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Abstract

Objective: The metabolic syndrome (MS) is a cluster of cardiometabolic factors, which predisposes to
diabetes and cardiovascular disease (CVD). Early detection of high-risk individuals for MS using
accurate measures of insulin resistance (IR) could improve detection and prevention of CVD and
diabetes. The aim of this study was to explore the ability of lipid accumulation product (LAP),
compared with traditional measures of IR, to identify MS.
Design: In total, 768 Spanish adults were recruited. MS was assessed using the revised criteria of
National Cholesterol Education Program/Adult Treatment Panel III (NCEP/ATP III) and International
Diabetes Federation (IDF). Measures of IR such as homeostasis model assessment of IR and LAP, an
index of lipid accumulation based on a combination of waist circumference and serum triglycerides,
were calculated. Receiver operating characteristic analysis was performed in order to detect the
parameter with the best predictive capability for MS.
Results: The prevalence of MS-NCEP/ATP III and MS-IDF was 15.1 and 20.5% for men respectively,
and 15.4 and 17.5% for women. LAP showed the highest diagnostic accuracy for MS-NCEP/ATP III
(area under the curve 0.91 and 0.90 among males and females) and MS-IDF (0.88 for both males and
females). This was confirmed by internal validation using 20 000 bootstrap samples. Among males
and females, different LAP cut-off values exhibited high sensitivity (78–85%) and specificity (78–85%)
for MS-NCEP/ATP III and MS-IDF identification with elevated efficiency (proportion of positives and
negatives classified correctly by the testZ78–85%). When the sample was stratified according to
decades of life, LAP exhibited a slightly lower performance among women than men, especially for
MS-IDF detection.
Conclusions: In non-diabetic adults LAP has a strong and reliable diagnostic accuracy for MS-IDF and,
especially, MS-NCEP/ATP III among females and, in particular, among males from Spain.

European Journal of Endocrinology 164 559–567
Introduction

The metabolic syndrome (MS) is a cluster of cardio-
vascular and metabolic risk factors including central
obesity, insulin resistance (IR), hypertension, predia-
betes or diabetes, hyperinsulinemia, and dyslipidemia.
These well-known risk factors cosegregate in a subject
more often than might be expected by chance, and
predispose to type 2 diabetes, and appear, albeit
controversially, to be a risk factor for cardiovascular
disease (CVD) (1).

The etiology of MS is not well understood, but
predisposing factors include aging, inflammation,
obesity, sedentary lifestyle, and genetics. Experimental
and epidemiologic studies have suggested that IR and
visceral adiposity are the basis of this syndrome (1).
ndocrinology
Early and accurate identification of high-risk individ-
uals for MS could be important to predict and prevent
CVD and type 2 diabetes. Unfortunately, up until now,
it has been quite difficult to detect robust and accurate
predictors for MS. Recently, we reported a strong
association between lipid accumulation product (LAP)
and MS defined using the revised diagnostic criteria of
National Cholesterol Education Program/Adult Treat-
ment Panel III (NCEP/ATP III, area under receiver
operating characteristic (ROC) curve 0.91) in healthy
Argentinean adult males (2). LAP, a novel index of
central lipid accumulation based on a combination of
waist circumference (WC) and serum triglycerides (TG),
has also been associated with risk for CVD (3) and type 2
diabetes (4). The aims of the present study were, first,
to replicate the strong positive correlation reported
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between LAP and MS-NCEP/ATP III, and, then, to
explore the LAP’s ability to diagnose MS defined
according to the International Diabetes Federation
criteria (MS-IDF), in a sample population integrated by
healthy adult males and females from Spain.
Subjects and methods

Population

This study includes cross-sectional epidemiological
analyses in a sample of 768 non-diabetic unrelated
Caucasian men (nZ352) and non-pregnant women
(nZ416) recruited by a simple random sampling
approach from a target population of 63 417 inhabi-
tants in rural and urban areas of the province of Segovia,
in Central Spain (Castilla-León), aimed at investigating
the prevalence of anthropometric and physiological
variables related to IR, obesity, and MS (5). From an
original sample of 2992 men and non-pregnant women,
1166 agreed to participate. Individuals with a previous
diagnosis of type 1 diabetes, liver or heart failure,
surgery or hospitalization in the past year, or body
weight modifications O5 kg during last 6 months were
excluded (nZ133). In addition, 224 individuals refused
to participate due to personal reasons. In the remaining
sample (nZ809), 41 individuals with known type 2
diabetes were excluded. The prevalence of diabetes was
8.9% (nZ72; individuals with known diabetes under
treatmentZ41, 5.1%).

