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Abstract

Background Promoting prevalence of metabolic syndrome (MetS) in Rheumatoid arthritis (RA) patients might occur
secondary to RA therapy as well as sedentary life style. However, conflicting observations have been reported on

the correlation between MetS and RA. This study aimed to determine the frequency of MetS and association of its
components in RA.

Methods In this study, 500 RA patients and 500 age- and gender-matched healthy controls were enrolled. MetS
was fulfilled through the International Diabetes Federation (IDF) criteria. A multivariate regression model was used to
control for variables independently associated with the risk of MetS in RA patients.

Results The prevalence of MetS was 58.8% on IDF criteria in RA patients that was higher than controls (20.4%). Higher
incidence of cardiovascular disease (CVD), the familial history of CVD, hypertension, type 2 diabetes mellitus (T2DM),
smoking, dyslipidemia, and higher levels of body mass index (BMI), waist circumference (WC), total cholesterol level,
fasting blood sugar (FBS), triglyceride (TG) level, low-density lipoprotein (LDL) level, while lower levels of high-density
lipoprotein (HDL) were associated with an increased risk of MetS in RA patients. Multivariate regression analysis
indicated that age, WC, dyslipidemia, LDL, and DAS28 were independent predictors of MetS in the RA patients.

Conclusions The prevalence of MetS is higher in RA patients. Our findings suggest an association between
cardiovascular risk factors and the increased prevalence of MetS in RA patients.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease that involves the joints and can
affect most of the body’s vital organs, including the heart,
kidneys, skin, and other organs [1]. Inflammation of the
joints may be transient but is usually chronic and leads
to joint damage [2]. Even in the general population, car-
diovascular disease remains the primary cause of mortal-
ity; nevertheless, RA is associated with an approximately
two-fold greater risk of acquiring cardiovascular disease
(CVD) [3, 4]. Risk factors for cardiovascular disease in
the patients include diabetes mellitus, hyperlipidemia,
family history of cardiovascular disease, and elevated
body mass index (BMI) [5]. Several studies have shown
that factors associated with RA (traditional risk factors
such as hypertension, dyslipidemia, diabetes mellitus,
and obesity), especially inflammation, are also associated
with an increased risk of cardiovascular disease in these
patients [6, 7].

Metabolic syndrome (MetS) is a set of the most impor-
tant risk factors for cardiovascular disease, characterized
by abdominal obesity, insulin resistance, dyslipidemia,
and hypertension [8]. In several studies, MetS has been
seen in a large number of patients with RA [9]. Insulin
resistance is one of the most important factors in increas-
ing the incidence of cardiovascular disease in individuals
with MetS [10, 11]. In addition, increasing these inflam-
matory markers increases the risk of atherosclerosis. Ele-
vated blood pressure (BP), which is one of the diagnostic
criteria for MetS, has a prevalence ranging from 3.8 to
73% in different populations with RA [12, 13]. Numerous
factors, including inflammation, lack of physical activity,
and medications, increase BP in patients with RA [14,
15]. Studies show that medications used for symptom
relief in RA, including non-steroidal anti-inflammatory
drugs (NSAIDs) and glucocorticoids, can increase the
risk of high blood pressure. Additionally, certain disease-
modifying antirheumatic drugs (DMARDs), such as
leflunomide, may also contribute to elevated blood pres-
sure, although this is not common among most other
sDMARDs and bDMARDs [16, 17]. Furthermore, obe-
sity is known as the most important factor in the patho-
genesis of inflammation [18]. With increasing BMI, the
level of circulating inflammatory proteins increase. All of
these factors are produced by adipocytes, which play an
important role in causing inflammation [19].

Due to the increasing prevalence and cardiovascu-
lar complications in patients with MetS, this disorder
has become a pandemic and a global concern. There-
fore, according to the results of previous studies and the
importance of the relationship between MetS and RA
(as two effective and consistent factors to increase the
risk of cardiovascular complications), the present study
was performed to investigate the frequency of MetS and
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its associated factors, such as Fasting blood sugar) FBS,
Triglyceride (TG), total cholesterol, High-density lipo-
protein (HDL), BP, waist circumference (WC), in RA
patients.

