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Abstract The purpose of the study was to examine
whether rheumatoid arthritis (RA) patients have higher
prevalence of metabolic syndrome (MetS) than osteoarthritis (OA) patients in association with a higher level of
chronic systemic inflammation in rheumatoid arthritis. A
total of 583 RA and 344 OA outpatients were analyzed in
this multicentric study. Metabolic syndrome was defined
using the National Cholesterol Education Program Adult
Treatment Panel III criteria. A 1.6-fold higher prevalence
of MetS was found in patients with OA compared with the

RA patients. Among the parameters of MetS, patients with
OA had significantly higher levels of waist circumference,
systolic blood pressure, fasting blood glucose and triglycerides, whereas HDL cholesterol and diastolic blood pressure values were similar in both groups of patients. Higher
values of inflammatory markers [C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR)] in MetS than in nonMetS patients and higher prevalence of MetS in patients
with CRP level ≥5 mg/L in both RA and OA patients
were found. In multivariate logistic regression analysis,
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Štampara 42, 35000 Slavonski Brod, Croatia

9

Department of Internal Medicine, Osijek University Hospital,
Josipa Huttlera 4, 31000 Osijek, Croatia

10

Department of Rheumatology, Physical and Rehabilitation,
Medicine, ‘‘Sisters of Charity’’ Clinical Hospital Center,
Referral Center for Spondyloarthropathies, Ministry
of Health and Social Welfare, Vinogradska Cesta 29,
10000 Zagreb, Croatia

11

Department of Physical Medicine and Rehabilitation, Osijek
University Hospital, Josipa Huttlera 4, 31000 Osijek, Croatia

12

Division of Clinical Immunology and Rheumatology,
Department of Internal Medicine, Zagreb Clinical
Hospital Center, University of Zagreb School of Medicine,
Kišpatićeva 12, 10000 Zagreb, Croatia

13

Department of Rheumatology and Rehabilitation, Zagreb
Clinical Hospital Center, University of Zagreb School
of Medicine, Kišpatićeva 12, 10000 Zagreb, Croatia

14

Department of Pathophysiology, University of Zagreb School
of Medicine, Šalata 3, 10000 Zagreb, Croatia

1

Division of Clinical Immunology and Rheumatology,
Department of Internal Medicine, Dubrava University
Hospital, University of Zagreb School of Medicine,
Av. G. Šuška 6, 10 040 Zagreb, Croatia

2

Division of Clinical Immunology and Rheumatology,
Department of Internal Medicine, Split University Hospital,
University of Split School of Medicine, Spinčićeva 1,
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significant predictors of MetS were type of arthritis (OA
vs. RA; OR 2.5 [95 % CI 1.82–3.43]), age (OR 1.04 [95 %
CI 1.03–1.06]) and ESR (OR 1.01; [95 % CI 1.00–1.01]).
The significant association between OA and MetS was
maintained in the regression model that controlled for body
mass index (OR 1.87 [95 % CI 1.34–2.61]). The present
analysis suggests that OA is associated with an increased
risk of MetS, which may be due to a common underlying
pathogenic mechanism.
Keywords Rheumatoid arthritis · Osteoarthritis ·
Metabolic syndrome · Inflammation

Introduction
The risk of cardiovascular (CV) events and mortality is
increased in rheumatoid arthritis (RA) and seems to be
approximately 50 % higher in RA patients compared with
the general population [1, 2]. The classical cardiovascular risk factors, including smoking, hypertension, dyslipidemia, insulin resistance and diabetes mellitus, obesity and
physical inactivity, do not appear to explain the excess cardiovascular risk in RA [3]. A very important link between
RA and cardiovascular disease is inflammation as it plays a
key role in all stages of atherosclerosis. It also has an influence on and accentuates some of the traditional cardiovascular risk factors, such as dyslipidemia, obesity and insulin
resistance [4]. The exact pathophysiologic mechanism by
which this relation between cardiovascular disease and RA
could be explained is not completely clear.
Metabolic syndrome (MetS) is a cluster of major risk
factors for cardiovascular disease such as dyslipidemia,
hypertension, insulin resistance, impaired glucose tolerance
or diabetes, and obesity. There are multiple criteria for definitions of MetS; the most commonly used are the NCEP/
ATP III and International Diabetes Federation criteria [5,
6]. A recent meta-analysis showed that MetS is associated
with a twofold increase in cardiovascular outcome and a
1.5-fold increase in all-cause mortality [7]. In addition to
insulin resistance, inflammation is closely associated with
the pathogenesis of MetS [8].
An increased prevalence of MetS in RA patients was
found in a number of studies [9–15], but not in all [16–18].
A 17–45.2 % prevalence of MetS in RA patients was found
in the studies with a large number of patients that used the
current definitions of MetS [5, 6].
While both have aging and adiposity as important risk
factors, osteoarthritis (OA) and the MetS have only recently
been associated with one another. In the vast NHANES III
study, MetS was prevalent in 59 % of the OA population
and 23 % of the population without OA. Each of the five
cardiovascular risk factors that comprise MetS was more

