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Aim: To evaluate the predictive accuracy of surrogate measures of fasting insulin resistance/sensitivity
like the Homeostasis model assessment for insulin resistance (HOMA eIR), Fasting glucose/insulin ratio
(FG-IR), Quantitative insulin sensitivity check index (QUICKI), and the 20/fasting C peptide x fasting
plasma glucose [20/(FCP� FPG)] index in comparison to M value derived from hyperinsulinaemic-
euglycaemic clamp (HEC) studies in two birth weight based cohorts of Asian Indian males.
Methods: HEC studies were performed in non-diabetic Asian Indian males (n¼ 117), born of normal birth
weight (n¼ 59, birth weight> 2.5 kgs) and low birth weight (n¼ 58, birth weight< 2.5 kgs). Anthro-
pometry and biochemical analysis were done. Surrogate indices of fasting insulin resistance were
calculated and data were analysed by Pearson's correlation and Random calibration model analysis.
Results: Amongst surrogate indices of fasting insulin resistance/sensitivity, the mean values for HOMA-
IR, QUICKI, FG-IR, 20/(FCP� FPG) index and M value were similar between the two groups. Significant
positive correlation was observed for FG-IR and QUICKI with M value (the gold standard measure of
insulin sensitivity derived from HEC procedure) in the low birth weight cohort in contrast to the normal
birth weight cohort, wherein no significant correlation was observed for any of the indices. Random
calibration model analysis showed highest predictive accuracy for QUICKI in both the study groups.
Conclusion: The QUICKI index showed highest predictive accuracy in the normal birth weight and the
low birth weight cohorts of Asian Indian males.

© 2018 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

Insulin resistance is a pivotal factor associated with the onset of
metabolic syndrome, type 2 diabetes mellitus (T2DM) and cardio-
vascular diseases in South Asians, especially Asian Indians. Across
populations worldwide, low birth weight is associated with an
increased risk of insulin resistance and T2DM, irrespective of so-
cioeconomic status [1]. As compared to other countries, nearly 30%
of Asian Indian infants are born with low birth weight, due to poor
maternal-foetal nutrition during pregnancy [2]. Low birth weight
gupta).

lf of Diabetes India.
infants have an increased predisposition towards adiposity in early
childhood, insulin resistance, hypertension and cardiovascular
disease in adult life than those born with normal birth weight [3]
Deranged insulin sensitivity has also been shown in lean normo-
glycaemic Asian Indians [4] and in children of women with gesta-
tional diabetes [5]. Low birth weight and increased risk of T2DM in
adulthood have been attributed to alterations of the neuro-
endocrine system [6] deranged lipid metabolism [7] and pancre-
atic dysfunction [8], when compared to the increased risk of obesity
alone [9].

The hyperinsulinemic-euglycemic glucose clamp (HEC)
technique-the gold standard technique for measuring peripheral
insulin resistance [10] is not feasible in large population based
studies as it is labour-intensive, expensive and technically
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demanding. Thus, a rapid, accurate, and low-cost method for
assessing insulin resistance is essential in clinical practice and
epidemiological studies [11]. Several surrogate measures of insulin
resistance such as Homeostasis model assessment for insulin
resistance (HOMA-IR), Quantitative insulin sensitivity check index
(QUICKI), Fasting glucose to insulin ratio (FG-IR), amongst others
are being used routinely in epidemiological studies across various
populations [12]. Recently, C-peptide based novel insulin resistance
indices such as the fasting/prandial Ce peptide index, the 20/
(Fasting C Peptide) (FCP)� Fasting Plasma Glucose (FPG) index and
Insulin/C peptide ratio have garneredmuch research interest due to
its sensitivity and specificity across various populations [13].
However, there is lack of data about the validity of surrogate fasting
indices like the 20/(Fasting C Peptide (FCP)� Fasting Plasma
Glucose (FPG) index in different ethnic populations including Asian
Indians. Non-diabetic Asian Indians are predisposed to insulin
resistance even at low BMI as compared to other ethnic groups [4].
The prevalence of T2DM is higher in subjects born with low birth
weight as compared to normal birth weight [5]. We hypothesized
that surrogate indices of insulin resistance/sensitivity would
perform differently in normoglycaemic Asian Indians born with
low birth weight or normal birth weight subject. In this study, we
have measured different surrogate measures of fasting insulin
sensitivity/resistance including the novel 20/(FCP� FPG) index and
compared it with theM value of HEC studies separately in low-birth
weight and normal birth-weight cohorts of healthy Asian Indian
males. The validity of surrogate indices in comparison to the M
value has been performed using correlation analysis and further the
predictive accuracy of surrogate indices has been evaluated by
random calibrationmodel analysis in both the low birth weight and
normal birth weight cohorts.

