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Insulin and Fasting Glucose Levels:

A Case Control Study

ABSTRACT

Introduction: In addition to being associated with the termination
of the reproductive life in women, menopause coincides with
an increase in several co-morbidities which include insulin
resistance. An increase in the insulin resistance is associated
with an increased risk of diabetes, cardiovascular disease and
breast cancer.

Aim: To analyze the degree of insulin resistance in post
menopausal women by using skin temperature measurements
and to confirm the insulin resistance from the fasting insulin and
the fasting glucose levels.

Methods: The insulin insensitivity was assessed by using skin
temperature measurements and this was further proved by
assessing the fasting insulin and the fasting glucose levels,
and by incorporating the values for the Homeostatic model
assessment (HOMA) and the Quantitative insulin sensitivity
check index (QUICKI).

Statistical Analysis: This was a case control study and the
association was found by applying Fischer’s exact test and the
P value was estimated. The statistical significance was set at
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p < 0.05. Student’s t test was applied to determine the significant
difference in the skin temperature measurements.

Results: By using the HOMA index, only 15 subjects out of the 25
post menopausal women were identified to be insulin resistant.
11 of them were also identified by QUICKI. No premenopausal
woman from the recruited population showed insulin resistance
with the HOMA and the QUICKI indices. The skin temperature
measurements showed significant correlations with the HOMA
and the QUICKI indices. There was a significant decrease (p value
< 0.0001) in the skin temperature in the postmenopausal women
as compared to that in the premenopausal women. The mean
+ SD was found to be 0.3834 + 0.1666 in the premenopausal
women, and it was 2.192 + 3.943 in the postmenopausal
women.

Conclusion: This study suggests a linear correlation between
the skin temperature measurements and the insulin resistance.
An increased prevalence of insulin resistance was seen in the
postmenopausal women as compared to the premenopausal
women.
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INTRODUCTION

Insulin Resistance (IR) is defined as a subnormal response to
both endogenous and exogenous insulin [1]. It is characterized
by a decreasing sensitivity of the target tissues to the action of
insulin, by elevated blood glucose concentrations, and by the
increased hepatic production of atherogenic lipids [2,3]. In addition
to being associated with the termination of the reproductive life
in women, menopause coincides with an increase in several co-
morbidities, which include insulin resistance. The accumulation
of the central abdominal fat in women at this time is associated
with a decline in the production of a protein which is called
adiponectin. Adiponectin, which is produced by fat, is important
for the metabolism of glucose and fatty acids. In short, it makes
the cells in the body, particularly the muscle and liver cells, more
sensitive to the actions of insulin. Low serum adiponectin levels
are associated with a condition which is called insulin resistance
and the metabolic syndrome, such that the decline in adiponectin
with the intra-abdominal weight gain at menopause is believed to
play an important role in the development of insulin resistance after

menopause [4]. In postmenopausal women, an increase in the
insulin resistance is associated with an increased risk of diabetes,
cardiovascular diseases and breast cancer [5]. There is a strong
epidemiological evidence that the insulin resistance confers a
significantly increased risk of cardiovascular disease which is
independent of other cardiovascular risk factors [6]. Normally,
insulin increases the Nitric Oxide (NO) synthesis at the site of the
endothelium of the microcirculation and it causes vasodilatation
in the skeletal muscle of healthy individuals [7]. NO is capable of
attenuating a sympathetically induced cutaneous vasoconstriction
[8]. The insulin resistance in postmenopausal women causes a
decreased nitric oxide synthesis at the endothelium, favouring a
sympathetically induced cutaneous vasoconstriction that leads to
lowering of the skin temperature. Also, earlier studies which were
based on the autonomic changes before and after oophorectomies
in premenopausal women, have shown that oestrogen has a role
in increasing the vagal action and in reducing the sympathetic
action [9]. Therefore, the decreased values of the skin temperature
measurements in postmenopausal women could indicate an
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increased sympathetic activity and a decreased insulin sensitivity. To
reinforce the presence of the insulin insensitivity in the study group
of postmenopausal women, the values of the fasting insulin and the
fasting glucose levels were incorporated for the Homeostatic Model
Assessment (HOMA) and the Quantitative Insulin Sensitivity Check
Index (QUICKI). Although a HOMA score of 1.0 is the ideal one,
the study of Bonora et al., [10] found a mean HOMA IR score of
2.06+ 0.14 in the normal non diabetic population. In the absence
of a local reference data for the HOMA IR score, we may assume a
value of greater than 2.0 to represent the insulin resistance. For the
Quantitative Insulin Sensitivity Check Index (QUICKI), a score of <0.35
(equivalent to HOMA >1.8) was used as an indicator of the IR.

