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INTRODUCTION
Menopause is a physiological state in a woman’s life, marked 
by a decrease in endogenous estrogen level and cessation of 
menstruation [1]. Following menopause, significant changes in 
lipid metabolism are known to occur which result in a deranged 
lipid profile [2]. Dyslipidemia is the major cause of Cardiovascular 
Disease (CVD) among women, after the onset of menopause. 
Postmenopausal women are four to eight times likely to succumb 
due to CVD compared to other diseases [3]. 

Dyslipidemia is characterised by an increase in LDL-c, often 
associated with a decrease in HDL-c and an increase in serum 
TG in the form of chylomicrons and VLDL-c. Among these lipid 
parameters, an increase in LDL-c levels is considered a risk factor 
for CVD. Therefore, the primary therapeutic aim is to lower the LDL-c 
concentration in order to treat or prevent CVD [4]. Blood lipids are 
influenced by various factors, one of them being diet. Vegetarian diet 
prevents and protects individuals from various diseases including 
CVD, as opposed to a non vegetarian diet. Plant-based food that 
include fruits, vegetables, legumes, whole grains, nuts and seeds 
are rich in unsaturated fatty acids, dietary fibres, plant proteins, 
vitamins, minerals and phytonutrients. Unsaturated fatty acids are 
known to lower LDL-c which in turn reduces the risk of developing 
CVD or Coronary Heart Disease (CHD). Dietary fibres also play a 
major role in reducing the intestinal absorption of cholesterol and 
re-absorption of bile acids, thus contributing to reduction in LDL-c 

levels. The replacement of animal proteins with plant proteins in diet 
has been shown to lower LDL-c levels further [4]. Although, the 
impact of diet on serum lipids in pre-and postmenopausal women 
have been explored earlier [5,6], not much is known about the 
effect on atherogenic parameters such as AIP and non HDL among 
pre-and postmenopausal women. AIP and non HDL are known 
predictors of CVD risk [7,8].

This study aims to determine and compare serum lipid profile 
and atherogenic parameters such as AIP and non HDL, among 
premenopausal and postmenopausal women based on the type 
of diet. 

MATERIALS AND METHODS
A cross-sectional study was carried out at AJ Institute of Medical 
Sciences and Research Centre, Mangaluru, Karnataka, India between 
December 2019-May 2020. Ethical clearance (AJEC/REV/54/2019) 
was obtained and informed written consent was taken from all 
participants at the beginning of the study.

Inclusion criteria: Healthy premenopausal women aged between 
20-40 years with regular menstruation and healthy postmenopausal 
women aged between 40-65 years with cessation of menstruation 
for more than one-year duration.

Exclusion criteria: Pregnant or lactating women and women with 
a history of diabetes mellitus, obesity, ovarian pathologies, renal 
disease, Coronary Artery Disease (CAD), liver disease, smoking, 
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ABSTRACT
Introduction: Menopause is an inevitable phase of a woman’s 
natural ageing process, marked by cessation of ovarian function. 
Hormonal changes during the phase causes derangement of 
lipid metabolism and thereby increasing cardiovascular risk in 
postmenopausal women. Diet plays a major role in influencing 
serum lipids. 

Aim: To determine and compare lipid profile, Atherogenic Index 
of Plasma (AIP) and non High-Density Lipoprotein-cholesterol 
(HDL-c) in pre and postmenopausal women based on vegetarian 
and non vegetarian diet.

Materials and Methods: This cross-sectional study was 
comprised of 92 women (46 were premenopausal and 46 were 
postmenopausal) carried out at AJ Institute of Medical Sciences 
and Research Centre, Mangaluru, Karnataka, India between 
December 2019-May 2020. The groups were further divided 
into vegetarian and non vegetarians. Fasting lipid profile was 
determined by enzymatic methods. AIP and non HDL levels were 
calculated. Comparison of means between two groups was done 
using student t-test. Association between categorical variables 
was analysed using Chi-square test. Statistical significance was 
considered at p<0.05.

