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            Abstract

            
               
Lipid profile is done in fasting blood specimen commonly, the reasons being: 1. Triglycerides remain elevated for several
                  hours in postprandial state, 2. Reference range are established for fasting serum lipid profile.
               

               This study was proposed to compare the lipid profiles obtained in fasting and non-fasting conditions. If a reliable correlation
                  between fasting and non-fasting lipid profile will be obtained, assay for lipids in non-fasting state may be adopted for clinical
                  evaluation. This might help in reducing the difficulties faced in obtaining the sample in fasting state.
               

               Materials and Methods: This was a cross-sectional study, conducted from October 2011 to October 2013. Total of 200 subjects were included in the
                  study. Two Samples were collected from each individual, one sample after 8-12 hours fasting and second sample in non-fasting
                  state (random sample). Total cholesterol, Triglycerides, HDL-cholesterol were analyzed by standard methods and, LDL-cholesterol
                  was calculated using Friedewald’s formula.
               

               Results: Significant increase was observed in non-fasting Triglyceride and VLDL-C as compared to fasting samples in total population,
                  but we observed significant difference in total cholesterol and LDL-C in total population. Significant reduction was observed
                  in HDL-C in non-fasting state as compared to fasting state. Positive correlation was observed between fasting and non-fasting
                  total cholesterol triglyceride, VLDL-C, HDL-C and LDL-C in the total population.
               

               Conclusion: Non-fasting sample can be used to measure Total cholesterol and HDL-C. Non-fasting sample can be used to measure triglyceride,
                  VLDL-C and LDL-C provided reference intervals are established in non-fasting state for the same in larger population.
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               Introduction

            Lipid profiles are batteries of tests which include the measurement of lipids and lipoproteins such as cholesterol, triglycerides
               (TG) and LDL-cholesterol, HDL-cholesterol, VLDL-Crespectively, of an individual.
            

            Lipids and lipoproteins are intimately involved in the development of atherosclerosis, which is the underlying cause of cardiovascular
               disease like myocardial infarction. It can also cause cerebrovascular disease and peripheral vascular disease.1, 2, 3  

            Dyslipidemia can also be seen in many genetic disorders like familial hypercholesterolemia. This is caused due to defect in
               the expression and/or function of LDL receptor. It leads to accumulation of LDL in plasma, leading to deposition of cholesterol
               in skin, tendons, and arteries, where it causes accelerated atherosclerosis, resulting in premature CHD and death.1, 3 
            

            Presently cardiovascular diseases are the leading cause of morbidity and mortality in developing countries like India.

            In view of above data and also emerging data on the impact of early life events on adult chronic diseases, it is appropriate
               to consider preventive strategies for atherosclerosis at an early stage of life.
            

            Usually the lipid profile is done in fasting blood specimen, due to two main reasons:

            
                  
                  	
                     Triglycerides remain elevated for several hours in postprandial state and is variable

                  

                  	
                     Reference range s are established for fasting serum lipid profile,4  and not in non-fasting state
                     

                  

               

            

            As recommended by National cholesterol education program-adult treatment panel- III (NCEP-ATP III) current guidelines, for
               cardiovascular risk assessment lipid profile should be obtained while in fasting state of at least 8-12 hours . The other
               recommendation is that initial screening should include a fasting lipid profile that includes total cholesterol, LDL cholesterol,
               HDL cholesterol, and triglycerides.5  But however the guidelines also allow for the measurement of total and HDL cholesterol in the non-fasting state, because when
               measure in fasting or non-fasting state there is very minimal alteration of these two lipids.6, 7   A secondary target of therapy in ATP-III that is, non-HDL cholesterol can also be used in the non-fasting state.5 
            

            This study was proposes to test the feasibility, of using non-fasting sample to estimate lipid profile, by comparing the lipid
               profiles obtained in fasting and non-fasting conditions. If a reliable correlation is observed between fasting and non-fasting
               lipid profile then, the assay for lipids in non-fasting state may be adopted for clinical evaluation. This might help in reducing
               the difficulties faced in obtaining the sample in fasting state.
            

         

         
               Materials and Methods

            This was a cross-sectional study conducted in K S Hegde charitable hospital Mangalore. 200 patients8  were included in the study. Duration of the study was 3yrs between November 2011 and June 2013. Ethical clearance was obtained
               from the institutional ethical committee before the start of the study. The informed consent was obtained from the subjects
               who were willing to participate in the study. The subjects were selected based on the clinical history and clinical examination.
            

            The subjects for the study were randomly selected from the population, which included medical student, employees of all cadres
               at the hospital. A few subjects who attended the hospital, under health plan scheme were also recruited for the study.
            

            Analysis was done in clinical biochemistry laboratory.   