Materials and methods

Study participants

Our case-control study enrolled 500 RA patients referred
to the outpatient Rheumatology clinic of the Ali-Ebne-
Abitaleb Hospital, Rafsanjan, Iran, who fulfilled the
American College of Rheumatology (ACR) criteria [20],
and 500 healthy persons matched based on age, gender
and ethnicity with the patients. The healthy controls were
selected from volunteers among hospital personnel and
individuals accompanying patients in emergency or other
hospital departments. These individuals had no clinical
history of chronic inflammatory or autoimmune diseases.
Also, exclusion criteria in both groups were infectious
diseases, malignancy, pregnancy and breastfeeding. All
individuals voluntarily sign a written consent to partici-
pate in the study, which was approved by the Ethics Com-
mittee of Rafsanjan University of Medical Sciences.

MetS diagnosis criteria

International Diabetes Federation (IDF) criteria was used
to diagnose MetS. IDF defines MetS as central obesity,
which is defined as a waist circumference of less than
90 cm for males and 80 cm for women, with ethnicity-
specific values assumed if body mass index (BMI) is
greater than 30 kg/m? combined with any two of the fol-
lowing four characteristics makes a person have MetS:
raised TG (=150 mg/dL) or treatment specifically for this
lipid abnormality; reduced HDL cholesterol (<40 mg/dL
in men, < 50 mg/dL in women); elevated blood pressure
(=130/85 mm Hg) or treatment specifically for this lipid
abnormality; and elevated FBS (=100 mg/dL) or previ-
ously identified T2DM it is known as MetS.

Clinical measurements

Systolic and diastolic BP (mmHg) were measured twice
by a standard mercury sphygmomanometer after resting
seated for 5 min. BP>130 mmHg for systolic pressure
or 285 mmHg for diastolic pressure or current hyper-
tension treatment was described as hypertension. WC
(cm) was measured on a horizontal plane at the midpoint
between the lower rib margin and the iliac crest. Accord-
ing to the IDF, a WC less than 80 cm suggests a reduced
risk of T2DM, hypertension or coronary heart disease
[21]. Weight (kg) was measured with the subjects dressed
in light clothing and barefoot after overnight fasting with
a standard scale. In addition, standing height measure-
ment was conducted with a calibrated standard wall-
mounted stadiometer, following the recommendations
of the World Health Organization (WHO) [22]. BMI was
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calculated by weight (kg) divided by height squared (m?).
According to the WHO criteria, BMI value<18.5 kg/m2
was considered underweight, 18.5-24.9 kg/m2 as nor-
mal, 25-29.9 kg/m2 as overweight and =30 indicated
obesity [22].

Laboratory measurements

For each participant, serum concentrations of FBS, TG,
total cholesterol, low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) were determined using the
clinical biochemistry autoanalyzer (BT3000 Plus, Bio-
tecnica Instruments SPA, Italy) via commercial reagents
(Pars Azmoon, Iran), after an overnight fasting. ESR
was measured using the automated kineticphotometric
method by the Automatic ESR analyzer XC-A30 (Care-
tium Medical Instruments, China). In addition, CRP,
anti-cyclic citrullinated peptide (anti-CCP), and Rheu-
matoid factor (RF) were measured by the nephelometric
method.

Assessment of RA disease activity

RA activity was measured using the Disease Activity
Score including 28 joints (DAS28). A score of DAS28<2.6
indicates remission, < 3.2 low disease activity, 3.3-5.1
moderate and >5.1 high disease activity [23]. To evaluate
functional disability, the Health Assessment Question-
naire (HAQ) was used. The HAQ score can range from
0 for no disability to 3 for greatest possible disability [24].
Also, to measure the patients’ general health a visual ana-
logic scale (VAS) was used.

