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Abstract

Background: The present study evaluated the predictive ability of five known “best” obesity and lipid-related
parameters, including body mass index (BMI), waist-to-height ratio (WHtR), triglyceride-to-high-density-lipoprotein-
cholesterol (TG/HDL-Q), lipid accumulation product (LAP) and visceral adiposity index (VAI), in identifying metabolic
syndrome (MetS) in Chinese elderly population.

Methods: A total of 6722 elderly Chinese subjects (260 years) were recruited into our community-based cross-
sectional study from April 2015 to July 2017. The anthropometrics, blood pressure, fasting plasma glucose, blood
lipid profiles, family history and health-related behaviours were assessed.

Results: The prevalence of MetS was 40.4% (32.5% in males and 47.2% in females). With the increase in the number
of MetS components (from 0 to 5), all the five parameters showed an increase trend in both genders (all P for trend
<0.001). According to receiver operating characteristic curve (ROC) analyses, all the five parameters performed high
predictive value in identifying MetS. The statistical significance of the areas under the curves (AUCs) differences
suggested that the AUCs of LAP were the greatest among others in both genders (AUCs were 0.897 in males and
0.875 in females). The optimal cut-off values of LAP were 26.35 in males and 31.04 in females. After adjustment for
potentially confounding factors, LAP was strongly associated with the odds of having MetS in both genders, and

females, better than VAI, TG/HDL-C, WHtR and BMI.

ratio, Body mass index

ORs for MetS increased across quartiles using multivariate logistic regression analysis (P < 0.001).
Conclusion: LAP appeared to be a superior parameter for predicting MetS in both Chinese elderly males and

Keywords: Metabolic syndrome, Obesity and lipid-related parameters, Chinese elderly population, Lipid
accumulation product, Visceral adiposity index, Triglyceride-to-high-density-lipoprotein-cholesterol, Waist-to-height

Background

Metabolic syndrome (MetS) is a complex of interrelated
risk factors for cardiovascular disease (CVD) and dia-
betes. These factors include central obesity, elevated
blood pressure (BP), elevated fasting plasma glucose
(FPQ) levels, elevated triglyceride (TG) levels, and re-
duced high-density lipoprotein cholesterol (HDL-C)
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levels [1-3]. As a result of rapid changes in lifestyle and
dietary habits, MetS has recently become an epidemic
threatening the health of Chinese people, especially
those elderly ones. A systematic review has shown that
the prevalence of MetS is 24.5% in China, and it is
higher (32.4%) in Chinese elderly [4]. Additionally, a na-
tional study in 2014—2015 found that the prevalence of
MetS was higher in the Chinese elderly and females [5].
Hence, early identification of subjects at high risk of
MetS is imperative to prevent occurence and progres-
sion of MetS.
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Obesity and blood lipids are closely related to CVD
and diabetes. Various obesity and lipid-related parame-
ters, especially body mass index (BMI), waist-to-height
ratio (WHIR), triglyceride-to-high-density-lipoprotein-
cholesterol (TG/HDL-C), lipid accumulation product
(LAP) and visceral adiposity index (VAI), have com-
monly been used to predict MetS and each one of these
five parameters has ever been reported as the “best” par-
ameter for predicting MetS in previous studies [6—12].
Nevertheless, there has been no study on all these five
known “best” parameters for predicting MetS to date via
PubMed database (https://www.ncbi.nlm.nih.gov/pubmed)
and it has still been argued about which parameter con-
veys the highest risk of MetS.

BMI is a measurement of body fat based on height
and weight [13]. WHtR reflects abdominal or central
obesity. BMI and WHtR have been regarded as two
powerful anthropometric parameters for detection of
cardiometabolic risk factors in previous studies [6, 7, 14,
15]. Evidence has shown that lipid ratios perform better
than individual lipids in predicting cardiometabolic risk
and TG/HDL-C is considered to be a better marker to
identify MetS [8, 9]. LAP and VAI are two recent indica-
tors and are used to estimate visceral obesity. LAP is cal-
culated as a combination of waist circumference (WC)
and TG [16]. VA] introduced by the AlkaMeSy Study
Group, comprises anthropometric parameters (BMI and
WC) and lipid parameters (TG and HDL-C) [17]. LAP
and VAI have been proposed as simple and useful
markers of MetS in recent studies [10-12].

