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ABSTRACT : Insulin resistance has a central role, not only to predict the future development of type 2
diabetes and incident cardiovascular diseases; as well as can be used as a therapeutic target after
hyperglycemia is diagnosed. The use of surrogate markers therefore be useful to know the status of insulin
resistance. The HOMA IR can perform same function, and the ratios calculated from the lipids and lipoprotein
may also be useful to know the status of the insulin resistance in type 2 diabetic patients. In the present study
150 type 2 diabetic subjects and 150 age & sex matched healthy controls were included, to find the cut off value
of HOMA IR as well as lipid & lipoprotein ratios to predict insulin resistance. The ROC curve analysis gave the
cut off value of >2.41 for HOMA IR with highest sensitivity and specificity, further type 2 diabetics were divided
on the basis of cut off value of HOMA IR from present study. Significant increases in TG, VLDL-C, TC/HDL-C,
TG/HDL-C, LDL-C/HDL-C ratios were found in patients with HOMA IR cut off value of >2.41 than with
HOMA IR cut off value of < 2.41. Also the ROC curve analysis for lipids and lipoproteins indicated that, TC,
TG, TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, CRF and Non HDL-C serves the better discriminator for insulin
resistance. Therefore, the lipoprotein ratios along with the lipid and lipoprotein levels may be used as markers
for insulin resistance.
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l. INTRODUCTION

Type 2 diabetes mellitus (T2DM) makes up about 90% of total diabetic population. It is a
heterogeneous condition showing hyperglycemia, characterized by either impaired insulin secretion and/or
insulin resistance. T2DM if uncontrolled may lead to certain complications, which might be due to
abnormalities in lipid and lipoprotein metabolism.*

The link between insulin resistance and T2DM has been documented from over a last half century.
Insulin resistance is having a central role, not only it helps to foretell future development of T2DM and incident
cardiovascular diseases (CVD); as well as can be used as a therapeutic target after hyperglycemia is diagnosed.
The high risk population for insulin resistance from general population, thus important to target and to undertake
preventive interventions for T2DM and CVD.>*

Therefore, the need is to develop the reliable markers for the prediction of insulin resistance. Health
care providers use blood tests to determine whether a person has pre-diabetes, including blood glucose levels,
but do not usually test for insulin resistance. The most accurate test used for confirmation of insulin resistance is
the euglycemic clamp, it is a research tool used by researchers to study more about glucose metabolism. But this
test is too costly and complicated to be used.*

The fasting plasma glucose and insulin concentrations are determined by their interaction in a feedback
loop. A computer-solved model has been used to predict the homeostatic concentrations which arise from
varying degrees of beta-cell deficiency and insulin resistance. Comparison of a patients fasting values with the
model's predictions allows a quantitative assessment of the contributions of insulin resistance and deficient beta-
cell function to the fasting hyperglycemia, the model is called homeostasis model assessment (HOMA).®

Homeostasis model assessment for insulin resistance (HOMA-IR) is a simple and inexpensive
technique to evaluate insulin resistance from basal (fasting) glucose and insulin or C-peptide concentrations.
HOMA IR is an alternative to euglycemic clamp and the most commonly used surrogate measure of insulin
resistance in vivo. In terms of precision, HOMA-IR is comparable to the euglycemic clamp technique, but it is
inferior to the clamp technique in terms of accuracy, but using HOMA-IR makes it possible to study subjects
with a single glucose and insulin measurement in the fasting state.’
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Despite the wide use of HOMA-IR, no consensus has been reached regarding the HOMA-IR cut-off
value for identifying subjects with insulin resistance. Various investigators studied the cut off values for HOMA
IR from different regions of globe, but the cut off values cannot be applied to all population worldwide. It may
vary from race to race.®*? Therefore, the objective of the present study was to find the cut off value of HOMA
IR in T2DM patients, and to check the effect of HOMA IR (insulin resistance) on cardiovascular risk markers,
and to evaluate the cut off values of lipid and lipoprotein ratios for the prediction of insulin resistance.