Results: Serum Total Cholesterol (TC), Triglycerides (TG), 
Low-Density Lipoprotein-cholesterol (LDL-c), Very Low-Density 
Lipoprotein-cholesterol (VLDL-c), AIP and non HDL-c levels 
were LDL-c and HDL-c was high (184.09±17.49, 131.96±9.49, 
106.00±20.92, 26.46±1.96, 0.05±0.07, 132.45±22.39 and 
51.64±5.88, respectively) in vegetarians compared to non 
vegetarians in premenopausal women. In postmenopausal 
women, similar pattern was observed with regards to serum TC, 
TG, LDL-c, VLDL-c, AIP, non HDL-c and HDL-c in vegetarians 
and non vegetarians (p<0.05). An alarming proportion of non 
vegetarian postmenopausal women showed “very high” TC 
(91.3%), “low” HDL-c (56.5%), “very high” LDL-c (69.6%) and 
“high-risk” AIP (91.3%).

Conclusion: The findings of this study indicated that all lipid 
parameters, AIP and non HDL-c were higher in non vegetarians 
except HDL-c in pre and postmenopausal women. Relevant 
dietary recommendations can be given to premenopausal 
women to promote positive health outcomes and alleviate 
cardiovascular risk. 
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consuming alcohol and those on anti-hyperlipidemic drugs or 
hormone replacement therapy were excluded from the study.

Sample size calculation: A minimum sample size of 82 was 
calculated based on a study conducted by Shenoy R and 
Vernekar P where serum TC levels observed in premenopausal 
and postmenopausal women were 201.60±48.50 mg/dL and 
234.77±58.13 mg/dL, respectively [9]. The confidence interval and 
power of the study were considered as 95% and 80%, respectively. 
Assuming a 10% non response rate, the final sample size was 
calculated as 90.

Study Procedure
Ninety-two women were recruited for the study, of which, 46 were 
premenopausal (aged between 20 and 40 years) and 46 were 
postmenopausal (aged between 45-65 years). The two groups 
were divided further based on their diet into vegetarians and non 
vegetarians, comprising of 23 participants in each sub-group. A 
detailed history was taken from participants in the form of a pre-
fixed questionnaire. Participants who consumed plant-based 
products such as fruits, vegetables, legumes, whole grains, nuts 
and seeds; with or without consumption of milk or eggs or their 
processed products for more than one year were considered as 
vegetarians [10]; while others were considered as non vegetarians. 
Non vegetarians were those who consumed meat, poultry and/or 
fish regularly, in addition to vegetables, milk and/or eggs, for more 
than one year [11].

Fasting venous blood specimens were collected in plain (red-topped) 
vacutainers containing clot activator, under strict aseptic precautions 
and subjected to centrifugation to obtain sera. The sera were 
analysed for TC, TG and HDL-c by cholesterol oxidase-peroxidase 
[12], glycerol phosphate oxidase-peroxidase [13], cholesterol 
oxidase using accelerator selective detergent methods [14], 
respectively in Abbott Architect ci4100 automated analyser, using 
reagent kits from the same company. LDL-c was calculated using 
Friedewald formula {LDL-c (in mg/dL)=TC-HDL-c-(TG/5)}. VLDL-c 
was calculated as TG (in mg/dL) divided by 5 [15].

The AIP was calculated as log {TG/HDL-c}, where TG and HDL-c 
were expressed in molar concentration [16]. Non HDL-c was 

Parameters

Premenopausal women Postmenopausal women

Vegetarian (n=23) non vegetarian (n=23) Vegetarian (n=23) non vegetarian (n=23)

Total Cholesterol (TC) (mg/dL) 184.09±17.49 215.36±39.86* 212.96±19.48 280.55±39.69*

Triglycerides (TG) (mg/dL) 131.96±9.49 146.36±30.55* 142.55±18.14 172.32±10.52**

HDL cholesterol (mg/dL) 51.64±5.88 44.14±6.71** 45.46±5.29 38.46±4.97**

LDL cholesterol (mg/dL) 106.00±20.92 146.50±38.25** 138.91±20.72 207.64±37.79**

VLDL cholesterol (mg/dL) 26.46±1.96 29.27±6.04* 28.59±3.62 34.46±2.18**

Atherogenic index of plasma (AIP) 0.05±0.07 0.15±0.12* 0.14±0.09 0.29±0.06**

Non HDL-cholesterol (mg/dL) 132.45±22.39 171.23±39.59** 167.50±23.77 242.09±39.56**

