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Abstract: Background: The earliest detectable abnormality in diabetes mellitus type II (DM II) is the impairment of
body’s ability to respond to insulin, necessitating extra insulin secretion in an attempt to stimulate the desensitized cells.
Obesity is considered as the single most important, reversible, causative environmental factor for insulin resistance (IR)
aggravating the metabolic disturbance in DM II. Objectives: We aimed the study to evaluate the association of IR with DM
II (its major outcome) and obesity (its main causative factor) in Pakistani diaspora. We measured IR in insulin resistance
syndrome (IRS), DM II and obesity by using parameters namely fasting insulin level (FIL), homeostatic model assessment
for insulin resistance (HOMA-IR), and quick insulin sensitivity check index (QUICKI), and evaluated their credibility.
Materials and Methods: The study included 156 subjects (76 males and 80 females), out of which 101 were diabetics (with
59 on insulin, and 42 on oral hypoglycemics) with different duration of time in years, and 55 were non-diabetics. The data
was analyzed after further subdividing the diabetics and non-diabetics into those having body mass index (BMI)<25, and
those with BMI≥25. 101 had BMI≥25 (overweight/obese) [57 with BMI=25-29.9 (overweight), and 44 with BMI≥30
(obese)] and 55 had BMI= 18- 24.9 (normal weight). The individuals were then classified as those having insulin resistance
syndrome (IRS) and those not having it. On the basis of NCEP criteria the associations between DM II, IRS, and obesity
were evaluated. The credibility of three IR measuring parameters, namely, fasting insulin level (FIL), homeostatic model
assessment (HOMA) and quick insulin sensitivity check index (QUICKI) was then assessed. Results: It was found that IRS
prevailed up to 85% in diabetics and 76% in subjects with BMI≥25 out of which 84% IRS cases existed among obese (with
BMI≥30). Similarly, 82% IRS cases were found diabetic and 72.4% with BMI≥25. FIL and HOMA showed significantly
raised insulin and QUICKI showed significantly lower in IRS cases. But unlike FIL and HOMA, QUICKI did not show any
significance when different subgroups of IRS cases were inter-compared. FIL and HOMA were also significantly raised in
overweight/ obese individuals. QUICKI however showed significant but weak correlations with BMI. HOMA and QUICKI
were significant in diabetics but FIL did not show significant difference. Conclusion: The results revealed strong correlation
of obesity, IRS and DM II. HOMA was found better and sensitive index for evaluating IR in diabetes, IRS and obesity,
than FIL alone or with QUICKI.
Keywords: Insulin Resistance Syndrome (IRS), Diabetes Mellitus Type II (DM II), Obesity, Body Mass Index (BMI),
Fasting Insulin Level (FIL), Homeostatic Model Assessment (HOMA),
Quick Insulin Sensitivity Check Index (QUICKI)

1. Introduction
Diabetes mellitus type II (DM II) is the most rapidly
growing life-long chronic degenerative metabolic disorder
in the world, effecting mostly the adult life[1,2].In DM II,
the two inter-related genetically determined pathological
defects that occur many years before the development of
disease, are β-cell dysfunction and insulin resistance (IR),