            Healthy individuals aged between 18-55yrs with BMI (Body mass index) between 18-24.99kg /m 2 were included in the study. Subjects with cardiovascular disease, diabetes mellitus, hypertension, malnutrition, renal diseases,
               cerebrovascular diseases, sepsis, medications, alcohol abuse, smoking, endocrine disorders, Pregnancy, various storage disorders,
               congenital biliary atresia, dyslipidemia, obesity, strenuous exercise, HRT were excluded from the study.9, 10  (3)

         

         
               Methods

            Anthropometric measurements: Height was measured in cms without shoes by standard procedure and weight was measured in kg and used for calculation of
               body mass index.
            

            Method of sample collection: 2ml of Blood Sample was collected, one sample after 8-12 hrs fasting and second sample in non-fasting state (random sample).
               lipid profile parameters were assayed in duplicate to minimize analytical variation11  in Roche Hitachi (902) autoanalyzer.
            

            Quality control: The analyzer was calibrated with materials provided by the Bio-rad. Changes in calibration curve and specificity of the analytical
               method were detected by using a number of accuracy control specimens, at both normal (level-I) and pathological (levels-II)
               of concentration, for the lipid profile analytes. During the study there were no change in the equipment, reagents, calibration
               standards, and controls.
            

            The following parameters were analysis

            
                  Serum total cholesterol12 
               

               Measured by CHOP-PAP (cholesterol oxidase-peroxidase 4-aminoantipyrine) method using commercially available kit.

            

            
                  Serum triglycerides13 
               

               Measure by GPO-PAP (glycerol- 3 phosphate oxidase-peroxidase N-ethyl-N-Sulfopropyl-n-anisidine) method using commercially
                  available kit
               

               Serum Hdl - cholesterol14  

               Measured by homogenous (direct) enzymatic method using commercially available kit.

               Serum LDL-Cholesterol15 
               

               Calculated by Friedewald’s equation.

               LDL cholesterol is calculated by using a standard WHO approved formula based on total cholesterol, triglyceride and HDL-cholesterol
                  values.
               

            

            
                  Statistical analysis

               SPSS- version 17 was used to analyze the data. The parameters which followed a Gaussian probability curve according to Kolmogorov-Simrnov
                  test for normality were analysed by parametric test. The parameters which did not follow a Gaussian probability curve were
                  analysed by non-parametric test. The comparison study of fasting and non-fasting lipid profile was analyzed by student paired
                  ‘t ’ test. For total cholesterol and LDL-C parametric students paired ‘t ’ test was done. Triglycerides, HDL-C, VLDL-C were
                  fit for non-parametric test, Wilcoxon signed rank test. Correlation was done by Pearson’s correlation.
               

            

         

         
               Results

            In this study 200 subjects were included. Among which 126 were females and 74 were males. Mean age for total population was
               31.29. Mean age for male was 30.29±8.79, and for females was 31.89±8.88
            

            Mean BMI for males was 23.8±2.36, and for females was 22.7±1.67

            No significant difference was observed between mean fasting TC and LDL-C levels and non- fasting TC and LDL-C, but significant
               difference was observed between mean fasting HDL-C, TG, VLDL-C levels and non-fasting HDL-C, TG, VLDL-C levels. The mean TG
               and VLDL-C levels is higher in non-fasting state (135.38 & 27.43 respectively) than in fasting state (96.01& 19.34 respectively),
               but was decrease in non-fasting HDL-C and LDL-C (45.08 & 116.63 respectively) as compared to fasting (48.05 & 121.68) (Table  1Figure  1)
            

            A strong positive correlation was observed between fasting total cholesterol and non-fasting total cholesterol, fasting triglyceride
               and non-fasting triglyceride, and fasting LDL-C and non-fasting LDL-C. A positive correlation was observed between fasting
               HDL-C and non-fasting HDL-C and fasting VLDL and non-fasting VLDL-C.
            

            
                  
                     
                        
                           	
                              
                        	
                              Mean ±SD
                        
                        	
                              
                     

                     
                           	
                              Parameter
                        
                        	
                              Fasting (mg/dl)
                        
                        	
                              Non-fasting (mg/dl)
                        
                        	
                              P value
                        
                     

                     
                           	
                              Total cholesterol
                        
                        	
                              187.89±30.43
                        
                        	
                              188.54±33.68
                        
                        	
                              0.56
                        
                     

                     
                           	
                              Triglyceride
                        
                        	
                              93.33± 42.19
                        
                        	
                              117.46±42.25
                        
                        	
                              0.001**
                        
                     

                     
                           	
                              HDL-C
                        
                        	
                              48.13± 9.95
                        
                        	
                              45.26±10.81
                        
                        	
                              0.001**
                        
                     

                     
                           	
                              VLDL-C
                        
                        	
                              19.02±8.90
                        
                        	
                              23.86±8.75
                        
                        	
                              0.001**
                        
                     

