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Introduction  
Cardiovascular disease (CVD) is regarded 
as one of the causes of morbidity and      
mortality worldwide nowadays. The              
incidence of this disease is likely to        
increase. Multiple risk factors contribute           
to CVD. Postprandial lipemia (PPL)          
represents the increment in lipid levels in 
plasma following ingestion of meal.1-5 This 
process is associated with an increase in 
very low-density lipoproteins (VLDL) that 
are transformed to low-density lipoprotein 
(LDL) and delivered to the arterial walls 
and a decrease of high-density lipoprotein 
(HDL) particle number and function,                  

and production of small, dense LDL.         
This unfavorable lipid profile increases  
progression of atherosclerosis.6-8 Most of 
the people spend the majority of their time 
in the fed state, with a continual fluctuation 
in the degree of lipemia throughout the 
day. According to typical American eating 
pattern, most people consume three or 
more meals per day. Each of these meals 
is mostly consumed before the plasma 
triglyceride levels returned to baseline        
levels, this produces a lipemic condition 
resulting from the previous meal intake.9 
Presence of high levels of lipids in           
postprandial state and impaired clearance 

Background and objective: Postprandial lipemia is a risk marker for the presence or        
progression of cardiovascular disease. Identifying factors affecting lipoprotein metabolism 
in postprandial state is of interest in order to find ways for prevention of atherosclerosis and 
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levels of Apolipoprotein B. 
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Results: There were significant differences between different groups of patients regarding 
with studied parameters. Men had a higher postprandial response than did women. There 
were significant differences between fasting and postprandial levels of lipid profile, except 
for the measurement of apolipoprotein B. Therefore, the level of plasma apolipoprotein B 
was not affected by meal intake. The postprandial lipemia was significantly related to the 
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profile assessments. By designing equations, by doing the postprandial triglyceride test, 
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of postprandial lipoproteins have a closer 
relationship with atherosclerosis than levels 
in the fasting state.10-12 According to the 
findings from several previous studies, 40% 
of all patients with the premature coronary 
artery disease have normal fasting plasma 
lipids, while they suffer from impaired       
clearance of postprandial lipoproteins.13 
The postprandial lipoprotein metabolism is 
affected by several factors including dietary 
pattern, food composition, other conditions 
associated with lifestyle, physiological             
factors (age, gender, genetic background 
and postmenopausal status) and                
cardiometabolic conditions.14 Studying the 
postprandial response can show multiple 
aspects of metabolic health that would not 
be noticeable from studying the fasting           
parameters. Although, fasting lipid and  
lipoprotein levels reflect steady state lipid 
metabolism even healthy subject is in             
a state of postprandial hypertriglyceridemia 
most of the time due to meal frequency.15 
Also, it would be much simpler for patients 
if a random non-fasting sample could be 
used.16 The magnitude of PPL is increased 
by several risk factors including metabolic 
disorders. However, little is known about 
the relevance of postprandial lipemia in 
metabolic syndrome (MetS).17 In individuals 
likely to have excess abdominal fat, the         
National Health and Nutrition Examination 
Survey III committee recommended five 
main parameters in order to identify              
individuals with MetS. These five              
parameters consist of waist circumference, 
triglycerides (TGs), HDL-c, fasting             
glycemia, and blood pressure (BP). The 
committee prioritizes waist circumference 
over the body mass index (BMI) to estimate 
the amount of abdominal fat because             
abdominal obesity has been recognized as 
the most prevalent form of MetS in affluent, 
sedentary populations. Also, it recognized 
the importance of elevated TGs and            
reduced HDL-c concentrations as useful 
lipid markers of the presence of an              
atherogenic “Dysmetabolic” profile related 
to visceral obesity and ectopic fat                  
deposition. Trying to identify individuals           

with aggregation of risk factors provides 
additional useful information to guide             
clinical management.18,19 This study aimed 
to determine PPL in obese subjects and to 
compare it with fasting lipemia taking into 
consideration the levels of Apolipoprotein B 
(ApoB).  

