
81© 2024 Journal of Mid-life Health | Published by Wolters Kluwer - Medknow

Nontraditional Lipid Parameters as a Predictor of Cardiovascular 
Disease Risk in Nepalese Women
Jasper Adhikaree, Ruyusha Shrestha, Prabina Bomjan, Shreya Pokharel, Ashmita Shrestha, Anusha Siwakoti, 
Rashila Acharya, Roy Rillera Marzo1, Swosti Acharya2, Ritesh Pokhrel, Prachand Man Singh Rajbhandari

Access this article online
Quick Response Code:

Website: https://journals.lww.com/jomh

DOI: 10.4103/jmh.jmh_179_23

Address for correspondence: Assoc. Prof. Prachand Man Singh 
Rajbhandari, 

Department of Medical Biochemistry, Nobel College, Pokhara 
University, Sinamangal, Kathmandu ‑ 44600, Nepal. 

E‑mail: prachand.rajb@nobelcollege.edu.np

high‑density lipoprotein cholesterol (HDL‑C) in serum 
concentration as defined by the established thresholds 
for those lipid parameters.[5]

The effectiveness of lipid parameter thresholds is based on 
their discriminating ability for different clinical conditions 
such as coronary heart diseases, myocardial infarction, 

Original Article

Introduction

Cardiovascular disease (CVD) is listed as a global 
burden of disease with a mortality rate of around 

31.4% and deaths of around 17.6 million annually.[1] 
Myocardial infarction and strokes are reported to be the 
cause of 85% of all deaths reported from CVD. The 
main cause of CVD is the accumulation of fatty deposits 
in the arteries (atherosclerosis), which increases the 
risk of blood clots.[2] Although different risk factors 
are identified for CVD,[3] dyslipidemia is an ultimate 
result[4] which is described by the elevated levels of 
total cholesterol (TC), triglycerides (TGs), low‑density 
lipoprotein cholesterol (LDL‑C), or reduced level of 
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Background: The use of nontraditional lipid parameters for assessing clinical 
conditions is emerging; however, no study has identified thresholds for those 
parameters for the identification of cardiovascular disease (CVD) risk. The 
present study aimed to establish the thresholds of nontraditional lipid parameters 
and test its ability to identify CVD risk factors. Methodology: A cross‑sectional 
study in women (n = 369, age: 46 ± 13 years, body mass index (BMI): 
26.31 ± 2.54 kg/m2) was conducted. Blood samples were collected and 
high‑density lipoprotein cholesterol (HDL‑C), low‑density lipoprotein cholesterol, 
total cholesterol (TC), and triglycerides (TGs) were estimated. Subsequently, 
nontraditional lipid parameters were calculated, namely non‑HDL‑C, Castelli’s Risk 
Index II (CRI‑II), CRI‑I, lipoprotein combined index (LCI), atherogenic index (AI), 
and AI of plasma (AIP). Results: Based on TC (≥200 mg/dL), the derived 
thresholds for non‑HDL‑C, CRI‑II, CRI‑I, LCI, AI, and AIP were 139 mg/dL, 2.29, 
3.689, 58,066, 2.687, and 0.487, respectively. Similarly, based on the threshold of 
TG (≥150 mg/dL), the derived thresholds for non‑HDL‑C, CRI‑II, CRI‑I, LCI, AI, 
and AIP were 127 mg/dL, 2.3, 3.959, 58,251, 2.959, and 0.467, respectively. Out 
of considered five risk factors, non‑HDL‑C, CRI‑II, CRI‑I, LCI, and AI thresholds 
were capable in identifying four risk factors (physical activity, blood pressure, BMI, 
and age) and AIP was able to associate with two risk factors at most (blood pressure 
and BMI). Conclusion: The derived thresholds of nontraditional lipid parameters 
were capable of differentiating between CVD risk and nonrisk groups suggesting 
the possible use of these thresholds for studying CVD risk.
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ischemic stroke, congestive heart failure, and particularly 
the CVD risk. Alteration of these lipid parameters above/
below the established thresholds is associated with a 
high chance of CVD risk, hospitalization, and even 
mortality.[6,7] Although the lipid parameter thresholds are 
described as a good indicator for identifying the CVD 
risk and other clinical conditions, the literature has shown 
incoherency in the threshold’s potential to identify relevant 
clinical conditions and risk factors.[8] This discrepancy in 
observations in different populations may be explained by 
diversity in culture, environment, lifestyle, and included 
age group.[9,10] Indeed, it should also be noted that studies 
have reported population‑specific thresholds for those 
lipid parameters.[11,12]

