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Abstract: Background: The Metabolic Score for Insulin Resistance (METS-IR) is a newly
developed index that has been described to predict cardiovascular (CV) events. In this study,
we calculated the METS-IR index in patients with rheumatoid arthritis (RA), a condition linked
to an elevated CV risk. We then examined its relationship with disease characteristics and CV
comorbidities, including disease activity, lipid profile, subclinical carotid atherosclerosis, and
insulin resistance indices. Methods: A total of 515 RA patients were recruited. Disease-related
characteristics and disease activity indices, including the Disease Activity Score (DAS28),
the Clinical Disease Activity Index (CDAI), and the Simple Disease Activity Index (SDAI)
were calculated. Additionally, the complete lipid profile, insulin resistance indices, metabolic
syndrome criteria, and carotid ultrasound for intima–media thickness and carotid plaque
detection were assessed. METS-IR was calculated. A multivariable linear regression analysis
was performed to examine the associations between the disease characteristics and METS-IR.
Results: METS-IR was positively correlated with age, body mass index, and traditional car-
diovascular risk factors such as metabolic syndrome and insulin resistance indices. Carotid
intima–media thickness—but not the presence of carotid plaque—was associated with signifi-
cantly higher METS-IR values. Regarding disease-related characteristics, C-reactive protein
and disease activity indices demonstrated a significant positive association with METS-IR after
multivariable adjustment. Specifically, C-reactive protein was associated with higher METS-IR
values (beta coefficient 0.2, 95% CI: 0.1–0.3, p < 0.001). All disease activity indices, except
CDAI, showed a significant positive relationship with METS-IR. Conclusions: METS-IR is
linked not only to CV risk factors but also, independently, to inflammatory disease activity in
patients with RA. Its association with CV events in the general population and disease activity
in RA highlights the significant role of inflammation in driving excessive cardiovascular risk
in RA. This underscores the intricate relationship between metabolic dysfunction, systemic
inflammation, and CV outcomes in RA.
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1. Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disorder of uncertain etiology, pri-

marily characterized by symmetric polyarthritis affecting peripheral joints. The disease, if
left untreated, can progress to cartilage degradation and bone erosion, ultimately leading to
joint destruction. While the synovium of diarthrodial joints is the primary site of pathology,
RA can also affect various extra-articular organs and tissues, particularly in more severe
cases. In this regard, non-articular manifestations of RA include systemic features such as
cutaneous rheumatoid nodules, ocular issues like dryness, episcleritis, scleritis, parenchy-
mal lung diseases, hematological abnormalities, and neurological manifestations [1]. Pa-
tients with RA exhibit an elevated risk of cardiovascular (CV) events, including myocardial
infarction and CV-related mortality [2], compared to the general population [3]. Emerging
research indicates that chronic inflammation in RA may accelerate the development of
atherosclerosis. This association likely stems from mechanisms involving pro-inflammatory
cytokines, immune complex deposition, and endothelial dysfunction. Dysregulated im-
mune cells—including T cells, dendritic cells, and macrophages—play a central role by
perpetuating systemic inflammation and driving the progression of atherosclerotic plaques.
Intriguingly, overlapping inflammatory pathways appear to link synovial tissue (affected
in RA) and vascular endothelium, suggesting shared molecular mechanisms between joint
and vascular damage. Insulin resistance, characterized by the diminished responsiveness
of cells to the glucose-lowering effects of insulin, is also prevalent in RA [4,5]. Furthermore,
metabolic syndrome, which encompasses the simultaneous presence of metabolic risk
factors associated with type 2 diabetes and CV disease, abdominal obesity, hyperglycemia,
dyslipidemia, and hypertension, is frequently observed in patients with RA [6,7]. Metabolic
syndrome has been described to increase the risk of CV disease in RA patients [8,9]. The
diverse array of extra-articular manifestations, particularly the accelerated CV disease
associated with RA, underscores the systemic nature of this condition and emphasizes the
necessity for comprehensive patient evaluation and management.

