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BaCkground: Type 2 diabetes mellitus (T2DM) is characterized by impaired insulin sensitivity (Si) and 
insulin secretion. Previous studies may have underestimated differences in the incidence of risk factors in 
insulin-sensitive diabetes mellitus (IS-DM) and insultin-resistant diabetes mellitus (IR-DM) patients and have 
not been conducted in the Chinese population.
oBjeCtives: We explored differences in metabolic risk factors between Chinese patients with newly diag-
nosed, insulin-resistant (IR) and insulin-sensitive (IS) T2DM.
design: Cross-sectional study.
setting: Cardinal Tien Hospital, Taiwan in 2011.
Methods: All participants received a frequently sampled intravenous glucose tolerance test. The acute 
insulin response after a glucose load (AIRg), Si, disposition index (DI), and glucose effectiveness (GE) were 
determined. Using the median Si value from 90 people without diabetes as a cutoff (1.19×10-4 mU/L/min), 
patients were divided into two groups, IS-DM and IR-DM. Multivariate regression analysis was used to ex-
amine the independent influence of MetS components on Si and AIRg.
Main outCoMe Measure(s): Insulin sensitivity.
results: We enrolled 122 participants. In addition to higher probabilities of having MetS, IR-DM patients 
had a significantly higher body mass index (BMI), AIRg, and GE but a lower DI than IS-DM patients. Si cor-
related with BMI and triglycerides, and AIRg correlated with BMI and high-density lipoprotein cholesterol. 
BMI was the only component related to Si in the multivariate analysis. Furthermore, the AIRg was associated 
with BMI and fasting plasma glucose. Because BMI was the most critical factor, a cutoff value (25.0 kg/m2) 
was obtained from the receiver operating characteristic curve for predicting IR-DM. It showed a sensitivity 
and specificity of 60.8% and 60.9%, respectively.
ConClusions: IR-DM patients had more MetS components than IS-DM patients. In Chinese patients 
obesity is the most critical factor for discriminating IR-DM from IS-DM. Patients with a BMI higher than 25 
kg/m2 were prone to develop IR-DM. 
liMitations: The size of our study cohort was relatively small, which may weaken the statistical power of 
the study.

Although patients with type 2 diabetes mellitus 
(T2DM) present with hyperglycemia, it is gen-
erally agreed that T2DM is heterogeneous and 

is composed of different underlying defects in glucose 

homeostasis. At present, the most commonly recog-
nized pathophysiologies of T2DM are increased insulin 
resistance (IR) and decreased insulin secretion.1 Insulin 
sensitivity (Si), which is conceptually reciprocal to IR, has 
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been shown to deteriorate in youth in people prone to 
develop diabetes. This defect is compensated for by 
increased insulin secretion to maintain glucose balance. 
Eventually, after years of compensation, b-cells enter a 
stage of decompensation. Subsequently, clinically overt 
diabetes is diagnosed on the basis of an elevated fast-
ing plasma glucose (FPG) level. Because it is one of the 
key factors inducing diabetes, it is logical to postulate 
that IR should be found exclusively in diabetic patients. 
However, the degree of IR varies not only among people 
with normal glucose tolerance2 but also among those 
with T2DM.3,4 Moreover, some patients with T2DM have 
been considered insulin sensitive (IS).4,5 These findings 
indicate that at least two subtypes of T2DM may exist, 
IS- and IR-DM. In these two subtypes, IR and increased 
insulin secretion might differ in relative importance in 
either triggering the occurrence of T2DM or maintain-
ing fair glucose control after diabetes is diagnosed.5 

In addition to its role in causing diabetes, IR has 
been found to be the core manifestation of metabolic 
syndrome (MetS), which is the clustering of glucose in-
tolerance, dyslipidemia, obesity, and hypertension.6,7 In 
addition, individual MetS components, including waist 
circumference (WC), blood pressure, fasting triglyceride 
(TG), high-density lipoprotein cholesterol (HDL-C), and 
FPG, have been shown to be correlated with IR.8,11 Thus, 
it is unsurprising that patients with MetS have a higher 
risk of T2DM and cardiovascular disease (CVD) than 
that of patients without MetS.12 This close relationship 
between MetS and CVD was also observed in T2DM.13 