13

Rheumatol Int (2015) 35:2047–2057

prevalent in the OA population [19]. Comparable prevalence of MetS in OA patients (54.9 %) was found in a study
by Leite [20]. In the Japanese ROAD study, the risk of
knee OA development and progression increased with the
presence of each additional component of the MetS [21].
While obesity is a well-recognized risk factor for OA in
weight-bearing knee joints, the association of OA with the
MetS is not completely explained by an obesity-induced
increased biomechanical load. Overweight and obese persons also have an increased risk of OA in hands, which are
not weight-bearing, implicating systemic factors in the obesity–OA connection [22]. The pathogenesis of OA and the
MetS each involves abnormalities in common metabolic
intermediates including glucose, hormones, several growth
factors, transcription factors, nitric oxide and reactive oxygen species [23]. Over the last several decades, both OA
and the MetS have been increasingly recognized as lowgrade inflammatory conditions with elevations in systemic
inflammatory markers such as hsCRP (high-sensitivity
C-reactive protein) [24]. For both entities, there are clear
pathogenic roles for inflammatory mediators and hormones
such as IL1β, TNFα and leptin [23].
Obesity and MetS frequently coexist and define obese
individuals “at risk” of adverse health outcomes. Recent
studies have identified a subset of obese individuals who
have a low burden of adiposity-related metabolic abnormalities compared with “at-risk” obese individuals, the so-called
metabolically healthy obese (MHO) phenotype. There is no
universally accepted definition of MHO and the extent to
which the MHO phenotype is associated with a lower risk of
adverse health outcomes remains the subject of debate [25].
There are few studies comparing cardiovascular risk
in RA and OA patients. Cardiovascular risk assessment
revealed that RA patients exercised more frequently, but
they had diabetes more often and their insulin sensitivity
and HDL cholesterol concentrations were lower, as compared to OA patients [26]. In another study, prevalence and
distribution of known cardiovascular comorbid conditions
were similar in RA and OA [27].
The aim of this study was to determine and compare the
prevalence of MetS in patients with RA and OA, and to
assess the factors associated with MetS. Comparison of the
two diseases, both characterized by a chronic course and
painful joint involvement, but with either high (RA) or low
(OA) levels of chronic systemic inflammation, might reveal
the contribution of chronic inflammation on MetS prevalence in these diseases.

Patients and methods
A multicentric cross-sectional study was performed in
regional rheumatology medical centers of Croatia. A
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total of 625 RA and 352 OA patients who attended the
outpatient clinics from September 1 to December 31,
2009, were consecutively enrolled in the study. The presence of MetS was defined according to the updated third
report of the NCEP-ATP III criteria by the presence of
at least three out of five abnormalities: waist circumference (men > 102 cm, women > 88 cm); triglycerides
≥150 mg/dL (1.69 mmol/L) or drug treatment for elevated triglycerides; HDL cholesterol levels (men < 40 mg/
dL, 1.03 mmol/L; women < 50 mg/dL, 1.29 mmol/L) or
drug treatment for reduced HDL cholesterol; elevated
blood pressure (≥130 mmHg systolic blood pressure or
≥85 mmHg diastolic blood pressure or drug treatment
for hypertension); and elevated fasting glucose ≥100 mg/
dL (5.6 mmol/L) or drug treatment for hyperglycemia [5].
We excluded 42 RA patients and 8 OA patients from the
analysis, since they were missing the data necessary for the
diagnosis of MetS, which yielded the total of 583 RA and
344 OA patients. The diagnoses of RA and OA (knee, hip
and hand) were established by qualified rheumatologists
according to the 1987 American College of Rheumatology
(ACR) classification criteria for RA [28] and the ACR criteria for OA [29–31]. The study protocol was approved by
the Ethical Committee of the Dubrava University Hospital,
Zagreb, the coordinative center of the study, and a written
informed consent was obtained from all study participants.
All participants underwent a detailed evaluation guided
by a questionnaire administered in all collaborative departments. The evaluation included a detailed medical history,
physical examination and measurement of body height
and weight. Patients with ischemic heart disease were
not included in the study. Patients >65 years of age were
considered elderly. Body mass index (BMI) was calculated by dividing weight (kg) by height2 (square meters),
and patients with BMIs >25 were qualified as overweight
(including obesity). “Metabolically healthy obese” was
defined as patients with BMI ≥30 kg/m2 and less than three
MetS criteria present in OA and RA [25]. Waist and hip
circumferences were measured, and the waist-to-hip ratio
(WHR) was calculated [32]. Pain and the patients’ general health (GH) were assessed using the appropriate visual analog scales (VAS). Pain VAS (VASP) ranged from
0 to 10, with 10 being the most intensive pain [33]. General health VAS (VASGH) was part of the DAS28-CRP
score [34]. VAS was represented by a 100-mm-long line
on which the patients evaluated their own health, with
100 mm representing the best health. RA patient functional
status and disease activity were assessed by the Croatian
translation of the health assessment questionnaire (HAQ)
[35] and by the DAS28-CRP score [34].
All antihypertensive and antirheumatic medications
taken by the enrolled patients were recorded in detail (indications, dose and duration of treatment). Blood pressure
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(BP) was measured after a 5-min rest in a sitting position
on the right arm with a mercury sphygmomanometer and
a standard cuff. The recorded BP value for each patient
was the mean of three subsequent measurements at 5-min
intervals. Arterial hypertension (HT) was defined according to the European Society of Hypertension and the
European Society of Cardiology 2007 guidelines with BP
≥140 mmHg and/or diastolic BP ≥90 mmHg [36] or any
BP with antihypertensive treatment.
Venous blood samples were collected for laboratory investigations after overnight fasting. The following tests were
performed in the laboratories of the collaborative hospitals:
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), total cholesterol (Chol), high-density lipoproteins
(HDL), low-density lipoproteins (LDL), triglycerides (TG),
creatinine and plasma glucose (Glc). When required, oral glucose tolerant tests (OGTT) were performed. Diabetes (DM)
was defined by a history of DM with current use of antidiabetic medication or fasting Glc >126 mg/dL (7 mmol/L) or
Glc in OGTT (2 h) >200 mg/dL (11.1 mmol/L) [37]. The
same standard methods were used in all laboratories, and biochemical assays were performed using Olympus autoanalyzers according to the manufacturer’s protocol.
Statistical analysis
The distribution of data was assessed for normality using
Kolmogorov–Smirnoff test. Values are presented as median
[interquartile range (IQR)], mean [standard deviation (SD)]
or percentage [confidence interval (CI)], as appropriate.
Comparisons were performed using t test, Mann–Whitney
U test and Chi-square test, for normally distributed, nonnormally distributed and categorical variables, respectively. Binary logistic regression was used to assess the
association of various variables with MetS in RA and OA
patients, as well as in the entire group. In multivariate models, the variables that were significant at p < 0.2 level in
both groups were included, and a multivariate backwardstepwise analysis was performed also with the inclusion of
BMI as a continuous covariate. p values <0.05 (two tailed)
were considered significant. All statistical analyses were
performed using SPSS 17.0 software (SPSS Inc., Chicago,
USA). The adjustment of MetS prevalence for age and BMI
was made according to [38].

