Acta Diabetol (2015) 52:855-863
DOI 10.1007/s00592-015-0715-2

—
@ CrossMark

ORIGINAL ARTICLE

Lipid accumulation product and visceral adiposity index
are effective markers for identifying the metabolically obese

normal-weight phenotype

Tingting Du - Xuefeng Yu - Jianhua Zhang -
Xingxing Sun

Received: 8 November 2014/ Accepted: 20 January 2015/ Published online: 19 February 2015

© Springer-Verlag Italia 2015

Abstract

Aim Studies have identified the metabolically obese
normal-weight (MONW) phenotype, which carries in-
creased risk of diabetes and cardiovascular disease. We
aimed to investigate the ability of lipid accumulation pro-
duct (LAP) and visceral adiposity index (VAI), two
markers of visceral obesity, to identify the MONW
phenotype.

Methods Normal-weight participants [body mass index
(BMI) being of 18.5-23 kg/m’] (n = 3,552; 46.9 % men)
in the 2009 nationwide China Health and Nutrition Survey
were included in our analysis. Four different criteria that
have been published were used to define the MONW
phenotype. LAP and VAI were calculated according to
published formula.

Results Receiver operating characteristic (ROC) curve
analysis revealed that, regardless of the definition used to
define MONW phenotype, both LAP [area under the ROC
curve (AUC) ranging from 0.606 to 0.807 depending on the
criteria used for MONW phenotype] and VAI (AUC
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ranging from 0.611 to 0.835 depending on the criteria used
for MONW phenotype) outperformed anthropometric pa-
rameters including BMI, waist circumference, waist-to-hip
ratio, and waist-to-height ratio for identifying MONW
phenotype. Both LAP and VAI were strongly related to the
MONW phenotype, irrespective of the criteria used to
define the MONW phenotype. The associations between
the 4th quartile of LAP and the MONW phenotype or
between the 4th quartile of VAI and the MONW phenotype
were consistently seen in various subgroups.

Conclusion Our study demonstrates that both LAP and
VAI are effective markers for identifying the Chinese
adults with MONW phenotype.

Keywords Metabolically obese normal weight - Lipid
accumulation product - Visceral adiposity index

Introduction

The metabolically obese normal-weight (MONW) indi-
viduals, despite having normal body weight, but who, like
people with obesity, are characterized by the presence of a
cluster of cardiovascular risk factors including insulin re-
sistance, impaired glucose tolerance, atherogenic lipid
profiles, and hypertension [1, 2]. Evidence has shown that
MONW individuals accounted for more than 20 % of the
normal-weight population [2, 3]. Moreover, emerging
evidence has indicated that the MONW phenotype exhib-
ited increased incidences of diabetes, cardiovascular dis-
eases, and all-cause mortality [4, 5]. The underlying
etiology of the MONW phenotype is not well understood.
Epidemiologic studies have indicated that increased vis-
ceral adipose tissue content is the main mechanism [6, 7].
Early identification of MONW individuals, who often
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elude screening as they are not perceived as high risk, is
important to predict and prevent cardiovascular involve-
ment, particularly in Chinese population, who, despite
being generally less obese, are more prone to visceral fat
accumulation and insulin resistance compared with western
populations [8].

Imaging techniques, such as magnetic resonance imag-
ing (MRI) and computed tomography (CT), are currently
the gold standard for measuring visceral adiposity. How-
ever, they are not suitable for routine clinical practice since
performing MRI and CT scans is expensive, labor inten-
sive, and poses a radiation hazard. We hypothesized that
clinically measurable markers which can capture increased
visceral adiposity may be useful in identifying the MONW
phenotype. The lipid accumulation product (LAP), an in-
dex based on a combination of waist circumference (WC)
and fasting triglyceride (TG), and visceral adiposity index
(VAD), an index estimated with the use of both anthropo-
metric (BMI and WC) and metabolic [TG and high-density
lipoprotein cholesterol (HDL-C)] parameters, are two re-
liable markers of central lipid accumulation [9, 10].
Therefore, we aimed to investigate the usefulness of LAP
and VALI for identifying individuals as having the MONW
phenotype in normal-weight persons. In addition, to date,
there is no uniform definition for the MONW phenotype,
which may render findings difficult to compare. Thus, we
further assessed whether there is consistency in the asso-
ciation of the visceral adiposity indicators with MONW
phenotype using different definitions of metabolic obese.

