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Purpose: The metabolic score for insulin resistance (METS-IR) index is an emerging 
surrogate predictor of type 2 diabetes mellitus (T2DM). This study aimed to evaluate the 
association between the METS-IR index and the risk of T2DM in non-obese Japanese adults.
Methods: A total of 12,290 non-obese participants were selected from the NAGALA 
prospective cohort study conducted from 2004 to 2015. Cox proportional hazards models 
were used to assess the association between the baseline METS-IR index and risk of T2DM. 
Generalized additive models were used to identify nonlinear relationships. In addition, we 
performed subgroup analyses and interaction tests. Results were expressed as hazard ratios 
(HRs) and 95% confidence intervals (CIs).
Results: During a median follow-up of 2050 days, 176 (1.43%) incident T2DM occurred. 
The fully adjusted HR (95% CI) for the incidence of T2DM in non-obese adults was 1.17 
(HR=1.17, 95% CI: 1.09–1.27, P<0.001) for every 1-unit increase in the METS-IR index. 
The risk of developing T2DM increased with the quartile of change in the METS-IR index, 
after adjustment for multiple potential confounding, the HRs for the Q4 group versus the Q1 
group was 4.01 (95% CI, 1.39–11.57). Generalized additive models also showed 
a cumulative increase in the risk of T2DM with increasing the METS-IR index. Time- 
dependent receiver operating curve suggested helpful discriminative power of the METS-IR 
index for T2DM. The C-statistics by the clinical risk factors significantly improve with the 
addition of the METS-IR index (from 0.862 to 0.875, P = 0.035); the discriminatory power 
and risk reclassification also appeared to be substantially better, with the category-free NRI 
of 0.216, and the IDI of 0.011.
Conclusion: The METS-IR index was a significant and independent predictor for future 
T2DM development in non-obese adults. The METS-IR index may have clinical significance 
in identifying groups at high risk of T2DM.
Keywords: metabolic score for insulin resistance index, type 2 diabetes mellitus, non-obese, 
population-based cohort study

Introduction
Type 2 diabetes mellitus (T2DM) is a major concern in healthcare worldwide due to 
its high prevalence and severe complications.1,2 In 2017, approximately 462 million 
people were affected by T2DM, which corresponds to a prevalence of 6059 cases 
per 100,000 people. It is predicted to increase to 7079 per 100,000 people by 2030, 
reflecting a continued rising and showing no signs of stabilization worldwide.3,4 To 
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make matters worse, T2DM can affect an individual’s 
functional capacity and quality of life, leading to signifi-
cant morbidity and even premature death.5,6 However, the 
development of T2DM and related outcomes can be pre-
vented or delayed by timely lifestyle modifications and 
appropriate pharmacological interventions, which require 
effective screening strategies and early detection of indi-
viduals at high risk for T2DM.7

Obesity is a known risk for the progression of T2DM.8,9 

Many mechanisms have been reported regarding the rela-
tionship between obesity and T2DM, including relative defi-
ciency of insulin resistance and insulin action.9 Therefore, 
weight loss in obese individuals is effective in controlling 
T2DM and even for normoglycemic levels.10 In fact, a large 
number of people with T2DM, especially in Asia, are not 
obese. Up to 50% of Asian type 2 diabetic patients have 
a BMI <25 kg/m2.11,12 Notably, non-obese diabetics have 
a similar increased risk of cardiovascular disease as obese 
diabetics.13 In addition, a meta-analysis showed that adults 
who were normal weight at the time of diabetes had higher 
cardiovascular and non-cardiovascular mortality than over-
weight or obese adults.14 Thus, non-obese diabetes may 
have underlying pathophysiological changes that may lead 
to a worse prognosis than obese diabetes.11,15 However, the 
possible mechanisms explaining this phenomenon remain to 
be elucidated.