It is important to identify a parameter to serve as a
quick and powerful tool for prevention and simple diag-
nosis of MetS in Chinese elderly population. Therefore,
the purpose of our study is to compare the predictive
ability of these five “best” obesity and lipid-related pa-
rameters for identifying males and females with MetS in
elderly Chinese subjects.

Methods
Study subjects
This study is a community-based cross-sectional investi-
gation for the elderly population in Shanghai, China. A
total of 7098 residents from Zhangjiang community of
Shanghai aged =60 years were recruited into our study
from April 2015 to July 2017. The study was performed
according to the guidelines of the Helsinki Declaration.
A standard protocol was designed by Shanghai
innovation center of TCM health service and was ap-
proved by the Ethics Committee of Shanghai University
of Traditional Chinese Medicine. Written informed con-
sent was obtained from all subjects.

The inclusion criteria included age > 60 years, local
residents in Shanghai, complete data measurements and
informed consents. Subjects with mental disorders,
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malignant tumors or incomplete recorded information
were excluded from this project based on their medical
records. After investigation, 376 subjects were excluded
from the study. A total of 6722 Chinese elderly subjects
(3077 males and 3645 females) with complete data were
finally included in this study.

Data measurements

The obesity and lipid-related parameters included BMI,
WHtR, TG/HDL-C, LAP and VAL Height and weight
were measured to the nearest 0.1 cm and 0.1kg using
electronic measurement instrument (Shengyuan; Zheng-
zhou, China). WC was measured to the nearest 0.1 cm
using a flexible metric measuring tape (Pudong CDC;
Shanghai, China). All subjects were measured wearing
light clothing without hats and shoes. Blood pressure
was measured with electronic sphygmomanometers
(Biospace; Cheonan, South Korea) using the standard
recommended procedures. Blood samples were obtained
from the antecubital vein in the morning after an over-
night fasting period. FPG, TG, HDL-C, low-density lipo-
protein cholesterol (LDL-C) and total cholesterol (TC)
were measured using an automatic biochemistry
analyzer (Hitachi; Tokyo, Japan). Current smoking
(current smokers or non-smokers), alcohol consumption
(currently consume alcohol or do not consume alcohol)
and family history of CVD (yes or no) were recorded by
self-report.

BMI was calculated as bodyweight (kg)/height® (m?).
WHItR was calculated as WC (cm)/height (cm). TG/HDL-C
was calculated as TG (mmol/L)/HDL-C (mmol/L). LAP and
VAI were calculated based on the gender-specific mathemat-
ical model formula. LAP = [WC (cm) - 65] x TG (mmol/L)
for males, and [WC (cm) - 58] x TG (mmol/L) for females
[16]. WC values <65cm in males and <58 cm in females
were revised upward to 66.0 cm and 59.0 cm to avoid invalid
data [16]. VAI=[WC (cm)/[39.68 + (1.88 x BMI)]] x [TG
(mmol/L)/1.03] x [1.31/HDL-C (mmol/L)] for males,
and [WC (cm)/[36.58 + (1.89 x BMI)]] x [TG (mmol/L)/
0.81] x [1.52/HDL-C (mmol/L)] for females [17].

Definition of MetS

According to the diagnosis criteria proposed by the
International Diabetes Federation (IDF) and the Ameri-
can Heart Association (AHA)/National Heart, Lung and
Blood Institute (NHLBI) in 2009 [1] combined with an
amended definition of abdominal obesity for Chinese
population [18], MetS was defined as the presence of
three or more of those following features: (a) central
obesity: WC2=90cm for males or>85cm for females;
(b) elevated BP: systolic blood pressure (SBP) =130
mmHg or diastolic blood pressure (DBP) = 85 mmHg, or
ongoing antihypertensive medications; (c) elevated FPG:
FPG = 5.6 mmol/L, or ongoing anti-diabetic treatment;
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(d) elevated TG: TG=>=1.7mmol/L; and (e) reduced
HDL-C: HDL-C < 1.0 mmol/L in males and < 1.3 mmol/L
in females.

