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Background: The lipid accumulation product (LAP) is a powerful marker for predicting
metabolic syndrome (MS) in adults. The present study aimed to propose a novel indicator,
the children’s lipid accumulation product (CLAP), and to assess its association with MS
among Chinese children and adolescents.

Methods: A total of 683 Chinese children aged 8—15 years were recruited using a stratified
cluster sampling method in this cross-sectional study. The presence of MS was defined
according to the NCEP-ATP III criteria. The effects of BMI, WHtR and the CLAP for
predicting MS were compared using logistic regression models and receiver operating
characteristic (ROC) curves.

Results: The prevalence of MS was 5.1% (6.6% and 3.5% among boys and girls, respec-
tively). Overall obesity (based on BMI), abdominal obesity (based on WHtR) and CLAP>P75
were significantly associated with an increased risk of MS (ORs (95% Cls) were 143.79
(18.78-1101.22), 86.83 (27.19-277.27), 150.75 (20.11-1130.19), respectively). The area
under the ROC curve (AUC) for the CLAP was higher than that for BMI and WHtR for
predicting MS, with AUC (95% CI) values of 0.944 (0.913-0.975), 0.895 (0.864-0.927), and
0.928 (0.903-0.953), respectively.

Conclusion: The children’s lipid accumulation product (CLAP) was an effective indicator
associated with MS in Chinese children and adolescents and was better than BMI and WHtR
for predicting MS.
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Introduction

Metabolic syndrome (MS), which is characterized by a cluster of interdependent
disorders, including abdominal obesity, hypertension, hyperglycemia, and dyslipide-
mia, is correlated with the development of cardiovascular diseases (CVD) and
diabetes.' With obesity among children being widespread, the occurrence of MS in
The National Health and Nutrition
Examination Survey (NHANES) showed that the prevalence of MS in American
children and adolescents ranged from 4.2% in 1988-1994 to 10.1% in 2001-2010.*°
In China, the prevalence of MS among children and adolescents aged 10-16 years was
4.1% in 2012.° MS not only has an influence on childhood health but also increases the
risk of several adulthood diseases®’ and has become an important public health issue.®

children has been increasingly common.’

The diagnosis of MS requires several factors, including anthropometric and
clinical factors. It is difficult to apply the diagnostic criteria for MS in large-scale
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epidemiological studies due to the time and economic cost
for measuring the required indicators.” Some studies have
shown that obesity is one of the main risk factors for MS
and have proposed BMI, waist circumference (WC) and
WHIR to predict MS.'%!? Nevertheless, not all adipose
tissue is harmful to the human body; for example, brown
fat can burn fat and release energy. Therefore, it cannot
simply be assumed that high body weight and excessive
overall fat are indicators of unhealthy states.'>'* BMI does
not distinguish between lean body mass and the distribu-
tion of fat and, therefore, might miss a large proportion of
the population at risk due to abdominal obesity and may
additionally result in false-positive obesity diagnoses for
parts of the population with a lean body mass.'"* WC and
WHtR are important indices for screening abdominal obe-
sity[] however, they do not show that the excess body fat
presents in circulating blood as TG.’

The definition and quantification of lipid accumulation
in a specific environment may represent certain physiolo-
gical risks and can help researchers to further understand
the role of adipose tissue in the pathophysiology of dis-
eases and its value in predicting the risk of disease
occurrence.'> Whether an individual’s excess lipid fuel
eventually appears as an enlarged abdomen or as an ele-
vated circulating TG level could be dictated in part by
genes or by features of the individual’s environmental
circumstances, and an increase in WC or TG can reflect
the status of lipid accumulation in the body.'?

