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ﬁBSTRACT:

Aims - Assessment the effect of post-prandial lipemia in an Indian cohort and attempting to associate post-prandial IiD
with risk factors of CVD. Methods - Fasting and postprandial lipid profile was measured in patients (n=21) with
cardiovascular disease and control (n=24) subjects. Postprandial lipemia was assessed by an oral fat tolerance test (OFTT)
and area under the curve (AUC).Insulin resistance was estimated by the HOMA. Results - Patients with CVD had higher
(P<0.0001) fasting lipid profiles, postprandial responses (P<0.0001) during OFTT and AUCs (P<0.005) than control
subjects. The level peaked at 4 hours after fat load (P<0.0001). Subsequent triglyceride and VLDL-C levels plateaued and
were significantly higher than the baseline (P <0.05) until the 8th hour of observation. This study finds significant
postprandial hypertriglyceridemia and significant delay in postprandial- triglyceride clearance following a standardized fat
load in patients with cardiovascular disease. Conclusion - The present work may raise more attentions in monitoring and
management of dyslipidemia in patients with cardiovascular patients and data suggest the assessment and treatment of
atherosclerosis should include parameters related to postprandial lipemia.
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INTRODUCTION

Postprandial lipemia is characterized by a marked
increase in plasma levels of triglycerides (TG) and TG-
rich lipoproteins. The resultant hypertriglyceridaemic
state is accompanied by a reduced concentration of high
density lipoprotein (HDL) cholesterol and a raised level
of low density lipoprotein (LDL) cholesterol [1].
Evidence is accumulating that many patients with
established CAD also have postprandial abnormalities in
lipid metabolism, and this relationship has been reported
by several researchers. All of these studies showed that
CAD patients had elevated TG concentrations as well as
a prolonged postprandial response after a fatty meal. An
enhanced TG rise postprandially also occurs in other
conditions that are associated with an increased risk of
vascular disease, such as obesity, hypertension, diabetes
mellitus (DM) and the metabolic syndrome (MetS).TG-

rich lipoproteins contain apoB-48 carrying chylomicrons
of intestinal origin and apoB-100 carrying VLDL of
hepatic origin together with the remnants of both classes.
Postprandial TG is known to increase highest in 3-6 h
after food intake [2]. Therefore it is important to clarify
the relationship between the increased TG and remnant
lipoproteins measured directly in the fasting and
postprandial state. The relationship between one fifths of
serum TG and VLDL-C is known to be highly
correlated, regardless to the fasting and postprandial
state. However, no reports have clarified the direct
relationship between increased TG or VLDL-C and
remnant lipoproteins in the postprandial states.Insulin
action on lipid metabolism is analogous to its role in
glucose metabolism, i.e., promoting anabolism and
inhibiting catabolism. Specifically, insulin up regulates

LPL and stimulates gene expression of intracellular
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lipogenic enzymes, such as acetyl- CoA carboxylase
(ACC) and fatty acid synthase (FAS) [3]. In addition,
insulin inhibits adipocyte HSL through inhibition of its
phosphorylation. In the insulin-resistant state, the
responses of both lipoprotein lipase and hormone
sensitive lipase to insulin are blunted. Thus, with insulin
resistance, inefficient trapping of dietary energy occurs
both because of decreased LPL-mediated lipolysis of
chylomicron-TG and ineffective inhibition of HSL-
mediated lipolysis in adipose tissue. Postprandial lipemia
and elevated plasma FA levels are well-recognized
abnormalities in obesity and insulin resistance. Reduced
adipose tissue uptake and storage of TG & FA during the
postprandial period, results in greater partitioning of
dietary lipids to non-adipose tissues, including muscle
and liver [4]. Thus, the metabolic consequence of
inadequate insulin action at the adipocyte during the fed
state is a condition similar to the normal fasting state,
when insulin levels are appropriately low. However, in
the fed state, this mal-adaptive response creates a
situation in which postprandial FA are directed to
various non-adipose tissues and organs at a time when

lipid energy is not needed.

