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Dose-dependent Impacts on the Diagnostic 
Efficacies of Atherogenic Lipids in  

Adult Indian Smokers
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ABSTRACT
Background: Smoking is a major risk factor for atherosclerosis 
and coronary heart disease, with a dose-response correlation 
between the number of cigarettes smoked and the altered 
lipid profile. In the context of its high prevalence in India, the 
atherosclerotic risk in smokers is a major concern. 

Methodology: A total of 900 healthy male individuals (600 
smokers of the age range of 25-35 years   and 300 age and sex 
matched non-smoking controls) were recruited and screened 
for circulating lipids, total cholesterol/high-density lipoprotein 
cholesterol ratio(TC/HDL), and the atherogenic index of plasma 
(AIP = log Triglycerides/HDL). 

Results: The TC/HDL ratio, AIP and all the lipids were found to be 
increased significantly in the study group smokers as compared 
to their values in the non-smoking controls (p<0.001).  HDL was 

found to be significantly decreased (p<0.001). The same was  
true when the group 2 heavy smokers were compared with the 
healthy, non-smoking controls (p<0.001). When comparisons 
were made between the control group and the group1 light 
smokers, all the variables were found to be increased, except 
HDL, but the difference  was significant only for the TC/HDL 
ratio (p< 0.001), with a significant decrease in HDL (p<0.001). 
Rather than the lipid profile, the TC/HDL ratio and AIP  showed 
higher efficiency  in indicating the  atherogenic lipid abnormalities 
which were associated with smoking. 

Conclusions: To conclude, smoking is positively related to lipid 
abnormalities. The TC/HDL ratio has the best discriminatory 
power to indicate the atherogenic lipid abnormalities and thereby, 
the future atherogenic risk which is associated with smoking.
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InTRoduCTIon
Coronary artery disease (CAD) is one of the major health problems 
which are responsible for the increasing mortality and morbidity in 
the Indian subcontinent as well as in ethnic Indian communities 
all over the world [1]. The smoking prevalence is high and it is 
increasing in many parts of the world, especially in developing 
countries [2]. There was a dose-response correlation between the 
CAD morbidity and mortality and the number of cigarettes which 
are smoked [3].

Dyslipidaemia has been found to be associated with coronary 
heart disease (CHD). It has been proposed that smoking leads to 
dyslipidaemia in the form of increased serum total and low-density 
lipoprotein (LDL) cholesterol levels [4-7], triglycerides (TGLs) [5-7], 
and decreased high-density lipoprotein (HDL) [5, 6]. Smokers also 
exhibit dose-dependent elevations of TGLs and total, and LDL 
cholesterol, as well as decreased levels of HDL cholesterol and 
apolipoprotein A-I (apoA-I) as compared to the non-smokers [8].  
The total cholesterol (TC)/HDL and the LDL/HDL molar ratios 
have a good predictive value for future cardiovascular events [9]. 
Dobiasova and Frohlich [10] proposed a term ‘Atherogenic Index 
of Plasma (AIP)’, which was defined as log (triglycerides/HDL), 
that indicated that plasma atherogenecity was also a significant 
independent predictor of CHD [11]. However, these data are based 
on studies which were conducted in western counterparts and the 
data from India are scarce [5-7]. None of those reports dealt with 
AIP in patients with different smoking status.

Recently, Jindal SK et al reported that the prevalence of smoking 
was 28.5% in men and 2.1% in women [12] In the context of its 

high prevalence in India, the atherosclerotic risk in smokers was a 
major concern in our study, with reference to the different smoking 
categories. Our objective was primarily to evaluate and compare 
the serum lipid profile, the TC/HDL ratio and the atherogenic 
index in smokers with that of the healthy controls and to calculate 
the efficiency of all the studied parameters as the indicators of 
atherogenic lipid abnormalities in smokers.