Statistical analyses

All of the descriptive statistics for all of the variables
were calculated. Categorical variables were expressed as
counts or percentages and compared using Pearson’s x>
tests. Continuous variables were expressed as mean *
standard deviation and compared using two-sided ¢ tests.
One-way ANOVA test was used for comparisons of the
levels of obesity and lipid-related parameters across
number of MetS components. To compare the predict-
ive ability and determine the optimal cut-off values of
the parameters for predicting MetS, receiver operating
characteristic curve (ROC) analyses were used. The areas
under the receiver operating characteristic curves
(AUCs) were calculated, and the optimal cut-off values
were identified from the maximum Youden index (sensi-
tivity plus specificity - 1) to determine the appropriate
parameters. Multivariate logistic regression analysis was
applied to calculate odds ratios (ORs) and 95% confi-
dence intervals (Cls) for MetS across quartiles of the pa-
rameters, with quartile 1 as reference group, adjusting
for potentially confounding factors such as age, current
smoking, alcohol consumption and family history of
CVD. Considering significant gender differences in body

Table 1 The baseline characteristics of the study subjects
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fat distribution and MetS [19, 20], all statistical analyses
were separately performed within males and females.

P values <0.05 were set as significant for all of the
statistical tests for bilateral contrasts. All statistical
analyses were conducted using SPSS version 21.0
(SPSS; Chicago, USA). The statistical significance of
the differences in the AUCs was analyzed using
MedCalc version 17.1.0 (MedCalc; Ostend, Belgium)
with the algorithm developed by DelLong’s research
team [21].

Results

Baseline characteristics

As shown in Table 1, the subjects with MetS tended to
have significantly higher BMI, WC, WHtR, SBP, DBP,
FPG, TG, TG/HDL-C, LAP and VAI and lower HDL-C
compared with the subjects without MetS in both gen-
ders (P<0.001). The subjects with MetS had higher
prevalence of current smoking and alcohol consumption
compared with the subjects without MetS in both gen-
ders (P <0.05). Age, LDL-C and the prevalence of family
history of CVD were not significantly different between
males with MetS and without MetS. TC was higher in
males with MetS compared to without MetS (P < 0.05).
Age and the prevalence of family history of CVD were
higher in females with MetS compared to without MetS

Variable Male (n=3077)

Female (n = 3645)

With MetS (n = 999) Without MetS (n=2078)

P value With MetS (n=1719) Without MetS (n=1926) P value

Age (years)
Current smoking
Alcohol consumption

Family history of CVD

70.02+7.21
94 (9.41%)
260 (26.03%)
249 (24.92%)

69.98 + 742
129 (6.21%)
242 (11.65%)
513 (24.69%)

BMI (kg/m?) 2602 + 283 23.14+3.05
WC (cm) 906+738 812+78
WHIR 054+ 005 049 + 005

SBP (mmHa) 149 (136, 162) 136 (122, 153)
DBP (mmHg) 846+115 797 £123

FPG (mmol/L) 63 (5.7, 74) 55 (5.1, 6.0)
TC (mmol/L) 481 (4.21, 545) 472 (416, 533)
TG (mmol/L) 2114157 109 +0.56
HDL-C (mmol/L) 1024020 1254025
LDL-C (mmol/L) 301 (247, 3.56) 3.00 (247, 3.54)
TG/HDL-C 2204207 0934060

LAP 517143860 1827+ 1353
VA 284+ 261 116+075

0.885 7059 +£7.51 69.70+7.75 <0.001
0.001 17 (0.99%) 5 (0.26%) 0.005

<0.001 172 (10.01%) 75 (3.89%) <0.001
0.886 535 (31.12%) 423 (21.96%) <0.001
<0.001 2574x3.77 2258 +£3.04 <0.001
<0.001 858+86 767+79 <0.001
<0.001 0.55+0.06 0.50+0.05 <0.001
<0.001 148 (136, 161) 134 (120, 151) <0.001
<0.001 849+11.2 798 +12.1 <0.001
<0.001 6.0 (5.6, 6.9) 54 (5.1,58) <0.001
0016 5.27 (464, 591) 5.36 (4.75, 5.94) 0.003

