
 

 

Comparative Evaluation of Lipid Accumulation Product, and Triglyceride-Glucose Indices 

in Apparently Healthy Subjects in Predicting Cardiovascular Risks in Port-Harcourt 

ABSTRACT 

Lipid accumulation product is a novel biomarker of central lipid accumulation related to the risk of diabetes and 

cardiovascular diseases.In certain metabolic diseases, insulin resistance is often present which could be attributed to 

an abnormality in the insulin-specific receptors in various tissues, obesity, or visceral adiposity. This study aimed at 

determining the triglyceride–glucose index and lipid accumulation product index of apparently healthy individuals 

in Port Harcourt.A total of 150 healthy individuals were assessed for anthropometric and biochemical measurement, 

lipid accumulation production (LAP), andtriglyceride --glucose indexTyG.Comparison of mean values of 

biophysical variables body mass index (BMI), lipid accumulation product indices, cardiovascular,triglyceride–

glucose index, insulin, C-peptide,glycated haemoglobin(HbAIC),Fasting blood sugar(FBS), and Body Mass Index 

(BMI) of male and female subjects were measured using standard procedures. A detailed comparison of mean values 

of biophysical variables of male and female subjects shows that the mean age for the male subjects (41.55±6.99 

years) was significantly higher (p=0.0159) when compared to the mean age for female subjects (39.04±5.6 years. 

There was no significant difference in the mean weight, height, BMI, waist circumference, SBP, DBP, T. Chol, 

triglyceride, HDL, LDL, C-peptide level, HbAIc,FBS level,T.CHOL/HDL ratio, T.CHOL/LDL ratio, and TyG 

index between the male and female subjects. However, there was a significantly higher level of insulin for male than 

female subjects and higher LAP for female than male subjects. Also, there was a higher HOMA-R for male subjects 

than female subjects. Additionally, there was a positive correlation between BMI and the following; mean age, 

systolic blood pressure (SBP), diastolic blood pressure (DBP), waist circumference (WC), and insulin levels. The 

Receiver's Operating Characteristics (ROC) curve for the LAP test had a high AUC value of 0.9970. Similarly, the 

ROC curve analysis of the TyG test had a high AUC of 0.8344. However, these findings emphasize the LAP test 

hasa stronger discriminatory ability than TyG. Healthy individuals may have the cardiovascular risk of being 

evaluated by LAP, which is very cost-effective.  

Keywords:Cardiovascular risks, Lipid Accumulation Product, Hyperlipideamia,Insulin, 

Obesity,Triglyceride-Glucose Index, 

 

1. Introduction 

Healthy beings are individuals who do not complain about any weakness or disease and 

demonstrate high working ability (Ustinova, 2014). Healthyindividuals often die of 

cardiovascular complications because they remain unnoticed, due to the high cost of tests.  The 

hallmark of better outcomes in cardiovascular disease is early diagnosis. Obesity, in turn, is a 

risk factor for metabolic abnormalities including dyslipidemia, insulin resistance, hypertension, 

and cardiovascular disease, and the 5
th

 main cause of death globally (Smithet al., 2012). 

A cluster of cardiovascular and metabolic risk factors (including hypertension, central obesity, 

prediabetes or diabetes, hyperinsulinemia, insulin resistance, and dyslipidemia) often results in a 



 

 

metabolic syndrome (Smithet al., 2012). The presence of these cardiovascular and metabolic risk 

factors may predispose an individual to type 2 diabetes and cardiovascular disease (Gallagher et 

al., 2008). However, predisposing factors for metabolic syndrome can be holistically grouped 

into aging, inflammation, obesity, sedentary lifestyle, and genetics (Taverna et al., 2011).  