1. MATERIAL AND METHODS:

2.1 Subjects

In present study, 150 T2DM patients within the age group of 40-60 years were included randomly, from
Department of Medicine, B. J. Government Medical College, Pune. T2DM patients with cardiovascular, pulmonary diseases,
with any diabetic complications and those on insulin treatment were excluded from the study. In addition to T2DM patients,
age and sex matched 150 healthy subjects were included as controls. The control subjects were non-diabetic and with no
history of cardiovascular disorders or any major illness. The study protocol was approved by Institutional Ethics Committee
and written informed consent was obtained from each participant after complete explanation of the procedure.

2.2 Laboratory measurements

The blood samples were collected by venipuncture in a sitting position after fasting of 12 hours. Fasting blood
glucose was estimated by enzymatic glucose oxidase-peroxidase method.’* Fasting insulin was measured by
chemiluminescence immunoassay.* Insulin resistance was calculated by means of HOMA-IR from fasting blood glucose
and insulin levels.>

Total cholesterol (TC)™ and triglyceride (TG) levels were measured by enzymatic methods. High density
lipoprotein cholesterol (HDL-C) was estimated after precipitation of chylomicrons, very low density lipoproteins (VLDL)
and low density lipoprotein (LDL) fractions of cholesterol from serum with phosphotungstic acid and magnesium chloride.
After centrifugation the cholesterol in the HDL fraction, which remains in the supernatant was assayed with enzymatic
cholesterol oxidase peroxidase method."® LDL-C and VLDL-C were calculated by Friedwald’s formula.”® After analysis of
all lipid and lipoprotein levels, TC/HDL-C ratio, TG/HDL-C ratio, LDL-C/HDL-C ratio, cholesterol retention fraction (CRF)
and non-HDL-C were calculated.

2.3 Statistical analysis

To determine the cut off value of HOMA IR, receiver operating characteristic (ROC) curve analysis was used.
Further, T2DM patients were divided into two groups, on the basis of HOMA IR cut off value from the present study, the
variables were presented as Mean + SD (standard deviation) and lipids and lipoprotein ratios were compared within these
groups using ‘z’ test. The efficacy of lipids, lipoproteins and their ratios viz. TC, TG, TC/HDL-C, TG/HDL-C, LDL-
C/HDL-C, CRF and non-HDL-C were evaluated by ROC curve for insulin resistance, their respective cut off values with
highest sensitivity and specificity were found with level of significance. Areas under the ROC curve (AUC) and their 95%
confidence intervals (CI) were evaluated as a measure of diagnostic accuracy. In general, an AUC of 0.5 suggests no
discrimination, whereas a maximal AUC of a ROC near to 1 suggests better discrimination. P-values <0.05 were considered
as significant.

I11.  RESULTS

The lipids and lipoprotein levels were estimated and the lipoprotein ratios were calculated for study and control
group. A cut off value of HOMA IR was calculated for T2DM patients by ROC curve analysis, which was found to be
>2.41. Fig. 1 shows the graph with the AUC of 0.868 with standard error of 0.0204 and 95% CI between 0.824 to 0.904 with
the associated z and p value of 18.024 & <0.0001 respectively. The sensitivity was 67.33% (95% CI of 59.2-74.8),
specificity was 90.67% (95% CIl of 85.6-95.3). The positive and negative predictive values of 87.83% & 73.51%
respectively. Table 1 shows the statistical findings for the determination of HOMA IR cut off value in T2DM patients from
ROC curve analysis.

Table 1: Statistical findings in ROC curve analysis of HOMA IR in T2DM patients

Area under the ROC curve (AUC) 0.868
Standard Error 0.0204

95% Confidence interval 0.824 to 0.904

z statistic 18.024
Significance level P <0.0001*
Associated criterion >2.41
Sensitivity 67.33% (59.2 - 74.8)
Specificity 91.33% (85.6 - 95.3)
Positive predictive value 87.83% (80.42-93.18)
Negative predictive value 73.51% (66.54-79.72)
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Figure 1: The ROC curve analysis of HOMA IR in type 2 diabetic patients

T2DM patients were further divided into 2 groups on the basis of their defined cut off value of HOMA IR (Insulin
resistance); first group consisted of patients with HOMA IR value >2.41 and second group with HOMA IR value <2.41. The
lipids, lipoproteins and their ratios were compared between these two groups. A significant increase was found in TG,
VLDL-C, ratios of TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, while no significant change was found in TC, HDL-C, LDL-C,
CRF and non HDL-C within T2DM patients with HOMA IR >2.41 than in patients HOMA IR value of < 2.41. The results of
comparison between two groups on the basis of HOMA IR are depicted in Table 2.