The age of this sample population ranged between 36
and 77 years (mean age 54.3GS.D. 11.7 years). Table 1
summarizes the clinical characteristics of the study
population. All subjects gave their written consent to
participate in the study. The study was carried out in
accordance with the Declaration of Helsinki, and was
approved by the ethic committee of our hospital.
Clinical measurements

Anthropometric measurements included body mass
index (BMI), WC, hip circumference, and waist-to-hip
ratio. Systolic (SBP) and diastolic blood pressures (DBP)
were measured three times in the seated position after
10 min of rest by use of a sphygmomanometer.

After an overnight fast period, 20 ml of blood were
obtained from an antecubital vein without compression,
centrifuged, and frozen immediately at K20 8C. Plasma
glucose was determined in duplicate by a glucose-
oxidase method using an autoanalyzer Hitachi 704
(GLU Glucose GOD-PAP, Roche Diagnostics). Total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and TG were measured by enzymatic methods
using commercial kits (TG Triglycerides GPO-PAP, CHOL
Cholesterol CHOD-PAP and Phosphotungstate Precipi-
tant, Roche Diagnostics) using an autoanalyzer Hitachi
704. Low-density lipoprotein cholesterol (LDL-C) was
www.eje-online.org
calculated using the Friedewald formula. Serum insulin
concentration was determined by a specific RIA
(Human Insulin Specific RIA kit, Linco Research, Inc.,
St Louis, MO, USA) with a lower detection limit
of 2 mU/ml, intra- and inter-assay coefficient of variation
being !1 and !7.43% respectively. Cross-reactivity is
!0.2% to intact human proinsulin.

An oral glucose tolerance test using 75 g of glucose
was carried out according to the WHO recommen-
dations, and the results were interpreted in accordance
with Genuth et al. (6).

IR was estimated by the homeostasis model assess-
ment of IR (HOMA-IR) method using the software
HOMA Calculator version 2.2.2 for Windows (Diabetes
Trials Unit, University of Oxford, www.dtu.ox.ac.uk/
homa/) (7).

The diagnosis of MS was established according to
the revised criteria of the NCEP/ATP III (MS-NCEP/
ATP III) (8): any three or more of the following
criteria: i) WCO102 cm (men) or O88 cm (women),
ii) fasting TGR150 mg/dl, iii) SBPR130 and/or
DBPR85 mmHg, iv) fasting HDL-C!40 mg/dl (men)
or !50 mg/dl (women), and v) fasting plasma glucose
(FPG)R5.6 mmol/l. We have additionally classified
individuals according to the IDF definition of the MS
for Europid populations (MS-IDF) (9): central adiposity
(defined as WCR94 cm for men and R80 cm for
women) is a prerequisite factor for the diagnosis of the
MS-IDF, and two of the following criteria are also
necessary: TGR150 mg/dl or specific treatment for
this abnormality, low HDL-C (!40 mg/dl in men and
!50 mg/dl in women) or specific treatment, high BP
(SBPR130 and/or DBPR85 mmHg) or treatment of
diagnosed hypertension, and FPGR5.6 mmol/l or
previously diagnosed T2DM.

LAP was defined as (WC (cm)K65)!(TG concen-
tration (mmol/l)) for men, and (WC (cm)K58)!(TG
concentration (mmol/l)) for women (3). LAP was
created to describe the extent to which a subject had
traveled the route of both increasing waist and TG. The
formula includes the minimum WC values used to
define sex-specific origin points (65 and 58 cm for men
and women respectively) at Third National Health and
Nutrition Examination Survey (NHANES III) (3). In our
sample population, the minimum WC values for men
(70 cm) and women (59 cm) were quite similar to those
used in the original equation for the definition of LAP.
The adjustment of LAP formula according to the
minimum WC values of our sample population did not
change findings (data not shown). For comparison
purposes, we used the original formula (3).

