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Predictive value of lipid profile in predicting 
the resistance to insulin in apparently 
healthy adults
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ABSTRACT

Insulin resistance (IR) progression can lead to the development of metabolic 
syndrome and type 2 diabetes mellitus. Objective of the current work was to 
elucidate how useful lipid profile components were in predicting IR in healthy 
individuals in cross-sectional study conducted on 100 euglycemic, non-diabet-
ic adults (aged ≥ 45 years). All individuals had their triglyceride (TG), high 
density lipoprotein (HDL), low density lipoprotein (LDL), very low-density li-
poprotein (VLDL), cholesterol, fasting blood sugar (FBS), fasting insulin and 
glycosylated hemoglobin (HbA1c) levels tested. The predictive values of lipid 
profile components separately or as ratios, as well as two obesity-related indi-
cators: lipid accumulation products and visceral adiposity index, were evalu-
ated in relation to the HOMA-IR using the receiver operating characteristic 
(ROC) curve. Results revealed that thirty (30%) of 100 apparently healthy sub-
jects developed IR. The triglycerides/high density lipoprotein (TG/HDL) ratio 
had the best predictive value with an area under the curve (AUC) of 0.728, 95% 
CI = 0.617-0.838, p<0.001. The test had 77% sensitivity and 67% specificity, 
respectively. The optimal TG/HDL ratio cutoff value was 2.96, suggesting that 
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among healthy adults, the TG/HDL ratio might be utilized as a routine screen-
ing test to detect IR.

Keywords: insulin resistance, lipid profile, homeostasis model assessment, 
healthy adults

INTRODUCTION

Insulin resistance (IR) refers to a diminished ability of target tissues, such as 
adipose tissue, muscle, and liver, to respond effectively to insulin stimulation. 
It causes a reduction in the ability of the body to handle glucose, that lead to an 
induction of insulin production from β-cell to compensate and hyperinsuline-
mia1. Hypertension, visceral obesity, endothelial dysfunction, dyslipidemia, el-
evated inflammatory markers, Hyperglycemia, and a prothrombotic state are 
among the metabolic consequences of IR2. However, the primary consequence 
of IR is the development of T2DM, with IR often preceding it by 10 to 15 years3.

A large amount of data points to the possibility that IR may be linked to the 
buildup of fatty acid metabolites, or diacylglycerols, in many organs, most no-
tably the skeletal muscles. Conversely, protecting against IR & preventing lipid 
buildup in muscles is achieved by blocking lipid entry into muscle through the 
elimination of lipoprotein lipase or other proteins involved in fat transport4. 

The homeostasis model assessment of insulin resistance (HOMA-IR) is now 
considered the most reliable method for quantifying IR. HOMA-IR was used 
to quantify IR and β-cell function based on insulin (or C-peptide) and fasting 
glucose levels5. The HOMA-IR model has proved to be a robust clinical and 
epidemiological tool for the assessment of IR. However, this approach is dif-
ficult to apply clinically, primarily due to cost, accessibility, and replicability 
issues6. Therefore, it is of paramount importance to find a practical alternative. 
Many attempts have been made to find a simple, non-expensive, and feasible 
alternative for this model. Triglyceride-glucose (TG/Glu) ratios, TG/HDL ra-
tios, triglyceride-glucose indexes, McAuley’s indexes, fasting glucose to insulin 
ratios (FG-I Ratio), and fasting C-peptide indexes are some of the alternatives, 
with sometimes controversial findings7,8.

The objective of the current work was to assess the predictive value of lipid 
profile components and two lipid-rated parameters, visceral adiposity index 
(VAI) and lipid accumulation products (LAP), in predicting IR in healthy Iraqi 
adults. 
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METHODOLOGY

The study population

A cross-sectional study was conducted at Al Nahrain university/ college of 
medicine, Al Bayan University and Al-Mustafa University College, Baghdad, 
Iraq from May 2022 to March 2023. The study included 100 apparently healthy 
adult subjects of both sexes. Subjects enrolled in the study, are euglycemic, 
non-diabetic adults, ≥45 years old with HbA1C < 5.7%. The exclusion criteria 
of the volunteers who subjected to the current study are as the following:

● Subjects with diabetes 

● Subjects with other severe chronic diseases, such as renal and cardiac dis-
eases, 

● Subjects who administered medications that may affect lipid metabolism or 
IR (such as anti-hyperlipidemic drugs corticosteroids,

● pregnant and breast-feeding women.

