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Abstract

Metabolic Syndrome (MetS) encompasses a cluster of cardiometabolic risk factors 
and plays a significant role in elderly patients’ long-term complications. Herein, we stud-
ied the association of Lipid Accumulation Product (LAP) and Visceral Adiposity Index (VAI) 
with MetS to assess their validity for diagnosing and predicting MetS. In this cross-sec-
tional study based on Bushehr elderly health program, data of 3000 old (more than 60) 
enrollees of phase 1 and 2426 of phase 2 of this cohort were evaluated. The adiposity 
indices of VAI, and LAP were measured. Simple regression analysis and simultaneously 
multivariable logistic regression were done. The sensitivity and specificity of LAP and VAI 
in predicting the development of MetS were also calculated. VAI and LAP had a strong 
association with MetS and could predict and had better sensitivity and specificity for de-
tecting MetS compared to the other MetS risk factors. The incidence ratio for VAI >1.88 
was 2.55 (95% CI, 2.26 to 2.87), and for LAP>37.10 was 2.45 (95% CI, 2.13 to 2.82). This 
study shows that LAP and VAI can be reliable indices to assess MetS in the elderly.

Keywords: Metabolic syndrome; Lipid accumulation product; Visceral adiposity index; 
Obesity; Elderly.
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Introduction

In various societies, the increase in the elderly population 
and metabolic age-related disorders, such as cardiovascular dis-
eases (CVDs), type 2 diabetes and etc., have a heavy economic 
and health burden at the national and international levels [1,2]. 
Metabolic Syndrome (MetS) and its components, including im-
paired glucose tolerance, central obesity, hypertension, and 
dyslipidemia, are associated with increased risk of metabolic 
disorders such as CVDs, cerebrovascular disease (CVA), and 
T2DM, through metabolic and inflammatory events [3,4].

Adipose tissue is a metabolically dynamic organ responsible 
for storing excess energy and capable of producing adipokines 
and proinflammatory cytokines that regulates metabolic ho-
meostasis [5]. Adipose tissue accumulates in the body in two 
forms, subcutaneous and visceral [6]. Visceral adipose tissue 
that is located in the abdominal cavity surrounding the organs, 
is considered a major risk factor for cardio-metabolic disorders, 
independently of general adiposity [7,8]. In fact, central obesity 
is partially indicative of visceral fat, and the use of indicators re-
lated to visceral fat and Waist Circumference (WC) can be help-
ful in identifying high-risk populations in terms of metabolic 
diseases [9].

The increased attention to the Visceral Adipose Tissue (VAT) 
highlights the importance of accurate assessment of body fat 
components in the population studies. The current methods of 
assessing body composition, such as hydrostatic weighing, air 
displacement plethysmography, and bioelectrical impedance 
analysis, are not sensitive for measuring regional fat, espe-
cially visceral fat. On the other hand, the advanced methods 
to measure visceral adiposity, including Dual-Energy X-Ray Ab-
sorptiometry (DXA), Computed Tomography (CT), and Magnetic 
Resonance Imaging (MRI), are expensive and time-consuming 
and cannot be used in epidemiological screenings [10]. Vis-
ceral Adiposity Index (VAI) is a relatively well-known method 
that includes multiple variables to combine functional (serum 
Triglycerides [TG] and High-Density Lipoprotein [HDL] choles-
terol levels) and anthropometric (Waist Circumference [WC], 
Body Mass Index [BMI]) parameters. VAI is a reasonably precise 
measurement for metabolic derangements, reflecting visceral 
adipose dysfunction but not directly visceral adiposity [11]. 
VAI is a predictor for T2DM insulin resistance and is associated 
with hyperinsulinemia, CVD, CVA, atherosclerosis severity and 
hyperandrogenism [12-15]. Also, few studies in the past have 
introduced this index as a good predictor of MetS [16,17].

Furthermore, Lipid Accumulation Product (LAP) index, which 
is calculated based on WC and TG [18], associated with insulin 
resistance, T2DM [19,20], metabolic syndrome, hepatic steato-
sis [21,22], CVD [18,23,24], hypertension [25], chronic kidney 
disease [26], and androgenicity [27]. Some studies have shown 
that LAP is a suitable indicator for the risk of CVD [28] and MetS 
[29] in the elderly population.