Methods
Study design and participants

The China Health and Nutrition Survey (CHNS) is the only
large-scale longitudinal, household-based survey in China.
Full details of the study have been described elsewhere
[11]. Briefly, the CHNS rounds were conducted in 1989,
1991, 1993, 1997, 2000, 2004, 2006, and 2009. For each
round, a stratified multistage, random cluster process was
employed to draw study sample from each of the nine
provinces (Liaoning, Heilongjiang, Jiangsu, Shandong,
Henan, Hubei, Hunan, Guangxi, and Guizhou), covering
approximately 56 % of China’s population, that vary sig-
nificantly in terms of geography, economic development,
and health status. Each participant provided a written in-
formed consent, and the study was approved by the insti-
tutional review committees of the University of North
Carolina at Chapel Hill, the National Institute of Nutrition
and Food Safety, Chinese Center for Disease Control and
Prevention, and the China-Japan Friendship Hospital,
Ministry of Health.
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The present study examined data from CHNS 2009,
from which fasting blood samples were available. Par-
ticipants aged >18 years and with a BMI of 18.5-23 kg/
m? [according to the World Health Organization (WHO)
criteria for Asians, normal weight is defined as BMI of
18.5-23 kg/m?] [12] were eligible for the current analysis.
Exclusion criteria included pregnancy, no fasting before
blood withdrawal, and with incomplete information on
metabolic abnormalities that used to define MONW
phenotype. The final sample for the present analysis
consisted of 3,552 normal-weight participants. All par-
ticipants were asked to complete a structured question-
naire which provided information on age, sex, urban/rural
settings, regions (southern/northern), educational attain-
ment, histories of current and previous illness, and med-
ical treatment.

Measurements

BMI was calculated as weight (in kilograms) divided by
the square of height (in meters). WC was measured with an
inelastic tape at a midpoint between the bottom of the rib
cage and the top of the iliac crest at the end of exhalation.
Seated systolic/diastolic blood pressure (BP) was measured
by trained technicians in triplicate after a 10-min rest, using
mercury manometers. The three readings were averaged as
the BP values in our data analysis.

Blood was collected after an overnight fast. Serum
samples were stored at —86 °C for later laboratory analy-
sis. All blood samples were analyzed in a national central
laboratory in Beijing using the Hitachi 7600 automated
analyzer (Hitachi Inc., Tokyo, Japan), with strict quality
control. Fasting glucose was measured by the GOD-PAP
method (Randox Laboratories Ltd, UK). Serum TG was
measured by GPO-PAP method (Kyowa Medex Co.,
Tokyo, Japan). Low-density lipoprotein cholesterol (LDL-
C) and HDL-C concentrations were measured enzy-
matically (Kyowa, Japan). Serum apolipoprotein Al and
apolipoprotein B were measured by immunoturbidimetric
method (Randox Laboratories Ltd, UK). Hypersensitive
C-reactive protein (hs-CRP) was determined by immuno-
turbidimetric method (Denka Seiken, Japan reagents).
Serum uric acid (UA) was measured by enzymatic colori-
metric method (Randox Laboratories Ltd, UK). Serum
alanine aminotransferase (ALT) was measured enzy-
matically (Randox Laboratories Ltd, UK). Fasting insulin
was measured using the radioimmunology assay (Gamma
counter XH-6020, China). Insulin resistance was estimated
by the homeostasis model assessment (HOMA-IR) for-
mula: HOMA-IR = fasting insulin (micro-international
units per milliliter) x FPG (millimoles per liter)/22.5. LAP
and VAI were calculated using the published formula [9,
10]. LAP: [9] men: [WC (cm) — 65] x [TG (mmol/1)];
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women: [WC (cm) — 58] x [TG (mmol/l)]. To avoid
having nonpositive values for LAP, we reassigned any WC
values for men/women that were <65/58 cm—-66.0/
59.0 cm. VAL [10] men: [WC/39.68 + (1.88 x BMI)] x
(TG/1.03) x (1.31/HDL); women: [WC/36.58 + (1.89 x
BMI)] x (TG/0.81) x (1.52/HDL), where both TG and
HDL levels are expressed in mM.