Demographic information was obtained from all subjects by direct interview 
which include age, sex, family history of diabetes, smoking status, and place 
of residence. All participants also had their body weight (kg), height (m), body 
mass index (BMI), waist circumference (WC), hip circumference (HC), and 
waist-hip ratio (WHR) assessed.

Sample collection and laboratory investigations

Fasting participants for eight hours before the collection of blood samples 
were subjected to the current research. On the next morning, five milliliter of 
blood was collected from the vein of the subject. FBS, HbA1c, a lipid profile 
the include the levels of VLDL, LDL, HDL, TC, TG, and fasting insulin were 
measured using a ready to-use commercial kit for each one (Inear Chemicals/
Spain). Also, HOMA-IR was calculated by multiplying FBS by fasting insulin 
divided by 405. According to a previous study,7 the cutoff value of HOMA-IR 
was determined to be 3.1, beyond which subjects were considered to have IR. 
LAP and VAI were calculated for all participants according to the following 
formula9.  

“LAP = [waist circumference (cm) - 58] × triglycerides (mmol/l).”

“VAI = (WC (cm)/(39,68+(1.88*BMI) *(TG/1.03)*(1.31/HDL) for men” and 

“VAI = (WC (cm)/(36,58+(BMI *1.89) *(TG/0.81)*(1.52/ HDL) for women.”
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Statistical analysis

All statistical analysis were performed by The SPSS software, version 25.0 
(SPSS, Chicago). The mean and standard deviation of non-numerical data were 
displayed, and a student t-test was used for analysis. With the Chi-square test, 
numerical variables that were reported as percentages and numbers were ex-
amined. The predictive value of the components of the lipid profile in predict-
ing IR was assessed using the receiver operating characteristic curve (ROC)10. 
For a difference to be considered statistically significant, a p-value of less than 
0.05 was used.

RESULTS and DISCUSSION

Baseline characteristics of the patients

The mean age of the included subjects was 53.81 ± 8.78 years, ranging 45-80 
years. Males represented 46% of them. Smoking and family history were rela-
tively common and accounted for 39% and 52% of the subjects, respectively. 
The individuals’ mean weight was 82.39 ± 12.4 kg, and their mean height was 
167.64 ± 9.16 cm. The average BMI was therefore 29.38 ± 4.29 kg/m2. Lastly, 
the average hip and waist circumferences were 104.76 ± 21.68 cm and 91.17 ± 
18.91 cm, respectively (Table 1). 
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Table 1. Patients’ baseline characteristics

NON-NUMERICAL VARIABLES COUNT %

Sexes Male
Female

46
54

46%
54%

Smoking Never
Ex/current

61
39

61%
39%

Family history 
of DM

No
Yes

48
52

48%
52%

NUMERICAL VARIABLES MEAN ± SD RANGE

Weight (kg) 82.39 ± 12.4 58-112

Age, years 53.81 ± 8.78 45-80

Height (cm) 167.64 ± 9.16 146-198

Hip circumference (cm) 104.76 ± 21.68 64-152

Waist circumference (cm) 91.17 ± 18.91 59-144

WHR 0.88 ± 0.08 0.67-1.01

BMI (kg/m2) 29.38 ± 4.29 18.37-42.22

Insulin resistance rate

Out of 100 subjects that appeared healthy, 30 subjects (30%) had insulin re-
sistance, while the remaining 70 patients (70%), according to the HOMA-IR 
model, were insulin sensitive (Figure 1).
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Figure 1. Insulin resistance rate

Association of demographic factors with insulin resistance 

The insulin-resistant group had a significantly higher average age than the 
insulin-sensitive group (56.5 ± 10.44 years versus 52.67 ± 7.74 years). Like-
wise, females were more common among the insulin resistance group, with a 
significant difference (p=0.009). Other demographic characteristics did not 
significantly differ between the two groups; they were comparable (Table 2).