Kahn et al'> proposed a new marker, the lipid accumu-
lation product (LAP), which reflects the total lipid accu-
mulation in the body, to predict MS in adults. Waist
circumference and fasting TG concentration were used to
define the LAP. The LAP for men=[WC(cm)-65]xTG
(mmol/L), and the LAP for women=[WC(cm)-58]xTG
(mmol/L), which reflect the combined anatomic and phy-
siologic changes associated with lipid overaccumulation in
adults. A growing number of studies have shown that LAP
is a powerful marker for predicting MS in adults better
than BMI'>'® and WHtR.>'’

The LAP calculation in adults usually involves the sub-
traction of a minimum WC value; however, children and
adolescents are different from adults, and the WC and mini-
mum WC have obviously increasing trends with age. Hence,
the LAP may not directly reflect lipid accumulation in chil-
dren and adolescents. Beyond waist circumference (WC) and
triglycerides (TG), abdominal skinfold thickness (AST) is an
important and simple index reflecting abdominal adipose
tissue accumulation among children and adolescents. The

aim of this study was to develop a new marker, the children’s
lipid accumulation product (CLAP), using waist circumfer-
ence (WC), abdominal skinfold thickness (AST) and trigly-
cerides (TG) and to explore the association of this marker
with MS.

Materials And Methods

Subjects

This study effectively recruited 683 Chinese students aged
8-15 years, including 366 boys (53.6%) and 317 gitls
(46.4%), via the stratified cluster sampling method by
school and grade from 2 nine-year system schools. This
study was conducted in accordance with the Declaration of
Helsinki and was approved by the Medical Ethics
Committee of the Bengbu Medical College ([2015]
No.003). Informed consent was signed by parents or guar-
dians of the children and adolescents before the medical
examination.

Measurements Of Physiological And Biochemical
Indexes

The participants were required to wear light clothes and to
stand straight, be barefoot, and have an empty stomach
when being measured. Their height was determined by a
mechanical height measure and was accurate to 0.1 cm.
Weight was measured by an electronic scale and was accu-
rate to 0.1 kg. The waist circumference (WC), which was
the perimeter of the waist along a horizontal line at 1 cm
above the belly button, was measured to the nearest 0.1 cm
using Nylon tape. Abdominal skinfold thickness (AST),
which was the skinfold thickness at the junction of the
belly button horizontal line and right collarbone midline,
was measured to 0.1 mm using a skinfold thickness gauge.
The systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) of the participants were measured after sitting
quietly for 10 min. If the difference in two measures was
greater than 8 mmHg, the measurement was repeated after
an interval of 2 min, and the average of the final two
measures was used in the analyses. SBP was defined as
the onset of the Korotkoff sound (K1), and DBP was
defined as the fifth Korotkoff sound (K5).

After at least 8 h of overnight fasting, 3 mL venous
blood samples were collected from the children and ado-
lescents by the medical staff after they received standar-
dized training. Triglyceride (TG) and fasting blood
glucose (FBG) levels were detected using enzymatic meth-
ods. High-density lipoprotein cholesterol (HDL-C) was
detected using the enzyme-linked immunoassay method.
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Surveys Of Behavioral Indexes

Dietary behaviors were investigated by a food frequency
questionnaire designed by the researcher team which
included the frequency of breakfast, eggs, milk, fresh
vegetables, fruits, nuts, eating out, fried foods, carbonated
drinks, western-style fast food, and high-energy snacks.
Each of the dietary behavior items was assigned 7 points
for 1 time per day, 5 points for 4-6 times per week, 2
points for 1-3 times per week, 0.5 points for 2 time per
month, 0.25 points for 1 time per month, and 0 points for
never. According to the dietary guidelines and related
literature for Chinese residents,'® dietary behaviors were
divided into healthy behaviors (including breakfast, eggs,
milk, fresh vegetables, fruits, nuts) and risk behaviors
(including eating out, fried foods, carbonated drinks, wes-
tern-style fast food, high-energy snacks). The total scores
of healthy dietary behaviors and risk dietary behaviors
were added. Children with a total score of healthy dietary
behaviors and risk dietary behaviors >the 75th percentile
(P75) were defined as the high group; the others were
defined as the low group. Physical activities were investi-
gated by the Children’s Leisure Activities Study Survey
(CLASS) questionnaire.'® Children with moderate-to-vig-
orous physical activity for >60 min were defined as the
high group; the others were defined as the low group.?’
Children with a sedentary activity time >120 min were
defined as the high group; the others were defined as the
low group.”!