MeThodology

Smokers and Controls
600 healthy male smokers who were aged 25-35 years, who 
were patient attendees, who attended the General Medicine Out-
Patients Clinic, Kakatiya Medical College, Warangal, A.P, India, 
were recruited into the study, along with 300 age, sex and BMI 
matched healthy controls. The smokers and the control subjects 
were selected randomly. Informed consent was taken from all the 
participants. Our study was approved by the institutional ethical 
committee. 

inclusion Criteria: Smokers with a history of cigarette smoking for 
more than 5 years and who continued smoking were taken into the 
study and grouped according to their smoking status into group1 
and group2, who were respectively smoking less than and more 
than 10 cigarettes per day.

exclusion Criteria: Participants with Diabetes mellitus, hyperten-
sion, coronary artery disease, hepatic impairment, renal disease, 
thyroid disorders and obesity, and who were on β-blockers, lipid 
lowering drugs and Thiazide diuretics were excluded from the study. 
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Sampling and analysis
After 12hrs of overnight fasting, 5ml of blood was drawn from all the 
study participants by venipuncture. The samples were centrifuged 
at 3000rpm for 15 min for the immediate analysis of TC, TGL, and 
HDL in serum by specific methods [13]. LDL was calculated by 
using Friedwald’s formula. The TC/HDL ratio and the AIP were 
calculated. AIP was calculated by taking the log of (TGL/HDL). The 
efficiency for each of the studied parameter/indices was presented 
by calculating the ratio of the sum of the true positives and the true 
negatives to that of the total number of evaluated cases.

Statistical analysis
All the data obtained was presented as mean±SD. Any differences 
in the parameters between the groups were tested for significance 
by the ANOVA test. Comparisons were made between the whole 
smokers vs the controls, the controls vs group1, the controls vs 
group2 and group1 vs group2. A ‘p’ value of < 0.05 was considered 
to be significant statistically. The area beneath the receiver oper-
ating characteristic (ROC) curves was used to determine the 
diagnostic efficacies of all the parameters which were studied in 
the atherogenic risk prediction among the smokers. ‘Diagnostic 
efficacy’ was defined as the ratio of the sum of the true positives 
and the true negatives to that of the total number of the evaluated 
cases. All the statistical analyses were performed by using SPSS 
for Microsoft windows, version 17.0.

ReSulTS
The circulating levels of the lipids, the TC/HDL ratio, and the AIP 
of the groups are shown in [Table/Fig 1]. The TC/HDL ratio, the 
AIP and all the lipids except HDL were found to be increased 
significantly in the study group smokers as compared to their 
levels in the non-smoking controls (p<0.001). HDL was found to 
be significantly decreased (p<0.001). The same was true when the 
group 2 smokers were compared with the healthy non-smoking 
controls. When comparisons were made between the control 
group vs the group 1 smokers, all the variables were found to be 
increased, except HDL, but the difference was significant only for 
the TC/HDL ratio (p< 0.001), with a significant decrease in HDL 
(p<0.001). Similarly, when the group 1 data was compared with 
that of the group 2 data, all the parameters which were studied 
were found to be increased statistically (p<0.001), but the HDL 
concentrations remained unchanged (p = 0.66). When the group 
1 data was compared with the group 2 data for studying the dose 
dependent relationships, we found an increase in all the studied 
parameters, except HDL, which was decreased.

The data which was obtained according to the ROC curves for all 
the parameters which were studied among the different groups are 

shown in [Table/Fig 2] and the ROC curves for the lipids, the TC/
HDL and the AIP which were obtained from the total smokers and 
the controls are depicted in [Table/Fig 1]. The ROC curve analysis 
for studying the diagnostic efficacies of different parameters in the 
atherogenic risk estimation, revealed that the area under the curves 
for the TC/HDL ratio and the AIP were found to be 0.84 and 0.78.