AIM

To correlate the skin temperature measurements with the increased
insulin resistance in post menopausal women and to confirm the
results with the HOMA and the QUICKI indices.

MATERIALS AND METHODS

This study was conducted in the Dept of Physiology, PSGIMS &
R after getting a clearance from the institute’s ethics committee
and after getting an informed consent from the study participants.
25 premenopausal and 25 postmenopausal women participated
in this studly.

Inclusion Criteria

1. Postmenarchal, premenopausal women of ages, 12-45 years,
who were in the follicular phase of the menstrual cycle, who
did not have any personal or family history of diabetes and
hypertension.

2. Postmenarchal, premenopausal women without any menstrual
irregularities.

3. Post menopausal women.

4. No women were to take confounding medications which were
known to affect the sex steroids or the insulin action.

5. No women were to be on any medications which affected the
lipid or the carbohydrate metabolisms.

Exclusion Criteria

1. Premenarchal women.

2. Control women who had any personal or family history of
diabetes or hypertension.

3. Control women with menstrual irregularities.

4. Women who took confounding medications which were
known to affect the sex steroids or the insulin action.

5. Women who were on any medications which affected the lipid
or the carbohydrate metabolisms.

Analysis of the Skin Temperature

The skin temperature was assessed by using the Student Physio-
graph, with the help of a temperature coupler and a transducer.
Initially, the transducer was allowed to stabilize to the room
settings for about 20 min, by connecting it to the coupler. After
its stabilization, the transducer was allowed to record the room
temperature that was monitored by a thermometer. A graph was
prepared with the lower baseline of the chart which was set as room
temperature and the higher temperature baseline was obtained
by immersing the transducer in boiling water. The calibration was
done and the skin electrodes were placed on the subject to record
the skin temperature, which was determined from the graph which
was obtained.
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Homeostatic model assessment (HOMA) [11,12]
HOMA has been widely employed in the clinical research to assess
the insulin sensitivity. Rather than using fasting insulin or a G/l ratio,
the products of the fasting values of glucose (expressed as mg/dL)
and insulin (expressed as pU/mL) are divided by a constant:

10 x GO
405

Quantitative Insulin Sensitivity Check Index

(QUICKI) [12, 13]

Like HOMA, QUICKI can be applied to the normoglycaemic and the
hyperglycaemic patients. It is derived by calculating the inverse of
the sum of the logarithmically expressed values of fasting glucose
and insulin:

1
[log (I0) + log (GO)]

Statistical Analysis

The results were subjected to the appropriate statistic analyses
and the significance was noted. This was a case control study and
the association was found by applying Fischer’s exact test and the
P value was estimated. The statistical significance was set at p <
0.05. The Student’s t test was applied to determine the significant
differences in the skin temperature measurements.

RESULTS

Both the HOMA index and the QUICK index were calculated and
they were used to identify the likely IR individuals in the recruited
population. By using the HOMA index and a cutoff point of > 2, only
15 subjects out of 25 post menopausal women were identified to
be insulin resistant. Eleven of them were also identified by QUICKI,
at a cutoff point < 0.357 [Table/Fig-1]. No premenopausal woman
from the recruited population showed insulin resistance with the
HOMA and the QUICKI indices [Table/Fig-2]. The skin temperature
measurements showed a significant correlation with the HOMA and
the QUICKI indices. There was a significant decrease (p value <
0.0001) in the skin temperature in the postmenopausal women as
compared to that in the premenopausal women [Table/Fig-3]. The

