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INTRODUCTION:-  
Metabolic syndrome is a disorder of energy utilization and storage. 
The metabolic syndrome is a cluster of several vascular risk factors 
(impaired glucose metabolism, dyslipidaemia, hypertension and 
central adiposity). Reaven et al.[1] proposed insulin resistance as the 
underlying metabolic aberration linking essential hypertension 
(HTN), dyslipidemia, type 2 diabetes and other abnormalities 
associated with an increased risk of atherosclerotic cardiovascular 
disease in adults. This constellation is now designated as the metabolic 
syndrome (Mets). Since then, many epidemiological studies have 
shown that MetS is associated with an increased incidence of coronary 
heart disease (CHD) [2,3]. Atherosclerosis is the primary cause of 
death in the world. The hypothesis proposed by Fraser [4] that 
atherosclerosis is a postprandial phenomenon that largely depends on 
the metabolic response to the ingestion of food. The number of meals 
consumed and the long duration of postprandial lipemia lead to a 
continual uctuation in the degree of lipemia throughout the day. 
Postprandial hyperlipidemia with accumulation of remnant 
lipoproteins is common metabolic disturbances associated with 
atherosclerosis and vascular dysfunction, particularly during chronic 
disease states such as obesity, diabetes and MetS [5]. 

The associations between metabolic abnormalities and cardiovascular 
disease have been studied largely during fasting conditions. However, 
the important contribution of postprandial state to cardiovascular 
disease is increasingly being recognized, particularly in conditions of 
insulin resistance and T2DM. In fact, in contemporary post-
industrialized societies most individuals spend the majority of non-
sleeping hours in the postprandial state. As the typical American diet 
consists of 3 or more meals per day and it takes more than 8 hours for 
triglyceride concentrations to return to fasting levels after a meal, 
postprandial triglyceride concentrations often remain elevated 
throughout the day. Importantly postprandial triglyceride 
concentrations may in fact be a better predictor of cardiovascular 
events than fasting triglycerides. The adverse effect of postprandial 
triglycerides is thought to be mediated by proatherogenic lipolysis 
products of nascent triglyceride-rich lipoproteins, such as remnant 
lipoproteins and fatty acids, and even a transient increase in these 
factors may worsen vascular function [6]. Following a fat enriched 
meal,  chylomicrons rapidly increase and lead to pronounced 
triglyceride elevations peaking approximately 3-6 hours post-meal 
[7].
 
Insulin resistance and compensatory hyperinsulinemia lead to 
overproduction of very low density lipoprotein particles. A relative 
deciency of lipoprotein lipase, an insulin sensitive enzyme is partly 
responsible for the decreased clearance of fasting and postprandial 

TRLs, and the decreased production of HDL particles. The 
compe t i t i on  fo r  enzyme  i s  mos t  l i ke ly  when  f a s t ing 
hypertriglyceridemia is present. The increased levels of free fatty acids 
(FFAs) as a result of hypercaloric diet are regarded as one of the key 
etiologic components of the metabolic syndrome, type 2 diabetes 
mellitus and obesity [8].  The resulting increased concentration of 
cholesteryl ester rich fasting and postprandial TRLs is the central 
lipoprotein abnormality of the metabolic syndrome.

 Postprandial hyperlipidemia has many negative effects on vascular 
integrity, inammation, and fatty acid metabolism but can be 
positively inuenced by dietary patterns, food composition, conditions 
associated with lifestyle (physical activity, smoking and alcohol 
consumption), physiological factors (age, gender, and gender 
background). Since postprandial lipemia is a physiological response to 
a fatty meal, it could be predicted that it would be inuenced by the 
amount and type of fat in the diet, and there is strong evidence to 
support this [9]. 

Postprandial hyperlipidemia may be a link between lifestyle choices 
and the current alarming rise in the incidence of obesity, insulin 
resistance, T2DM, and CVD [10]. A Meta-analysis involving 87 
studies, which included 951,083 patients based on the denitions of 
metabolic syndrome by the 2001 National Cholesterol Education 
Program (NCEP) and 2004 revised National Cholesterol Education 
Program (rNCEP) demonstrated a 2-fold increase in cardiovascular 
outcomes and a 1.5-fold increase in all-cause mortality in subjects with 
the metabolic syndrome [11]. 