Table 2: Comparison of lipids, lipoproteins and their ratios in groups on the basis of HOMA IR cutoff
value (>2.41) in T2DM patients

T2DM patients with T2DM patients with
Variables HOMA IR of > 241 HOMA IR of <2.41
(n=84) (n=66)

Total cholesterol (mg/dl) 207.1+31.93 199.9 +29.10
Triglycerides (mg/dl) 166.4 + 24.01 158.0 + 23.42*
HDL-C (mg/dl) 432+5.44 45.0+6.04
LDL-C (mg/dl) 130.7 £ 30.55 123.4 £ 27.55
VLDL (mg/dl) 33.3+£4.80 31.6 £4.68*
TC/HDL-C 49+0.98 45+0.77*
TG/HDL-C 3.9£0.79 3.6 £0.82*
LDL-C/HDL-C 3.1£0.87 2.8x0.7*
CRF 0.6 £0.09 0.6+0.11
Non-HDL-C (mg/dl) 155.0 £ 28.4 164.0 £ 32.71

* Statistically significant

We further plotted the ROC curves for lipids and lipoprotein ratios for the prediction of insulin resistance in
patients with T2DM. ROC curve analysis gave the highest AUC + SE (standard error) for TC/HDL-C i.e. 0.860 + 0.0216
with 95% CI of 0.816-0.897, followed by LDL-C/HDL-C (0.838 + 0.0231), CRF (0.836 + 0.0232), Non HDL-C (0.827 +
0.0234), TG/HDL-C (0.805 + 0.0248), and the least AUC was found for TG & TC (0.755 + 0.0282 & 0.795 + 0.0251
respectively) with the significance level of <0.0001. The AUC with standard error and 95% CI for lipids and lipoprotein
ratios are shown in Table no 3, and fig. 2 depicts the respective ROC curves for lipids & lipoprotein ratios. The cut off
values of TC, TG, TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, CRF and non HDL-C by ROC curve analysis were 180.7,
122.3, 4.1, 2.91, 2.44, 0.59 and 143 respectively with the highest sensitivity and specificity. Table 4 indicates the cut off
values for lipids & lipoprotein ratios with highest sensitivity and specificity with respective 95% CI.

Table 3: Area under the receiver-operating characteristic curves of the lipid markers
With the corresponding 95% confidence interval
Area under the ROC curve

Parameters +SE 95% CI p value
TC 0.795 £ 0.0251 0.745-0.839 <0.0001*
TG 0.755 £ 0.0282 0.702-0.803 <0.0001*
TC/HDL 0.860 £ 0.0216 0.816-0.897 <0.0001*
TG/HDL 0.805 £ 0.0248 0.755-0.848 <0.0001*
LDL/HDL 0.838 £0.0231 0.791-0.878 <0.0001*
CRF 0.836 £ 0.0232 0.790-0.876 <0.0001*
NON HDL 0.827 £0.0234 0.780-0.868 <0.0001*
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Table 4: The cut off values of lipids and lipoprotein ratios with corresponding highest sensitivity and
specificity from the ROC curves for the prediction of insulin resistance in T2DM patients