Parameter P value
HOMA index < 0.0001**
QIUCKI index 0.0005*

[Table/Fig-1]: Contingency table results for HOMA & QUICKI indices
between premenopausal & postmenopausal women using Fischer’s

exact test
** Highly Significant

Group R value P value
Skin temperature & HOMA | Premenopausal | -0.811 0.001**

Postmenopausal | -0.837 0.001**
Skin temperature & QUICKI | Premenopausal | 0.795 0.002**

Postmenopausal | 0.848 0.003*

[Table/Fig-2]: Correlation coefficient between skin temperature measure-
ments & HOMA and QUICKI indices
** Highly Significant

Skin temperature measurements showed significant correlation
with HOMA and QUICKI indices. Mean + SD was found to be
0.3834 + 0.1666 in premenopausal women, and 2.192 + 3.943 in
postmenopausal women.
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* Premenopausal

* Postmenopausal

Skin Temperature

[Table/Fig-3]: There was a significant decrease (p value < 0.0001)
in skin temperature in postmenopausal women when compared to
premenopausal women

mean + SD was found to be 0.3834 + 0.1666 in the premenopausal
women, and to be 2.192 + 3.943 in the postmenopausal women.

DISCUSSION

The results which were obtained in this study showed a significant
decrease in the skin temperature in the postmenopausal
women as compared to that in the premenopausal women.
This can be attributed to the increased insulin resistance in the
postmenopausal women, which was suggested by the HOMA
and the QUICKI indices. The low serum adiponectin levels are
associated with a condition which is called insulin resistance and
the metabolic syndrome, such that the decline in adiponectin
with the intra-abdominal weight gain at menopause is believed
to have an important role in the development of insulin resistance
after menopause [4]. Menopause accentuates the storage of the
excess abdominal fat and it may augment the development of the
hepatic insulin resistance [14], whereas the diminished adiponectin
levels which are linked to the increased adipose tissue [15] may
be associated with the onset of both a hepatic and a peripheral
insulin resistance [16]. Normally, insulin increases the nitric oxide
synthesis at the site of the endothelium of the microcirculation and
it causes vasodilation in the skeletal muscle of healthy individuals.
But the insulin resistant subjects are characterized by endothelial
dysfunction and endothelial resistance to insulin effect on
enhancement of endothelium dependent vasodilatation [17]. NO
alters the noradrenaline-induced cutaneous vasoconstriction at the
postsynaptic level [18]. Moreover, the individuals who are relatively
insensitive to the insulin-mediated glucose uptake also appear to
have a corresponding decrease in the basal endothelial nitric oxide
production [19]. Insulin resistance also produces a condition of
hyperinsulinaemia. Hyperinsulinaemia has been associated with
increased circulating levels of endothelin-1 [20]. Hyperinsulinaemia
may affect the vascular functions through the activation of the
systemic mechanisms [21] and by the increased endothelin activity
[22]. These different effectors may ultimately impair the endothelium
dependent dilation by reducing the vascular NO activity, possibly by
increasing the oxidative stress [23]. Therefore, either a decrease in
the NO production or a decreased activity of NO in the endothelium
of the microcirculation causes a sympathetic vasoconstriction,
which could explain the lowering of the skin temperature in the
postmenopausal women with insulin resistance.

CONCLUSION

This study suggests a linear correlation between the skin tempe-
rature measurements and the insulin resistance. An increased
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prevalence of insulin resistance was seen in postmenopausal
women as compared to that in premenopausal women. The insulin
resistance was determined using the HOMA and the QUICKI
indices. The increased insulin resistance correlated with the de-
creased skin temperature, which supported the primary aim of this
study. There was a significant decrease in the skin temperature in
postmenopausal women as compared to that in premenopausal
women. Hence, the skin temperature could be considered as a
parameter which suggests the insulin resistance.
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LIMITATIONS OF THE STUDY

One of the most important limitations of this study was the small
sample size, since it was a short term ICMR project. A much larger
group would have helped in a better interpretation of the results. A
much larger longitudinal study is required to refine the results.
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