MATERIALS AND METHODS

The study was carried out in the Department of Clinical
Biochemistry in Mahatma Gandhi Memorial Medical
College, Indore Madhya Pradesh. Volunteer patients
with a known history of CVD were selected for the
study. Complete care was taken in protecting the
anonymity of patients and the privacy of patient medical
records. The study was involved administration of any
drug/medication or any surgical procedure to the
patients. 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. Cases were divided
into two groups namely; Group 1 normal, healthy adult

as control group, and Group 2 patients with known

history of CVD. Twenty one patients (16 men and 5
women) with documented CVD and 24 patients (15 men
and 9 women) agreed to take part. All of the patients had
significant CVD, which was defined by previous medical
history. None of the control subjects had evidence of
cardiovascular disease. The majority of patients (62%)
hypertensive and (67%) diabetic; they were taking
antihypertensive, cholesterol lowering and glycemic
control medication at the time of the study. Patients who
had a dominant risk factor such as hormonal disorders
were excluded from the study. Other exclusion criteria
were HIV-positive status, overt liver, renal or thyroid
disorder and smoking more than 10 cigarettes per day.
The night before the test, participants were asked to
refrain from smoking and too fast for 12 hours. On the
day of the study, each participant underwent a structured
examination, which included an interview. Height,
weight, waist circumference (WC) and blood pressure
(BP) measurements, 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, and physical activity
status.

Oral fat tolerance test (OFTT)

After a 12-h overnight fast, an intravenous catheter was
inserted into a forearm vein for blood sampling. The
OFTT was performed as described by Patsch et al.[5]
with a slight modification of the fatty meal. Briefly, it
consisted of cream, chocolate- flavored syrup, sugar and
powdered milk, which provided energy from fat
(83.5%), carbohydrates (14%) and protein (2.5%). The
meal was consumed within 20min, after which the
participants were instructed not to take anything orally,
except water, for the subsequent eight hours. Lipid
HDL, LDL,
VLDLcholesterol and TG concentrations were measured
at baseline (defined as the value at Oh) and at 2h, 4h, 6h

profiles comprising Total cholesterol,

and 8h post-load.
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Laboratory measurements

Serum concentrations of Total Cholesterol by
CHOD/PAP method [6], High Density Lipoprotein
(HDL) by direct enzymatic method [7], Triglycerides by
GPO/PAP method [8] and Plasma Glucose by GOD-
POD method [9] were measured by enzymatic
colorimetric methods using a semi-automated clinical
analyzer. Calculation of LDL and VLDL cholesterol
concentrations was based on the Friedewald equation
[10].Serum Insulin Level estimated by ELISA [11]. The
degree of insulin resistance was estimated by the
homeostasis model assessment (HOMA) index, which
was computed using the formula: FBS (mmol/L) x
serum insulin (LU/ mL)/22.5.

Statistical analysis

Data analysis was performed using the XLSTAT 2014
program with a value of p<0.05 considered significant.
One-way analysis of variance (ANOVA) for repeated
measures within a group or ANOVA for completely
randomized measures between groups was used to assess
any differences between the means of the variables, as
appropriate. Comparison of two groups was done by the
Student’s paired or unpaired t-test and the parametric or
non-parametric  data, Results  were
expressed as MEAN SD and area under the curve (AUC)
of TG and VLDL-C
concentrations at baseline and after the fat load was
rule [12].

correlation

respectively.

for serial measurements

calculated using the trapezoid Linear

regression  analysis and coefficient
calculations were performed to reveal any significant

determinants of postprandial lipemia (i.e. high AUC).

RESULTS

Table 1 summarizes the anthropometric measurements,
fasting biochemical variables and clinical characteristics
of the groups of patients with CVD and the control
subjects. Mean age, BMI, WC, and category of BP were
significantly (P<0.0001) higher in patients with CVD
groups compared to control subjects. Fasting lipid
profiles showed the patients with CVD had highly
elevated mean TC, LDL, VLDL cholesterol and TG

levels while HDL —C mean was lower than the control
subjects, all were significantly (P<0.0001) so. Mean
fasting glucose, insulin and calculated insulin resistance
(HOMA) were significantly (P<0.0001) higher in
patients with CVD Group compared with control
subjects. Lipid profiles of the patients with CVD and
control subjects measured at baseline and during the
OFTT are shown in Table 2. There were found higher
(P<0.0001) significant differences in TC, TG, HDL,
LDL and VLDL cholesterol between CVD patients and
control after the fat load (ANOVA all P<0.0001).

Area under the curve

Mean AUCs for TG and VLDL-C were significantly
higher in patients with CVD (mean SD =26.07+5.70 and
11.94+2.61 mmol.h/L) than in the control subjects (mean
SD =17.241.31 and 7.84+0.61 mmol.h/L, P<0.005)
respectively, Figure 1.