Criteria For Metabolic Syndrome (MS)

In this study, MS and its components were defined according
to the modified NCEP-ATP III criteria.* MS was identified
when three or more of the following five components were
present: (1) abdominal obesity: a WC equal to or above the
gender- and age-specific 90th percentile for Chinese
children;** (2) elevated TG: a TG>110 mg/dL; (3) low
HDL: an HDL<40 mg/dL; (4) elevated blood pressure: an
SBP and/or a DBP>90th percentile for gender and age;> and
(5) elevated fasting glucose: a glucose>110 mg/dL.

Calculation Of The Derivative Variables

The body mass index (BMI) = weight (kg)/height (m)?,
and the participants who exceeded the BMI for their ages
and gender were classified as having overall obesity
according to the BMI reference norm for screening over-
weight and obesity in Chinese children and adolescents.**
The waist-height ratio (WHtR) =WC (cm)/height (m), and

WHtR>0.5 was defined as abdominal obesity.>> Children’s
lipid accumulation product (CLAP) was defined as
CLAP= waist circumference (WC(cm)) xabdominal skin-
fold thickness (AST(mm)) x triglyceride (TG(mmol/L))/
100. The CLAP was divided into two grades (>75th per-
centile and <75th percentile) by 75th percentile of CLAP
for gender and age.

Statistical Analysis

The SPSS 23.0 software (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. The data were described
using rate or proportion, mean + standard deviation. The
independent-samples #-test and Chi-square test were used
to compare differences between two groups. The relation-
ships between overall obesity, abdominal obesity, CLAP
and MS were analyzed by a binary logistic regression
model. The receiver operating characteristic (ROC) curve
was generated to detect the predictive capabilities of BMI,
WHItR and CLAP for MS. P < 0.05 was considered statis-
tically significant.

Results

A total of 683 children aged 8—15 years were included in
this study. As shown in Table 1, the overall prevalence of
metabolic syndrome was 5.1%, 6.6% among boys and
3.5% among girls. Compared with girls, boys had higher
values of height, WC, WHtR, SBP and FBG and lower
values of AST, TG and InCLAP (P<0.05). The proportion
of abdominal obesity (based on WHtR), risk dietary beha-
viors >P;s, and moderate-to-vigorous physical activity
time >60 min in boys were higher than those in girls.
The proportion of sedentary activity time >120 min in
boys was lower than that in girls (P<0.05). There were
no significant differences in age, weight, BMI, DBP, HDL-
C, overall obesity (Yes or No), CLAP (<P;5 or >Pys), or
healthy dietary behaviors (<P;5 or >P-5) between boys and
girls.

As shown in Table 2, the age, height, weight, BMI,
WC, WHtR, AST, SBP, DBP, FBG, TG and InCLAP
among children with MS were higher than those among
children with no MS, while HDL-C was lower (P<0.05).
In addition, overall obesity (based on BMI), abdominal
obesity (based on WHtR), CLAP>P;5, and moderate-to-
vigorous physical activity time<60 min were risk factors
for MS (P<0.05). However, there were no significant
associations between MS and healthy dietary behaviors,
risk dietary behaviors
(P>0.05).

and sedentary activity time
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Table | The Comparison Of Demographic Characteristics, Dietary Behaviors, Physical Activities And Other Variables Between