which eventually lead to hyperglycemia [3,4]. The earliest
detectable abnormality in DM II is probably the impairment
of target tissues to respond to insulin, known as IR,
necessitating extra insulin secretion in an attempt to
stimulate the desensitized cells [5, 6, 7, 8].A variety of
molecular and cellular defects have been implicated in
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the causation of IR. Obesity is considered as the single
most important reversible causative environmental risk
factor for IR, aggravating the metabolic disturbance in
DM II[9].IR correlates with obesity in diabetics as well as
in non-diabetics, developing gradually with weight gain
[10,11].It is often quite marked in obese DM II cases
and blood glucose control is often achieved at the
expense of severe hyperinsulinemia [12].The central
obesity however plays more significant role in IR than
the peripheral obesity [13].The clustering of
hyperinsulinemia with hyperglycemia, dyslipidemias,
obesity (especially visceral adiposity), hypertension,
coagulation abnormalities, and chronic subclinical
inflammation is called insulin resistance syndrome (IRS)
[14,15]. It is diagnosed clinically, by taking 5 variables:
waist circumference, blood pressure, fasting blood glucose
(FBG) level, high density lipoproteins (HDL) level and
triglycerides (TG) level. The persons having disturbed
levels in any three of these five criteria are classified as
having IRS [16, 17].
FIL is a useful way to assess IR, but it alone has
certain limitations, as for the same levels of fasting
insulin, the hyperglycemia in diabetics would be much
more pronounced than in non-diabetic insulin resistants
[18].Similarly, the same non-elevated FIL may suggest
either normal response to glucose or in DMII, an
inadequate insulin secretion [19].HOMA and QUICKI
taking into account FIL and BSL both, appear to behave
as better and sensitive indicator for assessing IR rather
than FIL alone, and as effective as the gold standard
hyperinsulinemic euglycemic (HEC) technique [20,21].
Many researchers find QUICKI a better way to assess
insulin sensitivity [18,22], whereas many consider it and
HOMA both equally effective ways to assess the insulin
sensitivity [23].Some found QUICKI to work best in nondiabetics [19], however contrastingly many researchers
have found it to work equally effectively in patients of DM
II also [20,21,22,23].
The aim of the study was to evaluate the association of
obesity, IRS and DM II in Pakistani diaspora, and to
explore the credibility of parameters of measures of IR
namely FIL, HOMA and QUICKI in evaluating IR in
obesity, IRS and DM II. These parameters may be used as
diagnostic and prognostic markers for assessing IR (in
diabetics, non-diabetics, obese, and non-obese) for
assessing the degree of control this life style disease, so as
to decrease the risk of future development of complications.