Difference of postprandial lipid after fat load

The postprandial lipid profile was taken every 2 hours
after fasting determination. The difference of each post-
prandial lipid levels from the baseline/fasting was
analyzed. Majority of postprandial triglyceride levels
were higher than fasting levels as reflected by the
positive difference (Figure 2). Statistical analysis of
these postprandial differences from fasting triglyceride
levels showed a significant rise from fasting to 2 hours
after fat load with a mean difference of 0.45 mmol/L (P
= 0.03). The level sharply increased 4h after fat load
with a mean difference of 0.96 mmol/L (P <0.0001).
Subsequent triglyceride levels plateaued and were
significantly higher than the baseline (P < 0.05) until the
8th hour of observation (table 3) & VLDL-C were
showed a similar pattern in table 3 & figure 2. In
contrast, the levels of total cholesterol, HDL and LDL
were decreased postprandial. There were found
differences at each point in TC, HDL and LDL
cholesterol levels from baseline (fasting) but all values
were not significantly elevated from baseline until the
8th hour. The lowest postprandial TC, HDL, and LDL
cholesterol levels were occurred at the 6th hour with a
maximum difference of 0.766 mmol/L, P<0.05, 4th hour
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with a maximum difference from the fasting level of
0.124 mmol/L, P<0.0001, and 6th hour with a maximum

difference from the fasting level of 1.071 mmol/L,

P<0.0001 respectively.

Linear Regression Analysis

Linear regression analysis of the group of patients
(n=21), in which AUC for TG was the dependent

variable and Age, BMI, WC,BPS,BPD and fasting TC,
TG, HDL-C, LDL-C, VLDL-C, Glucose, Insulin, and
HOMA, were the independent variables, revealed that
only TG, TC, VLDL-C, and Insulin were positively
correlated while HDL-C(r= -0.507; P<0.05) showed
inverse relationships with AUCs for TG. (Figure 3)

TABLE: 1-Anthropometric Measurements, Fasting Biochemical Variables and Clinical Characteristics of the

Study Groups
CONTROL CVD (MEANZSD)
(MEAN=SD) (n=21)
(n=24)

AGE YEARS 42.29+9.53 57.33+£8.23
BMI (Kg/m2) 21.60+1.94 27.62+2.85
WC (cm) 82.05+5.49 94.22+6.42
BPS (mm/Hg) 118.50+2.99 134.04+14.94
BPD (mm/Hg) 79.29+1.65 87.95+7.14
GLUCOSE(mmol/L) 4.92+0.52 8.84+1.70
TC( mmol/L) 3.61+0.48 5.38+0.95
TG (mmol/L) 1.28+0.16 2.24+0.51
HDL-C (mmol/L) 1.26+0.16 0.76+0.08
LDL-C (mmol/L) 1.76+£0.47 3.59+0.87
VLDL-C (mmol/L) 0.58+0.07 1.02+0.23
INSULIN (pU/mL) 8.85+0.70 12.63+1.50
HOMA IR 1.94+0.33 5.00+1.26

BMI=Body Mass Index, WC=Waist Circumferences, BPS=Systolic Blood Pressure, BPD=Diastolic

Blood Pressure, TC=Total Cholesterol, TG=Triglyceride, HDL-C=High Density Lipoprotein Cholesterol,
LDL-C=Low Density Lipoprotein Cholesterol, VLDL-C=Very Low Density Lipoprotein Cholesterol,
IR=Insulin Resistance. All P<0.0001
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Table 2 Lipid Profiles of the Study Groups Measured At Baseline and During the Oral Fat Tolerance Test

CONTROL (MEAN%SD) CVD (MEANZSD)

n=24 n=21
TC mmol/L
Oh 3.61+0.48 5.38+0.95
2h 3.94+0.63 5.59+0.92
4h 4.02+0.68 4.86+1.03
6h 3.48+0.45 4.62+0.75
8h 3.22+0.34 4.96+0.66
TG mmol/L
Oh 1.28+0.16 2.24+0.51
2h 1.97+0.21 2.70£0.74
4h 2.28+0.17 3.21+0.76
6h 2.00+0.16 2.82+0.76
8h 1.42+0.09 2.61+0.68
HDL-C mmol/L
Oh 1.26£0.16 0.76+0.08
2h 1.08+0.14 0.72+0.74
4h 1.174£0.13 0.64+0.10
6h 1.25+0.12 0.80+0.08
8h 1.30+0.10 0.73+0.07
LDL-C mmol/L
Oh 1.76+0.47 3.59+0.87
2h 1.95+0.65 3.64+0.86
4h 1.80+0.66 2.74+0.99
6h 1.31+0.46 2.52+0.75
8h 1.26+0.35 3.03+0.63
VLDL-C
mmol/L
Oh 0.58+0.07 1.02+0.23
2h 0.89+0.09 1.23+0.11
4h 1.04+0.08 1.47+0.35
6h 0.91+0.07 1.29+0.35
8h 0.65+0.04 1.19+0.31