Definitions

Based on previous studies, we used four definitions to
identify MONW phenotype: (1) Wildman criterion [2]:
having more than two cardiometabolic abnormalities
(systolic/diastolic BP > 130/85 mmHg or use of antihy-
pertensive drugs, TG > 1.7 mmol/l or use of lipid-lower-
ing drugs, fasting glucose >5.6 mmol/l or use of
medications for diabetes, HOMA-IR > 5.13, hs-CRP >
0.1 mg/l, HDL-C > 1.0/1.3 mmol/l for men/women); (2)
Karelis criterion [13]: meeting more than two metabolic
factors (HOMA > 2.7, TG > 1.7 mmol/l or use of lipid-
lowering drugs, HDL-C > 1.0/1.3 mmol/I for men/women,
LDL-C > 2.6 mmol/l, hs-CRP > 3.0 mg/l); (3) the Adult
Treatment Panel-IIT (ATP III) definition of metabolic
syndrome [14]: having more than two metabolic abnor-
malities (WC > 90/80 cm for men/women, systolic/dias-
tolic BP > 130/85 mmHg or use of antihypertensive drugs,
TG > 1.7 mmol/l or use of lipid-lowering drugs, fasting
glucose >5.6 mmol/l or use of medications for diabetes,
HDL-C > 1.0/1.3 mmol/l for men/women); and (4) the
HOMA index [15]: having HOMA-IR in upper quartile of
the HOMA index.

Statistical analysis

All statistical analyses were conducted using SPSS soft-
ware (version 12.0 for windows; SPSS, Chicago, IL,
USA). Participants were categorized into two phenotypes:
metabolically healthy normal-weight (MHNW) and
MONW. Continuous variables were presented as medians
(25th—75th percentiles) due to their skewed distribution.
Mann—Whitney U test was applied to compare MHNW
and MONW individuals. Categorical variables were ex-
pressed as percentages. A Chi-square test was used to
assess differences in proportions between groups. A ROC
curve analysis was performed for each adiposity measure
to determine its ability to correctly discriminate MONW
phenotype. The overall diagnostic accuracy was quanti-
fied using the area under the ROC curve (AUC). Odds
ratios (OR) and corresponding 95 % confidence intervals
(CI) were estimated with the use of logistic regression
analysis. Significance was accepted at a two-tailed
P < 0.05.

Results

The prevalence of MONW phenotype ranged from 28.2 to
47.9 % depending on the definition. Characteristics of the
MONW and MHNW phenotype using Wildman criterion
are presented in Table 1. MONW individuals were older
than MHNW persons. Both groups were comparable for
BMI, upper arm circumference, and triceps skin fold.
However, WC, systolic and diastolic BP, TC, TG, LDL-C,
apolipoprotein B, fasting glucose, fasting insulin, HOMA-
IR, hs-CRP, UA, ALT, LAP, and VAI were significantly
higher, whereas HDL-C and apolipoprotein Al were lower
in MONW than in MHNW participants (P < 0.001 for all
these components). Not surprisingly, the prevalence of all
components of the Wildman’s criterion as well as the
prevalence of hyperuricemia was considerably higher in
MONW than in MHNW participants (P < 0.001 for all
these components).