Results
Characteristics of RA and OA patients (Table 1)
The proportion of female patients was higher than that
of men in both the RA and OA groups, in a similar ratio.
In comparison with OA patients, patients with RA were
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Table 1  Characteristics of RA
and OA patients

RA (N = 583)

OA (N = 344)

p values

MetS (ATPIII) n [% (95 % CI)]

251 [43.1 (39.0–47.2)]

236 [68.6 (63.4–73.5)]

<0.001

Sex female n [% (95 % CI)]

483 [82.8 (79.5–85.8)]

287 [83.4 (79.1–87.2)]

Age (years)

59 (52–68)

67 (58–73)

<0.001

Age ≥65 years n [% (95 % CI)]

205 [35.2 (31.3–39.2)]

204 [59.3 (53.9–64.5)]

<0.001

7 (3–15)
26.5 (23.8–29.3)

5 (2–10)
29.5 (26.1–32.3)

<0.001
<0.001

BMI ≥25 n [% (95 % CI)]

Metabolically healthy obese [% (95 % CI)]
Waist circumference (cm)
Hip circumference (cm)
WHR
VASP
VASGH
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

377 [64.7 [60.6–68.5])
7.4 (5.5–9.8)
92 (84–100)
103 (98–110)
0.88 (0.82–0.94)
50.0 (30.0–70.0)
50.0 (28.3–67.5)
132 (120–145)
80 (76–90)

291 [84.6 (80.3–88.2)]
8.4 (5.9–11.9)
99 (93–108)
110 (103–117)
0.90 (0.83–0.96)
50.0 (32.0–70.0)
50.0 (30.00–60.00)
135 (126–145)
82 (79–90)

<0.001
0.65
<0.001
<0.001
0.022
0.586
0.594
0.046
0.088

Dyslipidemia n [% (95 % CI)]

237 [40.7 (36.6–44.8)]

180 [52.3 (46.9–57.7)]

0.001

DM n [% (95 % CI)]

60 [10.3 (7.9–13.0)]

59 [17.2 (13.3–21.6)]

0.003

Hypertension
Smoking habit

354 [60.7 (56.6–64.7)]

250 [72.7 (67.6–77.3)]

<0.001

Ex-smokers n [% (95 % CI)]

129 [22.1 (18.8–25.7)]

52 [15.1 (11.5–19.3)]

<0.001

Current smokers n [% (95 % CI)]

128 [22.0 (18.7–25.5)]

51 [14.8 (11.2–19.0)]

0.008

26 (13–43.3)
8.3 (3.1–21)
5.5 (4.8–6.3)
1.3 (1.0–1.9)
1.4 (1.2–1.8)
3.3 (2.8–4.0)
4.9 (4.5–5.5)

14.5 (9–23)
2.1 (1.2–3.7)
5.7 (4.8–6.5)
1.7 (1.2–2.2)
1.4 (1.2–1.7)
3.2 (2.4–3.9)
5.5 (4.9–6.0)

76 (66–86)

78 (68–89)

Disease duration (years)
BMI

a

Laboratory data
ESR
CRP (mgL)
Chol (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Glc (mmol/L)
Creatinine (μmol/L)