The variable prevalence, ranging from 23% to 30%, 
for the different lipid abnormalities in the same cohort 
of the population in the NHANES study comprising 
555 individuals has been observed.[13] Traditional lipid 
parameters are routinely used; however, the idea of 
nontraditional lipid parameters is emerging in geriatric 
and therapeutic settings. The use of nontraditional 
lipid parameters is not mostly adapted due to several 
reasons, one being the undefined thresholds for those 
nontraditional lipid parameters for identifying clinical 
conditions such as CVD risk. These nontraditional lipid 
parameters are mainly derived as the summation or ratio 
of the existing traditional lipid parameters. Some of 
the commonly used lipid indices include non‑HDL‑C, 
Castelli’s Risk Index‑II (CRI‑II), CRI‑I, lipoprotein 
combined index (LCI), atherogenic index (AI), and AI 
of plasma (AIP). The advantage of using nontraditional 
lipid indices over single lipid parameter thresholds 
could be further explained by their potential to identify 
intermediate CVD risk when the traditional parameters 
failed to identify the CVD risk even within a normal 
range. This strength of identifying and predicting CVD 
risk and related adverse events with nontraditional lipid 
parameters, particularly derived as a ratio of traditional 
parameters, over a single lipid parameter threshold 
index, emphasizes the importance of these nontraditional 
lipid parameters in future clinical studies.[14] Association 
of non‑HDL‑C with potential of developing CVD has 
been well established from existing literature along 
with its threshold value as non‑HDL‑C has been 
strongly been associated with coronary artery disease.[15] 

However, the determined threshold of non‑HDL‑C from 
existing literatures were not based on Nepalese women 
population. As such, population specific threshold for 
non‑HDL‑C should be established. CRI‑II, CRI‑I and AI 
have all been associated with atherosclerosis.[16,17] LCI 
and AIP both has been associated with acute coronary 
syndrome and coronary artery disease respectively.[17,18] 
These non‑traditional lipid parameters have all been 

established as good predictor of CVD risk as decrease 
on the level of these parameters has been associated 
with reduction in cardiovascular disease outcome. 
However, the threshold values for these non‑traditional 
lipid parameters has not been established in context to 
Nepalese women population. Therefore, it is essential to 
establish the thresholds of these parameters for Nepalese 
women population.[15‑18]

Among the traditional lipid parameters, TG due to 
its ability to independently associated with CVD risk 
and TC due to its cost are commonly used indices 
in geriatric and clinical settings.[19,20] Identification 
of nontraditional lipid parameter thresholds may be 
important in the future due to its advantages over 
the traditional lipid parameter thresholds. However, 
the importance of traditional lipid parameter 
thresholds should not be denied while deducting the 
appropriate nontraditional lipid parameter thresholds. 
Furthermore, the suitability of the derived thresholds 
could be justified only in the case when the derived 
nontraditional lipid parameter thresholds would be 
able to discriminate the CVD risk factors between the 
classified CVD risk group and nonrisk groups based 
on derived thresholds. Establishing the thresholds 
for these non‑traditional lipid parameters could lead 
to early identification of CVD risk group and thus 
proper lifestyle modifications on diet, physical activity, 
and hypertension could be recommended in clinical 
settings. With these backgrounds, the present study 
aims to (1) establish the thresholds of nontraditional 
lipid parameters based on established thresholds of TC 
and TG and (2) test the ability of derived nontraditional 
lipid parameter thresholds to identify CVD risk factors.