2. Materials and Methods
We conducted the study in Akhuwat Health Clinic
Lahore, Pathology Laboratory Allama Iqbal Medical
College Lahore, and Center for Research in Molecular
Medicine University of Lahore, Pakistan.
2.1. Subjects
We included 156 subjects (76 males and 80 females) in
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the study, over 30 years of age, out of which 101 were
diabetics (59 on insulin, and 42 on oral hypoglycemics)
with different duration of time in years, and 55 were nondiabetics. We grouped the data by taking body mass index
(BMI) of diabetics and non-diabetics into account, and
further subdividing them into those having BMI<25, and
those with BMI≥25. Out of 156, 101 had BMI≥25
(overweight/obese) [57 with BMI= 25-29.9 (overweight),
and 44 with BMI≥30 (obese)] and 55 had BMI= 18-24.9
(normal weight). Out of 101 diabetics, 66 were
overweight/obese and 55 were normal weight, and out of
55 non-diabetics, 35 had BMI≥25, and 20 with BMI<25.We
then evaluated the individuals clinically for IR on the basis
of NCEP criteria for classifying IRS, and the associations
between DM II, IRS, and obesity assessed. The IR in IRS,
obesity, and DM II was then reassessed by measuring the
three IR parameters: FIL, HOMA and QUICKI, and their
credibility weighed.
2.2. Body Mass Index (BMI)
We recorded weight and height in kg and meters
respectively, in light indoor clothes, without shoes, by
weighing machine with affixed stadiometer. We calculated
BMI by using the formula: weight in kg / height in m2.
BMI below 25 kg/m2was taken as underweight, from 2024.9 kg/m2 as normal weight, from 25-29.9 kg/m2 is as
overweight & above 30 kg/m2 as obese [24,25].
2.3. Collection of Blood Sample
For the estimation of fasting glucose, lipid profile and
insulin levels, we took 5 ml venous blood samples were
drawn from ante-cubital vein using aseptic measures in 5cc
disposable syringes without any anticoagulant in the
morning after an overnight fast of 10-12 hours. Any type of
medication, oral intake or smoking in the morning prior to
the testing was not permitted. We allowed the blood to clot
for half, after which we pipetted the supernatant clear fluid
out soon into 10cc centrifuge tubes, with 10-100µl
automated micropipette (Huwaii). These tubes were
centrifuged at 3000 rpm for 10 minutes. We then pipetted
the clear serum in each tube was pipetted out into 2 clean
dry Ependorff cups [2].We froze them at -20˚C to be used
later on (for up to 30 days) for the estimation of blood
lipids and insulin. We avoided repetitive freezing and
thawing [26].We estimated blood sugar in each
syringe/tube by using enzymatic kits by spectrophotometry.
2.4. National Cholesterol Education Program (NCEP)
2001 Criteria for Evaluating IR
We classified the individuals as IRS and non-IRS on the
basis of clinically easily applicable parameters as described
by NCEP (2001) definition for IR [16, 17]. If three or more
of these factors were positive, we considered the case to be
clinically insulin resistant:
Waist circumference: ≥80cm (in females), ≥90cm (in
males)
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Blood pressure: ≥ 130/85 mmHg, or on
antihypertensive treatment
Fasting blood glucose (FBG): ≥110mg/dl, or on antidiabetic treatment
Triglycerides (TGs): ≥ 150mg/dl, or on anti-lipaemic
therapy
High density lipoproteins (HDL): <50mg/dl (in
females), <40mg/dl (in males), or on anti-lipaemic
therapy
2.4.1. Waist Circumference
We measured weight to the nearest cm in single indoor
clothes by soft non-elastic tape midway between the lowest
rib and the iliac crest, approximately over the level of
umbilicus [24].
2.4.2. Blood Pressure
We recorded systolic and diastolic blood pressures in
mmHg, by Yamasu mercury sphygmomanometer, Japan
and 3M Littmann classic II S.E. stethoscope, USA.
2.4.3. Fasting Blood Glucose (FBG), and Triglycerides
(TGs) Estimation
We performed these biochemical analyses of serum by
using enzymatic kits of Human TM, Germany. We pipetted
10µl of samples and standards, and 1000µl of reagent with
Huawii automated micropipettes (10-50µl, 100-1000µl).
We mixed 10µl of standard and of each of the samples with
1000µl reagent, in small test tube. The incubation was done
in the water tub set at 37˚C, for 5minutes. We then
measured the absorbance of the samples and standard was
against the reagent blank within 60 minutes, by automated
spectrophotometer, Merck Microlab 300, Germany and
recorded the values in mg/dl.
2.4.4. High Density Lipoproteins (HDL) Estimation
We estimated HDL by indirect method using enzymatic
kit, Human TM, Germany. We pipetted 200µl of sample or
standard and 500µl of reagent in 10cc centrifuge tubes,
mixed, allowed to stand for 10 minutes at room temperature
and then centrifuged at 4000 rpm for 10 minutes. We then
pipetted 100µl of this clear supernatant, and 1000µl of the
cholesterol reagent into a small test tube, mixed, incubated
again at 37˚C for 5 minutes, and analyzed the results in the
automated analyzer, against the reagent blank.

2.5.2 HOMA-IR (Homeostatic Model Assessment index
for Insulin Resistance)
We calculated HOMA by: Fasting Plasma Insulin (uU/ml)
x Fasting Plasma Glucose (mM/l) / 22.5. Referring to the
cut-off values by different researchers, we took the
arbitrary cut-off for HOMA- IR in the present study as 3.0,
and considered the individuals above this cut-off value as
having IR [24, 27, 28].
2.5.3. QUICKI (Quantitative Insulin Sensitivity Check
Index)
We calculated QUICKI by: 1 / [log Fasting Plasma
Insulin (µU/ml) + log Fasting Plasma Glucose (mg/dl)].
Referring to the general cut-off value by different
researchers, we also took 0.3 as arbitrary cut off value, and
considered the individuals below this cut-off value as
having IR [19, 21].
2.6. Statistical Analysis
We performed all statistical analysis using SPSS software
version 16, and set the levels of statistical significance at P <
0.05. We calculated means ± S.D., and variance of all the
values in different groups. We did different comparisons and
correlations by using independent sample t-test, ANOVA,
Bonferroni’s adjustment, Chi-square and Spearman
correlation co-efficient.