0.819

<0.001
<0.001
0.085
<0.001
0.760
0.050
<0.001
0.152

Results are expressed as percentages (95 % CI) or median values (interquartile range) as appropriate
RA rheumatoid arthritis, OA osteoarthritis, MetS metabolic syndrome, CI confidence interval, BMI body
mass index, WHR waist-to-hip ratio, VASP pain visual analog scale, VASGH general health visual analog
scale, DM diabetes mellitus, ESR erythrocyte sedimentation rate, CRP C-reactive protein, Chol plasma
cholesterol, TG plasma triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein, Glc
plasma glucose
a

Participants with BMI ≥30 kg/m2 and <3 criteria for MetS

younger, with a lower proportion of elderly patients, had a
longer duration of the disease, a higher proportion of smokers (ever and current), a lower BMI and WHR, a lower proportion of overweight/obese patients, similar VASP and
VASGH, lower proportion of dyslipidemic patients and a
lower proportion of persons with diabetes and hypertension.
Laboratory investigations showed higher plasma CRP concentrations and ESR in patients with RA, whereas total
Chol, LDL and plasma creatinine concentrations were similar in both groups of patients.
Among the parameters of MetS, in comparison with RA
patients, patients with OA had significantly higher levels of

13

waist circumference, systolic blood pressure, fasting blood
glucose and TG, whereas HDL and diastolic blood pressure
values were similar in both groups of patients. Analyzing
the frequency of “metabolically healthy obese” patients in
OA and RA subgroups, we observed no statistically significant difference (8.4 vs. 7.4 %; p = 0.65).
Prevalence of MetS in RA and OA patients
(Tables 2, 3)
The prevalence of MetS was lower in the RA group than in
the OA group and remained lower after adjusting for age
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Table 2  Prevalence of
metabolic syndrome in RA and
OA patients according to risk
factors

Proportion of MetS positive patients—%
(95 % CI)

1
2
3
4
5

RA (N = 583)

OA (N = 344)

All patients
All patients—adjusted for age and BMI
Male patients
Female patients

43.1 (39.0–47.2)
59.3 (55.3–63.3)
40.0 (30.3–50.3)
43.7 (39.2–48.2)

68.6 (63.4–73.5)
68.6 (63.7–73.5)
70.2 (56.6–81.6)
68.3 (62.6–73.6)

p value 2 versus 3

0.498

0.778

Age <65 years
Age ≥65 years

36.9 (32.0–42.0)
54.1 (47.1–61.1)

60.7 (52.1–68.9)
74.0 (67.4–79.9)

<0.001
<0.001

<0.001
19.6 (14.4–25.7)
56.0 (50.8–61.0)

0.01
38.5 (25.3–53.0)
73.9 (68.4–78.8)

0.004
<0.001

p value 4 versus 5

6
7
8
9

BMI <25 kg/m2
BMI ≥25 kg/m2

p value 6 versus 7

<0.001

<0.001

Age <65 years, BMI <25 kg/m2
Age <65 years, BMI ≥25 kg/m2

12.0 (7.5–18.4)
52.6 (46.2–58.9)

23.1 (10.7–42.4)
69.3 (60.3–77.0)

<0.001

<0.001

2

Age ≥65 years, BMI <25 kg/m
Age ≥65 years, BMI ≥25 kg/m2

37.1 (26.1–49.6)
61.5 (53.4–69.1)

53.8 (35.5–71.3)
76.8 (70.1–82.5)

p value 10 versus 11

0.001

0.013

Anamnestic dyslipidemia, yes
Anamnestic dyslipidemia, no

54.4 (47.9–60.9)
35.3 (30.2–40.5)

77.8 (71.0–83.6)
58.5 (50.6–66.2)

p value 12 versus 13

<0.001

<0.001

Anamnestic diabetes, yes
Anamnestic diabetes, no

85.0 (73.4–92.9)
38.2 (34.1–42.6)

96.6 (88.3–99.6)
62.8 (56.9–68.4)

p value 14 versus 15

<0.001

<0.001

Current smoker, yes
Ex smoker, yes
Nonsmoker

37.5 (29.1–46.5)
48.1 (39.3–57.0)
43.6 (38.1–49.1)

68.6 (54.1–80.9)
75.0 (61.1–86.0)
67.2 (60.9–73.1)

p value 8 versus 9
10
11
12
13
14
15
16
17
18

p value

<0.001
0.005
<0.001
<0.001

0.130
0.003
0.146
0.003
<0.001
<0.001
0.054
<0.001
<0.001
<0.001
<0.001

p value 16 versus 17 versus 18

0.225

0.548

19

CRP <5.0 mg/L

34.9 (28.5–41.8)

64.8 (58.6–70.5)

<0.001

20

CRP ≥5.0 mg/L

46.5 (41.2–51.8)

80.4 (66.9–90.2)

<0.001

0.008

0.034

p value 19 versus 20

Results are expressed as percentages (95 % CI) of prevalence
RA rheumatoid arthritis, OA osteoarthritis, MetS metabolic syndrome, CI confidence interval, BMI body
mass index, CRP C-reactive protein

and BMI. The prevalence of MetS was lower in RA group
in both males and females, while the difference in prevalence of MetS by sex within the RA and OA groups was
not statistically significant.
Within the BMI <25 kg/m2 group, the RA group had a lower
proportion of participants with MetS and a similar result was
found in the BMI ≥25 kg/m2 group. RA group also had a
lower proportion of MetS patients in both <65 years and
≥65 years groups. However, in patients with BMI <25 kg/
m2, there was no statistically significant difference in the
prevalence of MetS within the <65 and 65 and over age
strata, owing to the relatively small sample size in this group.