Statistical analysis

The SPSS software version 22 (SPSS, Chicago, IL, USA)
was used for data analysis. The Kolmogorov—Smirnov
test was applied to evaluate the normality of scale vari-
ables. The normally distributed variables were expressed
as mean+SD, and analyzed by independent sample ¢-test.
The non-normally distributed variables were analyzed via
the Mann—Whitney U test. Multivariate logistic regres-
sion analysis was conducted to measure the odds ratios
(OR) and 95% confidence intervals (CI) and estimate the
independence of the predictors of RA parameters associ-
ated with MetS. P values<0.05 were considered as statis-
tically significant.

Results

Characteristics of patients and controls

The clinical presentations and demographic data of the
RA patients and healthy controls are demonstrated in
Table 1. Among the important specifications, hyperten-
sion was detected in 215 (43%) of RA patients and 105
(21%) healthy controls (P<0.0001). The ESR level was
higher in RA patients than controls (21.3+14.9 mm/h
vs.4.7+2.1; P<0.0001). History of CVD was higher in
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RA patients 49 (9.8%) than controls 23 (4.6%; P=0.0019).
Familial history of CVD was seen in 53 (10.6%) RA
patients and 24 (4.8%) controls (P=0.0032). BMI was
higher in RA patients than controls (28.3+4.9 kg/
m2 vs. 24.8+2.9 kg/m2, P=0.024). WC was higher in
RA patients than controls in males (106.4+£9.1 cm vs.
96.217.9 cm; P<0.001) and females (95.4+8.9 cm vs.
85.6%+7.7 cm; P<0.001). Total cholesterol level was
higher in patients than controls (195.84+41.8 mg/dl vs.
165.61+38.4 mg/dl; P=0.001). It was seen that FBS level
was higher in RA patients (94.3+34.2 mg/dl) than healthy
controls (86.4%21.8 mg/dl; P=0.011). The TG level was
higher in RA patients than controls (154.9+62.5 mg/
dl vs. 134.8+41.3 mg/d; P=0.048). Also, HDL level was
lower in RA patients than controls. Finally, the frequency
of MetS was higher in RA patients than healthy controls
(294 (58.8%) vs. 102 (20.4%); P<0.0001).

Characteristics of RA patients with and without MetS

Table 2 shows the specifications of RA patients with and
without MetS based on IDF criteria to diagnose MetS.
In the RA patient group, 294 subjects had MetS and 206
cases had no MetS. In patients with MetS, there were 80
(27.3%) males and 214 (72.7%) females, while in patients
without MetS there was 55 (26.7%) males and 151 (73.3%)
females.

Considering the RA disease severity indexes, the
28Tender Joint Count was higher significantly (P=0.009)
in patients with MetS (3.84+2.58) than subjects without
MetS (2.18+1.7). Additionally, 28Swollen Joint Count
was higher significantly (P=0.011) in patients with MetS
(2.9212.45) than cases without MetS (2.56+1.63). It was
seen that DAS28 score was higher significantly (P=0.004)
in patients with MetS (4.01+1.88) than patients without
MetS (2.7510.84).

Regarding inflammatory factors, CRP level was sig-
nificantly (P=0.001) increased in patients with MetS
(36.9£12.1) than patients without MetS (32.2+11.1).
Moreover, ESR level was significantly higher (P=0.001)
in patients with MetS (22.9+13.3) than subjects with-
out MetS (19.1+12.5). RF level was higher significantly
(P=0.001) in RA patients with MetS (33.4+10.2) in
comparison to patients without MetS (31.6%9.1). The
anti-CCP level was significantly higher (P=0.004) in RA
patients with MetS (39.8+12.7) compared to patients
without MetS (34.8+10.9).

