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Abstract. – OBJECTIVE: Menopause is an 
important transition period in a woman’s repro-
ductive life during which hormonal changes oc-
cur, resulting in an increased risk of cardiovascu-
lar disease and type 2 diabetes. In this study, we 
assessed the possibility of using surrogate mea-
sures of insulin resistance (IR) to predict the risk 
of insulin resistance in perimenopausal women. 

PATIENTS AND METHODS: The study in-
volved 252 perimenopausal women living in the 
West Pomeranian Voivodeship. The methods 
employed in this study were diagnostic survey 
based on the original questionnaire, anthropo-
metric measurement, and laboratory tests per-
formed to determine the levels of selected bio-
chemical parameters. 

RESULTS: In the entire study population, the 
highest area under the curve was found for the 
homeostasis model assessment-insulin resis-
tance (HOMA-IR) and quantitative insulin sen-
sitivity check index (QUICKI). Triglyceride-glu-
cose index (TyG index) showed a higher diag-
nostic value as a distinction tool between pre-
diabetes and diabetes in perimenopausal wom-
en than the other markers. HOMA-IR significant-
ly positively correlated with fasting blood glu-
cose (r = 0.72; p = 0.001), glycated hemoglobin 
(HbA1C, r = 0.74; p = 0.001), triglycerides (TG, 
r = 0.18; p < 0.005), and systolic blood pres-
sure (SBP, r = 0.15; p= 0.021), and negatively 
with high-density lipoprotein (HDL, r = -0.28; p 
= 0.001). QUICKI negatively correlated with fast-
ing blood (r = -0.051; p = 0.001), HbA1C (r = -0.51; 
p = 0.001), TG (r = -0.25; p = 0.001), low-density 
lipoprotein (LDL, r = -0.13; p= 0.045), and SBP (r 
= -0.16; p = 0.011), and positively with HDL (r = 
0.39; p = 0.001). 

CONCLUSIONS: Anthropometric and car-
diometabolic parameters were found to signifi-
cantly correlate with IR markers. HOMA-beta, 

the McAuley index (McA), visceral adiposity in-
dex (VAI), and lipid accumulation product (LAP) 
may be useful as predictors of pre-diabetes and 
diabetes in postmenopausal women.
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Abbreviations
AUC, the area under the curve; BMI, the body mass in-
dex; CMD, Cardiometabolic diseases; CVD, cardiovas-
cular disease; DLR, Diagnostic Likelihood Ratio; DPB, 
diastolic blood pressure; FFA, fatty acids; FSG, fasting 
serum glucose; HbA1C, glycated hemoglobin; HDL, 
high-density lipoprotein; HEC, hyperinsulinemic-eug-
lycemic clamp; HOMA-IR, the homeostasis model as-
sessment-insulin resistance; IDF, International Diabetes 
Federation; IR, Insulin resistance; LAP, lipid accumu-
lation product; LDL, low-density lipoprotein; McA, the 
McAuley index; NPV, negative predictive value; OGTT, 
oral glucose tolerance test; PPV, positive predictive val-
ue; RR, Riva Rocci; QUICKI, quantitative insulin sen-
sitivity check index; SPB, systolic blood pressure; T2D, 
type 2 diabetes; TC, total cholesterol; TG, triglycerides; 
TyG index, triglyceride-glucose index; VAI, visceral 
adiposity index; WC, waist circumference; WHtR, waist 
to height ratio; YI, Youden Index.

Introduction

Cardiometabolic diseases (CMD), which in-
clude type 2 diabetes (T2D) and cardiovascular 
disease (CVD), as well as related risk factors, 

European Review for Medical and Pharmacological Sciences 2023; 27: 2453-2468

A.M. CYBULSKA1, D. SCHNEIDER-MATYKA1, S. WIEDER-HUSZLA2,  
M. PANCZYK3, A. JURCZAK2, E. GROCHANS1

1Department of Nursing, Faculty of Health Sciences, Pomeranian Medical University in Szczecin,
 Szczecin, Poland 
2Department of Clinical Nursing, Faculty of Health Sciences, Pomeranian Medical University in
 Szczecin, Szczecin, Poland
3Department of Teaching and Outcomes of Education, Faculty of Health Science, Medical
 University of Warsaw, Warsaw, Poland

Corresponding Author: S. Wieder-Huszla, MD; e-mail: sylwia.wieder.huszla@pum.edu.pl 

Diagnostic markers of insulin resistance to 
discriminate between prediabetes and diabetes 
in menopausal women



A.M. Cybulska, D. Schneider-Matyka, S. Wieder-Huszla, M. Panczyk, A. Jurczak, E. Grochans

2454

such as hypertension, insulin resistance, dyslipid-
emia, obesity, which are the main cause of mor-
bidity and mortality among people, irrespective 
of their sex1. However, there is a significant dif-
ference in the trajectory of cardiometabolic risk 
between men and women over the life course. At 
a young age, cardiometabolic diseases are less 
common in women, but with increasing age, and 
especially after the menopause, when risk fac-
tors for cardiometabolic diseases accumulate, this 
difference blurs and the risk of cardiometabolic 
diseases in women increases1.

Estradiol levels decline dramatically during 
menopause, and changes in the estrogen/andro-
gen ratio coincide with an increased incidence of 
cardiovascular disease and type 2 diabetes. There-
fore, many researchers suggest that decreased 
estradiol is the main determinant of increased 
risk of cardiometabolic diseases for menopausal 
women2,3. On the other hand, increased androge-
nicity in peri- and postmenopausal women may 
be associated with an unfavorable cardiovascular 
risk profile4-7. Menopause is an important transi-
tion period in a woman’s reproductive life, which 
is associated with vascular dysfunction, elevated 
blood pressure, redistribution of abdominal fat, 
and hyperlipidemia8,9. Thus, changes taking place 
in the body of a woman after menopause substan-
tially increase the risk of cardiovascular disease 
and type 2 diabetes3.

Diabetes is a significant civilization problem, 
as we observe a rapid increase in the incidence 
and spread of type 2 diabetes all over the world. 
According to a study by the International Dia-
betes Federation (IDF), there were 451 million 
adults with diabetes worldwide in 2017, and it 
is predicted that 693 million adults will have 
diabetes by 204510. Insulin resistance (IR) is a 
metabolic condition in which insulin-dependent 
tissues become less sensitive to insulin, which in 
turn leads to metabolic imbalance. The pathogen-
ic association of IR with prediabetes and diabetes 
as well as with cardiovascular disease is well 
known11-13.

