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A Cross-Sectional Multicentre Study to Validate Insulin
Sensitivity Index Cut-Offs for Detection of Metabolic Syndrome
in Indian Adolescents with Type-1 Diabetes
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Background: A previous study compared insulin sensitivity indices for the detection of double diabetes (DD) in Indian adolescents with type-1
diabetes (T1D) and derived a cut-off to predict future risk for the development of metabolic syndrome (MS) in adolescents with T1D. We
conducted the current study with the aim to validate these cut-offs for detecting DD among Indian subjects with T1D from various geographical
locations. Methods: This multicentric cross-sectional study included 161 Indian adolescents with T1D. Demographic, anthropometric, clinical,
and biochemical data were collected using standard protocols. Insulin sensitivity (IS) was calculated using various equations developed to
determine insulin sensitivity in subjects with T1D. Metabolic syndrome was diagnosed using International Diabetes Federation (IDF) Consensus
Definition 2017. Results: We report 4.3% prevalence of MS in Indian adolescents with T1D with an additional 29.8% of study participants
at risk of development of MS. Low High density lipoprotein (HDL) (23.6%) was the commonest abnormal component of the MS definition.
Insulin sensitivity calculated by an equation derived by the SEARCH group was the most appropriate index to identify MS and metabolic risk
in Indian adolescents with T1D. The proposed cut-off of 5.48 had high specificity, positive predictive value, and negative predictive value in
identifying the risk of the development of DD. Conclusions: Insulin sensitivity calculated by the equation proposed by the SEARCH group
together with cut-offs derived in earlier study may be used effectively to identify risk of development of MS/DD in Indian adolescents with
T1D from various geographical locations.
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INTRODUCTION The term “double diabetes” (DD) refers to those cases with
T1D where the patient demonstrates characteristics that are
an admixture of T1D and type-2 diabetes (T2D). Double
diabetes can be a major cause of concern in individuals with

Type-1 diabetes (T 1D) is one of the most common metabolic/
endocrine disorders diagnosed in children.!"! The health burden
of T1D, a disorder affecting approximately 229 thousand

children and adolescents in India, is progressively increasing Address for correspondence: Dr. Anuradha Khadilkar,

due to the prevalence of the associated macro and microvascular Hirabai Cowasji Jehangir Medical Research Institute, Block V Lower
complications.?*! More recently, despite modern advances in Basement Jehangir Hospital, 32 Sassoon Road, Pune - 411 001,
technology and better glycaemic control, significant insulin Maharashtra, India.

resistance (IR) has been documented in adolescents and adults E-mail: anuradhavkhadilkar@gmail. com

with T1D; IR may be attributed to increasing rates of obesity.
Some studies have demonstrated that higher estimated insulin
sensitivity (IS) in adolescents with T1D is inversely associated
with the risk of cardiovascular disease.!”)
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young onset (11-19 years old) diabetes, which can be a result
of weight gain and IR.®®) The gold standard for measurement
of IS in T1D is glucose disposal rate (GDR) assessed by a
euglycemic—hyperinsulinemic clamp (EHC).”? However, as
this is difficult and cumbersome for use in routine clinical
practice, newer IS estimation equations derived by various
study groups have been published.l'®'l These equations
demonstrate a fairly good agreement with measured IS and
thus offer promise in the clinical setting!’-!¥

As individuals with T1D are administered insulin exogenously,
the homeostatic model for assessment of insulin resistance
cannot be used in them. Few equations have been developed and
validated against data from gold standard EHC tests to estimate
IS. These equations are illustrated in Table 1. They include (1)
The Epidemiology of Diabetes Complications (EDC)
equation that was initially developed in the Pittsburgh EDC
Study, (2) Estimated insulin sensitivity (eIS) score that was
developed using data of youth with diabetes participating in
the SEARCH study in Colorado, USA, and (3) elS-coronary
artery calcification in T1D (CACTI) equation was developed
on participants recruited from the CACTI cohort.[-1213]

A previous study compared IS indices for the detection of DD
in Indian adolescents with T1D and derived a cut-off to predict
future risk for the development of metabolic syndrome (MS) in
these subjects.!"" These cut-offs were derived from subjects with
T1D from a single center, thus, we conducted the current study
with the aim to validate these cut-offs among Indian subjects
with T1D from various geographical locations in detecting DD.

