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ABSTRACT 

Background: Pathogenesis of type 2 diabetes 
(T2DM) involves defects in β-cell function with 
impaired first and second phase insulin re-
sponse, and reduced insulin sensitivity. Diabetic 
dyslipidemia is an important and common risk 
factor for coronary heart disease (CHD). Aims: 
This study examined the effect of glycemic con-
trol on post prandial insulin and lipid parameters 
in response to a standardised meal challenge 
among Type 2 diabetes patients with good and 
poor glycemic control. Methods: We cross-sec- 
tionally studied 31 T2DM patients with good 
glycemic control and 32 T2DM patients with poor 
glycemic control. Subjects were given, after 
minimum 10 hours of fasting, a standard meal 
containing 58% fat. Fasting and serial postpran-
dial blood samples were taken over 8 hours to 
determine levels of triglyceride, direct LDL-C, 
apoB lipoprotein, non-esterified-fatty-acid, insu-
lin and blood glucose. Results: Post prandial 
NEFA was significantly higher in poor controlled 
diabetes patients compared to good control dia- 
betes patients (p = 0.019), and post-hoc analysis 
showed significant difference from 3 hours post 
prandial to 4 hours post prandial, where p= 0.021. 
Although the difference in insulin between the 2 
groups did not reach statistical significance (p 
=0.058), post-hoc analysis showed significant 
difference between the 2 groups from fasting to 
1 hour post prandial (p = 0.034) despite post-
prandial glucose being significantly higher in 
poor controlled diabetes patients (p < 0.001), 
throughout the postprandial period. Conclusion: 

T2DM patients with good glycemic control have 
improved insulin response with lower non-es- 
terified fatty acid. 
 
Keywords: Insulin Response; Non-Esterified Fatty 
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1. INTRODUCTION 

Diabetic dyslipidemia is an important risk factor for 
coronary heart disease (CHD), the leading cause for 
morbidity and mortality for diabetes patients. It is char-
acterized by high plasma triglyceride, low concentrations 
of high-density-lipoprotein (HDL), and preponderance of 
small dense low-density-lipoprotein cholesterol (LDL-C) 
[1].  

Studies have shown that the postprandial state of dia-
betes patients are amplified and prolonged compared to 
non-diabetes. The postprandial state consists of a cluster 
of metabolic abnormalities affecting glucose, lipid, and 
inflammatory markers. Postprandial hyperglycemia have 
been shown to be a powerful predictor of cardiovascular 
(cv) risk [2,3] and treatment targeting the abnormality is 
associated with almost 50% reduction in cv event [4]. As 
for postprandial lipid parameters, recent large scale pro-
spective studies have provided proof for the role of TG, 
especially postprandial or non-fasting TG, as an inde-
pendent risk factors for cardiovascular disease (CVD) 
[5,6].  

ApoB lipoprotein is the major apolipoprotein of all 
atherogenic lipoprotein and has been shown to have a 
strong predictive power for CHD events, with exagger-
ated post prandial response seen in T2DM patient [7]. 
With regards to non-esterified fatty acid (NEFA), even 
though it is not associated with increased in CVD and 
CHD risk per se, its role in diabetic dyslipidemia is 
closely related to the increased in hepatic TG production.  
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Data from UKPDS have demonstrated that T2DM is a 
progressive disease despite using algorithmic approaches 
to sustain good glucose control [8]. With the use of Ho-
meostasis Model Assessment (HOMA), UKPDS also 
clearly illustrated that the progressive nature of diabetes 
is due to ongoing deterioration of β-cell function without 
a change in insulin sensitivity [9]. Declining β-cell func-
tion resulted in reduction of postprandial insulin response, 
both first and second phase. 

The purpose of this study is to determine and compare 
the effect of glycemic control on post prandial lipid pa-
rameters (direct LDL-C, TG, ApoB, NEFA), insulin, and 
plasma glucose after a standardised meal between Type 2 
diabetes patients with good and poor glycemic control. 