2. Methodology

This cross sectional study was approved by the institutional
research Board and human ethics committee of Christian Medical
College, Vellore, India (Research Committee Minute Number: 5879,
2006 and Administrative Committee Minute Number: 50-y:
6e2006) of Christian Medical College, Vellore (India) and the study
was conducted in accordance to the guidelines mentioned in the
declaration of Helsinki 2013. In the current study, the primary
objective was to measure various surrogate measures of fasting
insulin resistance viz: the 20/(FCP� FPG) index, HOMA-IR, FG-IR,
QUICKI in comparison with M value derived from HEC studies and
to check for the accuracy of these surrogate indices using random
calibration model (RMSE) analysis in two birth weight based co-
horts of Asian Indian males. Data was obtained from our previous
cohort study entitled “Born with low birth weight in rural Southern
India: what are the metabolic consequences 20 years later?” Details of
study procedure and study subjects are available in a previous
publication from the same cohort [3]. Briefly, subjects for this study
were selected according to their birth weight as recorded in the
birth registry for the years 1986e1990 at the Community Health
and Development (CHAD) programme, Christian Medical College,
Vellore, India which has a prospective surveillance system with a
repository of updated population based data on infant births,
deaths, pregnancies, deliveries, morbidity and immunisation status
among mothers. The medical records were reviewed and a cohort
of 117 non-diabetic men aged between 18 and 22 years, born of
normal birth weight (n¼ 59, birth weight �2.5 kgs) or low birth
weight (n¼ 58, birth weight< 2.5 kgs) with low BMIwere recruited
with informed, written consent. Anthropometry and biochemical
assessment was performed and all subjects underwent the 120min
Hyperinsulinaemic-Euglycaemic clamp (HEC) procedure for eval-
uation of peripheral and hepatic insulin resistance [10]. In this
procedure, a primed continuous infusion of insulin was initiated
and the flow rate was fixed at 40 mU/kg/minutes for the entire
duration of the two hour clamp. During the HEC procedure, a 25%
glucose solution was infused and plasma glucose levels were
measured every 5min using a bedside glucose analyser (Analox
GM-9D). An infusion of 25% dextrose was adjusted to maintain a
stable plasma glucose concentration of 90mg/dl (5mmol/l)
throughout the clamp procedure. Blood samples for biochemical
estimation of insulin, C-peptide and plasma glucose were drawn at
baseline and at the end of the steady state phase (i.e last 30min of
the basal phase and the last 30min of the clamp period) [3]. Serum
insulin and C-peptide levels were measured by the chem-
iluminescence method using kits supplied by Siemens, on the
Immulite 2000 system (Siemens healthcare Diagnostic products
Ltd., Llanberis, Gwynedd, UK). Chemistry and Immunoassay con-
trols supplied by Bio-Rad were used as internal precision controls
(CV 10.2% for insulin and 3.7% for C-peptide) [3]. In order to fulfill
the objectives of the current study, the following surrogate indices
of insulin resistance were calculated by using specific formulae as
follows;

1. 20/(FCP� FPG); 20/(fasting C-peptide� fasting plasma glucose)
[26]