ROC curves were generated to assess which obesity
measures may serve as markers for predicting the MONW
phenotype. We found that all adiposity measures including
BMI, WC, waist-to-hip ratio, waist-to-height ratio, LAP
and VAI were able to predict the MONW phenotype
(Table 2). Comparing all these ROC curves, we observed
that VAI exhibited the highest diagnostic accuracy for the
MONW phenotype (AUC ranging from 0.611 to 0.835
depending on the criteria used for MONW phenotype),
whatever the definition of MONW phenotype. LAP was the
variable with the second highest diagnostic ability for the
MONW phenotype (AUC ranging from 0.606 to 0.807
depending on the criteria used for MONW phenotype). To
examine whether reassignment of WC values to avoid
having nonpositive values would have impact on the above
results, we repeated the ROC curve analysis after excluding
men with WC < 65 cm and women with WC < 58 cm.
The relevant results were largely replicated (Additional file
1). In the remaining analysis, we focus on the associations
of MONW phenotype with LAP and VAL, since they are
more accurate measures of adiposity and more predictive
of MONW phenotype.

Both LAP and VAI were strongly related to MONW
phenotype, irrespective of the criteria used to define the
MONW phenotype (Fig. 1). The risk of MONW phenotype
rose progressively with increasing values of LAP, with no
evidence of a threshold. The crude ORs (95 % Cls) (model
1) for MONW phenotype using Wildman criteria were 1.46
(1.20-1.79) for the second, 2.37 (1.95-2.88) for the third,
and 8.77 (7.07-10.87) for the fourth LAP quartile, in
comparison with the first LAP quartile. This association
was attenuated but still highly significant (P < 0.001) after
adjustment for potential intermediate variables (model 3).
A trend toward higher risk of MONW phenotype according
to Wildman criteria was observed as VAI increased.
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Table 1 Characteristics of
metabolically healthy normal-
weight and metabolically obese

Metabolically healthy
normal weight

Metabolically obese P
normal weight

normal-weight individuals n

according to Wildman criterion Age (years)

Men (%)

Current smokers (%)

Current drinkers (%)

Northern residents (%)

Less than primary school (%)
Body mass index (kg/m?)

Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mmol/l)
Triglycerides (mmol/l)

LDL cholesterol (mmol/1)

Total cholesterol/HDL cholesterol

Triglycerides/HDL cholesterol
HDL cholesterol (mmol/l)
Apolipoprotein Al (g/l)
Apolipoprotein B (g/1)
Fasting glucose level (mmol/l)
Fasting insulin level (nIU/ml)
HOMA-IR

Hs—C-reactive protein (mg/l)
Uric acid (mg/dl)

Values are medians (25th-75th Alanine aminotransferase (UI)

percentiles)

HOMA-IR homeostasis model

. . . Visceral adiposity index
assessment of insulin resistance

Lipid accumulation product (cm x mmol/l)

1,852 1,700 -

43.8 (34.1-55.6) 55.3 (44.0-65.9) <0.001
44.9 49.1 0.014
27.7 31.6 0.010
11.5 14.4 0.008
335 38.9 0.001
39.4 51.7 <0.001
20.9 (19.8-21.9) 21.4 (20.3-22.2) 0.053
75.0 (71.0-80.0) 78.0 (74.0-83.0) <0.001
112.0 (106.7-120.0) 126.7 (116.7-139.3)  <0.001
74.7 (70.0-80.0) 80.7 (74.0-89.3) <0.001
4.5 (4.0-5.1) 4.8 (4.1-5.5) <0.001
0.9 (0.7-1.2) 1.3 (0.9-1.9) <0.001
2.7 (2.2-3.2) 2.9 (2.3-3.6) <0.001
2.8 (2.5-3.3) 3.5 (2.9-4.3) <0.001
0.6 (0.4-0.8) 1.0 (0.6-1.6) <0.001
1.5 (1.4-1.8) 1.4 (1.2-1.6) <0.001
1.2 (1.0-1.3) 1.1 (1.0-1.3) <0.001
0.8 (0.6-0.9) 0.9 (0.7-1.1) <0.001
4.8 (4.5-5.1) 5.2 (4.7-5.8) <0.001
8.6 (6.3-11.5) 10.1 (7.0-14.8) <0.001
1.8 (1.3-2.5) 2.4 (1.6-3.7) <0.001
0.0 (0.0-1.0) 1.0 (1.0-3.0) <0.001
4.5 (3.7-5.5) 5.0 (4.1-6.1) <0.001
16.0 (12.0-22.0) 17.0 (13.0-24.0) <0.001
12.3 (7.7-19.1) 22.1 (13.0-36.0) <0.001
0.9 (0.6-1.3) 1.5 (0.9-2.5) <0.001