Prospective studies have shown that insulin resistance 
(IR) remains the primary pathogenesis of T2DM, and that 
it is present years before diagnosis.16,17 Clearly, accurate 
measurement of IR can improve the prediction of T2DM 
progression.18 The most common direct method for mea-
suring IR is the hyperinsulinemic-euglycemic clamp, 
which is complex, impractical, and invasive.19 The home-
ostasis model assessment for insulin resistance (HOMA- 
IR) index is the most widely used indirect method, but is 
susceptible to the accuracy of insulin measurements and 
has poor reproducibility.20,21 Imaging techniques such as 
computed tomography and magnetic resonance imaging 
can accurately measure adipose tissue distribution and 
quantify adipose tissue.19 However, none of these techni-
ques are inexpensive and cannot be used in large epide-
miological studies.22 Therefore, a simpler, more accurate, 
and more practical IR metric is needed. In recent years, the 
metabolic score for insulin resistance (METS-IR) index, 
considering fasting plasma glucose (FPG), lipid profile, 
and adiposity index has gained increasing interest as 
a simple indicator of IR because of its good correlation 

with HOMA-IR and its ability to better detect insulin 
sensitivity.23,24

Therefore, we explored the association between the 
baseline METS-IR index and risk of T2DM in the non- 
obese population based on the Japanese NAGALA cohort 
study. We also performed subgroup analyses stratified by 
sex, age, fatty liver, exercise habits, alcohol consumption, 
smoking status, and follow-up time to assess the consis-
tency of the association in different subgroups. In addition, 
we used a generalized additive model to explore the dose- 
response relationship between the METS-IR index and the 
occurrence of T2DM.

Materials and Methods
Data Source
Clinical data for our study population were obtained from 
the DATADRYAD database (http://www.Datadryad.org/). 
The raw data are freely available from the website and can 
be analyzed secondarily by researchers without violating 
the rights of the authors. In accordance with the Dryad 
Terms of Service, we cited the Dryad data package in the 
present study (Dryad data package: https://doi.org/10. 
5061/dryad.8q0p192).25

Study Design and Participants
This study was a secondary analysis of data from the 
NAGALA cohort study. This is a cohort study conducted 
at the Medical Health Checkup Center of Murakami 
Memorial Hospital (Gifu, Japan) from 2004 to 2015. 
Details of the cohort study were described in the original 
article.25 Briefly, 20,944 participants who participated in 
the physical examination program between 2004 and 2015 
and completed at least a second examination were 
recruited. Exclusion criteria in the original study included 
(1) participants with a heavy drinking habit or a diagnosis 
of alcoholic fatty liver; (2) participants with a confirmed 
diagnosis of viral hepatitis; (3) any medications used dur-
ing the baseline examination; (4) participants with missing 
covariates; and (5) participants with fasting plasma glu-
cose (FPG) ≥6.1 mmol/L or a clear diagnosis of diabetes 
mellitus in participants. In addition to the initial exclusion 
criteria, more stringent exclusion criteria were developed 
for this study. Participants were excluded from the study if 
they met the following criteria: fulfilling the diagnostic 
criteria for general obesity or abdominal obesity in 
Asian: BMI≥25 kg/m2 and WC≥90 cm in men or 
≥80 cm in women, respectively.26,27
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Data Collection
The raw data downloaded from the Dryad database included 
incident T2DM, duration of follow-up, and baseline informa-
tion. From the baseline information, we extracted informa-
tion on age, sex, waist circumference (WC), body mass index 
(BMI), habit of exercise, smoking status, alcohol consump-
tion, diastolic blood pressure (DBP), systolic blood pressure 
(SBP), and fatty liver. We also extracted information on 
baseline alanine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma-glutamyl transferase (GGT), 
high-density lipoprotein cholesterol (HDL-c), total choles-
terol (TC), triglycerides (TG), fasting plasma glucose (FPG), 
and haemoglobin A1c (HbA1c).

Definitions
As described earlier, alcohol consumption was assessed by 
the type and amount of alcohol consumed per week in the 
previous month, and their alcohol status was then categor-
ized into four groups: none or little drinking (<40 g/week), 
light drinking (40–140 g/week), moderate drinking (140– 
280 g/week), or heavy drinking (>280 g/week). Smoking 
status was divided into three categories: never, past and 
current. In addition, exercise habit was defined as partici-
pants participating in any type of exercise more than once 
per week. Fatty liver was evaluated by abdominal ultra-
sound, and experienced gastroenterologists reviewed the 
ultrasound images without knowing the personal informa-
tion of the participants. According to the findings of four 
types of ultrasound, such as hepatorenal echo contrast, 
liver brightness, deep attenuation, and vascular blurring, 
the evaluation was made and a final diagnosis was made. 
The diagnostic criteria for general obesity or abdominal 
obesity in Asian: BMI >25 kg/m2 and WC> 90 cm in men 
or >80 cm in women, respectively.26,27 T2DM was defined 
as HbA1c ≥ 6.5%, FPG ≥ 126 mg/dl, and/or self-reported 
diabetes during follow-up.25,28 METS-IR was calculated 
as (ln ((2 × FPG) + TG) × BMI)/(ln (HDL-C)).24