Table 2. Association of demographic factors with insulin status 

Variables Insulin 
sensitive (70)

Insulin 
resistance (30) p-value

Age (years) 52.67 ± 7.74 56.5 ± 10.44 0.045*

Sex

Male 38(54.2%) 8(26.67%) 0.009*

Female 32(45.71%) 22(73.33%)

Smoking

Never 44(62.86%) 17(56.67%) 0.358

 Ex/current 26(37.14%) 13(43.33%)

Family history of DM

No 37(52.86%) 11(36.67%) 0.102

Yes 33(47.14%) 19(63.33%)

Weight (kg) 80.97 ± 12.11 85.70 ± 12.64 0.080

Height (cm) 166.99 ± 9.1 169.17 ± 9.28 0.277

Waist circumference 89.31 ± 15.79 96.83 ± 24.22 0.068

Hip circumference 104.09 ± 20.51 106.33 ± 24.52 0.637

BMI (kg/m2) 28.84 ± 4.22 30.59 ± 4.31 0.062

  Insulin sensitive
  Insulin resistant
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The association of between lipid profile and insulin status

Results illustrated in Table 3 showed that there was non-significant difference 
in the levels of TC, VLDL, and VAI between the two studied groups. On the 
other hand, insulin resistance group showed significantly higher levels of TG 
and HDL than insulin sensitive group (167.7 ± 56.13mg/dL versus 133.13 ± 
40.04mg/dL and 49.66 ± 4.39mg/dL versus 47.22 ± 4.67mg/dL, respectively). 
Moreover, LDL and LAP were significantly higher in insulin resistance when 
compared to the insulin-sensitive group (103.9 ± 22.02mg/dL versus 94.22 ± 
21.28mg/dL and 34.19 ± 6.63 versus 30.70 ± 7.98, respectively), according to 
Table 3.

Table 3. Lipid Profile association with insulin status 

Variables Insulin sensitive 
(n=70)

Insulin resistance 
(n=30) p-value

Total cholesterol, mg/dl 178.75 ± 25.74 187.30 ± 29.22 0.147

Triglycerides, mg/dl 133.13 ± 40.04 167.7 ± 56.13 0.002*

HDL, mg/dl 49.66 ± 4.39 47.22 ± 4.67 0.041*

LDL, mg/dl 94.22 ± 21.28 103.9 ± 22.02 0.042*

VLDL, mg/dl 35.40 ± 14.75 34.48 ± 9.51 0.769

LAP 30.70 ± 7.98 34.19 ± 6.63 0.009*

VAI 4.44 ± 1.56 4.95 ± 1.94 0.170

FBS and HbA1c association with insulin status

Fasting blood glucose and fasting insulin, as components of the HOMA-IR 
equation, were much higher in the insulin-resistance group (92.45 ± 7.94 mg/
dL and 17.77 ± 3.49 mIU/L, respectively) than in the insulin-sensitive group 
(88.06 ± 7.53 mg/dL and 8.57 ± 2.51 mIU/L, respectively) with highly sig-
nificant differences. Further, HbA1c and HOMA-IR were higher in the insulin-
resistant subjects relative to the insulin-sensitive subjects (5.37 ± 0.64% and 
4.01 ± 0.78 versus 5.04±0.50% and 1.86 ± 0.54, respectively) as indicated in 
Table 4.
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Table 4. FBS and HbA1c association with insulin resistance

Variables Insulin sensitive
(70)

Insulin resistance 
(30) p-value

Fasting insulin, mIU/L 8.57 ± 2.51 17.77 ± 3.49 <0.001*

FBS, mg/dL 88.06 ± 7.53 92.45 ± 7.94 0.010*

HbA1c, % 5.04 ± 0.50 5.37 ± 0.64 0.007*

HOMA-IR 1.86 ± 0.54 4.01 ± 0.78 <0.001*

Diagnostic value of TG, HDL, LDL, and LAP in detecting
insulin status

Insulin resistance was detected by evaluating the diagnostic value of LDL, TG, 
HDL, and LAP using the receiver operating characteristic (ROC) curve. HDL’s 
area under the curve (AUC) was 0.643, 95% CI = 0.524-0.762, p=0.024. The 
test’s results showed that its sensitivity was 63% and its specificity was 57%. 
For HDL, the optimal cutoff value was 48.5 mg/dL. The AUC for TG was 0.694, 
p=0.002, 95% CI = 0.584-0.805. The test’s sensitivity and specificity were 63% 
and 68%, respectively. For TG, the optimal cutoff value was 144.5 mg/dL. 

