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Abstract

Objectives. To examine the profile of insulin resistance and secretory dysfunction and their relationship with
clinical/metabolic parameters among patients with newly diagnosed type 2 diabetes mellitus in Malaysia.

Methods. A cross-sectional study of 161 newly diagnosed type 2 diabetic subjects was performed. Fasting blood
samples were collected for glucose, insulin and biochemistry. Demographic and anthropometric data were recorded.
Homeostatic model assessment (HOMA) was used to estimate insulin resistance (IR) and beta-cell function. Control
subjects consist of 45 individuals with normal glucose tolerance.

Results. Our type 2 diabetic subjects had significantly higher HOMA-IR and lower HOMA-%B versus controls (6.4 + 5.3
vs. 2.5 + 1.5, p < 0.0001 and 93.5 + 87.8% vs. 201.0 + 118.0%, p < 0.0001). Elevated body mass index or waist
circumference, hypertension and hypertriglyceridaemia were independent predictors for insulin resistance. Low body
mass index or waist circumference, hypertriglyceridaemia and increasing age were independent predictors for beta cell
dysfunction.

Conclusions. Contrary to a predominantly insulin secretory dysfunction reported by other studies from Asia, our study of
largely overweight and obese type 2 diabetic subjects showed a predominance of insulin resistance over secretory
dysfunction. Obesity, hypertension and hypertriglyceridaemia were predictive of insulin resistance while being lean with

hypertriglyceridaemia and increasing age were predictive of beta cell dysfunction.
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Introduction

Both insulin resistance (IR) and insulin secretory
dysfunction have been implicated in the pathogenesis of
type 2 diabetes mellitus (T2DM). The relative contribution
of each varies among individuals of different ethnic or
genetic backgrounds. In the Pima Indians and Mexican
Americans, insulin resistance is believed to be the primary
defect !. In comparison, findings from several studies on
Asian type 2 diabetic subjects indicate that insulin
secretory dysfunction plays a more dominant role . This
is a pilot study on the relative contribution of insulin
secretory dysfunction and insulin resistance among a
group of type 2 diabetic individuals in Malaysia. The
clinical parameters that have been found to be associated
with resistance adiposity,
dyslipidemia, hypertension, ~microalbuminuria and
smoking #8. There is very little data on clinical parameters

insulin include regional

associated with insulin secretory dysfunction.
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The objectives of this study are to examine the profile of
insulin resistance and insulin secretory dysfunction as
well as the clinical/metabolic parameters that predict
insulin resistance and secretory dysfunction among newly
diagnosed T2DM subjects in Malaysia.

Materials and Methods

This is a dual center, comparative cross-sectional study.
All diabetic subjects were recruited from the primary care
clinics which provide universal health care at University
of Malaya Medical Centre, Kuala Lumpur and the
Hospital of University of Science, Kota Bharu. Both were
university hospitals which provide tertiary health care
service to the western and northern region of Malaysia
respectively. All patients with newly diagnosed, drug-
naive T2DM from the primary care clinics were recruited
consecutively from March to November 2008. Newly
diagnosed T2DM was defined as a diagnosis of T2DM
made within six months prior to study inclusion. The
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diagnosis of diabetes mellitus was made either by the
usual fasting or random venous plasma glucose or after
undergoing a 75g oral glucose tolerance test based on the
1998 World Health Organisation’s criteria °. Diabetic
subjects who were below 20 years of age, taking
medications that can affect glucose tolerance, diagnosed
with type 1 diabetes or pregnant were excluded. Control
subjects were recruited from healthy volunteers from the
local community. They were required to have a normal
oral glucose tolerance test without a positive family
history in a first degree relative with T2DM. Attempts
were made in order to match the controls to the diabetic
subjects in terms of gender distribution, age, ethnicity and
body weight. Informed consent was obtained according to
the protocols approved by the ethics committees of
University of Malaya Medical Centre and the Hospital of
University of Science.