History of CVD was higher (P=0.014) in patients with
MetS (12.5%) than RA patients without MetS (3.5%).
Additionally, the familial history of CVD was seen in RA
patients (13.9%) with MetS and in 12 (4.3%) RA patients
without MetS (P<0.001). Regarding the cardiovascular
risk factors, hypertension was seen in 51.2% patients with
MetS and in 30.03% patients without MetS (P=0.025).
T2DM was seen in 20.4% patients with MetS and in
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Table 1 Clinical presentations and demographic data of the RA patients and healthy controls

Characteristic RA patients (n=500) Healthy controls (n=500) P value
Gender (Female, %) 365 (73%) 360 (72%) 0347
Age (Year, mean+SD) 52.1+£133 514+127 0.144
Disease duration (Year, mean +SD) 13.2+76 - -
28Tender Joint Count (mean +SD) 3.01+2.14 - -
28Swollen Joint Count (mean +SD) 274+204

DAS28 (mean+SD) 338+1.36 - -
Hypertension (Yes, %) 215 (43%) 105 (21%) <0.0001
RF (IU/ml, mean £SD) 325+96 -

Anti-CCP (IU/ml, mean £SD) 373+118 -

CRP (IU/ml, mean +SD) 36.12+12.64 -

ESR (mm/h, mean +SD) 213+149 47421 <0.0001
T2DM (Yes, %) 89 (17.8%) -

Smoker (Yes, %) 219 (43.8%) 216 (43.2%) 0.848
History of CVD (Yes, %) 49 (9.8%) 23 (4.6%) 0.0019
Familial history of CVD 53 (10.6%) 24 (4.8%) 0.0032
BMI (kg/mz, mean=+SD) 283+49 248+29 0.024
WC-Male (cm, mean +SD) 106.4+9.1 96.2+79 <0.001
WC-Female (cm, mean =SD) 954+89 856+7.7 <0.001
Dyslipidemia (Yes, %) 214 (42.8%) 201 (40.2%) 0.404
Total cholesterol (mg/dl, mean+SD) 195.8+41.8 165.6+384 0.001
FBS (mg/dl, mean+SD) 9434342 864+218 0.011
TG (mg/dl, mean£SD) 1549+625 134.8+413 0.048
LDL (mg/dl, mean+SD) 121.9+36.8 118.5+32.7 0.122
HDL-Male (mg/dl, mean+SD) 462+13.1 533+135 0.033
HDL-Female (mg/dl, mean £ SD) 455+14.2 559+15.1 0.013
MetS (Yes, %) 294 (58.8%) 102 (20.4%) <0.0001
Use of prednisolone (Yes, %) 388 (77.6%) -

Use of methotrexate (Yes, %) 397 (79.4%) -

Use of biologics (Yes, %) 84 (16.8%) -

RA, Rheumatoid arthritis; DAS28, Disease activity score 28; RF, Rheumatoid factor; Anti-CCP, Anti-cyclic citrullinated peptide; CRP, C-reactive protein; ESR, Erythrocyte
sedimentation rate; T2DM, Type 2 diabetes mellitus; CVD, Cardiovascular diseases; BMI, Body mass index; WC, Waist circumference; FBS, Fasting blood sugar; TG,
Triglyceride; LDL, Low density lipoprotein; HDL, High density lipoprotein; SD, Standard deviation; MetS, Metabolic syndrome

14.0% cases without MetS (P=0.03). WC of RA patients
with MetS (109.9£9.4) (IDF) in men (109.9%£9.4) and
women (98.418.9) were significantly higher (P=0.004)
than male (99.84+8.1) and female (88.6%+7.7) patients
without MetS. Dyslipidemia was significantly higher
(P<0.001) in patients with MetS (54.7%) than patients
without MetS (25.7%). Total cholesterol level was sig-
nificantly higher (P=0.012) in RA patients with MetS
(203.8+52.6) than patients without MetS (191.8+46.7).
EBS level was significant higher (P=0.047) in RA patients
with MetS (95.7+35.2) compared to those without MetS
(89.8£25.8). It was seen that LDL level was significantly
higher (P=0.032) in RA patients with MetS (139.7+33.7)
compared to those without MetS (135.9+34.6). How-
ever, the HDL level was significantly lower (P=0.034) in
RA male (45.9£13.4) and female (45.8+12.2) patients
with MetS compared to male (51.5£11.9) and female
(49.9£13.1) patients without MetS.

