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Insulin resistance (IR) is a defining feature of obesity, type 2 dia-

We conducted this cross-sectional study as a preliminary approach

betes mellitus, and cardiovascular diseases and a major contribut-

and recruited 150 participants (75 MetS patients and 75 healthy

ing factor in metabolic syndrome (MetS). Although researchers

controls) based on the inclusion and exclusion criteria. While re-

have made tremendous progress in understanding IR, certain ele-

cruiting, we performed an interim analysis with 30 people in each

ments remain unclear, especially diagnosis. Various types of tests

group to obtain the mean age and male-to-female ratio. Based on

are available for quantitative estimation of IR, ranging from com-

our interim analysis results, we recruited the remaining participants

plicated, invasive, time-consuming procedures to simple blood tests

in the case and control groups after matching them for both age

using fasting samples. The hyperinsulinemic-euglycemic glucose

and sex. We performed statistical analysis accordingly after assess-

clamp is the gold standard method for determining IR but is im-

ing the normality of the data. Using validated formulas, we com-

practical as it is both labor- and time-intensive. This issue has led

puted 19 IR and insulin secretion indices derived from fasting glu-

to development of relatively simple markers for IR. In this study,

cose, insulin, lipid profiles, and adiponectin.3,4 Through a receiver

we explored a variety of surrogate indices which have been current-

operating characteristic (ROC) analysis, markers with the area un-

ly available for estimating IR, insulin secretion, insulin sensitivity,

der the curve (AUC) values between 0.8 and 1.0 were deemed the

and beta-cell function in a simplified and improved manner. We

most important predictors for detecting MetS. Among the surro-

also investigated their clinical utility in and cutoff values for identi-

gate markers of IR and insulin secretion, homeostatic model assess-

fying MetS and its components. A deeper knowledge of these mark-

ment of IR (HOMA-IR), HOMA-adiponectin (HOMA-AD), tri-

ers will help us better understand and manage this condition.

glyceride-glucose (TyG) index, HOMA-1%S (insulin sensitivity),

1,2

3

4
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quantitative insulin sensitivity check index (QUICKI), McAuley

men, the HOMA1-IR (AUC, 0.812) and fasting insulin resistance

index, single-point insulin sensitivity estimator (SPISE), and

(FIRI; AUC, 0.812) indices exhibited a stronger predictive ability

HOMA-2%B (beta-cell function) showed better accuracy in iden-

for MetS than other IR indices. Similarly, the HOMA-1%S (AUC,

tifying people with MetS.

0.812), QUICKI (AUC, 0.806), Bennet (AUC, 0.821), and fasting

6

We used MedCalc 11.4.2.0 (Ostend, Belgium) software to com-

insulin sensitivity index (FISI; AUC, 0.812) indices displayed the

pare the AUCs of the studied indices.7 Compared with HOMA1-

best predictive ability for MetS for insulin sensitivity markers, while

IR, non-significant differences were found with the HOMA-AD

the HOMA-1%B (AUC, 0.801) and HOMA-2%B (AUC, 0.800)

and TyG indices. Thus, the HOMA1-IR performed well in screen-

indices were better able to predict MetS using beta-cell function

ing for MetS. The HOMA-AD and TyG index performed similarly

markers. Among women, HOMA1-IR (AUC, 0.902), HOMA2-IR

to the HOMA1-IR in identifying MetS (P> 0.05 vs. HOMA1-IR).

(AUC, 0.836), HOMA-AD (AUC, 0.948), HOMA-triglycerides

Among the insulin sensitivity and beta-cell function indices, the

(HOMA-TG; AUC, 0.811), TyG index (AUC, 0.898), and FIRI

QUICKI, McAuley index, and SPISE showed non-significant dif-

(AUC, 0.902) indices all had a better predictive ability for MetS.

ferences compared to the HOMA-1%S. Thus, the HOMA-1%S

Similarly, HOMA-1%S (AUC, 0.902), HOMA-2%S (AUC, 0.819),

performed well in screening for MetS. The QUICKI, McAuley in-

QUICKI (AUC, 0.903), Bennet (AUC, 0.924), and FISI (AUC,

dex, and SPISE performed similarly to the HOMA-1%S in identi-

0.902) indices best predicted MetS using insulin sensitivity markers,

fying MetS (P> 0.05 vs. HOMA-1%S).

