maradit-Kremers H, Nicola PJ, Crowson CS, Ball-
man KV, Gabriel SE. Cardiovascular death in
rheumatoid arthritis: a population-based study.
Arthritis Rheum 2005; 52: 722-32. [CrossRef]

3. Dessein PH, Joffe Bl, Veller MG, Stevens BA, To-
bias M, Reddi K, et al. Traditional and nontradi-
tional cardiovascular risk factors are associated
with atherosclerosis in rheumatoid arthritis. J
Rheumatol 2005; 32: 435-42.

4. Alberti KG, Zimmet P Shaw J. The metabolic
syndrome--a new worldwide definition. Lancet
2005; 366: 1059-62. [CrossRef]

5. Expert Panel on Detection, Evaluation, And
Treatment of High Blood Cholesterol In Adults.
Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, And
Treatment of High Blood Cholesterol In Adults
(Adult Treatment Panel lll). JAMA 2001; 285:
2486-97. [CrossRef]

6.  Reilly MP, Wolfe ML, Rhodes T, Girman C, Meh-
ta 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. [CrossRef]

7. Grundy SM, Brewer HB Jr, Cleeman JI, Smith SC
Jr, Lenfant C. Definition of metabolic syndrome:
report of the National Heart, Lung, and Blood
Institute/American Heart Association confer-
ence on scientific issues related to definition.
Circulation 2004; 109: 433-8. [CrossRef]

8. Ford ES. Risks for all-cause mortality, cardiovas-
cular disease, and diabetes associated with the
metabolic syndrome: a summary of the evidence.
Diabetes Care 2005; 28: 1769-78. [CrossRef]

9. Chung CP, Qeser A, Solus JF, Avalos I, Gebret-
sadik T, Shintani A, et al.Prevalence of the met-
abolic syndrome is increased in rheumatoid
arthritis and is associated with coronary ath-
erosclerosis. Atherosclerosis 2008; 196: 756-63.
[CrossRef]

10. Dessein PH, Tobias M, Veler MG. Metabolic syn-
drome and subclinical atherosclerosis in rheu-
matoid arthritis. J Rheumatol 2006; 33: 2425-32.

11. Zonana-Nacach A, Santana-Sahagun E,
Jiménez-Balderas FJ, Camargo-Coronel A. Prev-
alence and factors associated with metabolic

20.

21.

Eur JRheum 2014; 1: 1-4

syndrome in patients with rheumatoid arthritis
and systemic lupus erythematosus. J Clin Rheu-
matol 2008; 14: 74-7. [CrossRef]

Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch
DA, Williams CA, et al. The mortality of rheuma-
toid arthritis. Arthritis Rheum 1994; 37: 481-94.
[CrossRef]

Hanley AJ1, Karter AJ, Festa A, D'’Agostino R Jr,
Wagenknecht LE, Savage P, et al. Factor anal-
ysis of metabolic syndrome using directly
measured insulin sensitivity: The Insulin Resis-
tance Atherosclerosis Study. Diabetes 2002; 51:
2642-7. [CrossRef]

Kahn R1, Buse J, Ferrannini E. The metabolic
syndrome: time for a critical appraisal: joint
statement from the American Diabetes As-
sociation and the European Association for
the Study of Diabetes. Diabetes Care 2005; 28:
2289-304. [CrossRef]

Dessein PH, Joffe BI, Stanwix AE. Editorial:
should we evaluate insulin sensitivity in rheu-
matoid arthritis? Semin Arthritis Rheum 2005;
35:5-7. [CrossRef]