As mentioned, IR varies among T2DM patients; thus, 
we hypothesize that differences should be observed in 
the incidence of MetS and other CVD risk factors be-
tween IS-DM and IR-DM patients. This hypothesis has 
been proven by Haffner et al. In 1999, they compared 
individual MetS risk factors between IS-DM and IR-DM 
patients and demonstrated that IR-DM patients had 
higher WC, HDL-C, and FPG but lower TG values than 
IS-DM patients in the Insulin Resistance Atherosclerosis 
Study (IRAS).4 However, more than 40% of their patients 
with T2DM were not drug naïve, potentially leading 
to underestimation of the results. Moreover, because 
Chinese people are less obese than Caucasians, and 
metabolic risks differ between the Chinese ethnicity 
and other ethnicities,14,15 it is imperative to explore dif-
ferences between IR- and IS-DM in the Chinese popula-
tion. Hence, in the present study, we investigated differ-
ences between the two subtypes of T2DM, IR- and IS-
DM, by analyzing metabolic risk factors in patients with 
newly diagnosed T2DM. Moreover, we constructed 
models to predict IR- and IS-DM on the basis of these 
metabolic risk factors.

Patients and Methods

Patients
We enrolled patients with newly diagnosed T2DM 
from our outpatient clinic in 2011 (12 months); their 
age ranged from 24 to 79 years. These patients were 
either self-referred or referred by other health pro-
fessionals while seeking to be screened for diabetes. 
They had no other notable medical diseases or his-
tory of diabetic ketoacidosis, and they had not taken 
any medications with known effects on IR or b-cell 
function during the study period. The diagnostic cri-
teria for T2DM were based on the 2012 American 
Diabetes Association recommendation.16 On the day 
of the study, a complete routine work-up was per-
formed to exclude the presence of cardiovascular, 
endocrine, renal, hepatic, and respiratory disorders. 
BMI was calculated as body weight/height (kg/m2), 
and systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured on the right arm of 
seated patients by using a standard mercury sphyg-
momanometer. Two measurements were taken at 
10-minute intervals. The mean of these two mea-
surements was used in analysis. Blood samples were 
drawn from the antecubital vein for biochemical anal-
ysis. In this study, MetS was defined using the crite-
ria proposed by the National Cholesterol Education 
Program, Adult Treatment Panel III.17 The definitions 
include the following: plasma TG ≥1.7 mmol/L, SBP 
≥130 mm Hg or DBP ≥85 mm Hg, plasma HDL-C 
<0.9 mmol/L in men or <1.0 in women, and BMI ≥27 
kg/m2. It should be noted that we used BMI instead 
of WC, because WC was not measured in this study. 
The cutoff value used for obesity was based on the 
value proposed by the Taiwanese Department of 
Health. Because all patients had T2DM, those meet-
ing any two of these four criteria were regarded as 
fulfilling the diagnosis of MetS.

Because there is no established cutoff value for 
defining IS- and IR-DM, we followed the method 
used by Haffner et al.4 In brief, the median Si value 
derived from a frequently sampled intravenous glu-
cose tolerance test (FSIGT) and minimal model in a 
cohort with normal glucose tolerance was defined 
as the cutoff value. Hence, we enrolled 90 subjects 
without diabetes and found that the median Si value 
was 1.19×104 mU/L/min. Patients with Si higher and 
lower than this value were classified into the IS-DM 
and IR-DM groups, respectively. The study protocol 
was approved by the hospital’s institutional review 
board and ethics committee, and all patients pro-
vided written informed consent before participation.
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Protocols
Each participant received an FSIGT, and the test was 
performed at 0800 with patients in the sitting position 
after a 10-hour overnight fast. An intravenous catheter 
was placed in each forearm; one catheter was used for 
blood sampling and the second was used for glucose 
infusion. The sampling catheters were kept patent by 
slow infusion of 0.9% saline.