[Table/Fig-1]: Comparison of various parameters between vegetarians and non vegetarians based on menopause status.
Data are mean±SD; HDL: High density lipoprotein; LDL: Low density lipoprotein; VLDL: Very low density lipoprotein
Comparison of biochemical parameters between vegetarian and non vegetarian groups was done using student t-test. *p<0.05; **p<0.001

Parameters

Vegetarians non vegetarians

Premenopausal (n=23) Postmenopausal (n=23) Premenopausal (n=23) Postmenopausal (n=23)

Total Cholesterol (TC) (mg/dL) 184.09±17.49 212.96±19.48** 215.36±39.86 280.55±39.69**

Triglycerides (TG) (mg/dL) 131.96±9.49 142.55±18.14* 146.36±30.55 172.32±10.52*

HDL cholesterol (mg/dL) 51.64±5.88 45.46 ±5.29* 44.14±6.71 38.46±4.97*

LDL cholesterol (mg/dL) 106.00±20.92 138.91±20.72** 146.50±38.25 207.64±37.79**

VLDL cholesterol (mg/dL) 26.46±1.96 28.59±3.62* 29.27±6.04 34.46±2.18**

Atherogenic Index of Plasma (AIP) 0.05±0.07 0.14±0.09* 0.15±0.12 0.29±0.06**

Non HDL-cholesterol (mg/dL) 132.45±22.39 167.50±23.77** 171.23±39.59 242.09±39.56**

[Table/Fig-2]: Comparison of various parameters between premenopausal and postmenopausal women based on diet.
Data are mean±SD; HDL: High density lipoprotein; LDL: Low density lipoprotein; VLDL: Very low density lipoprotein
Comparison of biochemical parameters between vegetarian and non vegetarian groups was done using Student t test. *p<0.05; **p<0.001

computed as the difference between TC and HDL-c [17]. The 
study participants were further evaluated on the basis of serum TC, 
HDL-c, LDL-c and AIP levels. Serum TC levels of <200, 200-239 
and ≥240 mg/dL were considered as “desirable”, “borderline high” 
and “high” respectively. Serum HDL-c levels of <40 and ≥60 mg/dL 
were categorised as “low” and “high” respectively. Serum LDL-c 
levels of <100, 100-129, 130-159, 160-189 and ≥190 mg/dL were 
considered as “optimal, near optimal/above optimal, borderline 
high, high and very high” respectively [18]. AIP levels of -0.3 to 0.1, 
0.1 to 0.24 and >0.24 were categorised as “low risk, intermediate 
risk and high-risk” for development of CVD [19].

STATISTICAL ANALYSIS
It was done using SPSS version 20. Categorical variables were 
represented as frequency and percentage while continuous 
variables were represented as mean±SD. Comparison of means 
between two groups was done using student t-test. Association 
between categorical variables was analysed using Chi-square test. 
Statistical significance was considered at p<0.05.

RESULTS
The mean ages of premenopausal women and postmenopausal 
women were 31.05±6.52 and 56.39±5.38 years, respectively. 
The lipid profile, AIP and non HDL-c levels were compared 
between vegetarians and non vegetarians among premenopausal 
women and postmenopausal women as shown in [Table/Fig-1,2]. 
Significant increase in TC was noticed in non vegetarian pre and 
postmenopausal woman (p<0.05). HDL cholestrol was significantly 
lower in non vegetarians women with premenopausal status and 
non vegetarian postmenopausal women. (p<0.001). Non HDL 
cholesterol was significantly higher in non vegetarian women with 
postmenopausal status (p<0.001).

