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INTRODUCTION 

Metabolic syndrome, a constellation of cardiometabolic 

disease risk factors has become pandemic. It occurs as a 

result of interaction of genetics, environmental factors 

and life style choices. 

The concept of Metabolic Syndrome is perhaps the most 

significant development in the management of 

cardiovascular diseases. Prior to this, Physicians often 

treated diabetes, hypertension or dyslipidemia as separate 

diseases and did not really consider the impact of 

treatment of one of these conditions on the other co-

existing conditions. The American Heart Association 

reported a meteoric rise of coronary artery disease 

morbidity and mortality in India. In the last 3 decades, 

coronary heart disease prevalence in India has increased 

by 300%. It has been predicted that cardiovascular 
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disease will increase rapidly in India and to have more 

than half of the cases of cardiovascular disease in the 

world in the next fifteen years. The cost of cardiovascular 

diseases is estimated to cost 215.6 billion dollars. It is 

possible to prevent or delay metabolic syndrome, mainly 

with lifestyle changes. So, an early screening and 

detection with help to check the development of 

metabolic syndrome and thus the cardiovascular mortality 

and morbidity.1 

Body Mass Index (BMI) is one of the largely used 

screening tool in identification of metabolic syndrome. It 

is calculated using weight and height and is given by a 

formula, weight in kilograms divided by height in meter-

square but BMI fails to distinguish between body fat and 

muscle mass and thus has its drawbacks in predicting 

metabolic syndrome.2 

Lipid Accumulation product (LAP) a novel and simple 

index of central lipid accumulation based on a 

combination of waist circumference (WC) and serum 

triglycerides (TG). Thus, it uses a physical and a simple 

laboratory parameter to predict the metabolic syndrome. 

It has given utmost importance to WC which is 

considered to be an integral and predominant determinant 

of cardiovascular outcomes. Thus LAP can be applied 

easily on a day today clinical practice to predict MS.At 

present, there are very limited number of studies from 

India regarding LAP as a screening tool for MS and its 

comparison with BMI in predicting MS.3,4  

METHODS 

Source of data 

Patients attending the outpatient and inpatient department 

at hospital attached to Bangalore medical college and 

research institute. 

Method of collection of data 

• Study design: Observational cross sectional study 

• Study period: 2 Years 

• Sample size: 100 cases 

Inclusion criteria 

• Patients with metabolic syndrome (IDF criteria5) 

(Table 1). 

• Age more than 18 years 

• Hypolipidemic drug naive 

Exclusion criteria 

• Age less than 18 years 

• Patients with abdominal distension secondary to 

pathological cause 

• Patients who are pregnant 

• Patients on lipid lowering agents 

 

Table 1: Metabolic syndrome (IDF criteria).5 

 

Waist 

circumference 

>90 cm in men; > 85 cm in 

women (south Indians) 

And two or more of the following 

Fasting triglycerides > 150 mg/dl 

HDL cholesterol 
<40 mg/dl (men) or <50mg/dl 

(women) 

Blood pressure 

>130 mmHg systolic or >85 

mmHg diastolic or previous 

diagnosis or specific 

medication for hypertension 

Fasting plasma 

glucose 

>100 mg/dl or previously 

diagnosed type 2 diabetes 

Sample procedure 

Written informed consent was obtained after explaining 

the purpose and method of the study 

Examination: selected patients will be thoroughly 

examined; anthropometric measurements like waist 

circumference, BMI and blood pressure are measured. 

Investigations: Lipid profile, Fasting blood sugar and 

Post-prandial blood sugar. 

Further the patients will be assessed for the following 

The waist circumference (WC) of each participant was 

measured using a non-elastic measuring tape, to the 

nearest 0.1cm. WC was measured midway between the 

lowest rib and the superior border of the iliac crest at the 

end of normal. Fasting circulating serum triacylglycerol 

(TAG), total cholesterol and HDL-C concentrations were 

measured using the enzymatic colorimetric methods.  

Fasting blood glucose levels were determined by the 

hexokinase method. The blood pressures of the 

participants were measured, using a mercury 

sphygmomanometer and appropriate cuff sizes. 