Present study based on data of Bushehr Elderly Health (BEH) 
Program can provide more accurate information in terms of in-
cidence, causes, and prognosis determination according to the 
evaluation of a large populations and assessing them in a longer 
period of time. Therefore, our aim in the current study was to 
investigate the association of VAI and LAP indices with MetS in-
cidence rate in a large elderly cohort population, so that if the 
results of previous studies are confirmed and by determining 
the optimal cut-off, we will contribute to the clinical applicabil-
ity of these indicators for elderly people.

Materials and methods

Study design and population

We have previously reported the details of the studies de-
sign have been conducted in the Bushehr Elderly Health (BEH) 
program [1,2]. As a brief reminder, it was a prospective cohort 
study investigating the prevalence and risk factors of non-com-
municable diseases, including MetS, T2DM and CVDs in men 
and women older than 60 years living in Bushehr city of Iran. 
We selected the participants through a random sampling after 
receiving the invitation or self-referral to the research center 
for further evaluations. At the Persian Gulf Tropical Medicine 
Research Centre, a trained nurse recorded the demographic, 
medical, social, medication, biochemical and clinical data. The 
baseline measurements of 3000 enrollees were collected in the 
first phase between March 2013 and October 2014. The sec-
ond phase of data collection of the same population, but 2,426 
persons of them (80.87% response rate), lasted 2.5 years start-
ing October 2015, and 574 participants could not participate in 
the study due to death, migration, or unwillingness to continue 
participation.

The inclusion criteria were age ≥60 years, signed written in-
formed consent, residency in Bushehr city for at least one year 
ago, resident of Bushehr at least until the next 2 year, and gen-
erally acceptable mental and physical conditions.

Individuals who had BMI <18.5, chronic diseases, hemato-
logical and rheumatic diseases, inflammatory bowel diseases, 
chronic renal failure, Cushing syndrome, hyperthyroidism, hy-
pothyroidism, history of cancer, excess alcohol consumption, 
drug abuse, and hospitalization in the previous two months, 
were excluded from the study.

During the follow-up period, we contacted them annually 
to collect information regarding the outcome of interest, such 
as death, major cardiovascular events, cardiac intervention, 
stroke, hospital admission, starting a new prescription, or be-
ing diagnosed with a chronic disease. The participants were 
informed about calling or filling out the form to report the inci-
dence of any of the targeted outcomes as soon as possible. Two 
hospitals in Bushehr (ShohadayeKhalij-e-Fars and Salman-e-Far-
si hospitals) were in charge of checking the Hospital Information 
System (HIS) and reporting all admissions of the participants. 
Then, a physician checked the medical records and contacted 
the research institution to register the specific information if 
they reported any expected outcomes. Moreover, our database 
was connected to the public health registry system database 
and social security services, which provided information from 
hospitals, clinics, established health care providers, cemeteries, 
and the department of social security services.

Ethics approval and consent to participate

The study was authorized by the ethical committee of Bush-
ehr University of Medical Sciences (ref. no. b-91-14-2). It was 
carried out in accordance with the Helsinki Declaration and Ira-
nian national norms for research ethics. Prior to research enroll-
ment, all participants signed a written informed consent form. 
Participation was entirely independent, and anyone may with-
draw their agreement at any moment with no repercussions. 
The information gathered is saved in a re-identifiable format us-
ing a national id code.
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Anthropometric measurement, blood collection, and bio-

chemical parameters

Trained expert measured the anthropometric sizes [height, 
weight, waist circumference, hip circumference, BMI, Waist to 
Hip Ratio (WHR)] according to the previously reported standard 
protocol [1,2]. They also collected fasting blood and sent the 
samples to the Persian Gulf Tropical Medicine Research Centre 
lab. The method of measurement is similar to previous studies 
[1,2].

Evaluation criteria

The definition of metabolic syndrome was based on the re-
vised NCEP ATP III [30], definition and Iranian criteria for obesity 
[31,32], which is confirmed by having three or more of the fol-
lowing criteria; 

(1) abdominal obesity (WC>102 cm in men or >88 cm in 
women).

(2) fasting TG level over 150 mg/dl.

(3) low HDL-cholesterol (<40 mg/dl in men or <50 mg/dl in 
women).

(4) increased blood pressure (blood pressure over 130/85 
mmHg, or taking of anti-hypertensive medications) and 

(5) impaired fasting glucose (fasting glucose ≥100 mg/dl or 
use of insulin or hypoglycemic medication).