The identification of new biomarkers for cardiovascular disease is essential for a better 

understanding of some clinical events that may be explained by the traditional risk factors; these 

new biomarkers are biochemical parameters in plasma or serum such as high-density lipoprotein 

cholesterol, low-density lipoprotein cholesterol, total cholesterol and serum triglycerides 

(Upadhyay, 2015). Also, the detection of visceral fat using imaging methods, and the 

measurement of apolipoproteins and enzymes is very essential (Carneiro et al., 2014). Most of 

these biomarkers are expensive and non-affordable, require sophisticated technical methods, and 

are rarely utilized in primary health care (Cartolano et al., 2018); hence the proposition of a cost-

effective biomarker for predicting the risk of metabolic syndrome and cardiovascular diseases, 

known as lipid accumulation product (LAP) (Kahn and Valdez, 2003). 

The lipid accumulation product (LAP) index, is a recently developed biomarker of central lipid 

accumulation and is used to accurately indicate the risk of type 2 diabetes, insulin resistance, 

cardiovascular disease, and metabolic syndrome (Xiang et al., 2013 and Nascimento-Ferreira et 

al., 2017). It is estimated based on the combination of waist circumference (WC) and serum 

triglyceride levels which tend to increase with age suggesting an over-accumulation of lipids 

over time (Wakabayashi and Daimon, 2014); when compared to anthropometric measures, such 

as body mass index (BMI), waist circumference (WC), and waist to hip ratio, LAP was 

considered a better predictor of cardiovascular morbidity and mortality, and the development of 

diabetes mellitus (Wehr et al., 2011).  



 

 

The LAP index is strongly correlated with visceral adipose tissue (or visceral fat) which seems to 

be affected by modifications in diet and lifestyle (Fischer et al., 2015), and increased levels of 

lipolysis and cytokines of the adipose tissue such as interleukin-6 and plasminogen activator 

inhibitor-1 (Chiang and Koo, 2012). Recent studies reported an association between elevated 

LAP abnormal glucose homeostasis and insulin resistance. The studies also reported an 

association between elevated LAP and increased serum ALT, which indicates the hepatic feature 

of metabolic syndrome, in apparently healthy individuals (Oh et al., 2013, Marina et al., (2020). 

The Triglyceride-Glucose (TyG) index has emerged as a promising tool and reliable biomarker 

for diagnosing cardiometabolic diseases, including type 2 diabetes mellitus (T2DM) and 

cardiovascular disease (CVD), which represent a significant global health burden. The TyG 

index is derived from two readily available laboratory measurements: fasting triglyceride (TG) 

levels and fasting plasma glucose (FPG) levels. The TyG index primarily serves as a surrogate 

marker for insulin resistance, a key underlying factor in both T2DM and CVD. Elevated insulin 

resistance contributes to impaired glucose metabolism and increased triglyceride levels 

(Simental-Mendía et al., 2008).The TyG index can be valuable for monitoring the effectiveness 

of interventions, such as lifestyle modifications and pharmacological therapy, aimed at 

improving insulin sensitivity and reducing cardiometabolic risk. A reduction in the TyG index 

may indicate a positive response to treatment(Simental-Mendía et al., 2008). However, in some 

healthy individuals, insulin resistance may also occur, which could result in increased lipid 

accumulation product index (LAP), which in turn, predicts risks for the development of diabetes 

mellitus (mainly type 2) or cardiovascular disease. Healthy subjects may progress with overt 

cardiovascular diseases if not detected on time, hence the need to compare which tools predict 

the rest of cardiovascular diseases better. 



 

 

2. Method: 

Study Population 

A total of 150 healthy adult individuals between the ages of 25 and 70 years were used for the 

study. The subjects were intimated about the study, and both oral and written consents were 

obtained from interested persons. A well-structured questionnaire was used to obtain information 

on the respondents’ demography, and ethical approval was obtained from the Ministry of Health, 

Port-Harcourt, Rivers State. 

 

2.1 Sample Size 

The sample size was calculated using Gpower and it was 128 (at a power of 0.8 and error of 0.5).  

