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PRECIS: Visceral adiposity indicators may be useful in the early detection of metabolic syndrome in postmenopausal women.

Introduction 

Obesity is a major risk factor for many conditions including 
metabolic syndrome (MetS) and cardiovascular disease (CVD), 
and also is a leading avoidable cause of death worldwide(1,2). 
MetS, a cluster of conditions including abdominal obesity, 
hypertension, hyperglycemia, and dyslipidemia, serves as a risk 
factor for type 2 diabetes mellitus (T2DM) and CVD, and is 

becoming a serious health problem due to the rising trend in 
the prevalence of obesity worldwide(1,3). Insulin resistance (IR) 
is also determined as a hallmark feature and a major underlying 
mechanism of the syndrome(4-6). Abdominal obesity, rather than 
general obesity, is linked to IR with higher risks of MetS and 
CVD in postmenopausal women(7). Lipid accumulation product 
(LAP) and Visceral Adiposity Index (VAI) are clinical markers 
of visceral obesity and have been proposed as simple, novel 

Öz
Amaç: Bu çalışmanın amacı postmenapozal kadınlarda viseral adipozite indikatörlerinin metabolik parametreler üzerine etkisini araştırmaktır.
Gereç ve Yöntemler: Bu kesitsel çalışmaya 200 postmenapozal kadın dahil edildi. Postmenopozal kadınlar metabolik sendromun (MetS) varlığına göre MetS+ ve 
MetS- olmak üzere iki gruba ayrıldı. Gruplar arasında klinik ve metabolik parametrelerin karşılaştırılması gerçekleştirildi.
Bulgular: Bu çalışmaya 200 postmenapozal kadın dahil edildi ve 63 olguda MetS saptandı. MetS saptandığı postmenapozal kadınlarda, MetS saptanmayanlara 
göre kan basınçları, vücut kitle indeksi (VKİ), bel-kalça oranı (BKO), trigliserit (TG), lipit oranları, insülin direnci testi (HOMA) indeksi, TG-glukoz (TyG), Viseral 
Adipozite İndeksi (VAİ), lipid birikim ürünü (LBÜ) değerleri anlamlı olarak daha yüksek bulunmuştur. Korelasyon analizlerinde VAİ ve LBÜ, bel çevresi, BKO, VKİ, 
TG, lipit oranları, TyG ve HOMA indeksi ve birbirleri ile pozitif korelasyon gösterdiği tespit edilmiştir. LBÜ ayrıca kan basıncı ile pozitif korelasyon göstermiştir.
Sonuç: Viseral adipozite indikatörleri postmenapozal kadınlarda MetS prediksiyonunda yararlı olabilir.
Anahtar Kelimeler: Menapoz, metabolik sendrom, lipit birikim ürünü, viseral obezite

Abstract
Objective: The aim of the present study was to evaluate the importance of visceral adiposity indicators on metabolic parameters in postmenopausal women. 
Materials and Methods: This cross-sectional study included 200 postmenopausal subjects. Postmenopausal women were divided into two groups based on the 
presence of metabolic syndrome (MetS) as MetS+ and MetS-. Comparisons of clinical and metabolic characteristics were performed between the groups.
Results: The current study included 200 postmenopausal women and 63 subjects were diagnosed as having MetS. Postmenopausal women with MetS demonstrated 
significantly higher values with respect to systolic and diastolic blood pressures, body mass index (BMI), waist-hip ratio (WHR), triglyceride (TG), lipid ratios, 
Homeostasis Model Assessment Insulin Resistance (HOMA) index, TG glucose (TyG), Visceral Adiposity Index (VAI), and lipid accumulation product (LAP) when 
compared with women without MetS. Correlation analyses showed that LAP and VAI were positively correlated with waist circumference, WHR, BMI, TG, lipid 
ratios, TyG and HOMA index, and with each other. LAP was also positively correlated with blood pressures.
Conclusion: Visceral adiposity indicators may be useful as predictors of MetS in postmenopausal women.
Keywords: Menopause, metabolic syndrome, lipid accumulation product, visceral obesity
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metabolic indices, that combine anthropometric parameters 
and metabolic variables as effective markers that have reliable 
accurracy for predicting MetS(8,9). The triglyceride glucose (TyG) 
index, a simple measure that combines fasting plasma glucose 
and triglyceride (TG), is also determined as a good marker for 
identifying individuals with IR and MetS(9,10). A recent study 
emphasized the importance of menopausal status on the 
predictive value of LAP and VAI for MetS, and further studies 
are recommended; special attention is suggested while applying 
these markers in women of menopausal transition(11). In another 
study, LAP and VAI were also found to be effective markers for 
identifying the metabolically obese, normal-weight individuals 
who are predisposed to diabetes and CVD development(12). 
In a recent meta-analysis, the pooled prevalence of MetS was 
found as 37.17% among postmenopausal women(13). MetS was 
also found to be more prevalent in postmenopausal women 
compared with premenopausal women(13). Additionally, in 
another meta-analysis, it was also suggested that almost all 
MetS-associated components except high-density lipoprotein 
cholesterol (HDL-C) were unfavorably changed after 
menopause(14). Early recognition of high-risk individuals is 
important because MetS is a cluster of risk factors for CVD and 
diabetes, and menopause is associated with an increased risk for 
MetS(13,14). Simple and reliable indicators for the early detection 
of metabolic disturbances in postmenopausal women may 
be beneficial in clinical practice. The current study evaluated 
the importance of visceral adiposity indicators on metabolic 
parameters in postmenopausal women. 