2. MATERIAL AND METHODS 

2.1. Subjects 

This study was a cross-sectional study where subjects 
were recruited from patients attending diabetes clinic in 
HUSM from November 2009 to march 2010. Patients 
were eligible to participate if they were at least 18 years 
of age, diagnosed with T2DM (according to WHO clas-
sification) for at least one year at the time of screening 
visit, and on stable dose of oral antidiabetic agents 
(biguanides, suphonylureas, thizoledienediones) and anti 
lipid agents (statins, fibrates) for at least 3 months at the 
time of screening visit. Patients diagnosed with Type 1 
diabetes mellitus, or any of the following within 6 months 
of screening: renal failure, hepatic failure, myocardial 
infarction, stroke, or heart failure requiring hospitaliza-
tion were excluded. Those on post prandial regulator 
(α-glucosidase inhibitor, glinides), dipeptidyl-peptidase- 
inhibitor IV (DPP-IV inhibitor), rapid acting insulin 
analogue, Glucagon-like-peptide 1 (GLP-1) agonist, and 
ezetimibe within 3 months of screening visit were also 
excluded. Subjects were divided into 2 groups based on 
their glycemic control: HbA1c ≤ 7.0% (good control) 
and HbA1c ≥ 8.5% (poor control) 

2.2. Experimental Procedures 

In the morning of the study on a pre-specified date, 
after at least 10 hours of fasting, subjects were adminis-
tered a standard meal consisting of one cup of rice, one 
piece of fish three matchbox in size with four tablespoon 
of gravy, one piece of fried chicken two matchbox in size, 
and one medium size egg fried with one tablespoon of oil. 
The meal would provide about 857.5 kcal of energy, was 
composed of 58% fat, 21.2% carbohydrate, and 21.8% 
protein. Before meal and over 8 hours after the meal, 
hourly blood samples were taken for the determination of 
plasma level of glucose, insulin, total cholesterol (TC), 
direct low-density-lipoprotein cholesterol (direct LDL-C), 

high-density lipoprotein cholesterol (HDL-C), triglyc-
eride (TG), ApoB lipoprotein (ApoB), and non-esterified 
fatty acid. As for plasma glucose and insulin, during the 
initial 3 hours, samples were taken every 30 minutes, 
then hourly for the subsequent 5 hours. 

2.3. Biochemical Analysis 

The serum samples were used for the measurements of 
lipid profile, apolipoprotein B (apo B), non-esterified 
fatty acid (NEFA) and insulin. Blood glucose level was 
measured in plasma and haemoglobin A1c level was 
measured in whole blood. All serum samples were kept 
at −20˚C before further analysis. Triglyceride and total 
cholesterol levels were measured by enzymatic colori-
metric method (RANDOX laboratories, United King-
dom). For the determination of HDL cholesterol, apo 
B-containing lipoproteins in the serum were precipitated 
with phosphotungstic acid and magnesium ions and then 
the cholesterol concentration was measured in the su-
pernatant after centrifugation (RANDOX laboratories, 
United Kingdom). Direct LDL cholesterol concentration 
was measured by enzymatic clearance assay (direct LDL- 
cholesterol) after elimination of chylomicron, VLDL and 
HDL (RANDOX laboratories, United Kingdom). Apoli-
poprotein B level was analyzed by immunoturbidimetric 
immunoassay (RANDOX laboratories, United Kingdom). 
The determination of NEFA was by using ACS-ACOD 
enzymatic method (Wako Chemicals GmbH, Japan). 
Plasma blood glucose was measured by the glucose oxi-
dase method (RANDOX laboratories, United Kingdom). 
Haemoglobin A1c level was measured in whole blood 

using ion-exchange high-performance liquid chromatog-
raphy (Bio-Rad laboratories, USA). Insulin level was 
determined by sandwich immunoassay (Roche Diagnos-
tics, USA). The intra and inter CV of insulin assay were 
<2% and <4.9% respectively. 

2.4. Statistical Analysis 

All data were analysed by means of statistical software 
SPSS version 18. Numerical variable are expressed as 
mean ± standard deviation. Categorical data are ex-
pressed using frequency and percentages. To compare 
the baseline characteristics between the two groups, in-
dependent t-test were used. To compare the postprandial 
excursion of direct LDL-C, Triglyceride, apoB lipopro-
tein, NEFA, and plasma glucose, and insulin, Repeated 
Measure Anova were used. 