The risk factors for diabetes include: IR, body 
mass index (BMI) ≥ 25 kg/m2, waist circumfer-
ence in women > 80 cm, sedentary lifestyle, age 
> 40 years, non-Caucasian origin, family history 
of type 2 diabetes, hypertension or cardiovas-
cular disease, history of glucose intolerance or 
gestational diabetes, diagnosis of hypertension, 
elevated triglycerides / low HDL cholesterol or 
cardiovascular disease14,15 and polycystic ovary 
syndrome16.

There are many ways to determine IR, of 
which the hyperinsulinemic-euglycemic clamp 
(HEC) is currently considered the gold standard 
in the diagnosis of IR17-19. Unfortunately, it is a 
complicated and time-consuming method with 
limited application in research settings. There-
fore, substitute markers such as HOMA-IR, 
HOMA-beta, QUICKI, TGC/HDL have been 
developed20. What is more, in recent years, ma-
ny studies20-23 have suggested that new indices, 
such as visceral adiposity index (VAI)21,22 and 
lipid accumulation product (LAP)23 may also be 
accurate markers of IR. Alternative surrogate 
markers for measuring IR have also been devel-
oped: the McAuley index24 and the Disse index, 
which use triglycerides or fatty acids (FFA), 
respectively25. 

Considering that IR is a critical pathophysio-
logical mechanism of diabetes, novel diagnostic 
markers of IR may be useful in identifying 
pre-diabetic status and diabetes. A review of 
the literature indicates that there is limited evi-
dence regarding the discriminatory accuracy of 
surrogate diagnostic markers of IR17-25. To our 
knowledge, previous reports have not examined 
the discriminatory accuracy in relation to meno-
pausal status. The aim of our study was to assess 
the possibility of using surrogate measures of 
IR (the homeostasis model assessment-insulin 
resistance (HOMA-IR), the quantitative insulin 
sensitivity check index (QUICKI), the McAuley 
index (McA), visceral adiposity index (VAI), 
lipid accumulation product (LAP), and triglycer-
ide-glucose index) to predict the risk of insulin 
resistance in perimenopausal women. The influ-
ence of selected risk factors for diabetes on the 
above-mentioned diagnostic markers of IR (HO-
MA-IR, QUICKI, McA, VAI, LAP, TyG index) 
was also assessed.

Patients and Methods

Organization and Course of Study
The research was carried out in the West Po-

meranian Voivodeship and involved women from 
the general population. The inclusion criteria 
were female sex, the age of 44-65 years, and in-
formed written consent to participate in the study. 
The exclusion criteria were thyroid, neoplastic, 
and mental diseases, both current and history of 
disease. 

The study was conducted in accordance with 
the Declaration of Helsinki after obtaining the 
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approval of the Bioethics Committee of the Po-
meranian Medical University in Szczecin (KB-
0012/181/13). This was a cross-sectional study 
based on non-random convenience sampling. Par-
ticipants were recruited by means of information 
posters left in public places and advertisements in 
local newspapers.

This study is part of a larger project, whose aim 
is to assess the health of perimenopausal women 
living in the West Pomeranian Voivodeship. 

Research Project
The research was carried out in several stag-

es. The methods employed in this study were: 
diagnostic survey, anthropometric measurement, 
blood pressure measurement, and laboratory 
tests. In the first step, we used the original ques-
tionnaire including questions regarding basic so-
ciodemographic data (age, place of residence, 
employment status, education, marital status), 
stimulants (alcohol, tobacco) and health (men-
struation, inflammation, mental and cancer dis-
eases, menopausal status). 

Anthropometric Measurements 
The next step involved anthropometric mea-

surements, such as waist circumference, weight, 
and height. 
-	 Waist circumference was measured with an 

accuracy of 0.01 m using a flexible measuring 
tape (SECA). Waist circumference (WC) was 
measured as the horizontal distance around the 
abdomen at the level of the navel. 

-	 Weight and height were assessed using a cer-
tified medical scale with an integrated SECA 
711 height meter according to a standardized 
procedure with an accuracy of 0.1 kg and 0.1 
cm, respectively. The participants stood with 
their back straight, heels together, barefoot 
in light clothing. Based on the results, the 
body mass index (BMI) was calculated from 
the formula: BMI = weight [kg] / height [m]2. 
BMI (kg/m2) was divided into categories 
according the Centers for Disease Control 
and Prevention (CDC): underweight (BMI 
< 18.5), normal weight (BMI = 18.5-24.9), 
overweight (BMI = 25.0-29.9), and obesity 
(BMI ≥ 30)26.

-	 Moreover, a waist to height ratio (WHtR) was 
determined according to the formula: WHtR= 
waist circumference [cm] / height [cm]. Values 
of 49 or higher have been found to increase 
the risk of developing cardiovascular disease, 
diabetes, etc27.

Blood Pressure Measurement 
The Korotkov sound technique was used to 

measure blood pressure (BP). We ensured that the 
patient was in the correct position, had a period 
of quiet rest, used an appropriately sized cuff, 
and that external factors affecting blood pressure, 
such as smoking and taking caffeinated products 
prior to blood pressure measurement, were min-
imized28. We followed the recommendations of 
the American Heart Association29.

Laboratory Analysis 
Venous blood was then collected from each 

of the volunteers after an overnight fast be-
tween 7.00 and 9.30 a.m. after a 10-minute rest 
in a sitting position from the ulnar vein using a 
Vacutainer vacuum system.

The blood was collected in accordance with 
the binding rules and procedures for the collec-
tion, storage and transport of biological material. 
The determination of biochemical parameters 
was performed in a certified laboratory of the 
Pomeranian Medical University in Szczecin us-
ing standard commercial methods. We assessed 
the levels of: insulin, glucose, glycated hemoglo-
bin (HbA1C), total cholesterol (TC), high-density 
lipoprotein (HDL) and low-density lipoprotein 
(LDL), and triglycerides (TG).

Diagnostic Markers of IR 
According to the latest reports on the diagno-

sis of insulin resistance, there are two groups of 
IR markers, also known as surrogate diagnostic 
markers of IR or insulin sensitivity30,31:
-	 indices calculated from fasting plasma levels 

of insulin, glucose and triglycerides, 
-	 indices calculated from plasma insulin and glu-

cose levels obtained during 120 minutes of a nor-
mal (i.e., 75 g) oral glucose tolerance test (OGTT). 
The most popular measures are HOMA-IR32 

and QUICKI33 In our study we used: 
-	 The Homeostasis Model Assessment-Insulin 

Resistance (HOMA-IR) is a validated method 
used to quantify IR from fasting blood glucose 
and insulin concentration. It was calculated 
from the formula34: HOMA-IR= Glucose [mg/
dl] x Insulin [µIU/mL] / 405. 