G power version 3.1.9.2 but for this research work the sample size was increased to 150 to allow 

for attrition. 

2.2 Eligibility Criteria 

The inclusion criteria include healthy individuals (male and female) between the ages of 20 and 

70 years. 

The exclusion criteria included, individuals who are diabetic and/or those with cardiovascular 

disease, have kidney disease, with hypertension, and any other form of chronic disease 

2.3Sample Collection and Processing 

Tenmilliliters (10 ml) of venous whole blood specimen was drawn using a sterile hypodermic 

syringe and needles by standard venepuncture technique;two milliliters (2ml) of the blood 

specimen was dispensed into a fluoride oxalate bottle, another two milliliters (2 ml) of the blood 

specimen was dispensed into an EDTA-anticoagulant bottle, and the remaining four milliliters (4 

ml) of the blood specimen was dispensed into a plain bottle. The blood sample added into the 

fluoride oxalate bottle, and the one added into the EDTA-anticoagulant bottle were mixed with 



 

 

the anticoagulants by several gentle inversions. The blood samples were kept in ice packs during 

transport to the laboratory unit of the Health Services Department, Rivers State University. 

Immediately after getting to the laboratory, the EDTA-anticoagulated blood sample was used for 

the analysis of glycated haemoglobin, then blood samples in the fluoride oxalate and plain 

bottles were spun using a centrifuge at 2400 rpm for 5 minutes to obtain the plasma and serum 

respectively, which were separated and transferred into separate plain sample bottles, and were 

stored in the freezing compartment of the refrigerator until the time for analysis; the plasma was 

used for the analysis of fasting blood glucose, while the serum was used for the analysis of 

insulin and fasting lipid profile. 

2.4 Sample Analysis 

The samples were analysed using a standard method. Glucose was determined by the glucose 

oxidase method, while Total cholesterol, Triglyceride, and High high-density lipoprotein were 

determined by the Trinder Method and LDL-C was computed using Friedewald’s equation. 

Insulin and C-peptide were determined by solid phase enzyme-linked immunosorbent assay and 

Glycated Heamoglobin was determined by Fluorescent Immunoassay. The Lipid Accumulation 

Product (LAP) was computed for each individual using the provided measurements of waist 

circumference and fasting triglyceride levels.The waist circumference was measured and 

recorded in centimetres (cm).Fasting triglyceride levels were measured and recorded in 

millimoles per liter (mmol/L). The LAP formula was used which is shown as 

follows:LAP=(waistcircumferenceincm-65)×(fastingtriglycerideslevelinmmol/L). The computed 

Lipid Accumulation Product (LAP) was expressed as mmol*cm/L.The Triglyceride-Glucose 

(TyG) Index was computed for each individual using the provided measurements of fasting 

triglyceride and fasting plasma glucose levels.Fasting triglyceride levels were measured and 

recorded in milligrams per deciliter (mg/dL).Fasting plasma glucose levels were measured and 

recorded inmilligrams per deciliter (mg/dL). The TyGindex was calculated using theformula as 

shown below: 



 

 

TyG=ln(2TG×FPG) 

2.6 Statistical Analysis 

The data generated from this study were analysed using GraphPad Prism Version 5.1.  Results 

were expressed as mean ± SD, with p-values less than or equal to 0.05 being considered 

statistically significant. 

3. Results 

3.1Comparison of Mean of Biochemical Indices of Male and Female Subjects 

Details of the comparison of the mean biochemical indices of male and female subjectsare 

displayed in Table 1. It shows that there was no significant difference (p=0.7504) between the 

mean C-peptide level for male subjects(0.53±0.05) when compared to the mean C-peptide level 

for female subjects (0.49±0.65). The mean insulin level for male subjects (5.00±0.91) was 

significantly higher (p=0.0315) compared to the mean insulin level for female subjects (3.72 ± 

2.47). There was no significant difference (p=0.8302) between the mean HBA1c level for male 

subjects(5.71 ± 1.15%) when compared to the mean HBA1c level for female subjects (5.76 ± 

1.65%). Similarly, there was no significant difference (p=0.1908) between the mean FBS level 

for male subjects(5.66 ± 1.55 mmol/l) when compared to the mean FBS level for female subjects 

(5.34 ± 1.36 mmol/l). 

