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ABSTRACT
Background: Obesity increase the risk for type 2 diabetes through induction of insulin resistance. Diagnosis 

of diabetes were based on blood glucose level. However, insulin resistance may had happened far before diagnosis 
itself. This study aimed to compare fasting insulin level, insulin resistance, and blood glucose pattern during oral 
glucose load in healthy obese and non-obese subject. Methods: This semi-experimental study was conducted at 
Department of Internal Medicine, Sanglah Hospital, Denpasar. Sixteen subjects in each obese and non-obese 
group were matched by age and sex. Obesity was defined based on body mass index (BMI) of ≥25kg/m2 and waist 
circumference (WC) ≥80cm (female) or ≥90cm (male). The non-obese group was defined by BMI of 18-25kg/m2 
and WC <80cm (female) or <90cm (male). Fasting insulin level and blood glucose was measured at minute 0, 15, 
30, 45, 60, 75, 90, 120 after glucose load of 75 grams. Insulin resistance was calculated based on homeostasis 
model assessment of insulin resistance (HOMA-IR) with the following formula: HOMA-IR = (FPI×FPG)/22.5. 
Normal glucose tolerance (NGT) and impaired glucose tolerance (IGT) subject was defined by American Diabetes 
Association (ADA) criteria. Results: Fasting insulin level in obese subjects was higher than non-obese subjects 
with median 12.75 (range 3.70 – 41.30) vs 3.80 (1.80 – 36.80) µU/mL, p=0.041. HOMA IR was also higher in 
obese subjects compared to non-obese subjects: 2.45 (0.70 – 8.00) vs 0.80 (0.40 – 8.50), p=0.001. Fasting insulin 
level was correlated with BMI (r=0.559, p=0.001) and WC (r=0.633, p<0.001). A significant correlation was also 
detected between HOMA IR with BMI (r=0.528, p=0.002) and WC (r=0.600, p<0.001). Blood glucose pattern 
in four groups: obese IGT, obese NGT, non-obese IGT, and non-obese NGT, were typically similar, in particular 
two peaks of blood glucose. The first peak was the highest blood glucose, shown in minute 45 in both obese and 
non-obese subjects. The second peak was lower than the first peak, found in minute 75 among NGT and minute 90 
among IGT subject. Blood glucose level for each measurement point was consistently higher in obese than non-
obese subjects. Conclusion: Fasting insulin level and HOMA-IR were higher in obese than in non-obese subjects. 
BMI and WC were significantly correlated with fasting insulin level and HOMA IR, so that high BMI and WC can 
be an earlier clinical sign of insulin resistance and prediabetes. Pattern of blood glucose level after oral glucose 
load were similar with two peaks, and blood glucose consistently higher in obese compared to non-obese subjects. 
The highest peak of blood glucose, shown in minute 45 in both obese and non-obese subjects. 
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INTRODUCTION
Prevalence of diabetes is markedly increasing, 

along with increasing prevalence of obesity. 
According to the IDF Atlas 10th edition 2021, 
the number of people with diabetes in Indonesia 
is 19.6 million, placing at the 5th rank of Top 
10 countries or territories for number of adults 
(20–79 years) with diabetes in 2021 and 2045, 
rising from 7th rank in 2019.1,2 The increasing 
rank is predictable since Indonesia was at 3rd rank 
of top 10 countries or territories for the number 
of adults (20–79 years) with impaired glucose 
tolerance (IGT) in 2019.

In order to avoid burden of diabetes and its 
complications, preventing diabetes is important. 
Early detection and early management of 
prediabetes is the key strategy to prevent diabetes. 
Study on 3234 nondiabetic persons aged 25 or 
more with elevated fasting and post-load plasma 
glucose concentrations revealed that a lifestyle-
modification program with the goals of at least a 
7 percent weight loss and at least 150 minutes of 
physical activity per week in Diabetes Prevention 
Program, reduced the incidence of diabetes by 
58 percent after followed for an average of 2.8 
years.3 Similar study on long term effect of 
lifestyle interventions to prevent diabetes in 
the China Da Qing Diabetes Prevention Study 
enrolled 577 adults with impaired glucose 
tolerance showed 51% lower incidence of 
diabetes during the active intervention period and 
a 43% lower incidence over the 20 year period.4