-	 The converse of HOMA-IR, according to the 
formula: 1/HOMA-IR= 1 / HOMA-IR

-	 HOMA-β, like HOMA-IR, determines IR 
based on fasting blood glucose and insulin 
concentrations, but is calculated from the for-
mula33,34: HOMA-BETA= 360 x Insulin [µIU/
mL] / Glucose [mg/dl] -63
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-	 The McAuley index was calculated from the 
formula:24 McA = exp (2.63-0.28 ln (Insulin 
[mU/l]) – 0.31ln (Triglycerides [mmol/l])].

-	 The quantitative insulin sensitivity check in-
dex (QUICKI)33 is a marker used to assess 
insulin resistance. We assumed that the lower 
the QUICKI value, the higher the likelihood 
of impaired carbohydrate metabolism. QUICKI 
was calculated from the formula: QUICKI = 1/
(log(Insulin [µIU/mL]) + log (Glucose [mg/dl]))

-	 Lipid accumulation product (LAP) is a marker 
of visceral obesity and is based on a combi-
nation of two variables: waist circumference 
(WC) and fasting triglycerides (TG). LAP is 
widely used as a marker of metabolic disorders 
and a predictor of cardiovascular disease. The 
formula for women:34 LAP= (waist circumfer-
ence [cm] – 58) x (Triglycerides [mmol/l)].

-	 The TyG index was calculated from the for-
mula35: TyG index= Ln (Triglycerides [mg/dl) 
x (Glucose [mg/dl])/2)

-	 The visceral adiposity index (VAI) was cal-
culated from the formula36: VAI= ((waist 
circumference [cm]/ 36.85+ 1.89 x BMI)) x 
(Triglycerides [mmol/l] / 0.81) x (1.52/ HDL 
[mmol/l])

Division of Respondents 
The study recruited 300 peri-menopausal 

women aged 45 to 65 years representing the gen-
eral population of the West Pomeranian Voivode-
ship in north-western Poland. Ultimately, 252 
female respondents who met all the inclusion 
criteria were included in the study (completion 
rate: 84%).

The size of the research sample was established 
on the basis of statistical data on the size of the 
population of women aged 45-64 in the West Po-
meranian Voivodeship in 202037. The confidence 
level was set at 95%, the maximum error at 7%, 
and the estimated fraction size at 0.5. 

The respondents were divided into two groups 
with regard to their menopausal status defined as38:
-	 Perimenopause – the time immediately before 

menopause with the symptoms of the coming 
menopause (when endocrine, biological and 
clinical features of the coming menopause be-
gin).

-	 Postmenopause – the last menstruation at least 
12 months before the study.

The following reference values were adopted 
in the study according to the position of the Polish 
Diabetes Society of 202139:

-	 Fasting glucose values: < 70 mg/dl – hypogly-
cemia; 70-99 mg/dl – normal fasting glucose; 
100–125 mg/dl (5.6-6.9 mmol/dl) – impaired 
fasting glucose (IFG); 125 mg/dl – diabetes. 

-	 Fasting HbA1C values: HbA1C < 6.5 mg/dl – 
normal value; HbA1C > 6.5 mg/dl – diabetes.

Statistical Analysis 
Quantitative, nominal and ordinal variables 

were described using descriptive statistical meth-
ods. For quantitative variables, the following 
measures were determined: central tendency 
(mean, M) and dispersion (standard deviation, 
SD). For the nominal and ordinal variables, the 
following measures were determined: number 
(N) and frequency (%).

Cross-tables and Pearson’s Chi-square test 
with odds ratio were used to assess the difference 
in frequency for variants of categorical variables. 
To assess the differences (perimenopause vs. 
postmenopause) for selected quantitative vari-
ables, Student’s t-test with the mean difference 
calculated was used.

The ability of selected diagnostic markers of 
IR (HOMA-IR, HOMA-beta, McA, QUICKI, 
VAI index, TyG index, and LAP) to discrimi-
nate between prediabetes/diabetes was estimated 
using the receiver operating curve (ROC). The 
optimal cut-off for the selected markers was 
estimated based on the Youden index (bootstrap-
ping). The area under the curve (AUC), sensi-
tivity, specificity, Diagnostic Likelihood Ratio 
[DLR (+), DLR (-)], positive predictive value 
(PPV), and negative predictive value (NPV) were 
calculated. The discriminatory power of selected 
markers was compared to the reference results 
(HOMA-IR) with z-statistics.

The impact of diabetes risk factors on IR diag-
nostic markers (HOMA-IR, HOMA-beta, McA, 
QUICKI, VAI index, TyG index, and LAP) was 
calculated using Pearson’s correlation coefficients 
(two-tailed test). 

All calculations were performed with the Sta-
tisticaTM 13.3 software (TIBCO Software, Palo 
Alto, California, United States). For all analyses, 
p < 0.05 was considered statistically significant.

Results

Baseline Clinical Characteristics and 
Laboratory Results

Tables I and II shows the anthropometric and 
clinical characteristics of the respondents with 
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respect to the menopausal period. Of the 252 sur-
veyed women, 189 (75%) had their last menstrual 
period at least 12 months before the study. In the 
entire study population, 14 people (5.5%) were 
diagnosed with diabetes, and the vast majority 
of respondents (82.5%) had fasting blood glucose 
values between 70-99 mg/dl. No statistically sig-
nificant differences were observed in the anthro-
pometric measurements and clinical characteris-
tics of the respondents between the two groups.

The Discriminatory Accuracy of IR 
Markers (HOMA-IR, McA, QUICKI, VAI, 
LAP, TyG index) for Prediabetes/Diabetes

The measures of discriminatory accuracy are 
shown in Table III. Based on the results, in the 
entire study population, the highest AUC was 
found for HOMA-IR and QUICKI, followed by 
TyG index. HOMA-IR and QUICKI were char-
acterized by the highest sensitivity (100%) and 
negative predictive value (NPV) (100%). The 
highest specificity (93.28%) and positive predic-
tive value (PPV) (38.46%) were recorded for TyG 
index. The optimal cut-off values were 1.98 for 
VAI, 50.38 for LAP, and 123.84 for HOMA-beta. 
Regarding the diagnostic likelihood ratio (DLR), 
the highest DLR+ was recorded for TyG index 
(10.63), and then for HOMA-IR (6.43). DLR + > 
1 indicates an increased likelihood of the disease 
development. 