Independent association of the variables with MetS in RA
patients

According to the multivariate regression analysis (results
shown as forest plot in Fig. 1), it was revealed that the
variables below were independent predictors of MetS
in the RA patients; age (OR=1.10, 95%CI: 1.04 to 1.65,
P=0.004), WC (OR=1.87, 95%CI: 1.17 to 2.31, P=0.014),
dyslipidemia (OR=1.93, 95%CI: 1.40 to 2.77, P=0.003),
LDL (OR=1.65, 95%CIL: 1.13 to 2.10, P=0.019), and
DAS28 (OR=2.12, 95%CI: 1.88 to 3.23, P=0.031).

Discussion

Given the increasing prevalence of MetS and its cardio-
vascular complications, this study aimed to assess MetS
frequency and identify risk factors in RA patients from
Rafsanjan City, where previous studies indicated asso-
ciations with other conditions [25-27]. The research
provides insights into MetS characteristics and determi-
nants in this specific region, suggesting potential targeted
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Table 2 Characteristics of RA patients with and without MetS based on the IDF criteria

Characteristic RA patients with MetS RA patients without MetS Pvalue
(n=294) (n=206)

Gender (Male/Female, %) 80 (27.3%)/214 (72.7%) 55 (26.7%)/151 (73.3%) >0.05
Age (Year, mean+SD) 52.7+136 51.0£11.9 >0.05
Disease duration (Year, mean +SD) 125+72 13.0+74 >0.05
28Tender Joint Count (mean +SD) 3.84+2.58 2.18+1.70 0.009
28Swollen Joint Count (mean +SD) 2924245 256+1.63 0.011
DAS28 (mean+SD) 401+1.88 2.75+£0.84 0.004
Hypertension (Yes, %) 148 (51.2%) 62 (30.03%) 0.025
RF (IU/ml, mean +SD) 334+102 316+9.1 0.001
Anti-CCP (IU/ml, mean +SD) 398+127 348+109 0.004
CRP (IU/ml, mean+SD) 36.9+12.1 321+11.1 0.001
ESR (mm/h, mean +SD) 2294133 19.1£125 0.001
T2DM (Yes, %) 65 (20.4%) 30 (14.0%) 0.03
Smoker (Yes, %) 132 (44.8%) 87 (43.2%) >0.05
History of CVD (Yes, %) 37 (12.5%) 7 (3.5%) 0014
Familial history of CVD (Yes, %) 41 (13.9%) 9 (4.3%) <0.001
BMI (kg/m?, mean +SD) 339+49 263+49 <0.001
WC-Male (cm, mean +SD) 1094+94 99.8+8.1 0.004
WC-Female (cm, mean +SD) 984+89 886+7.7 0.001
Dyslipidemia (Yes, %) 161 (54.7%) 53 (25.7%) <0.001
Total cholesterol (mg/dl, mean+SD) 203.8+£526 191.8+46.7 0.012
FBS (mg/dl, mean+SD) 95.7+352 89.8+258 0.047
TG (mg/dl, mean £ SD) 1584+479 156.2+£433 >0.05
LDL (mg/dl, mean+£SD) 139.7+£33.7 13594346 0.032
HDL-Male (mg/dl, mean +SD) 459+134 515+119 0.034
HDL-Female (mg/dl, mean +SD) 458+12.2 499+ 13.1 0.011
Use of prednisolone (Yes, %) 232 (78.6%) 158 (77.1%) >0.05
Use of methotrexate (Yes, %) 238 (81.2%) 160 (78.2%) >0.05
Use of biologics (Yes, %) 52 (18.8%) 31 (14.9%) >0.05