Methods 
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This cross-sectional study conducted in 
Rizgary Hospital (Outpatient Department) 
and private clinic in Erbil city, Kurdistan 
Region- Iraq, from September 2014 to 
January 2015. After taking permission      
from Hawler Medical University Ethics 
Committee for conducting this study and 
after signing on written consent, the study 
was done on 171 subjects with different 
BMI. All subjects were studied in the  
morning after 12 hours overnight fast.        
An ordinary meal was consumed, lipid       
profile measured in the fasting and 2 hours 
after the meal. The meal was containing         
a sandwich of fried meat, fried potato        
and pieces of uncooked tomato. In both 
samples which taken from them, uric acid, 
total cholesterol (TC), TG, HDL-c, LDL-c 
and ApoB were measured. Both genders 
were included, aged between 35-65 years. 
All subjects had no symptoms of illness, 
and normal values for BP, blood creatinine, 
urea, and activities of aspartate (AST) or 
alanine (ALT) aminotransferase. None had 
any endocrine or gastrointestinal disease. 
Participants were interviewed and informed 
about the aim and nature of the study and 
then written consent was obtained from 
each subject. Subjects with renal disease, 
chronic liver disease, pregnancy, Diabetes 
Mellitus and hormonal disturbances were 
excluded from the study. Blood analysis 
was done for serum urea, creatinine, AST, 
ALT, thyroid stimulating hormone (TSH), 
free thyroxine (FT4), glycated hemoglobin 
(HbA1c), uric acid. Lipid profile included 
TC, TG, HDL-c, direct LDL-c and ApoB 
measurements. The instrument used for 
the measurement of biochemical tests,  
including HbA1c, ALT, AST, urea,               
uric acid, TG, glucose, creatinine, LDL-c,          
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HDL-c, TC and ApoB, was the                  
clinical chemistry analyzer cobas e311 
Autoanalyzer machine (Roche Diagnostic 
GmbH D-68298, Mannheim, Germany). 
The instrument used for measurement of 
FT4 and TSH was cobas e 411 analyzer 
(Roche Diagnostic GmbH D-68298,          
Mannheim, Germany). According to their 
BMI, subjects were subdivided into            
obese subjects (30 or higher), overweight 
(25- 29.9) subjects, and within normal BMI 
(18.5- 24.9). Obese subjects were further 
classified into Class I (BMI≥ 30), Class II 
(BMI≥ 35) and Class III (BMI≥ 40). Waist to 
hip ratio (WHR) was calculated and used 
as a measure of visceral obesity, which 
was defined as WHR ≥ 0.85 for women and 
WHR≥ 0.9 for men.20-22 Waist to height        
ratio (WHtR) also measured as a measure 
of visceral obesity. It was calculated by  
dividing waist to height and the value of 
≥0.5 was regarded as at risk patients.20-22 
Venous blood was sampled from the         
antecubital vein and collected into tubes 
with no anticoagulant and ethylene diamine 
tetraacetic acid (EDTA). Serum and plasma 
were separated from whole blood by          
centrifugation (5 min, 4100 rpm). Data were 
analyzed using the statistical package           
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Results  
The Table 1 shows the means of               
anthropometric measurements by gender. 
This study included 171 subjects (58 males 
and 113 females). There was a significant 
difference between mean BMI of females 
(31.7 ± 7.4) and mean BMI of males         
(27.8 ± 5.7). There was a significant            
difference between mean WHR of females 
(0.849 ± 0.074) and mean WHR of males 
(0.896 ± 0.064). There was a significant 
difference between mean WHtR of females 
(0.618 ± 0.105) and mean WHtR of males 
(0.560 ± 0.078).  

for the social sciences (version 19).       
Student's t-test was used to compare       
between means of two groups 
(independent samples t-test). Paired t-test 
was used to compare values of fasting and 
postprandial lipids. Multiple regression was 
done where the dependent variable was 
ApoB (postprandial), and the independent 
variables were fasting TC, TG, HDL-c, and 
LDL-c. The correlation was used for finding 
the correlation between different criteria 
under the study. A P value of ≤0.05 was 
considered statistically significant.  