A complete medical history, physical examination,
collection of anthropometric and demographic data was
performed in all diabetic and control subjects. Waist
circumference (WC) was measured at the midpoint
between the lower costal margin and the iliac crest
according to the World Health Organisation’s
recommendation. For T2DM subjects, venous blood was
obtained for fasting plasma glucose (FPG), fasting plasma
insulin (FPI), lipid profile, glycated haemoglobin (HbA1c)
and anti-glutamic acid decarboxylase (anti-GAD) after an
overnight fast of 12 hours while a freshly void midstream
spot urine sample was collected for microalbumin and
creatinine estimation. Anti-GAD was performed to screen
out any type 1 diabetic subjects who may be misclassified
as type 2 diabetes. Blood pressure was measured in sitting
position after the subjects rested for five minutes for three
consecutive readings. The systolic and diastolic blood
pressure was derived from an average of the three
readings respectively. Mean arterial pressure (MAP) was
calculated as the sum of the diastolic blood pressure and
one third of the pulse pressure. For control subjects, oral
glucose tolerance was performed with 75 g glucose after
an overnight fast. We obtained FPI along with FPG before
the glucose challenge.

Plasma glucose was measured with the hexokinase
method (Siemens Dimension RXL). The intra- and inter-
assay coefficients of variation were 0.7 and 13 %
respectively. Plasma
immunoassay (Cobas) with an intra and inter-assay
coefficients of variation of 1.5-2 % and 2.1-28 %
respectively. This assay does not have significant cross-
reactivity with proinsulin. The same assay and laboratory
was used for the measurement of plasma insulin for all the
diabetic and control subjects at the same time. The plasma
triglyceride (TG) and high-density lipoprotein (HDL)
cholesterol levels were measured with selective detergent
and glycerol kinase method (Siemens Dimension RXL)
respectively. HbAlc was performed using the high
performance liquid chromatography (Bio-rad) while anti

insulin was measured with
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GAD was performed with enzyme-linked immunosorbent
assay (Euroimmun).
creatinine was performed with
method (Roche Lobas Integra 800).

The wurine microalbumin and
immunoturbidmetry

Insulin resistance and pancreatic beta cell function was
calculated using the Homeostatic Model Assessment
(HOMA) proposed by Matthews et al (9. The formulas
are:

Insulin resistance, HOMA-IR = FPI (uU/ml) x FPG
(mmol/L) /22.5
Beta cell function, HOMA-%B = 20 x FPI (uU/ml) / [FPG
(mmol/L) - 3.5]

Statistical Analysis

Numerical values were expressed as means + standard
deviations. Statistical analysis was conducted using the
Statistical Package for Social Science (SPSS) version 15.
Group means were compared using Student’s t-test or
Analysis of Variance (ANOVA) where appropriate
followed by post-hoc analysis (Tamhane’s or Scheffe’s).
Homogeneity of variances was assessed using the
Levene’s test. Where the variances were homogenous,
Scheffe’s post-hoc test was used while Tamhane’s test was
used when the variances were not homogenous. Pearson’s
chi-square test was used to test categorical variables
between diabetic subjects and controls. Correlation
coefficients (r) between HOMA-IR and HOMA-%B with
various parameters calculated using
Pearson’s correlation. Several stepwise multiple regression
analyses that included HOMA-IR, HOMA-%B, age,
gender, ethnicity, MAP, body mass index (BMI) or WC,
smoking status, urine microalbumin, plasma TG and HDL
cholesterol were performed to examine the relative
contribution of HOMA-IR and HOMA-%B towards
HbAlc, ie. glycaemic intolerance. Several regression
models that included age, gender, ethnicity, BMI, WC,
plasma TG and HDL cholesterol, MAP,
microalbumin and smoking status were also performed to
examine the independent relationship between the various
clinical or metabolic predictor variables with HOMA-IR
and HOMA-%B. To provide a measure of the independent
effect of each variable in the model, we report the percent
change in R? (i.e. the difference between the R? from

clinical were

urine

models with and without the variable of interest, divided
by the R? from the model with the variable). As BMI and
WC were highly correlated (r=0.846), they were included
in separate models. A p value of < 0.05 was considered
statistically significant.