The diagnosis of enlarged waist elevated TG syn-
drome (EWETS, TGR128 mg/dl, and WCR95 cm in
men and R88 cm in women) and hypertriglyceridemic
waist (HW, TGR176 mg/dl, and WCR90 cm in men
and R80 cm in women) was established according to
previous criteria (10).
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Statistical analysis

Data are presented as meanGS.D. Prevalence rates
are expressed as percentages. The areas under the curves
(AUCs) for ROC curves were determined for each
continuous variable to identify the predictors of MS-
NCEP/ATP III and MS-IDF. AUCs are provided with S.E.M.
and 95% confidence intervals (95% CI). ROC curves, a plot
of the sensitivity (SEN) (true positive) versus 1-specificity
(SP) (false positive) for each potential predictor tested,
determine the ability of a screening measure for correctly
identifying individuals based on their classification by a
reference test. Values for each AUC can be between 0 and
1, with a value of 0.5 indicating that the diagnostic test is
no better than chance. Therefore, values O0.5 are
desirable, with 1 indicating perfect diagnostic accuracy,
although this is rare in practice. A parameter possesses
accurate diagnostic sensibility when the AUC value is
O0.75 (11). Analyses of SEN, SP, correct classification
rate or efficiency (EFF) and Youden’s index (J) were
performed using principal cut-off values for MS-NCEP/ATP
III and MS-IDF diagnosis (SEN, SP, EFF, Youden’s index, J).
We defined the best cut-off value as the value with the
highest EFF (proportion of positives and negatives classi-
fied correctly by the test) and J index (12). A bootstrapping
procedure was used 20 000 times to validate best
AUCs for MS (13). A P value !0.05 was considered
statistically significant. Statistical analyses were con-
ducted using SPSS version 11.5 (SPSS, Inc., Chicago, IL,
USA), except for ROC analysis and bootstrapping (Simstat
for Windows version 2.5.6, Provalis Research, Montreal,
Canada), and analyses of SEN, SP, EFF and J (DAG_Stat –
Diagnostic and Agreement Statistics) (14).
Results

Prevalence of MS and obesity

The average age of the subjects was 53.5GS.D. 11.7
years for men (range: 36–76 years) and 54.5G11.5 years
Table 2 Areas under ROC curves for top five variables associated w

MS-NCEP/ATP III AUCGS.E.M. (95% CI)

Variables Men Variables Women

LAP 0.91G0.02a

(0.86–0.95)
LAP 0.90G0.02a

(0.86–0.94)
TG/HDL-C 0.86G0.03

(0.81–0.91)
WC 0.89G0.02

(0.85–0.92)
TG 0.85G0.03

(0.78–0.91)
TG/HDL-C 0.85G0.02

(0.81–0.90)
WC 0.83G0.03

(0.77–0.89)
BMI 0.84G0.02

(0.80–0.88)
BMI 0.79G0.04

(0.72–0.86)
HOMA-IR 0.83G0.03

(0.78–0.88)

AUC, area under the curve; BMI, body mass index; CI, confidence intervals;
accumulation product; MS-IDF, International Diabetes Federation-diagnosed
Program/Adult Treatment Panel III-diagnosed metabolic syndrome; ROC, recei
TG/HDL-C, triglycerides-to-high-density lipoprotein cholesterol ratio; WC, waist
aThe highest AUCs are printed in bold.

www.eje-online.org
for women (range: 36–77 years). The general charac-
teristics of the 768 subjects are shown in Table 1. The
prevalence of MS-NCEP/ATP III and MS-IDF was 15.1
and 20.5% for men respectively, and 15.4 and 17.5%
for women respectively. The frequencies of the MS
components were as follows: high WC according to the
IDF definition, 63.7%; high BP, 41.7%; high WC
according to the NCEP/ATP III criteria, 32.0%; high
FPG, 15.1%; low HDL-C, 14.3%; and high TG, 13.5%.
The prevalence of obesity was 22.2 and 27.1% for men
and women.
ROC analysis for MS