2. QUICKI: 1/[log fasting insulin (mU/L) þ log fasting glucose (mg/
dL)] [28]

3. HOMA-IR: Fasting glucose (mmol/L)� fasting insulin (mU/L)/
22.5 [11]

4. FG-IR: Fasting glucose (mg/dL)/Fasting insulin (mU/L) [29].
3. Statistical analysis

Continuous variables were summarised as Mean± SD/, median
(minimum & maximum) values. The values of skewed variables
were log transformed and data were normalized for age, BMI and
birth weight and Pearson's partial correlation analysis was applied
to test for significance in correlation between indices of insulin
resistance and the M value. A p value< 0.05 was considered sta-
tistically significant. Furthermore, to determine the predictive ac-
curacy of the surrogate indices in comparison to the M value, the
random calibration model analysis was performed by calculating
the square root of the mean squared error of prediction (RMSE) and
a leave-one-out cross validation type root mean squared error
(CVPE) of prediction. The RMSE value was estimated by the formula
[Sei2/(n� 2)]1/2, where ei is the difference between observed and
predictedM value. CVPE is calculated as [Se(i)2 /n]1/2, and theM value
predicted by the model with the ith subject excluded. Further, the
bootstrap percentile analysis was done to measure the confidence
interval of the difference in RMSE and CVPE values between the
surrogatemeasures in the two groups, to determinewhether errors
in predicting the M value among surrogate measures were statis-
tically significant. The difference was considered statistically sig-
nificant when the 95% confidence interval did not include zero.
STATA 11.0 (College station, Texas, USA) was used for descriptive
statistics and correlation analysis. RMSE and CVPE analysis were
performed using the R statistical platform (http://www.r-project.
org).

4. Results

The mean values of birth weight, body weight, height and total
lean mass of the low birth weight cohort were significantly lower
than that of the normal birth weight cohort whereas the mean age
of the low birth weight cohort was significantly higher. However,
no significant differences were observed for BMI and biochemical

http://www.r-project.org
http://www.r-project.org
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parameters between the two groups. Further, no significant dif-
ferences were observed in the mean value of M value (the gold
standard measure of insulin sensitivity derived from HEC proced-
ure) and surrogate indices of insulin resistance viz HOMA-IR,
QUICKI, FG-IR, the 20/(FCP� FPG) index between the two groups
(Table 1). Correlation statistics revealed significant positive corre-
lation of FG-IR and QUICKI with the M value in the low birth weight
cohort in the unadjusted form and after adjustment for age, BMI
and birth weight in contrast to the normal birth weight cohort
wherein no significant correlation was observed for any of the
indices in the unadjusted and adjusted forms. In fact, the correla-
tion coefficients were higher (r¼ 37) and significant for QUICKI
(P¼ 0.004) in the low birth weight cohort as compared to the
normal birth weight cohort (Table 2).

We applied the 20/(FCP� FPG) index as the outcome variable
and observed no significant correlation for the 20/(FCP� FPG) in-
dex with the M value and surrogate fasting indices namely FG-IR,
HOMA-IR and QUICKI in both the study groups (Table 3). Further-
more, the predictive accuracy of surrogate indices in the low birth
weight and normal birth weight cohorts were analysed separately
using RMSE and CVPE analysis, which showed lowest RMSE and
CVPE values for QUICKI in the normal birth weight and the low
birth weight cohorts (Table 4). On pairwise comparisons of RMSE
and CVPE values between surrogate indices, no significant differ-
ences were observed in the confidence intervals of RMSE values for
the normal birth weight and low birth weight cohorts (Table 5).
5. Discussion

Our study is the first amongst Asian Indians to have compared
Table 1
Anthropometry, biochemical profile and indices of fasting insulin resistance/sensitivity.