3. Results
Out of 101 type II diabetics, 86 (85.1%) had clinical IRS,
while only 19 (34.5%) amongst 55 non-diabetics had
clinical IRS. The difference was significant with P < 0.001,
showing increased incidence of IRS in DM II (Table 1).We
found significant association of BMI with IRS (P ≤ 0.005).
The percentages of IRS cases increased and those of nonIRS cases decreased with increasing BMI. 52.7% of the
subjects with BMI<25 had IRS, increasing to 68.4% of
subjects with BMI 25-29.9 having IRS, further increasing
to 84.1% with BMI ≥30 having IRS cases. Similarly, the
non-IRS cases decreased from 47.3% in subjects with
BMI<25, to 31.6% in those with BMI 25-29.9, finally to
15.9% in ones with BMI ≥30 (Table2).
Table 1. Distribution and comparison of IRS and non-IRS cases between
diabetics and non-diabetics.

2.5. Insulin Resistance Parameters
2.5.1. FIL (Fasting Insulin Level)
We estimated insulin levels in the clear serum by enzyme
linked immune-sorbent assay (ELISA), using 96 well
Accubind Insulin Elisa Microwell kit, product code: 2425300, Monobind Inc USA. We used Star Fax-2200
Awareness Tech Inc incubator-shaker, Thermo Electron
Corp well wash-aspirator, automated Humareader Single
Plus AE microplate reader for incubating, shaking, wellwashing, aspirating and taking absorbance. We used
manufacturer’s reference range of 0.7-9.0 µU/ml for
normal FIL.

Diabetics

Non-diabetics

N

%

N

%

Non Insulin Resistants

15

14.9

36

65.5

With Insulin Resistant Syndrome

86

85.1

19

34.5

Chi-square = 39.17, OR = 10.86

P < 0.001
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Table 2. Distribution of cases by BMI and IR.
Non IRS
N
26
25
18
7
51

BMI < 25
BMI > 25:
a)
25 - 29.9
b)
≥ 30
Total
Chi-square = 10.98

IRS
N
29
76
39
37
105

%
47.3
23.75
31.6
15.9

%
52.7
76.25
68.4
84.1

P ≤ 0.005
Table 3. Comparison of IR parameters between diabetics and non-diabetics.

FIL (µU/ml)
HOMA-IR
QUICKI

Diabetics (N = 101)
Mean
SD
13.3
14.1
5.22
5.31
0.34
0.1

Min
0.1
0.03
0.24

Max
87.6
32.4
0.93

Non-diabetics (N = 55)
Mean
SD
10.5
8.23
2.09
1.65
0.38
0.13

Min
0.1
0.02
0.29

Max
32.5
7.14
1.15

P-value
0.110
<0.001
0.023

Table 4. Comparison of IR parameters between IRS and non-IRS.

FIL (µU/ml)
HOMA- IR
QUICKI

IRS (N = 105)
Mean
SD
8.9
7.4
2.2
1.7
0.4
0.2

Min
0.1
0.0
0.3

Max
31.7
6.3
1.2

Non-IRS (N = 51)
Mean
SD
14.0
14.0
5.1
5.3
0.3
0.1

Min
0.1
0.1
0.2

Max
87.6
32.4
0.8

P-value
0.003
<0.001
0.010

Table 5. Distribution and comparison of IR parameters among 2 main groups of BMI.

FIL (µU/ml)
HOMA IR
QUICKI

BMI<25 (N = 55)
Mean
SD
8.8
7.6
2.9
2.4
0.4
0.1

Min
0.1
0.0
0.3

Max
32.0
12.0
0.9

BMI ≥ 25 (N = 101)
Mean
SD
14.2
14.1
4.8
5.4
0.4
0.1

Min
0.1
0.0
0.2

Max
87.6
32.4
1.2

P-value
0.002
0.003
0.542

Table 6. Comparison of different IR parameters between diabetic IRS and non-IRS cases .

FIL (µU/ml)
HOMA IR
QUICKI

Diabetic Non-IRS (N = 15)
Mean
SD
Min
7.5
5.8
0.1
2.8
1.8
0.0
0.4
0.2
0.3

Max
21.5
5.5
0.9

Diabetic IRS (N = 86)
Mean
SD
14.4
14.9
5.7
5.6
0.3
0.1

Min
0.1
0.1
0.2

Max
87.6
32.4
0.8

P-value
0.003
< 0.001
0.190

Max
32.5
7.1
0.5

P-value
0.566
<0.001
0.205

Table 7. Comparison of different IR parameters between IRS cases with and without diabetes.

