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Abstract: Rheumatoid arthritis (RA) is associated with an increased burden of cardiovascular disease (CVD)
and metabolic syndrome (MetS), though sex-specific patterns remain underexplored. This cross-sectional
study aimed to compare the prevalence of MetS and estimate the 10-year cardiovascular risk between male
and female RA patients. A total of 300 RA patients (150 males, 150 females) were evaluated using harmo-
nized MetS criteria and the SCORE-2 algorithm. Results showed that MetS was significantly more prevalent
in females (56.0% vs. 36.7%, p <0.001), characterized by higher rates of central obesity and low HDL-choles-
terol. In contrast, males exhibited higher 10-year cardiovascular risk (7.4% vs. 5.1%, p <0.001). However, the
presence of MetS disproportionately elevated cardiovascular risk in females, nearly equalizing risk between
sexes in the MetS subgroup. Multivariate analysis confirmed MetS as a stronger predictor of high cardio-
vascular risk in women. These findings highlight significant sex-based disparities in metabolic and cardio-
vascular profiles in RA, underscoring the need for sex-stratified risk assessment and targeted management
strategies to mitigate cardiovascular morbidity.
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Introduction

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disorder that is defined by chronic synovitis and
progressive destruction of the joints (Boissier et al., 2012). Although the hallmark of RA is the inflammatory arthritis, it
is also developing as a state of increased systemic inflammation with providing a significant load of extra-articular
manifestations (Figus et al., 2021). The most important of these is accelerated cardiovascular disease (CVD) which is the
most prevalent cause of morbidity and mortality amongst RA patients and lowers the life expectancy of patients by an
average of 5-10 years (Bedekovi¢ et al., 2024). This risk is not entirely attributable to conventional cardiovascular risk
factors and this places chronic inflammation as one of the drivers of endothelial dysfunction, accelerated atherosclerosis,
and metabolic dysregulation (Pacinella et al., 2022). Metabolic Syndrome (MetS), a cluster of cardiometabolic abnormal-
ities characterized by central obesity, dyslipidemia, hypertension and insulin resistance, is a key mediating mechanism
between inflammation and CVD (Nikolopoulou & Kadoglou, 2012). RA and MetS have a similar inflammatory envi-
ronment, which is characterized by proinflammatory cytokine production, including TNF-a and IL- 6 production,
which enhances destruction of the joint and metabolic dysfunction (Shrivastava & Pandey, 2013). The incidence of MetS
is markedly elevated among RA populations as opposed to the general population, which only increases their cardio-
vascular risk profile (Cioffi et al., 2021). The same level of intersection between RA, MetS, and CVD does not exist
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between sexes (Kuriya et al., 2019). Sex-specific differences in the manifestation, risk factors, and outcomes of CVD are
also well-known in the general population, where pre-menopausal women are generally relatively cardioprotected,
which decreases after menopause (Kittnar, 2019). This dynamic is radically changed by RA. Sex disparities in the disease
itself are observed, but among radiographically active patients with RA, the increase in the disease is more active in the
female gender, although in male patients, the disease is characterized by a more aggressive course (Maranini et al.,
2022). There is an initial indication that the women may be disproportionately at risk because of the emergent evidence
indicating that the "RA effect" on cardiovascular risk could be higher in women to nullify their pre-menopausal ad-
vantage (Mei et al., 2022). The causes of this are complex and constitute the interactions of sex hormones, body compo-
sition, immune responses, and the difference between the effects of chronic inflammation on metabolic parameters in
men and women (Ter Horst et al., 2020). The burden and expression of MetS and its role in the risk of CVD between
male and female RA patients has not been thoroughly and directly compared where this area is concerned. Most of the
research publications present aggregate data or are based on one sex. This disparity prevents the creation of sex-specific
screening procedures and preventive cardiology in rheumatology practice. The proposed research involved the com-
parative analysis of cardiovascular risk and prevalence, components, and severity of Metabolic Syndrome among male
and female patients with rheumatoid arthritis. Our study aims to explain such sex-based variations so that a more
individualized and effective way of cardiovascular risk management can be developed in the RA population and ulti-
mately to reduce the over-cardiovascular mortality of this debilitating disease.