Sattar N, McCarey DW, Capell H, Mclnnes IB. Ex-
plaining how "high-grade” systemic inflamma-
tion accelerates vascular risk in rheumatoid ar-
thritis. Circulation 2003; 108: 2957-63. [CrossRef]
Hotamisligil GS, Peraldi P, Budavari A, Ellis R,
White MF, Spiegelman BM. IRS-1-mediated inhi-
bition of insulin receptor tyrosine kinase activity
in TNF-alpha- and obesity-induced insulin resis-
tance. Science 1996; 271: 665-8. [CrossRef]
Chajek-Shaul T, Friedman G, Stein O, Shiloni E,
Etienne J, Stein Y. Mechanism of the hypertri-
glyceridemia induced by tumor necrosis factor
administration to rats. Biochim Biophys Acta
1989: 1001: 316-24. [CrossRef]

Karvounaris SA, Sidiropoulos PI, Papadakis
JA, Spanakis EK, Bertsias GK, Kritikos HD, et al.
Metabolic syndrome is common among mid-
dle-to-older aged Mediterranean patients with
rheumatoid arthritis and correlates with disease
activity: a retrospective, cross-sectional, con-
trolled, study. Ann Rheum Dis 2007: 66: 28-33.
[CrossRef]

Toms TE, Panoulas VF, Douglas KM, Griffiths HR,
Kitas GD. Lack of association between gluco-
corticoid use and presence of the metabolic
syndrome in patients with rheumatoid arthritis:
a cross-sectional study. Arthritis Res Ther 2008;
10: R145. [CrossRef]

Nielen MM, van Schaardenburg D, Reesink HW,
van de Stadt RJ, van der Horst-Bruinsma IE, de
Koning MH, et al. Specific autoantibodies pre-
cede the symptoms of rheumatoid arthritis: a
study of serial measurements in blood donors.
Arthritis Rheum 2004; 50: 380-6. [CrossRef]


http://dx.doi.org/10.1002/art.20878
http://dx.doi.org/10.1002/art.20878
http://dx.doi.org/10.1016/S0140-6736%2805%2967402-8
http://dx.doi.org/10.1016/S0140-6736%2805%2967402-8
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1001/jama.285.19.2486
http://dx.doi.org/10.1161/01.CIR.0000138740.84883.9C
http://dx.doi.org/10.1161/01.CIR.0000138740.84883.9C
http://dx.doi.org/10.1161/01.CIR.0000111245.75752.C6
http://dx.doi.org/10.1161/01.CIR.0000111245.75752.C6
http://dx.doi.org/10.1161/01.CIR.0000111245.75752.C6
http://dx.doi.org/10.2337/diacare.28.7.1769
http://dx.doi.org/10.2337/diacare.28.7.1769
http://dx.doi.org/10.1016/j.atherosclerosis.2007.01.004
http://dx.doi.org/10.1016/j.atherosclerosis.2007.01.004
http://dx.doi.org/10.1097/RHU.0b013e31816b2faa
http://dx.doi.org/10.1097/RHU.0b013e31816b2faa
http://dx.doi.org/10.1002/art.1780370408
http://dx.doi.org/10.1002/art.1780370408
http://dx.doi.org/10.2337/diabetes.51.8.2642
http://dx.doi.org/10.2337/diabetes.51.8.2642
http://dx.doi.org/10.2337/diacare.28.9.2289
http://dx.doi.org/10.2337/diacare.28.9.2289
http://dx.doi.org/10.1016/j.semarthrit.2005.03.008
http://dx.doi.org/10.1016/j.semarthrit.2005.03.008
http://dx.doi.org/10.1161/01.CIR.0000099844.31524.05
http://dx.doi.org/10.1161/01.CIR.0000099844.31524.05
http://dx.doi.org/10.1126/science.271.5249.665
http://dx.doi.org/10.1126/science.271.5249.665
http://dx.doi.org/10.1016/0005-2760%2889%2990116-1
http://dx.doi.org/10.1016/0005-2760%2889%2990116-1
http://dx.doi.org/10.1136/ard.2006.053488
http://dx.doi.org/10.1136/ard.2006.053488
http://dx.doi.org/10.1186/ar2578
http://dx.doi.org/10.1186/ar2578
http://dx.doi.org/10.1002/art.20018
http://dx.doi.org/10.1002/art.20018