In the same context little is known, however, about the occurrence of 
postprandial lipemia in Metabolic syndrome cases. The main aim of 
this study was to assess the postprandial response to an oral fat load test 
in Metabolic syndrome patients. 

MATERIAL AND METHODS:-
The study was carried out at the Department of Biochemistry M.G.M. 
Medical College, Indore. Collaboration of the Department of 
Medicine at MY Hospital was sought in the provision of cases. 
Volunteer patients diagnosed with the Metabolic syndrome in the 
clinics of the department were selected for the study. Complete care 
was taken in protecting the anonymity of patients and the privacy of 
patient medical records.  The study did not involve administration of 
any drug/medication or any surgical procedure to the patients. Forty 
patients (29 men and 11 women) with documented Metabolic 
syndrome, of whom 31 patients (23 men and 8 women) , and Eighteen 
control subjects (12 men and 6 women) agreed to take part. All of the 
patients had signicant Metabolic syndrome,  none of the control 
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subjects had evidence of coronary atherosclerosis on coronary 
angiography. The majority of patients (77.4%) hypertensive and (87%) 
were diabetic; and they were taking antihypertensive and cholesterol 
lowring and glycemic control medication at the time of the study. 
Patients who had HIV-positive status, liver disease, renal disorder, 
thyroid disorder, hormonal disorder and and smoking more than 20 
cigarettes per day excluded from the study.

Definition of the metabolic syndrome:-
To identify cases of metabolic syndrome the ATP III (Adult Treatment 
Panel III) criteria [12] were used i.e. the presence of three or more of 
the following ve characteristics: 

1. Elevated triglycerides (>150 mg/dl) or specic treatment for this 
lipid abnormality.
2. Reduced HDL cholesterol (<40 mg/dl in males and <50 mg/dl in 
females) or specic treatment for this lipid abnormality.
3. High blood pressure (>130/85 mm/Hg) or on treatment for 
hypertension.
4. Raised fasting blood glucose (>100mg/dl or 5.6 mmol) or already 
having type II diabetes.
5. Obesity- measured as waist circumference >35 inches in women and 
>40 inches in men or BMI 25-30 Kg/m2 (obesity or overweight).

Design of study:-
The night before the test, participants were asked to refrain from 
smoking and to fast for 12 hours. On the day of the study, each 
participant underwent a structured examination, which included an 
interview. Height, weight, WC and , a fasting venipuncture and an oral 
fat tolerance test (OFTT) were done. Body mass index (BMI) was 
calculated as weight (kg) divided by height (m) squared. 
Questionnaires were used to obtain information on demographic 
variables, medical history, medication use, dietary habits, physical 
activity and smoking status. A consent was taken by each subjects prior 
to entering into the study. A detailed history and physical examination 
was carried out for every subjects who entered into the study as per 
designed proforma.

Blood samples collection:-
Only blood  samples collected in the Clinical Biochemistry laboratory 
were used for in vitro biochemical analysis. The samples were 
collected by standard procedures under aseptic conditions. Standard 
procedures were followed for the preservation and storage of samples 
before analysis. 

Oral fat tolerance test (OFTT):-
All patients attended the hospital at 7.00-8.00 AM after a overnight 
fast, than  an intravenous catheter was inserted into a forearm vein for 
blood sampling. The OFTT was performed as described by Patsch et 
al.[13] with a slight modication of the fatty meal. Briey, it consisted 
of cream, chocolate-avoured syrup, sugar and powdered milk, which 
provided energy from fat (83.5%), carbohydrates (14%) and protein 
(2.5%). The meal was consumed within 20 min, after which the 
participants were instructed not to take anything orally, except water, 
for the subsequent eight hours. Administration of any oral drugs and 
intravenous infusion was prohibited until the last blood sample was 
collected. Lipid proles comprising TC, HDL cholesterol, and TG 
concentrations were measured at baseline (dened as the value at 0 h) 
and at 2 h, 4 h, 6 h and 8 h post-load.