The AUC of LDL was 0.596, 95% CI = 0.473-0.720, p=0.048. The test’s results 
showed 57% sensitivity and 57% specificity, respectively. For LDL, a cutoff 
value of 100.3 mg/dL was ideal. The AUC of LAP was 0.665, 95% CI = 0.553-
0.777, and p=0.009. The test’s results showed that its sensitivity was 60% and 
its specificity was 59%. The optimal LAP cutoff value was 30.76, as Figure 2 
illustrates. 
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Figure 2. Receiver operating characteristic curve for HDL, TG, LDL, and LAP in detection of 
insulin status in healthy subjects

Diagnostic value of derived ratios

Two derived ratios were calculated from available data and examined for their 
diagnostic value of IR. These were the ratios of TG to HDL and TG to FBS. The 
AUC was 0.728, 95% CI = 0.617-0.838, p <0.001 for the TG/HDL ratio. The 
test had 77% sensitivity and 67% specificity, respectively. For the TG/HDL ra-
tio, 2.96 was the ideal cutoff value.

The AUC was 0.646, 95% CI = 0.530-0.672, p=0.021 for the TG/FBS ratio. The 
test’s results showed that its sensitivity was 67% and its specificity was 56%. 
The TG/FBS ratio’s ideal cutoff value was 1.5. as Figure 3 illustrates.



687Acta Pharmaceutica Sciencia. Vol. 62 No. 3, 2024

Figure 3. Receiver operating characteristic curve for TG/HDL and TG/FBS ratios in detection of 

insulin resistance in healthy subjects

The present research has identified a significant correlation between insulin 
resistance (IR) and advanced age which is consistent with other earlier inves-
tigations. Kim et al. discovered a significant relationship between age and IR 
in the Korean population11. In addition, Bermudez et al. discovered that the 
incidence of IR rose with age and was significantly greater in those aged 30 
or older who were obese12.  Decreased insulin sensitivity in the elderly can be 
attributed to various mechanisms, including reductions in insulin-stimulated 
whole-body glucose oxidation, age-related impairments in insulin action at the 
receptor and post-receptor levels, impaired insulin-mediated glucose uptake, 
an inability to suppress hepatic glucose output, and reductions in the β-cell 
response to glucose13.  

Female was also significantly associated with IR in the present study. There have 
been mixed results from earlier research assessing sex differences in insulin ac-
tion. While some have observed no difference between men and women14, oth-
ers have stated that women are less likely than men to have IR15. In the mean-
while, the Greenhill study discovered that women have a lower incidence of IR 
resistance than men of comparable age prior to menopause16. Nevertheless, this 
protective effect fades after menopause, and the incidence of T2DM and IR in 
men and women converges, indicating that estrogen may have a preventive role. 
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Levels of HDL were inversely correlated with IR people in the current study. 
Multiple tissues’ glucose metabolism is modulated by HDL, as demonstrated by 
Siebel et al.17. According to Chiang et al. there is significant variance in TG and 
HDL between people with and without IR; neither TC nor LDL show the same 
kind of correlation18. In a Chinese study, 1608 adult participants had nearly 
identical results19. Low HDL-C concentrations are hypothesized to be caused 
by IR through a number of different ways. First, IR is linked to increased ex-
change of VLDL for cholesterol esters from HDL particles and TG from chy-
lomicrons, which lowers HDL-C. This process is controlled by the cholesteryl 
ester transfer protein (CETP)20. Second, lower hydrolysis of TG from chylomi-
crons and VLDL is caused by decreased lipoprotein lipase (LPL) activity, which 
may further restrict the contribution of TG-rich lipoprotein-derived HDL par-
ticles21,22. Third, higher HDL clearance and consequently lower HDL-C concen-
trations are linked to elevated HTGL (hepatic triglyceride lipase) activity in IR 
conditions23. Fourth, decreased apo A-I production and release from the liver 
and intestine may also be the cause of low HDL-C concentrations24. 

According to the result of the current study, LDL level was significantly as-
sociated with IR, Mykkänen et al. has been determined that there is a strong 
correlation between insulin resistance and an abundance of small, dense LDL 
particles24. This can be explained by the fact that the impact of IR on LDL me-
tabolism seems to be less noticeable. In addition to its known ability to increase 
LDL receptor activity, insulin may be crucial for the metabolism of atherogenic 
small dense LDL particles25. Dannecker et al. found a significant positive cor-
relation between C-peptide-based estimations of insulin secretion and fasting 
LDL values. Their findings suggested that increased LDL cholesterol levels 
might encourage pancreatic β cells to secrete more insulin26. However, Natali 
et al. did not discover any connection between LDL-c and insulin secretion27. 