After placement of the catheters, a bolus of 10% 
glucose water (0.3 g/kg) was administered. Another 
bolus of regular human insulin (0.05 units/kg; Novo 
Nordisk Pharmaceutical, Princeton) was injected 20 
minutes after the glucose load. Blood samples were 
collected at 0, 2, 4, 8, 19, 22, 30, 40, 50, 70, 100, and 
180 minutes for measuring plasma glucose and insu-
lin levels. The data were input into Bergman’s minimal 
model, and SI, glucose effectiveness (GE), and the 
acute insulin response after the glucose load (AIRg) 
were then determined. The AIRg was used to measure 
b-cell function in the present study.18 The disposition 
index (DI) is the product of Si and the AIRg, which is 
the estimate of IR-adjusted insulin secretion. GE is the 
rate of glucose metabolism independent of insulin ac-
tion. Patients with higher SI, AIRgDI and GE values 
were considered to have greater glucose metabolism 
even though they were diabetic.

Laboratory measurements
The blood samples were centrifuged immediately and 
stored at   -30°C until the time of analysis. Plasma in-
sulin levels were measured using a commercial solid-
phase radioimmunoassay kit (Coat-A-Count Insulin Kit, 
Diagnostic Products Corporation, Los Angeles, CA, 
USA). Intra- and interassay coefficients of variance for 
insulin were 3.3% and 2.5%, respectively. Plasma glu-
cose levels were measured using the glucose oxidase 
method (YSI 203 glucose analyzer, Scientific Division, 
Yellow Spring Instrument Company Inc., Yellow 
Spring, OH, USA). Serum total cholesterol (TC), TG, 
and HDL-C were measured using the Fuji DRI-Chem 
3000 analyzer by employing the dry, multilayer analyti-
cal slide method (Fuji Photo Film Corporation Minato-
Ku Tokyo, Japan).

Statistical analysis
Statistical analysis was performed using SPSS for 
Windows software (Version 10.0; SPSS, Chicago, IL). 
The data were tested for normal distribution by the 
Kolmogorov–Smirnov test and for the homogene-
ity of variances by the Levene test. Because fasting 
plasma insulin (FPI), the AIRg, and the DI showed a 
right-skewed distribution, a log transformation was 

performed before analysis. The data are presented as 
the mean and standard deviation. An independent t 
test was used to compare the demographic data, clini-
cal characteristics, and parameters derived from the 
FSIGT between the two groups. The c2 test was used 
to examine relationships between the categorical data 
of the two subtypes of diabetes. Pearson correlation 
was performed to assess relationships between MetS 
components and either Si or AIRg. The stepwise mul-
tiple linear regression method was used to examine 
the influence of the confounding variables. MetS com-
ponents were used as independent variables and SI, 
AIRg, DI, or GE as the dependent variable. 

The predictive performance of the variables for IR-
DM was first evaluated using logistic regression. The 
receiver operating characteristic (ROC) curve of each 
variable (or model) was then plotted as sensitivity 
(true-positive rate, y-axis) against 1–specificity (false-
positive rate, x-axis). The area under the ROC curve 
was calculated using the trapezoidal rule, which was 
then used to determine the predictive accuracy of 
the models. In general, a larger area corresponds to a 
higher predictive accuracy for a variable (model).19 The 
variables with significant P values were used to con-
struct models with more than one MetS component. 
Thus, the accuracy of prediction could be increased. 
Finally, the optimal cutoff values with the highest sen-
sitivity and specificity were selected. These cutoff val-
ues could be used in routine clinical practice.