Body mass index: weight in kilograms/ height in square 

meters 

The weight of each subject was measured using a 

Calibrated weighing balance, to the nearest 0.1kg, with 

the subject wearing light clothes and no shoes. Height 

was measured with a measuring tape fastened to a 

vertical rod, and with the subject standing on bare feet, to 

the nearest 0.1cm. BMI is further classified as per the 

following table; (Table 2).  

LAP (lipid accumulation product) 

LAP was calculated using WC and fasting TG level using 

the following formula for men and women respectively 

LAP = (WC- 65) X TG for men 
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LAP = (WC-58) X TG for women.7 

Table 2:Body mass index. 

 

Classification of overweight and obesity by BMI 

for Asian Indians6 

Category BMI 

Underweight <18.5 kg/m2 

Normal weight ≥18.5 to 22.9 kg/m2 

Overweight ≥23.0 to 24.9 kg/m2 

Obesity ≥25 kg/m2 

Obesity Class I 25.0 to 29.9 kg/m2 

Obesity Class II 30.0 to 34.9 kg/m2 

Obesity Class III[severe, 

extreme, or morbid obesity] 
≥35 kg/m2 

Analysis of data 

Statistical methods 

Descriptive and inferential statistical analysis has been 

carried out in the present study. Results on continuous 

measurements are presented on Mean±SD (Min-Max) 

and results on categorical measurements are presented in 

Number (%).  

Significance is assessed at 5 % level of significance. The 

following assumptions on data is made,  

Assumptions 

• Dependent variables should be normally distributed. 

• Samples drawn from the population should be 

random, Cases of the samples should be independent 

Analysis of variance (ANOVA) has been used to find the 

significance of study parameters between three or more 

groups of patients, Student t test (two tailed, independent) 

has been used to find the significance of study parameters 

on continuous scale between two groups (Inter group 

analysis) on metric parameters. 

Chi-square/ Fisher Exact test has been used to find the 

significance of study parameters on categorical scale 

between two or more groups. 

Significant figures 

• + Suggestive significance (P value: 0.05<P<0.10) 

• Moderately significant (P value: 0.01<P ≤0.05) 

• ** Strongly significant (P value: P≤0.01) 

Statistical software 

The Statistical software namely SAS 9.2, SPSS 15.0, 

Stata 10.1, MedCalc 9.0.1 ,Systat 12.0 and R 

environment ver.2.11.1 were used for the analysis of the 

data and Microsoft word and Excel have been used to 

generate graphs, tables etc.  

RESULTS 

In this study 100 Subjects with metabolic syndrome were 

evaluated. BMI and LAP were also derived for the same 

patients and their correlation with metabolic syndrome 

has been studied. 

Our present study is conducted among the population 

meeting the IDF criteria of MS, with a mean age of 

54.52±12.65 years and female predominance (54%) 

(Table 3). 72% and 62% of the study group had Diabetes 

Mellitus and Hypertension respectively (Table 4 and 5). 

The mean BMI in our study is 29.04±5.11 kg/m2 with 

25% of the population are non-obese [Table 6]. The 

average LAP value in our present study is 111.51±59.71 

cm mmol/l and shown increasing trend with increasing 

age [Table 7]. LAP had a mean value of 85.19 cm 

mmol/l, 118.52 cm mmol/l and 122.37 cm mmol/l in the 

study population satisfying 3/5, 4/5 and 5/5 criteria of 

Metabolic Syndrome respectively [Table 8]. This shows 

LAP (P<0.001) has better correlation with MS when 

compared to BMI (P<0.001) in ANOVA test [Table 8]. 

In our present study the presence of diabetes mellitus 

resulted in significant elevated LAP values 

i.e.85.10±31.40 cm mmol/l among non-diabetics to 

121.78±64.92 cm mmol/l among diabetics, which is of 

statistical significance (p value 0.005). LAP values 

positively correlated with increasing number of 

components of metabolic syndrome. Thus we found that 

LAP is the parameter with the strongest predictive 

accuracy for MS.  

Table 3: Age distribution of patients studied. 