Participants in the highest VAI quintile had a 10.50-fold
(95 % CI 8.39—11.14) increased risk of MONW phenotype
compared with those with a VAI in the lowest quintile
(modell). This relation was persisted even after adjustment
for potential confounding variables (model 3).

Figure 2 shows the crude ORs for MONW phenotype
according to Wildman criterion associated with the top
quartiles of LAP and VAI compared with their first quar-
tiles in various subgroups. The relations between these two
adiposity markers and risk of MONW phenotype were
consistently seen in both genders; all age-groups, irre-
spective of the presence of the cardiometabolic risk factors
(hypertension, apolipoprotein B/apolipoprotein Al > 0.8,
hyperuricemia). However, in all evaluated subgroups, ex-
cept for the diabetes subgroup, the relations between the
4th quartile of VAI and MONW phenotype were consis-
tently stronger than those between the 4th quartile of LAP
and MONW phenotype (P < 0.001). The relations between
LAP or VAI and MONW phenotype disappeared in the
diabetes subgroup. Both LAP (11.05, 5.52-21.88) and VAI
(28.71, 16.01-45.40) showed the strongest relation with
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MONW phenotype in the hyperuricemia subgroup. Results
were replicated when other three criteria were used
separately to define MONW phenotype (data not shown).

Discussion

The present study demonstrated that, despite having the
same BMI as MHNW persons, the MONW individuals
suffered from a worse cardiometabolic profile and had
higher levels of LAP and VAI. The cardiometabolic dis-
orders were also more prevalent in MONW individuals.
Both LAP and VAI were much superior to anthropometric
indicators of obesity such as BMI, WC, waist-to-hip ratio
and waist-to-height ratio for identifying four different
definitions of MONW phenotype. In addition, both LAP
and VAI were highly related to MONW phenotype and the
relationships were consistently seen in men and women,
old and young, and those with or without hypertension,
lipid disorder, or hyperuricemia (which are potential
coexistence of obesity), indicating that both LAP and VAI
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Table 2 Areas under the receiver operating characteristic curve (AUC) for detecting metabolically obese normal-weight phenotype with various

adiposity measures

AUC Cutoff Sensitivity

Specificity

Likelihood ratio PPV

NPV

Wildman criterion

Body mass index (kg/mz) 0.585 21.2 54.71 (52.3-57.1) 59.67 (57.4-61.9) 1.36 (1.3-1.4) 55.5 (53.0-57.9) 58.9 (56.7-61.2)
Waist circumference (cm) 0.626 76.0 60.06 (57.7-62.4) 59.23 (57.0-61.5) 1.47 (1.4-1.6) 57.5 (55.2-59.8) 61.8 (59.5-64.0)
Waist-to-hip ratio 0.617 0.84 6592 (63.6-68.2) 52.44 (50.1-54.7) 1.39 (1.3-1.5) 55.9 (53.7-58.1) 62.7 (60.3-65.2)
Waist-to-height ratio 0.632 047 68.41 (66.1-70.6) 52.86 (50.6-55.2) 1.45 (1.4-1.5) 57.1 (54.9-59.3) 64.6 (62.1-67.0)
Lipid accumulation product 0.717 20.5 64.18 (61.8-66.6) 79.27 (77.3-81.1) 2.61 (2.5-2.7) 70.6 (68.0-73.0) 65.3 (63.3-67.3)
Visceral adiposity index 0.724  1.53 60.76 (58.4-63.2) 85.75 (84.1-87.3) 3.56 (3.4-3.7) 76.6 (74.0-79.0) 65.5 (63.6-67.4)
Karelis criterion