P values were determined by measures ANOVA and denote difference within each group.
P<0.001-TG 6h; P<0.01- TC 4h; P<0.0001- all
CVD: cardiovascular disease; HDL: high density lipoprotein cholesterol; LDL: low density
lipoprotein cholesterol; VLDL-C: Very Low Density Lipoprotein Cholesterol

Oh: baseline concentration; 2h, 4h, 6h, 8h: concentrations at 2, 4, 6 and 8 hours after the fat load.
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Table 3 Differences of the Postprandial Triglyceride and VLDL-C Levels from the Fasting Level

Time (Hours) Variable  mmol/L Difference
(mean)

TG 2h 2.70 0.45

TG 4h 3.21 0.96*

TG 6h 2.82 0.57

TG 8h 2.61 0.37
VLDL 2h 1.23 0.21
VLDL 4h 1.47 0.44"
VLDL 6h 1.29 0.26
VLDL 8h 1.19 0.17

The Maximum Difference was Noted at the 4th Hour of Observation *P<0.0001
TG: Triglycerides; VLDL-C: Very Low Density Lipoprotein Cholesterol
2h, 4h, 6h, 8h: concentrations at 2, 4, 6 and 8 hours after the fat load.
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Figure 1: Schematic presentation of area under the curve (AUC) for serial measurements of triglycerides and
VLDL-C concentrations at baseline (Oh) and 2h, 4h, 6h and 8h after the fat load in patients with CVD (n=21)
and control subjects (n=24), P<0.005.
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Figure 2: TG and VLDL-C Levels Showed an Increasing Trend from the Baseline until Its Peak at 4th Hour
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Figure 3. Linear regression plots of patients with CAD (n=21) displaying significant positive correlations
between area under the curve for TG (AUC) and (a) fasting TG (r=0.901; P<0.0001), (b) VLDL-C (r=0.901;
P<0.0001), (c) TC (r=0.411; P<0.05) and (d) INSULIN (r=0.490; P<0.01).

DISCUSSION

This study assessed the occurrence of postprandial
lipemia in Indian cohort population patients with CVD,
some of whom also had diabetic. Our results showed that
CVD patients had higher
postprandial, (table 1&2) responses during the OFTT
and (figure 1) AUCs. We found that patients with higher

fasting TG concentrations had greater postprandial

fasting lipid profiles,

responses and higher AUCs than those with lower TG
AUC was

significantly higher than in the control subjects and the

levels. In the CVD patients group,
fasting TG concentration was the strongest determinant
of postprandial lipemia. In contrast Ntyintyane et al.
[13], showed in their study that fasting lipid profiles and
postprandial responses to the oral fat load were similar in
patients with and without MetS. A possible explanation
for this finding might be that because patients in both
groups had established CAD, they exhibited some of the
underlying features of CAD, such as atherogenic
dyslipidemia.

Occurrence of postprandial lipemia has been
demonstrated in healthy people in different studies. in
2003, So et al. [14] have characterized patterns of lipid
profile 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. Additionally LDL showed a
decreasing trend postprandially [14]. The elevated
postprandial triglyceride levels may reflect a delay in
clearance of triglyceride-rich particles which can lead to
further  accumulation of  these atherogenic
particles.Recent studies have indicated that an elevated
fasting TG concentration is the main determinant of an
exaggerated postprandial response [15].

Several biological mechanisms provide a plausible
explanation for the association between postprandial
triglyceride levels and cardiovascular disease. High fat
food consumption, triglycerides are transported from the
small intestines via chylomicrons through the
bloodstream. Lipolysis of the triglycerides within
chylomicrons, catalyzed by lipoprotein lipase in tissues,
transforms these particles into atherogenic, triglyceride-
rich remnant lipoproteins. An elevated postprandial
triglyceride level, reflecting either a higher peak level or
a delay in clearance of triglyceride-rich particles, can
lead to an accumulation of these atherogenic particles
[16]. The previous study data correspond to the expected
time course of postprandial triglyceride metabolism; in
remnant

responded to a meal, triglycerides and
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lipoprotein concentrations both typically increase to their

peaks by approximately 4 hours and decline
thereafter.As reported in previous studies of postprandial
lipid metabolism in patients with CAD, they also noted
that as TG concentrations increased in the OFTT, HDL
cholesterol and LDL cholesterol levels decreased
slightly, but not significantly at each point from baseline.
The mechanism proposed for this inverse relationship is
that during the postprandial period, the exchange of core
lipids is enhanced through the action of cholesteryl ester
transfer protein [17].

