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Abstract 
Introduction: The prevalence of Non-Alcoholic Fatty Liver Disease (NAFLD) is rising continuously. Cardiovascular disease is 

one among the leading causes of morbidity and premature mortality in patients with NAFLD.  

Aims and Objectives: To determine the risk of atherosclerosis in NAFLD subjects diagnosed by USG at K.S.Hegde Charitable 

hospital. 

Materials and Methods: A cross-sectional study involving 203 persons diagnosed with NAFLD were included in the study. 

Subjects with alcoholic liver disease, renal failure, tuberculosis, hepatitis B and/or C and those on lipid lowering drug were excluded 

from the study. Lipid profile was measured and Atherogenic Index of Plasma (AIP) was calculated as log (TG/HDL-c). 

Categorization of the subjects with respect to risk of atherosclerosis was done based on serum LDL-c, non HDL-c and AIP. 

Statistical analysis was done using Chi Square test and p value < 0.05 was considered significant.  

Results: More than normal values were observed for serum total cholesterol, LDL-c, triglyceride and non HDL-c   in high 

percentage of NAFLD subjects (76.8%, 84.7%, 70.4% and 72.4% respectively). Serum HDL-c level was low in 53.2% subjects. 

51.2% of subjects had high AIP and 23.6% had moderately high AIP.  

Conclusion: Results of categorization of the subjects with respect to risk of atherosclerosis based on serum LDL-c, non HDL-c 

and AIP showed that high percentages of subjects were in moderate and high risk categories. AIP is probably a better marker to 

determine the risk of atherosclerosis. 
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Introduction 

 
Lipid, mainly as triglycerides, can accumulate in the 

liver for a variety of reasons. It is normal for the liver to 

contain some fat. However, if more than 5% - 10% of the 

liver’s weight is fat, then it is called a fatty liver 

(steatosis). Extensive accumulation is regarded as a 

pathologic condition. Fatty liver is also known as fatty 

liver disease.  

Imbalance between production of triglycerides and 

its mobilisation as lipoprotein from the liver leads to 

fatty liver. It is a result of either over production of 

triglycerides (TG) or decreased synthesis of lipoproteins 

primarily very low density lipoproteins (VLDL). One of 

the major causes for the development of fatty liver is 

alcohol consumption. Therefore fatty liver disease has 

been classified into Alcoholic Fatty Liver Disease 

(AFLD) and non-alcoholic fatty liver disease (NAFLD). 

NAFLD represents a spectrum of conditions that span 

from asymptomatic steatosis to potentially deadly non-

alcoholic steatohepatitis (NASH) Simple steatosis is 

generally a benign condition but NASH can progress to 

cirrhosis and liver failure. As prevalence of NAFLD 

seems to be increasing day by day, it has become a matter 

of global concern.1 

NAFLD is widely considered to be the hepatic 

manifestation of metabolic syndrome.2-6 However it is 

also a risk factor for cardiovascular diseases. A study 

made by Chiang et al 2010 (7) demonstrated that non-

obese and relatively healthy subjects with NAFLD have 

an increased risk of developing cardiovascular events. 

The severity of NAFLD correlates with increasing 

cardiovascular risks as well as underlying inflammatory 

status. The study also demonstrated that the risk 

predictive value of NAFLD is most significant in aged 

subjects and in subjects with increased level of high 

sensitivity C-reactive protein. This suggests its novel 

value in identifying subjects at high risk of developing 

cardiovascular disease. Parameters of dyslipidemia have 

been used in a number of ways to assess the 

cardiovascular risk such as serum LDL-c, non HDL-c 

and AIP.  

In a study conducted in Hyderabad, India, on 

patients with T2DM and metabolic syndrome, the 

patients who also had NAFLD were found to have a 

higher AIP (0.24 ± 0.03) compared to that (0.18 ± 0.04) 

in patients without NAFLD although the difference was 

not statistically significant.8 

This study aims to study the correlation of NAFLD 

with lipid profile and assess the risk of ischemic 

cardiovascular disease based on LDL-C, Non HDL-C 

and AIP  
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Materials and Methods 
 

All individuals attending the radiology department 

of K. S. Hegde Charitable Hospital for an abdominal 

scan during the period December 2010 to December 

2013 were screened for liver steatosis. Among them, 203 

persons diagnosed with NAFLD were included in the 

present study. A liver biopsy was not performed and a 

further distinction between NASH and simple steatosis 

was not made due to ethical issues. Informed consent 

was obtained from the study subjects. 