Variables Normal birth weight co

Age (years) 19.5± 1.0
Birth weight (kg) 3.2± 0.1
Height (cm) 171± 5.5
Weight (kgs) 55.4± 7.0
Body mass Index (kg/m2) 19.5± 2.6
Total lean mass (kgs) 45.0± 3.8
Waist circumference (cms) 70.9± 7.1
Waist -to- hip ratio 0.82± 0.05
Fasting plasma glucose (mg/dl) 87.3± 6.0
120min post prandial plasma glucose (mg/dl) 100.7± 17.2
Fasting serum insulin (mU/ml) 4.3± 3.5a

(0.5, 29.6)b

120min post prandial serum insulin (mU/ml) 36.2± 29.3a

(1, 160)
Fasting C-peptide (ng/ml) 1.5± 1.1a

(0.1, 5)b

120min post prandial C-peptide (ng/ml) 4.9± 4.8a

(0.1, 13)b

Total cholesterol (mg/dl) 129.8± 27.3
High density lipoprotein cholesterol (mg/dl) 31.0± 5.6
Low density lipoprotein cholesterol (mg/dl) 80.0± 22.8
Serum triglycerides (mg/dl) 78.8± 32.4

74a(32, 158)b

Indices of insulin sensitivity/resistance
M value (mg/kg/min) 10.3± 3.8
QUICKI index 0.41± 0.06
HOMA-IR 0.97± 0.77

0.80a (0.2, 3.9)b

20/(FCP� FPG) index 0.38± 0.2a (0.05,2.4)b

Fasting insulin/glucose ratio 28.5± 18.4
24.8a (4.8, 170)b

Bold indicates P value< 0.05.
Values are presented as Means and SD/median. P value< 0.05: Statistically significant.

a Indicates median values.
b Indicates indicate minimum and maximum median values respectively.
correlations and evaluated the predictive accuracy of established
surrogate indices of insulin resistance including the novel 20/
(FCP� FPG) index with the M value (a measure of whole body in-
sulin sensitivity estimated as the rate of insulin stimulated glucose
disposal) obtained from the HEC study in separate cohorts of males
bornwith low birth weight and normal birth weight. In comparison
to an earlier study from our group in 16 healthy Asian Indian males
[14] the subjects of the present study are young (mean age: 19.5± 5
years) and lean (mean BMI: 19.5 kg/m2). Amongst surrogate indices
of insulin resistance, the mean values of HOMA-IR were compara-
tively lower than the cut-off value of 1.47 to define insulin resis-
tance [15]. This is in contrast to the observations to our previous
HEC study wherein increased HOMA-IR value was observed in 16
healthy Asian Indian males [14].

In a recent birth weight based study on healthy Finnish adults, it
was observed that subjects born with very low birth weight (birth
weight< : 1.5 kgs) had fasting insulin concentration (16.7%), higher
(40.0%) insulin levels, higher post prandial blood glucose levels
(6.7%), and HOMA-IR index (18.9%), when compared to normal
birth weight subjects despite adjustment for body mass index [16].
Similarly a study on 111 lean Japanese subjects (BMI� 21.2 kg/m2)
born of very low birth weight (birth weight< 1.5 kgs) and aged
between 19 and 30 years, showed consistent association of insulin
resistance (on HOMA-IR) with cardio-metabolic risk in the later
stages of life [17]. In comparison to the Japanese study, the subjects
in our study are younger with lower mean HOMA-IR values.
Moreover, our study on Asian Indian males has validated surrogate
indices of insulin resistance/sensitivity in comparison to the M
value obtained from HEC procedure.

It has been reported that the FG-IR is better than HOMA-IR as a
hort (59) Low birth weight cohort (n¼ 58) P value

20.0± 0.9 0.01
2.1± 0.2 0.00
166.5± 5.9 0.001
50.1± 8 0.02
19± 2.9 0.41
41.1± 4.8 0.001
69.5± 7.6 0.30
0.83± 0.04 0.58
88.0± 6.9 0.53
102± 26.2 0.73
8.3± 4a 0.09
(0.5, 57.1)b

41.8± 29.6a 0.37
(0.4, 212.7)b

2.2± 1.4a 0.25
(0.1, 34)b

5.3± 5.4a 0.43
(0.1, 11.7)b

133.7± 32.5 0.47
31.6± 8.2 0.65
82 .0± 26.2 0.65
83.7± 47.6 0.50
70a(20, 281.4)b

10.2± 3.9 0.84
0.42± 0.08 0.95
0.97± 0.90 0.96
0.80a (0.1, 5.5)b

0.37± 0.6 0.96
0.16a (0.06, 2.46)b

31.0± 20.6 0.56
22.6a (0.7, 168)b



Table 2
Correlation of surrogate indices of insulin resistance with the M value in the study cohort.