                     
                           	
                              LDL-C
                        
                        	
                              121.49±28.98
                        
                        	
                              119.50±32.11
                        
                        	
                              0.116
                        
                     

                  
               

               
                  Table 1

                  Comparison of lipid profiles in fasting and Non-fasting state in total study population

               

               

            

            

            
                  
                     
                        
                           	
                              
                        	
                              Mean ±SD
                        
                        	
                              
                     

                     
                           	
                              Parameter
                        
                        	
                              Fasting (mg/dl)
                        
                        	
                              Non-fasting (mg/dl)
                        
                        	
                              Percentage difference
                        
                     

                     
                           	
                              Total cholesterol (TC)
                        
                        	
                              187.89±30.43
                        
                        	
                              188.54±33.68
                        
                        	
                              0.3
                        
                     

                     
                           	
                              Triglyceride
                        
                        	
                              93.33± 42.19
                        
                        	
                              117.46±42.25
                        
                        	
                              22.8
                        
                     

                     
                           	
                              HDL-C
                        
                        	
                              48.13± 9.95
                        
                        	
                              45.26±10.81
                        
                        	
                              6.14
                        
                     

                     
                           	
                              VLDL-C
                        
                        	
                              19.02±8.90
                        
                        	
                              23.86±8.75
                        
                        	
                              22.5
                        
                     

                     
                           	
                              LDL-C
                        
                        	
                              121.49±28.98
                        
                        	
                              119.50±32.11
                        
                        	
                              1.65
                        
                     

                  
               

               
                  Table 2

                  Percentage difference between fasting and non-fasting lipid profile in total population
                  

               

            

            Shows there is 0.3%, 22.8%, 22.5% increase in non-fasting total cholesterol, triglyceride and VLDL-C as compared to fasting,
               respectively. There is 6.14% and 1.65% decrease in non-fasting HDL-C and LDL-C as compared to fasting, respectively.
            

            
                  
                  Figure 1

                  Comparison of Mean values in fasting and non-fasting lipid profile in study population
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-media-server/df2a01a2-0f16-4d89-b448-7f761ea46d80image1.png]

            

            Shows no significant difference between mean TC and LDL-C levels in fasting and non-fasting, but there is a significant difference
               between mean HDL-C, TG, VLDL-C levels in fasting and non-fasting state. The mean TG and VLDL-C levels is higher in non-fasting
               state (135.38 & 27.43 respectively) than in fasting state (96.01& 19.34 respectively), but was decrease i n non-fasting HDL-C
               and LDL-C (45.08 & 116.63 respectively) as compared to fasting (48.05 & 121.68) (Figure  1)
            

            
                  
                  Figure 2

                  Correlation between fasting and non-fasting total cholesterol in total study population.
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-media-server/df2a01a2-0f16-4d89-b448-7f761ea46d80image2.png]

            There is strong positive correlation between fasting and non-fasting total cholesterol in total study population (Figure  2)
            

            
                  
                  Figure 3

                  Correlation between fasting and non-fasting triglyceride in total study population.
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            There is strong positive correlation between fasting and non-fasting triglycerides in total study population (Figure  3)
            

            
                  
                  Figure 4

                  Correlation between fasting and non-fasting HDL-C in total study population.
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            There is correlation between fasting and non-fasting HDL-C in total study population (Figure  4)
            

            
                  
                  Figure 5

                  Correlation between fasting and non-fasting VLDL-C in total study population.
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            There is positive correlation between fasting and non-fasting VLDL-C in total study population (Figure  5)
            

            
                  
                  Figure 6

                  Correlation between fasting and non-fasting LDL-C in total study population.
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            There is strong positive correlation between fasting and non-fasting LDL-C in total study population (Figure  6)
            

         

         
               Discussion

            It is been common practice to measure the lipids and lipoproteins after 8 to 12 hours of fasting, this is reduce the in fluence
               of postprandial lipemia.16  But several meals are consumed throughout the day by the individuals and there are some people who do consume snacks also
               in between the meals; therefore the postprandial state predominates over a 24 hour period and hence daily average plasma lipid
               and lipoprotein concentrations may not be reﬂected in fasting sample and may not reflect the associated risk of cardiovascular
               disease.4, 17  

            So we conducted the study to compare the lipid profile in fasting and non-fasting state.

            In present study, when we compared fasting lipid profile with non-fasting lipid profile, we observed significant difference
               in the fasting TG, HDL-C, VLDL-C and non-fasting TG, HDL-C, VLDL-C, but there was no significant difference in the total cholesterol
               and LDL-C in total study population.
            

            There was significant increase in the non-fasting triglycerides compared to fasting triglycerides.