Results

A total of 161 diabetic subjects aged 25-81 years were
recruited, 60.9 % being Malay, 19.9 % Chinese, 18.6 %
Indian and 0.6% others. Majority (74.5%) of the diabetic
subjects were diagnosed via routine screening when they
visited the primary care clinics for other conditions
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associated ~with diabetes, e.g. hypertension and
dyslipidaemia, and they were diagnosed by two FPG of >
7 mmol/L (41%) or by oral glucose tolerance test (33.5%)
when the FPG is impaired as defined by > 5.6 mmol/L.
Only 255% of the diabetic subjects presented with
symptomatic hyperglycaemia with a random plasma
glucose of > 11.1 mmol/L upon diagnosis. Of note is that
the majority of the diabetic subjects were
overweight/obese with a mean BMI of 28.6 + 5.5 kg/m2
More than half, 85 (52.8 %) of them were obese (BMI >
27.5) while 59 (36.6 %) were overweight (BMI 23-27.5) as
defined by the National Clinical Practice Guidelines on
Management of Obesity of Malaysia V. Using the Asian
cut off point of 90 cm for male and 80 cm for female for
central obesity, 121 (75.2 %) of the diabetic subjects were
centrally obese (2. A total of 93 subjects (57.8 %) had
positive family history of T2DM in first-degree relatives
and 99 (61.5 %) were hypertensive (defined by a blood
pressure of > 130 mmHg systolic and or > 85 mmHg
diastolic or were on antihypertensive medications).
Dyslipidaemia, defined as fasting serum triglyceride (TG)
> 1.7 mmol/L or high-density lipoprotein (HDL)
cholesterol < 1.04 mmol/L in male and 1.30 mmol/L in
female was present in 100 (62.1 %) of the diabetic subjects.
A total of 45 control subjects aged 25-72 years old were
also recruited concurrently from healthy volunteers. Of
these, 24 (53.3%) were overweight while 14 (31.1%) were
obese. The baseline characteristics of the diabetic and
control subjects are summarized in Table 1.

Table 1. Baseline characteristics of diabetic and control

subjects
Parameters Diabetic Subjects Control Subjects
N (Male / Female) 161 (*70/91) 45 (271 18)
Age (years) *52.2+11.8 44.3 +10.2
BMI (kg/m?) *28.6+5.5 26.0 + 3.1
WC (cm): *955+10.9/*93.2+11.8 89.0+8.8/83.3+9.3

Male / Female

*p < 0.05 vs. control

Data is expressed as absolute values or means + standard deviation.
Statistical Analysis: Student’s t-test

BMI, Body Mass Index; WC, Waist Circumference

Table 2 shows the comparison of HOMA-IR, HOMA-%B
and other metabolic parameters between the diabetic and
control subjects. As expected, the newly diagnosed
diabetic subjects had significantly more severe insulin
resistance as well as beta cell dysfunction compared to the
controls, even after adjustment for difference in age,
gender, BMI and WC. HOMA-IR increased 2.6 times while
HOMA-%B was reduced by 53.5% among the diabetic
subjects compared to the controls. There was a wide
variation of insulin resistance as well as beta-cell function
among the newly diagnosed diabetic subjects. HOMA-IR
ranged from 0.87 to 28.56 while HOMA-%B ranged from
3.2 to 568.0. In the regression model for HbAlc in the
newly diagnosed diabetic subjects, there was a
predominance of contribution of insulin
towards glycaemic intolerance or HbAlc over beta cell
dysfunction as indicated by a higher percent change in R?
values for HOMA-IR (46.3 %) versus HOMA-%B (30.4 %)
(Table 3).

resistance
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Figure 1 Relationship between a) HOMA-IR and b)
HOMA-%B and obesity among newly diagnosed diabetic
subjects.

a) HOMA-IR (with the extreme outlier in the normal weight
group excluded)

b) HOMA-%B

e Upper and lower borders of the box indicate the
1% and 3" quartile values while the line in the
middle indicates median. The unfilled circles are
suspected outliers (> 1.5 x IQR above the 3¢
quartile) while the * were outliers (> 3 x IQR
above the 3 quartile).

e  Statistical Analysis: ANOVA

e BMI, Body Mass Index; IQR, Interquartile range

A significant relationship was found between HOMA-IR
and HOMA-%B with obesity among the diabetic subjects
as shown in Figure 1. The obese diabetic subjects were
significantly more insulin resistant than the overweight
diabetic subjects. The differences between the obese or
overweight versus the normal weight diabetic subjects
were statistically significant when an extreme outlier in
the normal weight group was excluded (Figure 1a). This
particular individual presented with a FPG of 20 mmol/L
with HOMA-IR of 28.56 and HOMA-%B of only 37.28%.
This individual was probably a case of late diagnosis of
advanced T2DM or latent autoimmune diabetes. Beta cell
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Table 2. Comparison of indices of glucose homeostasis and metabolic parameters of diabetic subjects versus control subjects.