Materials and Methods

Two hundred postmenopausal women who attended 
Marmara University Outpatient Clinics were included in this 
study after obtaining written informed consent. The study 
protocol was approved by the Ethics Committee of Marmara 
University (approval number: 09.2018.039). Subjects with 
systemic disease, malignancy or those using any medications 
were excluded from the study. Body mass index (BMI) was 
calculated after obtaining the weight and height measurements 
of the subjects. Waist (WC) and hip circumferences were 
measured and WC-to-hip ratios (WHR) were recorded. This 
cross-sectional study was approved by the ethics committee of 
the university and conducted in accordance with the Helsinki 
Declaration. Participants were grouped according to the absence 
or presence of MetS diagnosed according to the National 
Cholesterol Education Program Adult Treatment Panel III  
criteria(15). The diagnosis of MetS was made depending on the 
presence of at least 3 of the following parameters: abdominal 
obesity (WC ≥88 cm), elevated TG (≥150 mg/dL), reduced 
HDL-C (<50 mg/dL) elevated blood pressure (≥130/≥85 
mmHg), and elevated fasting plasma glucose (≥110 mg/dL)(15). 
In addition to the clinical and biochemical evaluation of the 
postmenopausal subjects, by using fasting insulin and glucose 
results, the Quantitative Insulin Sensitivity Check index 

(QUICKI), Homeostasis Model Assessment IR index (HOMA-
IR) and fasting glucose-insulin ratio (FGIR) were calculated by 
using the following formula: HOMA-IR=fasting insulin (µU/L) 
x fasting glucose (mmoL/L)/22.5 and QUICKI=1/[log fasting 
insulin (μU/mL) + log fasting glucose (mg/dL)] and (FGIR)= 
fasting glucose (mg/dL)/fasting insulin (mIU/mL). TyG indices 
were calculated based on the formula: ln [fasting TG (mg/dL) x 
fasting plasma glucose (mg/dL)/2](16). In addition to traditional 
lipid ratios [TG/HDL-C, total cholesterol (TC)/HDL-C, low 
density lipoprotein (LDL)-C/HDL-C], calculations of VAI and 
LAP were also determined by using established formulae from 
previous studies: 
VAI = [WC/36.58 + (1.89 × BMI)] × (TG/0.81) × (1.52/HDL-C)(17) 

LAP = [WC (cm) – 58] × [TG (mmol/L)](18).

Statistical Analysis

Statistical analyses were performed using the SPSS version 20.0 
software package and comparisons of baseline demographic, 
biochemical, and metabolic characteristics were performed 
between the groups using Student’s t-test. Continuous variables 
are described as mean and standard deviation (SD) (Table 
1). P<0.05 was considered statistically significant. Pearson 
correlation analyses were performed between VAI and LAP and 
cardiometabolic features in postmenopausal women (Table 2). 
Receiver operating curve (ROC) analysis of VAI, LAP, and TyG 
was performed for the prediction of MetS.