All statistical tests were two-sided, and a P value 
<.05 was considered significant.

results
We enrolled 122 participants with ages ranging from 
24 to 79 years. IR-DM patients had significantly higher 
BMI, AIRg, and GE but lower DI values than those of 
IS-DM patients (table 1). However, no significant dif-
ference was observed in age, gender, BP, lipid profile, 
FPG, and FPI between the two groups. Si was corre-
lated with BMI and TG, and the AIRg was correlated 
with BMI and HDL-C (table 2). In addition, the DI was 
negatively associated with HDL-C, and no significant 
association was observed between GE and other MetS 
components. In the multiple linear regression, Si was 
independently related to BMI, and the AIRg was as-
sociated with both BMI and FPG (table 3). The pa-
tients in the IR-DM group had a significantly higher 
number of MetS components than did those in the 
IS-DM group (2.8 [1.3] vs. 2.3 [0.9]) (Figure 1a). The 
patients in the IR-DM group had a significantly higher 
percentage of MetS components than their counter-
parts (57.4% and 38.1%, respectively) (Figure 1B).
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table 3. Multiple linear regression of metabolic syndrome 
components with insulin sensitivity and acute insulin 
response after a glucose load.

   variables log si
Beta (P value)

log airg
Beta (P value)

   BMI −0.188 (.049) 0.339 (.001)

   TG −0.121 (.204) -

   HDL-C - −0.193 (.057)

   FPG - −0.227 (.027)

Beta, standardized coefficient; Si: insulin sensitivity; AIRg: acute insulin 
response after a glucose load; BMI: body mass index; SBP: systolic blood 
pressure; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; FPG: 
fasting plasma glucose.

Figure 1. Numbers of metabolic syndrome components 
(A) and percentage of patients having metabolic 
syndrome (B) in insulin-sensitive and insulin-resistant type 
2 diabetes mellitus groups.

Figure 2. Percentage of the subjects having  different 
numbers of metabolic syndrome components in insulin-
sensitive and insulin-resistant type 2 diabetes mellitus 
groups.

table 1. Demographic data and parameters derived from the frequently 
sampled intravenous glucose tolerance test for insulin-resistant and insulin-
sensitive subtypes of type 2 diabetes mellitus.

   variables is-dM ir-dM P

   Number of patients 
   (male/female) 71 (40:31) 51 (26:25) .558

   Age (years)
   Fasting plasma glucose 
   (mmol/L)

51.2 (11.8)
10.1 (2.3)

53.4 (10.1)
9.5 (1.9)

.283

.125

   Body mass index 
   (kg/m2) 24.4 (3.0) 26.5 (4.1) .002

   Systolic blood pressure 
   (mmHg) 121.3 (14.0) 124.2 (14.7) .289

   Diastolic blood 
   pressure (mmHg) 76.5 (7.6) 76.5 (9.0) .910

   Triglycerides (mmol/L) 1.4 (0.6) 1.5 (0.6) .118

   High-density 
   lipoprotein (mmol/L) 1.1 (0.3) 1.2 (0.3) .203

   Log FPI (pmol/L) 1.4 (0.5) 1.5 (0.7) .330

   Log AIRg (mU/min) 1.5 (0.7) 1.8 (0.8) .023

   Insulin sensitivity 
   (10−4 mU/L/min) 3.0 (1.6) 0.4 (0.4) .000

   Log disposition index 1.9 (0.7) 1.4 (0.8) .003

   Glucose effectiveness 
   (min−1) 0.013 (0.008) 0.016 (0.009) .024

Data are presented as the mean ± standard deviation; IS-DM: insulin-sensitive type 2 diabetes mellitus; 
IR-DM: insulin-resistant type 2 diabetes mellitus; FPI: fasting plasma insulin; AIRg: acute insulin response 
after a glucose load.

table 2. Pearson correlations of metabolic syndrome components with insulin 
sensitivity and the acute insulin response after glucose load in patients with 
type 2 diabetes mellitus.

variables si
(P value)

log airg
(P value)

log di
(P value)

ge
(P value)

BMI −0.237 (.009) 0.286 (.006) 0.091 (.409) 0.007 (.942)

SBP −0.049 (.597) 0.032 (.762) −0.024 (.825) 0.028 (.767)

DBP −0.008 (.932) 0.033 (.765) −0.046 (.688) 0.099 (.302)

TG −0.201 (.028) 0.182 (.086) 0.046 (.678) −0.098 (.288)

HDL-C 0.112 (.230) −0.240 (.023) −0.034 (.005) 0.020 (.829)