3. RESULTS 

3.1. Baseline Characteristics 

Sixty-three patients participated in the study, consist-
ing of thirty-one patients in the good glycemic control 
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group (eighteen male and thirteen female) and thirty-two 
patients in the poor glycemic control group (seven-teen 
male and fifteen female). The baseline characteristic 
(Table 1) of the good and poor control patients were 
comparable in term of age and body mass index .The 
baseline HbA1c and random blood glucose were signifi-
cantly higher in the poor controlled group (p < 0.001), 
while for insulin, the difference between groups were not 
significant (p = 0.324). As for TG, NEFA, and direct 
LDL, the difference between the two groups also reach 
significance difference at baseline (p = 0.037, 0.036, and 
0.043 respectively). 

3.2. TG, Direct LDL-C, ApoB, and NEFA 

After the test meal, there was significant difference in 
postprandial NEFA level between the 2 groups (p = 0.019) 
with higher level seen in the poor glycemic control pa-
tients, and post-hoc analysis showed significant differ-
ence between 3 hours after the meal and 4 hours after the 
meal (p = 0.021) (Figure 1). 

Plasma TG increased in both groups of subjects, 
reaching a peak after 4 hours. During the postprandial 
period, TG concentrations at each time point were higher 
in the poor control group, but the difference did not reach 
statistical significance (p = 0.255) (Figure 1). 

On the other hand, for direct LDL-C and ApoB, reduc-
tion in plasma level were observed in both groups in the 
postprandial period compared to fasting, notably 1 hour 
after the meal. Lower level was seen in the good control 
group, although the difference did not reach statistical 
significance (p = 0.097 for direct LDL, and 0.649 for  

ApoB lipoprotein) (Figure 1). Similar reduction was 
detected in plasma TC and HDL-C in both groups after 
the meal. 

3.3. Plasma Insulin and Glucose 

After the test meal, postprandial plasma glucose ex-
cursion was observed in both groups. As expected, the 
levels were higher at each time point in the poor con-
trolled group, with 1 hour delay in peak level compared 
to the good controlled group. The difference in plasma 
glucose between the 2 groups was statistically significant 
(p < 0.001), with post-hoc analysis showing significant 
difference throughout the testing period (Figure 2). 

Despite lower plasma glucose level in well controlled 
diabetes patients, their plasma insulin response to the 
meal was higher in the first 3 hours of the postprandial 
period, while in the subsequent hours, the level in the 
good controlled group became lower compared to the 
poor controlled group. Even though the difference in 
insulin level between the 2 groups did not reach statisti-
cal significance (p = 0.058), post-hoc analysis showed 
significantly higher (p = 0.034) insulin level in good 
glycemic control group in the first hour of meal chal-
lenge compared to poor glycemic control group (Figure 
3). 

4. DISCUSSION 

This study showed that glycemic control affect post-
prandial insulin response to meal challenge, with statis-
tically significant higher insulin level one hour after the  

 
Table 1. Baseline characteristics of subjects participating in the study. 

Characteristics† Alla (n = 63) Good glycemic control (n = 31) Poor glycemic control (n = 32) p-valueb 