<0.001 203£135 1.15+£049 <0.001
<0.001 1.17+£0.20 146 +0.27 <0.001
0.795 3.24 (2.66, 3.85) 337 (277,3.89) 0.005

<0.001 1.88+£1.65 0.84£048 <0.001
<0.001 55.25+40.15 21.75+13.16 <0.001
<0.001 354£3.16 152088 <0.001

Data are expressed as mean * standard deviation, median (interquartile range 25-75%), or counts (percentages)
MetS metabolic syndrome, CVD cardiovascular disease, BMI body mass index, WC waist circumference, WHtR waist-to-height ratio, SBP systolic blood pressure, DBP
diastolic blood pressure, FPG fasting plasma glucose, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein

cholesterol, LAP lipid accumulation product, VA/ visceral adiposity index
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Fig. 1 Prevalence of MetS and its individual components in males
and females (* P < 0.001)

(P<0.001). TC and LDL-C were higher in females with-
out MetS compared to with MetS (P < 0.05).

Prevalence of MetS

Prevalence of MetS and its individual components in
Chinese elderly males and females are shown in Fig. 1.
Approximately 40.4% of the subjects had MetS (32.5%
in males and 47.2% in females). The prevalence of
MetS in females was significantly higher than that in
males (P<0.001). Among the individual components
of MetS, the prevalence of central obesity, elevated
TG and reduced HDL-C in females were significantly
higher than that in males (P<0.001). The prevalence
of elevated BP and elevated FPG were not signifi-
cantly different between males and females.

Levels of the parameters across number of MetS
components

Levels of the five obesity and lipid-related parameters
in the study subjects across number of MetS compo-
nents are listed in Table 2. With the increase in the
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number of MetS components (from 0 to 5), BMI,
WHtR, TG/HDL-C, LAP and VAI all showed an in-
crease trend in both genders (all P for trend <0.001).

The parameters for predicting MetS

ROC curves for the five parameters to predict MetS in
males and females are shown in Fig. 2. The AUCs, opti-
mal cut-off values, sensitivity, specificity and Youden
index of the five parameters for predicting MetS are
shown in Table 3. The statistical significance of the
AUCs differences of the five parameters in males sug-
gested that the AUC of LAP (AUC: 0.897, 95% CI:
0.885-0.907) was the greatest among others, followed by
VAL TG/HDL-C, WHtR and BML. In females, the AUC
of LAP (AUC: 0.875, 95%CI: 0.864—0.886) was also the
greatest, followed by VAI, TG/HDL-C, WHtR and BMI
(WHtR and BMI did not differ). LAP had the strongest
predictive ability for both genders. The optimal cut-off
values of LAP were 26.35 in males and 31.04 in females.

MetS risk across quartiles of LAP

The adjusted ORs and 95%CI of MetS across quartiles of
LAP are shown in Table 4. After adjustment for age,
current smoking, alcohol consumption and family his-
tory of CVD, LAP was strongly associated with the odds
of having MetS in both genders, and ORs for MetS in-
creased across quartiles (P <0.001). The study subjects
in the highest quartiles of LAP had a 216.630-fold in-
creased risk in males and a 114.291-fold increased risk
in females of suffering from MetS compared with those
in the reference group.

Discussion

In this study, we have investigated the predictive value
of BMI, WHtR, TG/HDL-C, LAP and VA, five known
“best” obesity and lipid-related parameters, in identifying
MetS in the Chinese elderly. The results showed that

Table 2 Levels of the five parameters across number of MetS components

Variable 0 1 2 3 4 5 P for trend
Male (n=307) (n=796) (n=975) (n=611) (n=298) (n=190)

BMI 21.77 £2.60 2266+3.11 2397 £2.89 25.68 +2.84 2626 £2.69 27.55+261 < 0.001
WHtR 047 £0.04 048 +£0.04 0.50+0.05 0.54 £0.05 0.55£0.04 057 +£0.04 <0.001
TG/HDL-C 0.74£0.30 0.85+043 1.05+0.74 1.70+1.19 265+1.97 4.07 +3.40 <0.001
LAP 11.86 £832 1570+ 10.87 223941539 39.76 +£20.32 62.16 +£34.16 98.27 £ 80.30 < 0.001
VAI 091 +£0.38 1.05+0.54 132+093 217£141 344 £247 536+4.62 <0.001
Female (n=256) (n=676) (n=994) (n=862) (n=631) (n=226)