Obesity increased the risk for type 2 diabetes 
through induction of insulin resistance which 
is thought to precede the development of 
diabetes 10 to 15 years.5-7 The development 
of insulin resistance typically results in a 
compensatory increase in endogenous insulin 
production, and at the time of compensatory 
insulin secretion, blood sugar may remain normal 
while hyperinsulinemia as a consequences of 
insulin resistance affect the metabolism known 
as metabolic syndrome.8 Direct measurement 
of insulin resistance can be done by measuring 
insulin-mediated glucose disposal during insulin 
suppression test and the gold standard is the 
hyperinsulinemic-euglycemic glucose clamp 
technique. This test is a research technique with 
limited clinical applicability due to impractically 

and expensive. Some efforts have been tried to 
use both the fasting plasma glucose and insulin 
concentration to estimate of insulin-mediated 
glucose disposal in more practical way, and 
several indices have been proposed, including 
homeostasis model assessment insulin resistance 
(HOMA IR).9

In a study of 490 healthy nondiabetic 
volunteers, fasting plasma insulin concentration 
accounted for approximately one-third of the 
variability in insulin-mediated glucose disposal, 
and fasting plasma insulin concentration as well 
as HOMA IR was significantly correlated to the 
specific estimate of insulin action.10 These two 
approaches, measuring fasting plasma insulin 
level and calculating HOMA IR, has almost 
universally been used in large population-based 
epidemiological studies, however in clinical 
practice still relatively expensive and not widely 
available. For a clinical purpose, we need to 
define more practical surrogate marker of insulin 
resistance.

There are some difficulties in early detection 
of diabetes and prediabetes since the symptoms 
may not be obvious. The available test in 
clinical practice as per guideline are fasting 
blood glucose and blood glucose two hours 
post oral glucose load during oral glucose 
tolerance test (OGTT), which may lead particular 
high risk patient detected as normal glucose 
tolerance since the peak blood glucose could 
not be captured. This study aims to compare 
the fasting insulin level, insulin resistance, and 
blood glucose pattern during oral glucose load 
in healthy subject without history of diabetes 
divided into obese and non-obese groups. This 
study defined glucose pattern in more detail 
during OGTT and confirmed the importance 
of simple measurement of obesity in clinical 
practice to recognize insulin resistance regardless 
blood sugar level.

METHODS
This semi-experimental study was conducted 

at Department of Internal Medicine, Sanglah 
Hospital, Denpasar. A total of 32 subjects without 
history of diabetes were recruited, grouped into 
obese and non-obese groups, matched by age 
and sex. Age of subjects was between 20-50 
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years (mean age 31.46 SD 4.81 years). Obesity 
was defined based on body mass index (BMI) of 
≥25kg/m2 and waist circumference (WC) ≥80cm 
(female) or ≥90cm (male). The non-obese group 
had BMI of 18-25kg/m2 and WC <80cm (female) 
or <90cm (male).11

Subjects were instructed to fast for at least 
8 and maximum 12 hours before performing 
the procedure. Blood sample for measurement 
of fasting plasma glucose level and fasting 
insulin level were drawn in fasting state (minute 
0). Oral glucose load using 75 g anhydrous 
glucose dissolved in 250 ml water was done in 
no more than 5 minutes. During oral glucose 
tolerance test (OGTT), capillary blood glucose 
level were measured in several time points at 
minutes 0, 15, 30, 45, 60, 75, 90 and at 120 after 
glucose load. Another blood sample was drawn 
at minute 120 during OGTT for plasma glucose 
to confirm the normal glucose tolerance (NGT), 
impaired glucose tolerance (IGT), or diabetes 
categorization.

Fasting insulin level was measured by 
solid phase enzyme-labeled chemiluminescent 
immunometric assay, using Immulite® 2000 
Insulin analysis system, Cat. No. L2KIN2 
(Siemens). Fasting plasma glucose (FPG) and 
2 hours plasma glucose (2hPG) during oral 
glucose tolerance test (OGTT) were measured 
by enzymatic hexokinase method. Capillary 
blood glucose was measured using glucometer 
(Accucheck®, Roche) at minutes 0, 15, 30, 45, 
60, 75, 90, and 120 after 75-gram glucose load.