Table 1: Means of anthropometric measurements by gender.  

Anthropometric measurements Females (n=113) Males (n=58) P value 

BMI (kg/m2) 31.7±7.4 27.8±5.7 0.0006 

Waist circumference (cm) 98.5±16.4 97.8±13.1 0.781 

Hip circumference (cm) 115.7±14.0 108.9±10.5 0.0014 

WHR 0.849±0.074 0.896±0.064 0.0001 

WHtR 0.618±0.105 0.560±0.078 0.0003 

The results are expressed as mean ± SD.  
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Table 2: Measurements of lipid profile and ApoB levels at fasting and postprandial states.  
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Table 2 shows measurements of lipid          
profile and ApoB levels at fasting and       
postprandial states. As it is obvious,             
significant differences can be seen            
between fasting and postprandial levels of 
TC, TG, HDL-c and LDL-c measurements 
in both genders. There was no significant       

difference between fasting and                      
postprandial levels of ApoB in both        
genders. Table 3 shows the determination 
of glucose, uric acid and HbA1c at fasting 
and postprandial states. There was a          
significant difference between fasting and 
postprandial glucose level in both genders.  

  Female (n=113) Male (n=58)   

  Fasting state Postprandial Fasting state Postprandial P value 

TC (mg/dl) 169.7±36.1 166.7±36.0 
(‡p=0.5) 

176.9±39.5 174.2±38.7 
(‡p=0.7) 

  

TG (mg/dl)  94.9±45.2 133.0±67.9 
(‡p<0.0001) 

136.7±81.9* 183.2±106.4 
(‡p=0.0095) 

* <0.0001 
† =0.0002 

HDL-c (mg/dl) 47.5±12.9 45.1±12.3 
(‡p=0.15) 

39.4±9.6 37.3±9.8 
(‡p=0.24) 

* <0.0001 
† <0.0001 

LDL-c (mg/dl) 99.1±28.3 95.2±27.8 
(‡p=0.29) 

108.2±31.3 104.0±30.9 
(‡p=0.46) 

  

ApoB (mg/dl) 91.0±24.0 90.7±24.0 
(‡p= 0.563) 

99.6±23.5 99.9±26.1 
(p=0.759) 

* 0.025 
† 0.027 

*Difference between male and female in fasting state. †Difference between male and female in the 
postprandial state. ‡Difference between fasting state and postprandial state for each corresponding 
value of each gender. 

Table 3: Determination of glucose, uric acid and HbA1c.  
  Female (n=113) Male (n=58)   
  Fasting state Postprandial Fasting state Postprandial P value 

Glucose (mg/dl) 93.8±8.6 106.4±26.1 
(‡p<0.001) 

95.1±7.3 104.1±20.2 
(‡p=0.0009) 

* 0.765 
† 0.643 

HbA1c (%) 5.646±0.404   5.438±0.373   * 0.466 

Uric acid (mg/dl) 4.526±1.138 4.580±1.157 
(‡p=0.743) 

6.025±1.09 5.987±1.087 
(‡p=0.618) 

* <0.001 

*Difference between male and female in fasting state. †Difference between male and female in the 
postprandial state. ‡ Difference between fasting state and postprandial state for each corresponding 
value of each gender. 
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Table 4 describes the measurements of 
lipid profile levels in respect to the         
measurement of obesity. There was a        
significant difference between fasting TC 
levels of normal BMI females (138.1 ± 
26.1) and males (171.2 ± 30.6). There        
was a significant difference between      
postprandial cholesterol levels in normal 
BMI females (134.7 ± 23.8) and males 
(174.5 ± 45.7). Also, there was a significant 

difference between fasting levels of TG, 
HDL-c and ApoB in normal BMI,           
overweight and obese females and males. 
There was a significant difference between 
postprandial levels of TG, HDL-c and ApoB 
in normal BMI, overweight and obese       
females and males. Table 5 describes the 
measurements of BP with respect to          
the BMI.  
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Table 4: Serum lipid profile levels in respect to the measurement of obesity.  
Lipid profile Fasting Postprandial 