Body mass index (kg/m?) 0.581 214 49.69 (47.1-52.3) 63.21 (61.1-65.3) 1.35 (1.3-1.4) 47.8 (45.2-50.4) 65 (62.9-67.0)
Waist circumference (cm) 0.592 76.0 58.56 (56.0-61.1) 55.82 (53.7-58.0) 1.33 (1.3-1.4) 47.3 (45.0-49.7) 66.5 (64.3-68.7)
Waist-to-hip ratio 0.584 0.84 65.19 (62.7-67.7) 49.24 (47.1-51.4) 1.28 (1.2-1.4) 46.5 (44.3-48.7)  67.7 (65.3-70.0)
Waist-to-height ratio 0.607 0.48 62.27 (59.7-64.8) 55.71 (53.6-57.8) 1.41 (1.3-1.5) 48.8 (46.5-51.1) 68.6 (66.3-70.8)
Lipid accumulation product 0.748 18.2 64.71 (62.2-67.2) 72.52 (70.6-74.4) 2.36 (2.2-2.5) 61.5 (58.9-63.9) 75.2 (73.3-77.1)
Visceral adiposity index 0.786 141 62.41 (59.8-64.9) 81.63 (79.9-83.3) 3.4 (3.2-3.6) 69.7 (67.1-72.2) 76.2 (74.4-78.0)
ATP III criterion

Body mass index (kg/m?) 0.611 21.5 53.64 (50.5-56.8) 63.99 (62.1-65.9) 1.49 (1.4-1.6) 37 (34.5-39.5) 77.8 (76.0-79.6)
Waist circumference (cm) 0.720 78.0 66.1 (63.1-69.0) 70.54 (68.7-72.3) 2.24 (2.1-2.4) 46.9 (44.3-49.5) 84.1 (82.5-85.6)
Waist-to-hip ratio 0.689 0.87 55.73 (52.6-58.9) 72.19 (70.4-73.9) 2 (1.9-2.1) 44 (41.2-46.8) 80.6 (79.0-82.2)
Waist-to-height ratio 0.739 049 63.81 (60.7-66.8) 72.93 (71.2-74.6) 2.36 (2.2-2.5) 48.1 (45.4-50.8) 83.7 (82.1-85.2)
Lipid accumulation product 0.807 21.6 71.98 (69.1-74.7) 81.13 (79.6-82.6) 3.81 (3.7-4.0) 60 (57.2-62.8) 88 (86.7-89.3)
Visceral adiposity index 0.835 1.59 64.71 (61.7-67.7) 84.43 (83.0-85.8) 4.15 (4.04.4) 62 (59.0-65.0) 85.9 (84.4-87.2)
HOMA index

Body mass index (kg/mz) 0.546 20.5 69.21 (67.3-71.1)  38.7 (35.9-41.5) 1.13 (1.0-1.2) 69.4 (67.5-71.2) 38.5 (35.7-41.3)
Waist circumference (cm) 0.545 74.0 64.23 (62.3-66.2) 42.68 (39.8-45.6) 1.12 (1.0-1.2) 69.2 (67.3-71.2) 37.3 (34.7-39.9)
Waist-to-hip ratio 0.509 0.87 37.97 (36.0-40.0) 65.05 (62.2-67.8) 1.09 (1.0-1.2) 68.6 (66.0-71.1) 34.3 (32.3-36.3)
Waist-to-height ratio 0.529 047 54.07 (52.0-56.1) 52.24 (49.4-55.1) 1.13 (1.1-1.2) 69.4 (67.3-71.5) 36.2 (33.9-38.5)
Lipid accumulation product 0.606 20.9 73.72 (71.9-75.5) 41.83 (39.044.7) 1.27 (1.2-1.4) 71.8 (70.0-73.6) 44.2 (41.3-47.2)
Visceral adiposity index 0.611 1.0 66.26 (64.3-68.2) 50.04 (47.2-52.9) 1.33 (1.2-1.4) 72.7 (70.8-74.6) 42.5 (39.9-45.1)

Definitions of each criterion were defined in the “Definitions” section. Values in parentheses are 95 % confidence intervals (CI). PPV positive
predictive value, NPV negative predictive value

were of value, even in those with low levels of other risk
factors, for predicting MONW phenotype. Furthermore, of
the two visceral adiposity indicators assessed, VAI out-
performed LAP for predicting MONW phenotype. To the
best of our knowledge, this is the first study evaluating the
performance of LAP and VAI in identifying the MONW
phenotype.