Methodology
Study design, participant’s characteristics, and 
ethical approval
The current study is cross‑sectional, comprising 369 
women (range: 19–87 years, mean age: 46 ± 13 years, 
body mass index [BMI]: 26.31 ± 2.54 kg/m2). The women 
were enrolled in 3 months (June 2022–August 2022). At 
the time of data collection, the participants self‑reported 
that they had no chronic illness and did not have any 
family history of CVD. In addition, individuals suffering 
from alcoholism, hyperthyroidism, hypothyroidism, 
physical disability, mental illness, diabetes, endometrial 
hyperplasia, heart disease, renal failure, and heavy 
smokers were excluded. Women who were pregnant, 
lactating, undergoing estrogen replacement therapy, 
and having lipid‑lowering drugs in the study were also 
excluded. The study followed the guidelines of the 
Declaration of Helsinki and ethical approval was taken 
from the Institutional Review Committee (IRC) at 
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Nobel College (Ref No.MBIRC005/2022), Sinamangal, 
Kathmandu. All the data collected were kept confidential, 
and written consent was taken from individuals included 
in the study’s predata collection.

Anthropometric measurements
Individuals were weighed with light clothing using 
a weighing scale (OMRON, Omron HN 289). The 
study participants were instructed to stand against the 
stadiometer and requested to remove apparel such as 
shoes, heels, boots, and so on to prevent the assessment 
of false height, and the height was determined. 
Following the measurement of weight and height, BMI 
was computed using the formula weight/height2 (kg/m2).

Traditional and nontraditional lipid parameter 
estimation
Initially, a trained phlebotomist drew overnight fasting 
blood, approximately 5 mL, using the venipuncture 
technique. The collected blood was then centrifuged 
(HERMILE Z326K, China) followed by analysis in a 
fully automated analyzer (Beckman Coulter A408, USA). 
The quantification of lipid profile parameters, namely 
LDL‑C, HDL‑C, TC, and TG, was performed.

Upon the estimation of traditional lipid parameters, 
the nontraditional lipid parameters were calculated. 
Non‑HDL‑C was calculated as TC‑HDL‑C, CRI‑II was 
calculated as LDL‑C/HDL‑C, CRI‑I was calculated 
as TC/HDL‑C, LCI as TC*TG*LDL‑C/HDL‑C, AI as 
non‑HDL‑C/HDL‑C, and AIP as log (TG/HDL‑C).

Cardiovascular disease risk threshold definitions
In the current study, the nontraditional lipid indices 
were derived based on the established thresholds of 
TG and TC that discriminated between the non‑CVD 
risk and CVD risk groups. As per the previous 
literature, CVD risk was defined for individuals with 
TC ≥200 mg/dL based on the TC threshold;[21] any 
individuals with TG ≥150 mg/dL were classified in the 
CVD risk group.[22]

Risk factors
The risk factors for CVD risk were selected based on 
their extant association with CVD risk in the previous 
literature. The risk factors considered in our study 
are blood pressure, age, BMI, diet, physical activity, 
smoking, and alcoholism.

Individuals with a systolic blood pressure ≥140 mm Hg 
and diastolic blood pressure ≥90 mm Hg,[23] or those 
who have been prescribed anti‑hypertensive medication, 
were classified as having hypertension and grouped into 
the high blood pressure category.

Participants were classified as ≥55 years or lower. 
Based on BMI indices, individuals with a BMI of 

25.0‑29.9 kg/m² were categorized as overweight, and 
with a BMI greater than 30 kg/m² were classified as 
obese, collectively termed the high BMI group. Those 
with a BMI of 18.5‑24.9 kg/m² were classified as 
having a normal BMI. The information on food intake 
was recorded as an atherogenic and nonatherogenic 
diet. The information on physical activity was collected 
and classified as physically active or inactive. For 
smoking, a person who smoked daily was classified as a 
smoker and another class as a nonsmoker. A person who 
consumed 8 or more drinks in a week was classified as 
an alcoholic.