The group 1 and the group 2 smokers as a whole were compared 
with the non-smoking control group and we observed a significant 
increase in the serum cholesterol, TGL, LDL and VLDL, followed by 
a significant decrease in HDL in the smokers, as is evident from our 
data. This was well in agreement with the findings of Padmavathi 
P et al [5]. In addition, we also observed a significant increase in 
the TC/HDL ratio and the AIP in the smokers, when they were 
considered as a whole, vs the controls. Thus, it was evident from 
our data, that the TC/HDL ratio had a higher diagnostic efficacy in 
the atherogenic risk prediction in smokers.

dISCuSSIon
The relationship between CHD and smoking was first developed 
by White et al [14], and later by Doll et al [15]. The incidence of 
developing CHD is directly related to the number of cigarettes which 
are smoked [16]. It has long been established that nicotine has a 

Variable Controls  total Smokers Group1 Group2 P value

T. Chol 163.3±21.7  192.7±31.8 175.6±25 209.7±28.9 0.001*, 0.180†, 0.001‡, 0.001§

TGL 100.5±24.3  134.7±41.4 115.9±31.5 153.5±42 0.001*, 0.213†, 0.001‡, 0.001§

HDL 43.0±2.6 39.6±2.6 40.6±2.7 38.7±2.2 0.001*, 0.003†, 0.001‡, 0.66§

LDL 100.2±20.7 126.1±26.8 111.8±22.5 140.3±23.2 0.001*, 0.137†, 0.001‡, 0.001§

VLDL 20.1±4.8 26.9±8.3 23.1±6.3 30.7±8.4 0.001*, 0.213†, 0.001‡, 0.001§

TC/HDL 3.8±0.5 4.9±0.9 4.3±0.7 5.4±0.7 0.001*, 0.011†, 0.001‡, 0.001§

AIP 0.3±0.1 0.51±0.1 0.4±0.1 0.57±0.1 0.001*, 0.028†, 0.001‡, 0.001§

[table/Fig-1]: Mean±SD and P values (ANOVA) of lipid profile, TC/HDL ratio, and AIP among various groups

* (controls Vs Total-Smokers), † (Controls Vs Group1), ‡ (Control Vs Group2), § (Group1 Vs Group2).

[Table/Fig-2]: ROC curve analysis for lipid profile, TC/HDL ratio, and 
AIP between non-smoking controls and total smokers
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diagnostic efficacy of TC/HDL in the group 2 smokers confirmed 
the dose-dependent response of the atherogenic indices to 
smoking. However, TGL showed the same diagnostic efficacy as 
that of AIP in the group 1 vs group 2 analysis. It was suggested that 
the triglyceride levels was the most important factor which led to 
CHD [25]. Overall, it is clear that our findings altogether suggested 
that the TC/HDL ratio and AIP had better diagnostic efficacies in 
predicting the atherogenic risk and its dose-dependent response 
in smokers. A dose dependent relationship was studied by several 
authors [4,6,24]. The change in lipids among the smoking groups 
may be due to the changes in the smoking dose and the greater 
the number of cigarettes which were smoked, the higher was the 
atherogenic risk.

To conclude, smoking is positively related to lipid abnormalities and 
the TC/HDL ratio has the best discriminatory power to indicate the 
atherogenic lipid abnormalities which are associated with smoking. 
Moreover, AIP has the highest diagnostic efficacy in differentiating 
the atherogenic risk which is associated with heavy smokers from 
other study groups.
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Variables
Best-Cutoff 

value Sensitivity Specificity
Diagnostic 

efficacy AUC 95% CI

T.Chol

182.0a

153.5 b

182.0c

174.0 d

60.0a 
83.3b

 80.0c

 93.3d

83.3a 

46.6b 
83.3c 

53.3d

66.6a 

65.0b 
81.6c 
73.3d

0.77a 
0.65b

 0.90c 
0.80d

0.68-0.87a, 0.51-0.79b 
0.83-0.97c, 0.69-0.90d

 
 

TGL

151.0a 
93.0b

151.0c 
125.5d

40.0a

 86.6b

 63.3c 
83.3d

100.0a 

50.0b 
100.0c 
80.0d

60.0a

 68.3b 
81.6c

 81.6d

0.74a 
0.63b 
0.85c 
0.76d

0.64-0.84a, 0.48-0.77b

0.74-0.96c, 0.63-0.90d

 
 