while the HOMA-1%B (AUC, 0.877) and HOMA-2%B (AUC,

We also emphasized the clinical efficacy of surrogate markers of
IR in diagnosing MetS by employing specific cutoﬀ values. Our

0.901) indices demonstrated the best ability to predict MeS with
beta-cell function markers.

study found that the optimal cutoff points for these indices were

The HOMA-AD was the strongest predictor of MetS in women

close to the established international cutoffs and did not converge

among the IR markers and secretion monitors with a cutoff value

across populations. We therefore presumed that ethnic, racial, and

that varied between ≥ 4.03 in men and ≥ 4.90 in women. The

lifestyle variances; data collection methods; diagnostic approaches;

HOMA-IR and FIRI indices showed the most substantial predic-

and measurement techniques were the primary reasons for the dif-

tive ability for MetS in men with varied cutoff values (HOMA-IR

ferences in cutoﬀ values across studies. To be more precise, several

≥ 3.29 in men and ≥ 3.53 in women, FIRI ≥ 2.96 in men and

pathophysiological factors affecting beta-cell function (such as

≥ 3.18 in women). The Bennet index was the strongest predictor

chronic hyperglycemia, oxidative stress, inflammation, and body-

of MetS among the insulin sensitivity and beta-cell function mark-

fat distribution) induce changes in the regulation of gene expres-

ers regardless of sex, with a cutoff value that varied as ≤ 1.16 in

sion that converge on impaired insulin secretion and beta-cell dys-

men and ≤ 1.20 in women. The Bennet, FISI, and HOMA-1%B

function.

indices in men and the HOMA2-IR, HOMA-TG, FIRI, HOMA-

8

We evaluated the AUC and optimal cutoff points for the surro-

2%S, Bennet, FISI, and HOMA-1%B indices in women displayed

gate markers of IR, insulin secretion, insulin sensitivity, and beta-

better predictive ability for MetS when stratified by sex as an addon

cell function, in our ROC analysis to identify MetS cases stratified

to our previous findings.6 Both women and men exhibited the low-

by sex. Our results contained higher cutoff values in women for

est AUC values for FIGR and glucose to insulin (GI) ratio, respec-

markers of IR and insulin secretion and lower cutoff values for

tively. Therefore, the cutoff points for FIGR and GI ratio in both

markers of insulin sensitivity and beta-cell function than in men.

men and women did not meet the AUC requirements for detecting

Thus, IR was defined as higher levels of markers of IR and insulin

MetS.

secretion and lower levels of markers of insulin sensitivity and beta-

Recent studies have reported similar findings.9,10 A Spanish study

cell function in women than in men. Adiposity, weight status, body

calculated higher cutoff points for HOMA-IR in women than in

composition, and multiple metabolic abnormalities could explain

men ( ≥ 2.07 vs. ≥ 1.85, respectively).9 Another study reported op-

disagreements in the findings between men and women. Among

timal cutoff points of ≥ 2.0 and ≥ 2.5 for the HOMA-IR and
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≤ 0.343 and ≤ 0.331 for the QUICKI to diagnose MetS in men

Comparison of various steady state surrogate insulin resistance

and women, respectively. Consequently, there appears to be a sex

indices in diagnosing metabolic syndrome. Diabetol Metab

difference in the AUCs and cutoff values for all surrogate markers

Syndr 2019;11:44.

10

of IR and insulin secretion. Hence, a sex-specific reference value is

2. Chopra AK. Metabolic syndrome or insulin resistance: evolu-

appropriate in clinical practice. The present study deserves further

tion, controversies and association with cardiovascular disease

validation in large, multi-centric population-based studies that in-

risk. Indian J Clin Cardiol 2020;1:77-85.

clude more IR markers involving oral glucose tolerance testing with
extended follow-up periods and participants from different ethnic
backgrounds.

3. Singh B, Saxena A. Surrogate markers of insulin resistance: a
review. World J Diabetes 2010;1:36-47.
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