Statistical analyses
Statistical analyses were performed in SPSS 27.0 
(Armonk, NY: IBM Corp.) with significance maintained 
at P < 0.05 for all the analyses. Receiver operating 
characteristic (ROC) curve analyses were performed for 
the derivation of thresholds of all nontraditional lipid 
parameters based on previously established CVD risk 
thresholds for TC and TG. The thresholds were selected 
on sensitivity and specificity values that provided high 
values of Youden's index. The derived discrimination 
threshold was further utilized to classify the participants 
into the CVD risk group and nonrisk group. Pearson’s 
Chi‑squared test was then performed to investigate the 
possible associations of considered risk factors (diet, 
physical activity, blood pressure, BMI, and age) with 
the CVD risk group as classified by newly derived 
thresholds. A comparison between the effectiveness of 
new thresholds was performed based on the number of 
associations.

Results
Population characteristics and prevalence of 
cardiovascular disease risk based on total 
cholesterol and triglyceride thresholds
The general characteristics of the 369 samples included 
are presented in Table 1. Overall, the prevalence of 
CVD risk based on TC and TG thresholds was 25.1% 
and 32.3%, respectively. The group comparison between 
the non‑CVD risk groups and risk group based on TC 
threshold identified the significant difference among age, 
height, BMI, lipid profile tests (TC, TG, HDL‑C, and 
LDL‑C), and risk factors (low physical activity, high 
blood pressure, high BMI, and age over 55). Similarly, 
the TG thresholds identified the significant difference 
in age, BMI, lipid profile tests (TC, TG, HDL‑C, and 
LDL‑C), and risk factors (high blood pressure, high 
BMI, as well as age over 55) between the non‑CVD 
risk group and the CVD risk group. The pattern of 
differences among the variables between CVD risk and 
nonrisk groups with TC and TG‑established thresholds 
is shown in Table 1.
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Thresholds for nontraditional lipid parameters
Based on the threshold of TC for the CVD risk 
(≥200 mg/dL), the derived threshold for non‑HDL‑C 
was 139 mg/dL, CRI‑II was 2.29, CRI‑I was 3.687, 
LCI was 58,066, AI was 2.687, and AIP was 0.487. The 
corresponding discriminatory ability of the models and 
the sensitivity and specificity values for these derived 
thresholds are shown in Table 2.

Similarly, based on the threshold of TG for the 
CVD risk (≥150 mg/dL), the derived threshold for 
non‑HDL‑C was 127 mg/dL, CRI‑II was 2.3, CRI‑I 
was 3.959, LCI was 58,251, AI was 2.959, and AIP 
was 0.467. The corresponding discriminatory ability 
of the models and the sensitivity and specificity 

values for these derived thresholds are shown in 
Table 2.

Comparison of prevalence of cardiovascular 
disease risks with different derived thresholds of 
nontraditional lipid parameters
Based on the TC threshold (≥200 mg/dL), the prevalence 
of the CVD risk following the thresholds derived from 
ROC analyses for each nontraditional lipid parameter is 
given in Figure 1. The number of participants under the 
CVD risk according to threshold values of non‑HDL‑C, 
CRI‑II, CRI‑I, LCI, AI, and AIP was 123, 155, 163, 
130, 163, and 128, respectively, among 369 total study 
participants. In the current population, 57 participants 
were at risk of CVD according to threshold values of 

Table 2: Thresholds of nontraditional lipid parameters based on established thresholds of total cholesterol and 
triglycerides

Nontraditional 
parameters

Traditional parameters used 
to derive thresholds

AUC P 95% CI Threshold 
value

Sensitivity Specificity

Non‑HDL‑C (mg/dL) TC 0.986 <0.001 0.978–0.994 139 0.989 0.894
TG 0.695 <0.001 0.637–0.753 127 0.680 0.648

