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Abstract

Introduction: Normal insulin sensitivity varies widely and is influenced by age, ethnicity and obesity. The hyperinsulinemic-
euglycemic clamp technique is the most scientifically sound technique for measuring insulin sensitivity and it is against this
standard that all other tests are usually compared. Insulin resistance is part of a metabolic syndrome that affects multiple
systems and whose key pathogenic element is hyperinsulinemia. Insulin resistance is compounded by a common occurrence
of obesity although insulin resistance is also present in non-obese women.

Purpose: Weight gain is the more important as it is associated with increased risk of coronary artery disease, endometrial
cancer, poly cystic ovarian disease, hypertension, and diabetes mellitus.

Materials and Methods: A total of 50 healthy women in reproductive age group of 18-34 years selected as subjects and divided
into two groups based on body mass index (BMI) normal range additional cut-off points as 18.5-22.9 (Group |) and 23-24.99
(Group Il). Quantitative insulin sensitivity check index and homeostatic model assessment were calculated based on fasting
blood sugar and fasting insulin of the subjects in both groups.

Results: There is a significant increase with P < 0.0001 in fasting insulin levels with a decrease in insulin sensitivity and increase
in insulin resistance as the BMI increases.

Conclusion: As BMI increases insulin sensitivity decreases and insulin resistance increases.
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INTRODUCTION

The WHO consensus group concluded that insulin
sensitivity of the lowest 25% of a general population can
be considered as insulin resistant. As the clamp techniques
are expensive, time-consuming and not very practical in
office setting, the fasting state homeostatic assessment
methods have been developed, which help to evaluate
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insulin resistance or insulin sensitivity in a clinical setting.
Increased waist to hip ratio compounded by increased
body mass index (BMI) is called android obesity. It is
associated with insulin resistance as it is more sensitive to
catecholamines and less sensitive to insulin and is associated
with glucose intolerance, diabetes, increased androgen
production rate, decreased testosterone-estradiol binding
globulin, increased free levels of testosterone and estradiol,
dyslipidemia hypertension and cardiovascular risk factors
and breast cancer.'”?

IR may be due to genetic or acquired causes like defect in
receptors, number of receptors or postreceptor mechanism
at various stages-abnormalities of insulin signaling pathway,
increased activity of protein tyrosine phosphatase which
can attenuate insulin signaling by internalization and
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dephosphorylation of the receptor, mutations affecting
insulin receptor numbers, splicing, trafficking, binding,
and phosphorylation.**

In skeletal muscle, GFAT carries out rate limiting step
of hexose monophosphate pathway, i.e., conversion of
fructose 6-p and glutamine to glucosamine 6-phosphate
and glutamate. By a pathway that is unclear, glucosamine
overproduction results in a disruption of the ability of
insulin to cause translocation of glucose transporter type 4
to the cell surface resulting in hyperglycemia which in turn
causes hyperinsulinemia.”"!

Hyperinsulinemia causes insulin resistance by downregulating
insulin receptors by receptor internalization and desensitizing
post-receptor pathways. Weight gain increases free fatty
acids (FFA) and triglyceride levels. Reduction in insulin-
stimulated insulin receptor substrate-1 associated PI3-kinase
may play a role in pathogenesis of insulin resistance.'

MATERIALS AND METHODS

We had selected 50 healthy women in reproductive age
group of 18-34 years as subjects from out-patient clinics in
Warangal. The subjects were divided into two groups based
on their BMI by taking into consideration of BMI normal
range additional cut-off points as18.5-22.9 (Group I) and
23-24.99 (Group II).

Each subject was informed in detail of its objectives, the
aims of the thesis protocol and the methods to be used.
Their consent was obtained in the history. Any past or
present intake of steroids is ruled out.

About 5 ml of blood sample was collected from a cubital
vein in the morning after overnight fasting between 8 am
and 9 am for the estimation of fasting blood sugar and
fasting insulin. All the information obtained was recorded
in case sheet pro forma and later analysis was done.

Flow-injection (FI) was estimated by chemiluminiscence
method which is a type of immunoassay that uses
certain compounds that emit light as they return from
the activated to the resting state. In all the cases, the
biochemical reaction leads to the formation of the
electronically excited state which on decaying to the
ground state emits photons of energy which are converted
to light energy. The emitted light energy is quantified
in three ways namely-peak light intensity, decay part
integration and total light production.

BMI was calculated after measuring height in cm and
weight in kg.
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Among the many mathematical homeostatic models
available two indices - homeostatic model assessment
(HOMA) and quantitative insulin sensitivity check index
(QUICKI) were selected, calculated, and compared
between the two groups.