RA, Rheumatoid arthritis; DAS28, Disease activity score 28; RF, Rheumatoid factor; Anti-CCP, Anti-cyclic citrullinated peptide; CRP, C-reactive protein; ESR, Erythrocyte
sedimentation rate; T2DM, Type 2 diabetes mellitus; CVD, Cardiovascular diseases; BMI, Body mass index; WC, Waist circumference; FBS, Fasting blood sugar; TG,
Triglyceride; LDL, Low density lipoprotein; HDL, High density lipoprotein; SD, Standard deviation; MetS, Metabolic syndrome

intervention and management strategies for individuals
facing both RA and MetS.

In our study, the prevalence of MetS was 58.8% based
on IDF criteria in RA patients that was higher signifi-
cantly than controls (20.4%). This discrepancy in MetS
prevalence among RA patients is not unique to our study,
as global variations have been documented, ranging from
12.1 to 53.4%. These disparities are likely attributed to
differences in population demographics and the crite-
ria used for diagnosing patients within various regions
[28-30]. A comprehensive meta-analysis, incorporating
data from four cross-sectional controlled studies and
eight case-control studies involving 2283 RA patients and
4403 controls, unveiled a significant association between
RA and the risk of MetS. The overall OR calculated from
this analysis was 1.24, affirming a substantial correlation
between RA and the likelihood of developing MetS [28].
These findings underscore the global relevance of under-
standing the intricate relationship between RA and MetS,
emphasizing the need for consistent diagnostic criteria

and heightened awareness of this association for effec-
tive management and preventive measures across diverse
populations.

A meta-analysis of 14 studies on the prevalence of
MetS in Iranian healthy subjects indicated that preva-
lence of MetS for subjects with 20 years and older was
23.8% and in individuals with less than 20 years was
10.98%. Additionally, MetS was more frequent in women
(25.5%) compared to men (17.16%) and the prevalence
was increased in accordance to aging. This analysis indi-
cated that the most frequent element of MetS was low
HDL (59.7%) and then hypertriglyceridemia (39.5%)
[31]. In a meta-analysis in 2019, it was detected that the
overall prevalence of MetS was 30.4%. Moreover, MetS
had high prevalent in women (34.8%) than men (25.7%).
Additionally, and increasing trend was seen in different
ages, as MetS increased from 12.1% in 20-29 years-old
age group to 51.7% in the over 60 years-old age group.
However, a study in 2016 in Iranian adolescents, it was
revealed that the prevalence of the MetS was 10.1%
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Fig. 1 Forrest plot to show multivariate regression model results for the variables independently associated with the risk of Mets in the RA patients

among Iranian adolescents (boys: 10.3%, girls: 9.9%). This
study concluded that the prevalence of MetS was high in
Iranian overweight adolescents [32]. Our study also indi-
cated that the prevalence of MetS was 20.4% based on
IDF criteria in healthy individuals.

Another study is Iranian population, it was seen that
prednisolone dosage, age, and Vitamin D serum levels
were significant predictors of MetS occurrence in RA
patients. It was shown that Vitamin D was a protective
factor against MetS. It was also shown that there was a
negative correlation between BMI and Vitamin D serum
levels. This study indicated that Vitamin D plays a pro-
tective role against MetS in RA patients [33]. Our inves-
tigation demonstrated that history of CVD, the familial
history of CVD, hypertension, T2DM, smoking, BMI,
WC, dyslipidemia, total cholesterol level, FBS, TG level,
LDL level was significantly higher in RA patients with
MetS compared to RA patients without MetS. However,
the HDL level was significantly lower in RA patients
with MetS compared to those without MetS. By the
multivariate regression analysis, we observed that age
(OR=1.12), WC (OR=1.84), dyslipidemia (OR=1.94),
LDL (OR=1.05), and DAS28 (OR=2.10) were indepen-
dent predictors of MetS in the RA patients and were
associated with increased risk of MetS in these patients.
It should be noted that RA is already associated with
chronic systemic inflammation, and MetS adds to this
inflammatory burden [34, 35]. Low HDL levels can
worsen inflammation because HDL has anti-inflamma-
tory properties. The combination of RA, MetS, and low
HDL can lead to a vicious cycle where inflammation

further lowers HDL, and reduced HDL fails to counteract
inflammation effectively.