CRI‑II TC 0.757 <0.001 0.702–0.811 2.29 0.726 0.693
TG 0.663 <0.001 0.606–0.720 2.3 0.607 0.684

CRI‑I TC 0.799 <0.001 0.749–0.849 3.687 0.821 0.690
TG 0.711 <0.001 0.656–0.767 3.959 0.615 0.753

LCI TC 0.871 <0.001 0.833–0.910 58066 0.811 0.807
TG 0.885 <0.001 0.850–0.919 58251 0.754 0.850

AI TC 0.799 <0.001 0.7490.849 2.687 0.821 0.690
TG 0.711 <0.001 0.656–0.767 2.959 0.615 0.753

AIP TC 0.620 <0.001 0.554–0.687 0.487 0.526 0.715
TG 0.947 <0.001 0.923–0.970 0.467 0.902 0.874

CRI‑II: Castelli’s Risk Index II, CRI‑I: Castelli’s Risk Index I, LCI: Lipoprotein combined index, AI: Atherogenic index, AIP: Atherogenic 
index of plasma, AUC: Area under curve, TC: Total cholesterol, TG: Triglyceride, CI: Confidence interval, HDL‑C: High‑density 
lipoprotein cholesterol

Figure 1: Matrix layout using total cholesterol‑derived threshold values for all intersections of nontraditional parameters. The intersection of the 
several sets is represented by the merging of black circles on the matrix. HDL‑C: High‑density lipoprotein cholesterol, AIP: Atherogenic index of 
plasma, LCI: Lipoprotein combined index, CRI‑II: Castelli’s Risk Index II, AI: Atherogenic index
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all nontraditional lipid parameters derived. The number 
of participants under CVD risk according to various 
nontraditional lipid parameters and their intersection is 
given in Figure 1.

The prevalence of CVD risk following the thresholds 
derived from ROC analyses using established thresholds 
of TG (≥150 mg/dL) for each nontraditional lipid 
parameter is shown in Figure 2. Briefly, the number 
of participants under CVD risk according to threshold 
values of non‑HDL‑C, CRI‑II, CRI‑I, LCI, AI, and AIP 
was 170, 152, 137, 129, 137, and 142, respectively. 
Seventy‑two participants were at risk of CVD according 
to threshold values of all nontraditional lipid parameters. 
The number of participants under CVD risk according 
to various nontraditional lipid parameters and their 
interaction is given in Figure 2.

Associations of risk factors with established 
nontraditional lipid parameter thresholds for 
cardiovascular disease risk
There was a significant difference in the frequency 
distribution of individuals between CVD risk and 
nonrisk groups identified for different considered risk 
factors in the study for the different thresholds derived 
for nontraditional lipid parameters using established 
thresholds of TC and TG. Out of the possible 5 
risk factors, the risk factors showing the frequency 
difference between the CVD risk and nonrisk groups 
based on the derived thresholds of TC and TG are in 
the descending order for non‑HDL‑C, CRI‑II, CRI‑I, 
LCI, and AI (physical activity, blood pressure, BMI, and 

age). AIP thresholds derived from TC and TG showed 
variable results, where TC‑derived thresholds were able 
to associate with 2 risk factors (blood pressure and BMI) 
and TG was able to associate with 1 risk factor (blood 
pressure). The frequency of individuals based on the 
derived thresholds using risk factor distribution for the 
nontraditional lipid parameters is shown in Table 3.

Discussion
The identification of different biomarkers and their 
derived thresholds for identifying the clinical condition 
and associated risk is a continuous process. Although 
the use of nontraditional lipid parameters is novel in 
lipid‑related research, its effectiveness over the existing 
traditional lipid parameters is emerging. In the current 
study, our research group identified the thresholds for 
nontraditional lipid parameters based on previously 
established TC and TG thresholds and tested the ability 
of derived thresholds differentiating potential to identify 
the CVD risk. In brief, we identified the thresholds 
of non‑HDL, CRI‑II, CRI‑I, LCI, AI, and AIP and 
observed that non‑HDL, CRI‑II, CRI‑I, LCI, and AI 
thresholds have been successful in identifying 4 risk 
factors (physical activity, blood pressure, BMI, and age) 
and AIP has been successful in identifying 2 risk factors 
at most (blood pressure and BMI), out of the considered 
five risk factors in the study. Based on our findings, we 
conclude that nontraditional lipid parameters are effective 
in identifying the CVD risk, and we suggest that their use 
should be tested and expanded in multiple other clinical 
conditions such as screening and diagnosis indices.