Analysis stratified by menopausal status 
showed that TyG index, as a marker of predia-
betes/diabetes in perimenopausal women, had a 
higher diagnostic value than the other markers 
(HOMA-IR, HOMA-beta, QUICKI, VAI, LAP). 
In postmenopausal women, the highest AUC was 
observed for HOMA-IR. The best diagnostic 
performance of TyG index was observed in per-
imenopausal women and then in women under 
50 years of age. The highest AUC for LAP was 
detected in postmenopausal women (AUC 0.722), 
and the lowest in women under 50 years of age: 
(AUC 0.356). 

The Correlation of the Impact of 
Diabetes Risk Factors on 
IR Diagnostic Markers

Table IV shows the impact of selected risk 
factors for diabetes (WC, HC, WHtR, BMI, 
glucose, HbA1C, TC, TG, HDL, LDL, SPB, 
DBP) on the diagnostic markers of IR (HO-
MA-IR, McA, QUICKI, VAI, LAP, TyG index). 
In our study, there were significant positive cor-
relations between HOMA-IR and fasting blood 

glucose (r = 0.72; p = 0.001), HbA1C (r = 0.74; 
p = 0.001), TG (r = 0.18; p < 0.005), and SBP 
(r = 0.15; p = 0.021), and a negative correla-
tion between HOMA-IR and HDL (r = -0.28; 
p = 0.001). Additionally, negative correlations 
were observed between HOMA-beta and age (r 
= -0.14; p = 0.033), fasting blood glucose (r = 
-0.30; p = 0.001), HbA1C (r = -0.21; p = 0.001), 
and DBP (r = -0.14; p = 0.033). 1/HOMA-IR neg-
atively correlated with fasting blood glucose (r = 
-0.37; p = 0.001), HbA1C (r = -0.36; p = 0.001), 
TG (r = -0.22; p = 0.001), LDL (r = -0.15; p = 
0.018), SBP (r = -0.12; p = 0.049), and positively 
with HDL (r = 0.35; p = 0.001). 

In our study, there were significant negative 
correlations between QUICKI and fasting blood 
glucose (r = -0.051; p = 0.001), HbA1C (r = -0.51; 
p = 0.001), TG (r = -0.25; p = 0.001), LDL (r = 
-0.13; p = 0.045), and SBP (r = -0.16; p = 0.011), 
and a positive correlation between QUICKI and 
HDL (r = 0.39; p = 0.001) (Table IV). 

We observed negative correlations between 
McA and fasting blood glucose (r = -0.31; p = 
0.001), HbA1C (r = -0.33; p = 0.001), TC (r = 
-0.15; p = 0.018), TG (r = -0.15; p = 0.018), LDL 
(r = -0.26; p = 0.001), and a positive correlation 
between McA and HDL (r = 0.46; p = 0.001) 
(Table IV).

TyG index positively correlated with fasting 
blood glucose (r = 0.62; p = 0.001), HbA1C (r = 
0.57; p = 0.001), TC (r = 0.23; p = 0.001); TG (r 
= 0.69; p = 0.001), LDL (r = 0.26; p = 0.001), and 
SBP (r = 0.17; p = 0.009), and negatively with 
HDL (r = -0.38; p = 0.001) (Table IV). 

In our study, LAP showed positive correlations 
with BMI (r = 0.15; p = 0.015), fasting blood glu-
cose (r = 0.13; p = 0.033), TC (r = 0.30; p = 0.001), 
TG (r = 0.70; p = 0.001), and LDL (r = 0.23; p = 
0.001), and a negative correlation with HDL (r = 
-0.11; p = 0.001) (Table IV). 

Additionally, VAI was positively correlated 
with fasting blood glucose (r = 0.24; p = 0.001), 
HbA1C (r = 0.23; p = 0.001), TG (r = 0.77; p = 
0.001), LDL (r = 0.20; p = 0.001), and negatively 
with BMI (r = -0.16; p = 0.009) and HDL (r = 
-0.50; p = 0.001) (Table IV). 

Discussion

The incidence of cardiometabolic diseases is 
rapidly increasing worldwide, so it is important to 
detect IR as one of the factors playing a key role in 
the pathogenesis of metabolic disorders. The tests 
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Table I. Comparison of anthropometric and clinical characteristics with regard to menopausal status.

		  Perimenopause 		 Postmenopause				  
		  (n = 63)		  (n = 189)	
								      
	 Variables	 N	 %	 N	 %	 χ2	 p*	 OR (95% CI)

Diabetes	 No	 61	 96 .83	 177	 93.65	 0.908	 0.341	 2.07 (0;45; 9.50)
	 Yes	   2	 3.17	   12	 6.35			 

Educational level	 Elementary school or lower	 11	 17.46	   46	 24.34	 1.277	 0.258	 0.66 (0.32; 1.37)
	 Middle school or higher 	 52	 82.54	 143	 75.66			 

Marital status	 Single	   9	 14.29	   31	 16.40	 1.228	 0.541	 -
	 Informal relationship	   7	 11.11	   13	 6.88			 
	 Married	 47	 74.60	 145	 76.72			 

Obesity	 Normal weight (BMI < 25.00)	 19	 30.16	   50	 26.46	 0.601	 0.741	 -
	 Overweight (BMI 25.00-29.99)	 23	 36.51	   79	 41.80			 
	 Obesity (BMI ≥ 30.00)	 21	 33.33	   60	 31.75			 

Glycemia	 < 70 mg/dl	   2	 3.17	   11	 5.82	 2.735	 0.434	 -
	 70-99 mg/dl	 56	 88.89	 152	 80.42			 
	 100-125 mg/dl	   3	 4.76	   11	 5.82			 
	 > 125 mg/dl	   2	 3.17	   15	 7.94			 

Smoking	 No	 50	 79.37	 153	 80.95	 0.076	 0.783	 0.90 (0.44; 1.84)
	 Yes	 13	 20.63	   36	 19.05			 

Hypertension	 No	 40	 63.49	 103	 54.50	 1.557	 0.212	 1.45 (0.81; 2.61)
	 Yes	 23	 36.51	   86	 45.50			 

OR: odds ratio, CI: confidence interval. *Pearson’s Chi-square test.
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Table II. Comparison of anthropometric and clinical characteristics with regard to menopausal status.

