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Abstract 
The Metabolic Score for Insulin Resistance (METS-IR) is a non–insulin-based 
surrogate marker of insulin resistance derived from routine metabolic parameters 
(fasting glucose, triglycerides, BMI, and HDL-C) that has been studied across 
largely Latin American, Asian, and United States cohorts. Originally shown to 
correlate with clamp-measured insulin sensitivity, METS-IR has been associated 
with cardiometabolic outcomes including incident type 2 diabetes, hypertension, 
kidney disease, stroke, ischemic heart disease, heart failure outcomes, coronary 
artery calcification, major adverse cardiovascular events, and both 
cardiovascular-related and all-cause mortality. Collectively, the literature supports 
METS-IR as a practical and inexpensive adjunctive marker for approximating 
insulin resistance. However, a significant methodological limitation is that most 
studies rely on population-based percentile comparisons rather than a single 
validated threshold, which substantially hinders the interpretation of individual 
patient values in clinical practice. 

how to use 

When to Use: The Metabolic Score for Insulin Resis
tance (METS-IR) is a non-insulin-based surrogate index 
for insulin resistance used in epidemiologic research and 
exploratory cardiometabolic risk assessment when fasting 
glucose and lipid values are available. 

Pearls/Pitfalls 

Pearls 

Pitfalls and Limitations 
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EDT 

• METS-IR utilizes routine clinical measures: fasting 
glucose, triglycerides, BMI, and HDL-C. These are 
inexpensive and scalable for epidemiologic and clin
ical research. 

• METS-IR does not require fasting insulin, which 
differentiates it from other insulin resistance indices 
like HOMA-IR and QUICKI. 

• Comparative performance across HOMA-IR, 
TyG, TG/HDL-C, METS-IR, and other indices of 
insulin resistance remain context dependent. No in
dex is universally superior. 

• METS-IR is validated against the gold-standard eu
glycemic–hyperinsulinemic clamp (EHC), and has 
been associated with incident type 2 diabetes, hy

pertension, cardiovascular disease, and mortality in 
observational cohorts. 

• The majority of data on METS-IR are observa
tional and often retrospective. Also, most studies 
rely on a single baseline measurement; dynamic tra
jectories are rarely assessed. 

• The validation cohorts are predominantly in Latin 
American, Asian, and U.S. populations; generaliz
ability to other populations is less clear, particularly 
as the relationship between BMI and insulin resis
tance is affected differently by race. This suggests a 
single universal METS-IR cut-off may not be ap
propriate across all racial and ethnic groups. 

• There is no universally accepted clinical cutoff for 
METS-IR. Risk is commonly reported by tertiles 
or quartiles rather than validated outcome-based 
thresholds, limiting individual-level interpretation. 
Further, reported “optimal” thresholds have ranged 
from approximately 40-55 and vary by population 
and outcome. 

• Nonlinear or U-shaped associations are observed 
for some outcomes (e.g., hypertension, mortality), 
complicating interpretation. A simple dichromatic 
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Why Use 

METS-IR addresses the need for a practical, inexpensive 
index that can be calculated without fasting insulin when 
studying insulin resistance and related metabolic condi
tions. The euglycemic-hyperinsulinemic clamp (EHC) 
remains the gold standard for measuring insulin sensitiv
ity, yet its invasiveness, cost, and complexity render it un
suitable for routine screening or large-scale epidemiologic 
studies. While HOMA-IR and related insulin-based in
dices are widely used in research, they require fasting in
sulin measurements that are not standardized across as
says and are often unavailable in resource-limited settings. 

METS-IR eliminates this barrier by utilizing four rou
tinely collected parameters without specialized equip
ment or additional cost, and studies have shown its asso
ciation with EHC and clinical outcomes such as incident 
cardiometabolic disease. 

next steps 

Advice 

METS-IR is a surrogate index to approximate insulin re
sistance, rather than a diagnostic test for insulin resistance 
or diabetes, and does not replace HbA1c, fasting glucose, 
or oral glucose tolerance testing in diagnosing prediabetes 
or diabetes. 

In clinical practice, METS-IR may be regarded as an 
adjunctive risk marker rather than a stand-alone metric. It 
may help identify individuals with heightened metabolic 
syndrome risk, but should always be interpreted in the 

context of the overall clinical picture. This is especially 
true as there are no standardized, validated cutoff values 
for interpreting the METS-IR; a cutoff of 50.39 was only 
used in a single study population in relation to the risk of 
developing type 2 diabetes. 