Ethical Approval
This cohort study was approved by the Ethics Committee 
of Murakami Memorial Hospital, and written informed 
consent was obtained from each participant. Previously 
published papers detail the ethical permission involved in 
this study.25

Statistical Analyses
Study participants were classified into four groups accord-
ing to quartiles (Q1–Q4) of the METS-IR index. 

Categorical variables were presented as proportions and 
continuous variables were presented as mean value ± stan-
dard deviation (SD) or median (interquartile range) as 
appropriate. The difference between quartiles of the 
METS-IR index was compared using Wilcoxon or 
Kruskal–Wallis test for continuous variables and the χ2 

test for categorical variables.
The Kaplan-Meier method was used to generate survi-

val plots during the follow-up, and the significance of 
differences between groups was tested with the Log rank 
test.

We incorporated all initial variables into the ordinary 
least squares (OLS) model and calculated the variance infla-
tion factor (VIF) of each variable to test for 
multicollinearity.29 Variables with VIF>5 were considered 
to have serious multicollinearity and cannot be included in 
the multiple regression model. A Cox proportional-hazard 
regression model was used to estimate hazard ratios (HRs) 
and 95% confidence intervals (CIs) for incidents of T2DM 
by quartiles of the METS-IR index, with the lowest quartile 
as the reference. Besides the crude model, four other models 
were fitted: model 1, controlling for age, sex, and WC; 
model 2, additionally adjusted for regular exercise, smoking 
status, and alcohol consumption; model 3, adjusted for vari-
ables included in model 2 plus fatty liver, and HbA1c; model 
4, adjusted for variables included in model 3 plus SBP and 
HbA1c, ALT, AST, GGT, HDL-C, TC, and TG levels. Trend 
tests were performed in the regression models after the 
median METS-IR index values of each quartile were entered 
into the model and treated as a continuous variable.30

Furthermore, a generalized additive model with a spline 
smoothing function was applied to examine the nonlinear 
relationship between the METS-IR index and the occurrence 
of T2DM. In further exploratory analyses, potential effect 
modifications of the association between the METS-IR 
index and T2DM risk were assessed for the variables: age 
(<45 vs 45–59 vs ≥60 years), sex (female vs male), fatty 
liver (yes vs no), habit of exercise (yes vs no), alcohol 
consumption (none vs light vs moderate vs heavy), smoking 
status (never vs past vs current), and follow-up duration 
(<1825 vs ≥1825 days). All interactions were analyzed by 
multivariable Cox proportional hazards modeling.

Lastly, the time-dependent receiver operating curve 
(ROC) and the area under ROC (AUC) were used to eval-
uate the discriminatory ability of the METS-IR index for 
T2DM. Additionally, C-statistics, category-free net reclassi-
fication improvement (NRI), and integrated discrimination 
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improvement (IDI) were used to test the value of the METS- 
IR index to optimize the risk stratification of T2DM.

A double-tailed P-value < 0.05 was considered statisti-
cally significant in all analyses. R software, version 4.0.1 
(http://www.R-project.org, The R Foundation) was used 
for all statistical analyses.

Results
Study Participants and Baseline 
Characteristics
Of the invited participants (n = 20,944), 8654 participants 
were excluded, resulting in a total of 12,290 non-obese adults 
being included in the analyses (Figure 1). The mean age was 
43.43 ± 8.95 years and 6421 (52.25%) were male. Baseline 
characteristics by quartiles of the METS-IR index are shown 
in Table 1. Over a median follow-up period of 2050.00 days 
(IQR, 1017.00–3532.50), 176 (1.43%) participants devel-
oped T2DM. The cumulative incidence of T2DM according 
to the baseline METS-IR index quartiles for participants was 
presented in Figure 2. The incidence of T2DM substantially 
increased with increasing the METS-IR index quartiles, from 
7 (0.23%) in quartile 1 to 100 (3.25%) in quartile 4. Kaplan– 
Meier curves also showed that participants in quartile 4 of the 
baseline METS-IR index had a higher risk for T2DM events 
than participants in the other groups during the follow-up 
period (Log rank test, P < 0.0001).