FIL (µU/ml)
HOMA IR
QUICKI

IRS with Diabetes (N = 86)
Mean
SD
Min
14.4
14.9
0.1
5.6
5.6
0.1
0.3
0.1
0.2

Max
87.6
32.4
0.8

IRS without Diabetes (N = 19)
Mean
SD
Min
12.3
8.5
1.2
2.4
1.7
0.2
0.4
0.0
0.3

Table 8. Comparison of different IR parameters between IRS ‘normal weight and overweight/obese’ cases .

FIL(µU/ml)
HOMA IR
QUICKI

BMI < 25 (N= 29)
Mean
SD
8.6
7.1
3.5
2.8
0.4
0.1

Min
0.1
0.1
0.3

Max
32.0
12.0
0.8

BMI ≥25 (N = 76)
Mean
SD
16.1
15.4
5.6
5.9
0.3
0.1

Min
0.4
0.1
0.2

Max
87.6
32.4
0.6

P-value
0.001
0.013
0.205

Table 9. Comparison of different IR parameters among normal weight and overweight /obese groups in diabetic IRS cases.

FIL (µU/ml)
HOMA IR
QUICKI

BMI > 25 (N = 27)
Mean
SD
8.4
7.3
3.6
2.8
0.4
0.1

Min
0.1
0.1
0.3

Max
32.0
12.0
0.8

BMI ≥ 25 (N = 59)
Mean
SD
17.1
16.7
6.6
6.3
0.3
0.1

Min
0.4
0.1
0.2

Max
87.6
32.4
0.6

P-value
0.001
0.003
0.108
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Amongst IRS cases, there were more cases of BMI ≥ 25
(72.4%) compared to 27.6% cases with BMI<25. Amongst
non-IRS cases, there are likewise comparatively lesser
subjects with BMI ≥ 25 (49%) than those with BMI<25
(51%).
The strong association of BMI with IR was also shown
by FIL and HOMA. It was observed that those having BMI
≥ 25 had mean FIL significantly higher (14.2±14.1µU/ml)
than those with BMI < 25 (8.8 ±7.6µU/ml), with P≤ 0.002.
Similarly, HOMA-IR values were also significantly higher
in people with BMI ≥ 25 (4.8±5.4) than those with BMI <
25 (2.9±2.4), with P ≤ 0.003. The comparison made by
ANOVA b/w 3 BMI groups tells that those having BMI<25,
had average FIL of 8.8±7.6µU/ml, those with BMI between
25--29.9 had 11.9±10.8µU/ml, while those with BMI ≥ 30
had 17.2±17.1µU/ml (P ≤ 0.003). In pair-wise
(Bonferonni’s) comparisons, those with BMI ≥ 30 had
mean FIL difference of 8.37µU/ml with BMI<25 (P =
0.002). Similarly, the mean difference between overweight
(BMI = 25--29.9) and obese (BMI ≥30) was 5.28µU/ml,
with P = 0.092, which may be considered clinically
significant. Although the overweight group (BMI = 25-29.9) had higher mean FIL (11.9µU/ml) than normal weight
group (8.8µU/ml) yet, the difference wasn’t significant.
Similarly the differences in HOMA-IR by ANOVA, were
significant (P ≤ 0.001). The obese had highest average
HOMA-IR = 6.26±6.59, the over-weights had 3.64±3.88
and the normal weights had the lowest = 2.89±2.40. Pairwise comparisons tell us that obese group had significantly
higher HOMA-IR than normal (P ≤ 0.001) and over-weight
groups (P ≤ 0.01), by the differences of 3.37 and 2.62,
respectively. Although HOMA-IR values for over-weights
were higher (3.64) than normal weights (2.89), yet the
difference wasn’t significant. The differences in QUICKI
b/w 3 groups of BMI weren’t significant (tables not
included) (Table 5).
Three measures were used for observing IR in diabetics.
Although mean FIL was higher in type II diabetics (13.3 ±
14.1 µU/ml) than in non-diabetics (10.5 ± 8.23 µU/ml), but
the difference in FIL was insignificant (p=0.110), may be
due to the possible presence of IRS in non-diabetics, too.
HOMA-IR and QUICKI however gave significant
differences between type II diabetics (5.2±5.31, 0.34±0.1)
and non-diabetics (2.09±1.65, 0.38±0.13) with P ≤
0.001and 0.02 respectively. HOMA-IR was significantly
higher and QUICKI significantly lower in type II diabetics
than in non-diabetics (Table 3).The differences in insulin
resistance parameters i.e. FIL, HOMA-IR, and QUICKI
among IRS and non-IRS cases were significant, with P=
0.003, <0.001 and 0.010, respectively. The FIL and
HOMA-IR were significantly higher and QUICKI lower in
IRS cases (14 ± 14 µU/ml, 5.1 ± 5.3 and 0.3 ± 0.1) than in
non- IRS ones (8.9 ± 7.4 µU/ml, 2.2 ± 1.7, 0.4±0.2)
(Table4). The differences in insulin resistance parameters
i.e. FIL and HOMA-IR among diabetic IRS and diabetic
non-IRS cases were likewise found significant, with P<