The dietary influence among participants was further assessed 
based on categories of TC, HDL-c, LDL-c and AIP levels as shown 
in [Tables/Fig-3,4]. A 21.7% of premenopausal women were at 
high-risk TC. Very high LDL-c was noticed in 13% premenopausal non 
vegetarian women. A proportion of non vegetarian postmenopausal 
women showed “very high” TC (91.3%), “low” HDL-c (56.5%), “very 
high” LDL-c (69.6%) and “high-risk” AIP (91.3%).
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Based on diet and tc categories

Diet

tc categories

chi-squareDesirable (tc <200 mg/dl) Borderline (tc 200-239 mg/dl) high-risk (tc >240 mg/dl)

Vegetarian 9 (39.1%) 10 (43.5%) 4 (17.4%)
χ2 (2)=25.893, p<0.001

Non vegetarian 0 (0.0%) 2 (8.7%) 21 (91.3%)

Based on diet and hDl-c categories

Diet

hDl-c categories

chi-squarelow (hDl-c <40 mg/dl) normal (hDl-c 40-59 mg/dl) high (hDl-c ≥60 mg/dl)

Vegetarian 0 (0.0%) 23 (100.0%) 0 (0.0%)
χ2 (1)=18.121, p<0.001

Non vegetarian 13 (56.5%) 10 (43.5%) 0 (0.0%)

Based on diet and lDl-c categories

Diet

lDl-c categories

chi-square
optimal 

(lDl-c <100 mg/dl)
near optimal 

(lDl-c 100-129 mg/dl)
Borderline high 

(lDl-c 130-159 mg/dl)
high 

(lDl-c 160-189 mg/dl)
Very high 

(lDl-c ≥190 mg/dl)

Vegetarian 0 (0.0%) 10 (43.5%) 8 (34.8%) 5 (21.7%) 0 (0.0%)
χ2 (3)=29.600, p<0.001

Non vegetarian 0 (0.0%) 0 (0.0%) 2 (8.7%) 5 (21.7%) 16 (69.6%)

Based on diet and aIP categories

Diet

aIP categories
chi-square

low risk (aIP-0.3-0.1) Intermediate risk (aIP 0.1-0.24) Increased risk (aIP >0.24)

Vegetarian 8 (34.8%) 10 (43.5%) 5 (21.7%)
χ2 (2)=23.179, p<0.001

Non vegetarian 0 (0.0%) 2 (8.7%) 21 (91.3%)

[Table/Fig-4]: Distribution of subjects based on diet and categories of TC, LDL-c, HDL-c and AIP in postmenopausal women.

Based on diet and tc categories

Diet

tc categories

chi-squareDesirable (tc <200 mg/dl) Borderline (tc 200-239 mg/dl) high-risk (tc >240 mg/dl)

Vegetarian 18 (78.3%) 5 (21.7%) 0 (0.0%)
χ2 (2)=7.978, p=0.019

Non vegetarian 10 (43.5%) 8 (34.8%) 5 (21.7%)

Based on diet and hDl-c categories

Diet

hDl-c categories

chi-squarelow (hDl-c <40 mg/dl) normal (hDl-c 40-59 mg/dl) high (hDl-c ≥60 mg/dl)

Vegetarian 0 (0.0%) 21 (91.3%) 2 (8.7%)
χ2 (2)=7.231, p=0.027

Non vegetarian 5 (21.7%) 18 (78.3%) 0 (0.0%)

Based on diet and lDl-c categories

Diet

lDl-c categories

chi-square
optimal 

(lDl-c <100 mg/dl)
near optimal 

(lDl-c 100-129 mg/dl)
Borderline high 

(lDl-c 130-159 mg/dl)
high (lDl-c 

160-189 mg/dl)
Very high 

(lDl-c ≥190 mg/dl)

Vegetarian 10 (43.5%) 9 (39.1%) 4 (17.4%) 0 (0.0%) 0 (0.0%)
χ2 (4)=16.923, p=0.002

Non vegetarian 0 (0.0%) 9 (39.1%) 9 (39.1%) 2 (8.8%) 3 (13.0%)

Based on diet and aIP categories

Diet

aIP categories

chi-squarelow risk (aIP-0.3-0.1) Intermediate risk (aIP 0.1-0.24) Increased risk (aIP >0.24)

Vegetarian 17 (73.9%) 6 (26.1%) 0 (0.0%)
χ2 (2)=14.547, p=0.001

Non vegetarian 6 (26.1%) 8 (34.8%) 9 (39.1%)

[Table/Fig-3]: Distribution of subjects based on diet and categories of TC, LDL-c, HDL-c and AIP in premenopausal women.