Based on FPG and 2hPG during OGTT, 
subjects were categorized as normal, prediabetes, 
or diabetes. Prediabetes are defined by impaired 
glucose tolerance (IGT) and/or impaired fasting 
glucose (IFG). IFG is defined as FPG levels 
between 100-125mg/dL, and IGT as 2-h PG 
levels between 140 and 199 mg/dL during 75-g 
OGTT. Diabetes is defined by FPG ≥126mg/dL 
or 2-h PG ≥200 mg/dL during OGTT.12 Insulin 
resistance was calculated based on homeostasis 
model assessment of insulin resistance (HOMA-
IR) with the following formula: HOMA-
IR = (FPI×FPG)/22.5.13

Data were analyzed for normality by 
Shapiro-Wilk test, and expressed descriptively 
in mean ± SD for normally distributed data or in 

median with range for not normally distributed 
data. The difference of median fasting insulin and 
HOMA IR were calculated by non-parametric 
test. Correlation between fasting insulin and 
HOMA IR with BMI and WC were measured by 
Spearman’s rho. Repeated measurement general 
linier model was applied to define the blood 
glucose pattern during OGTT. In all statistical 
analyses, values of p<0.05 were considered 
significant. 

The study approved by the Ethical 
Committee of the Faculty of Medicine Udayana 
University and Sanglah Hospital (No. 2145/
UN.14.2/KEEP/2017), and authorised by the 
Director of Sanglah Hospital (No. LB.02.01/
IXIV.2.2.1/34463/2017). All subjects were given 
information regarding this study and signed the 
informed consent. This study was conducted by 
the Declaration of Helsinki.

RESULTS
Subject recruited in this study aged between 

27-48 years old (mean 31.46 + 4.81), age and 
sex matched, each group consisted of 8 males 
and 8 females. Based on the FPG and 2-h PG 
during OGTT, 4 subjects in obese group and 
1 subject in non-obese group were categorized 
IGT, none of the subjects were categorized IFG 
or diabetes. Distribution of fasting insulin level 
and HOMA-IR were not normally distributed. 
Thus, data for these variables was presented in 
median and range (Table 1). 

Fasting insulin in obese subjects was higher 
than non-obese subjects, median 12.75 (range 
3.70 – 41.30) vs 3.80 (1.80 – 36.80) µU/mL, 
p=0.041. HOMA IR was also higher in obese 
subjects than non-obese subjects: 2.45 (0.70 – 
8.00) vs 0.80 (0.40 – 8.50), p=0.001 (Table 1). 
Fasting insulin level was correlated with BMI 
(r=0.559, p=0.001) and WC (r=0.633, p<0.001). 
A significant correlation was also detected 
between HOMA IR with BMI (r=0.528, p=0.002) 
and WC (r=0.600, p<0.001).

The pattern of increasing blood glucose 
level during OGTT was similar between obese 
and non-obese subjects. Pattern in both groups 
showed two peaks. The first peak blood glucose 
was at minute 45 (161.31 SD 25.24 mg/dL) 
follow by slightly lower at minute 60, and second 
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peak was at minute 75 (155 SD 26.23 mg/dL) 
followed by lower level of blood glucose the 
minutes after (Figure 1). Blood glucose level 
for each point of measurement was consistently 
higher in obese than non-obese subjects. Test of 
sphericity for the blood glucose is significant 
(p=0.000) so the assumption of sphericity has not 
been met, then tests of between subject effects 
was conducted using the Greenhouse-Geisser 
row which was significant (p= 0.000).

Since not all subjects were categorized NGT 
based on the FPG and 2-h PG during OGTT (4 
subjects in obese group and 1 subject in non-obese 

group were categorized IGT), the pattern of blood 
glucose during OGTT were further divided into 
four groups, obese IGT, obese NGT, non-obese 
IGT, and non-obese NGT. Generally, the blood 
glucose pattern in IGT were higher than NGT in 
all point minutes of examination, in both obese 
and non-obese groups. Blood glucose pattern in 
these 4 groups were typically similar, showing 
two peaks of blood glucose level. The first peak 
of blood sugar was in minute 45 in all groups, the 
second peak among NGT subjects was found at 
minute 75 meanwhile among IGT subjects was 
found delayed: at minute 90 (Figure 2). 