Our finding that approximately half of the sample had
the MONW phenotype according to Wildman criteria
supports the notion that Asians have a high risk of MONW
[16]. A large abdominal fat accumulation in Asians [§]
may explain the high prevalence. The significantly higher
levels of LAP and VAI in MONW individuals compared
with healthy normal-weight persons may mediate a worse
cardiovascular risk profile through the increased visceral
fat, that in turn confer a higher risk of cardiovascular in-
volvement. The high prevalence of MONW individuals

combined with a significantly increased risk of incidences
of diabetes, cardiovascular disease, and all-cause mortality
in MONW individuals observed in several prospective
cohort studies [4, 5, 17] highlights the importance of
screening for the MONW phenotype.

Emerging evidence shows that the MONW phenotype is
characterized by increased visceral adiposity [6, 7]. Vis-
ceral fat accumulation is strongly associated with delete-
rious cardiometabolic profile [18]. Sophisticated imaging
methods that directly measure the visceral fat are costly
and complicated; thus, surrogate markers of visceral fat are
more commonly utilized. Although BMI is the most fre-
quently used indicator to provide a standardized definition
of obesity, it lacks discriminatory power between fat and
lean tissues, as evidenced by the occurrence of substantial
variation in metabolic disturbance among individuals with
similar levels of adiposity as measured by BMI [2]. This
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Fig. 1 Odds ratios (OR) and 95 % confidence intervals (CI) for
MONW phenotype associated with visceral obesity measures. Ver-
tical bars are 95 % Cls. Metabolically obese normal-weight pheno-
type was defined using four different definitions: Wildman criterion
(a), Karelis criterion (b), ATP III criterion (¢), and HOMA index (d).
Definitions of each criterion were defined in the “Definitions”

limited discriminatory power is especially pertinent for
Asian populations, who have a greater amount of visceral
adipose tissue compared with Europeans per given BMI
value [8, 19]. Moreover, the association between BMI and
the amount of visceral adiposity among elderly individuals
is stronger than that among younger persons as aging is
associated with a condition of sarcopenic obesity charac-
terized by high body fat in the presence of reduced lean
body mass [20]. Hence, grouping elderly individuals by
BMI may incur greater potential error in assuming body fat
content than the standard age-related underestimation as-
sociated with BMI. A similar limitation exists for anthro-
pometric indicators of central obesity including WC, waist-
to-hip ratio, and waist-to-height ratio [21, 22]. Therefore,
greater emphasis should be placed on markers that can
better capture excess visceral accumulation. The Quebec
Cardiovascular Study group firstly introduced the hyper-
triglyceridemic waist phenotype (a combination of
WC > 90 cm along with fasting TG > 2.0 mmol/l), a di-
chotomous index, as a marker of excess visceral adiposity
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section. Model 1 was an unadjusted model. Model 2 was adjusted for
age, sex, socioeconomic status (rural/urban settings, region, and
education level), smoking status, and alcohol use. Model 3 was
adjusted for all variables in model 2 plus ALT, apolipoprotein Al,
apolipoprotein B, and uric acid

and atherogenic metabolic triad (i.e., hyperinsulinemia,
hyperapolipoprotein B and small, dense LDL particles) in
men [23] and demonstrated that the hypertriglyceridemic
waist phenotype was a good predictor of 5-year risk of
cardiovascular disease [24]. The CHICAGO cohort showed
that the hypertriglyceridemic waist phenotype could rep-
resent a simple marker of excess visceral fat in persons
with type 2 diabetes [25]. However, visceral accumulation
may not be adequately described by a dichotomous index
as obesity itself is a continuous process. Alternatively, LAP
has been developed as a continuous index to reflect the
combined anatomic and physiological changes associated
with visceral fat deposition [9]. Previous studies indicated
that LAP was superior to BMI for identifying cardiovas-
cular risk and diabetes [26]. Several prospective studies
demonstrated that LAP outperformed BMI in predicting
all-cause mortality [27, 28]. Our study showed for the first
time that LAP had greater area under the ROC curve than
anthropometric indexes including BMI, WC, waist-to-hip
ratio, and waist-to-height ratio and thus illustrated superior
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Population N