	                              Perimenopause (n = 63)	                          Postmenopause (n = 189)	
								      
	 M	 SD	 M	 SD	 tdf = 250	 p 	 MD	 95% CI
			 
Age	 48.71	 2.94	 56.49	 4.08	 -13.944	 < 0.001	 -7.77	 -8.87; -6.67
WC [cm]	 88.25	 13.02	 89.67	 12.40	 -0.781	 0.436	 -1.43	 -5.02; 2.17
Weight [kg]	 76.06	 17.63	 74.82	 13.93	 0.570	 0.569	 1.24	 -3.04; 5.52
Height [cm]	 163.24	 6.38	 162.67	 6.84	 0.579	 0.563	 0.57	 -1.36; 2.49
BMI	 28.41	 5.97	 28.35	 5.36	 0.084	 0.933	 0.07	 -1.51; 1.65
WHtR [%]	 0.54	 0.08	 0.55	 0.08	 -1.000	 0.318	 -0.01	 -0.03; 0.01
FSG [mg/dl]	 91.00	 37.86	 93.24	 34.68	 -0.435	 0.664	 -2.25	 -12.42; 7.92
HbA1C [%]	 5.47	 1.09	 5.56	 0.92	 -0.619	 0.536	 -0.09	 -0.36; 0.19
TC [mg/dl]	 213.81	 30.38	 210.13	 38.60	 0.688	 0.492	 3.68	 -6.85; 14.20
TG [mg/dl]	 90.72	 36.78	 108.76	 93.53	 -1.491	 0.137	 -18.04	 -41.86; 5.79
HDL [mg/dl]	 70.49	 17.38	 66.76	 18.89	 1.383	 0.168	 3.73	 -1.58; 9.03
LDL [mg/dl]	 123.56	 32.38	 122.85	 32.99	 0.147	 0.883	 0.70	 -8.71; 10.11
HOMA-IR	 2.69	 4.43	 2.50	 2.22	 0.457	 0.648	 0.19	 -0.64; 1.03
1/HOMA-IR	 0.73	 0.52	 0.64	 0.41	 1.524	 0.129	 0.10	 -0.03; 0.22
HOMA beta	 187.37	 190.98	 171.48	 129.98	 0.740	 0.460	 15.89	 -26.42; 58.19
McA	 8.12	 2.09	 7.62	 1.84	 1.822	 0.070	 0.51	 -0.04; 1.05
QUICKI [pt]	 0.36	 0.04	 0.35	 0.03	 1.241	 0.216	 0.01	 -0.00; 0.02
VAI	 1.18	 0.80	 1.48	 1.11	 -1.969	 0.050	 -0.30	 -0.60; 0.00
TyG	 4.45	 0.26	 4.53	 0.29	 -1.834	 0.068	 -0.08	 -0.16; 0.01
LAP	 32.23	 19.39	 38.00	 25.36	 -1.653	 0.100	 -5.77	 -12.66; 1.11

WC‒waist circumference, BMI‒body mass index, WHtR‒waist-height ratio, FSG‒fasting serum glucose, TC‒total cholesterol, TG‒triglyceride, HDL‒high density lipoprotein, 
LDL‒low density lipoprotein, HOMA-IR‒homeostasis model assessment of insulin resistance, QUICKI‒quantitative insulin sensitivity check index, VAI‒visceral adiposity index, 
LAP‒lipid accumulation product, TyG‒the product of triglyceride and glucose, McA‒McAuley.



A.M. Cybulska, D. Schneider-Matyka, S. Wieder-Huszla, M. Panczyk, A. Jurczak, E. Grochans

2460

Continued

Table III. Discriminatory accuracy and cut-off values for markers of IR (HOMA-IR, QUICKI, McA, VAI, LAP, TyG).

	 Sensitivity	 Specificity	 PPV	 NPV	 z	 p 	 DLR (+)	 DLR (-)	 YI	 Cut-offs	 AUC (95% CI)

Overall

HOMA-IR	 100.0%	 84.45%	 27.45%	 100.0%	 -	 -	 6.43	 0.00	 0.84	 3.081	 0.955 (0.922; 0.987)
HOMA-beta	 92.86%	 62.87%	 12.87%	 99.33%	 -2.259	 0.024	 2.50	 0.11	 0.56	 123.84	 0.838 (0.746; 0.930)
McA	 100.0%	 62.18%	 13.46%	 100.0%	 3.464	 0.001	 2.64	 0.00	 0.62	 7.302	 0.851 (0.773; 0.929)
QUICKI	 100.0%	 84.45%	 26.92%	 100.0%	 0.000	 1.000	 6.26	 0.00	 0.84	 0.323	 0.955 (0.922; 0.987)
VAI	 64.29%	 84.03%	 19.15%	 97.56%	 -2.548	 0.011	 4.03	 0.42	 0.48	 1.980	 0.770 (0.634; 0.906)
TyG	 71.43%	 93.28%	 38.46%	 98.23%	 -1.150	 0.250	 10.63	 0.31	 0.71	 4.828	 0.911 (0.833; 0.990)
LAP 	 64.29%	 81.09%	 16.67%	 97.47%	 -3.258	 0.001	 3.40	 0.44	 0.45	 50.38	 0.721 (0.581; 0.860)

Perimenopause

HOMA-IR	 100.0%	 98.36%	 66.67%	 100.0%	 -	 -	 61.00	 0.00	 0.98	 12.369	 0.992 (0.969; 1.000)
HOMA-beta	 100.0%	 93.44%	 33.33%	 100.0%	 -1.625	 0.104	 15.25	 0.00	 0.93	 55.18	 0.943 (0.884; 1.000)
McA	 100.0%	 98.36%	 66.67%	 100.0%	 0.707	 0.480	 61.0	 0.00	 0.98	 4.49	 0.984 (0.952; 1.000)
QUICKI	 100.0%	 98.36%	 66.67%	 100.0%	 0.000	 1.000	 61.0	 0.00	 0.98	 0.270	 0.992 (0.969; 1.000)
VAI	 100.0%	 75.00%	 11.76%	 100.0%	 -0.857	 0.392	 4.07	 0.00	 0.75	 1.450	 0.877 (0.694; 1.000)
TyG	 100.0%	 100.0%	 100.0%	 100.0%	 0.707	 0.480	 0.00	 0.00	 1.00	 5.348	 1.000 (1.000; 1.000)
LAP 	 100.0%	 42.62%	 5.41%	 100.0%	 -1.242	 0.214	 1.74	 0.00	 0.42	 23.668	 0.672 (0.320; 1.000)