  Female Male P value Female Male P value 

TC 
(mg/dl) 

  

Normal BMI 
Overweight 
Obese 

138.1±26.1 
163.3±30.1 
183.3±33.0 

171.2±30.6 
174.5±45.7 
187.1±43.2 

<0.001 
  

134.7±23.8 
160.4±32.9 
180.4±33.3 

169.5±30.6 
171.9±44.8 
183.2±42.3 

<0.001 
  

TGs 
(mg/dl) 

  

Normal BMI 
Overweight 
Obese 

65.5±26.7 
89.6±44.9 
107.3±45.8 

126.1.2±95.1 
143.4±81.4 
144.1±64.5 

0.007 
0.017 
0.039 

96.8±40.5 
134.6±71.8 
144.7±70.2 

177.3±134.4 
194.9±96.0 
178.9±74.28 

<0.001 
0.03 

HDL-c 
(mg/dl) 

Normal BMI 
Overweight 
Obese 

50.5±16.5 
47.2±8.8 
46.7±13.0 

40.7±12.5 
37.4±7.3 
39.9±6.9 

  

0.031 
<0.001 
0.0054 

47.6±16.6 
44.4±8.6 
44.5±12.0 

39.1±12.9 
34.9±7.9 
37.4±6.2 

  

  
<0.001 
0.001 

ApoB 
(mg/dl) 

Normal BMI 
Overweight 
Obese 

69.3±15.7 
85.1±21.1 
100.9±21.8 

96.7±21.8 
99.7±24.5 
103.6±25.4 

<0.001 
0.047 

69.1±16.1 
84.9±22.1 
100.6±21.5 

96.3±22.3 
100.6±30.5 
104.0±26.7 

<0.001 
  

Table 5: Measurements of the blood pressure in respect to the body mass index. 

  SBP (mmHg) DBP (mmHg) 

  Females Males P value Females DBP P value 

Normal weight 109.8±12.5 126.2±19.7 0.002 74.9±6.8 76.7±7.8   

Overweight 119.2±18.5 132.6±18.9 0.024 78.0±9.0 86.4±12.3 0.018 

Obese 131.5±19.8 140.5±14.0 0.039 82.4±9.0 86.9±7.1 † 0.037 



Clinical significance of fasting and postprandial …….                    Zanco J. Med. Sci., Vol. 22, No. (1), April, 2018 
https://doi.org/10.15218/zjms.2018.014 

6  

Table 6 shows the correlation between         
different parameters under the study. It 
shows a comparison between TGs and 
ApoB and their correlation with other        
parameters under the study. Pearson             
2-tailed correlation showed a significant 
direct positive correlation (r = 0.962)             
between ApoB and LDL-c. Also, it shows      

that the correlation between WHR and            
postprandial TG is higher than the           
correlation present between BMI and          
postprandial TG. Figure 1[A] shows a        
significant (P = 0.05) positive correlation 
(0.2) between serum TG and BMI in          
females.  

Table 6: Correlations between different parameters under the study.  

Figure 1[A]: Correlation between Serum triglycerides and body mass index in females. 

Correlation is significant at the 0.01 level (2-tailed). 

Parameters 
  

TG (mg/dl) ApoB (mg/dl) 
Pearson Correlation Sig, (2-tailed) Pearson Correlation Sig, (2-tailed) 

TC  (F) 0.319 <0.001 0.929 <0.001 

TG (F)0 0.871 <0.001 0.466 <0.001 

HDL (F) 0.415 <0.001 0.135 0.79 

LDL (F) 0.332 <0.001 0.957 <0.001 

ApoB (F) 0.367 <0.001 0.975 <0.001 

TC  (PP) 0.343 <0.001 0.931 <0.001 

TG (PP) 1   0.351 <0.001 

BMI 0.03 0.696 0.339 <0.001 

Waist circum. 0.167 0.029 0.446 <0.001 

WHR 0.315 <0.001 0.396 <0.001 

SBP 0.26 0.001 0.394 <0.001 

DBP 0.306 <0.001 0.397 <0.001 

Glucose (F) 0.219 0.004 0.046 0.55 
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Figure 1[B] shows a non-significant            
correlation between serum TG and              
BMI in males. Figure 2 shows significant 
correlations between fasting and             
postprandial serum TGs in females            
(r = 0.85) and males (r = 0.869). The          

increment of postprandial TG depended on  
the fasting levels in both genders. Figure 3 
shows a significant correlation between 
postprandial serum ApoB levels and          
TGs in both genders. 