 
Age in years No. of patients % 

<30 1 1.0 

30-40 16 16.0 

41-50 24 24.0 

51-60 29 29.0 

61-70 24 24.0 

>70 6 6.0 

Total 100 100.0 

Mean ± SD: 54.52±12.65 

In this study majority of the population were in the age 

group of 51-60 years, followed by between 41-50 years 

and 61-70 years. Which compromised 77% of all the 

subjects, with a mean age of 54.52 years (Table 3). 

28% of the subjects were non-diabetics compared to 72% 

diabetics, with majority of them having beyond 5 years 

(25%). Prevalence of Diabetes is almost equal in both the 

sexes (Table 4).  

Prevalence of Hypertension in the study population was 

62% and majority of the population had beyond 5 years. 
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Relatively equal prevalence of Hypertension was noted in 

either of the sexes (Table 5). 

Table 4: Incidence of DM in patients studied. 

 

DM 

Gender 
Total 

(n=100) 
Female 

(n=54) 

Male 

(n=46) 

No 15 (27.8%) 13 (28.3%) 28 (28%) 

Yes 39 (72.2%) 33 (71.7%) 72 (72%) 

<6 months 3 (5.6%) 3 (6.5%) 6 (6%) 

6-12 

months 
6 (11.1%) 5 (10.9%) 11 (11%) 

1-2 years 5 (9.3%) 5 (10.9%) 10 (10%) 

2-5 years 11 (20.4%) 9 (19.6%) 20 (20%) 

>5 years 14 (25.9%) 11 (23.9%) 25 (25%) 

 
Table 5: Incidence of HTN in patients studied. 

 

HTN 

Gender 
Total 

(n=100) 
Female 

(n=54) 

Male 

(n=46) 

No 21 (38.9%) 17 (37%) 38 (38%) 

Yes 33 (61.1%) 29 (63%) 62 (62%) 

<6 months 2 (3.7%) 4 (8.7%) 6 (6%) 

6-12 months 3 (5.6%) 5 (10.9%) 8 (8%) 

1-2 years 5 (9.3%) 6 (13%) 11 (11%) 

2-5 years 8 (14.8%) 5 (10.9%) 13 (13%) 

>5 years 15 (27.8%) 9 (19.6%) 24 (24%) 

Of the study population 25% (13% females and 12% 

males) did not have obesity even in the presence of 

metabolic syndrome (Table 6). 

Table 6: BMI (kg/m2) distribution in patients studied. 

 

BMI 

(kg/m2) 

Gender 
Total 

Female Male 

<18.5 0 (0%) 0 (0%) 0 (0%) 

18.5-22.9 5 (9.3%) 7 (15.2%) 12 (12%) 

23-24.9 8 (14.8%) 5 (10.9%) 13 (13%) 

25-29.9 17 (31.5%) 15 (32.6%) 32 (32%) 

>30 24 (44.4%) 19 (41.3%) 43 (43%) 

Total 54 (100%) 46 (100%) 100 (100%) 

Majority of the females had a LAP values distributed 

between 75-125 cm mmol/l. whereas it is less than 100 

for males (Table 7). 

Table 7: LAP distribution in patients studied. 

 
LAP 

(in cm 

mmol/l) 

Gender 

Total 
Female Male 

<75 7 (13%) 16 (34.8%) 23 (23%) 

75-100 18 (33.3%) 14 (30.4%) 32 (32%) 

100-125 16 (29.6%) 5 (10.9%) 21 (21%) 

>125 13 (24.1%) 11 (23.9%) 24 (24%) 

Total 54 (100%) 46 (100%) 100 (100%) 

 

 

Table 8: Comparison of clinical variables according to criteria of metabolic syndrome. 