FPG −0.033 (.717) −0.191 (.067) −0.055 (.614) −0.006 (.950)

Si: insulin sensitivity; AIRg: acute insulin response after a glucose load; DI: disposition index; GE: glucose 
effectiveness; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: 
triglyceride; HDL-C: high-density lipoprotein cholesterol; FPG: fasting plasma glucose.
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The different numbers of MetS components in 
these two groups are shown in Figure 2. The trend 
in the IS-DM group obviously shifts to the left, with a 
significantly higher percentage of patients having two 
MetS components compared with the IR-DM group. 
To determine the reason for this difference, each 
MetS component was separately studied (Figure 3). 
Although higher percentages of patients met the cri-
teria for abnormal BP, BMI, and TG in the IR-DM group 
than in the IS-DM group, only the percentage of pa-
tients with a high BMI reached significance. 

Because BMI is the major contributor to differences 

between the IS-DM and IR-DM groups, we used BMI 
as a predictor to differentiate between IS-DM and IR-
DM. From the cutoff value of BMI obtained from the 
ROC curve (Figure 4) we found that patients with a BMI 
higher than 25.0 kg/m2 were classified into the IR-DM 
group. The sensitivity and specificity were 60.8% and 
60.9%, respectively. Furthermore, we applied the cutoff 
value of obesity to our Chinese patients to divide them 
into obese (BMI ≥27 kg/m2) and nonobese (BMI <27 
kg/m2) groups. The specificity improved to 84%; how-
ever, the sensitivity decreased to 41% (table 4).

disCussion
The present study is the second study to investigate 
the difference in clinical characteristics between IS-DM 
and IR-DM. The first study was conducted by Haffner 
et al in 1999. However, compared with that study, the 
present study had three unique findings: first, all par-
ticipants were drug naïve; second, only Chinese pa-
tients were studied; and finally, in addition to IS and 
the AIRg, we examined the DI and GE in these two 
groups. Because clinical characteristics differ between 
Caucasian and Chinese ethnicities, we believe that the 
results of our study could provide essential informa-
tion for further understanding the pathophysiology of 
diabetes.14,15

The AIRg, SI, DI, and GE are critical factors con-
trolling the occurrence of diabetes. In our study, the 
IR-DM group had a higher AIRg than that of the IS-DM 
group, which is consistent with the result of Haffner et 
al.4 This could be attributed to two causes. The first 
is that a higher BMI, which is associated with great-
er insulin secretion, was found in the IR-DM group.20 
Alternatively, the higher IR found in the IR-DM group 
could drive b-cells to secrete more insulin. In addition 
to a higher AIRg, higher GE was observed in the IR-
DM group than in the IS-DM group. Furthermore, the 
range of GE in IR-DM patients was similar to that in 
nondiabetic people. This finding is unexpected be-
cause it is generally agreed that GE is lower in patients 
with more severe glucose intolerance.21 Nevertheless, 

Figure 3. Percentage of the subjects having different 
individual metabolic syndrome components in insulin-
sensitive and insulin-resistant type 2 diabetes mellitus 
groups.

Figure 4. Area under the receiver operating characteristic 
curve of body mass index (BMI). The arrow indicates the 
arbitrarily selected risk score cutoff (25.0 kg/m2) of BMI, 
which has a sensitivity and specificity of 60.8% and 60.9 
respectively.

table 4. Comparison of obese and nonobese patients 
with insulin-sensitive and insulin-resistant type 2 diabetes 
mellitus.

is-dM ir-dM

   Non-obese 58 29

   Obese 13 22

P=.005, nonobese: BMI <27 kg/m2, obese: BMI ≥27 kg/m2. IS-DM: insulin-
sensitive type 2 diabetes mellitus; IR-DM: insulin-resistant type 2 diabetes 
mellitus; Sensitivity: 41.0%; specificity: 84.0%; positive predictive value: 
71.4%; negative predictive value: 58.6%
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our result is not unique because a similar finding was 
reported by Garcia-Estevez et al.5 All of this evidence 
clearly suggests that along with increased AIRg, GE is 
another critical factor in IR-DM that compensates for 
the decrease in SI.5 Thus, we hypothesize that despite 
compensation by AIRg and GE, the decrease in Si is 
severe to the extent that the diabetic condition per-
sists in patients with IR-DM.

