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Abstract
Hypertension is associated with insulin resistance (IR), metabolic syndrome (MS), and 
arterial stiffness. Non–insulin‐based IR indexes were developed as tools for meta-
bolic screening. Here, we aimed to evaluate the novel non–insulin‐based Metabolic 
Score for IR (METS‐IR) index for the prediction of incident hypertension and arterial 
stiffness evaluated using pulse wave velocity (PWV) analysis, compared with other 
non–insulin‐based IR indexes. We evaluated two populations, a cross‐sectional evalu-
ation of high‐risk individuals (n = 305) with a wide range of metabolic comorbidities 
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1  | INTRODUC TION

Clinical diagnosis of insulin resistance (IR) is useful for assessment 
of type 2 diabetes (T2D) risk, ectopic fat accumulation, visceral ad-
iposity, and cardiovascular risk.1 However, precise evaluation of 
IR requires one‐stage euglycemic‐hyperinsulinemic clamp (EHC), 
a method which is invasive, costly, and requires hospitalization. 
Therefore, surrogate insulin‐based IR markers have been developed 
as predictors of IR and been proven predictive of cardiovascular dis-
ease (CVD) risk.2,3 A limitation of such indexes is the required mea-
surement of insulin, which has a high cost and variability depending 
on the utilized technique.4 Recently, there has been crescent interest 
in developing non–insulin‐based IR indexes including the TyG index 
and TG/HDL‐C ratio. Components of such indices, including fast-
ing glucose, triglycerides, and HDL‐C, have been shown predictive 
of hypertension and CV risk in prospective studies.5-7 A significant 
contribution of hypertension and CVD risk is explained by arterial 
stiffness, which implies degeneration of elastin fibers and deposition 
of collagen in arterial walls, inducing structural and functional modi-
fications in the arterial wall.8 The TyG index and the TG/HDL‐C ratio 
have proven strong and consistent associations with hypertension, 
CVD risk, and arterial stiffness in several populations, suggesting a 
potential role for IR assessment in identifying arterial stiffness using 
non–insulin‐based IR surrogates.9,10

The recently developed Metabolic Score for IR (METS‐IR) of-
fers higher concordance with EHC compared with other non–insu-
lin‐based IR indexes; furthermore, METS‐IR includes evaluation of 
body mass index (BMI), which has shown strong predictive capacity 
for CVD risk.11,12 Overall, METS‐IR evaluates similar components to 
the metabolic syndrome (MS), which has been associated with age‐
related structural and functional changes in arteries and increased 
intima‐media thickness, which confers an increased risk of hyper-
tension and CVD.13 Here, we aimed to investigate the correlation of 
METS‐IR with pulse wave velocity (PWV) and other vascular health 

surrogates from PWV analysis. We also assessed the capacity of 
METS‐IR to predict incident hypertension and its complementary 
role for the prediction of hypertension along with blood pressure 
levels and risk prediction models.