Indices of insulin resistance/sensitivity Normal birth weight (n¼ 59) Low birth weight (n¼ 58)

Unadjusted Adjusted for age, BMI
and birth weight

Unadjusted Adjusted for age, BMI
and birth weight

r P value r P value r P value r P value

FGIR 0.22 0.10 0.20 0.124 0.41 0.001 0.41 0.002
20/(FCP x FPG) 0.04 0.77 �0.03 0.818 0.08 0.52 0.09 0.49
HOMA-IR 0.04 0.76 0.12 0.382 0.11 0.39 0.09 0.49
QUICKI 0.20 0.11 0.20 0.128 0.37 0.004 0.37 0.005

Bold indicates P value < 0.05.
P< 0.05: Statistically significant.

Table 3
Correlation of 20/(FCP x FPG) index with M value and indices of insulin resistance/sensitivity in the study cohort.

Indices of insulin resistance/sensitivity Normal birth weight (n¼ 59) Low birth weight (n¼ 58)

Unadjusted Adjusted for age, BMI
and birth weight

Unadjusted Adjusted for age, BMI
and birth weight

r P value r P value r P value r P value

M-value 0.04 0.77 �0.03 0.81 0.08 0.52 0.09 0.49
FGIR 0.06 0.63 0.08 0.53 0.25 0.05 0.25 0.06
HOMA-IR 0.02 0.85 0.09 0.49 0.07 0.58 0.04 0.74
QUICKI 0.04 0.76 0.07 0.61 0.25 0.05 0.24 0.07

P< 0.05: Statistically significant.

Table 4
Root Mean Squared Error (RMSE) and leavee oneeout cross validation type of prediction (CVPE) calculated by calibration model for surrogate indices of insulin resistance.

Indices of insulin resistance Normal birth weight cohort (n¼ 59) Low birth weight cohort (n¼ 58)

RMSE value CVPE value RMSE value CVPE value

HOMA- IR 3.8 15.3 3.9 19.3
QUICKI 3.8 14.7 3.7 15.1
Fasting glucose/insulin ratio 3.8 14.7 3.9 16.8
20/(FCP� FPG) index 3.8 15.1 3.9 16.8

Bold indicates P value < 0.05.

Table 5
Difference between RMSE & CVPE values for surrogate indices derived using boot strap percentile method.

Difference in RMSE & CVPE values between surrogate indices at 95% CI Normal birth weight cohort (n¼ 59) Low birth weight cohort (n¼ 58)

