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The Lipid Accumulation Product (LAP) is a clinical marker of visceral obesity
and has been proposed as a simple, inexpensive, and accurate tool to estimate
cardiovascular risk and mortality. The aim of this study was to verify the as-
sociation of LAP with anthropometric, biochemical, visceral adiposity index
and IR in adults and the elderly. This single cross-section center clinical
study, with experimental, analytical, primary, and observational design, in-
cluded 210 participants. Anthropometric (Body Mass Index (BMI), Waist
Circumference (WC), and Neck Circumference (NC)), LAP, Visceral Adipose
Index (VAI), and biochemical parameters (fasting glycemia, insulinemia (to
calculate the Homa-IR index), total cholesterol, LDL-c, HDL-c, and triglyce-
rides) were evaluated. The results showed that by separating the sample into
three groups (adequate BMI and WC, adequate BMI and elevated WC, and
elevated BMI and WC), the group with high BMI and WC showed a high
value of LAP and VAI compared to the other groups, with a significant dif-
ference. Still, the data show a positive and significant correlation when relat-
ing the LAP with VAL, HOMA-IR, BMI, WC, NG, total cholesterol, triglyce-
rides, and Diastolic Blood Pressure. It also showed an inversely proportional
relationship when associating LAP with HDL-c (p < 0.0001). Thus, we show
that LAP is closely related to visceral adiposity, IR, altered lipid parameters,
and blood pressure, especially diastolic in the patients included in our study.
For these reasons, we suggest that LAP is a reliable indicator of promising
visceral adiposity for early detection of cardiovascular risk in the adult and
senior population.
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1. Introduction

Obesity is a significant risk factor for many conditions, such as metabolic syn-
drome (MS) and cardiovascular disease (CVD). It is the leading cause of avoida-
ble death in the world [1] [2]. Excess of intra-abdominal or visceral fat is directly
associated with insulin resistance (IR) pathogenesis and CVD development, re-
lating more strongly to metabolic abnormalities than total and subcutaneous
body adiposity [3] [4].

The Lipid Accumulation Product (LAP) is a clinical marker of visceral obesity
and has been proposed as a simple, inexpensive, and accurate tool to estimate
cardiovascular risk and mortality. It combines anthropometric parameters and
metabolic variables as effective and reliable markers also to predict MS since the
gold standard methods for evaluating visceral fat are expensive, and the mea-
surement of waist circumference (WC) alone does not distinguish between sub-
cutaneous and visceral fat [5] [6] [7].

Therefore, LAP was suggested as a reliable marker also for IR [8] [9]; since
hyperinsulinemic-euglycemic clamp test is time-consuming and expensive, and
the HOMA-IR (most frequently used validated marker) may present difficulties
since the plasma insulin levels are challenging to measure [10].

This study aimed to verify the association of LAP with anthropometric, bio-

chemical, visceral adiposity index and IR in adults and the elderly.

2. Methods

This study started only after the approval of the Research Ethics Committee of
the University of Marilia/SP under Protocol number 4035366 on May 19, 2020,
according to the Ethical and Legal requirements for research with human beings,
as established by the National Health Council. Moreover, this study was has
been carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki).

Data collection was performed from data obtained in patient medical records.
All medical records of adult and elderly patients of both sexes were included,
which contained all the variables necessary for the study. We included patients
that performed biochemical and anthropometric evaluation in the three last
months. Medical records of pregnant women, lactating women, and patients
with chronic kidney disease, disabsorptive diseases and who underwent bariatric
surgery were excluded.

This is a single cross-section center clinical study with exploratory, analytical,

primary, and observational design. The research was conducted with 210 adult
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and elderly patients from a private cardiology clinic and the Cardiology Medical
Clinic of a University Hospital from a city in Sdo Paulo State. Patients aged be-
tween 20 and 90 years were included. Data collection was carried out from June
2020 to January 2021.

Besides personal identification data (name, gender, and age), information on
the previous diagnosis of diseases or clinical conditions, continuous use of me-
dication, smoking, and consumption of alcoholic beverages were collected.