LAP exhibited the highest diagnostic accuracy for both
MS-NCEP/ATP III (AUC 0.91G0.02 (95% CI 0.86–0.95)
for men and 0.90G0.02 (0.86–0.94) for women) and
MS-IDF (0.88G0.02 (0.84–0.92) for both men and
women). Among males, TG/HDL-C ratio showed the
second highest diagnostic ability for both MS-NCEP/ATP
III (0.86G0.03 (0.81–0.91)) and MS-IDF (0.85G0.03
(0.80–0.90)). Among females, WC showed the second
highest diagnostic ability for MS-NCEP/ATP III (0.89
G0.02 (0.85–0.92)), while TG/HDL-C ratio exhibited the
second highest diagnostic accuracy for MS-IDF (0.85
G0.02 (0.81–0.90)). Table 2 summarizes the ROC
analysis for MS.

In age-adjusted ROC analysis, LAP also was the
variable with the highest diagnostic accuracy for
both MS-NCEP/ATP III (AUC 0.89G0.02 (95% CI
0.86–0.93) for men and 0.88G0.02 (0.85–0.91) for
women) and MS-IDF (0.87G0.02 (0.83–0.90) for men
and 0.86G0.02 (0.83–0.89) for women) (Table 3).

When four or five diagnostic criteria were present,
the LAP’s AUCs for MS-NCEP/ATP III and MS-IDF were
even higher among males (0.94G0.01 (0.92–0.97)
and 0.93G0.02 (0.90–0.96) respectively) and females
(0.96G0.01 (0.94–0.99) and 0.91G0.05 (0.90–0.96)
respectively). In these subgroups, age-adjusted ROC
ith metabolic syndrome.

MS-IDF AUCGS.E.M. (95% CI)

Variables Men Variables Women

LAP 0.88G0.02a

(0.84–0.92)
LAP 0.88G0.02a

(0.84–0.92)
TG/HDL-C 0.85G0.03

(0.80–0.90)
TG/HDL-C 0.85G0.02

(0.81–0.90)
TG 0.83G0.03

(0.77–0.88)
WC 0.84G0.02

(0.80–0.89)
WC 0.82G0.02

(0.78–0.86)
SBP 0.82G0.03

(0.77–0.87)
BMI 0.78G0.03

(0.72–0.84)
TG 0.81G0.03

(0.76–0.87)

HOMA-IR, homeostasis model assessment of insulin resistance; LAP, lipid
metabolic syndrome; MS-NCEP/ATP III, National Cholesterol Education

ver operating characteristics; SBP, systolic blood pressure; TG, triglycerides;
circumference.
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Table 3 Age-adjusted ROC analysis for top five variables associated with metabolic syndrome.

MS-NCEP/ATP III AUCGS.E.M. (95% CI) MS-IDF AUCGS.E.M. (95% CI)

Variables Men Variables Women Variables Men Variables Women

LAP 0.89G0.02a

(0.86–0.93)
LAP 0.88G0.02a

(0.85–0.91)
LAP 0.87G0.02a

(0.83–0.90)
LAP 0.86G0.02a

(0.83–0.89)
TG/HDL-C 0.84G0.02

(0.80–0.88)
WC 0.85G0.02

(0.82–0.99)
TG/HDL-C 0.83G0.02

(0.79–0.87)
TG/HDL-C 0.84G0.02

(0.81–0.88)
WC 0.83G0.02

(0.79–0.88)
TG/HDL-C 0.85G0.02

(0.81–0.89)
TG 0.80G0.02

(0.76–0.84)
WC 0.81G0.02

(0.77–0.85)
TG 0.82G0.02

(0.78–0.86)
BMI 0.80G0.02

(0.77–0.84)
WC 0.80G0.02

(0.77–0.84)
TG 0.80G0.02

(0.76–0.84)
BMI 0.82G0.02

(0.77–0.86)
HOMA-IR 0.80G0.02

(0.77–0.84)
BMI 0.79G0.02

(0.75–0.83)
SBP 0.79G0.02

(0.76–0.83)