Results

The baseline demographic, biochemical, and metabolic 
characteristics of the groups are described in Table 1. The 
current study included 200 postmenopausal women and 63 
subjects were diagnosed as having MetS. Age, LDL-C, and TC 
levels were similar between the groups. Postmenopausal women 
with MetS demonstrated significantly higher values with respect 
to systolic and diastolic blood pressures, BMI, WHR, TG, lipid 
ratios, HOMA index, TyG, VAI, and LAP when compared with 
those without MetS. HDL-C, FGIR, and QUICKI were found 
to be lower in the MetS+ group (Table 1). Correlation analyses 
showed that LAP and VAI were positively correlated with WC, 
WHR, BMI, TG, lipid ratios, TyG, and HOMA index, and with 
each other. LAP was also positively correlated with blood 
pressures. Correlation analyses also showed that LAP and VAI 
were negatively correlated with HDL-C, FGIR, and QUICKI 
in postmenopausal women (Table 2). ROC analysis of visceral 
adiposity indicators in predicting MetS was performed, which 
demonstrated 89% sensitivity and 80% specificity of VAI at an 
optimal cut-off level of 2.04 [area under the curve (AUC) 0.88; 
95% confidence interval (CI)=0.83-0.94]. The sensitivity and 
specificity for LAP was 84% and 78% at a cut-off level of 54.09 
(AUC=0.88; 95% CI=0.82-0.93). The TyG index showed 81% 
sensitivity and 69% specificity at the optimal cut-off level of 
8.56 (AUC=0.87; 95% CI=0.81-0.93) in predicting MetS in 
postmenopausal women.
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Discussion

Modern lifestyle changes, decreased physical activities, and 
concomitant increase in obesity subsequently result in a rise in 
the prevalence of MetS, a condition that affects the morbidity 
and mortality of older women, with an increased risk for 
CVD and T2DM(11,19). Postmenopausal women merit special 
attention because they have an increase in central adiposity that 
contributes to the development of IR and dyslipidemia, which 
are also components of a cluster of metabolic abnormalities that 
increases the risk of T2DM and CVD(11,20,21). The detection of 
postmenopausal women with a high cardiometabolic risk may 
aid in the implementation of early lifestyle changes and treatment 
strategies for future CVD risks. Two novel markers of visceral 
obesity, VAI and LAP, have been regarded as reliable, simple 

clinical markers and indicators of MetS in the older people(8,9). 
In a recent study, the AUC of these markers were found to be 
different in postmenopausal women than in premenopausal 
women, and it was suggested that studies evaluating the 
predictive value of these clinical indicators in postmenopausal 
women were needed because most studies evaluating these 
indices were performed in the general population(11). In our 
study, the AUC of both LAP and VAI was 0.88, in accordance 
with the study by Lee et al.,(11) which stated that the AUC of 
both LAP and VAI was 0.89 in postmenopausal women. In a 
recent meta-analysis, it was reported that the pooled prevalence 
of MetS among postmenopausal women was 37.17%, ranging 
from 13.60% to 46% with an overall odds ratio 3.54 times higher 
than in premenopausal women(13). In our study, the prevalence 
of MetS was 31.5% in postmenopausal women. Considering the 
increase in life expectancy and high prevalence of MetS among 
postmenopausal women, simple and reliable clinical markers 
to predict metabolic disturbances may be helpful to allow early 

Table 2. The correlations between lipid accumulation product 
and Visceral Adiposity Index and cardiometabolic variables in 
postmenopausal women

LAP
r

VAI
r

Age 0.027 0.022

Waist circumference 0.659** 0.331**

BMI 0.466** 0.158*

WHR 0.500** 0.293**

Diastolic blood pressure 0.164* 0.103

Systolic blood pressure 0.165* 0.082

TG 0.843** 0.904**

LDL-C 0.019 -0.057

TC 0.084 -0.037

HDL-C -0.467 ** -0.677**

Glucose/insulin -0.236** -0.223**

QUICKI -0.320** -0.261**

HOMA-IR 0.190** 0.141*

TC/HDL-C 0.583** 0.737**

LDL-C/HDL-C 0.415** 0.548**

TG/HDL-C 0.822** 0.983**

LAP - 0.861**

TyG index 0.819** 0.821**

VAI 0.861** -

HOMA-IR: Homeostasis Model Assessment-insulin resistance, QUICKI: Quantitative 
Insulin Sensitivity Check index, VAI: Visceral Adiposity index, TyG: Triglyceride glucose, 
LAP: Lipid accumulation product, BMI: Body mass index, WHR: Waist to hip ratio, LDL-
C: Low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein cholesterol, 
TG: Triglyceride, TC: Total cholesterol, **p<0.01, *p<0.05