The lower proportion of MetS in RA group in comparison with OA group was also found in both groups regarding the dyslipidemia status (yes/no), in those with no history of anamnestic diabetes, in all strata of smoking status,
and both in the participants with normal and high CRP
(cutoff value of 5 mg/L). Participants with dyslipidemia
in both RA and OA groups had higher frequency of MetS
than those without dyslipidemia, and similar result was
found for anamnestic diabetes.
The proportion of MetS patients within the RA and OA
groups was not statistically significantly different across
the smoking strata (current, ex, never).
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Table 3  Prevalence of
metabolic syndrome in RA
and OA patients according to
medication usage

Proportion of MetS positive patients—%
(95 % CI)
RA (N = 583)

OA (N = 344)

NSAID(s) users
NSAID(s) nonusers

39.6 (34.2–45.3)
46.6 (40.9–52.3)

70.2 (63.9–75.8)
65.5 (56.5–73.6)

p value 21 versus 22

0.090

0.378

3
4

Opioids users
Opioids nonusers

N.A.
N.A.

61.9 (52.9–70.1)
72.1 (65.9–77.6)

5
6

Analgesic (acetaminophen) users
Analgesic (acetaminophen) nonusers

48.2 (41.4–55.2)
40.4 (35.6–45.4)

60.3 (51.2–68.8)
72.8 (66.7–78.2)

p value 25 versus 26

0.072

0.019

Glucocorticoids users
Glucocorticoids nonusers

43.0 (38.2–48.1)
43.1 (36.4–50.0)

N.A.
N.A.

p value 27 versus 28

0.995

Glucocorticoids duration <3 months
Glucocorticoids duration >3 months

42.6 (34.4–51.3)
45.5 (39.0–52.1)

p value 29 versus 30

0.609

Methotrexate users
Methotrexate nonusers

46.1 (40.5–51.9)
40.1 (34.6–45.7)

p value 31 versus 32

0.138

Leflunomide users
Leflunomide nonusers

46.1 (35.5–57.1)
42.6 (38.3–46.9)

p value 33 versus 34

0.552

Chloroquine users
Chloroquine nonusers

37.9 (26.5–50.8)
43.6 (39.4–47.9)

1
2

9
10
11
12
13
14
15
16

<0.001
<0.001

0.052

p value 23 versus 24

7
8

p value

0.038
<0.001

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

p value 35 versus 36

0.406

17

Sulphasalazine users

43.9 (36.2–51.0)

N.A.

18

Sulphasalazine nonusers

42.8 (38.2–47.4)

N.A.

p value 37 versus 38

0.806

Results are expressed as percentages (95 % CI) of prevalence
RA rheumatoid arthritis, OA osteoarthritis, MetS metabolic syndrome, CI confidence interval, NSAID(s)
nonsteroid anti-inflammatory drugs, N.A. not applicable

The participants with CRP concentration of ≥5 mg/L had
higher frequency of MetS in both the RA and OA groups.
Regarding the prevalence of MetS by the classes of drugs
given in the treatment of arthritis, there was a statistically
significantly higher prevalence of MetS in the OA group,
regardless of NSAID or other analgesics consumption. Within
the OA group, those patients who were not taking analgesic
(acetaminophen) had a higher prevalence of MetS than those
who did (p = 0.019), while in the RA group, there were no
significant differences according to the type of treatment used.
Comparison of risk factors, patients’ characteristics
and laboratory measurements between RA and OA
patients (Table 4)
Within the RA group, participants with MetS were older,
had a higher systolic and diastolic blood pressure and
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higher BMI and WHR. They also scored higher on the
VAS scale, had higher CRP and ESR, higher total Chol,
LDL cholesterol and TG as well as lower HDL cholesterol.
Their creatinine and blood glucose values were also higher,
respectively.
Within the OA group, participants with MetS were older,
had a higher systolic and diastolic blood pressure, higher
BMI and WHR. They had higher CRP and ESR, higher TG
and blood glucose and lower HDL cholesterol.
Participants with MetS and RA in comparison with participants with MetS and OA were younger, had higher disease duration, lower BMI (with no significant difference
in WHR), higher CRP and ESR, lower HDL cholesterol,
higher LDL cholesterol, lower TG and lower blood glucose. There were no differences both between and within
the arthritis subgroups according to the pack-years of
smoking.
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Table 4  Comparison of risk factors, patients’ characteristics and laboratory measurements between RA and OA patients
RA (N = 583)

p value OA (N = 344)

MetS+ (N = 251) MetS− (N = 332)
Age (years)
Disease duration (years)
Smoking (pack-years)
Systolic blood pressure
(mmHg)

63 (55–69)
8 (3–15)
20 (9–32)
138 (130–150)