Parameters Cut off Type 2 diabetes mellitus
value Sensitivity (%) 95% CI Specificity (%) 95 % CI
TC 180.7 80.67 73.4-86.7 63.33 55.1-71.0
TG 122.3 98.67 95.3-99.8 50.0 41.7-58.3
TC/HDL-C 4.1 78.0 70.5-84.3 82.67 75.6-88.4
TG/HDL-C 291 87.33 80.9-92.2 62.00 53.7-69.8
LDL-C/HDL-C 2.44 76.0 68.4-82.6 79.33 72.0-85.5
CRF 0.59 74.67 66.9-81.4 80.0 72.7-86.1
NON HDL-C 143 74.0 66.2-80.8 78.67 71.2-84.9
100F 100 F
s0[ a0 [
& sof £ sof
3 aof g aop
20: 20 [
D i - 1 1 1 1 1 D ,,‘ 1 1 1 1 1
0 20 40 60 S0 100 0 20 40 60 S0 100
1-Specificity 1-Specificity
TC/HDL TG/HDL
100F 100
sof 80
:E‘ 6Df £ 60
E 403 E 40
203 20
of e ob
0 20 40 60 80 100 0 20 40 60 80 100
1-Specificity 1-Specificity
LDL/MHDL CRF
100 F 100
sof aof
%‘ 6o g‘ 60:
; q0f ;3 40:
20 : 205
1] i L L L 1 L D: - ! L L L 1
0 20 40 &0 S0 100 0 20 40 60 80 100
1-Specificity 1-Specificity
NON HDL

100

80

60

40

Semsitivity

U] 20 40 &0 80 100

1-Specificity

Figure 2: ROC curves for TC, TG, TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, CRF and Non HDL-C

IV.  DISCUSSION:

The tendency of Indians to coronary artery disease (CAD) has been confirmed beyond doubt, Indian subjects are
more prone to develop CAD at a younger age, it is calculated, that by the year 2015 India will be having largest CAD burden
worldwide. It is demonstrated that the condition of insulin resistance plays a primary role both in the pathogenesis of
metabolic syndrome and in the pathogenesis and progression of CVD. The previous results showed positive correlation of
elevation in fasting blood glucose and insulin resistance with the frequency of cardiac events in patients with CAD, with or
without a previous diagnosis of diabetes. Also plasma TG, HDL-C, and TC are independently associated with insulin
resistance, insulin level, and are independent predictors of CVD.?® Clinically, it will help in targeting the insulin resistant
population, a preferred domain for primary prevention of diabetes.
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The present study aimed to find the cut off values of HOMA IR and lipoprotein ratios for insulin resistance
prediction. The ROC curve analysis for HOMA IR in T2DM patients gave the cut off value of HOMA IR to be >2.41. So,
this cut off value can be used to predict the population with insulin resistance, and thereby concentrating on the preventive
measures in the development of T2DM, metabolic syndrome and CVDs. Additional use of cut off value of HOMA IR i.e.
>2.41 was used as indicator of insulin resistance in study group, the yield for T2DM patients was 84 (56%). The comparison
of biochemical parameters within the groups on the basis of HOMA IR cut off value (>2.41) in T2DM patients, showed a
significant increase in TG, VLDL-C, and lipoprotein ratios of TC/HDL-C, TG/HDL-C and LDL-C/HDL-C in group having
insulin resistance than without according to the cut off value from present study, this specifies the role of insulin resistance
in the progression or worsening of dyslipidemia with increase in HOMA IR index i.e. insulin resistance.

The different cut off points were given throughout the world in general, diabetic and/or metabolic syndrome
population. In a group of non-obese, normoglycemic Brazilian subjects found a threshold value for insulin resistance to be
2.71.7 A study in diabetic individuals by P Gayoso-Diz?** et al found the HOMA-IR cut-off value of 1.60 for metabolic
syndrome according to ATP Il guidelines in men and 1.58 in women. J Yin? et al in Chinese children and teenagers, a
HOMA IR cut off value of 3.0 was found for total participants, while it was 2.6 for children in prepubertal stage and 3.2 in
pubertal period. While for diagnosis of metabolic syndrome HOMA IR cut off values were 2.3 in total participants, 1.7 in
prepubertal children and 2.6 in pubertal adolescents. In an Iranian study by A Esteghamati® et al in diabetic individuals gave
the cut off points for HOMA IR, to be 3.875 and 4.325 for ATPIII and IDF defined metabolic syndrome respectively. The
cut off value of HOMA-IR 3.04 was found using ROC curve analysis in non-diabetic adults from Korea by S Lee® et al for
defining insulin resistance.