HDL

40.5a 

40.0b 
39.5c 
39.5d

73.3a 
56.6b 

73.3c 

73.3d

75.0a

 73.3b 
93.3c 
66.6d

74.4a

65.0b 
83.3c 
70.0d

0.81a 
0.72b

 0.89c 
0.72d

0.72-0.89a, 0.60-0.85b 
0.81-0.98c, 0.58-0.85d

 
 

LDL

108.6a 
106.5b 
113.2c 
113.2d

76.7a

 60.0b 
93.3c 

93.3d

76.7a 
73.3b 
76.6c

 60.0d

76.6a

 66.6b 
85.0c

 76.6d

0.77a 

0.65b 
0.89c 
0.80d

o.67-0.87a, 0.51-0.79b

 0.81-0.97c, 0.70-0.91d

 
 

VLDL

30.2a 
18.6b 

30.2c 
25.1d

40.0a

 86.6b 
63.3c 

83.3d

100.0a 

50.0b 

100.0c 

80.0d

60.0a

68.3b 
81.6c

 81.6d

0.74a 
0.63b 
0.85c 
0.76d

0.64-0.84a, 0.48-0.77b 
0.74-0.96c, 0.63-0.90d

 
 

TC/HDL

4.1a 
4.1b 
4.2c 

4.3d

76.7a 

56.6b 
96.6c 

96.6d

83.3a 
83.3b 
83.3c 
63.3d

78.8a

70.0b 
90.0c 

80.0d

0.84a 

0.73b 

0.95c 
0.84d

0.76-0.92a, 0.60-0.86b 

0.91-1.0c, 0.74-0.93d

 
 

AIP

0.5a 

0.3b 

0.5c 

0.5d

50.0a

76.6b 
80.0c

 83.3d

96.7a 
63.3b 
96.6c
 80.0d

65.5a

70.0b 
88.3c 
81.6d

0.78a 
0.68b 
0.89c 
0.78d

0.69-0.88a, 0.54-0.82b 
0.80-0.98c, 0.66-0.91d

 
 

[Table/Fig-3]: Best-cutoff, sensitivity, specificity, diagnostic efficacy, AUC and 95% CI values for lipid profile, TC/HDL ratio, and AIP obtained by ROC 
Analysis among various groups.
a(controls Vs Total-Smokers), b(Controls Vs Group1), c(Control Vs Group2), d(Group1 Vs Group2)

considerable influence on the increase in the lipid levels in blood 
[17]. The increased total lipids are considered to be an important 
contributory factor for the development of atherosclerosis [18]. 
Cigarette smoking has been found to increase the concentrations 
of TGL and to lower the concentration of HDL cholesterol [5, 6]. 
The current study showed significantly higher levels of total lipids in 
smokers as compared to that in the controls. These changes were 
found to contribute towards the atherogenic potential of cigarette 
smoking.

In conformity with previous reports, we found a significant increase 
in the TC [4-7, 19], TGL [5-7, 20, 21], LDL, and VLDL [5, 6, 19, 
21] concentrations, followed by a significant decrease in the 
HDL [5, 6, 19, 21] levels. Smoking causes an increased activity 
of HMG-CoA reductase [22] and decreased lipoprotein lipase [6] 
activities, resulting in elevated levels of TC and TGL, LDL, and 
VLDL. In addition, nicotine stimulates the sympathetic adrenal 
system, which leads to increased lipolysis. According to McCall et 
al [23], the reduced HDL level in smokers is due to its increased 
catabolism and the inactivation of the lecithin-cholesterol acyl 
transferse (LCAT) system. In the present study, we also measured 
plasma atherogenecity by using the AIP and the TC/HDL ratio. 
Both were found to be significantly high in smokers. An increased 
TC/HDL ratio has been previously reported [4, 24]. To the best of 
our knowledge, there are no reports from India concerning the AIP 
in smokers till date. 

From the above information, we propose here, that rather than 
the lipid profile, the TC/HDL ratio and AIP have higher diagnostic 
efficacies in atherogenic risk prediction in smokers under different 
smoking doses. The diagnostic efficacy of TC/HDL, when the 
non-smoking controls were compared with the total, group2, and 
group1 smokers, was found to be 78.8, 90.0, and 70.0. The higher 
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