For the nutritional diagnosis, weight and height were collected, and the body
mass index (BMI) was calculated, plus WC and neck circumference (NC) mea-
surements to determine metabolic risk. The anthropometric measurements were
measured and recorded by trained professionals according to the techniques
recommended by GIBSON [11].

BMI was assessed based on the World Health Organization [12], namely: low
weight (<18.5 kg/m?), adequate weight (>18.5 kg/m? and <25 kg/m?), overweight
(225 kg/m? and <30 kg/m?) and obesity (=30 kg/m?). The categorization of me-
tabolic risk based on the measurement of WC was carried out following the
cut-off points also proposed by the World Health Organization [12]: normal or
no risk (<80 cm for women; and <94 cm for men), high risk (80 > WC < 88 cm
for women; and 94 > WC < 102 cm for men) and very high risk (=88 cm for
women; and =102 cm for men). Subsequently, patients were divided into 3
groups: individuals with adequate BMI and WC, adequate BMI and elevated WC
and elevated BMI and WC.

The NC was measured in the average neck height and men just below the la-
ryngeal prominence, with the individual standing, facing the assessor, with the
shoulders relaxed [13]. The classification of this measure was based on Stabe et
al. [14], which propose a cut-off points value greater than 39.6 cm in men and
greater than 36.1 cm in women being associated with higher metabolic risk

Data were also collected on blood pressure (BP) and biochemical parameters
of fasting glycemia, insulinemia (to calculate the Homa-IR index), total choles-
terol, LDL-c, HDL-c, and triglycerides.

The LAP was calculated using a formula for women (waist circumference
[cm]-58) x (triglycerides [mmol/L]) and for men (waist circumference [cm]-65)
x (triglycerides [mmol/L]) [15]. In order to convert this unit of measurement of
triglycerides into milligrams per deciliter (mg/dL) to adapt the formula for cal-
culating the LAP index, it was necessary to divide the result obtained in the indi-
vidual tests of each participant by 88.5 [16].

LAP is estimated by the relationship between triglyceride serum concentra-
tions and WC, becoming an alternative measure of excess lipids accumulated at
the waist [17] [18].

The visceral adiposity index (VAI) calculation was performed from the for-
mula proposed by Amato et al [19]. The formula is composed of two anthro-
pometric measurements (BMI in Kg/m? and WC in cm) and two metabolic pa-
rameters (HDL-c and TG in mmol/L). For males: VAI = (WC/39.68 + (1.88 x
BMI)) x (TG/1.03) x (1.31/HDL) and for females: VAI = (WC/36.58 + (1.89 X
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BMI)) x (TG/0.81) x (1.52/HDL).

For the evaluation of insulin resistance, the Homeostasis Model Assessment of
Insulin Resistance Index (HOMA-IR) was calculated.

The statistical treatment of quantitative data was performed with the support
of the BioEstat 5.0 program. The data were presented in tables of frequency or
mean * standard deviation and median. To evaluate the significance, associa-
tion, and correlation of the variables studied, appropriate tests such as
Kruskall-Wallis and Pearson correlation were used. The probability of signific-

ance considered was 5% (p < 0.05) for the operations performed.

3. Results

We included 210 patients, 53.81% male and 46.19% female, whose mean age was
56.9 + 13.51 years (minimum 21 years and maximum 87 years). Of this total, we
divided into three groups: patients with adequate BMI and WC (n = 33 patients,
15.71% of the sample); patients with adequate BMI and high WC (n = 21 pa-
tients, 10% of the sample) and patients with high BMI and WC (n = 156 pa-
tients, 74.29%).

There was male predominance in patients with adequate BMI and (72.73%)
and elevated BMI and WC (51.92%). On the other hand, there was a female
predominance in the group with adequate BMI and elevated WC (61.90%).

Within these groups, a predominance of pre-existing clinical diseases was
noted, such as type 2 diabetes mellitus, CVD, dyslipidemia, and hypertension in
the group of adequate BMI and elevated WC.

There was a statistical significance when analyzing the age of patients between
such groups (data not shown). Patients with high BMI and WC have a lower av-
erage age (p < 0.001).