 

 

 

 



 

 

Table 1: Comparison of Mean of Biochemical Indices of Males and Females 

  C-PEPTIDE INSULIN HBA1C (%) FBS (mmol/l) 

Male N= 72 0.53 ± 0.05 5.00 ± 0.91 5.71 ± 1.15 5.66 ± 1.55 

Female N=78 0.49 ± 0.65 3.72 ± 2.47 5.76 ± 1.65 5.34 ± 1.36 

p- Values 
0.750 0.032 0.830 0.191 

Key: HBA1c – glycated haemoglobin, FBS – fasting blood sugar 

3.2 Comparison of Mean Values of Cardiovascular and Lipid Accumulation Product 

Indices of Male and Female Subjects 

Details of the comparison of mean values of cardiovascular and lipid accumulation product 

indices of male and female subjects are displayed in Table 2. It shows that the mean LAP value 

of female subjects (37.99 ± 19.41) was significantly higher (p=0.0082) compared to the mean 

LAP value of male subjects (30.51 ± 17.28). The mean HOMA-IR value for male subjects (1.38 

± 0.02) was significantly higher (p=0.0107) compared to the mean HOMA-IR value for female 

subjects (0.89 ± 0.02). There was no significant difference (p=0.3029) between the mean T. 

CHOL/HDL level for male subjects(6.17 ± 1.44) when compared to the mean T. CHOL/HDL 

level for female subjects (6.18 ± 2.33).  

There was no significant difference (p=0.8486) between the mean T. CHOL/LDL level for male 

subjects(4.49 ± 1.30) when compared to the mean T. CHOL/LDL level for female subjects (4.54 

± 2.03). There was no significant difference (p=0.8309) between the mean T. CHOL/HDL level 

for male subjects(1.49 ± 0.88) when compared to the mean T. CHOL/HDL level for female 

subjects (1.44 ± 1.00). There was no significant difference (p=0.326) between the mean TyG 



 

 

level for male subjects(0.42 ± 0.12) when compared to the mean TyG level for female subjects 

(0.40 ± 0.11).  

Table 2 Comparison of Mean values of Cardiovascular and Lipid AccumulationProduct 

Indices of Male and Female Subjects 

  LAP HOMA-IR T.CHOL/HDL T.CHOL/LDL TG/HDL TyG 

Male N= 

72 

30.51 ± 

17.28 1.38 ± 0.02 6.17 ± 1.44 4.49 ± 1.30 1.49 ± 0.88 0.42 ± 0.12 

Female 

N=78 

37.99 ± 

19.41 0.89 ± 0.02 6.18 ± 2.33 4.54 ± 2.03 1.44 ± 1.00 0.40 ± 0.11 

 

p- values 
0.008 0.011 0.308 0.849 0.831 0.326 

 

Key: LAP – lipid accumulation product, T.chol – total cholesterol, TG – triglycerides, HDL – 

high-density lipoproteins, LDL – low-density lipoprotein, TyG – triglyceride glucose 

3.3 Correlation of TyG and Other Biochemical Variables 

Details of the correlation of TyG and other biochemical variables are shown in Table 3.It shows 

that the correlation examines the relationship between TyG and multiple variables, including 

anthropometric measures, lipid profiles, glycemic indices, and blood pressure measurements. 