TG levels had a significant correlation with IR people in the current investiga-
tion. The 517 Chinese participants in the Ma et al. study was split into four 
groups: those with normal lipid and glucose levels; those with dyslipidemia 
alone; those with dysglycemia alone; and those with both dyslipidemia and 
dysglycemia28. They discovered that in people with dyslipidemia alone, TG was 
connected with both IR and islet β-cell function, as well as the negative impact 
of hypertriglyceridemia on insulin sensitivity and islet β-cell activity. A differ-
ent study by Riediger et al. discovered that in Canadian populations, a fasting 
TG may be helpful as a clinical predictor of IR and the onset of diabetes29. 
The fact that TG builds up in the liver and muscle with hypertriglyceridemia, 
suggesting lipid ectopic deposition, helps to explain the positive correlation 
between TG and IR30. Hepatocytes and skeletal myocytes produce TG metabo-
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lites, such as fatty acyl CoA, diacylglycerol, and ceramides, which can affect 
insulin signaling and inhibit insulin-induced activation of glycogen synthase 
and insulin receptor substrate-1-associated PI 3-kinase31. Increases in hepatic 
TG lipase (HTGL) have also been linked to IR, and it has recently been shown 
that this activity plays a key role in controlling insulin clearance32. Since TG is 
not thought to be a signaling lipid, it is more likely that diacylglycerol, which is 
TG’s synthetic precursor, ceramide, and other lipids are involved in the patho-
genesis of hepatic IR through a variety of mechanisms, such as decreased in-
sulin-stimulated glycogen synthase activity, reduced insulin receptor tyrosine 
kinase activity, and destabilization of the insulin receptor33,34. 

Lipid accumulation product (LAP) level was shown to be significantly corre-
lated with IR in the current investigation. TG levels and WC are combined to 
create the LAP index, which represents lipid accumulation35. In addition to be-
ing seen as a sign of central fat accumulation, LAP has also been linked to poor 
glucose homeostasis, metabolic syndrome, T2DM, cardiovascular disease, and 
insulin resistance36. The body’s fat buildup, which is accompanied by elevated 
TG and assessed WC levels, can be used to explain this substantial variation in 
LAP32. Consequently, elevated LAP can be a sign of lipid overabundance and 
ectopic lipid deposition37. Xia et al. showed that in non-diabetic subjects from 
China, there was close association between LAP and IR and exhibited stronger 
predictability of IR than WC and BMI35. Bermu´dez et al. showed LAP had a 
higher predictive capacity and association with IR in the Venezuelan popula-
tion than VAI38. 

The TG/HDL ratio shown a strong predictive value for IR in the current inves-
tigation. The TG/HDL ratio has been reported to be useful in previous research 
for IR detection7. In a cross-sectional study, 258 non-diabetic overweight or 
obese people were included; 87% of these people were non-Hispanic white 
people19.They found that in overweight individuals, the TG/HDL ratio may 
accurately predict IR. In another study, Gong et al. investigated the associa-
tion of the TG/HDL ratio with IR in 49696 healthy American populations39. 
Moriyama, proposed a relationship between IR and the TG/HDL-C ratio in a 
sample of 1068 Japanese subjects in good health40. Rodríguez-Gutiérrez et al. 
also reported findings similar to this one41. However, it has been shown that 
the TG levels and TG–HDL ratio are not accurate indicators of IR in African 
Americans42. Therefore, although not African Americans, the TG/HDL ratio 
may be a useful diagnostic for identifying IR people of Aboriginal, Chinese, 
and European ancestry43. It is yet unknown how the TG/HDL ratio predicts 
IR. Nonetheless, adipose tissue is trapped and less fatty acid is retained in the 
IR by high TG and low HDL. More free fatty acids were therefore carried to 
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the liver, where they were converted into more TG and TG-containing VLDL. 
Additionally, as the plasma TG concentration rises, the TG of TG-containing 
VLDL and the cholesteryl ester of HDL exchange. This process creates the 
readily catabolized TG-rich HDL. As a result, IR patients had low HDL, high 
TG, and high TG/HDL44. 

The prevalence of IR among healthy Iraqi adults is 30%. Older ages more than 
45 years and female are significantly associated with an increased risk of IR. 
Higher serum levels of TG, LDL and a lower level of HDL can enhance the de-
velopment of IR in healthy subjects. The TG/HDL-C ratio has a good predictive 
value for IR.
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