Parameters Diabetic Subjects Control Subjects P value
FPI (uU/ml) 16.6 + 10.5 11.7+6.5 0.0034
HOMA-IR 6.4+53 25+15 *< 0.0001
HOMA-%B 93.5+87.8 201.0 + 118.0 *< 0.0001
FPG (mmol/L) 8.6+3.5 48+0.5 *< 0.0001
HbA1c (%) 8.1+22 ND /
Urine Microalbumin Creatinine Ratio (mg/g) : Male / Female 32.09 +45.4/35.53 + 53.2 ND /

*Adjusted for age, gender, body mass index and waist circumference
Data is expressed as means + standard deviation

Statistical Analysis: Student’s t-test

FPI, Fasting Plasma Insulin; FPG, Fasting Plasma Glucose; ND, Not done

Table 3. Regression model for HbA1c of the diabetic subjects (model r* = 0.482, constant = 8.646 + 2.376).
Significant predictive variables % change in R’ b coefficient + S.E. F test p value
HOMA-IR 46.9 0.214 + 0.027 < 0.0005
HOMA-%B 30.9 -0.008 < 0.0005
Data is expressed as absolute values or means + standard error.
Statistical Analysis: Step-wise multiple regression; % change in R? is the difference between the R? from models with and without the variable of interest,
divided by the R? from the model with the variable.
S.E. standard error
Variables included in the models: HOMA-IR, HOMA-%B, age, gender, ethnicity, mean arterial blood pressure, body mass index or waist circumference,
smoking status, urine microalbumin creatinine ratio, plasma triglyceride and high density lipoprotein cholesterol

Table 4. Summary of regression models for HOMA-IR of the diabetic subjects.
Significant predictive variables % change in R b coefficient + S.E.
a) Model 1 (Model R?= 0.186, Constant = -13.733 + 3.665)

F test p value

BMI (kg/m?) 425 0.315 +0.070 <0.0005

MAP (mmHg) 20.4 0.097 +0.034 0.004

TG (mmoliL) 15.1 1.044 +0.415 0.013
b) Model 2 (Model R?= 0.179, Constant = -17.631 + 4.193)

% WC 40.2 0.112 +0.026 <0.0005

MAP (mmHg) 23.5 0.101 +0.034 0.003

TG (mmoliL) 15.1 1.031 +0.417 0.014

Data is expressed as absolute values or means + standard error.

Statistical Analysis: Step-wise multiple regression; % change in R is the difference between the R? from models with and without the variable of interest,
divided by the R? from the model with the variable.

S.E. standard error; BMI, Body Mass Index; MAP, Mean Arterial Blood Pressure; TG, Plasma Triglyceride; % WC, Percentage of waist circumference
from normal reference (90 cm for male, 80 cm for female)

Variables included in the models: age, gender, ethnicity, BMI or WC, TG and high density lipoproptein cholesterol, MAP, urine microalbumin creatinine
ratio and smoking status

Table 5. Summary of regression models for HOMA-%B of the diabetic subjects.
Significant predictive variables % change in R’ b coefficient + S.E.
a) Model 1 (Model R*= 0.098, Constant = 117.611 + 86.646)

F test p value

BMI (kg/m?) 34.7 3.687 + 1.346 0.01

TG (mmol/L) 32.7 -12.646 0.012
b) Model 2 (Model R?= 0.099, Constant = 69.691 + 97.516)

% WC 35.4 1.392 + 0.526 0.009

TG (mmol/L) 36.4 -13.5 0.008

Age (years) 27.3 -0.792 0.019

Data is expressed as absolute values or means + standard error.

Statistical Analysis: Step-wise multiple regression; % change in R? is the difference between the R? from models with and without the variable of interest,
divided by the R? from the model with the variable.