When checking the lipid profile between the three groups, a statistical signi-
ficance was found for the HDL-c and TG. As the BMI and WC increase, the
lower the HDL-c fraction and the higher the plasma TG (Table 1).

Table 1. Comparison between the three groups with the lipid profile.

Adequate BMI Adequate BMI and Elevated BMI and

and WC (n = 33) elevated WC (n = 21) WC (n = 156) p-value

Mean SD Median % Mean SD Median % Mean SD Median %

T
(mg/dI) 189.0644.21 187 63.64 189.6351.58 185 57.14 187.49 47.4 189.5 64.74 0.9944*
mg

LDL
(mg/dl) 112.0540.77 112 27.27 114.2943.37 111 33.33 113.2540.37 113.6 35.26 0.8962*
HDL

53.62 14.82 51 33.33 46.72 14.12 454 47.62 44.79 13.65 43.5 56.41 0.0034*
(mg/dl)

121.26 68.3 106 39.39 143.26 73.5 108 47.62 155 71.1 146 57.05 0.0173*
(mg/dl)

BMI: Body Mass Index; WC: Waist Circumference; TC: Total cholesterol; TG: triglycerides; SD: Standard
Deviation. *Kruskal-Wallis.
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Observing the LAP, VAI, and HOMA-IR, it was found that all the indexes had
a difference when comparing the three groups (Table 2). The values of LAP,
VAI and HOMA-IR increase the greater the WC and BMI.

The correlation of LAP with VAI and HOMA-IR showed that both are direct-
ly proportional and with a statistical significance, that is, that when the values
increase, the tendency is that the LAP also increases (Figure 1). Being that 70%
(r2) of the variation of VAI is explained by the variation of the LAP and 13%
(r2) of the variation of the HOMA-IR is explained by the variation of the LAP,
considered excellent and moderate, respectively. It was also seen that by corre-
lating BMI, WC, and NC with LAP, all were directly proportional to LAP and

Table 2. Comparison between the three groups with LAP, VAI, and HOMA-IR.

Adequate BMI and Adequate BMI and Elevated BMI and
WC (n =33) elevated WC (n = 21) WC (n =156) p-value
Mean SD Median Mean SD Median Mean SD Median
LAP 26.27 2.68 2231 53 30.36  45.15 81.09 43.7 70.75 <0.0001*
VAI 205.84 1379 158.18 314.68 210.62 213.45 438.1 268.61 397.03 <0.0001*
HOMA-IR 1.96 1.18 1.79 2.59 2.51 1.77 3.9 2.96 3.02 <0.0001*

BMI: Body Mass Index; WC: Waist Circumference; SD: Standard Deviation; LAP: Lipid Accumulation
Product; VAI: Visceral Adiposity Index; HOMA-IR: Homeostasis model assessment for insulin resistance.
*Kruskal-Wallis.
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Figure 1. Correlation between visceral adiposity index, HOMA-IR, body mass index, waist circumference, and neck circumfe-
rence with the lipid accumulation product. (a) Visceral adiposity index and lipid accumulation product; (b) HOMA-IR and lipid

accumulation product.
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with p-value < 0.0001 (Figure 1), according to the r2 value, 26% of the BMI var-
iation, 43% of the WC variation and 24% of the NC variation are explained by
the LAP variation, considered moderate, good and moderate, respectively.

By correlating the lipid profile with the LAP, it was observed that the total
cholesterol and triglycerides are directly proportional and with statistical signi-
ficance to the LAP. When comparing LDL-c, although it was seen to be directly
proportional to LAP, it was not shown to have a significant difference. HDL-c
values, with a statistic significance, showed that it is inversely proportional, sug-
gesting that when the values of HDL-c increase, the LAP tends to decrease, and
vice versa (Figure 2). Being 12% (moderate) the explanatory power of the
HDL-c variation in relation to the LAP variation.