Laboratory measurements:-
Serum concentrations of Total Cholesterol by CHOD/PAP method 
[14], High density lipoprotein  cholesterol by Direct enzymatic 
method [15], Triglycerides by GPO/PAP method [16] and plasma 
glucose were measured by GOD-POD enzymatic colorimetric method 
[17] using a semi-automated clinical analyser. Calculation of Low 
density lipoprotein cholesterol and very low density lipoprotein  
concentrations were based on the Friedewald equation.   Serum insulin 
level was measured by the ELISA [18] and degree of insulin resistance 
was calculated by the Homeostasis model assessment (HOMA) index 
which was computed by the formula: FBS (mmol/L)* serum insulin ( 
µU/ml)/22.5.

Statistical analysis:-
Data analysis was done using the IBM SPSS Statistics version 20 and 
MedCalc version 14 program with a value of p<0.0001, p<0.01 and 
p<0.05 considered highly signicant and signicant respectively. Two 
groups comparison was done by the student's paired or unpaired t-test 

and the test for parametric or non parametric data. Results are 
expressed as Mean ± SD. For repeated measures within a group , One-
way analysis of variance (ANOVA) was used to assess any differences 
between the means of variables. Area under the curve (AUC) for serial 
measurements of triglyceride concentrations at baseline (0 hour) and 
after the fat load ( 2h, 4h, 6h and 8 hours) was calculated using the 
trapezoid rule [19]. Linear regression analysis and correlation 
coefcient analysis were performed to reveal any signicant relation 
between the determinants of post prandial lipemia.

RESULTS:-
Metabolic syndrome patients (n = 31) and control subjects (n = 18) 
were matched for age , BMI , WC  and  Blood pressure, all P < 0.05. 
Measurements of  risk factors for MetS were assessed according to the 
ATP III criteria. The group with MetS was further divided into patients 

who had a fasting TG concentration either ⩾1.7 mmol/l (MetS +veTG, 
n = 15) or <1.7 mmol/l (MetS −veTG, n = 16). 

Table 1 represents the anthropometric data,  fasting biochemical 
variables and clinical characteristics of the groups of patients with  
MetS and the control subjects.  Mean BMI, WC, BP systolic and 
diastolic  were signicantly higher in MetS compared than the control  
subjects (P < 0.001).

Fasting lipid proles showed that patients with  MetS had signicantly 
(p<0.0001) elevated mean LDL-C , VLDL and TG, and Glucose, 
Insulin,  Insulin resistance levels than the control subjects, and total 
cholesterol was slightly increased while HDL-C  concentrations was 
lower  in MetS than control subjects, but not signicantly so.  Most of 
the patients with MetS (77.4%)  had hypertension and were taking 
antihypertensive medication, and (87%) had diabetes. Nine metabolic 
patients  (29%) smoked less than 20 cigarettes per day.

Table 1: Anthropometric data, fasting biochemical variables and 
clinical characteristics of the main study groups

Data are expressed as mean ± SD or %.

MetS: metabolic syndrome; WC: waist circumference; HDL: high 
density lipoprotein cholesterol; LDL: low density lipoprotein 
cholesterol; VLDL: very low density lipoprotein cholesterol, HOMA 
IR: homeostatic model assessment Insulin resistance.

Table 2 Lipid profiles of the main study groups measured at 
baseline and during the oral fat tolerance test
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Variables Unit MetS (n=31) Control (n=18)

Age
WC
BMI
BPS
BPD

Glucose
Triglycerides

Total Cholesterol
HDL-C
LDL-C
VLDL
Insulin

HOMA IR
Hypertension

Diabetic
Cigarette smoking

Years
Cms

Kg/m2
MMHg
MMHg
mmol/L
mmol/L
mmol/L
mmol/L
mmol/L
mmol/L
µU/ml

50.64 ± 10.70
95.24 ±7.13*
26.15 ± 5.48*
136.04 ± 12.1*
92.12 ± 6.91*
8.96 ± 1.60*
2.10 ± 1.17*
4.71 ± 2.70
1.15 ± 0.29
3.13 ± 0.84*
0.42 ± 0.54*

12.84 ± 1.26*
5.62 ± 1.31*
77.4% (24)
87% (27)
29% (9)

36.51 ± 6.65
83.21 ± 4.64
21.11 ± 3.30

117.41 ± 2.91
81.23 ± 1.32
04.89 ± 0.46
1.34 ± 0.96
3.76 ± 0.54
1.22 ± 0.24
2.27 ± 0.55
0.26 ± 0.10
7.93 ± 0.81
1.90 ± 0.29

