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Producto de acumulación lipídica
está asociado con glucemia en
estudiantes universitarias
Lipid accumulation product is
associated with blood glucose in
female university students
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Fernanda Maria Machado Maia (2)
Antonio Augusto Ferreira Carioca (3)
Nadia Tavares Soares (2)
ABSTRACT
The use of anthropometric indexes, to follow up cardiovascular
and metabolic risk factors, has been the focus of several studies
during the last years. The Lipid Accumulation Product (LAP) innovates in combining waist circumference (WC), an anthropometric
parameter, with fasting triglycerides, a biochemical parameter:
the. The LAP was proposed in 2005 by Kahn as a better index
than the Body Mass Index (BMI) to predict cardiovascular risk.
The few studies published do not present LAP in young female
population. For this reason, our study analyzed the association
between LAP and fasting glycemia in female university students.
A significant positive correlation was found, confirming previous
studies with different populations.
Key words: Glycemia, blood glucose, lipid accumulation product,
university students.

INTRODUCTION
The lipid accumulation product (LAP) relations waist
circumference (WC) with fasting triglycerides, as proposed
by Kahn being a better indicator to follow up adults with
cardiovascular risk. The LAP is determined through the
equations: (WC(cm)-58) × TG(mmol/l) for women and (WC(cm)-65)
× TG(mmol/l) for men. The values of 58 and 65 cm represent
hypothetical minimum values for WC for women and men
respectively. These express in theory the size of waist containing only abdominal muscle, guts and vertebrae. These were
estimated from the mean less two standard deviations from
the WC values of 15 million North-American people from 18
to 24 years of age (1).
In different populations, high LAP levels associations
with glucose metabolism alterations were tested, including
fasting glucose levels, glycemia after glucose overcharge (2),
insulin resistance (3) and type 2 diabetes mellitus (DM2) (4).
Type 2 diabetes (DM2) prevalence is raising to epidemic
proportions and the incidence is higher in the youngest age
groups. The increase in DM2 incidence among young people
is associated with life style factors, such as obesity prevalence,
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sedentarism and high fat diets (5). Even though, there are few
studies published with young populations.
The present study aims to investigate the association
of LAP with glucose blood levels in young female university
students.
SUBJECTS AND METHODS
In 2010, a hundred nutrition students were invited to
participate in the study. This invitation was alleatory and
estratified, including students from the first to the seventh
semester. The study was finished with ninety students. Mean
age was 22.2 (3.6) years of age. The size of the sample calculated was of 80 students considering data from Xia et al. (6),
alpha = 0.05, bilateral and beta = 0.10.
This study was approved by the Ethics and Research
Committee of the university where the data were collected
with the process number 08628340-5 and the participants
signed a term or free and informed consent.
Fasting glucose and triglyceride blood levels were measured and the anthropometric parameter waist circumference
was verified. Other life style variables, considered confusing
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factors, such as smoking, drinking alcohol and physical activity,
were investigated.
Waist circumference was assessed by trained anthropometrists following technical measurement error criteria (7). After
12 hours fasting, blood samples were collected and plasma
was separated to analyze triglycerides (TG) and glycemia with
Labtest ® products.
For determining life style parameters, it was standardized
that a smoker had to smoke one cigarette, cigar or smoking
pipe during the last 30 days before data collection (8). An
alcoholic was categorized if drinking an alcoholic beverage
at least once a year (9), and a sedentary was classified if not
practicing physical activity at least three times a week for more
than 45 minutes each session (10).
The LAP index was obtained using the formula proposed
by Kahn: (WC(cm)-58) × TG(mmol/l) (1).
The glucose blood levels and the LAP were divided in

quartiles and, were evaluated by trend test. The association
of glycemia and LAP was assessed by Pearson correlation
and by linear regression adjusted by age (continuous) (model
1) and adjusted by age (continuous), physical activity (yes
or no), smoking (yes or no) and alcohol intake (yes or no)
(model 2). As a descriptive level p<0.05 was considered
for the test.
RESULTS
The fasting glucose blood levels increased together with
the LAP quartiles (p-trend=0.024), as shown in table 1. There
was a directly proportional correlation among LAP and fasting
glycemia (r = 0.223; p = 0.034). The variable dispersion may
be visualized on graphic 1.
After the modeling process, the LAP index explained the
glycemia variation in 4.0%, meaning that for each LAP unit,
there is an increase of 0.317 mg/dL in gycemia. Adjusted by

TABLE 1
Fasting glucose blood levels distribution in female university students by LAP quartiles.
LAP (Quartile)		
Glycemia
(mg/dl)

p-trend

1

2

3

4

78.4 (11.2)

75.0 (11.0)

81.4 (12.3)

85.4 (12.3)