DISCUSSION
Postmenopausal women have higher TC, LDL-cholesterol and 
TG levels, accompanied with lower HDL-cholesterol levels [20]. 
Decline in ovarian hormone production also leads to variations 
in size and density of lipoproteins [21]. In addition to hormonal 
influence, factors such as central obesity, increased blood 
pressure and insulin resistance can put postmenopausal women, 
especially those who had an early menopause onset, at risk of 
developing CVD [19]. Dietary influence on lipid profile in pre-and 
postmenopausal women has not been studied extensively. Based 
on the limited available literature, varying results have been obtained 
while considering the impact of both, diet and menopause, on 
lipid parameters. This may be due to differences in geographical 
distribution, socioeconomic status, cultural practices and lifestyle. 

In the current study, serum TC, TG, LDL-c and VLDL-c levels 
were low and HDL-c was high in vegetarians compared to non 
vegetarians, irrespective of the menopause status (p<0.05). Huang 
Y et al., reported significantly high TG and low HDL-C in vegetarian 
premenopausal women while TC was significantly high in vegetarian 
postmenopausal women, compared to omnivores in either group 
[5]. Chaudhary A et al., studied the impact of diet on lipid profile 
and autonomic functions in postmenopausal women and reported 
significant increase in serum TC, TG, LDL-c and TC/HDL-c in non 
vegetarians compared to vegetarians. There was no significant 
difference in HDL-c between non vegetarians and vegetarians [22].

Another study carried out on tribal women in North India, showed no 
significant difference in lipid profile parameters between vegetarians 
and non vegetarians, among pre-and postmenopausal women [6]. 
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This study observed that a significant proportion of non vegetarian 
postmenopausal women showed “very high” TC (91.3%), “low” 
HDL-c (56.5%) and “very high” LDL-c (69.6%). These findings 
indicate the importance of screening postmenopausal women by 
taking a good diet history and assessing the lipid profile. Atherogenic 
parameters such as AIP and non HDL-c were significantly higher 
among non vegetarians compared to vegetarians, in both pre-and 
postmenopausal women. As per recent literature search, there 
are no studies available which compares AIP and non HDL-c in 
vegetarian and non vegetarian pre-and postmenopausal women. 
Further evaluation of AIP revealed, among premenopausal women, 
the percentage of non vegetarians with high-risk of CVD was 39.1% 
while none of the vegetarians were at high-risk of developing CVD. 
Although, 21.7% and 43.5% of the vegetarian postmenopausal 
women showed high and intermediate risks respectively, a significant 
91.3% of the non vegetarian postmenopausal women were at 
high-risk of developing CVD with a mean AIP level of 0.29±0.06, 
while remaining 8.7% showed intermediate risk. 

AIP is considered a good predictor of atherosclerosis and CAD 
compared to conventional lipid profile parameters [23]. AIP has 
been proven to be an independent predictive indicator of CAD, 

S. no. author’s name and year Place of study Sample size Parameters compared conclusion

1. Huang YW et al., 2014 [5] China 2397 premenopausal 
women and 1154 
postmenopausal women, 
who were divided into 
vegans, ovo-lacto-
vegetarians and omnivores.

Lipid profile parameters, 
apo-A1, apo-B, TC/
HDL-c, TG/HDL-c and 
LDL-c/HDL-c ratios.

Vegans and ovo-lacto-vegetarian diets showed 
significantly low HDL-c levels in both pre-and 
postmenopausal women. The authors concluded 
that ovo-lacto-vegetarian diet would be beneficial 
for premenopausal women. 

2. Chaudhari A et al., 2013 [22] India 120 postmenopausal 
women, divided into 60 
vegetarians and 60 non 
vegetarians

Lipid profile parameters, 
TC/HDL-c ratio

Serum TC, TG, LDL-c and TC/HDL-c ratio were 
significantly high among non vegetarians compared 
to vegetarians. They concluded that diet influences 
serum lipids.