Age (years) 57.4 (9.42) 59.1 (9.1) 55.7 (9.57) 0.164 

BMI (kg/m2) 27.5 (5.37) 27.3 (5.3) 27.7 (5.51) 0.768 

HbA1c (%) 8.5 (3.3) 6.4 (0.51) 9.9 (1.46) <0.001 

RBS (mmol/l) 6.7 (2.42) 5.1 (1.09) 8.2 (2.35) <0.001 

TC (mmol/l) 4.3 (8.22) 4.1 (0.71) 4.5 (0.89) 0.065 

Direct LDL (mmol/l) 2.1 (0.67) 1.8 (0.57) 2.3 (0.67) 0.043 

HDL (mmol/l) 1.3 (0.38) 1.3 (0.36) 1.2 (0.39) 0.084 

TG (mmol/l) 1.5 (0.8) 1.3 (0.51) 1.7 (0.97) 0.037 

NEFA (mmol/l) 2.0 (0.64) 1.8 (0.63) 2.2 (0.62) 0.036 

Apo-B (mg/dl) 92.9 (25.87) 88.9 (24.59) 97.3 (26.94) 0.219 

Insulin (Uiu/ml) 13.9 (30.88) 17.9 (43.59) 10.1 (8.26) 0.324 

†Characteristics abbreviations: BMI, Body mass index; HbA1c, Hemoglobin A1C; RBS, Random blood sugar; TC, Total Cholesterol; LDL, Low density lipo-
protein; HDL, High density lipoprotein; TG, Triglyceride; NEFA, Non-esterified-fatty-acid; Apo-B, Apo-B lipoprotein. avalues are expressed as mean (standard 
deviation SD) unless otherwise specified; bIndependent t-test. 
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Figure 1. Plasma TG, direct LDL-C, ApoB, NEFA at fasting (sample 1) and up to 8 hours after a standard  meal in good glycemic 
control (blue line) and poor glycemic control (green line) type 2 diabetes patients. Significant difference in postprandial NEFA level 
between the 2 groups (p = 0.019), and post-hoc analysis showed significant difference between 3 hours after the meal and 4 hours 
after the meal * (p = 0.021). 

 

 

Figure 2. Post prandial RBS in good and poor glycemic control 
Type 2 diabetic patients (sampling done every 30 minutes for 
the first 3 hours with 0 being the fasting sample, subsequent 
sampling done hourly). There is significant difference in RBS 
between the 2 groups (p < 0.001), and post-hoc analysis 
showed significant difference throughout the testing period. 
 
test meal in the good glycemic control group. This indi- 
cate that good glycemic control improve early phase in- 

sulin response to meal challenge in T2DM patients, 
leading to lower postprandial plasma glucose. This is in 
concordance with data from Phillips et al. [7] that 
showed with improvement of glycemic control and low-
ering of plasma glucose in T2DM subjects, there was 
higher postprandial insulin level, although the difference 
did not reach statistical significance.  

In diabetes patients with poor glycemic control, the 
persistent excess of plasma glucose would overwhelm 
the glycolytic enzymes. The excess glucose would then 
be shunted into other metabolic pathways such as glyco-
sylation, glucose autoxidation, and glucosamine pathway, 
forming reactive oxygen species (ROS). ROS can pass 
through membrane barriers to the cell’s nucleus, causing 
mutation and subsequent gradual loss of insulin gene 
expression, leading to declining insulin production and 
secretion. This is called glucose toxicity and is poten-
tially irreversible [10].  

One of the host defense against the damage from ROS 
is provided by antioxidant enzymes such as superoxide  
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Figure 3. Post prandial Insulin in good and poor glycemic con-
trol Type 2 diabetic patients (sampling done every 30 minutes 
for the first 3 hours with 0 being the fasting sample; subsequent 
sampling done hourly). Although the difference in insulin level 
between the 2 groups did not reach statistical significance (p = 
0.058), post-hoc analysis showed significant difference be-
tween the 2 groups from fasting to 1 hour post prandial, where 
p= 0.034. 
 
dismutase, catalase, and glutathione peroxidase [10]. 
Previous study have shown that pancreatic islet tissue 
have the lowest intrinsic antioxidant capacity compared 
to other metabolic tissues such as liver and kidney [11], 
thus having higher risk of oxidative damage from ROS. 
Therefore, the progressive deterioration of β-cell func-
tion over time seen in T2DM patient may be explained 
by the incompletely treated hyperglycemia, leading to 
excessive formation of ROS that continually bombard 
and damage the β-cell [10]. In this study, the signifi-
cantly higher insulin level one hour post meal challenge 
in the good glycemic control subjects , possibly indicates 
some conservation of β-cell function .  

Another significant result from this study is that gly-
cemic control affect postprandial NEFA level after a 
standardised meal, with significantly higher level seen in 
the poor glycemic control patients at each sampling time. 
This is in contrast to the study by Rivellese et al. [12] 
that showed unexpectedly higher NEFA level in the 
nondiabetic control compared to T2DM patients with 
good glycemic control. In the presence of insulin resis-
tance, the reduced action of insulin on adipocytes 
through its action on hormone-sensitive lipase resulted in 
reduced suppression of lipolysis, causing raised fasting 
and postprandial NEFA levels [13]. Poorly controlled 
diabetes is associated with higher insulin resistance, 
leading to the higher NEFA level as seen in this study. At 
normal concentration, NEFA is a source of energy for 
β-cell. However, studies have shown that the presence of 
elevated level for prolonged period is toxic to the β-cell, 
causing decreased glucose induced insulin secretion [14], 
impaired insulin gene expression [15], and increased cell 
death [16]. This is called lipotoxicity, and is another 
cause of progressive decline in β-cell function leading to 

reduced insulin production seen in diabetes patients with 
poor glycaemic control. 