The Metabolic Score for Insulin Resistance (METS-IR), introduced in 2018, is a novel in-
dex designed to assess cardiometabolic risk in both healthy and at-risk individuals, making
it a promising tool for screening insulin sensitivity. METS-IR is calculated using the formula
METS-IR = (Ln ((2 × glucose) + triglycerides) × BMI)/(Ln (HDL-cholesterol)). Therefore, it
combines non-insulin fasting laboratory values and anthropometric measurements that can
be easily obtained in a clinical setting. In its original description, it was found to have a good
correlation with the euglycemic–hyperinsulinemic clamp, ectopic fat accumulation, and
fasting insulin levels, which makes it a reliable indicator of overall insulin resistance [10].
Furthermore, in a cross-sectional analysis of NHANES data, each unit increase in METS-IR
was associated with a 7% increase in the risk of type 2 diabetes [11]. Recent studies have
found that METS-IR is associated with an increased risk of CV disease, stroke, and heart
disease in middle-aged and elderly populations [12]. Specific cutoff values for the METS-IR
may vary depending on the population being studied and the outcome of interest, and they
have not yet been definitively established.

In this study, we calculated METS-IR in a large cohort of RA patients. We comprehen-
sively assessed them by collecting not only disease-specific features but also measuring
insulin resistance and subclinical carotid atheromatosis and generating a complete lipid
profile. We then used multivariable analysis to explore how these characteristics relate to
the METS-IR index. If any disease characteristics were associated with this index, it would
underscore the importance of specific disease traits in the development of CV complications
in RA patients. Therefore, the novelty of our study lies in its potential to elucidate the
interplay between RA and metabolic health. Specifically, we aimed to investigate whether
significant associations exist between the METS-IR and inflammation-related disease activ-
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ity in RA patients. Such findings would deepen our understanding of the complex interplay
between CV disease and inflammation in RA.

2. Materials and Methods
2.1. Study Participants

This was a cross-sectional study that included 515 patients with RA recruited consecu-
tively. All of them were 18 years or older and fulfilled the 2010 ACR/EULAR classification
criteria for RA (a set of guidelines used to classify RA in clinical practice and research) [13].
They had been diagnosed by rheumatologists and received regular follow-up appoint-
ments at rheumatology outpatient clinics. For inclusion in this study, the duration of
RA had to be ≥1 year. As glucocorticoids are commonly used in RA treatment, patients
taking prednisone or an equivalent dose of ≤10 mg/day were included. Exclusions were
made for those with cancer, chronic diseases (e.g., hypothyroidism, heart or respiratory
diseases, nephrotic syndrome), pregnancy, other inflammatory or autoimmune diseases
(except secondary Sjögren’s syndrome), or active infections. The study was approved by
the Institutional Review Committees at Hospital Universitario de Canarias and Hospital
Universitario Doctor Negrín (approval number CHUC_2023_48, 25 May 2023), with all par-
ticipants providing written informed consent. The research was conducted in compliance
with relevant guidelines and the Declaration of Helsinki.

2.2. Data Collection

Participants underwent a thorough examination, including a CV risk factor and med-
ication use questionnaire. The physical examination covered body mass index (BMI),
abdominal circumference, and blood pressure (systolic and diastolic) measurements under
standardized conditions. Information on smoking, diabetes, and hypertension was col-
lected, and specific diagnoses and medication details were verified through medical record
reviews. Disease activity in patients with RA was measured using the Disease Activity
Score (DAS28) in 28 joints [14], the Clinical Disease Activity Index (CDAI) [15], and the
Simple Disease Activity Index (SDAI) [16]. The presence of metabolic syndrome was de-
termined using the National Cholesterol Education Program (NCEP/ATP III) criteria [17].
The NCEP ATP III definition states that metabolic syndrome is diagnosed if three or more
of the following five criteria are present: waist circumference exceeding 102 cm in men
or 88 cm in women, blood pressure above 130/85 mmHg, fasting triglyceride levels over
150 mg/dL, fasting high-density lipoprotein (HDL) cholesterol levels below 40 mg/dL in
men or 50 mg/dL in women, and fasting blood glucose levels over 100 mg/d.

The Systematic Coronary Risk Evaluation-2 (SCORE2) CV risk tool was calculated as
previously described using age, gender, smoking status, systolic blood pressure, and non-
HDL-cholesterol [18]. SCORE2 estimates an individual’s 10-year risk of fatal and non-fatal
CV disease events in individuals aged 40 to 69 years. For healthy people aged ≥ 70 years,
the SCORE2-OP (older persons) algorithm estimates 5-year and 10-year fatal and non-
fatal CV disease events. METS-IR data at recruitment were calculated as described by
Bello-Chavolla et al. [10]: METS-IR = (Ln ((2 × glucose) + triglycerides) × BMI)/(Ln
(HDL-cholesterol)), where fasting glucose and triglyceride concentrations are used.