AUC, area under the curve; BMI, body mass index; CI, confidence intervals; HOMA-IR, homeostasis model assessment of insulin resistance; LAP, lipid
accumulation product; MS-IDF, International Diabetes Federation-diagnosed metabolic syndrome; MS-NCEP/ATP III, National Cholesterol Education
Program/Adult Treatment Panel III-diagnosed metabolic syndrome; ROC, receiver operating characteristics; SBP, systolic blood pressure; TG, triglycerides;
TG/HDL-C, triglycerides-to-high-density lipoprotein cholesterol ratio; WC, waist circumference.
aThe highest AUCs are printed in bold.
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analysis showed similar results among males (0.94
G0.02 (0.89–0.99) and 0.93G0.02 (0.89–0.98)
respectively) and females (0.95G0.03 (0.90–1.00)
and 0.89G0.03 (0.83–0.96) respectively).

Most but not all findings were confirmed in ROC
analysis when the sample was stratified according
to decades of life. Specifically, LAP was ranked among
the best top five variables for both MS-NCEP/ATP III
and MS-IDF, among men (AUC-ROCs: 0.86–1.00
and 0.82–0.95 respectively) as well as among women
(AUC-ROCs: 0.79–0.95 and 0.78–0.93). Among men, LAP
exhibited the highest AUC-ROC for both MS-NCEP/ATP
III and MS-IDF in the first (1.00 and 0.94 respectively),
second (0.96 and 0.95 (together with WC) respectively),
and fourth (0.89 and 0.84 respectively) decades, while
among women, LAP was the top variable for MS-NCE-
P/ATP III in the third (0.91) and fourth (0.79 (together
with TG/HDL-C)) decades, and was the top variable
for MS-IDF in the third decade (0.86). The overall
performance through decades showed that LAP was,
among men, the best variable for both MS-NCEP/ATP
III and MS-IDF identification, while among women,
both LAP and TG/HDL-C were the best variables for
detection of MS-NCEP/ATP III, and TG/HDL-C was
the top variable for MS-IDF (Table 4).
Internal validation

The highest diagnostic accuracy of LAP for MS
was confirmed using 20 000 bootstrap samples:
MS-NCEP/ATP IIIZ0.93G0.03 (0.88–0.98) for men
and 0.91G0.03 (0.85–0.96) for women, and MS-IDFZ
0.90G0.03 (0.84–0.95) for men and 0.90G0.02
(0.84–0.94) for women.
SEN, SP, EFF and J for MS detection

Analyses of SEN, SP, and EFF were performed in order
to compare the ability of LAP and other metabolic
categories (TG/HDL-C, HW, and EWETS) for MS-NCE-
P/ATP III and MS-IDF detection (Supplementary
Table 1, see section on supplementary data given at
the end of this article). Among men, the overall
performance of LAP to detect MS-NCEP/ATP III was
better in comparison with TG/HDL-C, HW, and EWETS,
as indicated by the balance between SEN and SP (known
as Youden’s index, J). Specifically, LAP (cut-off value
O51.82) exhibited a high combination of SEN (0.85)
and SP (0.85) together with a high efficiency or EFF
(0.85) and an elevated J (0.70) for MS-NCEP/ATP, while
TG/HDL-C (cut-off value O2.86) showed the second
highest performance (SEN, 0.74; SP, 0.82; EFF, 0.81;
and J, 0.56). Even though HW and EWETS showed the
highest SP (0.94 and 0.86 respectively) for MS-NCE-
P/ATP III, their SEN (0.60 and 0.66 respectively) and
J (0.54 and 0.52 respectively) were poor.