Table 1. Characteristics of the Subject.

Variable (unit)

Data distribution 
mean (SD) or median (range) 

Obese
N=16

Non obese
N=16

Total
N=32

Age (years) 31.56 (4.76) 31.37 (5.03) 31.46 (4.81)

Body height (cm) 164.40 (9.89) 163.25 (10.16) 163.82 (9.88)

Body weight (kg) 84.74 (15.94) 59.33 (10.77) 72 (18.59)

BMI (kg/m2) 31.10 (2.91) 22.15 (2.31) 26.62 (5.23)

WC (cm) 97.31 (10.38) 77.62 (6.92) 87.46 (13.24)

Fasting insuln (µU/mL) 12.75 (3.70 – 41.30) 3.80 (1.80 – 36.80) 7.25 (1.80 – 41.30)

HOMA IR 2.45 (0.70 – 8.00) 0.80 (0.40 – 8.50) 2.50 (0.40 – 8.50)

Figure 1. Blood glucose level for each minute point measurement during oral glucose tolerance 
test (OGTT) in obese and non-obese
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Based on Kruskal-Wallis test, the distribution 
of fasting insulin across NGT or IGT and obese 
or non-obese categorizations were significantly 
different (p=0.005). The median of fasting insulin 
level across these categories were significantly 
different (p=0.41) (Figure 3a).

Similar finding was found for the distribution 
of HOMA IR between NGT or IGT categories 
in both obese and non-obese groups (p=0.004). 
The median of HOMA IR across these categories 
were significantly different (p=0.001) (Table 2). 

Since there was only 1 non-obese subject with 
IGT, the median data and range has been omitted. 
Fasting insulin level in this subject was 1.90 
µU/mL and HOMA IR was 0.4.  One non-obese 
subject with NGT has outlier fasting insulin 
level (36.80 µU/mL) and HOMA IR (8.5), as 
shown on the figure (Figure 3a and 3b). Fasting 
insulin and HOMA IR were not correlated with 
blood glucose level at any of point measurement 
between minute 15 to 120.

Figure 2. Blood glucose level for each minute point measurement during OGTT in 4 groups: obese 
IGT, obese NGT, non-obese IGT, and non-obese NGT
(OGTT = oral glucose tolerance test, NGT= normal glucose tolerance, IGT=impaired glucose tolerance)

Figure 3. Median fasting insulin (a) and HOMA IR (b) in each group of obese IGT/NGT and non-obese IGT/NGT 
(NGT= normal glucose tolerance, IGT=impaired glucose tolerance)
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DISCUSSION
Obesity is a rapidly growing nutritional 

disorder characterized by excessive accumulation 
of adipose tissue. Increased body weight is 
associated with insulin resistance and type 2 
diabetes mellitus. In this study we found that 
obese subjects have higher fasting insulin level 
as well as HOMA IR, and both the fasting insulin 
level and HOMA IR were correlated significantly 
with the clinical obese parameters: BMI and WC. 
Higher fasting insulin level and HOMA IR, as 
well as positive correlation between BMI dan 
WC with HOMA IR confirmed the hypothesis 
that obese subjects were more likely to have 
insulin resistance compared with non-obese 
subjects. 

In this study, one non-obese subject with 
NGT has high level of fasting insulin (36.80 µU/
mL) and HOMA IR (8.5), as shown on the figure 
(Figure 3a and 3b). Insulin resistance is present 
in the majority of patient with impaired glucose 
tolerance (IGT) or non-insulin-dependent 
diabetes mellitus (NIDDM) and in 25% of 
nonobese with normal oral glucose tolerance.14 

Based on history, all subjects were considered 
to be healthy. However based on 2-hour plasma 
glucose during OGTT, 4 out of 16 subjects (25%) 
in obese group were identified as prediabetes 
(more specifically IGT), while in non-obese 
group only 1 subject was categorized as such 
(6.3%). This finding confirmed that obese 
subjects were more prone to be prediabetes. Blood 
glucose level for each point of measurement was 
consistently higher in obese than non-obese 
subjects. Pattern of increasing blood glucose 
level during OGTT were similar between obese 
and non-obese subjects in which they shown 2 
peaks of blood glucose level regardless of their 
categorization as NGT or IGT. The first peak 
level of blood glucose level occurred in minute 
45 during OGTT, followed by lower blood 

glucose. The second peak occurred in minute 
75 among NGT subjects and a little delayed in 
minute 90 among IGT subjects. Since the number 
of IGT subjects was low, we need further study 
to evaluate the pattern of blood glucose in IGT 
subjects and evaluate the insulin response to 
explain this finding.