The study design was approved by the ethical 

committee of K S Hegde Medical Academy (Nitte 

University). Subjects with alcoholic liver disease, 

chronic illnesses like renal failure, tuberculosis, with 

chronic hepatitis B and/or C, those on lipid lowering 

drugs and subjects not willing to participate in the study 

were excluded.  

Relevant clinical details, anthropometric 

measurements and blood pressure were noted. Fatty liver 

was diagnosed, on ultrasonography, as diffuse increase 

in parenchymal echogenicity with progressive loss of 

clarity of portal vein and increased attenuation by the 

liver.9 

5ml of venous blood was collected under aseptic 

condition from every subject after an overnight fast in 

red colour vacutainer and serum was separated for 

biochemical analysis. 

Biochemical estimation of lipid profile was carried 

out in Clinical Biochemistry Laboratory at K S Hegde 

Medical College Hospital, in Cobas c311 Auto analyser 

from Roche Hitachi, using kits from the same company. 

Serum total cholesterol was estimated by cholesterol 

oxidase and peroxidase (CHOD-POD) method, serum 

triglycerides by Trinder method and serum HDL-

Cholesterol by phosphotungstic acid method.  

Serum LDL– Cholesterol was calculated by Friedewald 

Formula.10 

Serum LDL cholesterol = Serum Total cholesterol - 

[Serum HDL-cholesterol +   Serum Triglycerides/5] 

The levels of serum LDL cholesterol were categorised 

based on the potential risk of atherosclerosis as shown in 

Table 1. 

 

Table 1: Risk of atherosclerosis based on serum LDL-c level 

Serum LDL-c (mg/dL) Risk of atherosclerosis 

<100 Low 

100 -130 Medium 

>130 High 

 

NON-HDL CHOLESTEROL  

Non-HDL cholesterol was calculated by using the formula11:   

Non-HDL Cholesterol= Total cholesterol - HDL cholesterol 

The levels of serum non HDL cholesterol were categorised based on the potential risk of atherosclerosis shown in 

Table 2. 

 

Table 2: Risk of atherosclerosis based on serum NON- HDL-c level 

Non-HDL-c (mg/dL) Risk of atherosclerosis 

<130 Low 

130 - 160 Medium 

>160 High 

 

ATHEROGENIC INDEX OF PLASMA (AIP) was calculated using the formula12 

AIP = Log [serum triglycerides (mmol/dL) / serum HDL-c (mmol/dL)] 

The values for AIP were categorised based on the potential risk of atherosclerosis shown in Table 3.  

 

Table 3: Risk of atherosclerosis based on AIP level 

AIP Potential risk of atherosclerosis 

< 0.1 Low 

0.1 – 0.24 Medium 

> 0.24 High 

 

Statistical Analysis  

a. Data analyses were performed using statistical package for social science (SPSS) version 13. 

b. Data was analysed by both descriptive and inferential statistical methods. 

c. Descriptive methods such as percentage, mean and standard deviation (SD) were used.  

d. Inferential method used was Chi square test.  

e. p value < 0.05 was considered to be statistically significant.  
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Result 

 
In the present study, 61.1% (n=124) of the subjects were females and 38.9% (n=79) males. The mean age of the 

study participants were 47.3 ± 11.11 years. 

The mean levels of all serum lipids in NAFLD subjects (cholesterol = 229.2±45.46 mg/dL, triglycerides = 

181.8±70.37 mg/dL and LDL-c =148.0± 46.46 mg/dL) were higher than the normal upper reference levels except for 

serum HDL-c (Table 4). 

 

Table 4: Serum lipid profile in NAFLD subjects 

Serum lipid 

profile 

Serum lipid levels (mg/dL) 

Mean + SD (Range) 

Females  (124) Males  (79) Total (203) 

Total 

cholesterol 

227.2+ 47.18 

(124.0 – 379.0) 

232.5+ 45.4 

(107.0 – 344.0) 

229.2+46.46 

(107.0 – 379.0) 

LDL-c 
147.1+48.73 

(54.0 – 296.0) 

149.5+42.89 

(37.0 – 274.0) 

148.0+46.45 

(37.0 – 296.0) 

Non HDL-c 
182.7 + 47.2 

(83.0 – 327.0) 

188.4 + 43.1 

(85.0 – 304.0) 

184.9 + 45.61 

(83.0 – 327.0) 

Triglycerides 
169.9+66.40 

(42.0 – 317.0) 

200.5+72.76 

(75.0 – 509.0) 

181.8+70.37 

(42.0 – 509.0) 

 

Mean serum HDL-c level (44.5 + 11.04 mg/dL) in females was lower than the normal whereas it was within the 

normal reference range in males.(Table 5). 