Finally, the DI is the product of the AIRg and SI, and 
very few studies have focused on its importance. In our 
study, contrary to the AIRg, the patients in the IR-DM 
group had a lower DI, which is in agreement with the 
results of Chung et al.22 This finding could only be ex-
plained by the possibility that the effect of the higher 
AIRg is surpassed by the more severe decrease in SI. 
Under this circumstance, the product of these two fac-
tors (i.e., DI) could then be lower in the IR-DM group. 
This observation of the change in DI is basically com-
patible with our discussion in the preceding paragraph.

Compared with the IRAS, several interesting differ-
ences were observed in our study. First, in the IRAS, the 
IR-DM group had higher WC, BMI, FPG, and TG but 
lower HDL-C values. However, in our study, we found 
that only BMI was higher in the IR-DM group. This par-
ticularly critical role of BMI indicates that all MetS com-
ponents are likely to be related to BMI in the Chinese 
population. In other words, BMI is the core of both 
MetS and diabetes in the Chinese, but not Caucasian, 
ethnicity. Thus, in the present study, we established 25 
kg/m2 as the cutoff value on the basis of BMI. Patients 
with a BMI higher than this value were classified into the 
IR-DM group, with a sensitivity of 60.8% and a speci-
ficity of 60.9%. Second, BMI was higher in the IRAS 
(27.1-31.7 vs. 24.4-26.5 kg/m2) than in our study. This 
is expected because the average BMI in Caucasians 
with T2DM is higher than that in Chinese patients with 
T2DM. Because BMI is positively related to IR, this in-
creased adiposity contributes to not only higher IR but 
also a higher incidence of MetS.23 Finally, patients in 
the IRAS were older compared with the participants in 
our study (57.0-58.6, 52.3 years, respectively). Because 
aging strongly affects IR, older age could have led to 
further deterioration of Si in patients in the IRAS, re-
sulting in divergences between the two studies. All of 
these aforementioned differences should be consid-

ered when applying the results in clinical practice.
table 2 shows that in addition to BMI, TG was nega-

tively related to SI. All correlations of Si with HDL-C, 
SBP, DBP, and FPG were non-significant. However, when 
evaluated by dividing study participants into the IR- and 
IS-DM groups, the difference in TG became non-signif-
icant (table 1 and Figure 3). Furthermore, after BMI 
and TG were both entered into multiple linear regres-
sion model to examine whether TG was independently 
related to SI, the relationship became non-significant 
again (table 3). All of these findings indicate that differ-
ences in TG between the IR- and IS-DM groups, if any, 
are secondary to BMI in Chinese patients. Additional 
studies with a larger cohort are required to validate the 
inference.

Although our data are novel and informative, some 
limitations still exist. First, WC, an index of central obe-
sity and IR, was not measured in this study. However, 
evidence has shown that the correlation between BMI 
and WC is high.15 Thus, we still consider our results reli-
able. Second, because we did not collect information 
on exercise and smoking, we were unable to analyze 
their effects on SI. Because all study participants were 
diabetic, the influence of smoking and exercise should 
be less compared with the influence in healthy people. 
Finally, the size of our study cohort was relatively small, 
and as previously discussed, IR differs with ethnicity. 
Therefore, using the same definition as that used in the 
IRAS to identify IS-DM and IR-DM in our study may not 
be appropriate. 

In conclusion, in newly diagnosed, drug-naïve 
Chinese patients with T2DM, those in the IR-DM group 
had significantly more abnormal MetS components than 
those in the IS-DM group did. Unlike in Caucasians, in 
Chinese patients, obesity is the single most critical fac-
tor used to discriminate IR-DM from IS-DM. Chinese 
patients with a BMI higher than 25 kg/m2 were prone to 
develop IR-DM. Our results support that fact that T2DM 
may have two subtypes.
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