2  | METHODS

2.1 | Cross‐sectional cohort

We evaluated subjects with high‐cardiovascular risk conditions 
including obesity (BMI  >  30kg/m2), carbohydrate intolerance or 
prediabetes (2‐hour glucose challenge ≥140 mg/dL but <200 mg/
dL), and primary dyslipidemias including familial hypercholes-
terolemia and familial hypertriglyceridemia. Participants were 
instructed to not consume caffeinated beverages refrain from 
smoking ≤48 hours before evaluation. Upon evaluation, subjects 
were placed in a supine position for 10 minutes, and baseline su-
pine brachial artery blood pressure (BP) and heart rate (HR) were 
recorded using a semiautomated cuff‐based device (SphygmoCor 
XCEL, AtCor Medical Pty Ltd, USA). PWV measurements were 
taken after achieving hemodynamic stability, defined as two read-
ings within systolic BP (SBP) of ±9  mm  Hg, diastolic BP (DBP) 
±6 mm Hg and HR ±8  beats/min. To assess PWV, carotid pulse 
waves were measured by applanation tonometry and femoral 
pulse waves were simultaneously obtained by a partially inflated 
cuff over the femoral artery at the leg midway between hip and 
knee. PWV was determined by calculating the ratio of corrected 
distance between pulse measuring sites to time delay between ca-
rotid and femoral pulse waves. Distance was measured with a non-
stretchable tape from the suprasternal notch to the carotid site, 
from the femoral artery at the inguinal ligament to the proximal 
edge of the thigh cuff from the suprasternal notch to the proximal 
edge of the thigh cuff. Distances 1 and 2 were subtracted from 
distance 3 and used in the calculation of PWV.
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and dyslipidemia in whom PWV measurement was performed and a 3‐year prospec-
tive cohort of normotensive individuals (N = 6850). We observed a positive corre-
lation between METS‐IR and PWV in the cross‐sectional cohort, which was higher 
compared with other non–insulin‐based fasting IR indexes; furthermore, PWV values 
>75th percentile were associated with the upper tercile of METS‐IR values. In the 
prospective cohort, we observed an increased risk for incident hypertension for the 
upper METS‐IR tercile (METS‐IR ≥ 46.42; HR: 1.81, 95% CI: 1.41‐2.34), adjusted for 
known cardiovascular risk factors, and observed that METS‐IR had greater increases 
in the predictive capacity for hypertension along with SBP and the Framingham 
Hypertension Risk Prediction Model compared with other non–insulin‐based IR in-
dexes. Therefore, METS‐IR is a novel non–insulin‐based IR index which correlates 
with arterial stiffness and is a predictor of incident hypertension, complementary to 
previously validated risk prediction models.
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2.2 | Metabolic syndrome cohort

The prospective MS cohort was developed to evaluate risk of 
MS components in incident T2D, hypertension, and cardiovas-
cular mortality in an urban population living in 9 different cit-
ies in Mexico.14 Inclusion criteria considered subjects aged 
25‐69 years, BMI ≥23 kg/m2, without T2D, hypertension or other 
significant cardiovascular comorbidities, and obese individuals 
(BMI  ≥  30  kg/m2) with at least one of the following conditions: 
BP ≥140/90 mm Hg, fasting glucose >100 mg/dL, total cholesterol 
>200 mg/dL, and triglyceride levels >150 mg/dL. Individuals with 
diagnosed T2D, coronary artery disease, cerebral vascular disease, 
alcoholism, taking corticosteroids, with liver disease, kidney dys-
function, or life‐threatening diseases that would prevent follow‐
up were excluded. Subjects were interviewed to obtain medical 
history, sociodemographic information, dietary and physical activ-
ity habits, and anthropometric measurements. BP measurement 
was also performed using a manual sphygmomanometer after sub-
jects remained seated ≥5 minutes and refrained from consuming 
caffeine before measurements. We obtained a 20mL blood sam-
ple after 9‐ to 12‐hour fast for biochemical measures. These same 
evaluations were carried out after ≥2  years follow‐up. Incident 
hypertension was defined as a construct of previous medical di-
agnosis of hypertension, taking antihypertensive medication and/
or blood BP at levels consistent with any‐degree of hypertension 
according to current ESC/ESH guidelines. Time to follow‐up was 
estimated from recruitment up to last follow‐up or hypertension 
diagnosis, whichever occurred first. We also used the Framingham 
Hypertension Risk Prediction Model to estimate the risk of inci-
dent hypertension.15