--
--
--

Variables MetS (n=31) Control (n=18) f-ratio

TC
0h
2h
4h
6h
8h

HDL-C
0h
2h
4h
6h
8h

LDL-C

4.71 ± 1.13
4.78 ± 1.10
4.86 ± 1.10
4.97 ± 1.09
4.83 ± 1.03

1.15 ± 0.29
1.12 ± 0.29
1.10 ± 0.31
1.06 ± 0.28
1.07 ± 0.27

3.13 ± 0.98
3.08 ± 0.95

3.76 ± 0.54
3.89 ± 0.56
3.98 ± 0.48
3.97 ± 0.56
4.14 ± 0.58

1.22 ± 0.24
1.09 ± 0.28
0.96 ± 0.18
0.95 ± 0.29
1.08 ± 0.22

2.27 ± 0.50
2.31 ± 0.49

5.971*

1.605

5.252*



Data are expressed as mean ± SD. Results are presented in mmol/l.

P values were determined by repeated measures ANOVA and denote 
difference within each group. (* p<0.001)
      
MetS: metabolic syndrome; TC: total cholesterol;  HDL: high density 
lipoprotein cholesterol; LDL: low density lipoprotein cholesterol; 
VLDL: very low density lipoprotein  0 h: baseline concentration; 2 h, 4 
h, 6 h, 8 h: concentrations at 2, 4, 6 and 8 hours after the fat load.

Oral fat tolerance test (Postprandial lipid prole Table 2):-

Oral fat tolerance test was performed followed by giving standard fatty 
meal to obtain the AUCs for triglycerides and collected blood samples 
from baseline to specic time interval.

Patients with metabolic syndrome (n=31) and control (n=18) 
measured at baseline and various time interval during the OFTT were 
shown in Table 2. The postprandial lipid prole was taken every 2h 
interval after fasting determination. Table 2 showed that TG level 
during the OFTT was signicantly increased in 2h, 4h, and 6h from the 
baseline in both group and peak level of TG was found at the 6h and this 
was signicantly (p<0.001) (gure 1.1) increased in Metabolic 
syndrome cases compared to control group. And at 8h the level 
decreases.

Same changes was observed in case of total cholesterol,  VLDL (gure 
1.2), LDL-C level, it showed the signicant changes between the time 
interval and the peak level was found at 6h this was signicantly 
(p<0.001) increased in metabolic syndrome cases compared to control 
subjects . In contrast, the levels of HDL-C  was showed the 
postprandial changes during various time interval in OFTT, but there 
was no signicant changes observed between time interval from the 
baseline. These showed the unspecic variation from the 0h to 8h 
samples.

Postprandial responses in patients with MetS and baseline TG ⩾ or 
<1.7 mmol/l:-

Postprandial responses during the OFTT in patients with MetS and 

baseline TG concentration either ⩾1.7 mmol/l (MetS +veTG) or <1.7 
mmol/l (MetS −veTG), and control subjects are shown in Table 3. 
Signicant differences were found between the three groups before 
and after the fat load (ANOVA all P < 0.0001). Mean TG 
concentrations were signicantly increased in the MetS +veTG 
patients compared with the MetS −veTG patients, and also in the MetS 
+veTG patients compared with the control subjects at all time points (0 
h P < 0.0001; 2 h, 4 h, 6 h and 8 h P < 0.001). No signicant differences 
were found between MetS −veTG patients and control subjects at any 
time point (P > 0.05). 

Table 3: Oral fat tolerance test  showed postprandial lipid profile 
for Metabolic syndrome having  baseline triglyceride 

concentration either ⩾1.7 mmol/l (MetS + veTG) or <1.7 mmol/l 
(MetS −veTG) and control subjects

Data are expressed as mean ± SD.

**P < 0.0001 for MetS +veTG patients vs. MetS −veTG patients and 
control subjects at 0 h; *P < 0.001 for MetS +veTG patients vs. MetS 
−veTG patients and control subjects at 2 h, 4 h, 6 h and 8 h.

MetS: metabolic syndrome; TG: triglycerides;

0 h: baseline concentration; 2 h, 4 h, 6 h, 8 h: concentrations at 2, 4, 6 
and 8 hours after the fat load.