In women also, the overall performance of LAP to
detect MS-NCEP/ATP III was better in comparison with
TG/HDL-C, HW, and EWETS. Specifically, LAP (cut-off
value O33.28) exhibited a high combination of SEN
(0.81), SP (0.80), EFF (0.80), and J (0.61) for
MS-NCEP/ATP, while TG/HDL-C (cut-off value O1.64)
showed the second highest performance (SEN, 0.67;
SP, 0.81; EFF, 0.79; and J, 0.48). HW and EWETS
showed the highest SP (0.97 and 0.98 respectively)
for MS-NCEP/ATP, but their SEN (0.36 and 0.39
respectively) and J (0.33 and 0.39 respectively) were
very poor.

In men, the overall performance of LAP to detect
MS-IDF was better in comparison with TG/HDL-C, HW,
and EWETS. Specifically, LAP (cut-off value O48.09)
exhibited a high combination of SEN (0.78), SP (0.81),
EFF (0.81), and J (0.59) for MS-IDF, while EWETS
showed the second highest performance (SEN, 0.68;
SP, 0.90; EFF, 0.86; and J, 0.58). TG/HDL-C (O2.60)
and HW exhibited lower performance (SEN, 0.72 and
0.47; SP, 0.78 and 0.94; EFF, 0.78 and 0.84; J, 0.52 and
0.41 respectively) for MS-IDF.
www.eje-online.org
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In women, the overall performance of LAP to detect
MS-IDF was better in comparison with TG/HDL-C, HW,
and EWETS. Specifically, LAP (cut-off value O31.77)
exhibited a high combination of SEN (0.78), SP (0.78),
EFF (0.78), and J (0.58) for MS-IDF, while TG/HDL-C
(O1.63) showed the second highest performance
(SEN, 0.66; SP, 0.80; EFF, 0.77; and J, 0.45), and
both HW and EWETS exhibited very poor SEN (0.33 and
0.34 respectively).

When the sample was stratified according to decades
of life, LAP exhibited the best overall performance for
MS-NCEP/ATP III and MS-IDF among men, and lesser
ability among women, especially to detect MS-IDF
where the TG/HDL-C ratio showed equal or even
a slightly better performance than LAP. The Supple-
mentary Table 1, includes detailed information about
these findings.
Correlation for components of MS and IR

In males, age- and BMI-adjusted correlation
analysis showed that LAP was correlated with
HDL-C (rZK0.3397, P!0.0001), WC (rZ0.3337,
P!0.0001), TG (rZ0.9519, P!0.0001), FPG
(rZ0.1739, PZ0.001), DBP (rZ0.1157, PZ0.034),
fasting insulin (rZ0.2243, P!0.0001), and HOMA-IR
(rZ0.2555, P!0.0001), but not with SBP (rZ0.1011,
PZ0.064).

In females, age- and BMI-adjusted correlation
analysis showed that LAP was correlated with
HDL-C (rZK0.2693, P!0.0001), WC (rZ0.5543,
P!0.0001), TG (rZ0.9085, P!0.0001), FPG
(rZ0.4036, P!0.0001), DBP (rZ0.1226,
PZ0.016), fasting insulin (rZ0.2724, P!0.0001),
and HOMA-IR (rZ0.3083, P!0.0001), but not with
SBP (rZ0.0761, PZ0.135).

In men, LAP showed a slightly better performance
(cut-off values O51.82 and LAP O48.09; SEN, 0.45
and 0.52 respectively; SP, 0.79 and 0.75; EFF, 0.71 and
0.70; and J, 0.24 and 0.28) to detect IR (HOMA-IR
O2.35, 75th percentile) than the other metabolic
categories such as TG/HDL-C (cut-off values O2.86
and O2.60; SEN, 0.42 and 0.47; SP, 0.78 and 0.74;
EFF, 0.69 and 0.67; and J, 0.20 and 0.21), HW (SEN,
0.24; SP, 0.88; EFF, 0.72; and J, 0.12), and EWETS
(SEN, 0.36; SP, 0.83; EFF, 0.71; and J, 0.19). However,
all indexes showed poor SEN. In women, LAP showed a
slightly better performance (O33.28 and O31.77;
SEN, 0.62 and 0.64 respectively; SP, 0.80 and 0.78; EFF,
0.76 and 0.74; and J, 0.42 and 0.41), to detect IR
(HOMA-IR O2.00, 75th percentile) than the other
metabolic categories such as TG/HDL-C (cut-off values
O1.64 and O1.63; SEN, 0.52 and 0.54; SP, 0.81 and
0.79; EFF, 0.73 for both; and J, 0.32 for both), HW (SEN,
0.19; SP, 0.96; EFF, 0.77; and J, 0.14), and EWETS
(idem to HW). When the sample was stratified
according to decades of life, the performance of LAP to
detect IR remained similar. The Supplementary Table 2,
(see section on supplementary data given at the end of
this article), includes detailed information about these
findings. In addition, LAP showed similar performance,
among men and women, for detecting other indicators
of IR (e.g. 75th percentiles for fasting and 2 h insulin
levels, data not shown).