HOMA-IR vs. QUICKI (-0.16, 0.23)a (-0.27, 0.63)a

(-1.65, 1.02)b (-4.31, 3.24)b

HOMA-IR vs. FG-IR (-0.16, 0.20)a (-0.32, 0.47)a

(-1.58, 1.03)b (-3.68, 3.14)b

HOMA-IR vs. 20/FCP x FPG (-0.16, 0.07)a (-0.34, 0.27)a

(-0.48, 0.53)b (-1.8, 3.32)b

QUICKI vs. FG-IR (-0.07, 0.03)a (-0.23, 0.03)a

(-0.43, 0.46)b (-0.97, 1.51)b

QUICKI vs.20/FCP x FPG (-0.83, 1.55)a (-0.55, 0.15)a

(-0.20, 0.06)b (-1.38, 3.96)b

FG-IR vs. 20/FCP x FPG (-0.20, 0.06)a (-0.44, 0.23)a

(-0.88, 1.43)b (-1.53, 3.57)b

a Indicates upper and lower limits of RMSE values at 95 %CI.
b Indicates upper and lower limits of CVPE values at 95 %CI.
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surrogate index of insulin resistance, when applied in normogly-
caemic subjects [18] and compared to diabetic subjects [19]. An
important observation in this study is the consistent positive cor-
relations of FG-IR with M value in the low birth weight cohort
before and after adjustment for confounders. This is similar to the
observations of our earlier HEC based study in healthy South Indian
males aged between 29.8 and 36 years wherein the highest degree
of correlation and predictive accuracy was observed for FG-IR with
M value when compared with other surrogate indices [14].
However, the correlation coefficient for FG-IR (r¼ 0.41) in the
present study for the low birth weight cohort was less in compar-
ison to an earlier study from our group [14]. Furthermore, another
study on 70 Asian Indian males aged between 18 and 73 years
(mean BMI: 21± 4 kg/m2) used fasting insulin glucose ratio (an
inverse measure of FG-IR) and reported significant inverse corre-
lation with the M value derived from HEC procedure, thus under-
scoring the utility of indices based on ratios of fasting insulin/
glucose in Asian Indians [20].
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The QUICKI is the inverse of HOMA-IR and a precise index of
insulin sensitivity [21] showing better correlation with the M value
derived from the HEC technique [22]. A meta-analysis on surrogate
indices of insulin sensitivity has shown significant correlation of
QUICKI with M value [23]. In a multi ethnic cohort of 116 subjects
aged between 19 and 64 years, it has been shown the QUICKI cor-
relates linearly and significantly with M value. We applied the
QUICKI and FG-IR indices in a homogenous cohort of Asian Indian
males and observed moderate but significant positive correlation
(r¼ 0.37, P¼ 0.004) with the M value only in the low birth weight
cohort after adjustment for confounders. Our results agree with the
previous HEC based study in Asian Indian men from South India,
wherein QUICKI correlated significantly with the M value [14]. In
addition, our study results are in agreement with the results of an
earlier study in Asian Indian men wherein significant positive
correlationwas observed for QUICKI with M value of the HEC study
[21].

5.1. C peptide based indices and other surrogate indices of insulin
resistance

Most surrogate indices of insulin resistance studied till date are
based on fasting insulin and glucose levels. Such indices are used as
measures of hepatic insulin sensitivity/resistance. Specifically,
serum C-peptide level is a precise measure of endogenous insulin
secretionwhen compared to fasting insulin levels [24] as C-peptide
is physiologically much stable during hepatic clearance as
compared to insulin. It shows a linear trend of metabolic kinetics at
physiological and supra-physiologic plasma concentrations [25].
However, C-peptide based indices are sparsely researched and
validated in comparison to the M value obtained from HEC studies
especially in normoglycaemic subjects of low BMI. A few studies in
different ethnic groups have demonstrated the correlation of the
20/(FCP� FPG) index with other surrogate indices. Specifically, the
20/(FCP� FPG) index has been sparsely researched in Asian In-
dians, despite high prevalence of insulin resistance, diabetes and
cardiovascular diseases typical to this ethnic group. In this study,
the 20/(FCP� FPG) index showed positive correlation with FGIR in
the low birth weight cohort, but not in the normal birth weight
cohort. In a pilot study on elderly obese Japanese patients with type
2 diabetes, the 20/(FCP� FPG) index correlated positively with
glucose infusion rate and the insulin sensitivity index of HEC pro-
cedure but negatively with HOMA IR [26]. Similarly a pilot study
from Iran on elderly diabetic subjects on metformin monotherapy
showed significant correlation of the 20/(FCP� FPG) index with
QUICKI. Contrastingly, no significant correlations were observed for
the 20/(FCP� FPG) index in diabetic subjects on combined therapy
[27]. It may be noted that the studies mentioned above were per-
formed in obese diabetic subjects and comparative analysis with
control groups was not performed. Further, the study observations
were not validated in comparison to theM value, unlike the present
study, thus limiting the applications of the study observations in
the respective ethnic groups.