Area under the curve:-
Mean AUCs for TG and VLDL in MetS patients group were 
signicantly higher than in the control subjects (mean ± SD of patients 
with metabolic syndrome vs. Control subjects in mmol*h/l   = 27.2 ± 
9.51 vs. 21.96 ± 7.12 , P<0.001, respectively for TG ( gure 2) and 5.40 
± 2.81vs. 4.37 ± 2.06, p<0.001, respectively for VLDL). AUCs was 
signicantly higher in MetS patients whose baseline TG concentration 
≥ 1.7 mmol/l than the MetS cases whose baseline TG concentration 
was <1.7 mmol/L (mean ± SD in mmol*h/l = 34.36 ± 12.21  vs. 20.45 ± 
7.91, P<0.0001, respectively). A schematic presentation of AUCs for 
TG in patients with MetS+veTG & MetS-veTG is shown in gure 3. 

Linear regression analysis:-
Linear regression analysis was performed between the postprandial 
TG and fasting biochemical variables of  metabolic syndrome. The 
post prandial TG was the dependent variables and Age, WC, BMI, BP, 
and fasting TC, TG, HDL-C, LDL-C, VLDL, Insulin, HOMA were 
independent variables,  revealed that only TC, TG, VLDL, LDL were 
positively correlated and only fasting TG and VLDL showed 
signicant (p<0.0001) correlation, while HDL-C showed insignicant 
inverse relationship with AUC for TG (gure 4).

DISCUSSION:-
In present study we assessed the presence of postprandial lipemia in 
Indian population with Metabolic syndrome.  It was observed that 
metabolic syndrome patients had higher fasting and postprandial 
(table 1 & 2) responses during the OFTT (gure 1) and area under the 
curve (AUCs). We found that patients with higher fasting TG 
concentrations had greater postprandial response and higher AUCs 
than those with the lower TG levels. In metabolic cases AUCs was 
signicantly higher than in the control subjects and fasting TG 
concentration was the strongest determinant of postprandial lipemia. 
Study supported by another study postprandial hyperlipidaemia may 
be a predictor of vascular risk [20]. They  showed that men had greater 
plasma TG response 8 h after the fat load (284+/-117 versus 224+/-126 
mg/dl, P=0.029). Only fasting TG levels signicantly predicted the TG 
area under the curve (AUC) and incremental AUC.  So postprandial 
hypertriglyceridaemia and seem to have delayed TG clearance. 

Occurence of postprandial lipemia has been demonstrated in healthy 
people in different studies. In 2003, So et.al [21] have characterized 
patterns of lipid prole changes postprandially in healthy Filipino 
volunteers after oral fat challenge test (OFCT) with varied percentages 
of fat content (40% oral fat challenge test (OFCT), 45% OFCT, 50% 
OFCT). The study showed that triglyceride levels have increased to 
peak levels up to 274 to 310 mg/dl at median time of 4 to 5 hours after a 
high fat meal. In present study showed that triglyceride levels had 
increased to peak level from baseline at time 6 hours after the fat load in 
metabolic syndrome cases [gure 1.1]. Additionally LDL showed a 
decreasing pattern postprandially [22,23]. The elevated postprandial 
triglyceride levels may reect a decrease clearance of triglycerides rich 
particles which can lead to further accumulation of these atherogenic 
particles [24]. 

Several biological mechanism gave explanation for the association 
between postprandial triglyceride levels and metabolic syndrome than 
cardiovascular disease. High fat food consumption, triglycerides are 
transported from the small intestine via chylomicrons through the 
bloodstream. Lipolysis of the triglycerides within chylomicrons, 
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0h
2h
4h
6h
8h