BMI 21.15+262 21.95+287 2337 +302 2507 +3.93 25.98+3.50 2761+3.15 < 0.001
WHtR 047 £0.05 049 £ 0.05 051+0.06 0.54 £0.06 0.56 £0.06 0.59+0.04 <0.001
TG/HDL-C 0.61£0.24 0.74+0.32 096+057 144 +123 2.11£1.60 291 +240 <0.001
LAP 14.14 £ 825 1838+ 10.07 26.00 + 1444 39.68 +20.38 61.59 3848 96.96 +61.52 < 0.001
VAI 1.09£043 1.33£0.60 176 £1.03 265+2.17 3.97 £3.00 571+497 <0.001
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Fig. 2 ROC curves for the five parameters to predict MetS in males
(@) and females (b)

LAP performed better than the other four parameters
for predicting MetS in both elderly males and females.
Additionally we also confirmed LAP was strongly associ-
ated with MetS in both genders. To the best of our
knowledge, this is the first comprehensive study to
evaluate the predictive ability of these five “best” obesity
and lipid-related parameters with MetS and to focus on
a large sample of Chinese elderly population.

The prevalence of MetS is high and increasing rapidly
in Chinese elderly population. A cross-sectional survey
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in a representative sample of elderly people in Beijing
showed 58.1% of the participants had MetS and MetS
was more common in females than males [22]. We
found the prevalence of MetS was 40.4%, with an obvi-
ously higher prevalence was shown in females as well.
As a novel marker of excessive lipid accumulation, the
LAP introduced by Kahn [16] has been widely applied
for recognizing cardiovascular risk over the past decade.
Our study found LAP had the strongest predictive ability
for identifying MetS in both genders, in line with many
previous studies [10, 12, 23-27]. A recent study of 992
Chinese middle-aged and elderly subjects showed that
LAP performed better than VAI and the product of tri-
glycerides and glucose (TyG) in identifying MetS [10].
And the optimal cut-off value of LAP was 31.465 for the
elderly, greater than our findings. Guo et al. suggested
LAP was a better indicator for predicting MetS com-
pared to VAL body adiposity index (BAI) and WHtR in
low income rural adults of Xinjiang, China [12]. The re-
sults showed the cut-off values of LAP were 34.7 (AUC:
0.853) in males and 27.3 (AUC: 0.817) in females. One
study from Brazil also suggested that LAP had better
predictive ability for MetS in the elderly and the cut-off
value was 32.3 (AUC: 0.849) [28]. Our results validated
the predictive value of LAP in the Chinese elderly. In
addition, the strong ability of LAP for predicting MetS
were also identified in Spanish, Argentinian and Iranian
populations [23, 25, 27]. We also confirmed the increase
of MetS risk across quartiles of LAP, consistent with
both Guo et als research and Ma et al’s research [12,
29]. Moreover, LAP was also found to be a strong pre-
dictor of metabolic and related disorders, such as dia-
betes, insulin resistance and non-alcoholic fatty liver
disease [30—32]. Indeed, LAP is a simple and quick par-
ameter, and it only requires the WC measurement and
serum TG testing. Therefore, LAP is expected to be a
powerful tool and the “best” parameter among multiple
obesity and lipid-related parameters to identify Chinese
elderly subjects at high risk of MetS in clinical practice.
In our present study, VAI and TG/HDL-C were de-
fined as “excellent” parameters (0.8 < AUC <0.9) based
on Hosmer and Lemeshow’s criteria, while WHtR and
BMI were “acceptable” parameters (0.7 < AUC <0.8).
The VAI as a surrogate marker of adipose tissue func-
tion and distribution, was independently correlated with
cardiometabolic risk [17, 33, 34]. Li et al.’s research and
Guo et als research both suggested VAI could be ap-
plied for identifying MetS in Chinese population [10,
12], supporting our findings. One study from Iran also
confirmed the predictive value of VAI was high in identi-
tying MetS [35]. The TG/HDL-C has been proposed as a
potential tool to identify patients at increased risk of MetS
[8, 9, 36, 37]. A study from Canada indicated that TG/
HDL-C was a superior marker to identify MetS compared
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Table 3 The AUCs, optimal cut-off values, sensitivity, specificity and Youden index of the five parameters for predicting MetS