2.3. Laboratory Assessments

Serum lipid profiles were analyzed through enzyme-based colorimetric analysis
(Roche Diagnostics, Basel, Switzerland) for total cholesterol, triglycerides, and HDL-C
quantification. Lipoprotein subfractions were evaluated via immunoturbidimetric quantifi-
cation (Roche Diagnostics). Measured concentrations spanned total cholesterol from 0.08
to 20.7 mmol/L, with an intra-assay coefficient of variation of 0.3%; triglycerides from 4
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to 1000 mg/dL, with an intra-assay coefficient of variation of 1.8%; and HDL-C from 3 to
120 mg/dL, with an intra-assay coefficient of variation of 0.9%. Cardiovascular risk indices
were derived as follows: the atherogenic index was calculated using the total cholesterol to
HDL-C ratio according to Castelli’s equation, and LDL-C was calculated using Friedewald’s
formula. Inflammatory markers were assessed using the erythrocyte sedimentation rate
(ESR) determined by the standard Westergren methodology, and high-sensitivity CRP
levels were measured using an ultra-sensitive immunometric assay.

The homeostatic model assessment (HOMA) method was used to determine IR. The
HOMA model, specifically HOMA2 in this study, estimates insulin sensitivity (%S) and
β-cell function (%B) using fasting plasma insulin, C-peptide, and glucose levels. HOMA2,
an updated computer-based version [19], assesses these functions from paired fasting
glucose and either insulin or C-peptide concentrations, applicable within insulin ranges
of 1–2200 pmol/L and glucose ranges of 1–25 mmol/L. C-peptide provides a more accu-
rate measure of β-cell function as it directly reflects secretion, whereas insulin levels are
preferred for calculating %S, which is derived from glucose disposal relative to insulin
concentration. In our study, insulin serum levels were used to calculate insulin resistance
(IR) and %S, while C-peptide serum levels determined %B. The HOMA2 model outputs
insulin sensitivity as HOMA2-%S, where 100% represents normal sensitivity. HOMA2-IR,
the insulin resistance index, is the inverse of %S. Insulin and C-peptide levels were mea-
sured using chemiluminescent immunometric assays (Architect Abbott, 2000I, Abbot Park,
IL, USA for insulin and Immulite 2000, Siemens, Munich, Germany for C-peptide).

2.4. Carotid Ultrasound Assessment

A carotid ultrasound was performed to evaluate carotid intima–media thickness
(cIMT) in the common carotid artery. This aimed to identify any localized plaques within
the extracranial carotid arteries. Measurements were obtained using the Esaote MyLab 70
ultrasound system (Genoa, Italy) equipped with a 7–12 MHz linear transducer. The system
employed the Quality Intima–Media Thickness (QIMT) real-time automated software-
guided radiofrequency technique developed by Esaote in Maastricht, Netherlands. The
assessment process followed the guidelines set in the Mannheim consensus [20], which
establishes criteria for identifying plaques within the accessible extracranial carotid arteries.
These arteries include the common carotid artery, the bulb, and the internal carotid artery.
Plaque criteria were established as the presence of a localized bulge within the arterial
lumen, with a measurement of cIMT exceeding >1.5 mm. Additionally, the bulge needed
to be at least 50% larger than the adjacent cIMT or result in an arterial lumen reduction of
>0.5 mm [20].

2.5. Statistical Analysis

Demographic and clinical characteristics of patients with RA were presented as means
(standard deviation) for continuous variables and as percentages for categorical variables.
For continuous variables with non-normal distribution, data were expressed as the me-
dian and interquartile range (IQR). The relationships between disease characteristics and
METS-IR were analyzed using multivariable linear regression analysis. The multivariate
relationship between disease characteristics and METS-IR values was adjusted for covari-
ates associated with this index at a significance level of p < 0.20. To avoid collinearity,
variables already included in the METS-IR formula were excluded from the multivariate
adjustment. All analyses were conducted with a 5% two-sided significance level using
Stata software, version 17/BE (StataCorp, College Station, TX, USA); p-values < 0.05 were
considered statistically significant.