Triglycerides
0h
2h
4h
6h
8h

VLDL
0h
2h 
4h
6h
8h

3.04 ± 0.93
2.99 ± 0.90
3.11 ± 0.87

2.10 ± 1.18
2.83 ± 1.13
3.57 ± 1.14
4.54 ± 1.15
3.22 ± 1.16

0.42 ± 0.23
0.56 ± 0.22
0.71 ± 0.22
0.90 ± 0.23
0.64 ± 0.23

2.40 ± 0.39
2.29 ± 0.43
2.56 ± 0.50

1.34 ± 0.96
2.40 ± 1.40
3.04 ± 1.66
3.63 ± 1.90
2.46 ± 1.78

0.26 ± 0.19
0.48 ± 0.28
0.61 ± 0.33
0.72 ± 0.38
0.49 ± 0.35

11.315*

11.315*

MetS+ve TG
TG≥150mg/dl

n=15

MetS-veTG
TG≤150mg/dl

n=16

Control

n=18

Triglycerides 
(mmol/L)

0h
2h
4h
6h
8h

3.08 ± 0.96**
3.67 ± 0.85*
4.46 ± 0.85*
5.42 ± 0.94*
4.18 ± 0.74*

1.19 ± 0.29
2.04 ± 0.71
2.73 ± 0.60
3.70 ± 0.57
2.32 ± 0.63

1.34 ± 0.96
2.40 ± 1.40
3.05 ± 1.66
3.63 ± 1.90
2.46 ± 1.78



catalyzed by lipoprotein lipase in tissues, transforms these particles 
into atherogenic, triglyceride rich remnant lipoproteins. An elevated 
postprandial triglyceride level, reecting either a higher peak level or a 
delay in clearance of triglyceride-rich particles, can lead to an 
accumulation of these atherogenic  particles [25]. It was noted in the 
present study that TG concentrations increases gradually during 
OFTT, but HDL-C and LDL-C levels decreased slightly, but not 
signicantly at each base point from baseline [Table 2]. This results 
supported by Hyson D et al. [26] Mechanistic studies demonstrated 
that triglyceride-rich lipoprotein remnants may have adverse effects on 
endothelium and can penetrate into the sub endothelial space. 
Exchange of core lipids between postprandial lipoproteins and low-
density lipoprotein (LDL)/high-density lipoprotein (HDL) is 
increased during prolonged lipemia, resulting in  reduced HDL 
cholesterol levels. 

In fact, large population studies (e.g. Women's Health Study and the 
Copenhagen City Heart Study) have assessed the association between 
non-fasting triglycerides and the risk of cardiovascular disease (CVD) 
events. It showed that increasing levels of non fasting triglyceride were 
associated with increased risk of MI, IHD and consequently death in 
men and women. Their nding propose that every 1 mmol/L increase 
in non fasting triglyceride levels correspond to further increase in the 
hazard ratio of the cardiovascular outcomes [27]. Borge G. et.al [28] 
also reported that non-fasting triglycerides ≥5 mmol/L vs. < 1 mmol/L 
marked a 17 and 5 fold increased risk of myocardial infarction, a 5 and 
3 fold increased risk of ischemic stroke, and a 4 and 2 fold increased 
risk of early death in women and men in the general population. As all 
cells can degrade triglycerides it is biologically unlikely that it is the 
triglyceride molecules themselves that cause atherosclerosis and 
cardiovascular disease. Stalenhoef AF et al. [29] reported that the 
fasting triglycerides increase the adjusted hazard ratios for 
cardiovascular disease risk 1.7 x (comparing upper with lower tertile), 
and nonfasting levels around 2.0 x. Measurement of non fasting 
triglycerides may be more feasible and more informative.

In our study metabolic syndrome patients showed gradually increased 
signicant postprandial values of TG and VLDL after 2hours and 
4hours from fasting time. These levels peaked at 5-6hours after fat load 
and showed the gradually signicant increased values than the fasting 
during 8 hours of observation [table 2 & gure 1.1 & 1.2]. It was 
observed that TG and VLDL area under curve were signicantly 
increased in metabolic syndrome cases than control group (TG AUCs 
27.2±9.51 vs 21.96±7.12 mmol*h/L; p<0.001) (gure 2) and (VLDL 
AUCs 5.4±2.81 vs 4.37±2.06 mmol*h/L; p<0.001). Present study 
supported by the   Umpaichitra V et al. [30] reported, triglyceride 
AUCs was signicantly greater in the diabetes group than in the other 
two groups (15.7 +/- 2.9 vs 9.2 +/- 0.7 and 7.5 +/- 0.7 mmol x h/l [1389 
+/- 258 vs 819 +/- 60 and 663 +/- 62 mg x h/dl]; p < 0.02 and <0.004, 
respectively), as were insulin, C-peptide, and glucose AUCs. 
Incremental triglyceride response (delta triglyceride = peak - fasting) 
in the diabetic group was signicantly higher than that in the control 
group (2.1 +/- 0.7 vs 0.8 +/- 0.1 mmol/l 189.7 +/- 58.4 vs 71.2 +/- 11.1 
mg/dl]; p < 0.04). And the insulin resistance was greater in the diabetic 
group than in the obese and control groups (14.4 +/- 2.8 vs 5.2 +/- 0.8 
and 3.2 +/- 0.4; p < 0.001 and < 0.0001, respectively). 