2.3 | Biochemical and anthropometric evaluations

In both evaluated cohorts, we obtained from all subjects a complete 
medical and family history, including use of medications. Subjects 
were weighed on calibrated scales, and height was determined 
with a floor scale stadiometer; BMI was calculated as weight in 
kg divided by the squared product of height in meters. Blood was 
obtained between 08:00 and 09:00 hours after 8‐ to 12‐hour fast. 
Plasma glucose concentration was measured by an automated glu-
cose analyzer (Yellow Springs Instruments Co.), serum insulin con-
centration was measured by using a chemiluminescent immunoassay 
(Beckman Coulter Access 2), and A1c levels were measured by using 
high‐performance liquid chromatography (HPLC) (Variant II Turbo, 
BIORAD). Lipid concentrations (cholesterol, triglycerides, and HDL 
cholesterol), apo A, apo B, uric acid, creatinine, and hepatic enzymes 
were measured using colorimetric assays (Unicel DxC 600 Synchron 
Clinical System Beckman Coulter). LDL‐cholesterol was calculated 
with the Friedewald equation when triglycerides were <250 mg/dL. 
METS‐IR was calculated using the formula (LN((2*G0) + TG0))*BMI/
(LN(HDL‐C)), where G0 and TG0 were fasting glucose and triglycer-
ides, respectively.

2.4 | Statistical analysis

To evaluate inter‐group differences, we used Student's t test and 
Mann‐Whitney U test, where appropriate. Frequency distribution 
of categorical variables is reported as frequencies and percentages 
and was compared between groups using chi‐squared tests. For 
measurements in follow‐up studies, we used Student's paired t test 
and Wilcoxon's rank‐sign tests, where appropriate. Logarithmic and 
inverse transformations were applied to approximate normality in 
variables showing nonparametric distribution. Data are presented 
as mean ± SD or as median and interquartile range.

2.4.1 | Prediction of incident hypertension using 
METS‐IR

To evaluate the association of METS‐IR and incident hypertension 
in the MS cohort, we performed survival analysis comparing across 
METS‐IR terciles, quartiles, and cutoff value ≥50, using Kaplan‐
Meier curves compared with log‐rank tests. Cox proportional risk 
regression analyses were used to evaluate the risk of incident 
hypertension across METS‐IR percentiles, adjusted for age, sex, 
cholesterol levels (TC), waist circumference (WC), SBP, DBP, and 
smoking status. To evaluate increases in predictive capacity for 
hypertension risk using METS‐IR, we estimated the Framingham 
Hypertension Risk Prediction Model and assessed predictive im-
provements with an omnibus test of model coefficients for changes 
across predictive models (X2) and changes in c‐statistic.

2.4.2 | Correlation of METS‐IR with PWV and BP

In our cross‐sectional PWV cohort, we tested METS‐IR scores using 
trend analysis and linear regression against quartiles of PWV, SBP, 
and DBP, adjusted for age, sex, and smoking status. Finally, we evalu-
ated whether METS‐IR would predict PWV values >75th percentiles 
for this population adjusted for age, sex, smoking, and hypertension. 
Model diagnostics were conducted using the Hosmer‐Lemeshow 
test. Statistical analyses were performed using R software version 
3.4.3, Statistical Package for Social Science (SPSS) version 21.0 and 
GraphPad Prism, version 7.0.

3  | RESULTS

3.1 | Correlation between METS‐IR values, arterial 
stiffness, and PWV

In the PWV cohort, we included 305 subjects, predominantly female 
(68.9%), with mean age of 49.86 ± 13.09, BMI of 29.01 ± 5.80, and SBP 
and DBP of 122.9 ± 15.19 and 72.47 ± 9.61, respectively. One hundred 
and sixteen subjects had prediabetes (38.0%), 75 had familial hyper-
cholesterolemia under statin therapy (24.6%), 64 moderate‐to‐se-
vere hypertriglyceridemia (21.0%), and 50 were metabolically healthy 
(16.4%); ninety were active smokers (29.5%), and 57 had treatment for 
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hypertension (18.7%). Their biochemical values included the following: 
median fasting glucose of 94.0 mg/dL (IQR: 86‐104), fasting triglycer-
ides of 130 mg/dL (IQR: 92.0‐180.5), total cholesterol of 206 mg/dL 
(IQR: 173‐247), and HDL‐C of 44 mg/dL (IQR: 38‐54).