0.024

GRAPHIC 1
Dispersion Diagram relating fasting glycemia and LAP index in female university students.
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confusion factors (age, physical activity, smoking and alcohol
drinking), the model didn’t present significance (table 2).
DISCUSSION
The correlation found between LAP and glycemia in
young female university students is positive and weak. The
LAP explains the glycemia in 4% while other factors explain
glycemia’s levels.
The association between LAP and glucose regulation
biomarkers has being described in literature and its results
point out more accuracy of the index than body mass index
(BMI) and other anthropometric parameters. Combining waist
circumference with fasting triglycerides reflect, respectively,
anatomic and physiological alterations associated to lipid
accumulation. Thus, LAP might be used as a powerful index
to predict insulin resistance in populations (6).
The only study we found which evaluated this association
in young healthy female population was the one of Oh et al.
(2). The research was developed with 2810 healthy female
Koreans from 18 to 39 years of age. The authors defend the
role of LAP in the early detection of individuals with abnormal
regulation of glucose, metabolic syndrome or cardiovascular
disease. Women with high LAP index and low BMI had higher glucose concentrations (after 2 h of 75 g overcharge of
glucose) and higher insulin resistance than the ones who had
high BMI and low LAP. Multiple logistic regression analysis
showed that LAP exhibited higher odds ratio (OR) for abnormal
glucose regulation than BMI (2).
Two different studies carried out in women with polycystic
ovary syndrome (SOP), registered strong positive correlation
between homeostasis model assessment (HOMA-IR) and LAP
(r = 0,70; p < 0,001) (3), as well as a significant association
of increased LAP levels with elevated prevalence of glucose
intolerance and metabolic complications, in both, SOP and
controls (11). LAP also appeared to be superior to IMC and
the relation waist-hips, considering OR for glucose intolerance
(11).
LAP association with glucose metabolism biomarkers was
also verified among adult participants, both sexes, at NHANES
III. The results showed that LAP was very superior to IMC for
identifying diabetic adults. The models with LAP were better
to those with BMI to predict risk for the homeostasis model
assessment (HOMA-IR) variables, such as fasting glycemia and
glycated hemoglobin in individuals who didn’t use insulin or
hypoglycemiants (12).
It was observed in a study in China, with non diabetic
individuals between 20 and 80 years of age, both sexes, that
the HOMA-IR levels, fasting glycemia and glycemia after

glucose overcharge increased with LAP quartiles (p<0,001).
Multivariate analysis showed that LAP had better impact over
HOMA-IR than BMI and WC (6).
In another study carried out in Tehran, including men
and non pregnant women older than 20 years, LAP presented
higher OR for diabetes prevalence than BMI, WC and waist/hip
factor, after adjustment for blood pressure and family history
for diabetes. In older men, the OR for LAP was lower than the
other anthropometric parameters and in young men the LAP
was higher only for BMI. It was equal to the other indexes (4).
Literature has demonstrated the association of LAP with
glucose metabolism alterations in different populations with
varied statistical analysis. The results point out the efficacy
of this index and its’ superiority when compared with other
indexes that only use anthropometric measurements. Some
studies show efficacy between both sexes, but this is not
completely clarified.
On the other hand, the need of calculating the LAP and
the absence of cutoff lowers its applicability on screening of
individuals at risk. Another aspect to consider is that the correlation between TG and glucose13 and between WC and blood
glucose14 may suggest that the calculation of LAP wouldn’t
be an added advantage in predicting changes on glucose
metabolism. However, there is also evidence showing that
the combination of TG and WC is able to identify individuals
with greater amount of visceral fat, which is an important risk
factor for metabolic syndrome, diabetes and coronary artery
disease (2,3,11,12,15).
Our study’s limitation was the evaluation of a unique
glucose metabolism parameter (fasting glycemia), and an association with HOMA-IR was not performed or even a glucose
overcharge test. Nevertheless, this is a good parameter because
it is easy to obtain and it is not very expensive.
CONCLUSION
It is concluded that the Lipid Accumulation Product (LAP)
is correlated with glycemia in female university students. Our
findings reinforce previous studies that suggest association
of LAP and glucose metabolism markers. LAP usage must be
considered to follow up alterations in the glucose metabolism
biomarkers in young women.
RESUMEN
La utilización de índices antropométricos para rastrear
factores de riesgo cardiovascular y metabólico, ha sido de
interés en varios estudios durante los últimos años. El Producto
de Acumulación Lipídica (PAL) innova al combinar la circunferencia de cintura (CC), el cual es un parámetro antropométrico,

TABLE 2
Linear modeling between fasting glycemia (dependent variable) and LAP (independent variable) in university students.
LAP		
		

Beta

Glycemia
CI 95%

R²

Crude

0,317

0,024; 0,610

0,039

Model 1*

0,278

-0,017; 0,573

0,056

Model 2**

0,231

-0,076; 0,538

0,074

*Model 1: adjusted by age; **Model 2: adjusted by age, physical activity, smoking and alcohol drinking; CI 95%: confidence interval 95%.
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con un parámetro bioquímico: los triglicéridos en ayunas.
Kahn propuso el PAL el año 2005 como un índice mejor que
el Índice de Masa Corporal (IMC) para predecir riesgo cardiovascular. Algunos estudios publicados no muestran el PAL en
una población de mujeres jóvenes. Por esta razón, el objetivo
del presente estudio fue analizar la asociación entre PAL y la
glucemia en ayunas en estudiantes universitarias. Se detectó
una correlación significativamente positiva, confirmando
estudios previos en diferentes poblaciones.
Palabras clave: Glucemia, glucosa en sangre, producto de
acumulación lipídica, estudiantes universitarias.
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