Different Genders

Variable Boys (n=366) Girls (n=317) iy P
Age 11.28+1.80 11.47+1.82 1.37 0.172
Sheight 0.09+1.04 —0.10£0.93 251 0.012
Sweight 0.02+0.93 —0.03+1.07 0.62 0.536
SBMI —0.02+0.83 0.03%1.16 0.68 0.495
SWC 0.08+1.07 —0.09+0.89 2.25 0.025
WHtR 0.44+0.06 0.43+0.05 2.08 0.038
SAST —0.15+0.99 0.17+0.98 4.26 <0.001
SSBP 0.19£1.05 —0.22+0.87 5.64 <0.001
SDBP 0.01£1.04 —0.02+0.94 0.42 0.672
FBG (mmol/L) 5.19+0.42 5.10+£0.45 2.80 0.005
HDL-C(mmol/L) 1.54+0.31 1.50+0.29 1.63 0.105
TG (mmol/L) 0.88+0.38 0.96+0.39 2.73 0.006
SInCLAP —0.14+1.03 0.16+0.92 4.0l <0.001
MS 333 0.068
No 342(93.4) 306(96.5)
Yes 24(6.6) 11(3.5)
Overall obesity (Based on BMI) 3.27 0.071
No 236(64.5) 225(71.0)
Yes 130(35.5) 92(29.0)
Abdominal Obesity (Based on WHtR) 16.78 <0.001
<0.5 285(77.9) 284(89.6)
20.5 8l1(22.1) 33(10.4)
CLAP 0.003 0.956
<Pys 272(74.3) 235(74.1)
2Py 94(25.7) 82(25.9)
Healthy Dietary behaviors 3.44 0.063
<Pys 265(72.4) 249(78.5)
2Py 101(27.6) 68(21.5)
Risk dietary behaviors 18.24 <0.001
<Pys 252(68.9) 263(83.0)
2Py 11431.1) 54(17.0)
Moderate-to-vigorous physical activity time 6.34 0.012
<60min 183(50.0) 189(59.6)
260min 183(50.0) 128(40.4)
Sedentary activity time 7.64 0.006
<120min 190(51.9) 131(41.3)
2120min 176(48.1) 186(58.7)

Notes: The Sheight, Sweight, SBMI, SWC, SSBP, SDBP, SInCLAP was the standardized height, weight, BMI, SBP, DBP, and InCLAP by age using normal deviation method.
Abbreviations: SBMI, standardized body mass index; SWC, standardized waist circumference; WHtR, waist-height ratio; SAST, standardized abdominal skinfold thickness;
SSBP, standardized systolic blood pressure; SDBP, standardized diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; TG,
triacylglycerol; SINCLAP, standardized logarithmic children lipid accumulation product; MS, metabolic syndrome; CLAP, children lipid accumulation product.

As shown in Table 3, the overall obesity (based on BMI),  dietary behaviors, sedentary activity time and moderate-to-
abdominal obesity (based on WHtR) and CLAP >P;s were  vigorous physical activity time factors (ORs (95% ClIs):
still risk factors for MS after adjusting for age, gender, risk ~ 143.79(18.78-1101.22), 86.83 (27.19-277.27), and 150.75
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Table 2 Demographic Characteristics And Prevalence Of The
Metabolic Syndrome Among Chinese Children And Adolescents
Aged 8-15 Years, NHANES III

Variables Ms Ty P
Yes (n=35) | No (n=648)
Age 11.86x1.34 11.341.83 2.11 0.042
Sheight 0.39£1.13 —0.02+0.98 232 0.021
Sweight 1.33+0.87 —0.065+0.95 | 8.15 <0.001
SBMI 1.3942.72 —0.068+0.95 | 8.55 <0.001
SWC 1.67+0.62 —0.08+0.93 15.05 <0.001
SAST 1.33+0.76 —0.07+0.95 10.08 <0.001
WHtR 0.54+0.04 0.43+0.05 14.65 <0.001
SSBP 1.17+0.85 —0.06+0.96 7.09 <0.001
SDBP 1.00+0.96 —0.05+0.96 6.02 <0.001
FBG (mmol/L) 5.32+0.47 5.14+0.43 2.34 0.020
HDL-C(mmol/L) | 1.19£0.23 1.54+0.29 —6.92 <0.001
TG (mmol/L) 1.49+0.41 0.88+0.36 9.76 <0.001
SInCLAP 1.56+0.46 —0.08+0.94 18.34 <0.001
Overall obesity (Based on BMI) 70.26 <0.001
No 1(0.2) 460(99.8)
Yes 34(15.3) 188(84.7)
Abdominal Obesity (Based on WHtR) 126.40 | <0.001
<0.5 5(0.9) 564(99.1)
20.5 30(26.3) 84(73.7)
CLAP 98.25 <0.001
<Pys 1(0.2) 506(99.8)
2P 34(19.3) 142(80.7)
Healthy Dietary behaviors .15 0.285
<Pys 29(5.6) 485(94.4)
2P 6(3.6) 163(96.4)
Risk Dietary behaviors 1.87 0.172
<Pys 23(4.5) 492(95.5)
2P, 12(7.1) 156(92.9)
Moderate-to-vigorous physical activity time 4.28 0.039
<60min 25(6.7) 347(93.3)
260min 10(3.2) 301(96.8)
Sedentary activity time 0.02 0.876
<120min 16(5.0) 305(95.0)
2120min 19(5.2) 343(94.8)