QUICKI can be applied to normoglycemic and
hyperglycemic patients and is believed to be superior to
HOMA as a way of determining insulin sensitivity although
the two values correlate well. As the HOMA value decreases
QUICKI value increases.

HOMA is frequently used to assess insulin resistance.
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HOMA=

For conversion of blood sugar from mg/dl to mmol/l
following formula was used:

* SI (mmol/l) = CF X C (mg/dl)

*  When CF = 0.05551

Low HOMA values indicate high insulin sensitivity, whereas
high HOMA values indicate low insulin sensitivity (insulin
resistance).

RESULTS

The mean BMI in Groups I and II is 21.314 and 23.954,
respectively, with P < 0.0001. There is a significant increase
in BMI in Group II when compared to Group 1.

The mean fasting insulin in Groups I and II is 4.724 and
9.772, respectively. There is a significant increase in FI in
Group II when compared to Group I with P < 0.0001.

The mean value for QUICKI in Groups I and II is 0.882
and 0.64 with P < 0.0001. There is a significant increase
in Group 1l when compared to Group L.

The mean value for HOMA in Groups I and IIis and 1.954
with P < 0.0001. There is a significant decrease in Group 11
when compared to Group I (Table 1).
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Table 1: Comparison of insulin sensitivity
and resistance

Parameter (n=25) (meantSD)

Group | Group |
BMI (kg/m?) 21.348+0.732 23.954+1.954
Fasting insulin (uU/) 4.724+1.743 9.772+5.116
QUICKI 0.812+0.140 0.64+0.0746
HOMA 0.882+0.343 1.954+1.049

HOMA: Homeostatic model assessment, QUICKI: Quantitative insulin sensitivity
check index, BMI: Body mass index, SD: Standard deviation

30

BGROUPI (18.5-22.9)
EGROUPII(23-24.99)

BMI  FASTING QUICKI HOMA
INSULIN

DISCUSSION

Weight gain is an independent factor for insulin resistance,
and there is more marked dysregulation of insulin levels
and impairment of insulin sensitivity in women with more
BMI which may lead to hyperinsulinemia.

The insulin sensitivity and resistance in Group 1I in our
study probably suggest post receptor defect or genetic
factor causing more severe insulin resistance in addition
to obesity. The raised insulin levels are able to dispose the
blood sugar and maintain normal levels. These patients
become overt diabetics only when the pancreas is exhausted
or there is a coexisting defect in § cells of islets along with
insulin resistance."'¢

A normal phase of insulin resistance appears due to
obesity leading to increased serum fasting insulin levels
to maintain normal glucose disposal. Due to interplay of
genetic factors, obesity and postreceptor insulin defects
the phase of insulin resistance becomes aggravated and
persistent leading to endocrine and metabolic derangement.

“Hyperinsulinemia” by itself causes insulin resistance
by downregulating insulin receptor internalization and

desensitizing postreceptor pathways. Insulin being
antilipolytic and lipogenetic factor causes more abdominal
fat deposition, aggravating obesity.'™'®

The clinical presentation of patients with insulin resistance
depends on the ability of the pancreas to compensate
for the target tissue resistance to insulin. During the first
stages, when compensation is effective the only metabolic
abnormality is hyperinsulinemia. Later on, when § cells
fail to meet the challenge, the decreased insulin levels lead
to impaired glucose tolerance test and frank diabetes.'”?’

CONCLUSION

BMI is an independent risk factor for insulin sensitivity
and resistance that worsens the condition when imposed
on other factors. Weight gain also induces atherosclerosis
due to increased circulating FFA and triglycerides imposing
more strain on the heart to maintain circulation.

1. Evaluation of insulin sensitivity, resistance rather than
a single insulin value is a more sensitive indicator. The
concept of insulin sensitivity and resistance is relatively
easy to understand but determining precisely is more
complicated. The relationship between glucose and
insulin is quite complex and involves the interaction of
many metabolic and regulatory factors. Weight control,
diet modification like high fiber diet and low-fat diet
with an increase in monounsaturated fats, lifestyle
changes, exercise and screening with oral glucose
tolerance test are to be considered for early recognition
and intervention.

REFERENCES

1. BarRS, Muggeo M, Roth J, Kahn CR, Havrankova J, Imperato-McGinley J.
Insulin resistance, acanthosis nigricans, and normal insulin receptors in a
young woman: Evidence for a postreceptor defect. J Clin Endocrinol Metab
1978;47:620-5.