In the present study all the TG and VLDL values were gradually 
signicantly increased than the baseline values and found similar 
pattern. However, there is still a lack of data regarding VLDL values. 
Although in our analysis, VLDL had a signicant postprandial rise and 
is considered as a component of postprandial lipemia as well. Samson 
et.al [31] had shown that patients with CVD have a prolonged 
postprandial lipemia compared to healthy individuals. He found the 
signicant repeated, or the sustained postprandial increase, of the 
postprandial TG and VLDL levels shown in the study are also of 
signicant importance. All the postprandial TG values up to the 12th 
hours of observation were signicantly higher than the baseline at a 
range of 23.86 to 72.02 mg/dl (0.27-0.82 mmol/L). Thereby a similar 
pattern has been observed for VLDL. Different studies have shown 
that long duration of PPL and repetition of meals during daytime leads 
to a hazardous postprandial lipemia in metabolic and diabetic cases 
[26][32]. Such that prolonged lipemia leads to an increased 
opportunity for transfer of core lipids between the TRLs and HDL. 
This combination of high plasma TG concentrations, increased sdLDL 
and low HDL are known as the lipid triad or atherogenic lipoprotein 
prole. 

In the present study postprandial responses were also during the OFTT 
in patients with MetS and baseline TG concentration either 
≥1.7mmol/L (≥150mg/dl) (MetS+ve TG) or <1.7 mmol/L (<150 
mg/dl) (MetS-ve TG), and control subjects are shown the table 3. Mean 
TG concentrations were signicantly increased in the MetS+veTG 
patients compared with the MetS-veTG patients, and also in the 
MetS+veTG patients compared with the control subjects at all time 
points (0h, p<0.0001; 2h, 4h, 6h, and 8h p<0.001). In patients with 
MetS and baseline TG concentrations ≥1.7 mmol/L, AUCs was 
signicantly higher than in MetS patients whose baseline TG 
concentrations were <1.7 mmol/L (Mean ± SD in mmol*h/L = 
34.36±12.21 vs 20.45±7.91, p<0.0001). A schematic presentation of 
AUCs in patients with MetS+veTG and MetS-veTG is shown in gure 
3. Present study results supported by Ntyintyane LM  et al. [33] 
reported black CAD patients with and without MetS had similar 
fasting lipid proles, postprandial responses during OFTT and AUCs. 
MetS patients with fasting TG > or = 1.7 mmol/l had greater 
postprandial responses (P < 0.001) and higher AUC (P < 0.0001) than 
patients with TG < 1.7 mmol/l. AUCs was higher in all patients than 
controls (P < 0.03). The most signicant correlation was between 
fasting TG and AUC (r = 0.8703; P < 0.0001) and glucose (r= 
0.4038;p<0.01). Other studies [34] also showed the postprandial 
response was signicantly higher in MetS compared to HTN and 
healthy men [AUC (SD) in mg/dl/h; 2534 +/- 1016 vs. 1620 +/- 494 
and 1019 +/- 280, respectively, p < or = 0.001]. The TG levels were 
increased signicantly in MetS+TG compared to MetS-TG subjects at 
4 (p = 0.022), 6 (p < 0.001) and 8 hours (p < 0.001). The TG were 
increased signicantly in MetS-TG compared to healthy subjects at 4 
(p = 0.011), 6 (p = 0.001) and 8 hours (p = 0.015). In linear regression 
analysis only fasting TG levels were a signicant predictor of the 
AUCs (Coefcient B = 8.462, p < 0.001). The present study AUCs of 
TG showed the positive linear regression with BMI,WC, Glucose, TC, 
LDL,HOMA, Insulin and TG, VLDL, but signicant correlation with 
fasting TG and VLDL (p<0.0001) while negative insignicant inverse 
correlation with HDL-C (gure 4).