Our study showed that triglyceride levels had increased
to peak levels up to 3.90 to 5.79 mmol/L at median time
of 4 to 5 hours after fat load. Additionally LDL showed a
decreasing trend postprandially [14]. The elevated
postprandial triglyceride levels may reflect a delay in
clearance of triglyceride-rich particles which can lead to
further accumulation of these atherogenic particles.

In 2007, postprandial lipemia was proven to be an
independent risk factor for cardiovascular events in a
study of 1,793 adults from the Copenhagen general
population study. The study showed that increasing
levels of non- fasting triglyceride were associated with
increased risk of MI, IHD, and consequently death in
men and women. Their findings propose that every 1
m.mol/ L increase in non-fasting triglyceride levels
corresponds to further increase in the hazard ratio of the
cardiovascular outcomes [18]. In a prospective study by
Bansal, et al. of 26, 509 women with median follow-up
of 11.4 years, showed that cardiovascular events
correlated more with non-fasting triglyceride values than
fasting triglyceride independent from traditional cardiac
factors, levels of other lipids and markers of insulin
resistance [19].

Our study results in patients with cardiovascular disease
showed increased significant postprandial of TG and
VLDL levels after 2 hours from fasting time. These
levels peaked at 4th hour after fat load and were
maintained to be significantly higher than the fasting
during 8 hours of observation. It showed those 2 hours

after fat load, the triglyceride level increased by 0.45

mmol/L. The maximum increase was noted at the 4th
0.96 mmol/L.

al.[20],found similar finding in their study, they involved

hour of observation Samson et
a set of high risk patients with cardiovascular diseases
who had normal fasting lipid profile and maintained on
statin regimen, showed significant postprandial rise and
plateauing of TG and VLDL levels starting 2 hours after
fasting.

In the present study all the TG and VLDL-C values up to
8™ hours of observations were significantly higher than
the fasting values and found in similar pattern. However,
there is still a lack of data regarding VLDL values.
Although in our analysis, VLDL had a significant
postprandial rise and is considered as a component of
postprandial lipemia as well. With our results and data
of other studies presented, this postprandial phenomenon
should be addressed especially in this set of high risk
patients in order to avoid recurrence of cardiovascular
events.

Another interesting result was found in our study, the
fasting insulin levels and its resistance (HOMA) found
significantly (p<0.0001) higher in CVD patients. These
findings supported by these four large prospective
studies [10] had shown that hyperinsulinemia is a
predictor of coronary artery disease (CAD), with a few
demonstrating such a

prospective  reports  not

relationship. The greatest association of
hyperinsulinemia with CAD has been found in Finland
in a population with a very high frequency of CAD [21].
Severalstudies 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-
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control studies in individuals with diabetes mellitus or
the metabolic syndrome [21].

Several recent studies had shown a relationship between
carotid wall atherosclerotic lesions, angina, and insulin
levels/resistance. The data suggested that, as long as
adequate insulin is available to prevent excessive lipid
oxidation, FFA-driven lipid synthesis is the major
determinant of VLDL TG secretion. Hyperinsulinemia
probably is a marker of insulin resistance, rather than a
major, direct contributor to the process. The basis for the
rise in FFA flux in insulin resistance is probably
oligogenic in nature, but whatever its ultimate cause, the
rest of the dyslipidemic phenotype associated with
once VLDL secretion

insulin  resistance follows

increases [22].

CONCLUSION

In conclusion, this study found significant postprandial
hypertriglyceridemia  and  significant  delay in
postprandial-  triglyceride clearance following a

standardized fat load in patients with cardiovascular
disease. These results supported the conclusion that non-
fasting TG levels more strongly and directly reflect
VLDL-C or remnant lipoprotein concentrations than
fasting TG levels. The greater predictive values of non-
fasting TG concentrations for cardiovascular events have
been proved directly by the increased levels of remnant
lipoproteins in the postprandial state. Therefore, non-
fasting TG measurements performed in 3-6 h after food
intake could replace direct measurement of the remnant
lipoproteins  for  assessment of cardiovascular
disease.Thus, clinicians should be more precise in
addressing postprandial lipemia in this set of patients.
Collectively, these data suggested that assessment and
should be

parameters related to postprandial lipemia.

treatment of atherosclerosis included
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