Diagnostics 2025, 15, 861 5 of 13

3. Results
3.1. Demographics and Disease-Related Data

This study included 515 patients diagnosed with RA. The METS-IR values in our
study were 42 ± 10. Demographic and disease-related characteristics of the participants
are presented in Table 1. The mean age of the study population was 56 ± 10 years, with
81% of participants being women. The average BMI was 28 ± 5 kg/m2. The prevalence
of classical CV risk factors was generally high in the study population. Specifically, 22%
were current smokers at the time of enrollment, 14% had diabetes mellitus, and 34% were
diagnosed with hypertension. Additionally, 54% met the diagnostic criteria for metabolic
syndrome, and 32% and 11% of subjects were, respectively, on statin and aspirin therapy.
The median value from the SCORE2 CV risk calculator was 3.9 (IQR 1.9–6.2), with 57% of
RA patients having low risk, 28% of patients having intermediate risk, and 15% being at
high risk. Regarding subclinical atherosclerosis markers, the mean intima–media thickness
was 703 ± 141 microns and 46% of patients presented with carotid plaque. The full lipid
profile and insulin resistance indices are shown in Table 1.

Table 1. Demographic information, cardiovascular risk factors, and disease-related data in RA patients.

Rheumatoid Arthritis

(n = 515)
METS-IR 42 ± 10

Age, years 56 ± 10
Female, n (%) 417 (81)
BMI, kg/m2 28 ± 5

Abdominal circumference, cm 96 ± 13
Hip circumference, cm 105 ± 11
Abdominal-to-hip ratio 1.14 ± 4.93

Cardiovascular data

CV risk factors, n (%)
Current smoker 112 (22)

Obesity 160 (34)
Hypertension 177 (34)

Diabetes Mellitus 70 (14)
Metabolic syndrome, n (%) 272 (56)

Statins, n (%) 166 (32)
Aspirin, n (%) 38 (11)

SCORE2, % 3.9 (1.9–6.2)
Low to moderate 292 (57)

High 144 (28)
Very high 79 (15)

Carotid ultrasound
cIMT, microns 703 ± 141

Carotid plaque, n (%) 222 (46)
Analytical

Total cholesterol, mg/dL 202 ± 39
Triglycerides, mg/dL 145 ± 83

HDL-cholesterol, mg/dL 56 ± 15
LDL-cholesterol, mg/dL 117 ± 34

LDL:HDL cholesterol ratio 2.22 ± 0.92
Non-HDL cholesterol, mg/dL 146 ± 39

Lipoprotein (a), mg/dL 33 (11–96)
Apolipoprotein A1, mg/dL 172 ± 32
Apolipoprotein B, mg/dL 106 ± 43

Apo B:Apo A ratio 0.63 ± 0.26
Insulin resistance indices
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Table 1. Cont.

Rheumatoid Arthritis

Glucose, mg/dL 94 ± 23
Insulin, µU/mL 16 ± 26

C-peptide, ng/mL 3.42 ± 2.70
HOMA2-IR 1.17 (0.76–2.00)
HOMA2-S% 100 ± 71

HOMA2-B%-C-peptide 163 ± 76
Disease-related data

Disease duration, years 8 (4–15)
CRP at time of study, mg/L 2.3 (1.0–5.4)

ESR at time of study, mm/1st hour 17 (7–32)
Rheumatoid factor, n (%) 377 (75)

ACPAs, n (%) 326 (69)
DAS28-ESR 3.27 ± 1.38
Remission 180 (36)

Low disease activity 89 (18)
Moderate disease activity 182 (36)

High disease activity 55 (11)
DAS28-CRP 2.85 ± 1.14
Remission 246 (49)

Low disease activity 86 (17)
Moderate disease activity 151 (30)

High disease activity 24 (5)
SDAI 12 (6–19)

Remission 53 (11)
Low disease activity 166 (35)

Moderate disease activity 197 (41)
High disease activity 63 (13)

CDAI 7 (3–14)
Remission 122 (24)

Low disease activity 212 (42)
Moderate disease activity 137 (27)

High disease activity 38 (7)
History of extraarticular manifestations, n (%) 65 (14)

Erosions, n (%) 195 (41)
Current drugs, n (%)

Prednisone 193 (37)
Prednisone doses, mg/day 5.34 ± 3.67

NSAIDs 210 (41)
DMARDs 452 (88)