Figure 2: Matrix layout using triglycerides‑derived threshold values for all intersections of non‑traditional parameters. The intersection of the several 
sets is represented by the merging of black circles on the matrix. LCI: Lipoprotein combined index, AI: Atherogenic index, CRI‑I: Castelli’s Risk 
Index I, AIP: Atherogenic index of plasma, CRI‑II: Castelli’s Risk Index II, HDL‑C: High‑density lipoprotein cholesterol
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Table 3: Distribution of risk factors for nontraditional lipid parameters based on established threshold values
Traditional parameters used to derive 
thresholds

Nontraditional 
parameters

Category No CVD risk, 
frequency (%)

CVD risk, 
frequency (%)

χ2 P

TC Non‑HDL‑C Atherogenic diet 88.20 87.00 0.11 0.736
Low physical activity 17.90 34.10 12.1 <0.001
High blood pressure 3.30 50.40 118.61 <0.001
High BMI 71.10 87.00 11.43 0.001
Aged above 55 25.20 52.80 27.75 <0.001

CRI‑II Atherogenic diet 86.00 90.30 1.58 0.208
Low physical activity 18.70 29.70 6.06 0.014
High blood pressure 6.10 36.80 55.11 <0.001
High BMI 70.10 85.20 11.32 0.001
Aged above 55 29.00 41.90 6.69 0.01

CRI‑I Atherogenic diet 86.90 89.00 0.36 0.547
Low physical activity 17.50 30.70 8.86 0.03
High blood pressure 4.40 37.40 64.68 <0.001
High BMI 68.40 86.50 16.46 <0.001
Aged above 55 28.20 42.30 8.10 0.004

LCI Atherogenic diet 88.30 86.90 0.14 0.703
Low physical activity 19.20 30.80 6.25 0.012
High blood pressure 5.90 43.10 75.88 <0.001
High BMI 70.30 87.70 14.14 <0.001
Aged above 55 25 52 28.46 <0.001

AI Atherogenic diet 86.90 89.00 0.36 0.547
Low physical activity 17.50 30.70 8.86 0.003
High blood pressure 4.40 37.40 64.68 <0.001
High BMI 68.40 86.50 16.46 <0.001
Aged above 55 28.20 42.30 8.10 0.004

AIP Atherogenic diet 89.20 85.20 1.28 0.257
Low physical activity 22.00 25.80 0.67 0.412
High blood pressure 14.50 27.30 8.94 0.003
High BMI 72.60 83.60 5.59 0.018
Aged above 55 32.00 39.10 1.87 0.171

TG Non‑HDL‑C Atherogenic diet 88.40 87.10 0.16 0.686
Low physical activity 19.10 28.20 4.28 0.038
High blood pressure 1.00 40.00 90.69 <0.001
High BMI 68.30 85.90 15.65 <0.001
Aged above 55 23.10 47.60 24.44 <0.001

CRI‑II Atherogenic diet 86.20 90.10 1.30 0.253
Low physical activity 19.40 28.90 4.60 0.032
High blood pressure 6.50 36.80 53.70 <0.001
High BMI 70.00 85.50 11.88 0.001
Aged above 55 29.50 41.40 5.65 0.017

CRI‑I Atherogenic diet 88 88.30 0.05 0.816
Low physical activity 18.50 31.40 7.96 0.005
High blood pressure 6.50 40.10 63.56 <0.001
High BMI 61.80 87.60 15.08 <0.001
Aged above 55 29.70 42.30 6.05 0.014