Methodology

This study employed a cross-sectional, comparative design. The sample population was recruited at the rheuma-
tology outpatient department of Saidu Teaching Hospital Swat within the time period of 12 months. Patients aged 18
years or above were eligible to participate in the study provided they were diagnosed with Rheumatoid Arthritis fol-
lowing the 2010 ACR /EULAR classification criteria, and had a disease history of at least 6 months (Aydin et al., 2017).
Patients who had a previous diagnosis of developed cardiovascular disease, including myocardial infarction, stroke, or
revascularization, were eliminated to concentrate on cardiovascular risk stratification and not on prevailing disease. All
the participants (300) were involved, and the interest in these was to have a relatively equal number of male and female
patients. Structured interviews, thorough review of medical records, and routine physical examinations were used to
collect the data. Demographic and clinical data that were noted involved age, sex, body mass index, waist circumfer-
ence, smoking, and family history of cardiovascular disease. Data meeting the criteria of rheumatoid arthritis included
background of rheumatoid arthritis, disease activity score (DAS28), rheumatoid factor, and anti-cyclic citrullinated pep-
tide antibody seropositivity, and use of disease-modifying antirheumatic drugs, glucocorticoids, and biologic agents.
Triple measurements were taken on blood pressure using a calibrated sphygmomanometer based on a standard proce-
dure. Metabolic Syndrome was determined based on harmonized Joint Interim Statement. A minimum of three of the
following five factors was needed to make the diagnosis; an increased waist circumference with population-specific
cutoffs, an increase in triglycerides (above 150 mg/dl or on lipid-lowering therapy), a decrease in the HDL-cholesterol
(under 40 mg/dl in men, under 50 mg/dl in women or taking lipid-lowering therapy), a rise in blood pressure (systolic
130 mmHg or above, diastolic 85 mmHg or above, or under All the participants provided fasting blood samples to
evaluate the lipid profiles and the glucose levels. Measurement of the fasting glucose and lipid profile was done through
the spectrophotometry technology (Cobas ¢501 analyzer) (Ali, 2025). The estimation of cardiovascular risk was based
on the Systematic Coronary Risk Evaluation 2 (SCORE-2) algorithm, which was used to compute the 10-year risk of
fatal and non-fatal cardiovascular event (Chipayo-Gonzales et al., 2022). The SPSS version 26.0 was used in statistical
analysis. Mean standard deviation or median with interquartile range were used to describe continuous variables based
on their distributions whereas frequencies and percentages were used to describe categorical variables. Student t-test
or Mann -Whitney U test was used in comparing the variables of the male and female participants and the chi-square
or Fisher exact test was used in categorical variables. Multivariate logistic regression model was used to analyse the
relationship between sex and Metabolic Syndrome or being at high risk of having cardiovascular problems after putting
into consideration other possible confounders, such as age, disease activity and medication. The value below 0.05 was
deemed statistically significant. The Institutional Ethics Committee of (Institutional Ethical Review Board-Saidu Teach-
ing Hospital Swat) gave their consent regarding the study protocol. Informed consent was signed by all the participants
before admission. All data obtained were anonymized and stored safely in accordance with the relevant data protection
laws.
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Results
Sample Characteristics

A total of 300 participants were included, comprising 150 males and 150 females with rheumatoid arthritis (RA).
The mean age of the cohort was 52.4 + 11.8 years, with male participants being significantly older than female partici-
pants (55.1£10.5vs. 49.7 +12.3 years, p <0.001). There were no significant differences in disease duration, DAS28 scores,
seropositivity for rheumatoid factor or anti-CCP antibodies, or the use of disease-modifying antirheumatic drugs, glu-
cocorticoids, or biologic agents between sexes (all p > 0.05).