            Difference in the fasting and non-fasting triglyceride was also shown in studies done by Anne Langsted et al,18 Jouko Sundvall et al,19  who observed increase in Triglycerides in response to normal food intake even after the correction for albumin levels.
            

            This increase in triglycerides is attributable directly to fat intake. Anette Varbo and colleague20  concluded that step wise increasing non-fasting TG was related with high risk of ischemic stroke in both males and females.
               Sandeep Bansal et al21  showed that, to evaluate the cardiovascular risk triglyceride in non-fasting state may be superior to triglyceride in fasting
               state.
            

            Measuring triglyceride in fasting state may be insufficient representation of vascular risk, if Postprandial TG is biologically
               active in atherogenesis.21 
            

            Many studies have proved it as an independent risk factor for CVD. 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.22 
            

            We observed that, difference between fasting total cholesterol and non-fasting total cholesterol was not significant, non-fasting
               total cholesterol, showed only 0.30% increase in total population, which was similar to the observation made by Craig SR et
               al,6  who also observed in their study that fasting total cholesterol and non-fasting cholesterol was not significantly different.
               Anne Langsted et al also showed total levels did not change in response to normal food intake after adjustment for albumin
               levels.
            

            A strong positive correlation was observed between fasting total cholesterol and non-fasting total cholesterol in the total
               population, so total cholesterol can be measured in non-fasting state, which is also recommended by National Cholesterol Education
               Program.
            

            There was a decrease in the non-fasting LDL-C as compared to fasting LDL-C in total study population (n=200) (mean ± SD fasting
               & non-fasting = 121.49±28.98, 119.50±32.11 respectively). The reduction is not significant (p0.116) in total study population,
               this reduction which is seen after taking normal food may be because of hemodilution caused by fluid intake. This may also
               be due to significantly high non-fasting TG which is used in the Friedewald formula for calculating LDL-C. Study done by Samia
               Mora et al,23   wherein they compared the direct method of measuring LDL-C to calcula ted method found that the LDL-C values obtained by
               two methods were highly correlating, in - fact direct method showed lower values. They also studied fasting and non-fasting
               LDL-C with both the method and concluded that in non-fasting state neither of the method for LDL-C predicted the future cardiovascular
               risk. So in present study we calculated LDL-C with Friedewald formula, which may not differ from the direct method and be
               useful in predicting cardiovascular event in fasting samples as recommended by NCEP guidelines.
            

            Jouko Sundvall et al19  concluded that non-fasting LDL-C calculated from the non-fasting TG can misclassify subjects as having LDL-C lower as compared
               to true fasting values. These low values of the non-fasting LDL-C may misclassify the subjects according to NCEP-ATP guideline
               as normal, so it is better to measure LDL-C in fasting state as also recommended by NCEP-ATP.
            

            In present study, there was significant increase in non-fasting in total study population (n=200) (mean ±SD fasting & non-fasting=
               19.02±8.90, 23.86±8.75 respectively) (p<0.001).
            

            22.50% increase is observed in non-fasting VLDL-C in total population

            This increase can be explained by the high non-fasting triglyceride which is divided by factor 5 to get the VLDL.

            Fasting VLDL-C and non-fasting VLDL-C in the total population showed a positive correlation.

            Significant decrease in HDL-C in the non-fasting state was seen when compared to fasting samples in total study population
               (n=200) (mean± SD fasting and non-fasting= 48.09± 9.99, 45.26±10.93 respectively) (p<0.001). These results are similar to
               the results in study done by Anne Langsted et al18   who have reported; decrease HDL-C in response to normal food intake even after the correction for albumin levels and thus
               correction for hemodilution due to fluid intake. Therefore, the changes in these levels are most likely due to food intake
               rather than fluid intake.
            

            Reduction in HDL cholesterol likely is due to bidirectional lipid exchange between lipoproteins rich in triglyceride and HDL
               particles: triglycerides from triglyceride-rich lipoproteins to HDL are transferred by lipid transfer proteins, with Cholesteryl
               esters being back transferred from HDL to lipoproteins rich in triglyceride.18 
            

            The National Cholesterol Education Program advises that HDL cholesterol can be used in the non-fasting state.

         

         
               Conclusion

            In the present study, no significant difference was seen in fasting total cholesterol and non-fasting Total cholesterol, hence
               we can be measure total cholesterol in non-fasting state.
            

            We observed a correlation between fasting HDL-C and non-fasting HDL-C in the study, hence it also can be measured in non-fasting
               state.
            

            We also observed a positive correlation between fasting triglyceride and non-fasting triglyceride, hence triglycerides can
               also be measured in non-fasting state, provided a standard reference interval is established in non-fasting state.
            

            
                  Limitations of the study

               
                     
                     	
                        Sample size: need is there to study on larger population

                     

                     	
                        Direct method of estimating LDL-C should have been compared to calculated method
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