Overall 3552
Men 1666
Women 1886

Young (age <50y) 1802
Old (age 250y) 1750
No hypertension 2912
Hypertension 640

Apo B/apo Al <0.8 2252
Apo B/apo Al 20.8 1300
No diabetes 3384
Diabetes 168

No hyperuricemia 3169

Hyperuricemia 383

Lipid accumulation product
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Fig. 2 Odds ratios (OR) and 95 % confidence intervals (CI) for
metabolically obese normal-weight phenotype according to Wildman
criterion associated with 1 standard deviation increase in a specific
visceral obesity measure in various subgroup. Definitions of Wildman
criterion were defined in the “Definitions” section. Hypertension was
defined as systolic/diastolic blood pressure > 140/90 mmHg or use of

performance of LAP in identifying MONW phenotype.
Similarly, the Alkam Metabolic Syndrome Study firstly
introduced the VAI as a good indicator of visceral adipose
tissue (measured with MRI) and was inversely associated
with insulin sensitivity (evaluated with a euglycemic-hy-
perinsulinemic clamp) [10]. Accumulating evidence
showed that VAI is associated with increased risk of
coronary heart disease [10, 29]. Our finding that VAI had
the highest area under the ROC curve indicates the
supremacy of VAI over LAP for detecting MONW
phenotype.

Both LAP and VAI indicate close relations with the
MONW phenotype, and the relations are consistent in all
subgroups studied, except for the diabetes subgroup. These
findings imply that LAP and VAI, offering advantages of a
reduced economic burden and no radiation exposure, may
serve as predictors of MONW phenotype. Interestingly, in
our study, both LAP and VAI have stronger relations with
MONW phenotype in nondiabetic than in diabetic sub-
group. Coincidently, a recent study showed that LAP
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antihypertensive drugs. Lipid disorder was defined as apolipoprotein
B/apolipoprotein Al > 0.8. Hyperuricemia was defined as
UA > 6 mg/dl for women and > 7 mg/dl for men. Diabetes was
defined as fasting glucose > 7.0 mmol/l or use of medications for
diabetes

predicts mortality better in nondiabetic than diabetic pa-
tients [27]. Although explanations for this remains to be
clarified, it is probably that early changes associated with
lipid overaccumulation and reflected by increased LAP or
VALI trigger a worse cardiovascular risk profile; however,
once the diabetes occurs, other factors rather than visceral
adiposity might become more important. Another expla-
nation for the no significant relations between LAP or VAI
and MONW phenotype in diabetic subgroup might due to
small number of patients with diabetes (n = 168), which
may incur low statistical power. In our study, relations
between LAP or VAI and MONW phenotype were stron-
gest in the hyperuricemia subgroup. This may be related to
the fact that UA is a considerable discriminator between
metabolically healthy and metabolically obese [30].

The limitations of the present study deserve comment.
First, no direct measure of visceral adiposity was done.
Second, since the present study was conducted only in
Chinese population, extrapolating results to other popula-
tions should be interpreted cautiously. Third, estimates
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across subgroups should also be interpreted with caution
because of limited sample size.

In conclusion, both LAP and VAI, easily obtainable
indexes, performed better than usually applied anthropo-
metric parameters for the assessment of MONW pheno-
type, which is of importance given the high prevalence of
MONW phenotype in Chinese population. The early
identification of MONW individuals who are predisposed
to the developments of diabetes and cardiovascular disease
will allow the introduction of early interventions to prevent
or delay the progression to cardiovascular involvement.
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