0.005 and <0.001, respectively. The FIL and HOMA-IR
were significantly higher in diabetic IRS cases (14±14.9
µU/ml and 5.7±5.6) than in non- IRS ones (7.5±5.8 µU/ml,
2.8 ± 1.8, 0.4±0.2). Although QUICKI values in diabetic
IRS cases were less (0.3±0.1) than diabetic non-IRS cases
(0.4±0.2), yet the difference was not significant (Table6).
Out of 105 IRS cases, 86 were diabetic and 19 nondiabetic. The only significant difference observed for IR
parameters between diabetic IRS cases and non-diabetic
IRS cases was found for mean HOMA-IR, with P< 0.001,
diabetics having mean HOMA value =5.6±5.6, while nondiabetics had values=2.4±1.7. The difference in mean FIL,
although higher in diabetic IRS cases (14.4 ± 14.9 µU/ml)
than non-diabetic IRS cases (12.3±8.5µU/ml), was
insignificant. Similarly the difference in QUICKI values,
although lower in diabetic IRS (0.3) than non-diabetic IRS
cases (0.4), was insignificant (P = 0.205) (Table 7).
Amongst 105 IRS cases, 29 had BMI<25 and 76 with BMI
≥25. Fasting Insulin levels almost doubled in the later
group (16.1±15.4µU/ml) from the former one
(8.6±7.1µU/ml), with P≤0.001. Mean HOMA-IR values
were also significantly higher in group 2 (5.9±0.1) than
group 1 (3.5± 2.8), with P≤0.01. QUICKI values although
lower in subjects with BMI ≥ 25(0.3) than those with
BMI<25 (0.4), yet the difference was insignificant (Table
8).
Now, out of 86 diabetic IRS cases, 59 had BMI ≥ 25 and
27 had BMI < 25. The mean fasting insulin levels were
significantly higher in those with BMI ≥ 25
(17.1±16.7µU/ml) than those with BMI < 25
(8.4±7.3µU/ml), with P≤0.001. HOMA-IR was also
significantly higher in preceding group (6.6±6.3) than the
later group (3.6±2.8), with P=0.003. The difference in mean
QUICKI values, although lower in diabetic IRS subjects
with BMI ≥ 25 (0.3) than those with BMI <25 (0.4), yet
was statistically insignificant (P = 0.108).