MeTHops
Study design and subjects

This study was an observational, cross-sectional study
conducted at multiple centers between December 2021 and
June 2022. The centers were four tertiary care paediatric
endocrine and diabetes clinics located in urban centers in four
geographic regions of India: north (Jalandhar), west (Pune),
east (Kolkata), and south (Chennai) as shown in Figure 1.
Each center collected data from outpatients with an initial
diagnosis of T1D who attended the clinic during the study
period. Subjects in the age range of 10—18 years with a duration

Table 1: Equations to determine insulin sensitivity in
patients with T1D

Study Group Equation

EDC 24.31-12.22 x (WHR) — 3.29 x (hypertension) — 0.57
x (HbAlc)

SEARCH exp (4.64725 - 0.02032 (waist)

—0.09779 (HbAlc) - 0.00235 (Tg)

exp (4.1075-0.01299 x (waist) — 1.05819 x (insulin
dose)

—0.00354 x (Tg) — 0.00802 x (DBP))

(exA- best-fit model excluding adiponectin), DBP-diastolic blood
pressure in mmHg, Tg-triglyceride in mg/dl, WHR-waist-hip ratio,
hypertension=0 if no and 1 if yes, HbA lc=glycated Hemoglobin in %,
waist in cm, insulin dose in IU/kg/day

CACTI-exA

of illness of at least six months (as fluctuation of weight and
metabolic instability are usually seen at the onset and during
the initial therapy) with haemoglobin levels greater than 11%
and no known comorbidities like hypothyroidism and celiac
disease were included in the study.!'> Written informed consent
for the study was obtained from the parents or guardians of
patients and assent was obtained from the study participants.

Descriptive data

The clinical history and examination, anthropometry, blood
pressure (BP), and biochemical measurements were conducted
at each center uniformly in accordance with the study conducted
to derive the cut-offs and using standard protocols.!*!

Anthropometry

Height (Seca Portable stadiometer, Hamburg, Germany up
to 0.1 cm accuracy) and body weight (Seca 876 Flat scale,
Hamburg, Germany, up to 100 g accuracy) were measured
using standard protocols. Body mass index (BMI) was
computed using the following formula: BMI = weight (kg)/
height (m?). Waist circumference (WC) and hip circumference
were measured using the World Health Organization guide to
physical measurements.!') Subsequently, the height, weight,
WC, and BMI were converted to Z scores using Indian
reference data.l'”!¥] Waist to hip ratio was calculated as WC
divided by the hip circumference.

Blood pressure
Blood pressure was measured on the right arm with the child
lying down quietly. The cuff was leak tested prior to the

Centres

[l North- Jalandhar
[ East- Kolkata

[0 South- Chennai
[l West-Pune

Creoted with mapchortnet

Figure 1: Centers with participants of T1D selected in study based on
geographic regions
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commencement of the study. All air was removed from the
cuff, the cuff was wrapped snuggly and neatly around the
limb to allow one finger under the cuff. The cuff was placed
2-5 cm above the elbow crease. All BP measurements were
recorded manually using similar oscillometric noninvasive
BP (NIBP) devices (Goldway™ Multipara Monitor—Model
Number GS20).

Biochemical measurements

Six to eight ml of blood was drawn by an experienced
phlebotomist after a minimum of eight-hour fast. Fasting
blood samples were then assessed for lipid profile (total
cholesterol, triglycerides, and High density lipoprotein
cholesterol (HDL-c) using the enzymatic method and
low-density lipoprotein-cholesterol (LDL-c) concentrations
were calculated by the Friedewald formula.l'”? Glycaemic
control was evaluated by measuring glycosylated
haemoglobin (HbAlc) using high-performance liquid
chromatography (BIO-RAD, Germany). Microalbumin in
spot urine was detected by immunoturbidimetry, creatinine
by Jaffe w/o deproteinization, and albumin creatinine ratio
by Jaffe method.

Definition of metabolic syndrome

The IDF definition (Consensus 2017) was used to classify
study participants aged 10 years or older as follows—
MS may be diagnosed with abdominal obesity (waist
circumference >90" centile for age and gender or adult
cut-off of >80 cm in females or >90 c¢cm in males as per
ethnicity-specific values) and the presence of two or more
other clinical features of elevated triglycerides (=150 mg/dl),
low high-density lipoprotein cholesterol (HDL-c: <40 mg/dl
in males and <50 mg/dl in females), high BP (=130 mmHg
systolic and/or >85 mmHg diastolic), and increased fasting
plasma glucose (>100 mg/dl). Since all patients with T1D
had elevated fasting blood sugar, those having central obesity
with one more of the above criteria were defined as having
MS. Patients who had one or more criteria as per the definition
of MS (except elevated FBS) but did not fulfil the criteria of
having MS (i.e., abdominal obesity + two or more risk factors)
were termed to have “Metabolic Risk” (MR).12"

Insulin sensitivity indices
Insulin sensitivity was calculated using the formulae mentioned
in Table 1.