We observed a significant correlation between METS‐IR and 
PWV that increased after adjustments for age, sex, and smoking; 
we also observed a trend of increasing PWV, SBP, and DBP values 
with increasing METS‐IR terciles (Figure 1). Using linear regression, 
we observed that METS‐IR predicts 34.0% of the variability in PWV 
measures (β  =  0.290, P  <  0.001), adjusted for sex, age, treatment 
for hypertension, and smoking status. When evaluating PWV >75th 
percentile using multiple logistic regression analyses, we observed 
an association with both METS‐IR scores (OR 1.03 95% CI 1.01‐1.06) 
and the upper METS‐IR tercile (OR 2.49 95% CI 1.19‐5.23) adjusted 
for age, sex, and smoking. Finally, we contrasted those observations 
evaluating the same parameters against the TG/HDL and TyG in-
dexes and observed that METS‐IR had the highest correlation com-
pared with other indexes even after adjustment (Table 1).

3.2 | Prediction of incident hypertension using 
METS‐IR in the MS cohort

For prospective evaluation, we included 6850 normotensive sub-
jects from the MS cohort at baseline, from which 3974 subjects com-
pleted follow‐up. We observed 592 cases of incident hypertension 

over 9549 accumulated persons‐years, yielding an incidence rate 
of 61.99 cases per 1000 person‐years or 14.9% in an average of 
2.4 years of follow‐up. Subjects who developed hypertension were 
older, had higher fasting glucose, insulin, LDL‐C, apolipoprotein 
B and BMI, and lower HDL‐C at baseline and follow‐up (Table S1). 
Individuals who developed hypertension had significantly higher 
METS‐IR scores at baseline and after follow‐up in comparison with 
those who did not (P < 0.001). Both groups had an increase in METS‐
IR scores between visits, which remained larger in subjects who de-
veloped hypertension. We observed a low but significant correlation 
between METS‐IR and baseline SBP (ρ = 0.095) and DBP (ρ = 0.056) 
adjusted for age, sex, smoking status, WC, TC, and family history of 
hypertension. The correlation was higher for baseline METS‐IR and 
follow‐up SBP (ρ = 0.138) and DBP (ρ = 0.126) and was particularly 
stronger for individuals with incident hypertension (ρ = 0.180 and 
ρ = 0.139, respectively).

We observed the highest rate of incident hypertension for the 
upper METS‐IR tercile compared with lower terciles (log‐rank test 
P  <  0.001). This observation was confirmed in Cox proportional 
risk regression analysis, which showed progressively higher risk of 
incident hypertension for the upper (METS‐IR ≥ 46.42) and middle 
METS‐IR terciles (39.15 ≤ METS‐IR < 46.42) in comparison with the 
lowest, adjusted for age, sex, smoking status, TC, WC, and fam-
ily history of hypertension (Figure 2A, Table 2). Given the known 
role of diabetes and dysglycemia in increasing arterial stiffness and 

F I G U R E  1  Correlation and linear 
regression between METS‐IR and pulse 
wave velocity (A) and trend analyses for 
increasing METS‐IR terciles (B) adjusted 
for age, sex, treatment for hypertension, 
and waist circumference

TA B L E  1  Correlations between non–insulin‐based IR indexes and PWV, SPB, and DBP. Age, sex, hypertension treatment, and smoking 
status were considered in the adjusted value

Index METS‐IR (ρ, 95% CI) TG/HDL‐C index (ρ, 95% CI) TyG index (ρ, 95% CI)

Parameter Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

PWV 0.253* (0.135‐0.366) 0.350* (0.204‐0.418) 0.301* 
(0.199‐0.396)

0.289* 
(0.197‐0.382)

0.260* 
(0.147‐0.361)

0.238* 
(0.137‐0.382)