Association of the METS-IR Index with 
the Risk of T2DM in Non-Obese Adults
Covariates were screened for the collinearity between 
variables prior to the development of the Cox proportional 

hazard model. Variables with VIF > 5 were considered to 
show severe multicollinearity and could not be included in 
the multivariate Cox proportional hazard model. Details of 
the collinearity screening are shown in Supplementary 
Table 1. The association between the METS-IR index 
and T2DM in non-obese adults is summarized in 
Table 2. In the unadjusted model (crude model), a one- 
unit increase in the METS-IR index was associated with 
a 1.18-fold increase in the risk of developing T2DM 
(HR=1.18, 95% CI: 1.15–1.21, P<0.001). In model 1, 
after adjusting for age, sex, and WC, each one-unit 
increase in the METS-IR index was associated with 
a 1.19-fold increase in the risk of developing T2DM 
(HR=1.19, 95% CI: 1.14–1.24, P<0.001). Following 
further adjustments (model 2), the results were similar to 
model 1, with no significant changes in the magnitude or 
direction of the core results. In model 3, for every 1-unit 
increase in the METS-IR index, the risk of T2DM 
increased 1.13-fold (HR=1.13, 95% CI: 1.08–1.17, 
P<0.001) after adjusting for variables included in model 
2 plus fatty liver, and HbA1c. Finally, the fully adjusted 
HR (95% CI) for the incidence of T2DM in non-obese 
adults was 1.17 (HR=1.17, 95% CI: 1.09–1.27, P<0.001) 
for every 1-unit increase in the METS-IR index. In the 
sensitivity analysis, the METS-IR index was transformed 
into a categorical variable (quartile of the METS-IR 
index), and the P-value for the trend of the METS-IR 
index with categorical variables was consistent with the 
result of the METS-IR index as a continuous variable in 
the different models (P for trend< 0.05).

Threshold Effect Analysis of the METS-IR 
Index on Incident T2DM in Non-Obese 
Adults
Since the METS-IR index is a continuous variable, it is 
necessary to study the threshold effect between the METS- 
IR index and incident T2DM in non-obese adults. In 
Figure 3, the adjusted smoothing curve shows 
a continuous positive correlation between the METS-IR 
index and incident T2DM with no threshold effect.

Stratified Analysis by Potential Effect 
Modifications
Stratified analyses were performed to better understand 
other factors that may influence the association between 
the METS-IR index and incident T2DM and to further 
identify potential special populations. The full variables 

Figure 1 Flowchart for the selection of study participants. 
Abbreviations: T2DM, type 2 diabetes mellitus; FPG, fasting plasma glucose; BMI, 
body mass index; WC, waist circumference.
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were presented hierarchically according to bisection or 
clinical significance, and interaction tests were also per-
formed (Figure 4). None of the variables, including age 
(<45 vs 45–59 vs ≥60 years), sex (female vs male), fatty 
liver (yes vs no), habit of exercise (yes vs no), alcohol 
consumption (none vs light vs moderate vs heavy), smok-
ing status (never vs past vs current), as well as follow-up 
duration (<1825 vs ≥1825 days), significantly modified the 
association between the METS-IR index and the risk of 
T2DM (P for all interactions >0.05) (Figure 4). Of note, at 
the existing sample size, the efficacy for detecting 
a moderate interaction is limited; therefore, negative 
results would not necessarily confirm the absence of 
interactions.

The Discriminative Power of the METS-IR 
Index for T2DM
We evaluated the discriminative power of the METS-IR 
index for T2DM at different time points. The AUCs were 
0.692 (95% CI: 0.654–0.730) at 3 year, 0.680 (95% CI: 
0.642–0.718) at 5 year, 0.711 (95% CI: 0.673–0.749) at 
7 year and 0.721 (95% CI: 0.684–0.758) at 9 year, which 
indicated a helpful discrimination for T2DM (Figure 5).