Figure1 [B]: Correlations between Serum triglycerides and body mass index in males.  

Figure 2: Correlation between fasting and postprandial serum triglycerides levels in both 
gender genders.  

Figure 3: Correlation between postprandial serum apolipoprotein B levels and triglycerides 
in both genders.  

110 



Clinical significance of fasting and postprandial …….                    Zanco J. Med. Sci., Vol. 22, No. (1), April, 2018 
https://doi.org/10.15218/zjms.2018.014 

8  

The finding was indicating that the largest 
body circumference for the women was 
around the hips and women are likely to 
have a lower body pattern of fat distribution 
as shown in Table 1, and men are known 
to present preferential accumulation of      
adipose tissue (AT) in the abdominal         
visceral depot and they are likely to have 
abdominal or upper-body obesity.20-22 Men 
had a higher ratio of WHR. Gluteofemoral 
fat deposition, an anatomic area of              
adiposity that has been shown to play        
a protective role in the development of      
cardiometabolic risk, Lower body obesity  
in women and accumulation of fat in             
these areas are results of hormonal                 
difference between men and women,          
especially estrogen. This hormone has a 
cardioprotective effect.23-25 The results 
show a significant difference between          
fasting and postprandial state for the value 
of TC, TG, HDL-c and LDL-c, while the 
value of fasting and postprandial ApoB is 
the same. The postprandial increase in TG 
is unequivocally (directly) due to the               
ingestion of meal. Decrease in the level of 
HDL-c in response to food intake is due          
to bidirectional lipid exchange between 
triglyceride-rich lipoprotein (TRL) and HDL 

particles. Decrease in the TC levels after 
food intake is a result of hemodilution state 
produced by food and fluid intake.16,26 
Clinical assays of ApoB measure both 
ApoB-100 and ApoB-48. Hence, total 
plasma ApoB (ApoB-100 + ApoB-48) 
represents the total atherogenic particle 
number. Therefore, measuring the number 
of atherogenic particles may be more          
biologically meaningful than the measuring 
cholesterol content in particles.27-30 The 
results show that men are characterized  
by an overall less favorable plasma lipid 
profile. Estrogens have been suggested to 
have a favorable impact on postprandial 
triglyceridemia. Variation in lipoprotein           
lipase activity between men and women 
may also be implicated in the gender          
difference in PPL. Once again, the greater 
accumulation of subcutaneous fat in 
women than in men could play a role in the 
gender difference noted in the clearance of 
TRL after a dietary fat challenge. Also       
estrogens are linked to higher HDL levels. 
It has been suggested that the higher           
fasting TG in men may in some way drive 
their higher postprandial TG response.17 
The results show a significant difference 
between fasting and nonfasting blood       
glucose levels as shown in the Table 3, 
which is directly related to ingestion of 
food.26 Also, the serum uric acid levels 
were significantly higher in men compared 
to women. Uric acid measurement is                 

Discussion 
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Figure 4 shows a significant correlation   
between fasting and postprandial ApoB in 
both genders.  