3. Kumari P et al., 2019 [6] India 98 premenopausal women, 
divided into 40 vegetarians 
and 58 non vegetarians 
and 63 perimenopausal/ 
postmenopausal women, 
divided into 14 vegetarians 
and 49 non vegetarians

Lipid profile parameters 
and TC/HDL-c ratio

There was no significant difference in serum TC, 
TG, VLDL, LDL, HDL and TC/HDL-c ratio between 
vegetarians and non vegetarians in premenopausal 
and perimenopausal/postmenopausal groups.
As per the study, diet had no influence on serum 
lipids. 

4. Present study Karnataka, India 46 premenopausal and 46 
postmenopausal women

Serum lipid profile, 
Atherogenic Index of 
Plasma (AIP) and non 
HDL-c

Serum TC, TG, LDL-c and VLDL-c levels were low 
and HDL-c was high in vegetarians compared to 
non vegetarians, irrespective of the menopause 
status. 
AIP and non HDL-c levels were high in non 
vegetarians compared to vegetarians, in pre- and 
postmenopausal women.
The authors concluded that vegetarian diet is 
beneficial to both pre- and postmenopausal women.

[Table/Fig-5]: Comparison of findings from similar studies and present study [5,6,22].

particularly in postmenopausal women [19]. According to a cross-
sectional study carried out by Barua L et al., on 265 postmenopausal 
Bangladeshi women, AIP showed significant association with 
CVD risk factors such as duration of menopause, waist-hip 
ratio, postprandial glucose, TC and LDL-c. A 35.5% of the study 
participants, not considering diet, exhibited high-risk AIP level with 
mean AIP of 0.16±0.25 [7]. Non HDL-c is yet another promising 
marker of CVD risk. The calculated parameter encompasses the 
levels of chylomicrons, VLDL-c and their remnants, Intermediate 
Density Lipoprotein (IDL), LDL and lipoprotein (a) [8]. In a recent 
study, Iannuzzi A et al., reported that the highest tertile of non 
HDL-c among 220 postmenopausal women with subclinical 
atherosclerosis was significantly associated with the presence of 
coronary plaques (OR=2.38, 95% CI, p=0.038) while the highest 
tertile of HDL-c provided protection against development of carotid 
plaques (OR=0.36, 95% CI, p=0.017), indicating its relevance in 
detecting atherosclerosis in postmenopausal women [24].

The World Health Organisation (WHO) has estimated that 80% of 
CAD can be prevented among individuals with dietary and lifestyle 
modifications. Relevant dietary recommendations can be given 

to perimenopausal women to promote positive health outcomes 
[25]. The American Heart Association (AHA) has also laid down 
recommendations to improve cardiovascular health which include 
intake of ≥4.5 cups of fruits/day, ≥200 g of shellfish/week, ≤1500 mg 
of sodium/day, ≤36 fl oz of sweetened beverages, 3 or more 1-oz-
equivalent servings of whole grains/day and ≥4 servings of nuts, 
seeds and legumes/week [26]. Higher consumption of fruits and 
vegetables are associated with lower CVD related mortality, as 
reported in a meta-analysis of cohort studies, which further supports 
the dietary recommendations [27]. 

The mechanism by which diet influences cardiovascular health 
mainly depends on the food group consumed. Consumption of 
whole grains and legumes improve serum TC due to the high content 
of soluble fibers. Nutrients like vitamin C, folic acid, potassium, 
magnesium, flavonoids and carotenoids present in fruits, green 
leafy vegetables and legumes are known to have beneficial effect on 
endothelial function and may cause vasodilation, thereby lowering 
blood pressure. Increased consumption of unsaturated fatty acids 
and decreased intake of saturated fats can reduce the risk of 
developing CVD [28]. [Table/Fig-5] is showing the comparison of 
present study with similar studies [5,6 22].

Limitation(s) 
The main limitation of the study was the small sample size. 
Furthermore, vegetarian diet could have been further classified 
into pure vegan, ovo-vegetarian and lacto-vegetarian. Such 
classifications were not applied in the current study as further 
increase in sample size would have been warranted. 

CONCLUSION(S)
Diet does play a role in influencing serum lipids. Dyslipidemia 
with elevated AIP and non HDL-c levels were observed among 
non vegetarian women irrespective of menopausal status. The 
proportion of non vegetarian postmenopausal with high-risk AIP, 
in the current study, is quite alarming and warrants necessary 
dietary interventions. Early screening of postmenopausal for lipid 
parameters and indices along with dietary assessment can be a 
boon in alleviating CVD risk.