Figure 2 Kaplan–Meier curves of the cumulative event rate of incident T2DM 
stratified by the baseline METS-IR quartiles. The curves were compared using the 
log rank test. 
Abbreviations: T2DM, type 2 diabetes mellitus; METS-IR, metabolic score for 
insulin resistance.
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Incremental Effect of the METS-IR Index 
on Predictive Value for T2DM in 
Non-Obese Adults
Finally, we evaluated whether the METS-IR index would 
further increase the predictive value of clinical risk factors 
(Table 3). The C-statistics by the clinical risk factors sig-
nificantly improve with the addition of the METS-IR index 
(from 0.862 to 0.875, P = 0.035), the discriminatory power 
and risk reclassification also appeared to be substantially 
better, with the category-free NRI of 0.216 (95% CI: 
0.100–0.343, P<0.001), and the IDI of 0.011 (95% CI: 
0.003–0.048, P = 0.013).

Discussion
Many observational studies have shown that more than 
30% of non-obese adults have metabolic abnormalities, 
including abdominal adipose tissue accumulation, 
decreased β-cell function, and IR.31–33 In addition, non- 
obese adults may not monitor their health indicators or 
take preventive measures for T2DM. Therefore, there is 
a need for early identification of T2DM in non-obese 
adults.34 In particular, Asians, despite their lower absolute 
BMI, are more likely to have visceral adipose tissue 

accumulation and IR compared to Western 
populations.35,36 However, data on T2DM prevention in 
non-obese populations are limited.

To our knowledge, this is the first study to investigate 
the association between the METS-IR index and the risk 
of new-onset T2DM in a non-obese population. This popu-
lation-based prospective cohort study showed that elevated 
the METS-IR index was independently associated with 
a greater risk of T2DM in non-obese Japanese adults. 
Compared with the lowest quartile, individuals with the 
top quartile of the METS-IR index demonstrated a 4.01- 
fold greater risk of developing T2DM (Q4 vs Q1; adjusted 
HR 4.01, 95% CI 1.39–11.57). Furthermore, the results 
were stable in subgroups according to age, sex, fatty liver, 
habit of exercise, alcohol consumption, smoking status, as 
well as follow-up duration. This suggests that our results 
are robust and that the METS-IR index is applicable to 
a wide range of subjects. In addition, we found inconsis-
tent effect size trends on the left and right sides of the 
inflection point [left side (HR=1.45, 95% CI: 1.20–1.76, 
P<0.001); right side (HR=1.15, 95% CI: 1.06–1.24, 
P<0.001)]. This result suggests a saturation effect of the 
independent association between the METS-IR index and 
the incidence of T2DM. More importantly, adding the 
METS-IR index to a baseline risk model consisting of 
certain traditional risk factors significantly improved the 
reclassification ability.

The association between the METS-IR index and the 
occurrence of T2DM has been investigated in two differ-
ent ethnic populations.24,37 In a two-year prospective 
cohort study, Bello-Chavolla et al24 confirmed the METS- 
IR index as a novel score to assess cardiometabolic risk in 
healthy and high-risk subjects and as a promising tool to 
screen for insulin sensitivity. The study recruited 6144 
participants (aged 20–79 years) at baseline in Mexico and 
conducted a two-year follow-up. Compared to the refer-
ence quartile, the highest METS-IR quartile had an 
approximately 2.91-fold increased risk of developing 
T2DM. In another cohort study based on a rural 
Chinese population, researchers explored the relationship 
between the baseline METS-IR index and incident 
T2DM. The researchers found that the association 
between the METS-IR and the development of T2DM 
was significant (per SD unit increase: HR=1.80, 95% 
CI: 1.60–2.02). And, this significant association persisted 
in subgroup analyses by sex, age, and baseline FPG 
levels. Dose-response analysis showed a significant 

Figure 3 The non-linear relationship between METS-IR and incident of type 2 
diabetes mellitus. Solid red line represents the smooth curve fit between variables. 
Blue bands represent the 95% CI of the fit. Adjust for: age, sex, WC, regular 
exercise, smoking status, alcohol consumption, fatty liver, HbA1c, ALT, AST, GGT, 
HDL-C, TC, and TG. 
Abbreviations: BMI, body mass index; WC, waist circumference; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transfer-
ase; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; TG, trigly-
ceride; HbA1c, haemoglobin A1c; SBP, systolic blood pressure; METS-IR, metabolic 
score for insulin resistance; CI, confidence interval; RR, risk ratio.
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increase in the probability of incident T2DM with 
increasing the METS-IR.37