Diastolic blood pressure
83 (79–90)
(mmHg)
27.6 (25.5–30.6)
BMI (kg/m2)
Waist circumference (cm) 98 (90–105)
Hip circumference (cm)
106 (100–112)
Waist/hip ratio
0.91 (0.86–0.98)
DAS28
4.5 (3.4–5.5)
HAQ
1.5 (0.8–2.1)
VASP
55 (37–72)
VASGH
50 (25–70)
RF
51 (10–155)
CRP
9.3 (4.0–22.4)
ESR
28 (15–45)
Total cholesterol (mmol/L) 5.8 (4.9–6.7)
HDL cholesterol (mmol/L) 1.2 (1.0–1.6)
LDL cholesterol (mmol/L) 3.5 (2.9–4.2)
Triglycerides (mmol/L)
1.8 (1.3–2.2)
Creatinine (μmol/L)
79 (69–88)
Blood glucose (mmol/L)

5.1 (4.7–5.9)

56 (48–67)
6 (2–14)
18 (8–30)
127 (120–139)
80 (75–85)
25.1 (22.5–28.0)
86 (77–95)
100 (95–107)
0.86 (0.80–0.91)
4.3 (3.2–5.5)
1.4 (0.7–2.0)
50 (30–70)
50 (30–61)
40 (10–151)
6.7 (2.5–19.7)
24 (13–42)
5.4 (4.8–6.1)
1.6 (1.3–1.8)
3.2 (2.7–3.7)
1.2 (0.9–1.4)
74 (65–85)
4.8 (4.4–5.2)

MetS+ (N = 236) MetS− (N = 108)
<0.001
0.09
0.794
<0.001

68 (59–74)
5 (2–11)
15 (5–26)
138 (130–147)

p value p value RAMetS+
versus OAMetS+

65 (52–72)
4 (2–8)
19 (5–33)
127 (120–136)

0.005
0.089
0.836
<0.001

<0.001 83 (80–90)

80 (76–83)

<0.001 0.958

<0.001
<0.001
<0.001
<0.001
0.305
0.053
0.047
0.532
0.403
0.004
0.011
0.002
<0.001
<0.001
<0.001
0.004

26.8 (24.2–30)
93 (83–98)
105 (100–113)
0.86 (0.80–0.90)
N.A.
N.A.
50 (30–69)
40 (30–60)
N.A.
1.6 (1.0–2.7)
13 (8–19)
5.6 (4.8–6.3)
1.6 (1.4–1.9)
3.1 (2.5–3.8)
1.3 (1.0–1.6)
76 (68–86)

<0.001
<0.001
<0.001
<0.001
N.A.
N.A.
0.064
0.084
N.A.
<0.001
0.011
0.065
<0.001
0.352
<0.001
0.147

5.1 (4.8–5.4)

<0.001 <0.001

31.0 (27.5–33.7)
103 (97–110)
112 (106–119)
0.92 (0.85–0.98)
N.A.
N.A.
50 (35–70)
50 (36–65)
N.A.
2.3 (1.4–4.3)
16 (10–24)
5.8 (4.9–6.7)
1.3 (1.1–1.6)
3.2 (2.4–3.9)
1.9 (1.4–2.4)
80 (68–91)

<0.001 5.8 (5.1–6.4)

<0.001
0.003
0.725
0.318

<0.001
<0.001
<0.001
0.455
N.A.
N.A.
0.441
0.535
N.A.
<0.001
<0.001
0.906
0.017
0.003
0.008
0.853

Results are expressed as median values (interquartile range)
Bold values distinguish the parameters of metabolicsyndrome among other parameters
RA rheumatoid arthritis, OA osteoarthritis, MetS metabolic syndrome, BMI body mass index, DAS28 28-joint disease activity score, HAQ Health
Assessment Questionnaire, VASP pain visual analog scale, VASGH general health visual analog scale, RF rheumatoid factor, CRP C-reactive
protein, ESR erythrocyte sedimentation rate, HDL high-density lipoprotein, LDL low-density lipoprotein

Logistic regression analysis

Discussion

In univariate logistic regression models done separately for
RA and OA groups, significant predictors of MetS were age,
duration of disease, BMI and ESR for RA patients, and age
and BMI for OA patients. The variables that were significant at p < 0.2 level in both groups were included in backward-stepwise multivariate analyses for the entire pool of
participants with disease (RA/OA) added as binary variable.
Another model was performed by excluding BMI in order to
assess the impact of BMI on the association of arthritis type
with MetS. The results are shown in Tables 5 and 6. Significant predictors of MetS were OA (in comparison with RA),
higher ESR values and older age. The inclusion of BMI in
the model (higher BMI being significant predictor of MetS)
somewhat diminished the association of the type of arthritis
with MetS; however, it remained significant.

In this study, prevalence of MetS in RA patients is consistent with reported prevalence [9, 13, 17], whereas the prevalence of MetS in OA patients was somewhat higher than
earlier reported prevalence [19, 20]. This difference can
be, at least partially, attributed to disparities in the study
design, the population studied and the OA criteria used.
A 1.6-fold higher prevalence of MetS was found in the
patients with OA compared with the RA patients (68.6 vs.
43.1 %; p < 0.001) and remained higher after adjusting
for age and BMI (68.6 vs 59.3 %, p = 0.005), with higher
prevalence in both males and females. The prevalence
was higher across the subgroups of age and BMI, with the
exception of patients with BMI <25 kg/m2 owing to the
relatively small sample size in this group. In NHANES III
study, the crude prevalence of MetS was >twofold higher
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Table 5  Univariate logistic regression analysis with MetS (ATPIII)
as dependent variable
Variable