The variable weight shows a positive correlation with TyG (p < 0.0001), which suggests that 

increased body weight is associated with higher insulin resistance, as measured by TyG.The 

variable age demonstrates a positive correlation with TyG (p = 0.02), which suggests that 

advancing age may contribute to insulin resistance. BMI exhibits a positive correlation with TyG 

(p = 0.0002), which suggests that increasing BMI may contribute to insulin resistance. Both 

systolic blood pressure and diastolic blood pressure show positive correlations with TyG (p 

<0.0001 and p = 0.0005 respectively). Waist circumference exhibits a positive correlation with 



 

 

TyG (p = 0.0018), which suggests that increasing waist circumference may contribute to insulin 

resistance. Total cholesterol and triglycerides both demonstrate positive correlations with TyG (p 

< 0.0001 and p < 0.0001 respectively).Insulin, HbA1c, and fasting blood sugar all exhibit 

positive correlations with TyG (p = 0.0008; p < 0.0001; and p < 0.0002 respectively), which 

suggests that increasing insulin, HbA1c, and fasting blood sugarmay contribute to insulin 

resistance. LAP demonstrates a negative correlation with TyG (-0.7796, p < 0.0001). 

T.CHOL/HDL (p=0.0004) and TG/HDL (<0.0001) exhibit a significant positive correlation with 

TyG, which suggests that increasing T.CHOL/HDL and TG/HDL ratio may contribute to insulin 

resistance. Whereas, T.CHOL/LDL exhibits a non-significant positive correlation (p=0.0941) 

with TyG. 

Table 3:Correlation of TyG withOther Biochemical Variables  

Variables  TyG P-values 

WEIGHT (Kg) 0.3972 <0.0001 

AGE (YEARS) 0.1885 0.02 

HEIGHT (m) 0.1411 0.085 

BMI (Kg/m2) 0.2953 0.0002 

SBP (mmHg) 0.3508 <0.0001 

DBP (mmHg) 0.2808 0.0005 

WC (CM) 0.2520 0.0018 

T.CHOL (mmol/l) 0.4984 <0.0001 

TG (mmol/l) 0.8671 <0.0001 

HDL (mmol/l) 0.0558 0.4978 

LDL (mmol/l) 0.2142 0.0084 

C-PEPTIDE 0.0074 0.9279 

INSULIN 0.2694 0.0008 

HBA1C (%) 0.5272 <0.0001 



 

 

FBS (mmol/l) 0.5660 <0.0002 

LAP -0.7796 <0.0001 

T.CHOL/HDL 0.2852 0.0004 

T.CHOL/LDL 0.1372 0.0941 

TG/HDL 0.7400 <0.0001 

Key: LAP – lipid accumulation product, T.chol – total cholesterol, TG – triglycerides, HDL – 

high-density lipoproteins, LDL – low-density lipoprotein, TyG – triglyceride glucose, BMI – 

body mass index, SBP – systolic blood pressure, DBP – diastolic systolic pressure, WC – waist 

circumference, FBS – fasting blood sugar 

3.4 Correlation of LAP and Other Biochemical Variables 

Details of the correlation of LAP and other biochemical variables are shown in Table 4. It shows 

that the correlation examines the relationship between LAP and multiple variables, including 

anthropometric measures, lipid profiles, glycemic indices, and blood pressure measurements.The 

correlation between LAP and weight is negative, with a coefficient of -0.247, which suggests 

that higher LAP values are associated with lower body weight. This correlation is statistically 

significant with a p-value of 0.002.Similarly, there is a negative correlation between LAP and 

BMI, with a coefficient of -0.213, which suggests higher LAP values are linked to lower BMI, 

and the correlation is statistically significant (p-value = 0.008).LAP exhibits a negative 

correlation with diastolic blood pressure (DBP) (-0.186), which suggests that increased LAP 

values are associated with lower DBP, and the correlation is statistically significant (p-value = 

0.022).The correlation between LAP and total cholesterol is negative (-0.395), suggesting that 

higher LAP values are linked to lower T.CHOL levels; the correlation is highly significant (p-

value <0.0001).LAP demonstrates a strong negative correlation with triglycerides (TG) (-0.928, 

p-value <0.0001), which suggests that increased LAP values are associated with lower TG levels. 