Methotrexate 378 (73)
Leflunomide 109 (21)

Hydroxychloroquine 54 (10)
Salazopyrin 31 (6)

Anti-TNF therapy 101 (20)
Tocilizumab 25 (5)
Rituximab 11 (2)
Abatacept 17 (3)
Baricitinib 8 (2)
Tofacitinib 5 (1)

Data represent means ± SD, or median (interquartile range) when data were not normally distributed. CV: cardio-
vascular; LDL: low-density lipoprotein; HDL: high-density lipoprotein; CRP: C-reactive protein; NSAIDs: Nons-
teroidal anti-inflammatory drug; DMARD: disease-modifying antirheumatic drug; TNF: tumor necrosis factor;
ESR: erythrocyte sedimentation rate; BMI: body mass index; DAS28: Disease Activity Score in 28 joints; AC-
PAs: Anti-citrullinated protein antibodies; HOMA: homeostatic model assessment; CDAI: Clinical Disease Activity
Index; SDAI: Simple Disease Activity Index; cIMT: carotid intima–media thickness.

The median duration of the disease was 8 years (IQR 4–15). At the time of the study,
the mean values of hs-CRP and ESR were 2.3 mg/L (IQR 1.0–5.4) and 17 mm/1st hour
(IQR 7–32), respectively. Rheumatoid factor was positive in 75% of patients, and 69% were
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positive for anti-citrullinated protein antibodies (ACPAs). The disease activity, as assessed
by DAS28-ESR, was 3.27 ± 1.38. The DAS28-CRP was 2.85 ± 1.14, while the SDAI and
CDAI values were 12 (IQR 6–19) and 7 (IQR 3–14), respectively. Thirty-seven percent of
the patients were treated with prednisone, and 88% were receiving at least one type of
conventional DMARD, with methotrexate being the most commonly used (73%). Twenty
percent of the patients were on anti-tumor necrosis factor therapies. The frequency of other
treatments and historical disease-related data are detailed in Table 1.

3.2. Univariable Analysis of the Relationship Between METS-IR and Cardiovascular Traditional
Risk Factors, Lipid Pattern, Insulin Resistance, and Carotid Subclinical Atherosclerosis

In general, the univariable relationship between various CV risk factors and METS-IR
was strong and significant (Table 2). Age and body composition parameters, such as BMI
and abdominal and hip circumferences, showed a positive and significant association with
METS-IR. Conversely, female sex was associated with lower METS-IR values compared to
male RA patients.

Regarding CV risk factors like obesity, hypertension, diabetes, and metabolic syn-
drome, patients exhibiting these conditions demonstrated significantly higher METS-IR
values. Additionally, statin and aspirin intake correlated with elevated METS-IR levels.
The CV risk calculator SCORE2, when considered both as a continuous and categorical
variable, was associated with significantly higher METS-IR values (Table 2).

Table 2. Univariable association between cardiovascular disease-related data and METS-IR index.

METS-IR
Beta Coefficient (95% CI), p

Age, years 0.1 (0.03–0.2) 0.007
Female, n (%) −4 (−1–6) 0.002
BMI, kg/m2 2 (2–2) <0.001

Abdominal circumference, cm 1 (1–1) <0.001
Hip circumference, cm 1 (1–1) <0.001
Abdominal-to-hip ratio 0.2 (−0.1–0.5) 0.31

Cardiovascular data

CV risk factors, n (%)
Current smoker −4 (−6–(−1)) 0.002

Obesity 15 (14–17) <0.001
Hypertension 5 (3–7) <0.001

Diabetes Mellitus 5 (2–7) 0.001
Metabolic syndrome 9 (7–11) <0.001

Statins, n (%) 3 (1–5) 0.001
Aspirin, n (%) 4 (0–8) 0.040

SCORE2, % 0.5 (0.2–0.7) <0.001
Low to moderate ref.