S.E. standard error; BMI, Body Mass Index; TG, Plasma Triglyceride; % WC, Percentage of waist circumference from normal reference (90 cm for male,
80 cm for female)

Variables included in the models: age, gender, ethnicity, BMI or WC, TG and high density lipoproptein cholesterol, MAP, urine microalbumin creatinine
ratio and smoking status

dysfunction was significantly more pronounced among
the normal weight compared to the overweight or obese
diabetic subjects. No significant difference in beta cell
function was demonstrated between the overweight and
obese group (Figure 1b). These relationships were also
demonstrated by the significant correlations between
HOMA-IR and HOMA-%B with BMI (r = 0.351, p < 0.005
for HOMA-IR; r = 0.266, p = 0.001 for HOMA-%B).

Multivariate analysis conducted to look for independent
clinical predictors of HOMA-IR and HOMA-%B among
our newly diagnosed T2DM subjects revealed that a raised
BMI, WC, MAP and TG were independent risk factors for
insulin resistance while a raised TG, a low BMI or WC and
increasing age were independent risk factors for beta cell

www.asean-endocrinejournal.org

dysfunction (Table 4 and 5). All the non-anthropometric
parameters were significant in both models that include
BMI and WC respectively (Model 1 and 2) except age
which was only significant in the model that included WC
for HOMA-%B.

The percent change in R? for both BMI and WC were very
similar for prediction of both HOMA-IR and HOMA-%B
(Table 4 and 5). This implies that neither parameter held a
significant advantage over the other in prediction of
insulin resistance or beta cell dysfunction. In the subgroup
analysis of obese and non-obese diabetic subjects, we
found that a raised BMI, WC and TG appeared to play a
more important role among the obese diabetic subjects
while MAP was only important among the non-obese
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diabetic subjects in prediction of insulin resistance.
Additionally, we also found that having a low HDL were
independent risk factors for insulin resistance among the
non-obese diabetic subjects (data not shown).

Discussion
Profile of Insulin Resistance and Secretory Dysfunction

The mean HOMA-IR among our newly diagnosed diabetic
subjects in this study was 6.4. This is much higher than
those reported in other studies from the Asian region, with
values ranging from 2.4-3.5 '3 & 13, Qur result is more
comparable to that of an Italian study with a reported
mean HOMA-IR of 5.9 . Similarly, the mean HOMA-%B
among our newly diagnosed diabetic subjects was 93.5 %,
which is much higher than other studies from the Asian
region, with values ranging from 32.4-34.0 % % 3. Our
Malaysian data is more comparable to the Insulin
Resistance Atherosclerosis Study cohorts in United States
of America which reported a mean HOMA-%B of
117.0 %.'5 Despite being part of Asia, the newly diagnosed
T2DM subjects in our study appeared to be more insulin
resistant than those from other parts of Asia. This is most
probably related to the relatively higher BMI in our study
subjects compared to that reported from other studies
from this region. The mean BMI of the diabetic subjects in
our study is 28.6 kg/m?, which is comparable to the mean
BMI of diabetic subjects reported in the Western countries
(28.8-29.6 kg/m?) but is significantly higher than those
reported in other studies in the Asian region (21.8-25.5
kg/mZ) 2,3,13-17,

All of our diabetic subjects were recruited from urban
areas. Urbanisation results in transition from a traditional
to a westernised lifestyle characterised by a high fat diet
and lack of physical activity. According to the theory of a
‘thrifty genotype,” Asians exposed to a Western lifestyle
are more predisposed to insulin resistance due to their
increased ability to store fat, i.e. they are ‘metabolically
obese.” 21618 Although a wide range of insulin resistance
and insulin secretory dysfunction was found among our
diabetic subjects, insulin resistance contributes more than
beta cell dysfunction towards the severity of glycaemic
intolerance. Our study’s findings differ from that reported
from the other studies in the Asian region that suggest
insulin secretory dysfunction is the primary defect of
T2DM among Asians 3. This is best explained by the
largely overweight or obese population of type 2 diabetes
in our study with a mean BMI of 28.6 kg/m? as opposed to
the much leaner population with a mean BMI of 21.8-25.3
kg/m? in the other studies in the Asian region. Numerous
studies have shown that obesity is strongly associated
with insulin resistance %1922,