OR (95 % CI)

RA group (N = 583)
Gender
Age
RA duration
BMI
Glucocorticoids use ever
Glucocorticoids use now
DAS28
HAQ
VASP
VASGH
RF
CRP
ESR

1.164 (0.750–1.804) 0.498
1.048 (1.032–1.064) <0.001
1.018 (1.000–1.035) 0.05
1.138 (1.093–1.184) <0.001
1.062 (0.684–1.648) 0.790
0.947 (0.670–1.338) 0.757
1.059 (0.951–1.179) 0.295
1.017 (0.912–1.135) 0.756
1.006 (0.999–1.013) 0.080
1.003 (0.995–1.010) 0.500
1.000 (0.999–1.000) 0.551
1.006 (0.999–1.013) 0.070
1.009 (1.002–1.016) 0.017

Smoking now (vs. not smoking now) 0.745 (0.498–1.114)
OA group (N = 344)
Gender
Age
OA duration
BMI
VAS
VASGH
CRP
ESR
Smoking now

p value

0.152

0.915 (0.493–1.701) 0.780
1.035 (1.013–1.057) 0.002
1.019 (0.990–1.049) 0.208
1.175 (1.108–1.246) <0.001
1.009 (0.999–1.019) 0.079
1.011 (0.999–1.024) 0.078
1.035 (0.983–1.091) 0.191
1.018 (0.999–1.038) 0.061
1.001 (0.527–1.900)

0.997

RA rheumatoid arthritis, OA osteoarthritis, CI confidence interval,
BMI body mass index, DAS28 28-joint disease activity score, HAQ
Health Assessment Questionnaire, VASP pain visual analog scale,
VASGH general health visual analog scale, RF rheumatoid factor,
CRP C-reactive protein, ESR erythrocyte sedimentation rate

in the population with OA compared with control group,
regardless of sex, and it was limited to the population ≤18–
65 years [19].
Table 6  Multivariate logistic
regression analysis with MetS
(ATPIII) as dependent variable

The overall reported prevalence of MetS in Croatia in
persons older than 40 years is 38.7 % [39]. When age was
taken into account (we compared our data for the 40–59
and 60+ age groups with the published data) according
to 95 % CI, there was no difference in the prevalence of
MetS in 40–59 group of patients with RA compared with
the prevalence in the general Croatian population (35.8 %
[95 % CI 30.3–41.8] vs. 36.2 % [95 % CI 33.7–38.9]),
while in the 60+ age group patients with RA, higher prevalence of MetS (53.7 % [95 % CI 47.9–59.4] vs. 41.6 %
[95 % CI 38.7–44.5]) could be assumed. In the OA group,
prevalence of MetS was higher than in general population
both in 40–59 age group (58.3 % [95 % CI 48.3–67.7]) and
in 60 + age group (73.4 % [95 % CI 67.5–78.5]). However,
this indirect comparison of prevalence is rather insufficient,
and investigations with proper control groups are needed.
Among the parameters of MetS, in comparison with
RA patients, patients with OA had significantly higher levels of waist circumference, systolic blood pressure, fasting blood glucose and TG, whereas HDL cholesterol and
diastolic blood pressure values were similar in both groups
of patients. Therefore, four of the six individual cardiovascular risk factors values assessed were significantly higher
in patients with OA in comparison with RA patients. In
NHANES III study, four (hypertension, abdominal obesity,
elevated TG and elevated fasting blood glucose) of the five
MetS constituent risk factors were significantly more prevalent in the population with OA than in the general population without OA. Low HDL-C levels were not significantly
more prevalent in the population with OA [19].
Significant predictors of MetS were age, duration of disease, BMI and ESR for RA patients, and age and BMI for
OA patients. The fact that age was independently associated with the presence of MetS is not surprising because
this is a variable known to increase the frequency of
comorbidities, MetS among them [14, 17]. However, in
NHANES III study, the population with OA at a young age
had a substantially increased risk of having MetS relative

Model without BMI

OR (95 % CI)

p value

Age (years)
ESR
OA (vs. RA)

1.044 (1.030–1.057)
1.007 (1.000–1.014)
2.502 (1.824–3.431)

≤0.001
0.040
≤0.001

Model with BMI

OR (95 % CI)

p value

Age (years)
ESR
OA (vs. RA)

1.040 (1.026–1.054)
1.010 (1.002–1.017)
1.866 (1.335–2.609)

BMI

1.150 (1.110–1.191)