LCI Atherogenic diet 88.30 86.80 0.17 0.672
Low physical activity 19.60 30.20 5.32 0.021
High blood pressure 6.30 42.60 72.26 <0.001
High BMI 70.40 87.60 13.74 <0.001
Aged above 55 24.60 52.70 29.41 <0.001

Contd...
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Table 3: Contd...
Traditional parameters used to derive 
thresholds

Nontraditional 
parameters

Category No CVD risk, 
frequency (%)

CVD risk, 
frequency (%)

χ2 P

AI Atherogenic diet 88 88.30 0.05 0.816
Low physical activity 18.50 31.40 7.96 0.005
High blood pressure 6.50 40.10 63.56 <0.001
High BMI 69.80 87.60 15.08 <0.001
Aged above 55 29.70 42.30 6.05 0.014

AIP Atherogenic diet 88.50 86.60 0.30 0.582
Low physical activity 21.10 26.80 1.54 0.214
High blood pressure 14.50 26 7.54 0.006
High BMI 73.10 81.70 3.55 0.059
Aged above 55 32.60 37.30 0.86 0.353

CRI‑II: Castelli’s Risk Index II, CRI‑I: Castelli’s Risk Index I, LCI: Lipoprotein combined index, AI: Atherogenic index, AIP: Atherogenic 
index of plasma, BMI: Body mass index, TC: Total cholesterol, TG: Triglyceride, CVD: Cardiovascular disease, HDL‑C: High‑density 
lipoprotein cholesterol

The categorization of CVD in a list of the global burden 
of diseases and its contribution to high mortality[1] has 
alarmed the health system of low‑ and middle‑income 
countries to advanced economies and emphasizes the 
need for its appropriate management. This has resulted 
in many studies focusing on minimizing CVD‑related 
risks from a different perspective including the 
identification and screening tool for its control and 
treatment. As the identification of a new screening tool 
for the clinical condition from the existing screening 
tool[24] is a continuous process, the current study also 
considered the validated thresholds of TC and TG for the 
derivation of nontraditional lipid parameter thresholds 
for identifying CVD risk. The use of TC and TG 
thresholds in the current study is grounded in previous 
literatures which have demonstrated their potential 
to identify CVD risk, intercranial atherosclerotic 
stenosis,[25] insulin resistance,[26] nonalcoholic fatty liver 
disease,[27] and metabolic syndrome.[28] In the present 
study, ROC analyses were performed to identify the 
thresholds of new parameters, the techniques that 
have been widely adopted when there are two (binary) 
possible outcome measures.[24,29] Nontraditional lipid 
parameters have been used to understand the different 
phenomena in several populations such as Chinese 
Han population,[30] Northeast Indian population,[31] and 
Japanese population.[32] The ability to identify CVD risk 
may be advantageous in lipid‑related research and can 
add to the growing number of literature.

To the knowledge of current authors, this is the first study 
that has attempted to identify multiple nontraditional lipid 
parameter thresholds to identify the risk factors for CVD 
risk. In the present included population, we identified 
thresholds of non‑HDL‑C as 139 mg/dL and 127 mg/dL, 
CRI‑II as 2.29 and 2.3, CRI‑I as 3.687 and 3.959, LCI 
as 58,066 and 58,251, AI as 2.687 and 2.959, and AIP 
as 0.487 and 0.467 as per the TC and TG established 

thresholds, respectively. A comparison between our 
derived thresholds and previous literature has shown a 
high concordance between the values. For example, the 
derived threshold of non‑HDL‑C in the current population 
is close to 130 mg/dL observed in the Thai population 
for the prediction of acute myocardial infarction.[33] 
Similarly, the derived threshold of CRI‑II in the current 
study is close to another study conducted in the Japanese 
population that showed a value of 2.4 for dyslipidemia 
and 10 years of incidence of diabetes.[34] Comparing our 
findings with the study conducted in Turkey in coronary 
artery disease patients, the values for AI and AIP are close, 
while their threshold for LCI is quite higher (78,830) than 
ours (58,251). Indeed, previous literature has shown that 
the values of CRI‑II, CRI‑I, AI, and AIP are greater in the 
CVD risk compared to nonrisk groups.[30]