Insulin  Resistance:
Parameters

Relationship to Clinical/Metabolic

Comparing insulin resistance across different degrees of
obesity, a direct relationship is observed between insulin
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resistance across categories of obesity, i.e. obese,
overweight and normal when the extreme outlier in the
normal weight group was excluded from the analysis.
Similar observations have been reported in previous

studies 51921,

We found that both overall and central obesity as
measured by BMI and WC were equally predictive of
insulin resistance among our newly diagnosed diabetic
subjects as indicated by their similar values in percent
change in R2 Similar findings were noted in Molist-
Brunet’s and Farin’s study?*?*. BMI has been demonstrated
to be an important correlate of subcutaneous fat while
WC, an important correlate for visceral fat 2> 2°. Taniguchi
and Wagenknect et al found that both subcutaneous and
visceral fat to be predictive of insulin resistance 57 7.
However, there seems to be ethnic differences in the
relationship of regional adiposity with insulin resistance.
Abate et al found that subcutaneous fat but not intra or
retroperitoneal fat was associated with insulin resistance
in non-Hispanic whites with T2DM *°. Banerji and Gautier
et al demonstrated a strong relationship between insulin
sensitivity with visceral but not general adiposity in the
black and French populations respectively 2 21, On the
other hand, Kelley et al observed an independent
association of insulin resistance with deep subcutaneous
abdominal fat over and above that of visceral fat but
subcutaneous abdominal

not superficial fat among

Americans 8.

For our non-obese diabetic subjects, neither BMI nor WC
had an independent effect on insulin resistance. Taniguchi
et al also found an absence of predictive effect of BMI on
insulin resistance among the non-obese diabetic patients in
Japan. It was felt that hypertriglyceridemia was more
important in that study > °. However, a raised blood
pressure and low HDL seemed to be the more important
predictors of insulin resistance among our non-obese
diabetic subjects. Our results concur with that of Laakso et
al who demonstrated a significant relationship between
hypertension and insulin resistance in lean but not obese
type 2 diabetic subjects 2.

In the multivariate analysis, WC did not seem to confer
any obvious superiority over BMI in prediction of insulin
resistance as postulated for Asians with T2DM who are
generally centrally obese with relatively lower BMI 162 30,
This is probably because of the relatively high proportion
of obese diabetic subjects in our study. Only 24.8% of our
diabetic  subjects had BMI below 25 kg/m?2
Hypertriglyceridaemia was found to be a significant
predictor for both insulin resistance and beta cell
dysfunction among our diabetic subjects. This is consistent
with the finding that serum TG as a predictor of
progression in glucose intolerance in a longitudinal study
done in Malaysia 3!. Hypertriglyceridaemia was also found
to be associated with insulin resistance in a few other
studies 57 32 The other clinical parameters that had been
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associated with insulin resistance in previous studies
include HDL cholesterol, microalbuminuria and
smoking. A significant relationship between urine
microalbuminuria and insulin
reproduced in our study. HDL was only significant as a
predictor of insulin resistance among the non-obese
diabetic subjects. Although blood pressure was one of the
independent predictors of insulin resistance, its correlation
was weaker than expected. The associations of all these
parameters with probably
confounded by the fact that more than half of our diabetic
subjects were already on lipid lowering or anti-
hypertensive therapy including angiotensin converting
enzyme inhibitors or angiotensin receptor blockers at the
time of the study.