 

Table 5: Serum HDL-c levels in NAFLD subjects 

Subjects (no.) 
Serum HDL-c  levels (mg/dL) 

Mean + SD (Range) 

Females (124) 
44.5 + 11.04 

(22.0 – 77.0) 

Males (79) 
44.1 + 11.53 

(22.0 – 60.0) 

 

Significantly high numbers of NAFLD subjects 

were found to have high levels of serum total cholesterol, 

TG, LDL-c and non HDL-c (p<0.0001).The prevalence 

of more than normal serum total cholesterol was 

observed in 76.8% (n=156) of subjects. However low 

serum cholesterol levels (<130 mg/dL) were found in 

2.5% (n=5) of subjects. Serum LDL-c was elevated in 

84.7% (n=172) of the subjects. Serum HDL-c level was 

low in 53.2% (n=108) subjects. Serum TG level was 

found to be elevated in 70.4% (n=143) of the subjects. 

Non HDL-c was high in 72.4% (n=147) of the subjects 

(Fig. 1). 

 

 
Fig. 1: Distribution of NAFLD subjects based on 

serum lipid profile 

 

Among male subjects, high prevalence of increased 

serum TG (82.3%, n=65), total cholesterol (79.7%, 

n=63) and LDL-c (87.3%, n=69) was observed which 

was statistically significant (p<0. 0001). 25.3% of the 

male subjects had low HDL-c level and non HDL-c was 

high in 73.4% of the male subjects (Fig. 2). 

 

 
Fig. 2: Distribution of male NAFLD subjects based on 

serum lipid profile 

 

Among female subjects also, the prevalence of 

increased serum total cholesterol (75%, n=93) and LDL-

c (83.1% n=103) were significantly high (p<0.0001), 

although the percentages with high serum cholesterol 



Roopa Rani B. et al.                  Markers of atherosclerotic risk in patients with non-alcoholic fatty liver disease… 

International Journal of Clinical Biochemistry and Research, April-June, 2018;5(2):328-333         331 

and LDL-c levels were slightly lower than those 

observed in males. The percentage of females having 

increased serum TG (62.91 % n=78), was also 

significantly high (p<0.01). However it was significantly 

lower than that observed in males (p<0.01). Two of the 

female subjects had serum TG levels of 42 mg/dL which 

were slightly lower than the normal lower reference level 

(50 mg/dL). (Fig. 3) 

 

 
Fig. 3: Distribution of female NAFLD subjects based 

on serum lipid profile 

 

Results of categorization of the subjects with respect 

to risk of atherosclerosis based on serum LDL-c, non 

HDL-c and AIP are shown in Fig.  4, 5 and 6. 

Significantly high percentages of subjects were in 

moderate and high risk groups whichever parameter was 

used as the basis. (p<0.0001)Based on serum LDL-c and 

non HDL-c levels, the percentages of subjects in high 

risk (68.0% and 70.9% respectively) and moderate risk 

categories (16.7% and18.8% respectively)  were almost  

similar although the percentages were slightly higher 

when serum non HDL-c was considered. But these 

percentages (51.2% and 23.6%) were much lower when 

AIP was considered (Fig. 4, 5). 

 

 
Fig. 4: Categorization of risk of atherosclerosis in 

NAFLD subjects based on their serum LDL-c level  

 

 
Fig. 5: Categorization of risk of atherosclerosis in 

NAFLD subjects based on their serum non HDL-c 

level 

 

Significant difference (p <0.02) was found between 

the percentages of men and women indifferent risk 

categories based on AIP. Percentage of men in high risk 

category (60.8%) was much higher than that of women 

(45.2%) but no such significant difference was seen 

between the genders when serum LDL-c and non HDL-

c levels were used as the basis for risk categorization 

(Fig. 6). 