Central SBP 0.219* (0.124‐0.318) 0.263* (0.163‐0.360) 0.062 (−0.034 
to 0.161)

0.114* 
(0.000‐0.212)

0.064 
(0.029‐0.167)

0.079 (−0.016 
to 0.170)

Peripheral SBP 0.219* (0.120‐0.315) 0.267* (0.169‐0.373) 0.044 (−0.043 
to 0.145)

0.076 (−0.037 
to 0.181)

0.041 (−0.062 
to 0.159)

0.062 (−0.035 
to 0.161)

Peripheral DBP 0.316* (0.226‐0.412) 0.309* (0.225‐0.397) 0.152* 
(0.067‐0.250)

0.138* 
(0.036‐0.247)

0.161* 
(0.067‐0.271)

0.133* 
(0.044‐0.227)

Abbreviation: DPB, diastolic blood pressure; PWV, pulse wave velocity; SBP, systolic blood pressure.
*P < 0.05. 
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hypertension risk, we performed further adjustments by baseline 
hyperglycemia (fasting glucose  ≥  100mg/dL), which did not mod-
ify the strength of the association for the upper (HR 1.312 95% CI 
1.060‐1.624) or middle terciles (HR 1.817 95% CI 1.428‐2.311). We 
also observed that subjects with METS‐IR ≥50 had a higher adjusted 
risk to develop hypertension (HR: 1.44, 95% CI 1.17‐1.78, Figure 2B). 
Next, we assessed which of the components of the score provided 
better predictive capacity for incident hypertension; the higher pre-
dictive accuracy was driven by BMI (HR 1.014 95% CI 1.007‐1.021) 
and glucose (HR 1.043 95% CI 1.022‐1.064). When comparing the 
information provided by the sum of the individual components of 
METS‐IR compared to METS‐IR alone, using METS‐IR had a larger 
decrease using Akaike's information criterion (AIC) compared with 
individual components (9381.72 vs 9465.081). When assessing the 
insulin‐based HOMA‐IR index, it also proved predictive of hyperten-
sion (HR 1.067 95% CI 1.028‐1.107) adjusted for age, sex, family his-
tory of hypertension, smoking, and blood pressure levels, but both 
the c‐statistic (c‐statistic = 0.635 vs 0.633) and the AIC (9381.72 vs 
9487.50) demonstrated better predictive performance for METS‐IR.

Finally, we evaluated the complementary use of METS‐IR to pre-
dict hypertension in comparison with BP levels and the previously 

validated Framingham Hypertension Risk Prediction Model. When 
we included METS‐IR at baseline along with SBP levels, we ob-
served a significant change in predictive capacity for incident hy-
pertension (X2  =  8.74, P  =  0.003); furthermore, we observed a 
significant increase when including METS‐IR at baseline along with 
the Framingham Hypertension Risk Prediction Model (X2  = 10.70, 
P = <0.001). The changes in c‐statistic (AUC) were also superior for 
the combination of METS‐IR and Framingham or SBP compared with 
either alone, and METS‐IR had superior combined predictive perfor-
mance in comparison with other non–insulin‐based IR indexes and 
compared to the insulin‐based HOMA‐IR index as assessed by the 
AIC (Table 3).

4  | DISCUSSION

Metabolic Score for IR is a useful tool to identify cases with increased 
risk of incident arterial hypertension and arterial stiffness. This find-
ing is in agreement with the well‐known contribution of IR to the 
pathogenesis of atherogenesis, vascular changes, and hyperten-
sion.16 First, we observed a linear correlation between METS‐IR and 

F I G U R E  2   Incidence of hypertension comparing across METS‐IR terciles (A) and divided by the METS‐IR cutoff point (≥50, B), adjusted 
for age, sex, smoking status, cholesterol at baseline, abdominal circumference, and family history of hypertension