REFERENCES
 Harlow SD, Gass M, Hall JE, Lobo R, Maki P, Rebar RW, et al. Executive summary of [1]

the stages of reproductive aging workshop+ 10: Addressing the unfinished agenda 
of staging reproductive aging. J Clin Endocrinol Metab. 2012;97(4):1159-68. 



www.jcdr.net DSA Janice et al., Impact of Diet on Lipid and Atherogenic Parameters

Journal of Clinical and Diagnostic Research. 2023 Mar, Vol-17(3): BC11-BC15 1515

PartIcularS oF contrIButorS:
1. Associate Professor, Department of Biochemistry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.
2. Professor, Department of Biochemistry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.
3. Associate Professor, Department of Biochemistry, Chamarajanagar Institute of Medical Sciences, Chamarajanagar, Karnataka, India.
4. Professor and Head, Department of Biochemistry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.
5. Postgraduate Student, Department of Biochemistry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.
6. Professor, Department of Psychiatry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.
7. Assistant Professor, Department of Biochemistry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.
8. Associate Professor, Department of Biochemistry, A.J. Institute of Medical Sciences and Research Centre, Mangaluru, Karnataka, India.

PlagIarISM chEckIng MEthoDS: [Jain H et al.]

•  Plagiarism X-checker: Jun 19, 2022
•  Manual Googling: Oct 15, 2022
•  iThenticate Software: Nov 07, 2022 (6%)

EtyMology: Author OriginnaME, aDDrESS, E-MaIl ID oF thE corrESPonDIng author:
Sridhar Reshma,
Associate Professor, Department of Biochemistry, A.J. Institute of Medical Sciences 
and Research Centre, Mangaluru, Karnataka, India.
E-mail: drreshmakiran@ajims.edu.in

Date of Submission: Jun 14, 2022
Date of Peer Review: Sep 21, 2022
Date of Acceptance: nov 23, 2022

Date of Publishing: Mar 01, 2023

author DEclaratIon:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  NA

 El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, Langer RD, et [2]
al. Menopause transition and cardiovascular disease risk: Implications for timing 
of early prevention: A scientific statement from the American Heart Association. 
Circulation. 2020;142(25):e506-32.

 Ameetha Rani V, Khan MS, Swamy M, Jagannatham S. A comparative study of [3]
lipid profile in pre-and postmenopausal women with and without diabetes. Int J 
Biotechnol Biochem. 2020;16(2):83-91.

 Trautwein EA, McKay S. The role of specific components of a plant-based diet [4]
in management of dyslipidemia and the impact on cardiovascular risk. Nutrients. 
2020;12(9):2671.

 Huang YW, Jian ZH, Chang HC, Nfor ON, Ko PC, Lung CC, et al. Vegan diet and [5]
blood lipid profiles: A cross-sectional study of pre and postmenopausal women. 
BMC Women’s Health. 2014;14(1):01-06. 

 Kumari P, Bano M, Sahay GJ. Effect of diet and body mass index on the serum [6]
lipid profile in healthy premenopausal, perimenopausal, and postmenopausal 
tribal women of India. Int J Med Sci Pub Health. 2019;8(2):120-25.

 Barua L, Faruque M, Banik PC, Ali L. Atherogenic index of plasma and its [7]
association with cardiovascular disease risk factors among postmenopausal 
rural women of Bangladesh. Indian Heart J. 2019;71(2):155-60. 

 Aggarwal J, Kathariya MG, Verma PK. LDL-C, NON HDL-C and APO-B for [8]
cardiovascular risk assessment: Looking for the ideal marker. Indian Heart J. 
2021;73(5):544-48.

 Shenoy R, Vernekar P. Fasting lipid profile in pre-and postmenopausal women: [9]
A prospective study. Int J Sci Study. 2015;3(9):116-19. 

 Sabate J, Ratzin-Turner RA, Brown JE. Vegetarian diets: Description and trends. [10]
In: Sabate J., editor. Vegetarian Nutrition. CRC Press LLC; Boca Raton, FL, USA: 
2001. pp. 5. 