In concordance with previous studies by Rivellese et 
al. [12] and Phillips et al. [7], this study also showed that 
glycemic control affect postprandial plasma glucose after 
a meal challenge, with statistically significant higher 
level seen in the poor glycemic control subjects. Many 
epidemiological studies such as the Chicago Heart Study 
[2] and DECODE study [3] have shown that plasma 
glucose 2 hours after an oral challenge with glucose is a 
powerful predictor of cardiovascular risk. Furthermore, 
STOP-NIDDM trial has provided data indicating that 
treating subjects with impaired glucose tolerance using 
acarbose, a compound that specifically reduced post-
prandial hyperglycemia, is associated with 49% reduc-
tion in cardiovascular event [4]. In this study, the sig-
nificantly lower postprandial plasma glucose seen in the 
good glycemic control group would translate into reduc-
tion in cardiovascular risk, with subsequent decline in 
cardiovascular event and its associated mortality and 
morbidity. 

In non-diabetic subjects, circulating TG showed pro-
nounced elevation within an hour of meal ingestion and 
can remain elevated for 5 - 8 hours following consump-
tion of a typical fat containing meal. The response of 
plasma TG to standard fat load is much greater in T2DM 
subjects, with delayed peak concentration at 4 - 6 hours 
after the fat load [17]. The result of this study also 
showed elevation in postprandial plasma TG in both 
groups, with delayed peak level at 4 hours after meal 
ingestion, although the difference between the 2 groups 
did not reach statistical significance. 

Data from this study on postprandial TC, LDL-C, and 
HDL-C showed downward trend after the test meal, al-
though the difference between the 2 groups were not 
statistically significant. This is similar to finding from 
Rivellese et al. [12], which showed decreased level in 
TC after the test meal. The increased in triglyceride-rich- 
lipoprotein (TRL) in postprandial state of T2DM patients 
lead to prolonged residence time of TRL in circulation. 
These favour the exchange of core lipids, mediated by 
cholesterol ester transfer protein ( CETP) , between both  
HDL-C and LDL-C with TRL, leading to triglyceride 
enrichment of both particles with less cholesterol content, 
causing the reduction in HDL-C and LDL-C seen the 
postprandial state. 

Limitation of the study is that measurement of oxida-
tive stress markers to support its role in the deterioration 
of β-cell function in diabetes patients with poor glycemic 
control was not done. Another limitation is the inability 
to accurately characterised postprandial lipid parameters 
such as the ApoB-48, ApoB-100, cholesterol, and trig- 
lyceride of chylomicron and very low density lipoprotein 
(VLDL) due to the unavailability of centrifugation ma-
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chine.  
Thus, future studies would aim at determining the 

ROS level in diabetes patients and comparing between 
the good and poor glycemic control patients. Establish-
ing antioxidant enzyme level and comparing between 
both groups of patients would also be important in sup-
porting the relationship between ROS and antioxidant in 
the pathophysiology of type 2 diabetes. In addition to 
that, possible study would involve accurate characteriza-
tion of the different lipoprotein contributing to increased 
atherogenecity observed in diabetes dyslipidemia. Fur-
thermore, study looking at the different enzymes in-
volved in lipid metabolism such as lipoprotein lipase and 
cholesterol ester transfer protein would greatly improve 
knowledge in this area. 

5. CONCLUSION 

In conclusion, this study showed that good glycemic 
control improved first phase insulin response to a meal 
challenge, and is associated with significant lowering of 
postprandial plasma glucose. Glycemic control also af-
fects postprandial NEFA after a standardised meal, where 
a significant lower level was observed in T2DM subjects 
with good glycemic control. T2DM is a progressive dis-
ease where the presence of chronic hyperglycemia and 
hyperlipidemia, among other things, are toxic to the 
β-cell and lead to declining insulin production and secre-
tion. Achieving good glycemic control meant minimising 
the effect of glucotoxicity and lipotoxicity on the β-cell, 
thus preserving its function.  
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