High 3 (0.5–5) 0.015
Very high 3 (0.02–6) 0.048
Analytical

Total cholesterol, mg/dL −0.01 (−0.03–0.01) 0.44
Triglycerides, mg/dL 0.06 (0.05–0.07) <0.001

HDL-cholesterol, mg/dL −0.3 (−0.4–−0.3) <0.001
LDL-cholesterol, mg/dL −0.01 (−0.04–0.02) 0.38

LDL:HDL cholesterol ratio 4 (3–5) <0.001
Non-HDL cholesterol, mg/dL 0.05 (0.02–0.07) <0.001

Lipoprotein (a), mg/dL 0.01 (−0.01–0.02) 0.29
Apolipoprotein A1, mg/dL −0.1 (−0.2–−0.1) <0.001
Apolipoprotein B, mg/dL 0.01 (−0.01–0.03) 0.32

Apo B:Apo A1 ratio 14 (11–17) <0.001
Insulin resistance indices
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Table 2. Cont.

METS-IR
Beta Coefficient (95% CI), p

Glucose, mg/dL 0.1 (0.06–0.14) <0.001
Insulin, µU/mL 0.11 (0.08–0.15) <0.001

C-peptide, ng/mL 1 (1–2) <0.001
HOMA2-IR 2 (2–3) <0.001
HOMA2-S% −0.06 (−0.07–−0.05) <0.001

HOMA2-B%-C-peptide 0.04 (0.02–0.05) <0.001
Carotid ultrasound

cIMT, microns 0.01 (0.002–0.02) 0.01
Carotid plaque, n (%) 0.6 (−1.3–2.5) 0.54

In this analysis, the METS-IR index is the dependent variable. Significant p values are depicted in bold. CV: car-
diovascular; LDL: low-density lipoprotein; HDL: high-density lipoprotein; BMI: body mass index; HOMA: home-
ostatic model assessment; cIMT: carotid intima–media thickness. SCORE2: Systematic Coronary Risk Evaluation
2; METS-IR: Metabolic Score for Insulin Resistance.

The lipid profile also exhibited numerous positive correlations with METS-IR. As ex-
pected, HDL cholesterol and triglycerides showed strong associations due to their inclusion
in the METS-IR formula. However, despite this inherent relationship, non-HDL cholesterol
levels correlated with significantly higher METS-IR values, while apolipoprotein A1 was
associated with lower METS-IR levels (Table 2). This was also true for insulin resistance
indices. Insulin levels, C-peptide, and markers of insulin resistance and beta-cell function
were all significantly associated with higher METS-IR values in every case. Finally, cIMT
showed a positive and significant correlation with METS-IR. However, this association was
not observed for the presence of carotid plaque (Table 2).

3.3. Multivariable Analysis of the Association of Disease-Related Data with METS-IR

The results of the multivariate relationship between disease characteristics and METS-
IR are presented in Table 3 and Figure 1. These analyses were adjusted for age, sex,
hypertension, diabetes, and statin use. Disease duration and positivity for rheumatoid
factor or ACPAs showed no significant association with METS-IR. However, CRP and
disease activity indices showed a significant positive association with METS-IR. Specifically,
CRP, after multivariate adjustment, was associated with higher METS-IR values (beta
coefficient 0.2, 95% CI: 0.1–0.3, p < 0.001). When analyzed as continuous variables, all
disease activity indices, except CDAI, demonstrated a significant positive correlation with
METS-IR. Similarly, when disease activity indices were assessed categorically, moderate
and high activity categories (except for CDAI) were associated with higher METS-IR values
compared to the remission category, following multivariable adjustment (Table 3 and
Figure 1).
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Table 3. Association between disease-related data and METS-IR.

METS-IR
Univariable Multivariable

Beta Coefficient (95% Confidence Interval), p

Disease duration, years −0.008 (−0.1–0.1) 0.88
CRP at time of study, mg/L 0.2 (0.2–0.3) <0.001 0.2 (0.1–0.3) <0.001

ESR at time of study, mm/1◦ hour 0.04 (−0.01–0.09) 0.15 0.03 (−0.02–0.08) 0.29
Rheumatoid factor, n (%) −1 (−4–0.8) 0.23

ACPAs, n (%) −2 (−4–0.3) 0.090 −0.8 (−3–1) 0.43
DAS28-ESR 0.9 (0.2–2) 0.011 0.8 (0.09–2) 0.028
Remission ref. ref.

Low disease activity 1 (−2–4) 0.55 0.9 (−2–4) 0.50
Moderate and high disease activity 3 (0.4–5) 0.021 2 (0.09–4) 0.041

DAS28-PCR 2 (1–2) 0.001 1 (0.5–2) 0.002
Remission ref. ref.