 VAI, a sex-specific index, was calculated by using the follow-
ing formula [13]: 

𝑊𝐶
39.68 + 1.88×𝐵𝑀𝐼 ×

𝑇𝐺
1.03 ×

1.31
𝐻𝐷𝐿Male VAI =

Female VAI =
𝑊𝐶

36.58 + 1.89×𝐵𝑀𝐼 ×
𝑇𝐺

0.81 ×
1.52
𝐻𝐷𝐿

LAP is a sex-specific index as well, and the calculation for-
mula is [18]:

Male LAP = [WC (cm) − 65] × TG concentration (mmol/l).

Female LAP = [WC (cm) − 58] × TG concentration (mmol/l).

We considered age >65 years, BMI ≥27 kg/m2, WC>94.5 cm 
for men (32) and >90 cm for women (31), WHR≥0.89 as a pop-
ulation at risk of developing MetS. The Body Adiposity Index 
(BAI) was also calculated, which is based on the hip circumfer-
ence and stature data (BAI = hip circumference (cm)/height (m) 
1.5-18). Different levels of VAI and LAP were tested to find a cut-
off value that can predict the incidence of MetS. The odds ratio 
of VAI≥1. 88 and LAP≥37.10 for MetS occurrence were higher 
than other components.

Statistical analysis

Data analysis was done using Stata MP (version 15) software. 
The quantitative and qualitative data were presented as mean 
± SD and percent (%), respectively. Logistic regression analysis 
measured the odds ratio (OR) of MetS for the defined risk fac-
tors and components of MetS (Table 2). Also, the incidence ratio 
of MetS based on the presence of defined risk factors and com-
ponents was assessed (Table 3). Finally, the sensitivity, speci-
ficity, PPV, NPP, and AUC of defined risk factors for developing 
MetS were calculated (Table 4). P-value < 0.05 was defined as 
significant.

Results

The baseline characteristics of participants in two phases 
of cohort are shown in Table 1. Among those 3000 individu-
als who enrolled in phase I, 2,426 enrollees (80.87% response 
rate) participated in phase II and completed follow-up. At the 
baseline of the study, the mean age ± SD was 67.85 ± 7.10, and 
1545 (51.5%) of the participants were women. In phase I, 1694 
(56.47%) participants were diagnosed with MetS, and preva-
lence among the women and men were 1018 (65.89%) and 676 
(46.46%), respectively. In phase 2, MetS was detected in 862 
(68.58%) women and 355 (30.45) men, and overall, in 1,217 
(50.23%) participants.

Table 1: Characteristics of Bushehr Elderly Cohort Study Popu-
lation during phases  I and II.

Variables Phase I (N = 3,000) Phase II (N = 2,426) 

Age (years) 67.85 ± 7.10 69.34 ± 6.39

Sex (Female, %) 51.50% 52 %

Marital status, (%)

Single 0.83 % 0.83%

Married 74.93% 74.93 %

Divorced 0.87% 0.87%

Widow 23.37% 23.37%

current smoking (Cigarette, 
Hookah, and pipe), (%)

19.88% 18.40 %

lifetime smoking (Cigarette, 
Hookah, pipe), (%)

43.19% 45.20%

BMI (kg/m2) 27.09 ± 4.99 27.51 ± 4.99

WC (cm) 89.56 ± 17.97 98.71 ± 12.01

WHR 0.89 ± 0.11 0.96 ± 0.08

TC (mg/dl) 198.88 ± 46.78 182. 18 ± 44.14

LDL (mg/dl) 122.89 ± 39.70 109.43 ± 37.70

HDL (mg/dl) 46.72 ± 13.20 45.94 ± 11.21

TG (mg/dl) 135.92 ± 70.43 144.20 ± 75.37

FBS (mg/dl) 110.03 ± 48.35 106.22± 42.58

SBP (mmHg) 134.70 ± 19.54 139.65 ± 19.32 

DBP (mmHg) 76.38 ± 8.33 81.55 ± 8.67

MetS, N (%) 1694 (56.47%) 1217 (50.23%)

LAP 49.25 ± 34.01 59.14±39.72

VAI 2.43 ± 1.93 2.51± 1.96

 Continuous and categorical variables were present as mean ± SD and percent 
(%), respectively.

The odds ratio of VAI≥1. 88 and LAP≥37.10 for MetS occur-
rence were higher than other components of MetS (OR (95%CI): 
12.95 (10. 87, 15.44), p<0.001 for VAI>1.88 and 11.91 (10.02, 
14.16), p<0.001 for LAP≥37.10), except for triglyceride (Table 
2). Incidence rate ratios of MetS were also higher for VAI>1.88 
and LAP≥37.10 compared to the other considered risk factors 
(Table 3).
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Table 2: Odds ratios of metabolic syndrome according to the related risk factors.