There are no interventional data demonstrating that 
METS-IR reduction leads to improved clinical out
comes, nor are there treatment targets for METS-IR. 
Thus, clinicians should focus on modifying the underly
ing components (i.e. weight, glycemia, and lipids) accord
ing to guideline-directed care. 

Management 

Management should be based on established guideline-
directed evaluation and treatment of the individual pa
tient’s risk factors, not on a METS-IR value. When an 
elevated METS-IR is noted in a clinically stable, fasting 
individual without diabetes, it may prompt a review of 
the underlying glucose, triglyceride, HDL-C, and BMI 
values and confirmation that standard diabetes and car
diovascular risk assessment has been completed. 

Recommended approach: 

Avoid using METS-IR as a treatment target or serial 
marker of therapeutic response, particularly as glucose-
lowering, lipid-lowering, or weight-lowering therapies 
may alter score components without proven parallel 
changes in insulin sensitivity 

evidence 

Evidence Appraisal 

Evidence supporting METS-IR as a surrogate of insulin 
sensitivity 

METS-IR was originally developed by Bello-Chavolla et 
al. (2018) as a non-insulin-based index to approximate 
clamp-measured insulin sensitivity using fasting glucose, 
triglycerides, BMI, and HDL-C. Derived from 125 Mex
ican adults, it demonstrated a strong inverse correlation 
with EHC-measured insulin sensitivity (r=-0.62) and 
good discrimination for impaired insulin sensitivity 
(AUC 0.84). Vazquez et al. (2026) externally validated 
METS-IR against EHC in 286 indigenous American par

cutoff approach does not capture these nonlinear 
patterns and should not be used to infer that lower 
METS-IR values are uniformly favorable. 

• Component variables can be altered by therapy (an
tihyperglycemic, lipid-lowering, anti-obesity 
agents), potentially lowering METS-IR indepen
dent of true changes in insulin sensitivity. METS-
IR validation was conducted in populations with
out diabetes, and its application in individuals with 
diabetes or on an interfering medication is less cer
tain. 

• METS-IR components are susceptible to transient 
variation and should not be calculated during acute 
illness, hospitalization, severe stress, dietary fluctua
tion, alcohol use, or improper fasting. 

• METS-IR does not fully capture all relevant vari
ables (e.g., smoking, physical activity, family his
tory). Also, BMI does not capture body fat distribu
tion, visceral adiposity, or muscle mass, which may 
reduce discrimination in certain populations. 

• METS-IR is positioned as an adjunctive risk marker 
and not validated as a stand-alone clinical decision 
tool. 

• Screen for diabetes using appropriate glycemic test
ing: HbA1c, fasting plasma glucose, or oral glucose 
tolerance testing according to established screening 
recommendations 

• Assess and manage blood pressure, lipid abnormal
ities, weight-related complications, smoking, phys
ical activity, diet, and family history according to 
guideline-directed care 

• Offer lifestyle or pharmacologic interventions as in
dicated by established diagnoses, risk estimates, or 
guideline criteria 
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ticipants (r=0.597, with AUC=0.688 for incident type 
2 diabetes); in that same comparative study, METS-IR 
most closely correlated with EHC among indices that 
did not require insulin measurement, including TyG and 
TG/HDL-C. However, some markers that required fast
ing insulin (HOMA-IR, QUICKI, and fasting insulin) or 
oral glucose tolerance test results (Matsuda and Belfiore 
indices) outperformed METS-IR in that study (Vazquez, 
2026). 

Evidence associating METS-IR with clinical outcomes 

In a study by Zhang et al. (2025) of 1,498 Chinese adults, 
METS-IR as a composite score performed better than in
dividual components, including BMI, at predicting inci
dence of metabolic syndrome (AUC=0.713). 

The original Bello-Chavolla study (2018) also con
tained a longitudinal component: in a cohort of 6,144 
Mexican participants followed for two years, higher base
line METS-IR was associated with incident type 2 dia
betes. Those in the highest quartile (>50.39) had an ad
justed hazard ratio (HR) of 3.91 for incident diabetes. 