  Gili RV, Leeson S, Montes-Chañi EM, Xutuc D, Contreras-Guillén IA, Guerrero-[11]
Flores GN, et al. Healthy lifestyle practices among argentinian vegetarians and 
non vegetarians. Nutrients. 2019;11(1):154. 

 Allain CC, Poon LS, Chan CS, Richmond WF, Fu PC. Enzymatic determination of [12]
total serum cholesterol. Clin Chem. 1974;20(4):470-75.

 Sullivan DR, Kruijswijk Z, West CE, Kohlmeier M, Katan MB. Determination [13]
of serum triglycerides by an accurate enzymatic method not affected by free 
glycerol. Clin Chem. 1985;31(7):1227-28.

 Ahmadraji T, Killard AJ. The evolution of selective analyses of HDL and [14]
LDL cholesterol in clinical and point of care testing. Analytical Methods. 
2013;5(15):3612-25. 

 Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of [15]
low-density lipoprotein cholesterol in plasma, without use of the preparative 
ultracentrifuge. Clin Chem. 1972;18(6):499-502. 

 Dobiásová M. Atherogenic index of plasma [log(triglycerides/HDL-cholesterol)]: [16]
Theoretical and practical implications. Clin Chem. 2004;50(7):1113-15.

 Wen J, Huang Y, Lu Y, Yuan H. Associations of non high-density lipoprotein [17]
cholesterol, triglycerides and the total cholesterol/HDL-c ratio with arterial 
stiffness independent of low-density lipoprotein cholesterol in a Chinese 
population. Hypertension Research. 2019;42(8):1223-30.

 Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol [18]
in Adults. Executive Summary of The Third Report of The National Cholesterol 
Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment 
of High Blood Cholesterol In Adults (Adult Treatment Panel III). J Am Med Assoc. 
2001;285(19):2486-97. 

  Wu  TT,  Gao  Y,  Zheng  YY,  Ma  YT,  Xie  X.  Atherogenic  Index  of  Plasma  (AIP): [19]
A novel predictive indicator for the coronary artery disease in postmenopausal 
women. Lipids Health Dis. 2018;17(1):01-07.

 Jensen J, Nilas L, Christiansen C. Influence of menopause on serum lipids and [20]
lipoproteins. Maturitas. 1990;12(4):321-31. 

 Li Z, McNamara JR, Fruchart JC, Luc G, Bard JM, Ordovas JM, et al. Effects of [21]
gender and menopausal status on plasma lipoprotein subspecies and particle 
sizes. J Lipid Res. 1996;37(9):1886-96. 

 Chaudhari A, Borade NG, Bandopadhyay AK, Hazra SK, Saha S, Mondol S. A [22]
comparative study of lipid profile and autonomic functions in vegetarian and non 
vegetarian postmenopausal women. Med J Dr. D.Y. Patil University. 2013;6(1):60-65.

  Zhu X, Yu L, Zhou H, Ma Q, Zhou X, Lei T, et al. Atherogenic index of plasma is a [23]
novel and better biomarker associated with obesity: A population-based cross-
sectional study in China. Lipids Health Dis. 2018;17(1):01-06. 

 Iannuzzi A, Giallauria F, Gentile M, Rubba P, Covetti G, Bresciani A, et al. [24]
Association between Non HDL-C/HDL-C ratio and carotid intima-media 
thickness in postmenopausal women. J Clin Med. 2021;11(1):78. 

 Currie H, Williams C. Menopause, cholesterol and cardiovascular disease. US [25]
Cardiology. 2008;5(1):12-14.

 Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, et [26]
al. 2019 ACC/AHA guideline on the primary prevention of cardiovascular disease: 
A report of the American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. Circulation. 2019;140(11):e596-646.

  Wang DD, Li Y, Bhupathiraju SN, Rosner BA, Sun Q, Giovannucci EL, et al. Fruit [27]
and vegetable intake and mortality: Results from 2 prospective cohort studies 
of US men and women and a meta-analysis of 26 cohort studies. Circulation. 
2021;143(17):1642-54.
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