≤0.001
0.010
≤0.001

≤0.001

MetS metabolic syndrome, ESR erythrocyte sedimentation rate, OA osteoarthritis, RA rheumatoid arthritis,
BMI body mass index, CI confidence interval
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to the general population without OA, but as age increased,
this relative risk diminished, until age 78 years, at which
point the risk of having MetS became equal in the two populations [19]. In a study by Chung et al., the prevalence of
MetS was 30 % in RA patients with long-standing disease,
22 % in patients with RA patients with early arthritis and
10 % in controls, respectively [10]. Disease duration was
similar in RA patients with and without MetS in some studies [9, 14, 18].
Higher values of inflammatory markers (CRP, ESR) in
MetS than in non-MetS patients and higher prevalence of
MetS in patients with CRP level >5 mg/L in both RA and
OA patients indicate an association of chronic inflammation and MetS. However, the prevalence of MetS in RA
patients is lower than in OA patients although the values
of inflammatory markers are higher in the former than in
the latter. Probably this is due to rather weak association of
chronic inflammation and MetS, and the effect of chronic
inflammation is overwhelming by other factors, as indicated by regression analyses where association between
CRP and MetS was not expressed (Table 5).
Unlike some previous studies [9–11, 13], there was no
association between RA disease activity and MetS assessed
by the DAS28-CRP (Tables 4, 5). However, Sahebari et al.
[17] found no association between DAS 28 and the presence of MetS components by either definition. The association between higher ESR and the presence of MetS in
patients with RA in our study was previously reported
[11, 15]. These findings further support the role of chronic
inflammation in insulin resistance development [40]. However, in two recent studies, no relationship between the
MetS and ESR was observed [12, 41].
Logistic regression incorporating the type of arthritis
showed that of all variables analyzed, having OA (in comparison with RA) was the most influential predictive factor
for having MetS (OR 2.502, 95 % CI 1.824–3.431), with
age (OR 1.044, 95 % CI 1.030–1.057) and ESR (OR 1.007,
95 % CI 1.000–1.014). The significant association between
OA and MetS was maintained in the regression model
that controlled for BMI (Table 6), and the risk of having
MetS was also significantly associated with higher ESR
values and older age. In NHANES study, having OA was
the most influential predictive factor for having MetS [19].
The influence of OA on the probability of having MetS was
dependent on age, being more significant at younger ages,
unlike in our study.
In some studies, methotrexate therapy was associated
with reduced prevalence of MetS in patients with RA [11,
12, 42]. However, these findings are not consistent with
other studies [13, 18]. In addition, the use of glucocorticoids did not significantly contribute to the presence of
MetS in patients with RA in previous reports (10, 11, 18).
Our results showed no significant association of MetS with
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NSAID use in RA and OA and no association of MetS with
any disease-modifying drug (DMARD) or glucocorticoid
use in RA.
The current view is that OA is a group of disease that
can be differentiated based on the risk factors involved and
mechanisms underlying the joint damage (aging, obesity,
genetic factors, or injury). The association between obesity
and hand osteoarthritis suggests a role for circulating mediators released by the adipose tissue known as adipokines
[22]. Thus, osteoarthritis may have a systemic metabolic
component. Converging evidence from epidemiological
and biological studies support the concept of metabolic
osteoarthritis, defined as a broad clinical phenotype that
includes obesity-related osteoarthritis and OA related to
hypertension, type 2 diabetes and dyslipidemia [43, 44].
The commonalities in pathogenic mechanism between
MetS and OA are supported by epidemiological data. As
a result of the finding that having OA at the mean age of
the general population is itself associated with a 5.26-fold
increased risk of MetS even when controlling for obesity,
it has been suggested that the finding of OA, alone, should
prompt evaluation for cardiovascular disease [19]. Also,
Kornaat et al. [45] found an association between popliteal
artery wall thickness and generalized OA which persisted
even after correction for sex, age and BMI suggesting that
OA is a part of MetS and not solely correlated with obesity.
Osteoarthritis may be associated with either MetS or
each of its components [43], although published data are
somewhat conflicting [44]. In the NHANES III cohort,
a 1-point increase in HOMA-IR was associated with an
increase in the knee OA risk of 18 % in non-obese males
and 34 % in obese males after adjustment on several factors including age [46]. In the ROAD study, glucose intolerance was independently associated with the development
and progression of radiographic knee OA [47]. Although
independent associations between OA and type 2 diabetes
were demonstrated in other populations, negative studies
have been reported [48, 49]. An independent association
between hypertension and OA has been reported [46]. In
our study population, as previously reported, a robust association of age and BMI with HT prevalence in both RA and
OA was shown. Higher HT prevalence in OA patients in
comparison with RA patients was rather due to age and
BMI than due to features of the disease [50].
At present, a prevailing hypothesis regarding MetS is
that chronic low-grade inflammation may be responsible, at
least in part, for the development of systemic abnormalities
such as glucose and lipid dysregulation, hypertension and
OA [43].
Several limitations are to be recognized. First, the
cross-sectional design can establish association but not
causality. Second, the non-inclusion of a healthy control
group may weaken the conclusions of the study. Third,
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RA inflammation fluctuates, and CRP and DAS28-CRP
as a cross-sectional markers may not capture the longterm cumulative inflammatory burden. Fourth, patients
with different localizations of OA (knee, hip or hand) were
studied as a group, whereas the systemic impact of MetS
may depend on the localization of OA. Fifth, the extent of
radiographic severity of RA or OA was not analyzed in the
study. Finally, we cannot exclude the possibility of patient
selection bias in both RA and OA, as most of the centers
from which patients were recruited are a secondary care
centers.
In conclusion, the present analysis suggests that OA is
associated with increased risk of MetS. Cause-and-effect
relationship cannot be determined from an analysis of
cross-sectional data; our analysis does not suggest that OA
leads to MetS or vice versa. However, our findings strongly
suggest that common pathogenic mechanism may be active
in patients with OA and patients with MetS.
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