LAP exhibits a negative correlation with the ratio of total cholesterol to HDL cholesterol 

(T.CHOL/HDL) (-0.230, p-value=0.004), which indicates that higher LAP values are associated 



 

 

with a lower T.CHOL/HDL ratio.LAP shows a strong negative correlation with the ratio of 

triglycerides to HDL cholesterol (TG/HDL) (-0.783, p-value <0.0001), which suggests that 

higher LAP values are associated with a lower TG/HDL ratio. There is a negative correlation 

between LAP and the TyG index, a marker of insulin resistance (-0.780, p-value <0.0001), which 

suggests that higher LAP values may beassociated with increased insulin resistance. 

Table 4. Correlation Table of LAP and Other Biochemical Variables  

 

LAP p-Values 

WEIGHT (Kg) -0.247 0.002 

AGE (YEARS) 0.008 0.927 

HEIGHT (m) -0.027 0.724 

BMI (Kg/m2) -0.213 0.008 

SBP (mmHg) -0.111 0.178 

DBP (mmHg) -0.186 0.022 

WC (CM) 0.016 0.842 

T.CHOL (mmol/l) -0.395 <0.0001 

TG (mmol/l) -0.928 <0.0001 

HDL (mmol/l) -0.056 0.496 

LDL (mmol/l) -0.077 0.349 

C-PEPTIDE 0.081 0.326 

INSULIN -0.059 0.473 

HBA1C (%) -0.152 0.062 

FBS (mmol/l) -0.052 0.527 

T.CHOL/HDL -0.230 0.004 

T.CHOL/LDL -0.063 0.441 

TG/HDL -0.783 <0.0001 

TyG -0.780 <0.0001 



 

 

 

3.5 Receiver Operating Characteristic Curve of LAP 

The receiver operating characteristic curve of LAP is shown in Figure 1. It shows that the area 

under the curve (AUC)is 0.9970, which is very close to the perfect value of 1, suggesting that the 

LAP test has excellent discriminatory power. Also, the standard error is reported as 0.002153, 

indicating that there is relatively low uncertainty in the estimated AUC. The 95% CI is reported 

as 0.9928 to 1.001. Since the interval includes 1, it suggests that the AUC is significantly 

different from 0.5 (which represents random guessing) and that the model or LAP test is 

performing significantly better than chance. 
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Figure 1: Receiver Operating Characteristic curve of LAP 

3.6 Receiver Operating Characteristic Curve of TyG 

The receiver operating characteristic curve of TyG is shown in Figure 2. It shows that the 

reported AUC of 0.8344 indicates moderate discriminatory power of the model or TyGtest. The 

standard error suggests some level of uncertainty in the estimated AUC. The 95% confidence 

interval shows that the true AUC is expected to lie within the range of 0.7817 to 0.8871. The low 

p-value provides strong evidence that the observed performance is statistically significant and 

not due to chance. 

0 50 10
0

15
0

0

50

100

150

Area under the ROC curve
Area 0.8344
Std. Error 0.02690
95% CI0.7817 to 0.8871
P value< 0.0001

100% - Specificity%

S
e
n

s
iv

it
y

 

Figure 2: Receiver Operating Characteristic Curve of TyG 



 

 

 

 

4.0      DISCUSSION 

This study was aimed at determining the insulin level, lipid accumulation product index, and 

triglyceride glucose index of apparently healthy individuals in Port Harcourt. 