Variable AUC (95% ClI) Cut-off value Sensitivity (%) Specificity (%) Youden index (%)
Male
BMI 0.775 (0.760-0.789) 2417 74.97 67.81 42.78
WHtR 0.791 (0.776-0.805) 051 72.87 72.52 4539
TG/HDL-C 0.851 (0.838-0.864) 1.38 69.47 86.72 56.19
LAP 0.897 (0.885-0.907) 26.35 85.09 7931 64.39
VAI 0.865 (0.853-0.877) 163 74.17 8364 57.81
Female
BMI 0.760 (0.746-0.774) 2403 66.67 7217 38.84
WHIR 0.769 (0.755-0.782) 052 68.64 72.53 4118
TG/HDL-C 0.843 (0.831-0.855) 113 71.09 82.76 53.85
LAP 0.875 (0.864-0.886) 31.04 79.17 80.69 59.86
VAI 0.856 (0.844-0.867) 2.05 73.82 81.98 55.81

to TC/HDL-C, LDL-C/HDL-C, and nonHDL-C/HDL-C
based on a multiethnic sample [8]. Chen et al. proposed
TG/HDL-C was a better predictor of MetS in Chinese Ui-
ghur females [9]. Consistent with these results, we also
found VAI and TG/HDL-C had good predictive accuracy
to identify MetS in the Chinese elderly. WHtR and BMI
are two common anthropometric parameters and have
been applied for detection of cardiometabolic risk for a
long time. In our previous study, WHtR and BMI could
be used for prediction of multiple metabolic risk factors in
the Chinese elderly [14]. Yang et al. indicated WHItR was
better than BMI and WC as a screening tool for MetS [7].
And Wang et al’s research suggested BMI was useful for
predicting MetS [6]. Our results found WHtR and BMI
were both acceptable parameters for predicting MetS, but
inferior to LAP, VAI and TG/HDL-C. Of note, our study
focuses on the Chinese elderly aged 60 years and above in
Shanghai, and the differences in the results with other

Table 4 The MetS risk across quartiles of LAP

OR (95% CI) P value

Male

Q1 Reference

Q2 4.908 (2.824-8.531) < 0.001

Q3 29.791 (17.686-50.179) <0.001

Q4 216.630 (127.064-369.328) <0.001
Female

Q1 Reference

Q2 4.185 (3.169-5.528) <0.001

Q3 17.344 (13.203-22.785) <0.001

Q4 114.291 (82.115-159.075) <0.001

Multivariate logistic regression analysis, adjustment for age, current smoking,
alcohol consumption and family history of CVD

findings may be due to the age and regional distributional
differences of the samples.

There are, however, several limitations of this study. The
subjects in this study were all from Shanghai, and the
sample may not fully reflect all Chinese elderly. This study
included quite a large number of Chinese elderly, but we
only enrolled subjects who had completed the compre-
hensive health check study, which may have biased our
primary findings. Moreover, our analyses were adjusted
for age, current smoking, alcohol consumption and family
history of CVD, but not for physical activity and diet
known to influence obesity and lipids. Further studies with
multi centers, a larger sample size and more detailed in-
formation collection are needed to assess the predictive
value of obesity and lipid-related parameters in identifying
elderly subjects at high risk of MetS.

Conclusion

In conclusion, our study performed the predictive abil-
ity of obesity and lipid-related parameters, including
BMI, WHtR, TG/HDL-C, LAP and VAI in identifying
MetS in Chinese elderly population. LAP appeared to
be a superior parameter for predicting MetS in both
Chinese elderly males and females, and was strongly as-
sociated with MetS in both genders. Namely, LAP read-
ings of 26.35 or greater in males and 31.04 or greater in
females can help to identify the elderly subjects at high
risk of MetS.
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