Notes: The Sheight, Sweight, SBMI, SWC, SSBP, SDBP, SLnCLAP was the standar-
dized height, weight, BMI, SBP, DBP, and InCLAP by gender and age using normal
deviation method.

Abbreviations: NHANES, National Health And Nutrition Examination Survey;
SBMI, standardized body mass index; SWC, standardized waist circumference;
WHTtR, waist-height ratio; SAST, standardized abdominal skinfold thickness; SSBP,
standardized systolic blood pressure; SDBP, standardized diastolic blood pressure;
FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; TG, tria-
cylglycerol; SINCLAP, standardized logarithmic children lipid accumulation product;
CLAP, children lipid accumulation product.

(20.11-1130.19), respectively). In addition, moderate-to-vig-
orous physical activity time<60 min was also a risk factor for
MS (ORs (95% ClIs):3.60 (1.52-8.50), 3.68 (1.49-9.14), and
3.32 (1.41-7.82) in model 1, model 2 and model 3,
respectively).

The receiver operating characteristic (ROC) curve was
generated to detect the predictive capabilities of CLAP,
BMI and WHtR for predicting MS (Figure 1). The area
under the ROC curve (AUC) of InCLAP, BMI and WHtR
for predicting MS was 0.944 (0.913-0.975), 0.895 (0.864—
0.927), and 0.928 (0.903-0.953), respectively.

Discussion

With the increasing prevalence of overweight and obesity in
children and adolescents, MS has become an important pub-
lic health issue that affects the health of children into
adulthood.**® The current study showed that the overall
prevalence of MS in children and adolescents was 5.1%,
6.6% in boys and 3.5% in girls. Kim et al*” reported that
the overall MS prevalence was 5.7% and was higher among
boys (5.8%) than among girls (5.5%) (based on the modified
NCEP-ATP III) in Korean children. The results from the
Chinese Work Group of Pediatric Metabolic Syndrome’s
survey showed that the prevalence of pediatric metabolic
syndrome in six Chinese cities was 2.4%, 3.3% in boys
versus 1.4% in girls (based on MS-CHN2012).*® Ye et al*’
also indicated that the prevalence of MS in boys was higher
than that in girls’ in China. The higher prevalence of MS in
boys may be related to dietary factors. Our study showed that
the proportion of risk dietary behaviors (>P;5) in boys
was significantly higher than that in girls. The study from
Pan et al®° indicated that the girls’ overall diet quality was
better than the boys. However, there was also a study that
showed that the prevalence of MS in girls was higher than in
boys.*! This finding might be related to a family history
of obesity or MS.***? Additionally, we found a significant
gender difference in WHtR, SBP, FBG and TG, and boys had
higher values of WHtR, SBP and FBG and lower values of