In the present study the fasting insulin levels and its resistance 
(HOMA) were found signicantly (p<0.0001) higher in metabolic 
cases. This results supported by the study of  Christoph H et.al [35] 
observed both the MetS and insulin resistance predicted vascular 
events after controlling for non MetS risk factors [hazard ratio (HR), 
2.74 (95% CI, 1.71-4.39; P <0.001) and 1.51 (1.24-1.84; P<0.001), 
respectively]. After additional adjustment for insulin resistance, the 
MetS remained signicantly predictive of vascular events [HR, 2.69 
(1.57-4.64); P<0.001], and conversely, insulin resistance remained 
signicantly predictive of vascular events despite adjustment for the 
MetS [standardized HR, 1.41 (1.14-1.75); P= 0.002]. Additional 
adjustment for the presence of type 2 diabetes revealed that both the 
MetS [adjusted HR, 2.57 (1.47-4.51); P=0.001] and homeostasis 
model assessment of insulin resistance [standardized adjusted HR, 
1.37 (1.09-1.73); P=0.007] signicantly predicted vascular events 
independent from diabetes status.

Several studies supported the broad hypothesis that atherosclerosis is, 
at least in part, a postprandial phenomenon. Along with the possibly 
direct atherogenic effects of postprandial lipids, several established 
cardiac risk factors are associated with triglyceride levels. In 
particular, high levels are one manifestation of the constellation of 
metabolic disturbances associated with insulin resistance and the 
metabolic syndrome. Elevated postprandial levels of triglycerides may 
represent an abnormal response to an oral fat load due to insulin 
resistance, a hypothesis supported by previous case control studies in 
individuals with diabetes mellitus or the metabolic syndrome [36].

CONCLUSION:-
We concluded from the present study that fasting TG concentration is 
the main determinant of postprandial lipemia, because we found 
signicant postprandial hypertriglyceridemia and signicant delay in 
postprandial triglyceride clearance followed by standrized fat load in 
metabolic syndrome patients. These observation supported the 
conclusion that nonfasting triglyceride levels delivered to the liver by 
chylomicron remnants and may then be reassembled and returned to 
the blood in VLDL and reects its level or remnant lipoprotein 
concentration than fasting triglyceride level. The higher predictive 
values of non fasting TG concentration for cardiovascular events have 
been proved directly by the postprandial increased concentration of 
chylomicrons, VLDL and their respective triglyceride rich remnants. 
Therefore, non fasting TG measurements performed in 4-6 hours after 
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fat load intake could replace direct measurement of the remnant 
lipoproteins for assessment of cardiovascular disease. The remnants of 
TG rich lipoproteins accumulated in the postprandial state are involved 
in atherogenesis. Thus clinician should be more afrm in addressing 
postprandial lipemia in this type of patients.

Most of the persons spent 24 hours in day in the non fasting state which 
especially considering the fact that TG may take up to 12 hours to 
return to fasting levels after meal. In Metabolic syndrome cases most 
of the persons already have the increased triglycerides level and 
according to the present data they will show the delay clearance of 
triglycerides and VLDL, that may be atherogenic. If postprandial 
triglycerides are biologically active in atherogenesis, measurement of 
fasting levels may provide insufcient information of atherosclerosis 
risk. Non fasting TG assessment may better predict CVD risk. 
Treatment guidelines should consider to include non fasting TG in 
their risk assessments.
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Figure 1.1 Comparison of TG values after various time interval 
in MetS and Control group

Figure 1.2 Comparison of VLDL level after various time interval 
in MetS and control group

Figure 2 Comparison of AUC for TG after fat load in MetS & 
Control

Figure : 3 Comparison of AUC for TG after fat load  in 
MetS+veTG & MetS-veTG group

 

Figure :4 Linear regression graph of Metabolic patients TG AUC 
showing positive correlation with fasting TG (r = 0.6060;p<0.0001), 
fasting VLDL
                         
(r = 0.6945;p<0.0001) and inverse insignicant correlation with HDL-
C
® = - 0.02047;p=0.0917) 
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