Fasting and 2-hour after 75 g glucose load on 
OGTT have been used to diagnose prediabetes 
and diabetes. However, evidence indicates 
that clinically relevant pathophysiological 
information can be obtained by adding 
intermediate time-points to a standard OGTT. A 
population-based study of 3666 Asian Indians 
underwent a three-point (fasting, minute 30 and 
120) OGTT at baseline and then followed by 
another OGTT after 2 years follow up, found that 
elevated blood glucose at minute 30 after glucose 
load was associated with high risk of incident 
diabetes, even in individuals classified as NGT 
by a traditional OGTT.15 Another cohort study 
of 5861 participants without diabetes at baseline 
from the Danish Inter99 study underwent similar 
three point (fasting, minute 30 and 120) OGTT 
identified four distinct glucose patterns during 
the OGTT, and the pattern with elevated glucose 
at minute 30 was associated with increased risk of 
diabetes and all-cause mortality rate independent 
of fasting and 2 hours glucose levels.16 There 
is no data of minute 45 blood glucose in these 
particular studies. These findings alert us to 
define the highest peak of blood glucose during 
OGTT, so that we could choose the best time 
reflecting peak of blood glucose. In our study by 
doing frequent blood glucose measurement every 
15 or 30 minutes (minute 0, 15, 30, 45, 60, 75, 
90, 120) after glucose load on OGTT we found 
two peaks of the glucose pattern. Compare to 
these two studies, instead of minute 30, we found 
the first peak was at minute 45, the second peak 
was at minute 75 among NGT subject and at 

Tabel 2. Fasting Insulin and HOMA IR in Obese and Non-obese Subject.

Group
Fasting insulin ((µU/mL) HOMA IR

Median Range Median Range
Obese IGT 14.65 7.20 – 19.60 3.20 1.60 – 4.70

NGT 12.75 3.70 – 41.30 2.45 0.70 – 8.00
Non obese NGT 3.90 1.80 – 36.80 0.80 0.40 – 8.50
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minute 90 among IGT subjects. The first peak at 
minute 45 was the highest. Based on our finding, 
we conclude that considering only fasting and 2 
hours glucose levels during an OGTT may not 
revealed the actual highest level of blood sugar. 
We suggest to check blood glucose at minute 
45 during OGTT, in particular patient who are 
obese and high risk diabetes. Whether the 45 
minute blood glucose provide a better prediction 
for future diabetes need further evaluation. We 
suggest to follow the obese subject group and 
reevaluate the blood glucose and fasting insulin 
level after a period of time. The data would be 
more comprehensive and important, if we could 
prescribe interventions to prevent more severe 
insulin resistance followed by longitudinal 
evaluation whether such intervention could 
prevent prediabetes and diabetes.

CONCLUSION
Fasting insulin level and HOMA-IR were 

higher in obese than in non-obese subjects. The 
BMI and WC were significantly correlated with 
fasting insulin level and HOMA IR. Since fasting 
insulin and HOMA IR were not correlated with 
blood glucose level during OGTT, these two 
simple markers of clinical obesity (high BMI 
and WC) should be taken as an earlier predictor 
of insulin resistance and prediabetes in clinical 
practice regardless blood glucose level. 

Pattern of blood glucose level after oral 
glucose load were similar with two peaks despite 
higher fasting insulin and HOMA IR in obese 
than in non-obese subject. Even though fasting 
insulin and HOMA IR were not correlated with 
blood glucose level at any of point measurement 
during OGTT, blood glucose consistently higher 
in obese compared to non-obese subjects. The 
highest peak blood glucose, shown in minute 45 
in both obese and non-obese subjects. Based on 
this finding, we suggest to check blood glucose 
at minute 45 during OGTT in particular for obese 
and high risk diabetes patient.
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