We observed the prevalence of dyslipidemia as 25.1% 
and 32.3% with TC and TG thresholds, respectively. This 
variable difference in the prevalence of dyslipidemia 
based on TC and TG is like other studies conducted in 
different populations. For example, a study conducted 
on 727 Jordanian females observed the prevalence of 
dyslipidemia as 6.7% and 16.6% as per the TC and 
TG thresholds, respectively.[35] A study conducted in 
the Chinese population has shown the prevalence of 
dyslipidemia as 14.7% and 44.2% based on thresholds 
of TC and TG, respectively.[36] In the current population, 
we observed similar kinds of associations with the 
possible risk factors for CVD risk as described by the 
previous literature.[37‑41] The comparison was done for the 
derived thresholds for nontraditional lipid parameters. 
Given the higher number of overlaps of the same 
individuals (n = 72) in the CVD risk group as categorized 
by derived thresholds, the similar findings observed for 
most of the thresholds are not surprising. The derivation 
of thresholds for nontraditional lipid parameters based on 
established thresholds of TC and TG in our study also 
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adds to the literature that physical inactivity, high blood 
pressure, high BMI, and older age are the risk factors 
for CVD. We did not observe a significant difference in 
frequency distribution for diet and smoking/alcoholism 
between CVD risk and nonrisk group. Although 
previous studies have reported alcoholism/smoking 
as a risk factor for CVD,[42] we need to acknowledge 
that the study was conducted in the Nepalese female 
population, where females are mostly reluctant to state 
their smoking/alcoholism habit despite they are following 
those habits.[43] This may result in bias in data collection 
and thus may interfere with the results. However, the 
observation of no difference in dietary habits may be 
explained by the small number of participants reporting 
a nonatherogenic diet. Overall, our observation using 
the nontraditional lipid parameters indices showed that 
all the indices are effective in identifying the already 
established CVD risk factors to a larger extent.

Comparing the derived thresholds and their ability to 
discriminate the risk factors for CVD in current data, 
the present authors suggest that nontraditional lipid 
parameter thresholds are also effective in studying 
CVD risk. While few studies have utilized the 
nontraditional lipid parameters,[30,44] the derivation of 
specific thresholds to explore the clinical condition of 
CVD in the current study is very scarce. To extend the 
validity of the currently derived thresholds, we suggest 
that further research in different clinical conditions 
and populations is warranted. Our study benefits from 
being cross‑sectional, having a good sample size, using 
acceptable analytical procedures, and being generalizable 
to other demographic study contexts. However, this 
study is not untouched by the limitations. First, we 
collected the data on risk factors using a self‑designed 
questionnaire. There is a high chance of bias in the data 
collection when using the questionnaire.[45] There could 
be also a chance of data collection biasness due to the 
cultural practices in the Nepalese context. For instance, 
Nepalese females are less open to questions about 
smoking and drinking, as those practices among females 
are considered to be taboo in Nepal.[43] A single center 
is taken in this study; therefore, the inclusion of many 
centers may provide more generalizable results.

Conclusion
The use of nontraditional lipid parameters is emerging 
and its potential for adoption in clinical practice can be 
justified by its effectiveness in discriminating against 
several conditions such as CVD. Our study identified 
thresholds of multiple nontraditional lipid parameters 
for the CVD risk and observed the good discriminatory 
ability for association with CVD‑related risk factors as 
described by the previous studies. Based on our findings, 

we suggest that the use of nontraditional lipid parameters 
in lipid‑related research for studying CVD‑related 
events in the future can be expanded. Furthermore, 
we also emphasize the necessity of nontraditional 
lipid parameters in other clinical conditions that are 
particularly related to lipid parameters.
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