Glycaemic control

Glycaemic control was assessed by HbAlc concentrations),
which were measured locally at each center. The American
Diabetes Association (ADA) has suggested the following
target values for HbAlc in relation to age: <8.0% at age
612 years, <7.5% at age 13—18 years, and <7.0% at age
19+ years. Individuals who met the ADA target were classified
as “good” control; those with HbAlc >9.5% regardless of
age were classified as “poor” control, and those with HbAlc
values between the definition of “good” and “poor” control
were classified as “intermediate” control.!)

Statistical analysis

SPSS for Windows software program, version 26 (SPSS,
Chicago, IL, USA) was used for statistical analyzes.
Differences in means were tested using Student’s f-test for
parametric data and Mann—Whitney U test for non-parametric
data. Correlation analysis was performed using Spearman’s
correlation coefficient. We evaluated the area under the
receiver operating characteristic (ROC) curve (area under
curve (AUC), with 95% confidence intervals) of each IS index
to identify subjects at risk of development of DD. Chi-square
test and Cramer’s V test were used for the correlation analysis
of categorical variables. Sensitivity, specificity, positive
predictive value (PPV), negative predictive values (NPV)
for identifying subjects at risk for the development of DD by
using IS cut-off criteria were calculated. P values <0.05 were
considered statistically significant.

Ethical Clearance Statement

The study was approved by the Jehangir Clinical Development
Centre ethics committee on March 4, 2022. All study
procedures follows the guidelines laid down in Declaration
of Helsinki (1964).

ResuLts

A total of 161 adolescents with T1D were studied as shown
in Figure 1 (30 from North, 13 from East, 61 from South, and
56 from Western India). Of these, 87 (54%) were boys and
74 (46%) were girls. The participants in the study were in the
age range of 10—18 years with mean age of 13.9 + 2.4 years.
The mean age at the onset of diabetes and duration of illness
were 9.0 + 3.7 years and 5.0 + 3.4 years, respectively. The
mean insulin requirement and HbAlc concentrations were
1.0+ 0.3U/kg/day and 9.8 + 2.4%, respectively. The prevalence
of hypertension and combined overweight/obesity in our study
group were 5% (n = 8) and 25.5% (n = 41), respectively.
Low HDL (23.6%) was the commonest abnormal metabolic
parameter. Central obesity and hypertriglyceridemia were
noted in 7.5% participants, respectively. Clinical characteristics
of study participants stratified by glycaemic control are
illustrated in Table 2. Only 11.2% of subjects achieved the
glycemic control goal (HbA1c <7%) as recommended by the
Internal Society for Paediatric and Adolescent Diabetes 2022.
The subjects with poor glycaemic control were older and had
higher insulin requirements. They were also lighter with lower
WC. They had lower HDL-c and higher LDL-c and lower IS
as computed by all the elS formulae (particularly, CACTI
equation that does not take HbAlc into account). A post hoc
power of more than 0.8 was achieved given @ error problem
of 0.05 using the difference in mean IS by SEARCH between
two independent groups using G-power 3.1.9.4.

Spearman coefficients for correlations of IS using various
formulae with clinical, anthropometric, and laboratory
parameters are presented in Table 3. In comparison to the
previous study,!" the correlations were mostly similar with
an additional significant negative correlation of all equations
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Table 2: Comparison of clinical, anthropometric, and
biochemical parameters of study group classified by
presence or absence of metabolic risk

Table 3: Correlation coefficients of the three estimated
insulin sensitivity equations with clinical and biochemical
parameters