Menopause

HOMA-IR	 100.0%	 83.62%	 29.27%	 100.0%	 -	 -	 6.10	 0.00	 0.84	 3.081	 0.946 (0.907; 0.986)
HOMA-beta	 91.67%	 64.20%	 14.86%	 99.12%	 -2.054	 0.040	 2.56	 0.13	 0.56	 123.84	 0.825 (0.724; 0.926)
McA	 100.0%	 59.89%	 14.46%	 100.0%	 3.623	 < 0.001	 2.49	 0.00	 0.60	 7.302	 0.818 (0.727; 0.909)
QUICKI	 100.0%	 83.05%	 28.57%	 100.0%	 0.000	 1.000	 5.90	 0.00	 0.83	 0.323	 0.946 (0.906; 0.986)
VAI	 66.67%	 81.92%	 20.00%	 97.32%	 -2.406	 0.016	 3.69	 0.41	 0.49	 1.980	 0.742 (0.585; 0.899)
TyG	 75.00%	 90.40%	 34.62%	 98.16%	 -1.348	 0.178	 7.81	 0.28	 0.65	 4.828	 0.885 (0.791; 0.980)
LAP 	 66.67%	 79.10%	 17.78%	 97.22%	 -2.941	 0.003	 3.19	 0.42	 0.46	 50.375	 0.722 (0.573; 0.872)
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HOMA-IR‒homeostasis model assessment of insulin resistance, QUICKI‒quantitative insulin sensitivity check index, VAI‒visceral adiposity index, LAP‒lipid accumulation 
product, TyG‒the product of triglyceride and glucose, McA‒McAuley index, PPV‒positive predictive value, NPV‒negative predictive value, DLR‒Diagnostic Likelihood Ratio, 
YI‒Youden Index, AUC‒the area under the curve.

Table III (Continued). Discriminatory accuracy and cut-off values for markers of IR (HOMA-IR, QUICKI, McA, VAI, LAP, TyG).

	 Sensitivity	 Specificity	 PPV	 NPV	 z	 p 	 DLR (+)	 DLR (-)	 YI	 Cut-offs	 AUC (95% CI)

Age ≥ 50

HOMA-IR	 76.47%	 84.46%	 30.23%	 97.60%	 -	 -	 4.92	 0.28	 0.84	 3.081	 0.960 (0.926; 0.994)
HOMA-beta	 92.31%	 60.94%	 13.79%	 99.15%	 -2.331	 0.020	 2.36	 0.13	 0.53	 123.84	 0.824 (0.722; 0.926)
McA	 100.0%	 61.66%	 14.94%	 100.0%	 3.688	 < 0.001	 2.61	 0.00	 0.62	 7.302	 0.842 (0.759; 0.926)
QUICKI	 100.0%	 83.94%	 29.55%	 100.0%	 0.000	 1.000	 6.23	 0.00	 0.84	 0.323	 0.960 (0.926; 0.995)
VAI	 69.23%	 82.90%	 21.43%	 97.56%	 -2.433	 0.015	 4.05	 0.37	 0.52	 1.980	 0.772 (0.627; 0.917)
TyG	 76.92%	 91.19%	 37.04%	 98.32%	 -1.429	 0.153	 8.73	 0.25	 0.68	 4.828	 0.903 (0.819; 0.987)
LAP 	 69.23%	 79.79%	 18.75	 97.47%	 -3.173	 0.002	 3.43	 0.39	 0.49	 50.375	 0.741 (0.604; 0.878)

Age < 50

HOMA-IR	 100.0%	 100.0%	 100.0%	 100.0%	 -	 -	 0.00	 0.00	 1.00	 32.394	 1.000 (1.000; 1.000)
HOMA-beta	 100.0%	 93.33%	 25.00%	 100.0%	 -1.773	 0.076	 15.00	 0.00	 0.93	 47.621	 0.933 (0.860; 1.000)
McA	 100.0%	 97.78%	 50.00%	 100.0%	 0.998	 0.317	 45.0	 0.00	 0.98	 4.491	 0.978 (0.935; 1.00)
QUICKI	 100.0%	 100.0%	 100.0%	 100.0%	 0.000	 1.000	 0.00	 0.00	 1.00	 0.243	 1.000 (1.000; 1.000)
VAI	 100.0%	 73.33%	 7.69%	 100.0%	 -3.999	 < 0.001	 3.75	 0.00	 0.73	 1.450	 0.733 (0.604; 0.863)
TyG	 100.0%	 100.0%	 100.0%	 100.0%	 0.000	 1.000	 0.00	 0.00	 1.00	 5.348	 1.000 (1.000; 1.000)
LAP	 100.0%	 35.56%	 3.33%	 100.0%	 -8.930	 < 0.001	 1.55	 0.00	 0.36	 23.668	 0.356 (0.216; 0.495)
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Variable
Diagnostic markers of IR

HOMA-IR HOMA-beta 1/HOMA QUICKI McA TyG LAP VAI

r p r p r p r p r p r p r p r p

Age [years] -0.02 0.735 -0.14 0.033 -0.05 0.468 -0.04 0.524 -0.04 0.570 0.11 0.090 0.07 0.273 0.07 0.283
WC [cm] 0.10 0.099 0.03 0.617 -0.03 0.616 -0.06 0.324 -0.05 0.430 0.00 0.992 0.01 0.888 0.03 0.628
HC [cm] -0.03 0.594 -0.01 0.917 -0.01 0.842 0.02 0.799 -0.04 0.558 0.03 0.668 0.07 0.249 0.10 0.105
BMI [kg/m²] 0.00 0.950 0.03 0.683 0.03 0.640 0.02 0.723 0.08 0.231 -0.06 0.328 0.15 0.015 -0.16 0.009
WHtR [%] 0.11 0.070 0.03 0.583 -0.03 0.636 -0.07 0.276 -0.04 0.500 -0.01 0.929 -0.01 0.878 0.00 0.973
FSG [mg/dl] 0.72 0.001 -0.30 0.001 -0.37 0.001 -0.51 0.001 -0.31 0.001 0.62 0.001 0.13 0.033 0.24 0.001
HbA1c [%] 0.74 0.001 -0.21 0.001 -0.36 0.001 -0.51 0.001 -0.33 0.001 0.57 0.001 0.12 0.066 0.23 0.001
TC [mg/dl] 0.00 0.970 -0.05 0.389 -0.03 0.659 -0.01 0.931 -0.15 0.018 0.23 0.001 0.30 0.001 0.12 0.065
TG [mg/dl] 0.18 0.005 0.03 0.676 -0.22 0.001 -0.25 0.001 -0.51 0.001 0.69 0.001 0.70 0.001 0.77 0.001
HDL [mg/dl] -0.28 0.001 -0.09 0.159 0.35 0.001 0.39 0.001 0.46 0.001 -0.38 0.001 -0.11 0.088 -0.50 0.001
LDL [mg/dl] 0.08 0.236 -0.02 0.757 -0.15 0.018 -0.13 0.045 -0.26 0.001 0.26 0.001 0.23 0.001 0.20 0.001
SBP [mm Hg] 0.15 0.021 -0.04 0.479 -0.12 0.049 -0.16 0.011 -0.11 0.073 0.17 0.009 0.11 0.079 0.08 0.183
DBP [mm Hg] -0.02 0.735 -0.14 0.033 -0.05 0.468 -0.04 0.524 -0.04 0.570 0.11 0.090 0.07 0.273 0.07 0.283

WC‒waist circumference, HC‒hip circumference, BMI‒body mass index, WHtR‒waist-height ratio, FSG‒fasting serum glucose, TC‒total cholesterol, TG‒triglyceride, HDL‒
high density lipoprotein, LDL‒low density lipoprotein, HbA1C‒glycohemoglobin, SPB‒systolic blood pressure, DPB‒diastolic blood pressure, HOMA-IR‒homeostasis model 
assessment of insulin resistance, QUICKI‒quantitative insulin sensitivity check index, VAI‒visceral adiposity index, LAP‒lipid accumulation product, TyG‒the product of 
triglyceride and glucose, McA‒McAuley index.