Importantly, it has been shown that the correlation between a
surrogate index and the gold standard HEC technique can be strong
despite poor predictive accuracy [28]. As correlation coefficients
can sometimes be deceptive, we performed the random calibration
model analysis has been performed. Random calibration model is
the inverse of regression derived using the mean of square root
(RMSE) of regression coefficients. RMSE and CVPE are measures of
error of the linear regression model derived from surrogate indices
in predicting the value of insulin sensitivity as measured by the
clamp [14]. Extremities and errors in data can be well controlled by
CVPE than RMSE. The CVPE value is highly reliable than RMSE as
CVPE uses an estimate that excludes the ith subject when
predicting results for the same subject. This reflects more closely a
clinical scenario in which data for each new patient is predicted
based on a model obtained from previous patients.

Surrogate indices with lower RMSE and CVPE values are
considered to have superior predictive accuracy due to less random
errors in regression coefficients [28]. In the present study, RMSE
and CVPE analysis showed that the predictive accuracy was highest
for QUICKI in the normal birth weight and the low birth weight
cohort. Previously, using random calibration model analysis we had
reported strong correlation of FG-IR with the M value in a cohort of
non diabetic, South Asian males and that the FG-IR had higher
predictive accuracy as compared to HOMA-IR and QUICKI [14]. As
for other surrogate indices, the RMSE values were identical for
QUICKI and the 20/(FCP x FPG), in the low birth weight cohort. This
indicates that the distribution of residuals is homogenous in the
cohort.

Furthermore, a study byMuniyappa and colleagues used random
calibration model analysis to assess the predictive ability of surro-
gate indices namely fasting insulin levels, QUICKI and FIGR in young,
non-obese Asian Indian men (mean BMI: 21± 4 kg/m2), irrespective
of birth weight status. Their study observed no significant differ-
ences in RMSE and CVPE values of surrogate indiceswhen compared
with QUICKI [21]. Chen and colleagues performed random calibra-
tion model analysis to validate the predictive accuracy of surrogate
indices in comparison to HEC procedures in a mixed cohort of 116
subjects comprising obese, non-obese subjects, normoglycaemic,
hypertensive subjects and patients with T2DM. It was noted that the
degrees of insulin sensitivity, as determined by surrogate indices viz
QUICKI, HOMA, log (HOMA), were in good agreement with HEC
procedure. Further, this study showed that QUICKI and log (HOMA)
had better predictive accuracy than fasting insulin, HOMA-IR [28]. In
comparison to the study by Chen et al. [28], our study on a ho-
mogenous cohort of young, non-diabetic Asian Indian males shows
better predictive accuracy of QUICKI and FG-IR in the low birth
weight and normal birth weight cohorts respectively. In the low
birth weight cohort, the mean values of total fat mass, peripheral
lean mass (lean mass in arms and legs) and total lean mass were
significantly lower as compared to the normal birth weight cohort.
As glucose disposal ismajorlymediated by peripheral leanmass, it is
important to note that reduced lean mass in low birth weight sub-
jects predisposes them to insulin resistance and T2DM in late
adulthood [3]. However, our study observations are limited to the
use of “M” value which is a measure of whole body insulin sensi-
tivity and there is no demarcation of hepatic and peripheral insulin
resistance. Ideally, the use of stable-isotope based clamp studies to
derive hepatic and peripheral insulin resistance separately would
have added further significance to our results. Further, our study
observations are restricted to Asian Indian males and needs to be
validated in females. Nevertheless, the study observations have
important clinical implications in population based surveillance
programmes for prevention of diabetes and co-morbidities associ-
ated with insulin resistance in Asian Indians.

6. Conclusion

Our study, the first of its kind involving Asian Indians, clearly
shows superior predictive accuracy of QUICKI over FGIR and the
differences in predictive accuracy of established surrogates of in-
sulin sensitivity in low and normal birth-weight cohorts. This in-
dicates the importance of applying different sets of surrogate
indices in birth weight based cohorts of Asian Indians.
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