Model METS‐IR Percentile β Wald HR P‐value 95% CI

1 Q2 0.073 0.271 1.076 0.603 0.816‐1.419

Q3 0.332 5.554 1.393 0.018 1.057‐1.385

Q4 0.593 15.304 1.810 <0.001 1.344‐2.436

2 T2 0.296 6.939 1.345 0.008 1.079‐1.677

T3 0.554 18.172 1.740 <0.001 1.329‐2.245

TA B L E  2  Cox proportional 
hazard regression for risk of incident 
hypertension defined by ESC/ESH 
guidelines across METS‐IR terciles and 
quartiles, adjusted for age, sex, smoking 
status, systolic and diastolic blood 
pressure, family history of hypertension, 
waist circumference, and total cholesterol
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PW along with BP measurements in a cohort of high‐risk individuals. 
METS‐IR was also shown to be predictive of incident arterial hyper-
tension, and we observed that the correlation between METS‐IR and 
BP measures is higher in subjects with hypertension. Furthermore, 
METS‐IR increased the predictive capacity for incident hypertension 
when combined with SBP/DBP and the Framingham Hypertension 
Risk Prediction Model and was superior to other previously vali-
dated non–insulin‐based IR measures.

The correlation between METS‐IR, arterial stiffness, and incident 
hypertension is supported by pathophysiological evidence. The most 
accepted hypothesis linking IR and arterial hypertension includes 
overstimulation of the sympathetic nervous system, increasing pe-
ripheral vascular resistance, and cardiac output leading to increases 
in systemic BP.17 Decreased insulin action, glucotoxicity, and MS 
stimulate activity of the renin‐angiotensin‐aldosterone system, in-
creasing tubular Na+ reabsorption leading to volume expansion and 
BP changes.18 Impaired insulin signaling also causes endothelial dys-
function and a decrease in activity of nitric oxide synthase, leading 
to systemic vasoconstriction.19 Visceral adiposity and ectopic fat ac-
cumulation have also been shown to be predicted by METS‐IR and 
are recognized risk factors for the development of CV disease and 
hypertension20; adjustments of the observed association for surro-
gates of abdominal obesity did not attenuate the observed and con-
firm an independent role for METS‐IR in its prediction.

When we included METS‐IR along with the Framingham 
Hypertension Risk Prediction Model, we observed significant in-
creases in predictive capacity for incident hypertension. The 
Framingham Hypertension Risk Prediction Model has been validated 

in several population cohorts, and its predictive capacity for inci-
dent hypertension, morphological heart changes, and altered vas-
cular function has not been shown to be superior to SBP alone.21,22 
Since components of the metabolic syndrome and IR also modify 
the prediction of incident hypertension, it is expected that METS‐
IR evaluation would be helpful to predict short‐term hypertension 
risk.23 Overall, this confirms that prediction of hypertension risk 
using METS‐IR could be explained by the increased cardiovascular 
risk associated with both IR and MS. Individual components of the 
METS‐IR score have also been linked independently to incident hy-
pertension, including triglycerides and HDL‐C as well as BMI as a 
marker of whole‐body fat content.24,25 As demonstrated by our re-
sults, besides BMI, glucose levels are also highly predictive of arterial 
stiffness and incident arterial hypertension; despite this, the better 
model assessed by decreased in AIC was comprised by METS‐IR and 
not by its individual components. This is significant, since it confirms 
that METS‐IR is useful as a complementary metabolic evaluation 
tool when assessing risk of arterial hypertension.