OR (95% CI), for men p value OR (95% CI), for women p value OR (95% CI), for total population p value

Age > 65 years 0.78 (0.64, 0.96) 0.023 0. 98 (0.79, 1.21) 0.898 0.86 (0.74, 0.99) 0.046

BMI (kg/m2) ≥ 27 kg/m2 4.28 (3.42, 5.37) <0.001 2.64 (2.13, 3. 28) <0.001 3.68 (3.16, 4.29) <0.001

WC ≥ 94.5 cm in men or ≥90 cm in women 5.15 (4.08, 6.51) <0.001 3.06 (2.46, 3.82) <0.001 4.21 (3.60, 4.93) <0.001

WHR ≥ 0.89 2.80 (2.17, 3.62) <0.001 1.19 (0.96, 1.48) 0.094 1.27 (1.10, 1.46) 0.001

TC (mg/dl) ≥ 200 mg/dl 0.78 (0.59, 1.01) 0.068 0.51 (0.35, 0.75) <0.001 0.76 (0.62, 0.94) 0.011

TG (mg/dl) ≥ 150 mg/dl 17.30 (12.81, 23.35) <0.001 19. 08 (12.94, 28.15) <0.001 16.77 (13.30, 21.14) <0.001

LDL (mg/dl) ≥ 130 mg/dl 0.99 (0. 80, 1.22) 0.939 0. 82 (0.66, 1.01) 0.072 0.98 (0.85, 1.13) 0.832

HDL (mg/dl) < 40 mg/dl in men or < 50 mg/
dl in women

9.32 (7.27, 11.94) <0.001 11.02 (8.54, 14.22) <0.001 10.73 (8.99, 12.80) <0.001

FBS (mg/dl) ≥ 100 mg/dl or use DM  
medication

5.93 (4. 68, 7.50) <0.001 8.81 (6.62, 11.73) <0.001 6.66 (5.59, 7.93) <0.001

SBP ≥ 130 mmHg 2.72 (2.20, 3.37) <0.001 3.00 (2.41, 3.72) <0.001 2.84 (2.44, 3.29) <0.001

DBP ≥ 85 mmHg 1.79 (1.31, 2.44) <0.001 1.58 (1.12, 2.22) 0.008 1.65 (1.31, 2.07) <0.001

VAI ≥ 1. 88 13.94 (10.79, 18.01) <0.001 10.57 (8.27, 13.51) <0.001 12.95 (10. 87, 15.44) <0.001

LAP ≥ 37.10 14.96 (11.58, 19.31) <0.001 8.65 (6.80, 11.00) <0.001 11.91 (10.02, 14.16) <0.001

Table 3: Incidence rate ratios of metabolic syndrome according to the related risk factors.

Incidence ratio 
(95% CI) for men

p value
Incidence ratio 

(95% CI) for women
p value

Incidence ratio (95% CI) 
for total population

p value

Age > 65 years 0.86 (0.73, 1.01) 0.069 0.86 (0.75, 0.99) 0.045 0.86 (0.77, 0.96) 0.008

BMI (kg/m2) ≥ 27 kg/m2 1.48 (1.26, 1.73) <0.001 1.21 (1.05, 1.39) 0.006 1.36 (1.23, 1.51) <0.001

WC ≥ 94.5 cm in men or ≥ 90 cm in women 1.94 (1.62, 2.34) <0.001 1.62 (1.33, 2.00) <0.001 1.85 (1.62, 2.12) <0.001

WHR ≥ 0.89 6.03 (3.25, 12.63) <0.001 1.45 (1.20, 1.76) <0.001 1.70 (1.43, 2.04) <0.001

TC (mg/dl) ≥ 200 mg/dl 0.95 (0. 78, 1.14) 0.2950 0.85 (0.74, 0.97) 0.0221 0.92 (0.82, 1.02) 0.140

TG (mg/dl) ≥ 150 mg/dl 2.39 (2.04, 2.80) <0.001 1.70 (1.49, 1.94) <0.001 1.99 (1.79, 2.20) <0.001

LDL (mg/dl) ≥ 130 mg/dl 0.90 (0.75, 1.09) 0.3172 0.86 (0.74, 0.99) 0.0401 0.90 (0.80, 1.01) 0.077

HDL (mg/dl) < 40 mg/dl in men or < 50 mg/dl in women 2.82 (2.15, 3.74) <0.001 2.31 (1.98, 2.70) <0.001 2.23 (1.96, 2.55) <0.001