By correlating the LAP with systolic blood pressure (SBP) and diastolic blood
pressure (DBP), it was observed that both are directly proportional to the in-
crease of the LAP, but a statistical significance was only obtained in the correla-
tion with the DBP (Figure 3).
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Figure 2. Correlation between total cholesterol, LDL-c, HDL-c, and triglycerides with the lipid accumulation prod-
uct. (a) Total cholesterol and lipid accumulation product; (b) LDL-c and lipid accumulation product; (¢) HDL-c and
lipid accumulation product; (d) Triglycerides and lipidic accumulation product.
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4. Discussion

This study showed that, by separating the sample into three groups, the group
with high BMI and WC showed a high LAP and VAI value compared to the
other groups, with a statistical significance. Still, the data show a positive and
significant correlation when relating the LAP with VAI, HOMA-IR, BMI, WC,
NG, total cholesterol, triglycerides, and DBP. It also showed an inversely propor-
tional relationship when associating LAP with HDL-c (p < 0.0001). Thus, we
show that LAP is closely related to visceral adiposity, IR, altered lipid parame-
ters, and blood pressure, especially diastolic.

Abruzzeze et al showed that in women with Polycystic Ovary Syndrome, the
LAP and VAI index proved to be good markers of cardiovascular risk factors
associated with insulin resistance (HOMA-IR) [20].

Pineda et al [21], in a cross-sectional study with MS patients, found that LAP
values for men in the group without MS were 13.9 - 21.7, and for women were
10.6 and 21.27. For men with MS, the values were between 59.79 - 112.19 and
41.29 - 87.69 for women; in the group with CVD, the male individuals presented
values of 59 - 101.13, and between 45.47 and 68.47 in the female group. With
these results, the authors could determine a relationship between LAP and VAI
with cardiometabolic risk in subjects with and without MS (p < 0.005).

In another cross-sectional study [15], the authors showed that LAP has a sig-
nificant association with cardiovascular biomarkers, but these associations were
especially important when LAP was correlated to LDL-c and HDL-c. Similarly,
our study showed a directly proportional relationship but without a significant
difference when associating LAP with LDL-c and an inversely proportional rela-
tionship (p < 0.0001) when relating LAP with HDL-c.

Ilhan et al. [22] evaluated the visceral adiposity indicators as predictors of MS

in postmenopausal women, and found a positive correlation when relating LAP
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with VAI, BM]I, triglycerides, systolic and diastolic blood pressure (all with p <
0.05); besides finding a positive comparison between LAP and total cholesterol,
and LAP with LDL-c, but not significant. In contrast, there was a negative and
significant correlation between LAP and HDL-c (p-value lower than 0.01). Our
study showed similar results when associating these variables. The only differ-
ences were that when correlating the SBP with LAP, there was no significant dif-
ference, and when comparing the LAP with total cholesterol, it is possible to see
a directly proportional relationship and a significant difference. Therefore, LAP
can be a superior marker of IR and cardiovascular risk compared to lipid ratios
(total cholesterol/HDL-c) and triglycerides/HDL-c [20].

Other authors showed that LAP is related to several conditions. Rotter et al.
[23] showed that subjects with obesity, MS, and DM2, present a significantly
higher LAP than subjects without these conditions. These authors also found a
positive and significant correlation with glycemia, total cholesterol, insulin, and
a negative correlation with HDL-c. Guo et al. [24] also investigated the correla-
tion of LPA and metabolic parameters and found that this index is a useful indi-
cator for diagnosing and screening MS.

Our study showed, with a significant difference, that LAP is directly related to
WC. Similarly, Soares [25] found that the LAP is directly related to WC (r = 0.
611 and p < 0.001), DBP (r = 0.369 and p < 0.001), and triglycerides (r = 0.946
and p < 0.001); however, there was an inversely proportional correlation of LAP
with HDL-c (r = —0.288 and p < 0.001).

In summary, this study showed a reliable association between LAP and the
biochemical, anthropometric, and insulin resistance variables, showing that it is
a reliable indicator of promising visceral adiposity for early detection of cardi-
ovascular risk in the adult and senior population. The use of variables that can
assess early cardiometabolic risk is an essential strategy for preventing cardi-
ovascular and metabolic diseases.

The limitations of our study are that the sample has similar clinical characte-
ristics in terms of the presence of chronic non-transmissible diseases and may
alter the results when applied to samples with healthy individuals or other pa-

thologies. Statistical analyzes were performed without considering gender and

age group.
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