Parameter Fair to good Poor P
glycaemic glycaemic
control (7=79) control (1=82)
Mean=SD Mean=SD
Clinical
Age (years)* 13.4+2.4 14.5£2.2 0.02
Disease 4.7£3.3 5.2+3.6 0.386
duration (years)
Systolic blood 10712 10712 0.906
pressure (mmHg)
Diastolic blood 68+9 68+9 0.745
pressure (mmHg)
Insulin requirement 0.9+0.3 1.1+£0.3 0.001
(U/kg/day)*
Anthropometry
Height Z-score -0.1£1.1 -0.3£1.0 0.155
Weight Z-score* 0.01£1.0 -0.4+0.8 0.004
BMI Z-score* 0.04+£1.1 -0.3£0.8 0.018
Waist circumference -0.8+1.3 -1.2£1.0 0.047
Z-score*
Waist hip ratio 0.8+0.1 0.8+0.1 0.09
Biochemistry
Cholesterol (mg/dl) 161+34 171+46 0.13
HDL-c (mg/dl)* 53+12 48+11 0.016
LDL-c (mg/dl)* 91427 103+38 0.022
Triglycerides in mg/dl 86+50 96+59 0.23
HbAlc %* 7.8+1.0 11.7+1.7 0.001
Insulin Sensitivity
Indices
eGDR* 9.0+1.4 7.241.3 0.001
SEARCH* 9.742.5 6.6+1.8 0.001
CACTI* 4.2+1.8 3.2+1.2 0.001

*Statistically significant difference between two groups. HDL-c
High-density lipoprotein cholesterol. LDL-c Low-density lipoprotein
cholesterol. HbAlc Glycated haemoglobin

with age, LDL-c, and total cholesterol. Additionally, estimated
glucose disposal rate (eGDR) had a significant negative
correlation with insulin requirement. In contrast, SEARCH
did not have any correlation with the female gender and had
a significant positive correlation with HDL (0.166 vs. -0.161).

The strongest positive correlation among IS indices was noted
between IS by SEARCH and eGDR (0.69 vs. 0.76, P<0.001)
and the highest AUC for MS was noted for the SEARCH
equation (0.74 vs. 0.82). Figure 2 illustrates the comparison
of ROC curves of IS derived by each of the three equations
in determining MS. A cut-off of 5.48 has been proposed to
detect MS in Indian adolescents with T1D.!') The Cramer’s V
showed a significant correlation between low IS by SEARCH
equation and MS categories (Cramer V =0.16, P <0.05). The
odd’s ratio (OR) for the development of MS in T1D in subjects
with IS by SEARCH equation less than the cut-off of 5.48 was
4.5 (95% CI - 0.94-21.49) and the relative risk to develop MS
was 4.08 (95% CI - 0.97-17.13).

Parameter eGDR SEARCH CACTI
Age -0.173* -0.495%* -0.187*
Disease duration 0.014 -0.134 -0.213*
Gender -0.044 -0.054 -0.06
Insulin requirement -0.240* -0.12 used in
equation
BMI Z-score 0.027 -0.243%* -0.111
Waist circumference Z-score -0.143 Used in Used in
equation equation
Systolic blood pressure used in -0.188* -0.220%*
equation
Diastolic blood pressure used in -0.190* used in
equation equation
Cholesterol -0.227* -0.338* -0.258*
HDL-c 0.047 0.166* 0.15
LDL-c -0.221* -0.332%* -0.260*
Triglycerides -0.174%* used in used in
equation equation
HbAlc used in used in -0.288%*
equation equation

*Statistically significant difference between two groups. HDL-c
High-density lipoprotein cholesterol. LDL-¢ Low-density lipoprotein
cholesterol. HbA1c Glycated haemoglobin
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Figure 2: ROC for identification of metabolic syndrome by IS formulas

The AUC of the eIS by SEARCH equation to detect metabolic
risk in subjects with T1D was 0.74 (95% CI - 0.65-0.82) as shown
in Figure 3. In the present study, we found that 76% of subjects
with ¢eIS calculated by the SEARCH equation lower than the
cut-off had metabolic risk as opposed to only 26.5% with eIS
by SEARCH greater than 5.48 (P < 0.05). Cramer’s V showed
a significant correlation between low eIS by SEARCH equation
and MR categories (0.38, P<0.05). The OR for the development
of MR in T1D in subjects with eIS by SEARCH equation less
than the cut-off of 5.48 was 8.79 (95% CI - 3.25-23.76) and
the relative risk to develop MR was 2.87 (95% CI - 2.01-4.1).
The comparison of sensitivity, specificity, PPV, NPV, positive
likelihood ratio, and negative likelihood ratio of the proposed
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elS by SEARCH equation cut-offs for the development of MS
and MR in Indian adolescents with T1D are illustrated in Table 4.