This association has been further validated across large 
Asian populations. In a Chinese cohort of 116,855 pa
tients, those in the highest quartile (>43.7) had a 6.3-fold 
higher risk of developing diabetes within 2 years com
pared to the lowest quartile (≤33.6), with a nonlinear re
lationship and an inflection point at 44.4 (Chen et al., 
2022). Additional large studies in Chinese and Japanese 
populations (including non-obese adults) showed higher 
quartiles consistently conferred increased risk (Cai et al., 
2021; Cheng et al., 2024). These studies support an asso
ciation between higher METS-IR and future diabetes in 
their respective populations, but do not provide a clini
cal cutoff. Even for gestational diabetes (GDM), a study 
of 1,845 pregnant Iranian women demonstrated an as
sociation between METS-IR and GDM (AUC=0.82), 
and those in the highest quartile had adjusted RR=18.9 
for developing GDM compared to those in the lowest 
(Rouholamin et al., 2025). 

Beyond dysglycemia, METS-IR is associated with in
cident hypertension. In Mexican and U.S. cohorts, higher 
METS-IR levels predicted both increased pulse wave ve
locity and greater risk of developing hypertension (Bello-
Chavolla et al., 2019; Guo et al., 2025). 

METS-IR has also demonstrated prognostic signifi
cance for cardiovascular and renal outcomes. In Korean 
adults without diabetes, those in the highest quartile of 
METS-IR had HR 2.11 for ischemic heart disease, with 
an optimal cutoff of 31.1 (Yoon et al., 2021). In a Chinese 
cohort of 6,489 followed for a median of 10.6 years, 
METS-IR in the highest quintile (>43.3) had HR=1.8 
for cardiovascular disease (CVD) compared to the lowest 
(<32.6) (Wu et al., 2023). Among those with hyperten
sion and sleep apnea, a study of 2,031 Chinese adults 
showed that each standard deviation increase in METS-

IR was associated with a 30% increased risk of new-onset 
overall CVD events (32% for coronary artery disease and 
27% for stroke), the highest tertile associated with 
HR=2.05 (Yang et al., 2023). In a study of 3,248 patients 
with heart failure with preserved ejection fraction (HF
pEF), those in the highest tertile (≥44.0) had HR=2.48 
for all-cause and CV mortality over a median of 4.2 years 
compared to the lowest tertile (<36.5) (Zhou et al., 2024). 
There is similar data for higher incidence of major adverse 
cardiovascular events with higher baseline METS-IR in 
patients after CABG, or in those with type 2 diabetes 
with known ischemic cardiomyopathy, or in those with 
cardiovascular-kidney-metabolic syndrome stages 0-3 
(Zhang et al., 2023; Zhang et al., 2023; Wang et al., 2025). 
In a U.S. population of 14,653 patients, METS-IR 
showed a U-shaped relationship with CVD-related and 
all-cause mortality over a median of 116 months, with 
inflection at 41.33 as the lowest risk point (Duan et al., 
2024). The METS-IR also predicted the incidence of 
coronary artery calcification in asymptomatic adults 
(Wang et al., 2022). METS-IR was also significantly asso
ciated with urinary albumin-to-creatinine ratio in a study 
of Chinese adults (Su et al., 2022). 

Collectively, the literature supports METS-IR as a 
practical and inexpensive risk marker for insulin resis
tance and predicting cardiometabolic disease. However, 
no major guidelines currently endorse its routine use, 
largely because clinically actionable thresholds have not 
been standardized or externally validated. A key method
ological limitation of the existing literature is that most 
studies report risk according to population-based per
centile comparisons (e.g., tertiles or quartiles). Differ
ences in population characteristics, baseline metabolic 
status, outcome definitions, and follow-up duration yield 
different clinical cutoffs and preclude the creation of a 
single universal METS-IR threshold value and lack 
prospective validation. This approach limits translation 
to bedside practice and makes interpretation of an indi
vidual patient’s result challenging. Accordingly, further 
investigation is needed in this area, and should include 
prospective studies examining longitudinal and dynamic 
changes in METS-IR and their relationship to incident 
cardiometabolic outcomes across diverse populations. 

Formula 

METS-IR = (ln((2 × G0 ) + TG0) × BMI) / (ln(HDL-c)), 
where G0 is fasting glucose (mg/dL), TG0 is triglyc

eride concentration (mg/dL), BMI is body mass index 
(kg/m2), and HDL-c is high-density lipoprotein choles
terol (mg/dL). 

Facts & Figures 

METS-IR should be interpreted as a continuous surro
gate index. There is no established threshold value for 
high insulin resistance by METS-IR. A value of >50.39 
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was derived in a large cohort for incident type 2 diabetes 
but should not be used as a universal cutoff. 
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