Low disease activity 2 (−1–4) 0.19 2 (−1–4) 0.24
Moderate and high disease activity 4 (1–6) 0.001 3 (1–5) 0.002

SDAI 0.2 (0.1–0.3) <0.001 0.2 (0.1–0.2) <0.001
Remission ref. ref.

Low disease activity 5 (1–8) 0.005 3 (0.3–6) 0.030
Moderate and high disease activity 6 (3–9) <0.001 5 (2–8) 0.002

CDAI 0.08 (−0.05–0.2) 0.23 0.07 (−0.06–0.2) 0.28
Remission ref. ref.

Low disease activity 2 (−0.2–5) 0.069 1 (−1–4) 0.32
Moderate and high disease activity 3 (0.09–5) 0.042 2 (−0.6–4) 0.14

History of extraarticular manifestations, n (%) −0.3 (−3–3) 0.86
Erosions, n (%) −2 (−4–0.3) 0.089 −2 (−4–0.2) 0.074

Current drugs, n (%)
Prednisone −2 (−4–0.004) 0.050 −2 (−4–(−0.07)) 0.043

Prednisone doses, mg/day −0.1 (−0.4–0.3) 0.72
NSAIDs 0.4 (−1.5–2.3) 0.69

DMARDs −1 (−3–2) 0.73
Methotrexate −0.2 (−2.3–1.9) 0.84
Leflunomide −0.6 (−2.9–1.6) 0.58

Hydroxychloroquine −0.4 (−3.4–2.6) 0.80
Salazopyrin −2 (−6–2) 0.38

Anti-TNF therapy −0.1 (−2.5–2.3) 0.92
Tocilizumab 0.1 (−4.2–4.4) 0.98
Rituximab −0.1 (−6.2–6) 0.98
Abatacept 0.2 (−4.9–5.3) 0.94
Baricitinib 1 (−6–9) 0.72
Tofacitinib −1 (−8–6) 0.73

In this analysis, the METS-IR index is the dependent variable. Significant p values are depicted in bold. The multi-
variable analysis is adjusted for age, sex, smoking, hypertension, diabetes, and the use of statins. NSAIDs: Nons-
teroidal anti-inflammatory drugs; DMARD: disease-modifying antirheumatic drug; TNF: tumor necrosis factor;
ESR: erythrocyte sedimentation rate; DAS28: Disease Activity Score in 28 joints; CRP: C-reactive protein; AC-
PAs: Anti-citrullinated protein antibodies; CDAI: Clinical Disease Activity Index; SDAI: Simple Disease Activity
Index; METS-IR: Metabolic Score for Insulin Resistance.
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The remaining disease characteristics, including extra-articular manifestations and
the use of various therapies, showed no association with METS-IR, except for prednisone
use. After adjusting for covariates, prednisone intake demonstrated a negative relationship
with METS-IR (beta coefficient −2, 95% CI: −4 to −0.07, p = 0.043) (Table 3).

4. Discussion
Our study is the first in the literature to describe an association between RA’s disease

activity and METS-IR values. Our findings demonstrate a link between disease activity
and a CV risk index associated with CV events, suggesting that disease activity itself may
independently elevate CV risk in patients with RA.

Although METS-IR only includes glucose, HDL cholesterol, triglycerides, and BMI,
its association with all traditional cardiovascular risk factors was strong in our patients
with RA. For example, it showed a significant positive relationship with age, male sex,
hypertension, and diabetes. Additionally, despite not being based on plasma insulin levels,
it demonstrated a significant and positive correlation with indices of insulin resistance
and beta-cell dysfunction. Non-HDL, but not LDL, was associated with METS-IR. This
finding is likely attributable to the fact that non-HDL cholesterol encompasses a broader
spectrum of atherogenic lipoproteins, including very low-density lipoproteins (VLDLs)
and intermediate-density lipoproteins (IDLs). These lipoproteins may be more closely
associated with insulin resistance and metabolic dysfunction compared to LDL cholesterol
alone. Furthermore, its association with SCORE2 was significant and noteworthy. This
aligns with multiple reports highlighting the association of METS-IR with numerous CV
disease features. For example, METS-IR has been shown to predict new-onset type 2 dia-
betes [21], to be associated with the risk of hypertension in the general adult population [22],
and to correlate with most of the echocardiographic features of abnormal left ventricular
geometry and function [23]. Therefore, we can conclude that this index maintains these
relationships in patients with RA, despite this population typically exhibiting distinct in-
sulin resistance [24] and inflammatory dyslipidemia [25] profiles compared to individuals
without arthritis.