Discussion

In this multicenter study, we report 4.3% prevalence of
MS in Indian adolescents aged 10-18 years with T1D with
an additional 29.8% of study participants being at risk of
development of MS. Low HDL (23.6%) was the commonest
abnormal parameter of the MS definition. We also observed
that the IS calculated by the equation derived by the SEARCH
group was the most appropriate index to identify MS and MR
in Indian adolescents with T1D. The proposed cut-off of 5.485
had very high specificity, PPV, and NPV in identifying the risk
of the development of DD.

The reported prevalence of MS is similar to that of 4.2%
reported by Singh et al.**! from a study on nondiabetic north
Indian school-going adolescents.?? They also noted low HDL
as the most common abnormal component of MS in their study
participants (25.8%). This is much lower than the approximate
average of 23.7% reported by a meta-analysis that also
reported the prevalence of 17% from subgroup analysis from
Asia. This variation may be due to differences in diagnostic
criteria, study design, sample size, socioeconomic status, and
characteristics of the population participating in the studies.

ROC Curve

084

=4
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0.2

T T
00 02 04 06 08 10
1 - Specificity

Figure 3: ROC curve of SEARCH equation of IS for predicting metabolic
risk in subjects with T1D

Table 4: Performance of insulin sensitivity cut-off in
identifying metabolic risk and metabolic syndrome in
Indian adolescents with type-1 diabetes

Metabolic Metabolic
Syndrome (%) risk (%)
Sensitivity% 42.85 34.50
Specificity% 85.71 94.33
Positive Predictive Value % 12.00 76.00
Negative Predictive Value% 97.05 73.50
Positive Likelihood Ratio 3.00 6.08
Negative Likelihood Ratio 0.67 0.69

As the metabolic profile of Indian adolescents with T1D is
similar to non-diabetic peers, ethnicity may be an important
factor for prediction of MS in individuals.

The SEARCH for Diabetes in youth study undertook a
comprehensive evaluation of childhood diabetes wherein
they developed and validated a surrogate marker of IS
using the EHC in a subset of SEARCH participants aged
12-19 years from Colorado, USA.I'?I The participants with
diabetes in the clamp study were non-Hispanic White (70%),
Hispanic (25%), and African-American (5%). As variation
in IS is noted across ethnicities, a nationally representative
cut-off is needed for Indian adolescents with T1D owing
to high prevalence of T1D, rapid increase in new cases of
T1D per annum, and increase in childhood obesity which
may contribute to the development of MS in adolescents
with T1D.

A previous study from a single center from India proposed a
cut-off of 5.48 for IS calculated by the SEARCH equation.
There was a strong correlation between the MR categories
and subjects with low elS by SEARCH equation. The OR and
relative risk for the development of MR in subjects with T1D
with eIS lower than the cut-off was 8.8 and 2.9, respectively.
The number of subjects with low eIS by SEARCH equation
with no features suggestive of MS, i.e., false positive was
high. This may be due to higher prevalence of overweight/
obesity (25.5% vs. 15.5%) and negative correlation of HDL-c
with IS in the current study (0.166 vs. -0.161). The cut-off
of IS validated by the current study is close to the cut-off of
6.2 for adiposity and acanthosis nigricans as markers of IR
proposed by Teixeira et al.?*! on Brazilian individuals with
T1D. The cut-off derived by them was based on the quartile
method. Besides, the SEARCH equation was derived by
performing a clamp study on participants of age 1219 years,
HbAlc <12%, creatinine <114umol/L, and normal HbAlc
and haematocrit."?! In the present study, however, there were
34 subjects with HbAlc values of more than 12%, which
may have yielded high numbers of false negatives causing a
decrease in sensitivity.

Ours is the first study to assess IS indices in adolescents with
T1D from various geographical regions of India. As there is
an increase in the prevalence of obesity globally, and obesity
is a risk factor for the development of IR, the SEARCH IS
equation cut-off of 5.48 to identify IR in Indian adolescents
with T1D and thereby, the risk of DD may be useful. The main
limitation of our study is the lack of comparison of IS indices
cut-offs with the gold standard EHC technique to detect IR in
T1D. Further, we have also not collected data on the pubertal
status of study participants.

To conclude, IS calculated by the equation proposed by
the SEARCH group together with cut-offs derived in an
earlier study may be used effectively to identify the risk of
development of MS in Indian adolescents with T1D. However,
more studies with larger cohorts and longitudinal follow-up
are required to further assess its utility.
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