TG, which was consistent with the studies from Yang et al.>*

and Kim et al.?’
The current study showed that sedentary activity time was
not related to MS, which was also consistent with the study

from Wang et al.*

However, our study showed that moderate-
to-vigorous physical activity time<60 min was a risk factor for
MS, which was in line with previous studies.>**” Furthermore,
the study by Chastin, et al*® and Stabelini Neto, et al*’ also

pointed out that moderate-to-vigorous physical activity was
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Table 3 The Effect Of BMI, WHtR And CLAP On Metabolic Syndrome In Children And Adolescents Via Binary Logistic Regression
Analysis

Variables p S.E. Wald P OR (95% CI)

Model |

Moderate-to-vigorous physical activity

260min 0 |
<60min 1.28 0.44 8.52 0.004 3.60 (1.52-8.50)

Overall obesity (Based on BMI)

No 0 |
Yes 4,97 1.04 22.88 <0.001 143.79(18.78-1101.22)
Model 2

Moderate-to-vigorous physical activity

260min 0 |
<60min 1.30 0.46 791 <0.005 3.68(1.49-9.14)

Abdominal Obesity (Based on WHtR)

No |
Yes 4.46 0.59 56.79 <0.001 86.83 (27.19-277.27)

Model 3

Moderate-to-vigorous physical activity

260min 0 |
<60min 1.20 0.44 7.53 0.006 3.32(1.41-7.82)
CLAP
<P75 0 |
=P75 5.02 1.03 23.81 <0.001 150.75(20.11-1130.19)

Abbreviations: BMI, body mass index; WHtR, waist-height ratio; CLAP, children lipid accumulation product.
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Figure | ROC curves of SINCLAP, SBMI, WHtR for predicting metabolic syndrome among children and adolescents.

2080  submityour manuscript Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Zhang et al

related to metabolic syndrome (MS) and encouraged children
and adolescents to gradually replace part of their sedentary
time with moderate-to-vigorous physical activity.

Previous studies have shown that BMI and WHtR are
important indexes for predicting MS; however, they are
limited in distinguishing lean mass from adipose tissue and
in reflecting lipid accumulation in the circulating blood.*
An individual’s excess lipid fuel appears eventually as an
enlarged abdomen or elevated circulating TG, indicating
that available lipid fuels have exceeded the individual’s
capacity to buffer and safely store this major form of
acquired energy.” In this study, TG, WC, and AST were
significantly associated with MS. AST was defined as the
skinfold thickness at the junction of the belly button hor-
izontal line and right collarbone midline and reflected a
point of abdominal fat accumulation. The product of WC
and AST may reflect total abdominal fat accumulation.
Therefore, the products of WC, AST and TG were used
to establish the children’s lipid accumulation product
(CLAP) to describe the lipid accumulation situation in
this study. The results of the present study indicated that
there were significant differences in CLAP (<P;5 or >P75)
between children and adolescents with and without MS.
After adjusting for age, gender, risk dietary behaviors and
moderate-to-vigorous physical activity time, CLAP>P;5
was still a risk factor for MS and was more strongly
correlated with MS than BMI and WHtR. The studies of
1" and Rodeamontero et al'' showed that BMI,

WHItR and LAP were correlated with metabolic syndrome

Ray et a

and that LAP was a powerful marker for predicting adult
MS better than BMI'*'® and WHR>'” in adults. Of
course, an association between WHtR, BMI and MS
might be affected by the different cutoffs of WHtR and
BML.*** In addition, the receiver operating characteristic
(ROC) also showed that the CLAP had a stronger predic-
tion accuracy. The area under the curve (AUC) for the
CLAP was 0.944; the AUCs of BMI and WHtR were
0.895 and 0.928, respectively. Clearly, CLAP was a stron-
ger risk factor for MS compared with BMI and WHtR.
There were still several limitations in the current study.
The number of people with metabolic syndrome (MS) in this
study was small, and the sample selection might be insufficient
to represent the overall disease level of MS in children and
adolescents. Finally, there was limited ability to infer causality
between CLAP and MS for the present cross-sectional study.
In summary, the children’s lipid accumulation product
(CLAP) was a novel indicator associated with MS in

children and adolescents that was better than BMI and
WHtR.
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