Although the METS-IR index was recently developed, some studies have explored its
role in CV disease of patients with RA. In a retrospective cohort study involving 1218 RA pa-
tients from the National Health and Nutrition Examination Survey (NHANES 1999–2018),
elevated METS-IR was linked to a significantly increased risk of CV disease mortality in RA
patients [26]. Similarly, in a 7-year prospective cohort study (2011–2018) involving 1059 Chi-
nese patients with RA, after adjusting for confounding factors, each quartile increase in
METS-IR was linked to a 36% higher risk of CV disease [27]. In comparison to the lowest
quartile, the highest quartile demonstrated a 63% increased risk. The authors concluded
that METS-IR is an effective tool for predicting CV disease risk in Chinese patients with
RA, offering new strategies for early identification and prevention of risk. However, none
of these studies evaluated how METS-IR relates to disease characteristics. As a result, our
study offers new insights into the effectiveness of this index in individuals with RA.

When examining the relationship between METS-IR and disease activity, we used
four different activity scores. A significant association was observed for all scores except
CDAI, which does not incorporate acute-phase reactants in its formula. METS-IR also
showed a strong and significant correlation with CRP levels, suggesting that CRP may
drive the relationship between METS-IR and indices such as SDAI and DAS28-CRP, which
include CRP in their calculations. However, the association with DAS28-ESR persisted,
despite this score not incorporating CRP. Additionally, while the univariable relationship
between CDAI and METS-IR was not confirmed in multivariable analysis, a trend was
observed. With respect to this, CDAI includes patient and physician global assessments,
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which are more subjective and may not always align with metabolic dysfunction. Our data
indicate that the METS-IR score is strongly associated with systemic inflammation and
insulin resistance, which are often reflected in CRP and ESR levels. Since CDAI relies solely
on clinical measures (tender/swollen joint count and physician/patient assessments), it
may not effectively capture the metabolic–inflammatory link. In contrast, inflammation-
driven metabolic alterations are more objectively captured by laboratory-based indexes.
For this reason, despite some discrepancies among the disease activity scores used, we
believe our findings conclusively demonstrate a link between METS-IR and inflammatory
disease activity.

We also observed a negative relationship between prednisone use and METS-IR. This
negative association between prednisone use and METS-IR is somewhat surprising, as
glucocorticoids are generally known to worsen metabolic profiles, including increasing
insulin resistance, weight gain, and dyslipidemia. This unexpected finding suggests that
prednisone use in our study population may not directly affect metabolic dysfunction
but could instead be a marker of lower disease activity. Another possible explanation is
that patients with more active RA and higher inflammation may be less likely to be on
long-term prednisone, or they may receive lower doses as part of a well-managed treatment
strategy. Furthermore, patients on stable prednisone regimens might have better-controlled
disease, leading to reduced systemic inflammation and, consequently, a more favorable
metabolic profile.

A strength of our study is the inclusion of a large patient cohort, allowing for a
thorough multivariable analysis. However, we recognize the cross-sectional design of our
study, which limits our ability to establish causality. Future prospective studies are needed
to clarify the relationship between this score and CV event risk in RA patients, as well as
how disease activity influences this association. Furthermore, since RA is a disease that
primarily affects women, and the majority of our patients are female, we cannot conclude
that the relationships found in our patients would differ in male subjects. For this reason, it
will be necessary to validate our findings in male patients with RA.

5. Conclusions
In conclusion, the METS-IR demonstrates a significant correlation with CV risk factors

in RA patients, mirroring observations in the general population. Furthermore, the METS-
IR exhibits an independent association with disease activity and C-reactive protein (CRP)
levels in RA patients. These findings highlight the potential utility of METS-IR as an
important connection between CV risk and disease activity in RA patients. We believe
that calculating METS-IR in routine clinical practice is straightforward and could provide
valuable insights into disease activity, given its correlation with inflammatory activity, as
well as the metabolic risk in patients with RA. Therefore, METS-IR may serve as a practical
tool for integrating cardiometabolic risk assessment into RA management strategies.
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