Table IV. The impact of diabetes risk factors on IR diagnostic markers (HOMA-IR, HOMA-beta, 1/HOMA-IR, McA, QUICKI, VAI, LAP, TyG).
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for reliable IR measurement are, in fact, the first 
step in effective preventive management of indi-
viduals at high risk of cardiovascular disease or 
diabetes40. In the loiterature was shown that there 
are many indicators of insulin sensitivity, which, 
based on simple mathematical equations using 
glucose and insulin values, allow the assessment 
of insulin resistance. It is worth noting, however, 
that due to different mathematical approaches, 
the properties of insulin sensitivity indices are 
not the same. Therefore, many researchers have 
undertaken the task of evaluating the usefulness 
of selected diagnostic markers of IR in selected 
groups of patients. 

The Discriminatory Accuracy of IR 
Markers (HOMA-IR, McA, QUICKI, VAI, 
LAP, TyG index) of Prediabetes/Diabetes

A review 41 of the literature indicates that 
the HOMA-IR model is the most commonly 
used surrogate measure to assess IR and β-cell 
function in clinical and epidemiological studies. 
This is probably due to the fact that the ability 
of the HOMA model to predict the development 
of type 2 diabetes has been assessed in both 
cross-sectional and cohort studies. HOMA-IR 
has been found to be associated with type 2 
diabetes in, among others, Japanese42, Amer-
icans (of Mexican or Japanese origin)43,44 and 
Italians45.

Our study showed that in the entire study pop-
ulation, the highest AUC was found in HOMA-IR 
and QUICKI, followed by TyG index. Moreover, 
HOMA-IR and QUICKI had the highest sen-
sitivity (100%) and NPV (100%). The highest 
specificity (93.28%) and PPV (38.46%) were re-
ported for TyG index. In analyzes stratified by 
menopausal status of perimenopausal women, 
TyG index showed higher diagnostic values for 
prediabetes/diabetes than the other markers (HO-
MA-IR, HOMA-beta, QUICKI, VAI, LAP). In 
postmenopausal women, the highest AUC was 
observed for HOMA-IR. The best diagnostic 
performance of TyG index was observed in per-
imenopausal women, followed by women under 
50 years of age. 

In a study by Ahn et al13, in the entire study 
population, the highest AUC was recorded for 
HOMA-IR, followed by TyG index and LAP. TyG 
index showed the highest sensitivity (0.732) and 
NPV (0.849). The highest specificity (0.811) and 
PPV (0.589) were observed for HOMA-IR. The 
optimal cut-off values were 1.52 for VAI, 41.30 
for LAP, and 8.60 for TyG index. The highest 

DLR + was observed for HOMA-IR (3.283), fol-
lowed by TyG index (2.142)46. 

It is worth noting that more and more studies 
prove that the usefulness of VAI, LAP, and TyG 
index as markers of prediabetes/diabetes in the 
European population is comparable to that of 
HbA1C42. Bermúdez et al47 showed that the AUC 
values for LAP and VAI were 0.689 (0.665-0.714) 
and 0.645 (0.619-0.670), respectively. Both mark-
ers showed a higher risk of IR in the upper tercile 
in the two-dimensional analysis. Wang et al48, on 
the other hand, believe that the IR markers (TyG 
index, VAI, LAP) are far better predictors of the 
type 2 diabetes risk than the TG/HDL ratio. Also, 
Janghorbani et al49 and Amato et al36 confirm that 
VAI is a strong predictor of diabetes. Ahn et al13 
claim that VAI shows a relatively lower discrim-
inatory ability compared to other markers (LAP 
or TyG index). 

LAP has been repeatedly described as a pre-
dictor of diabetes50, metabolic syndrome51, and 
cardiovascular disease52. It is noteworthy, how-
ever, that the effect of LAP on plasma glucose 
levels and the incidence of diabetes depends on 
age and sex, as indicated by Nyamdorj et al52 
and Bozorgmensh et al53. According to Anoop et 
al23, the LAP index shows greater predictive ac-
curacy for the risk of IR compared to HOMA-IR 
or QUICKI in non-obese, normoglycemic Asian 
men. Vasques et al54 indicates that TyG index has 
better IR discriminatory ability than HOMA-IR. 

The Impact of Diabetes Risk Factors on 
the Diagnostic Markers of IR

Our study demonstrated statistically signifi-
cant correlations between selected risk factors 
for diabetes and IR diagnostic markers. We ob-
served positive correlations between the HO-
MA-IR index and fasting blood glucose, HbA1C, 
TG, and SBP, as well as negative correlations 
between HOMA-beta and age, fasting blood glu-
cose, HbA1C and DBP. The 1/HOMA-IR index 
negatively correlated with fasting blood glucose, 
HbA1C, TG, LDL, and SBP. QUICKI significant-
ly negatively correlated with fasting blood glu-
cose, HbA1C, TG, LDL, and SBP. Also, the McA 
index negatively correlated with fasting blood 
glucose, HbA1C, TC, TG, and LDL. TyG index 
positively correlated with fasting blood glucose, 
HbA1C, TC, TG, LDL, and SBP. 

Mirmiran et al55 showed in their study that a 
higher LAP index was associated with higher 
fasting blood glucose and IR in patients with 
type 2 diabetes. Central lipid accumulation was 



A.M. Cybulska, D. Schneider-Matyka, S. Wieder-Huszla, M. Panczyk, A. Jurczak, E. Grochans

2464

also correlated to total cholesterol, HDL-C, and 
the ratio of triglycerides to HDL-C, irrespective 
of fasting serum glucose. Additionally, a strong 
correlation was observed between the levels of 
LAP, MDA, and hs-CRP. The study of Mirmiran 
et al also proved that compared to BMI, LAP 
showed a stronger correlation with fasting blood 
glucose, lipid and lipoprotein parameters and the 
lipid peroxidation index.