resistance was not

insulin resistance were

Insulin  Secretory  Dysfunction:
Clinical/Metabolic Parameters

Relationship  to

The relationship between beta cell dysfunction and obesity
is less straightforward. BMI seemed to play a more
prominent role only among the diabetic subjects with
normal weight. Once a diabetic subject became overweight
or obese, there was no difference in the degree of beta cell
dysfunction. As a result, the bivariate analysis between
BMI with HOMA-IR and HOMA-%B revealed a weaker
correlation for the latter as only 10.4% of our diabetic
subjects were of normal weight. In the multivariate
analysis, a raised plasma TG, a low BMI or WC and
increasing age were independent predictors of beta cell
dysfunction. Age was only significant in the model that
included WC but not in the model that included BMI. This
is probably due to a significant interaction between BMI
and age. When the regression model was adjusted for
BMI, the effect of age on beta cell function became
insignificant. There have been no published studies so far
that examines the relationship of various clinical
parameters with beta cell dysfunction in diabetic subjects.
The mechanisms underlying the relationship between
adiposity and insulin secretion are unclear and are further
complicated by the effect of co-existing insulin resistance
on beta cell function. Increased peripheral insulin levels
with development of insulin resistance associated with
obesity could be falsely interpreted as increased insulin
secretion. BMI did not confer any obvious supremacy over
WC in predicting beta cell dysfunction among our diabetic
subjects. This can be explained by the relative inaccuracy
of anthropometric indices in distinguishing subcutaneous
from visceral abdominal fat compared to computed
tomography, the modalities used by Wagenknect et al .
The direct effect of lipotoxicity
hypertryglyceridaemia on beta cell function may explain
the direct relationship between TG and beta cell
dysfunction.

associated with

Study Limitations

There were a few limitations in our study. All the subjects
were recruited from two government tertiary health

www.asean-endocrinejournal.org

Insulin Resistance is the Predominant Pathophysiologic Feature of Hyperglycaemia

institutions in Kuala Lumpur and Kota Bharu located in
urban areas which provide subsidised health care service
to the people with limited access to private health care.
This limits the generalisability of our findings to the
general population in Malaysia. The small sample size also
does not allow subgroup analysis especially on the effects
on ethnicity. The control subjects selected were slightly
younger and less obese than the diabetic counterparts
despite attempts made to have these parameters matched
during recruitment. Nevertheless, the differences in all
parameters compared between the diabetic and control
group remained significant after adjustment for age,
gender, BMI and WC. We chose the HOMA method
proposed by Matthew et al in assessing insulin resistance
and beta cell function?. Although it is an indirect
measurement, it provides an estimation that correlates
well with the glucose clamp in subjects with varying
degree of glucose tolerance’?. It measures the basal rather
than the stimulated state and has the tendency of
overestimation of beta cell function’>®. The HOMA-%B
values must therefore be interpreted together with the
concurrent HOMA-IR. It is technically simple and
inexpensive, favouring its use in an epidemiological
setting. We did not assess the visceral or subcutaneous
abdominal fat directly but used WC and BMI as surrogate
measures. BMI and WC are imperfect measures of regional
distribution of adiposity, a major determinant of insulin
resistance as they do not distinguish visceral from
subcutaneous adiposity®. A high correlation of 0.85 was
found between BMI and WC in our study. This implies
that there might be a significant overlap in the type of fat
measured by these two surrogates. Previous studies
demonstrated that BMI was positively correlated with
both fat>”.  BMI also
compounds body fat with muscle and skeletal mass
making it an imprecise surrogate for overall obesity®*. A
larger sample size with more representation from the rural
areas, different ethnic groups as well as a wider range of
BMI would also be ideal to generate adequate statistical
power to detect differences between subgroups.

subcutaneous and visceral

Conclusions

The prevalence of diabetes mellitus in Malaysia has
increased drastically over the past two decades from 6.3 %
in 1986 to 8.2 % in 1996 and 14.9 % in 2006 5. Our T2DM
subjects recruited from two university hospitals in
Malaysia who are largely overweight or obese, behaved
more closely to T2DM individuals from the West, with a
predominance of secretory
dysfunction rather than a primarily insulin secretory
defect contrary to results from other studies from Asia,
conducted on subjects with lower BMI. The mean HOMA-
IR and HOMA-%B of our type 2 diabetic subjects were
more comparable to those of the Caucasians rather than
Asian counterparts. It is important in terms of therapeutic
strategy for physicians to consider the pathophysiologic
processes determining T2DM, i.e. the relative contribution
of insulin resistance and impaired insulin secretion. Based

insulin resistance over
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on the results of our study, an obese diabetic subject with
hypertension and hypertriglyceridemia is likely to be
insulin resistant while a lean diabetic subject with raised
plasma TG and increasing age is likely to be insulin
deficient. However, co-existing insulin resistance should
be suspected if this lean diabetic subject also has
hypertension with a low HDL level. Nevertheless, these
results need to be verified in a bigger study sample of
subjects more representative of the general Malaysian
population.
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