In men, LAP (O51.82 and O48.09) showed higher
performance (SEN, 0.60 and 0.68 respectively; SP, 0.84
and 0.80; EFF, 0.78 and 0.77; and J, 0.44 and 0.48)
to detect obesity (BMI R30 kg/m2) than TG/HDL-C
(O2.86 and O2.60; SEN, 0.47 and 0.38 respectively;
SP, 0.80 and 0.76; EFF, 0.72 and 0.65; and J, 0.27 and
0.14), HW (SEN, 0.32; SP, 0.91; EFF, 0.78; and J, 0.23),
and EWETS (SEN, 0.51; SP, 0.87; EFF, 0.79; and J,
0.38). In women, LAP (O33.28 and O31.77) showed
higher performance (SEN, 0.65 and 0.68 respectively,
SP, 0.83 and 0.80; EFF, 0.78 and 0.77; and J, 0.48
and 0.49) to detect obesity (BMI R30 kg/m2) than
TG/HDL-C (O1.64 and O1.63; SEN, 0.45 and 0.42
respectively; SP, 0.78 and 0.79; EFF, 0.69 for both; and
J, 0.23 and 0.21), HW (SEN, 0.16; SP, 0.95; EFF, 0.75;
and J, 0.12), and EWETS (SEN, 0.18; SP, 0.96; EFF,
0.75; and J, 0.14). When the sample was stratified
according to decades of life, the overall performance of
LAP to detect obesity remained similar to that found
from the whole sample (data not shown).
Discussion

We found that LAP was the parameter with the
strongest diagnostic accuracy for MS in a sample of
healthy, unrelated Spanish adults. Specifically, LAP’s
AUCs for MS-IDF and, especially, MS-NCEP/ATP III were
notably elevated in females (AUC 0.88 and 0.90
respectively) and males (AUC 0.88 and 0.91 respect-
ively), in particular when four or five diagnostic criteria
were present in females (AUC 0.91 and 0.96 respect-
ively) and males (AUC 0.93 and 0.94 respectively). The
highest diagnostic performance of LAP was observed
among males for MS-NCEP/ATP III (proportion of
positives and negatives classified correctly by the test,
EFFZ85%, Supplementary Table 1). The overall
performance of LAP through decades of life was better
for MS-NCEP/ATP III and MS-IDF detection among
men, and lesser for MS-NCEP/ATP III and, especially,
MS-IDF among women where the TG/HDL-C ability was
similar or even slightly better.

Our findings are highlighted by several aspects. First,
to the best of our knowledge, LAP is the parameter with
the highest diagnostic accuracy reported so far for
MS-NCEP/ATP III and MS-IDF. Second, the reliability of
our findings was confirmed by internal validation using
bootstrapping, a powerful statistical procedure (13).
Third, LAP is simple, inexpensive, and easy to calculate
(3, 4), and could be a useful obesity estimator where
height and/or weight may be difficult to assess (for
example, amputees). Fourth, LAP showed a good
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efficiency to identify MS independently of the classi-
fication used to detect it (using either NCEP/ATP III or
IDF criteria), although its ability was slightly lower for
MS-IDF identification, especially among women. In
addition, LAP’s performance for MS identification was
not affected among individuals with major hypertrigly-
ceridemia, postmenopausal status, or major central
obesity (data not shown). Fifth, in a previous short
report, we found the same LAP’s power to diagnose
MS-NCEP/ATP III among Argentinean adult males
(AUC 0.91) (2), despite the fact that clinical and ethnic
characteristics of the Spanish sample population were
different to those of the sample used in first report (i.e.
older males with lower prevalence of both normal
weight and MS).