A study by Selvi et al56 showed a signifi-
cant positive correlation between TyG index and 
HbA1C. In Shin’s study57 waist circumference, 
systolic and diastolic blood pressure, total choles-
terol, LDL cholesterol, triglycerides, and fasting 
blood glucose positively correlated with the TyG 
index. 

In a study by Anik Ihnan et al,58 the LAP index 
showed positive correlations with WHR, WC, 
BMI, FAI, and TC, and a negative correlation 
with HDL. These authors also observed that the 
VAI index positively correlated with WC, FAI, 
fasting blood glucose, and TC, and negatively 
with HDL. 

Mirzaalian et al59 noted significant negative 
correlations between QUICKI and all anthropo-
metric indices (body weight, BMI, WC, neck cir-
cumference, WHtR, neck circumference to height 
ratio, waist circumference to neck circumference 
ratio, and neck circumference to wrist circum-
ference ratio) after adjusting for sex. Among the 
cardiometabolic markers, TG levels showed a sig-
nificant negative correlation with QUICKI. HO-
MA-IR positively correlated with the majority of 
anthropometric parameters (body weight, BMI, 
WC, neck circumference, WHtR, neck circumfer-
ence to height ratio, waist circumference to neck 
circumference ratio, and neck circumference to 
wrist circumference ratio). As for the cardiomet-
abolic indices, SBP and TG showed a positive 
correlation with the HOMA-IR index.

A study by Song et al60 conducted in a mul-
tiethnic cohort of postmenopausal women con-
firmed that both HOMA-IR and HOMA-B de-
rived from basal insulin and fasting glucose lev-
els were associated with the risk of diabetes, but 
these associations were independent of BMI and 
waist-to-hip ratio, as well as other conventional 
diabetes risk factors.

Even if identical clinical data (e.g., fasting 
blood glucose and insulin) are used in the math-
ematical model, in our opinion it is impossible to 
choose the “best” surrogate method to assess IR 
in perimenopausal women, since these data are 
highly variable. In conclusion, several surrogate 

markers of IR – such as HOMA-IR, TGC/HDL, 
QUICKI, TyG index, the McAuley index – char-
acterized by different sensitivity and specificity 
have been analyzed so far61-63. It is worth noting 
that there are substantial differences in the use of 
widely available IR markers. Although many of 
them follow a mathematical formula that takes 
into account the same biochemical parameters 
(e.g., insulin and glucose levels), the effectiveness 
of their use in different populations varies. There 
are many factors to consider when choosing the 
right IR assessment tool. According to a literature 
review64, it is worth considering the influence of 
racial and environmental factors on secretion 
capacity and insulin sensitivity. It is also worth-
while analyzing the differences in the distribution 
of adipose tissue by ethnic groups65,66. Moreover, 
age and sex may also play an important role in 
the case of the IR assessment tools67. Assessing 
the risk of IR in older patients is difficult because 
predictive value of traditional risk factors in se-
niors is lower than in middle-aged people. Some 
evidence suggests that obesity in the elderly may 
not be associated with the same risk as in younger 
individuals and may even be protective in some 
respects68. At the same time, weight loss that oc-
curs with age or obesity at this age is associated 
with a change in the distribution of accumulated 
adipose tissue46. Moreover, the height of seniors 
decreases with age, and thus the BMI value in 
the elderly may be overestimated69, while the 
WC value is higher in the elderly compared to 
younger people70. Furthermore, decreased insulin 
sensitivity at the cellular level is also a natural 
consequence of aging46 which may, in addition to 
obesity, put the elderly population at greater risk 
of developing diabetes. 

Finally, our article is an attempt to look at the 
various currently available methods for assessing 
insulin sensitivity/resistance. Assessment of insu-
lin resistance is increasingly used in clinical sit-
uations, and this requires relatively simple mark-
ers. Surrogate markers can be a useful tool to 
measure IR. There are many complex, time-con-
suming, and invasive procedures. Simple tests 
involving the collection of a single fasting blood 
sample are also available. It is important to know 
advantages and limitations of each method in 
order to correctly interpret the data to measure 
insulin sensitivity, and to select the method of 
estimating insulin sensitivity that is best for the 
patient. HOMA-IR and QUICKI are examples of 
the best and most thoroughly validated surrogates 
that may allow a more physiological assessment 
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of glucose homeostasis. Another example is a 
non-invasive breath test, based on breath bio-
markers of insulin resistance71, with potential as 
a diagnostic tool for monitoring IR progression, 
but further research is needed to assess its effec-
tiveness in patients of all ages. 

Strengths and Limitations
Our study has several strengths. To our knowl-

edge, this is the first report comparing six mark-
ers used for diagnosing prediabetes/diabetes in 
peri- and postmenopausal women from the Euro-
pean population. 

Nonetheless, this study is not free from lim-
itations. First, since it was a cross-sectional anal-
ysis, we were unable to predict prediabetes/dia-
betes cases among initially healthy people living 
in the community. Moreover, a small number of 
younger participants may have resulted in a low 
precision of discriminatory accuracy in young 
women. Futher research involving participants 
with an evenly distributed age range is needed to 
clarify this issue. It also seems important to con-
duct research taking into account various ethnic 
groups, as there are racial and environmental fac-
tors that may affect both insulin secretion capac-
ity or sensitivity, as well as body fat distribution. 

The gold standard for the diagnosis of IR is 
the euglycemic hyperinsulinemic clamp, which 
is not available in our study. What is more, we 
did not include the  oral glucose tolerance test 
(OGTT) in our study, and thus we could not use 
other diagnostic markers that take this parameter 
into account, such as the IR index (Belfiore), two 
variants of the Stumvoll index (i.e., Stumvoll 
0.120 and Stumvoll demographics), and the Mat-
suda index.

Conclusions

The present study showed that there are several 
diagnostic markers of IR that may be important 
tools in the early detection of diabetes in peri-
menopausal women. The IR diagnostic markers 
presented in this study may help diagnose predi-
abetes and diabetes in perimenopausal women, 
and thus provide an important strategy to prevent 
further cardiometabolic risks resulting from hor-
monal changes at this stage of a woman’s life. 

McA, VAI, and LAP are useful markers of pre-
diabetes and diabetes in postmenopausal women, 
which are not inferior to HOMA-IR. An import-
ant advantage of LAP is the lower cost compared 

to other diagnostic markers, since we only use tri-
glyceride and waist circumference measurement 
(which can be performed at minimal cost in a 
clinical setting) for the calculations. In the case of 
other markers, glucose or insulin measurements 
are necessary for calculations, which significantly 
increases the cost of the test. 
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