 

 
Fig. 6: Categorization of risk of atherosclerosis in 

NAFLD subjects based on their atherogenic index of 

plasma level 

  

Discussion 

 
Dyslipidemia is a well-established and important 

finding among NAFLD subjects. In almost every case of 

NAFLD subjects, in the present study, abnormality of 

either one or more of lipid profile parameters was 

observed. The most prevalent abnormality of lipid 

profile was increased serum LDL-c, 84.7% of the 

subjects had higher than 100 mg /dL. This finding is 

supported by a study made by Hae-Kin Min et al (2012) 

wherein they observed an increased 2-hydroxy, 2-methyl 

glutaryl reductase (HMG CoA reductase) expression and 

decreased expression of LDL receptors and bile acid 

synthetic enzymes resulting in high serum LDL-c among 

NAFLD subjects.13 Studies on lipoprotein metabolism 

and NAFLD revealed that insulin resistance seen in 

NAFLD subjects increases VLDL synthesis and 

secretion by the liver in an attempt to maintain normal 

hepatic lipid content. This results in abnormal level of 

lipoprotein in the plasma (elevated plasma VLDL and 
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LDL concentration).14-16 Different studies on NAFLD 

patients have shown elevated plasma LDL level.17,18 

Several cross-sectional studies from the West have 

found that subjects with NAFLD have high TG levels.19-

21 In Indian population, the subjects with NAFLD had 

significantly higher values of total cholesterol and 

TG.22,23 

The mean serum TG was 207.2 ± 131.7 mg/dL 

among NAFLD subjects in a South Korean study.24
 It 

was higher than normal in the present study, being 181.8 

+ 70.37 mg/dL. 

In the study by Madan et al (2006)25 from All India 

Institute of Medical Sciences (AIIMS), 40.8% of the 

subjects had hypertriglyceridemia and 36.4% had low 

HDL-c. Percentages of NAFLD subjects with high 

triglyceridemia and low serum HDL-c were much higher 

in the study done in Latur (67.14% and 62.9% 

respectively).26 

In the present study, hypertriglyceridemia was 

observed in 70.4% of the subjects, the percentage being 

higher than those in other studies. But the percentage of 

subjects with low HDL-c (53.2%) was lower than that 

reported in Latur study 26 and higher than that observed 

by Madan et al 2006.25 

Percentages of subjects with hypercholesterolemia 

and high serum LDL-c observed in the present study 

(76.8% and 84.7% respectively) were also higher than 

those observed in the Latur study (45.71% and 34.28% 

respectively).26 

The high levels of serum LDL-c and low levels of 

serum HDL-c have shown to be strongly associated with 

increased risk of atherosclerosis and coronary artery 

disease in many studies.27-29 

In recent times, the level of serum non HDL-c is 

considered by some to be superior to serum LDL-c in 

prediction of cardiovascular complications.30-32 

In the present study, 70.9% of subjects had serum 

non HDL-c levels in the high risk category and 18.8% in 

the moderate risk category. These percentages were 

similar to those observed with respect to LDL-c (68% 

and 16.7% respectively). 

Based on many studies, it is now thought that the 

particle sizes of LDL and HDL also influence 

development of atherosclerosis and just not their 

cholesterol content. It has been shown that small particle 

sizes of LDL and HDL are atherogenic.33 It also has been 

shown that the esterification rate of free cholesterol in 

HDL expressed as FERHDL, is inversely related to the 

size of HDL particles, and predicts particle size   of HDL 

as well as that of LDL.12,34 According to Murakami et al 

1995, TG are the major determinants of cholesterol 

esterification/ transfer and HDL remodelling in plasma. 
(35) They are also implicated in increasing population of 

small, dense LDL.36 High serum TG and low HDL-c 

induce both an increase in the proportion of small HDL 

particles and, hence, the log of ratio of molar 

concentrations of serum TG and HDL-c has been used to 

predict the risk of atherosclerosis and is called as AIP.12  

51.2% of subjects in the present study had high AIP and 

23.6% had moderately high AIP. These figures indicate 

lower chances of incidence of atherosclerosis than those 

predicted by the levels of serum LDL-c and HDL-c. As 

AIP calculation involves triglyceride level which is a 

major determinant of particle size of LDL and HDL, it is 

probably a better marker for risk of atherosclerosis. 

 

Conclusion  

 
Risk of atherosclerosis based on serum LDL-c, non 

HDL-c and AIP showed significantly high percentages 

of NAFLD subjects in high and moderate risk groups. 

AIP is probably a superior marker as it reflects 

alteration in both TG and HDL-c levels.  
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