LAP is based on a combination of WC and TG. The
components of LAP tend to increase with age (15, 16).
Therefore, LAP was defined to assess the extent to which
an individual had traveled the path of increasing both
TG and WC (3). LAP could be associated to a
dysfunctional and highly lipolytic adipose tissue that is
a central abnormality behind MS and associated
conditions such as CVD and type 2 diabetes (17). In
this sense, it was reported, using population-based data
obtained from the NHANES III, that LAP performs
better than BMI for identifying cardiovascular risk (3)
and diabetes (4). In agreement, single components of
LAP have been associated with risk for CVD, type 2
diabetes, and MS (1, 17). WC, a simple measure of
truncal fat that reflects both abdominal subcutaneous
adipose tissue and, especially, visceral adipose tissue, is a
robust predictor for cardiometabolic risk, and represents
the main component of MS (18). TG, also, is a reliable
predictor for these cardiometabolic syndromes (1).
Moreover, the index TG/HDL-C ratio (O3) has showed
both high SEN and SP for diagnosis of MS (19) and
together with TG (O1.47 mmol/l) are probably among
the best measures available for clinical assessment of IR
(20). However, some studies do not support this view
(21), or suggested that diagnostic ability of these
variables depends on ethnic background (10, 22).

Other surrogates of lipid overaccumulation are HW
and EWETS (10). The first especially applies for men,
and the second for postmenopausal women (22). In our
study, the supremacy of LAP over HW and EWETS (and
in lesser magnitude over TG/HDL-C), for detecting
MS-NCEP/ATP III and MS-IDF, in men as well as in
women through different decades of life, could be, at
least in part, explained by the fact that the former
exhibited superiority over the latter indexes for detecting
IR as well as obesity. Indeed, it was suggested that
accurate detection of discrete metabolic conditions such
as prediabetes and diabetes requires models composed
by continuous rather than dichotomous risk factors
(23). Accordantly, LAP is a remarkable continuous
index of lipid overaccumulation. With qualitative
indexes, SEN, SP, and target population are ‘fixed’,
www.eje-online.org
while with quantitative parameters, such as LAP, all are
flexible, thus improving the efficiency of the test.

This study has some limitations. First, the sample size
was relatively small. However, this limitation was
overcome by performing bootstrapping of principal
findings using 20 000 bootstrap samples. Second,
there is no standard measurement protocol for WC
yet, a component of LAP. Indeed, relationship between
WC, morbidity, and mortality could depend on the
measurement site, although recent data refused any
influence on the association between WC, all-cause and
CVD mortality, CVD, and diabetes (24). In the present
study, LAP’s power to diagnose MS-NCEP/ATP III and
MS-IDF remained quite similar when data were
analyzed using WC measured at the smallest horizontal
girth between the costal margins and the iliac crests
(shown for comparison purposes with our previous
report) (2) compared to the umbilical level (not shown).
In addition, because of TG levels exhibit high biological
variation, indexes which include one TG determination,
such as LAP, could, at least in theory, be a source of bias.
At last, because of the limited value of cross-sectional
designs, additional evidence from prospective studies
is necessary before a firm conclusion can be drawn in
this area.

Of note, LAP has been recently associated with all-
cause mortality in non-diabetic patients at high
cardiovascular risk (25), and with liver steatosis (26),
thus highlighting and enlarging specific key parts of the
corpus of evidence on LAP.

In conclusion, in non-diabetic adults LAP, a continu-
ous variable associated with lipid overaccumulation,
has a strong and reliable diagnostic accuracy for
MS-IDF and, especially, MS-NCEP/ATP III in females
and, particularly, in males from Spain. Our results
are supported by previous studies (2–4) and should be
viewed as a basis for future prospective studies in larger
sample sizes and different ethnic groups.
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