Potential mechanisms underlying the association of the 
METS-IR with T2DM are complex. Several mechanisms 
have been reported to explain the relationship between the 
METS-IR index and T2DM. One possible explanation is 
the weak antioxidant capacity due to the low expression of 
antioxidant enzymes in pancreatic islet cells. When glu-
cose concentration increases, the level of reactive oxygen 
species in β-cells also increases, which may have toxic 
effects on β-cells and lead to functional impairment of islet 
β-cells, which in turn causes T2DM.37–39 Another plausi-
ble explanation is that previous studies have shown that 
adipose tissue accumulation in the liver and pancreas is 
associated with IR, and that hepatic IR due to adipose 
tissue accumulation may affect the balance of blood glu-
cose and lipids, which may to some extent contribute to 
elevated blood glucose levels.40–43 Despite the proposed 

pathways, more mechanistic studies are needed to reveal 
the role of the METS-IR index in the development of 
T2DM in different ethnicities.

The interpretation of our results requires consideration 
of the strengths and limitations of our study. We first list 
the strengths. First, the study sample was drawn from 
participants in the Japanese NAGALA cohort study, 
which was larger than previous studies assessing the asso-
ciation between the METS-IR index and the risk of devel-
oping T2DM. Therefore, there were sufficient subjects for 
analysis to ensure the reliability and robustness of the 
results. Second, this study was conducted in a non-obese 
population and all obese individuals were excluded, unlike 
previous studies, so the findings may be more applicable to 
non-obese individuals. Third, we treated the target- 
independent variables as continuous and categorical vari-
ables. This approach improves the robustness of the 
results. Fourth, our analysis of the relationship between 

Figure 4 Forest plots of the association between METS-IR and new-onset T2DM in various subgroups. Adjust for: age, sex, WC, regular exercise, smoking status, alcohol 
consumption, fatty liver, SBP, HbA1c, ALT, AST, GGT, HDL-C, TC, and TG. 
Abbreviations: WC, waist circumference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HDL-C, high-density 
lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HbA1c, haemoglobin A1c; SBP, systolic blood pressure; METS-IR, metabolic score for insulin resistance; 
CI, confidence interval; HR, hazard ratio.
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the METS-IR index and incident T2DM was adjusted for 
more potential confounders than previous studies, poten-
tially making the results more robust and reliable.

Nevertheless, some limitations should be taken into 
account when making cautious interpretations. First, com-
pared to Westerners, Japanese do not weigh so much, and 
the main cause of hyperglycemia is a decrease in insulin 
secretion capacity. And this study focused on non-obese 
Japanese adults, so the generalizability of the findings to 

obese Japanese adults and other races remains to be deter-
mined. Second, we did not use a 2-hour oral glucose 
tolerance test to diagnose T2DM, so we may have under-
estimated the prevalence of T2DM. Third, our study did 
not assess the effect of dynamic changes in the METS-IR 
on T2DM, which may have affected the results. Fourth, 
data on fasting insulin levels were not available in the 
database, so it was not possible to compare the accuracy 
of the METS-IR index and HOMA-IR in predicting the 

Figure 5 Time-dependent ROC curve and areas under ROC curve at different time points. The area under the ROC curve was 0.692 at 3 year (A), 0.680 at 5 year (B), 
0.711 at 7 year (C), and 0.721 at 9 years (D). 
Abbreviation: ROC, receiver operating characteristic.
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risk of T2DM. Finally, this report is a secondary analysis 
based on the existing database of the NAGALA cohort 
study, and although many confounders were adjusted for, 
some variables were not included in the database, such as 
dietary factors, muscle mass, and lipid-lowering medica-
tions, failed to be adjusted for. Therefore, the potential 
impact of these residual confounding factors on the results 
cannot be ignored.

Conclusion
In conclusion, our study showed that a higher METS-IR 
index was significantly associated with a higher risk of 
incident T2DM in a non-obese population. The METS-IR 
index showed a helpful discriminatory ability for T2DM, 
which significantly improved the ability to reclassify 
beyond the baseline risk model consisting of certain tradi-
tional risk factors. Thus, the results of this study provide 
a convenient and useful marker for early prevention of 
T2DM in non-obese populations, facilitating early detec-
tion of people at risk for T2DM and providing early 
preventive measures.
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