Our study found a significant association between ele-
vated ESR and CRP levels and the presence of MetS in RA
patients, supporting the role of chronic inflammation in
developing insulin resistance. This aligns with existing lit-
erature, highlighting the association between inflamma-
tory processes and metabolic dysregulation in RA [36].
The reciprocal relationship between inflammation and
MetS suggests that chronic inflammation characteristic
of RA contributes to insulin resistance and other MetS
components [37]. However, the cross-sectional design
of our study limits the ability to establish causality. Lon-
gitudinal studies are needed to clarify whether chronic
inflammation precedes MetS development or vice versa.
Future research should also explore the molecular mech-
anisms linking inflammation to insulin resistance in RA
and MetS, which could inform targeted interventions to
improve outcomes for RA patients at risk of MetS.

A bulk of investigations has assessed an association
between MetS and RA activity exerting DAS28 solely
[38-40]. Our findings are in line with these reports,
through which RA patients with MetS tended to have a
significantly higher DAS28 scores in comparison to those
without MetS. On the other hand, a number of studies
also indicated no association between presence of MetS
and increased DAS28 in RA population [41-44]. A lim-
ited number of reports has focused on further indices
other than DAS28, such as Simplified Disease Activity
Index (SDAI), and Clinical Disease Activity Index (CDAI)
to evaluated RA disease activity in subjects with MetS.
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These reports indicated a significant association between
the presence of MetS and higher RA disease activity,
represented by DAS28, SDAI, and CDAI [45, 46]. In our
investigation, other than DAS28, 28Tender Joint Count
and 28Swollen Joint Count were associated with the pres-
ence of MetS in RA patients. In line with these observa-
tions, we observed increased levels of RF and anti-CCP
in RA cases with MetS compared to those without MetS.
This suggests a potential connection between the sever-
ity of RA, as indicated by increased levels of RF and anti-
CCBP, and the presence of MetS. The observed correlation
implies that the immunological and inflammatory com-
ponents reflected by these RA disease markers may con-
tribute to the development or exacerbation of metabolic
disturbances in RA patients.

Acknowledging the limitations inherent in our current
study is crucial for a nuanced interpretation of our find-
ings. Our study’s cross-sectional design and small sample
size limit the ability to establish causality and discern
the sequence of events. The sample, drawn exclusively
from a single tertiary care facility specializing in severe
and active diseases, may overrepresent advanced dis-
ease states, affecting the generalizability of our findings.
Future research with larger, more diverse cohorts and
longitudinal designs is needed to better understand the
relationship between rheumatoid arthritis and MetS and
provide a more robust interpretation of the associations
observed.

In conclusion, this study highlights the significantly
elevated prevalence of MetS among RA patients com-
pared to the healthy population, underscoring the need
for targeted interventions and increased awareness. Key
risk factors identified include a history of CVD, familial
predisposition to CVD, hypertension, T2DM, smoking,
elevated BMI, WC, dyslipidemia, total cholesterol levels,
FBS, TG, and LDL levels. Reduced HDL levels were also
associated with increased MetS risk. Independent predic-
tors of MetS in RA patients were age, WC, dyslipidemia,
LDL levels, and DAS28. Future research should focus on
longitudinal studies with larger, more diverse cohorts to
clarify causative mechanisms and validate predictors.
Additionally, examining therapeutic interventions and
lifestyle modifications could inform preventive strategies
and optimize care. Integrating genetic factors and novel
biomarkers may further advance personalized medicine
and tailored treatment for this vulnerable population.
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