Table 1: Baseline Demographic and Clinical Characteristics of the Study Population

Characteristic Total (n=300) Males (n=150)  Females (n=150)  p-value
Demographics
Age, years (mean * SD) 52.4+11.8 55.1+10.5 49.7+12.3 <0.001

Disease Profile
Disease Duration, years (mean =+

SD) 82+5.6 85+5.8 79+54 0.335
DAS28 Score (mean + SD) 41+1.3 40+1.2 42+1.4 0.178
Rheumatoid Factor Positive, n (%) 225 (75.0) 114 (76.0) 111 (74.0) 0.684
Anti-CCP Antibody Positive, n (%) 210 (70.0) 108 (72.0) 102 (68.0) 0.442
Medication Use, n (%)

DMARDs 285 (95.0) 143 (95.3) 142 (94.7) 0.796
Glucocorticoids 195 (65.0) 99 (66.0) 96 (64.0) 0.716
Biologic Agents 75 (25.0) 36 (24.0) 39 (26.0) 0.691

Abbreviations: SD, Standard Deviation; DAS28, Disease Activity Score-28 joints; Anti-CCP, Anti-Cyclic
Citrullinated Peptide; DMARDs, Disease-Modifying Antirheumatic Drugs.

Prevalence of Metabolic Syndrome (MetS)

The overall prevalence of MetS in the RA cohort was 46.3%. MetS was significantly more prevalent in female RA
patients compared to male RA patients (56.0% vs. 36.7%, p < 0.001). When analyzing individual MetS components,
female patients had significantly higher rates of elevated waist circumference (82.7% vs. 42.0%, p <0.001) and low HDL-
cholesterol (71.3% vs. 38.0%, p < 0.001). In contrast, male patients had higher rates of elevated triglycerides (44.7% vs.
33.3%, p = 0.038) and elevated fasting glucose (40.0% vs. 30.0%, p = 0.049). No significant sex difference was observed
in hypertension prevalence (p = 0.212).

Table 2: Prevalence of Metabolic Syndrome (MetS) and Its Components by Sex

Parameter Total (n=300) Males (n=150)  Females (n=150) p-value

Metabolic Syndrome (Overall) 139 (46.3%) 55 (36.7%) 84 (56.0%) <0.001

Individual MetS Components

Elevated Waist Circumference 187 (62.3%) 63 (42.0%) 124 (82.7%) <0.001
Low HDL-Cholesterol 164 (54.7%) 57 (38.0%) 107 (71.3%) <0.001
Elevated Triglycerides 117 (39.0%) 67 (44.7%) 50 (33.3%) 0.038
Elevated Fasting Glucose 105 (35.0%) 60 (40.0%) 45 (30.0%) 0.049
Hypertension (BP 2130/85 mmHg) 162 (54.0%) 85 (56.7%) 77 (51.3%) 0.212

Cardiovascular Risk Assessment

Using the SCORE-2 algorithm, the estimated 10-year risk of fatal and non-fatal cardiovascular events was higher
in male RA patients compared to females (7.4 + 4.8% vs. 5.1 £ 3.9%, p < 0.001). However, when stratified by age and
MetS status, females with MetS exhibited a disproportionately higher relative increase in cardiovascular risk compared
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to males with MetS. Specifically, among those with MetS, the adjusted SCORE-2 risk in females approached that of
males (6.8 +4.1% vs. 7.9 £ 5.0%, p = 0.067).

Table 3: Ten-Year Cardiovascular Risk (SCORE-2) by Sex and Metabolic Syndrome Status

Overall Mean Subgroup (with MetS) Mean p-value p-value (MetS
Group SCORE-2 + SD o
(%) SCORE-2 + SD (%) (Overall) Subgroup)
Male 74+438 79+5.0
Female 51+39 6.8+4.1 <0.001 0.067

Association Between Sex, MetS, and High Cardiovascular Risk

Multivariate logistic regression analysis, adjusted for age, disease activity (DAS28), smoking, and medication use,
revealed that male sex was independently associated with the presence of MetS (OR 2.24, 95% CI 1.42-3.55, p = 0.001).
The presence of MetS was a strong independent predictor of high cardiovascular risk (SCORE-2 > 7.5%) in both sexes,
but the effect size was larger in men (OR 4.12, 95% CI 2.21-7.66) than in women (OR 2.88, 95% CI 1.65-5.03).