The study reported that the mean Lipid Accumulation Product (LAP) value of female subjects 

was significantly higher (p=0.0082) compared to the mean LAP value of male subjects. LAP is a 

measure that combines waist circumference and fasting triglyceride levels to estimate lipid 

accumulation and is considered a marker of cardiovascular risk. Elevated LAP values indicate a 

higher likelihood of developing cardiovascular diseases.In a study, Song et al. (2016) found that 

women with diabetes had a higher risk of cardiovascular mortality compared to men, suggesting 

a potential association between gender, diabetes, and cardiovascular risk factors such as LAP. On 

the other hand, Lee et al. (2016) reported no significant gender differences in abdominal obesity 

prevalence based on waist circumference, which is one of the components used in calculating 

LAP. 

This study reported that the mean HOMA-IR (Homeostatic Model Assessment of Insulin 

Resistance) value for male subjects was significantly higher (p=0.0107) compared to the mean 

HOMA-IR value for female subjects. McLaughlinet al. (2003) reportedthat higher HOMA-IR 

values were associated with increased levels of C-reactive protein, a marker of inflammation, 

suggesting a link between insulin resistance and inflammation in both men and women. 

Similarly, a study by McLaughlinet al. (2003) found that insulin resistance, as assessed by 



 

 

HOMA-IR, was higher in men compared to women, supporting the results of the mentioned 

study.  

This study reported no significant difference (p=0.3029) between the mean T.CHOL/HDL level 

for male subjects and female subjects.A study by Bakker et al. (2009) investigated gender 

differences in cholesterol levels and their association with cardiovascular risk. They found that 

the T.CHOL/HDL ratio did not significantly differ between men and women, consistent with the 

results of the mentioned study.However, a study by Liu et al. (2015) reported gender differences 

in the T.CHOL/HDL ratio among the Chinese population. They found that women had a 

significantly higher T.CHOL/HDL ratio compared to men, contradicting the results of the 

mentioned study. 

The study reported no significant difference (p=0.8486) between the mean T.CHOL/LDL level 

for male subjects (4.49 ± 1.30) and female subjects (4.54 ± 2.03).A study by Canepa et al. (2014) 

investigated gender differences in lipid profiles and found no significant difference in 

T.CHOL/LDL levels between men and women, consistent with the results of the mentioned 

study. This suggests that gender may not influence T.CHOL/LDL levels.On the contrary, a study 

by Cui et al. (2019) observed gender differences in T.CHOL/LDL levels among Chinese adults. 

They found that women had significantly higher T.CHOL/LDL levels compared to men, 

contradicting the results of the mentioned study. 

The study reported no significant difference (p=0.8309) between the mean T.CHOL/HDL level 

for male subjects and female subjects. A study by Naderi et al. (2021) investigated gender 

differences in lipid profiles and found no significant difference in T.CHOL/HDL levels between 

males and females, consistent with the results of the mentioned study. This supports the notion 



 

 

that gender may not play a significant role in influencing T.CHOL/HDL levels.In contrast, a 

study by Huang et al. (2015) reported gender differences in T.CHOL/HDL levels among Chinese 

adults. They found that men had significantly higher T.CHOL/HDL levels compared to women, 

contradicting the results of the mentioned study. 

The study reported no significant difference (p=0.326) between the mean TyG level for male 

subjects and female subjects.A study by Vasques et al. (2011) investigated gender differences in 

the TyG index among Brazilian adults and found no significant difference between males and 

females, aligning with the results of the mentioned study. This suggests that gender may not 

influence TyG levels.However, a study by Sánchez-Íñigoet al. (2018) reported gender 

differences in the TyG index among Spanish adults. They found that men had significantly 

higher TyG index values compared to women, contradicting the results of the mentioned study. 

The reported correlations between LAP and various biochemical variables in this study suggest a 

strong relationship between LAP and factors related to body weight, lipid profiles, glycaemic 

indices, and blood pressure measurements.The negative correlation between LAP and weight 

suggests that higher LAP values are associated with lower body weight. This finding is 

supported by a study by Lee et al. (2017), which found that LAP was negatively correlated with 

body weight in a population of Korean adults.Similarly, the negative correlation between LAP 

and BMI indicates that higher LAP values are linked to lower BMI. This finding is consistent 

with a study by Kim et al. (2016), which reported a negative correlation between LAP and BMI 

in a sample of Korean adults. 