Figure 4: Correlations between fasting and postprandial apolipoprotein B in both genders. 
(Female: r = 0.976, P <0.001, Male: r = 0.0972, P <0.001) 
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of great importance because high                  
levels mean good defense mechanism 
(because uric acid is a strong scavenger          
of nitrosative radical particularly                 
peroxynitrite).22,31 The results in Table 4 
show that with increasing BMI, level of  
fasting and postprandial TC, TG in the   
serum will be increased. More AT                  
accumulation plays an important role in  the 
PPL and this will lead to produce a higher 
postprandial TG response in obese                
subjects.13 Also the results show decrease 
in the HDL-c levels as BMI increased. HDL 
metabolism is also strongly affected by 
obesity because of the increased number 
of remnants of chylomicrons and VLDL  
together with impaired lipolysis. This will 
ultimately lead to lower levels of HDL-c and 
a reduction in circulating HDL particles  
with impairment of reversed cholesterol 
transport.33 The results also show that  
obesity increases risk of hypertension, and 
it show that respondents with BMI 30kg/m2 
or greater were likely to have hypertension 
compared with non-obese subjects and  
the results in Table 5 show that men          
have significant higher blood pressure            
in comparison to women.20 The results 
show significant positive direct correlation 
between serum TG and BMI in women as 
shown in the Figure 1[A]. The correlation 
lines run in parallel; the line of postprandial 
shifted upward, which means the                 
postprandial level increase so much             
compared with fasting for the same BMI. 
There is a non-significant correlation           
between serum TG and BMI in men as 
shown in the Figure 1[B]. The correlation 
lines do not run in parallel; therefore, no 
correlation between BMI and TG can be 
defined in men. This indicates that there is 
no link between lipemia and BMI in men. 
Therefore, it can be estimated that there 
may be another factor rather than BMI         
influence the postprandial TG response           
in men.15 The results in Figure 2 show        
significant correlation between fasting and 
postprandial serum TGs in both genders. 
From this figure we can determine the           
fasting serum TG levels at any time of         

estimation the serum TGs (postprandial) 
whatever male or female by using this 
equation: 
Fasting TG level = (0.639 × postprandial 
TG) + 13.236 
It means that there is no need to ask the 
patient to be fasting for estimating TG 
level. There is a strong positive correlation 
(r = 0.871) between fasting TG and the 
postprandial plasma TG response. There 
are several previous studies which indicate 
that fasting TGs is the major contributor to 
the postprandial TG level.6,8,9 The results 
show a significant correlation between        
serum levels of ApoB and TG                      
postprandially. Therefore, it can be            
estimated that the serum level of ApoB is 
dependent on the serum level of TG          
postprandially, by using a simple equation 
the changes in the TG can be determined 
which is corresponding to the changes in 
ApoB level:  
Postprandial ApoB = (0.184 x postprandial 

serum TGs) + 73.661 
The results show a significant correlation 
between fasting and postprandial ApoB in 
both genders as shown in Figure 4. There 
is no need to be fasting for estimating         
serum ApoB level and it can be estimated 
at any time of measurement and it gives 
the same result29, 30.Multiple regression 
analysis showed that there was a strong 
correlation between ApoB measurement 
and LDL-c measurement. Also, Pearson        
2-tailed correlation showed significant           
direct positive correlation (r = 0.962)           
between ApoB and LDL-c. Recent data 
demonstrate that ApoB is a better measure 
of circulating LDL particle number LDL-p 
concentration and is a more reliable             
indicator of risk than LDL-c.28  
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Conclusion 
Postprandial hypertriglyceridemia which          
is the most clinically important part of          
postprandial lipemia is well related to the 
severity of obesity that assessed by BMI. 
The serum level of postprandial ApoB  
does not significantly differ from the          
corresponding fasting levels. Therefore,         
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it is possible to assess the levels of           
atherogenic lipid at any time without need 
fasting state. Moreover, determination of 
serum ApoB gives us a clue about the 
status of TGs or LDL-c. Apolipoprotein B        
is a more reliable indicator of CVD than 
LDL-c and it is not affected by fasting. The 
response of PPL in obese individuals is        
a gender based effect, i.e., men are more 
vulnerable to cardiovascular events. PPL 
response is extended to include a                
significant increase serum levels of              
uric acid, which again this effect is                     
gender-based. This study elaborates    
equations by which it can be possible           
to predict fasting levels of TGs from            
the postprandial levels. The correlation              
between WHR and postprandial TG is 
higher than the correlation present between 
BMI and postprandial TG.  
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