 
Variables Metabolic syndrome criteria Total P value 

3 criteria 4 criteria 5 Criteria 

Age in years 52.92±15.41 52.35±10.90 57.05±11.80 54.52±12.65 0.220 

Height (cm) 158.31±8.98 157.94±11.29 158.84±8.66 158.42±9.54 0.922 

Weight (kg) 76.35±12.15 73.55±9.79 68.77±12.29 72.22±11.86 0.026* 

Waist Circumference  

(cm) 

103.42±10.89 97.87±18.20 103.12±10.86 101.57±13.66 0.193 

BMI (kg/m2) 30.35±4.59 30.41±5.21 27.27±4.89 29.04±5.11 0.009** 

LAP 85.19±53.95 118.52±58.90 122.37±60.06 111.51±59.71 0.030* 

ANOVA test: Spearman Correlation: BMI vs Metabolic syndrome rs=-0.299, P<0.001**; LAP vs Metabolic syndrome rs=0.314, 

P<0.001** 

 

This shows LAP has better correlation when compared to 

BMI in ANOVA test. Where, SD more matters since the 

LAP is more spread than the BMI (Table 8). 

DISCUSSION 

Metabolic syndrome is a clinical complex, which predicts 

and predisposes to theoccurrence of cardiovascular 

morbidity and mortality in the population. It has a linear 

correlation with the advancing age. It is possible to 

screen, assess and stratify the population at high risk of 

cardiovascular related morbidity and mortality and thus 

to revert the correctable factors in the high-risk group. In 

order to screen the general population several 

conventional parameters have been used, namely BMI, 

Waist circumference, waist to hip ratio etc.8 For long 

period BMI was considered to be an indicator of MS and 

cardiovascular risk. With the introduction of newer index 

like LAP and BMI’s failure to differentiate adipose mass 

from muscle mass- the credibility of BMI has been 

questioned. 
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LAP is an ideal screening tool derived from a 

combination of clinical parameter and a biochemical 

parameter i.e. Waist circumference and Fasting 

Triglyceride level respectively. Waist circumference 

itself serve as an independent risk factor for 

cardiovascular diseases and combining it with TG levels 

will further increases its reliability. Being the two 

independent components in the accepted definition of 

metabolic syndrome; LAP is considered as an upcoming 

index.9 

In the current study, the correlation of BMI and LAP with 

MS and thus the cardiovascular risk has been assessed 

and compared among the patients presenting in the 

department of Medicine, Bangalore Medical College and 

Research Institute. Study was conducted among patients 

with Metabolic Syndrome and the salient characteristics 

of our study are: 

LAP values found to be positively correlating with the 

number of MS criteria satisfied in the population.LAP 

had a mean value of 85.19 cm mmol/l, 118.52 cm mmol/l 

and 122.37 cm mmol/l in the study population satisfying 

3/5, 4/5 and 5/5 criteria of metabolic syndrome 

respectively. 

Total cholesterol (p value: 0.018) and HDL (p value 

0.021) showed moderate correlation with LAP. BMI (p 

value: 0.091) and Weight (p value: 0.083) showed mild 

positive correlation with LAP. 

Hamsaveena et al showed that the Mean LAP values in 

women with normal blood glucose is 22.74 cm mmol/l, in 

women with impaired glucose tolerance it is 48.18 cm 

mmol/l and that in women with Diabetes Mellitus is 

66.84 cm mmol/l.10 Mean LAP values are found to be 

high in impaired glucose tolerance group and 

significantly higher in diabetic group compared to normal 

group.11  

Even in present study the presence of diabetes mellitus 

resulted in significant elevated LAP values 

i.e.85.10±31.40 cm mmol/l among non-diabetics to 

121.78±64.92 cm mmol/l among diabetics, which is of 

statistical significance (p value 0.005). Presence of 

diabetes, has negative correlation with HDL levels (p 

value: 0.092). 

Even though Age, Height and weight circumference did 

not show any correlation with the presence of metabolic 

syndrome, LAP showed statistically significant positive 

correlation with MS. With the LAP values more 

widespread, found to have better correlation than the 

BMI. And also, the LAP values even found to be 

correlating with the number of MS criteria satisfied in the 
population.  

 

 

CONCLUSION 

LAP showed strong positive correlation with Metabolic 

Syndrome and thus can be used as screening too. LAP 

found to have much better correlation than BMI in 

predicting metabolic syndrome. LAP values positively 

correlated with increasing number of components of 

metabolic syndrome. 
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