Table 1. Demographic, biochemical and metabolic characteristics 
of groups

Variable MetS+ MetS- p

n=63 n=137

Age (years) 53.14±6.22 51.56±5.58 0.075

BMI (kg/m2) 30.51±4.09 28.21±4.51 0.001a

WHR 0.91±0.06 0.86±0.07 <0.001a

Systolic blood 
pressure (mmHg)

137.42±16.23 122.69±17.33 <0.001a

Diastolic blood 
pressure (mmHg)

84±10.04 75.69±11.03 <0.001a

LDL-C (mg/dL) 137.90±29.24 145.13±33.07 0.139

HDL-C (mg/dL) 49.07±11.06 61.21±12.63 <0.001a

TC (mg/dL) 219.96±36.90 226.39±39.19 0.274

TG (mg/dL) 166.28±54.28 99.68±37.07 <0.001a

Glucose/insulin 9.71±5.39 13.73±9.47 0.002a

HOMA-IR 3.29±1.62 2.28±2.38 0.002a

QUICKI 0.32±0.02 0.35±0.03 <0.001a

TC/HDL-C 4.59±0.86 3.79±0.76 <0.01a

LDL-C/HDL-C 2.88±0.68 2.44±0.66 <0.001a

TG/HDL-C 3.58±1.48 1.73±0.82 <0.001a

TyG index 8.95±0.40 8.34±0.36 <0.001a

VAI 3.20±1.32 1.49±0.71 <0.001a

LAP 83.52±30.03 41.05±19.89 <0.001a

HOMA-IR: Homeostasis Model Assessment-Insulin Resistance, 
QUICKI: Quantitative Insulin Sensitivity Check index, VAI: 
Visceral Adiposity index, TyG: Triglyceride-glucose, LAP: Lipid 
accumulation product, BMI: Body mass index, WHR: Waist to 
hip ratio, LDL-C: Low density lipoprotein cholesterol, HDL-C: 
High density lipoprotein cholesterol, TG: Triglyceride, TC: Total 
cholesterol, ap<0.01
Values are expressed as mean ± standard deviation  
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intervention and to reduce future related complications such as 
CVD and T2DM. Won et al.(22) found that the TyG index was 
associated with arterial stiffness in the healthy population and also 
reported that the prevalence of MetS and diabetes significantly 
increased with increasing TyG indeces. In a recent study, both 
MetS as an entity per se and its individual features were found 
to be significantly associated with subclinical atherosclerosis 
in postmenopausal women independently of traditional 
cardiovascular risk factors(23). The TyG index was found to be 
associated with carotid atherosclerosis and was suggested as a 
useful marker for identifying high-risk women in the normal-
weight postmenopausal population. Additionally, the TyG 
index was also found to be strongly correlated with HOMA-IR 
and was suggested as a surrogate index of IR in postmenopausal 
women(24). Maturana et al.(25) reported LAP as a suitable method 
to screen for cardiovascular risk in postmenopausal women. 
Wehr et al.(26) demonstrated an association of LAP levels with 
T2DM and suggested that high LAP levels were associated with 
increased mortality in postmenopausal women. A recent study 
showed that LAP, VAI, and TyG were reliable surrogate markers 
in identifying MetS in a population aged ≥40 years(9). LAP and 
VAI were both determined as significant markers to predict the 
presence and severity of MetS; however, further studies were 
recommended to apply these markers in clinical practice and 
to determine appropriate cut-off values for each index in the 
postmenopausal group(11). In our study, we found significantly 
higher values for lipid ratios, HOMA-IR, TyG, LAP, and VAI 
indexes in postmenopausal women with MetS. LAP and VAI 
were both found to be positively correlated with each other and 
with BMI, WHR, TG, TyG index, HOMA index, and lipid ratios, 
and negatively correlated with HDL-C, FGIR, and QUICKI. LAP 
and VAI were both found to have strong and reliable accuracy 
for the prediction of MetS in postmenopausal women.

Study Limitations

Considering the small sample size as a limitation of our study, 
further studies with larger samples are needed to assess the 
predictive value of visceral adiposity indicators in identifying 
MetS in the postmenopausal group. A premenopausal group 
was not included, which is also a limitation of our study.

Conclusion

The present study showed that visceral adiposity indicators 
might be promising in the early detection of MetS in 
postmenopausal women. Early detection of subjects that are 
candidates for high cardiometabolic risk is essential, and with 
regard to the difficulties in assessing cardiovascular risk using 
traditional measures in postmenopausal women(27), visceral 
adiposity indicators may be effective for critical primary 
prevention strategies for subsequent cardiometabolic risks in a 
woman’s life span.
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