2. Mohan BS. Mathematical indices of insulin resistance and body mass index
in polycystic ovarian syndrome. J Obstet Gynaecol India 2005;55:159-62.

3. Muniyappa R, Lee S, Chen H, Quon MIJ. Current approaches for assessing
insulin sensitivity and resistance in vivo: Advantages, limitations, and
appropriate usage. Am J Physiol Endocrinol Metab 2008;294:E15-26.

4. Chang RJ, Nakamura RM, Judd HL, Kaplan SA. Insulin resistance in
nonobese patients with polycystic ovarian disease. J Clin Endocrinol Metab
1983;57:356-9.

5. GuptaN, Goel K, Shah P, Misra A. Childhood obesity in developing countries:
Epidemiology, determinants, and prevention. Endocr Rev 2012;33:48-70.

6. Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis
model assessment is more reliable than the fasting glucose/insulin ratio and
quantitative insulin sensitivity check index for assessing insulin resistance
among obese children and adolescents. Pediatrics 2005;115:¢500-3.

7. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: Insulin resistance and beta-cell
function from fasting plasma glucose and insulin concentrations in man.
Diabetologia 1985;28:412-9.

8. Jeffery AN, Metcalf BS, Hosking J, Streeter AJ, Voss LD, Wilkin TJ. Age
before stage: Insulin resistance rises before the onset of puberty: A 9-year

15 L International Journal of Scientific Study | June 2016 | Vol 4 | Issue 3 J




Paramjyothi, et al.: Quantitative Insulin Sensitivity Check Index, Homeostatic Model Assessment and BMI

longitudinal study (EarlyBird 26). Diabetes Care 2012;35:536-41.

Quantitative insulin sensitivity check index: A simple, accurate method

9. Kurtoglu S, Hatipoglu N, Mazicioglu M, Kendirici M, Keskin M, for assessing insulin sensitivity in humans. J Clin Endocrinol Metab
Kondolot M. Insulin resistance in obese children and adolescents: HOMA- 2000;85:2402-10.

IR cut-off levels in the prepubertal and pubertal periods. J Clin Res Pediatr 16.  Mcauley KA, Williams SM, Manni JI, Walker RJ, Lewis-Barned NI,
Endocrinol 2010;2:100-6. Temple LA, et al. Diagnosing insulin resistance in the general population.

10. Cibula D, Skrha J, Hill M, Fanta M, Haakova L, Vrblkova J, et al. Prediction Diabetes Care 2001;24:460-4.
of insulin sensitivity in nonobese women with polycystic ovary syndrome. 17.  LeeJM, Okumura MJ, Davis MM, Herman WH, Gurney JG. Prevalence and
J Clin Endocrinol Metab 2002;87:5821-5. determinants of insulin resistance among U.S. adolescents: A population-

11. Conway GS, Jacobs HS. Clinical implications of hyperinsulinaemia in based study. Diabetes Care 2006;29:2427-32.
women. Clin Endocrinol (Oxf) 1993;39:623-32. 18. O Rahilly S, Moller DE. Mutant insulin receptors in syndromes of insulin

12.  Foster DW. Insulin resistance — Asecret killer? N Engl J Med 1989;320:733-4. resistance. Clin Endocrinol 1992;36:121-32.

13.  Flier JS. Eleftheria Maratos-Flier obesity. Harrison’s Principles of Internal 19. Reaven GM. Banting lecture 1988. Role of insulin resistance in human
Medicine. Vol. 16. USA: The McGraw-Hill Companies; 2012. p. 426-7. disease. Diabetes 1988;37:1595-607.

14. Kahn CR, Flier JS, Bar RS, Archer JA, Gorden P, Martin MM, et al. The 20. Skrha J, Haas T, Sindelka G Prazny M, Widimsky J, Cibula D.et al.
Syndrome of insulin resistance and acanthosis nigricans. Insulin receptors Comparison of insulin action parameters from hyperinsulinaemic clamp
disorders in man. N Engl J Med 1976;294:739-43. with homeostasis model assessment and QUICKI indexes in subjects with

15. Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, ef al. different endocrine disorders.J Clin Endocrinol Metab 2004;89:135-41.

How to cite this article: Paramjyothi P, Surekha D, Lakshmi ANR. Correlation between Quantitative Insulin Sensitivity Check Index,
Homeostatic Model Assessment and Body Mass Index. Int J Sci Stud 2016;4(3):13-16.

Source of Support: Nil, Conflict of Interest: None declared.

K International Journal of Scientific Study | June 2016 | Vol 4 | Issue 3 J 16