Outcome=High Risk CV

o)
=
<
(-4
v
o
(=]
o

Graph 1: Multivariate Logistic Regression Analysis for MetS and High CV Risk

Discussion

This is comparative cross-sectional study, which investigated sex-specific disparities in prevalence of Metabolic
Syndrome (MetS) and cardiovascular (CV) risk in patients with rheumatoid arthritis (RA). The results of our study
found a considerable difference, where in male RA patients the absolute 10-year CV risk estimated by SCORE-2 was
higher (7.4% vs. 5.1%, p < 0.001), although it was more prevalent in female RA patients (56.0% vs. 36.7%, p < 0.001).
Nevertheless, having MetS significantly increased CV risk among females and almost narrowed the difference between
sexes in high-risk groups. These findings reveal the complicated relationship between sex, metabolic health, and CV
risk in RA, and the necessity to use sex-specific risk assessment and management measures. The overall MetS prevalence
of 46.3% in our RA cohort is consistent with previous studies reporting MetS rates of 40-50% in RA populations, which
is substantially higher than in the general population (Jafari et al., 2025). The fact that we found a higher prevalence in
women is consistent with the study conducted in 2024, who concluded on increased burden of MetS in their female RA
patients due to central obese and low HDL-cholesterol mostly (Bagheri-Hosseinabadi et al., 2024). In the same manner,
there is evidence of women more likely to develop abdominal obesity and dyslipidemia after menopause in non-RA
populations, which seems to be enhanced in RA (Bag-Ozbek & Giles, 2015). In comparison with these studies, male RA
patients in our study demonstrated greater hypertriglyceridemia and elevated fasting glucose, which are in line with
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the known male-dominated cardiometabolic risks in the general population. This supports the fact that sex-stratified
analysis should be used in rheumatologic cardiovascular studies to prevent the obscuration of clinically significant
disparities. Though overall the men had higher SCORE-2 than women, the comparison of increment in CV risk with
MetS was greater among women. We obtained similar results as compared with a prospective cohort study who con-
cluded that young and female RA patients are at underestimated CV risk because of inflammatory burden (Rohrich et
al.,, 2021). Another study concluded that the close-similarity of SCORE-2 risk in men and women with MetS implies that
MetS can be an important risk enhancer in women with RA, possibly by a combination of increased chronic inflamma-
tion, insulin resistance, and endothelial dysfunction (Xin et al., 2025). This suggests the notion of the existence of an
effect of RA that can erode or cancel the cardioprotective benefit that is generally observed in pre-menopausal women.
Our findings complement and confirm the previous studies as well as point out the gaps that need to be addressed in
literature. Our results that the existence of MetS is a strong predictor of high cardiovascular (CV) risk aligns with a
study conducted in 2021, which concluded that CV outcomes are worse in patients with MetS who have RA, yet they
did not separate them by sex (Crowson et al., 2018). This exclusion highlights an important shortcoming of previous
studies and also supports the importance of our sex-specific comparative methodology. On the same note, although
SCORE-2 is a tested instrument in general population, its use in RA particularly in women, might need modification to
the risk enhancers of inflammation (Kubassova et al., 2009). Our research study shows agreement with similar study
conducted which reported, to accumulating data on the fact that sex-specific pathophysiology affects the progression
of RA and CV comorbidity (Giollo et al., 2021). The present study contributes to this area, as it offers comprehensive,
comparative, and quantitative data on how MetS prevalence and the CV risk it is associated with can influence the
differences between men and women with RA and provide a more detailed base on which sex-sensitive clinical guide-
lines could be built. This study has several limitations; its cross-sectional design precludes causal inference. The sample
was also recruited in one center, and this could restrict generalization. Also, men in our group were much older and
this could mix up some comparisons, multivariate adjustments were done, however. The further prospective research
is required to investigate the longitudinal patterns and the effect of RA treatment on sex-specific metabolic and CV
outcome.

Conclusion

This research establishes a substantial sex-based difference in the rate of metabolic and cardiovascular risks among
rheumatoid arthritis (RA) patients, with the prevalence of Metabolic Syndrome (MetS) being higher in female RA pa-
tients, but the 10-year cardiovascular risk being greater in male patients. Most importantly, MetS is therefore dispro-
portionately raising cardiovascular risk in women almost by equal measure between the sexes and indicating that MetS
can override the cardioprotective benefit that is usually regarded as a benefit of pre-menopausal women. These results
highlight the need to consider sex-specific cardiovascular risk measurement of RA clinical practice process and recom-
mend regular MetS screening and specific approach to its management, including intensified attention to abdominal
obesity and dyslipidemia in women and to glucose and triglyceride control in men in order to reduce the high burden
of cardiovascular mortality in this risk group.
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