The negative correlation between LAP and diastolic blood pressure (DBP) suggests that 

increased LAP values are associated with lower DBP. This finding is supported by a study by 



 

 

Zhao et al. (2018), which reported a negative correlation between LAP and DBP in the Chinese 

population.The negative correlation between LAP and total cholesterol (T.CHOL) indicates that 

higher LAP values are linked to lower T.CHOL levels. This finding is consistent with a study by 

Amiri et al. (2018), which reported a negative correlation between LAP and T.CHOL in a 

sample of Iranian adults. 

The strong negative correlation between LAP and triglycerides (TG) suggests that increased LAP 

values are associated with lower TG levels. This finding is supported by a study by Heet al. 

(2019), which reported a negative correlation between LAP and TG in the Chinese 

population.The negative correlation between LAP and the ratio of total cholesterol to HDL 

cholesterol (T.CHOL/HDL) indicates that higher LAP values are associated with a lower 

T.CHOL/HDL ratio. This finding is consistent with a study by Zhao et al. (2018), which reported 

a negative correlation between LAP and T.CHOL/HDL ratio in a Chinese population. 

The strong negative correlation between LAP and the ratio of triglycerides to HDL cholesterol 

(TG/HDL) suggests that higher LAP values are associated with a lower TG/HDL ratio. This 

finding is supported by a study by Heet al.(2019), which reported a negative correlation between 

LAP and TG/HDL ratio in the Chinese population (He et al., 2019).The negative correlation 

between LAP and the TyG index, a marker of insulin resistance, suggests that higher LAP values 

are associated with increased insulin resistance. This finding is consistent with a study by Du et 

al. (2019), which reported a negative correlation between LAP and the TyG index in a sample of 

Chinese adults. 

The ROC curve for the LAP test demonstrates excellent discriminatory power, as indicated by 

the high AUC value of 0.9970. The low standard error suggests a high level of confidence in the 



 

 

estimated AUC. The 95% confidence interval confirms that the LAP test performs significantly 

better than chance in distinguishing between the evaluated groups. Similarly, the ROC curve 

analysis of the TyG test demonstrates moderate discriminatory power, as indicated by the 

reported AUC of 0.8344. The presence of a standard error indicates some uncertainty in the 

estimated AUC. The 95% confidence interval provides a range within which the true AUC is 

expected to lie. The low p-value confirms that the observed performance is statistically 

significant and not due to chance. 

5. Conclusion 

This study provides valuable insights into the demographic and physiological characteristics of 

the study population. The significant age difference between male and female subjects 

emphasizes the importance of considering age as a potential confounding factor in future studies. 

Additionally, the lack of significant disparities in other variables indicates that factors other than 

gender might play a more substantial role in determining these physiological measurements.  

The study examined various health parameters in relation to different BMI ranges and reported 

significant findings for certain variables. The results indicated a positive correlation between 

BMI and mean age, systolic blood pressure (SBP), diastolic blood pressure (DBP), waist 

circumference (WC), and insulin levels. These findings were consistent with previous studies 

conducted in different populations, suggesting a general trend of increasing age and 

cardiovascular risk factors with higher BMI categories. 

However, the study did not find significant differences in mean height, total cholesterol (T.chol) 

levels, triglyceride levels, high-density lipoprotein (HDL) levels, low-density lipoprotein (LDL) 



 

 

levels, HbA1c levels, fasting blood sugar (FBS) levels, lipid accumulation product (LAP), and 

homeostatic model assessment for insulin resistance (HOMA-IR) across different BMI ranges. 

Overall, these findings emphasize the LAP test's strong discriminatory ability and the moderate 

discriminatory power of the TyG test, providing valuable information for their potential 

applications in distinguishing between different groups. 
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