Fasting glucose (mg/dl) ≥ 100 mg/dl or use DM medication 0.67 (0.01, 3.39) 0.7089 0.60 (0.01, 3.38) 0.7018 0.66 (0.01, 3.73) 0.7847

SBP ≥ 130 mmHg 1.42 (1.19, 1.71) <0.001 1.36 (1.17, 1.58) <0.001 1.38 (1.23, 1.56) <0.001

DBP ≥ 85 mmHg 1.12 (0.96, 1.32) 0.1353 1.11 (0.96, 1.28) 0.1363 1.09 (0.98, 1.21) 0.0777

VAI ≥ 1.88 2.79 (2.36, 3.30) <0.001 2.29 (1.92, 2.73) <0.001 2.55 (2.26, 2.87) <0.001

LAP ≥ 37.10 2.61 (2.17, 3.17) <0.001 2.16 (1.76, 2.68) <0.001 2.45 (2.13, 2.82) <0.001

Table 4: The Curve Analysis, Sensitivity, Specificity, Positive and Negative Predictive Values of Parameters for Metabolic Syndrome.

AUC (95% CI) P-value Sensitivity % Specificity %
Positive predictive 

value
Negative predictive 

value 

Age > 65 years 0.43 (0.40 to 0.46) 1.000 0.86 0.11 0.54 0.40

BMI (kg/m2) ≥ 27 kg/m2 0.55 (0.51 to 0.58) 0.001 0.99 0.00 0.73 0.00

WC ≥ 94.5 cm in men or ≥ 90 cm in women 0.56 (0.52 to0.59) <0.001 0.92 0.08 0.72 0.30

WHR ≥ 0.89 0.57 (0.54 to 0.60) <0.001 0.99 0.00 0.62 0.00

TC (mg/dl) ≥ 200 mg/dl 0.56 (0.53 to 0.59) <0.001 0.98 0.02 0.58 0.52

TG (mg/dl) ≥ 150 mg/dl 0.57 (0.54to 0.60) <0.001 0.99 0.00 0.63 0.36

LDL (mg/dl) ≥ 130 mg/dl 0.55 (0.52 to 0.59) <0.001 0.96 0.06 0.56 0.50

HDL (mg/dl) < 40 mg/dl in men or < 50 mg/dl in women 0.45 (0.42 to 0.48) 0.996 0.99 0.00 0.40 0.75

FBS (mg/dl) ≥ 100 mg/dl or use DM medication 0.56 (0.51 to 0.60) 0.001 0.96 0.04 0.81 0.23

SBP ≥ 130 mmHg 0.52 (0.50 to 0.55) 0.022 0.94 0.07 0.67 0.41

DBP ≥ 85 mmHg 0.49 (0.43 to 0.54) 0.588 0.82 0.17 0.67 0.33

VAI ≥ 1. 88 0.86 (0.84 to 0.87) <0.001 0.76 0. 80 0. 83 0.72

LAP ≥ 37.10 0.73 (0.71 to 0.75) <0.001 0.74 0.62 0.67 0.69
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Moreover, the obesity indicators, VAI and LAP, seem to have 

better specificity and almost similar sensitivity compared to the 
other components for detecting MetS. They have higher AUC 
(area under the curve) values for predicting MetS (Table 4). It 
generally seems that VAI and LAP are acceptable predictors for 
MetS.

As shown in figure 1, we observed a proportional increment 
in obesity indicators, VAI and LAP, as the number of risk factors 
for MetS raised (Figure 1).

Figure 1: Differences in VAI (A) and LAP (B) levels as obesity indi-
cators according to the number of risk factors for metabolic syn-
drome.
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Discussion

In this cohort study on the Iranian elderly population, the 
obesity indicators, VAI and LAP, were significantly associated 
with MetS, and these indicators predict MetS better than other 
MetS risk factors.

VAI has a positive correlation with hypertension [33], dia-
betes [11], Non-Alcoholic Fatty Liver Disease (NAFLD) [34,35], 
Non-Alcoholic Steatohepatitis (NASH) [35], cardiovascular 
events [36], and diabetes complications, such as cardiovascu-
lar disease and DM-related chronic kidney disease [37]. It also 
positively correlates with subclinical atherosclerosis [38] and 
silent brain infarct [39]. LAP is an obesity indicator as well. It 
has a positive correlation with cardiometabolic risk [40], NAFLD 
[41], diabetes [42], impaired fasting glucose [43], hypertension 
[44], late-onset hypogonadism in men [45], and cognitive im-
pairment [46]. The growing evidence of positive correlation and 
predictive role of VAI and LAP for non-communicable diseases 
in literature underscores the importance of including these adi-

posity indices in clinical practice.