The risk of CVDs by insulin resistance was analyzed by various investigators. The results of the present study are
in accordance with the study by T Abdel-Aziz*® et al, mean fasting blood glucose, TG, TG/ HDL-C ratio, and insulin level
were significantly higher in the elevated HOMA-IR (>3.2) group, but differs for HDL-C level which was significantly lower
in the elevated HOMA IR group in their study. In Taiwanese adults, JK Chiang® et al found significantly higher levels of
BMI, fasting blood glucose, TG, alanine transaminase, & insulin, while HDL-C level was significantly lower in the elevated
HOMA-IR (>2) group, with no significant differences in TC and LDL-C. S Ray®® et al, revealed the findings with
significantly higher BMI, TC, TG, LDL-C, TG/HDL-C and TC/HDL-C in individuals with HOMA IR >2 as compared to
subjects with HOMA IR <2. In urban Indian adolescents, the significant differences were found for TG, HDL-C but not for
TC in metabolic syndrome based on HOMA IR.?® Therefore, from the findings of present study the HOMA IR value of
>2.41 can be used as a surrogate marker for prediction of insulin resistance, simply by estimating the fasting blood glucose
and insulin. The preventive measures will be taken accordingly against development of T2DM and CVDs in future.

Apart from the HOMA IR as a surrogate marker, the research was focused on the measurement of TG/HDL-C as
surrogate marker for insulin resistance from India as well as from other countries. In the present study, further we evaluated
the efficacy of lipid, and their ratios with lipoproteins for prediction of insulin resistance. The ROC curve analysis for TC,
TG, TC/HDL-C, TG/HDL-C, CRF and Non HDL-C gave the cut off values of 180.7, 122.3, 4.1, 2.91, 2.44, 0.59 and 143
respectively.

Previous studies concentrated only on TG/HDL-C ratio, and found similar results for TG/HDL-C ratio as a
surrogate marker for the prediction of insulin resistance as that of present study. P Samant?® et al verified TG/HDL-C ratio as
economic laboratory marker to identify insulin resistance in metabolic syndrome patients. In study by S Ray®® et al indicated
TG/HDL-C and TC/ HDL-C ratios can be used as reliable markers for predicting the insulin resistance. C Giannini® et al
stated TG/HDL-C can be used to predict insulin resistance with the cut off value of 2.27 for TG/HDL-C, which is slightly
lower than that of found in present study. JK Chiang® et al identified use of additional three factors viz. sex, waist
circumference and ALT levels to enhance accuracy of TG/HDL-C for diagnosis of insulin resistance.

Slightly higher AUC were obtained for TG/HDL-C predicting insulin resistance in non-Hispanic whites, non-
Hispanic blacks, and Mexican Americans.?® In a cross sectional study, ZH Jian® et al, suggested LDL-C/HDL-C ratio of 0.74
to be the best marker for prediction of insulin resistance in non-obese subjects. In Japanese adults, cut-off point for
TG/HDL-C was >1.50 for identifying insulin resistance, and for LDL-C/HDL-C it was >2.14 in non-obese subjects, and
>2.20,>2.25 respectively in overweight subjects.®® Cut off value of >3.5 for TG/HDL-C was found by T McLaughlin®! et al.
One of the study by J Jeppesen® et al, stated patients with a high TC/HDL-C were significantly more insulin resistant. The
high risk for CHD was demonstrated by WP Castelli** they gave cut off value of >4.5 for TC/HDL-C. In Pakistani adults, A
Nadeem®* et al point out BMI as the best indicator of insulin resistance in males.

V. CONCLUSION

The results of HOMA IR cut off value; therefore can be used for the prediction or diagnosis of insulin resistance in
general population from Maharashtra. Also, HOMA IR can be used to assess longitudinal changes of insulin resistance in
patients with diabetes in order to examine the natural history of the disease and to assess the effects of treatment. It was also
shown that TC/HDL-C, TG/HDL-C, LDL-C/HDL-C, CRF and Non HDL-C cut-points can also identify the person who are
insulin resistant and at increased CVD risk. As HOMA IR may differ from population to population, the present study results
can be used as a reference for further Indian studies using HOMA-IR value as a surrogate marker for insulin resistance, so
the results should be interpreted according to population being studied. In addition, this information of HOMA IR, will be
helpful to the individual clinician/investigator, can use this approach that seems most relevant to their clinical/research
interests, for determining insulin resistance, also for prediction and management of T2DM.
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