4. Discussion
Insulin resistance is a key component of and a common
finding in type II diabetes, as a consequence of obesity,
attributed to life style modifications (over-eating with
sedentary life). IR is considered to be the main underlying
cause in 70-80% type II diabetics. Development of IR
being a slow and gradual process, begins with excess
weight gain, years before the occurrence of overt diabetes.
About 80% of the type II diabetics are obese. Obesity
aggravates metabolic disturbance along with insulin
resistance [9, 14].In the present study, an attempt was made
to determine the association of IR with DM II (its major
outcome) and obesity (its main causative factor) in
Pakistani diaspora.
The study showed significant number of IRS cases in
diabetics (85.1%) than in non-diabetics (34.5%). Only 15%
diabetics did not have IRS. Some studies showed that over
74% of NIDDM patients were insulin resistant, almost
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correlating with the ratio of obesity in diabetes (>80%), and
about 18% of general population was estimated to have IR
[16]. Others found 90% [29], 78% [13], 58% [30], and 46%
[31] IRS cases in diabetic population.
Increased hepatic production of glucose and increased
resistance to the actions of insulin leading to decreased
peripheral utilization of glucose are the characteristic
features of the disease [32]IR is the earliest detectable
abnormality in DM II [8] and one of the most important
triggers to the development of DM II [33].
The study showed the significant association of BMI
with the occurrence of IRS. The percentages of IRS cases
increased while those of non-IRS cases decreased with the
increasing BMI. 52.7% of the subjects with BMI<25 had
IRS, increasing to 68.4% IRS cases in those having BMI
between 25-29.9, further increasing to 84.1% IRS cases in
ones with BMI ≥30. Similarly, the non-IRS cases decreased
from 47.3% in subjects with BMI<25, to 31.6% in those
with BMI 25--29.9, finally to 15.9% in ones with BMI
≥30.Out of 105 total IRS cases in the data, 72.4% had BMI
≥ 25 compared to 27.6% with BMI<25. Out of total of 51
non-IRS cases in the data, there are 49% subjects with BMI
≥ 25 compared to 51% with BMI<25 (51%) (P= 0.007). So,
the findings correlate with those of the other researchers,
where IR is shown to correlate with obesity in diabetics as
well as non-diabetics [10, 11]. The chances of IR and
metabolic disturbance are much increased if DM II patients
are obese [12, 34].Increased occurrence of IRS is reported
in obese DM II patients than non-obese ones [35], and that
of raised FIL in obesity [18]. More mean HOMA values
were found for obese IR cases than non-obese IR cases [36].
We used three measures of IR i.e. FIL, HOMA, and
QUICKI for evaluating it. We found all three to be
significant parameters of IR in IRS, whereas HOMA and
QUICKI in diabetes, and FIL and HOMA in
overweight/obese cases. Although mean FIL was higher in
type II diabetics than in non-diabetics, but the difference in
FIL was insignificant. It might be due to insulin sensitizing
therapies, the presence of IRS cases in non-diabetics and
the dwindling levels of insulin in the later stages of disease
in DM II patients. So, HOMA-IR and QUICKI which take
into account FIL and BSL both proved to be more efficient
determinants of IR in diabetics rather than FIL alone. When
different comparisons were made to analyze the
associations of diabetes and obesity among IRS cases
(tables 6, 7, 8, 9), QUICKI did not show any significant
difference. FIL once again did not show significant
difference when diabetic IRS cases were compared with
non-diabetic IRS ones (table 7). Whereas all comparisons
showed significantly raised HOMA values. In short,
HOMA was found preferable to FIL and QUICKI if one
were to evaluate IR. Researchers have found HOMA and
QUICKI to behave as better and sensitive indicator for
assessing IR rather than FIL alone, and as effective as the
gold standard hyperinsulinemic euglycemic (HEC)
technique [20, 29]. Many researchers find QUICKI a better
way to assess insulin sensitivity [18, 20], whereas many
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consider it and HOMA both equally effective ways to
assess the insulin sensitivity [23]. Some found QUICKI to
work best in non-diabetics [19], however contrastingly
many researchers have found it to work equally effectively
in patients of DM II also [20,21, 22, 23].

5. Conclusion
The prevalence of IRS is more in obese DMII than nonobese ones. IRS was observed up to 85% in diabetics, 84%
in obese and 76% in overall BMI ≥ 25. Vice versa, 82%
IRS cases were found diabetic, and 72.4%
overweight/obese. If one were to evaluate IR, HOMA was
found preferable to FIL alone and QUICKI, as its measure.
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