The relationship between increased risk of incident hypertension 
and vascular health explained by METS‐IR is further strengthened 
by our observation of increased correlation with PWV. PWV is a sur-
rogate marker of arterial stiffness, which has also been previously 
associated with HOMA‐IR, the TyG index, and TG/HDL‐C ratio26,27; 
in our study, we were able to demonstrate a superior correlation 
using PWV analysis for METS‐IR in comparison with other non–in-
sulin‐based IR indexes in a cohort of high‐risk individuals. The rele-
vance of evaluating this association was demonstrated in a previous 
study, which showed that whereas endothelial function increases 
with or without IR, arterial stiffness increases only in relation to IR, 
especially in individuals with family history of T2D.28 The mecha-
nisms underlying this association are related to IR and hyperglyce-
mia, which lead to nonenzymatic glycation of matrix proteins causing 
subendothelial accumulation of advanced end glycation products 
and arterial stiffening, leading to altered vessel hemodynamics.29 
The inclusion of individuals at high‐cardiovascular risk allows us to 
extrapolate results to high‐risk populations beyond hyperglycemia, 
but since statin therapy is known to have rheological impacts and 
reduce PWV,30 additional evaluations of the predictive capacity of 
MET‐IR for vascular health in untreated populations are warranted. 
In other populations, PWV has been shown to be a predictor of inci-
dent cardiovascular events and arterial calcification, which indicates 
that METS‐IR could be a potential predictor of both and should be 
evaluated in future studies.31 Although PWV is not a routine eval-
uation in primary care, our results show that METS‐IR might be 
treated as subrogate of arterial stiffness and a predictor of incident 
hypertension.

Our study had some strengths and limitations. First, we evalu-
ated a large cohort of normotensive but at‐risk individuals, which al-
lowed power for predictive modeling of incident hypertension and 
represents an adequate setting for validating the role of METS‐IR to 
predict incident hypertension. We also had and noninvasive surrogate 
to assess arterial stiffness which provides pathophysiological evidence 
to complement our epidemiological observations. Limitations to be 

TA B L E  3  Predictive performance of combined regression 
models comprising non–insulin‐based fasting insulin resistance 
indexes complementary to Framingham hypertension risk equation 
in prediction of incident hypertension using c‐statistics

 

IR 
index + Hypertension 
risk score c‐statistic AIC

METS‐IR Index 0.579 8695.89

Index + BP 0.599 8674.47

Index + Framingham 0.643 8584.60

TyG Index 0.530 8828.20

Index + BP 0.573 8805.33

Index + Framingham 0.640 8695.84

TG/HDL‐C Index 0.518 8838.24

Index + BP 0.594 8812.70

Index + Framingham 0.643 8699.18

HOMA‐IR Index 0.571 8813.83

Index + BP 0.596 8789.66

Index + Framingham 0.647 8685.43

Abbreviations: AIC, Akaike's information criterion; HOMA‐IR, 
Homeostasis model assessment for insulin resistance; METS‐IR, 
Metabolic Score for Insulin Resistance; TG/HDL‐C, triglyceride‐high‐
density lipoprotein cholesterol; TyG, triglycerides‐glucose product.
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acknowledged are the inclusion of high‐risk subjects in the PWV co-
hort, which limits extrapolation of such results to the general popu-
lation; furthermore, the sample of subjects included in the MS cohort 
was already at a higher risk compared with general population, which 
calls for further studies in lower risk populations to assess the utility 
of METS‐IR in this subset of patients. Finally, all analyses were con-
trolled for age, sex, and cardiovascular risk factors and there remains 
a possibility of residual confounding, particularly since the association 
between arterial stiffness and BP values is modified by age.32

In conclusion, METS‐IR is a novel non–insulin‐based IR index 
which predicts incident hypertension and its complementary 
risk prediction with SBP and the Framingham Hypertension Risk 
Prediction Model is stronger compared with other non–insulin‐
based IR indexes and HOMA‐IR. Furthermore, METS‐IR is correlated 
with PWV, SBP, and DBP in high‐risk patients and is predictive of 
arterial stiffness. METS‐IR can be used to evaluate cardio‐metabolic 
risk complementary to routine evaluation and identify subjects at an 
increased risk of hypertension, which makes it useful in primary care 
practice as a screening tool to evaluate metabolic heath in at‐risk 
individuals.
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