Some previous studies in line with the results of our study 
show that the VAI and LAP can be good predictors for MetS. In 
a cross-sectional study with 152 postmenopausal women, VAI 
was the best predictor index for MetS from all adiposity indi-
ces assessed. This study includes only women and relatively low 
sample size is mentioned as one of its limitations [16]. A recent 
meta-analysis study has introduced VAI as an accurate, low-cost 
and accessible method for MetS screening in adults. However, 
it is recommended that more studies should be conducted to 
evaluate clinical applicability, achieve the optimal cut-off, and 
identify the population that will benefit the most [17]. A cross-
sectional study with 411 subjects >60 years, indicated that LAP 
is a better cardiovascular risk predictor in elderly populations 
than other anthropometric measures [28]. In this study, insulin 
resistance is considered as the main cause of cardiometabolic 
diseases. The cut-off for LAP to determine the risk of insulin 
resistance is slightly higher than the cut-off determined in our 
study, which seems reasonable considering that our outcome 
is MetS, as a set of disorders. Consistently another review has 
also identified the LAP as the best method in identifying MetS 
among the elderly people [29].

An increase in the prevalence of obesity was concurrent 
with an increased incidence of diabetes and cardiovascular dis-
ease [47,48]. Previous studies have shown that central/visceral 
obesity is associated with MetS [49,50]. Visceral fat is highly 
metabolically dynamic tissue and is constantly releasing Free 
Fatty Acids (FFA) and pro-inflammatory cytokines into the blood 
stream. Therefore visceral fat induces hyperinsulinemia, sys-
temic inflammation, dyslipidemia, and atherosclerosis as vari-
ous features of the MetS [51].

There are different techniques to assess body composition, 
such as densitometry, air displacement plethysmography, elec-
trical impedance analysis, DXA, CT, and MRI. DXA and MRI seem 
to be more precise but are not applicable for the whole popu-
lation because of expense and time [10]. Applying WHR and 
WC could potentially improve the predictive power of obesity 
in estimating cardiovascular risk. It adds significant information 
beyond BMI, reflecting the importance of intra-abdominal fat 
accumulation [4,50,52-54]. However, after using components of 
MetS in a simple mathematical equation and generating adipos-
ity indicators, VAI, and LAP, we could improve the sensitivity and 
specificity of detecting and even predicting MetS. Improving the 
diagnosis of MetS in elderly high-risk populations is crucial to al-
locate the medical resources precisely. With the improvement 
of diagnosis and early approach, we will be able to alleviate the 
economic burden and severe complications of MetS, such as 
CVDs and diabetes in elderly patients.

However, the current study faces some limitations including 
loss of enrollees during the second phase, and failure to assess 
participants' food and drug intake as important confounders of 
the study.

Conclusion

In conclusion, VAI and LAP are relatively strong indicators of 
obesity, especially visceral obesity, with strong predictability for 
MetS in elderly. They are simple to measure and applicable for 
clinical practice.

Abbreviations: ABSI: A Body Shape Index; AUC: Area Under 
The Curve; BAI: Body Adiposity Index; BEH: Bushehr Elderly 
Health; BMI: Body Mass Index; CT: Computed Tomography; CVA: 
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Cerebrovascular Disease; CVD: Cardiovascular Disease; DBP: 
Diastolic Blood Pressure; DXA: Dual-Energy X-Ray Absorptiome-
try; HC: Hip Circumference; HDL: High-Density Lipoprotein; LAP: 
Lipid Accumulation Product; Mets: Metabolic Syndrome; MRI: 
Magnetic Resonance Imaging; NAFLD: Non-Alcoholic Fatty Liver 
Disease; NASH: Non-Alcoholic Steatohepatitis; NPV: Negative 
Predictive Value; PPV: Positive Predictive Value; SBP: Systolic 
Blood Pressure; SD: Standard Deviation; T2DM: Type 2 Diabe-
tes; TG: Serum Triglycerides; TC: Total Cholesterol; VAD: Visceral 
Adipose Dysfunction; VAI: Visceral Adiposity Index; VAT: Visceral 
Adipose Tissue; WC: Waist Circumference; WHR: Waist To Hip 
Ratio.
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