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Prominent Lipid Parameters Correlated with Trunk-
to-Leg and Appendicular Fat Ratios in Severe
Pediatric Obesity
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Abstract—Alterations in lipid parameters as well as in the fat
distribution of the body are noteworthy during the evaluation of
obesity stages. Total cholesterol (TC), triglycerides (TRG), low
density lipoprotein-cholesterol (LDL-C), high density lipoprotein-
cholesterol (HDL-C) are basic lipid fractions. Fat deposited in trunk
and extremities may give considerable amount of information. Ratios
such as trunk-to-leg fat ratio (TLFR) and trunk-to-appendicular fat
ratio (TAFR) are derived from distinct fat distribution in these areas.
In this study, lipid fractions and TLFR as well as TAFR were evaluated
and the distinctions among healthy, obese (OB) and morbid obese
(MO) groups were investigated. Three groups [normal body mass
index (N-BMI), OB, MO] were constituted. Ages and sexes of the
groups were matched. The study protocol was approved by the Non-
interventional Ethics Committee of Tekirdag Namik Kemal
University. Written informed consent forms were obtained from the
parents of the participants. Anthropometric measurements (height,
weight, waist circumference, hip circumference, head circumference,
neck circumference) were recorded during the physical examination.
BMI values were calculated. Total, trunk, leg and arm fat mass values
were obtained by TANITA Bioelectrical Impedance Analysis. These
values were used to calculate TLFR and TAFR. Systolic (SBP) and
diastolic blood pressures (DBP) were measured. Routine biochemical
tests including lipid fractions were performed. Data were evaluated
using SPSS software. p value smaller than 0.05 was accepted as
significant. There was no difference among the age values and gender
ratios of the groups. Any statistically significant difference was not
observed in terms of DBP, TLFR as well as serum lipid fractions.
Higher SBP values were measured both in OB and MO children than
those with N-BMI. TAFR showed a significant difference between N-
BMI and OB groups. Statistically significant increases were detected
between insulin values of N-BMI group and OB as well as MO groups.
There were bivariate correlations between LDL and TLFR as well as
TAFR values in MO group. When adjusted for SBP and DBP, partial
correlations were calculated for LDL-TLFR as well as LDL-TAFR.
Much stronger partial correlations were obtained for the same couples
upon controlling for TRG and HDL-C. Much stronger partial
correlations observed in MO children emphasize the potential
transition from morbid obesity to metabolic syndrome. These findings
have concluded that LDL-C may be suggested as a discriminating
parameter between OB and MO children.
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[. INTRODUCTION

RUNK adiposity was known to increase visceral adiposity,

which in turn increases cardiovascular and cardiometabolic
risk caused by obesity. Within this context, TLFR and TAFR
ratios were frequently used. They were introduced as emerging
early markers of childhood obesity and future cardiometabolic
risks [1]-[5].

Adipose tissue makes a great contribution to information on
lipid metabolism. Routinely, it is evaluated by four biochemical
parameters: TC, TRG, LDL-C, and HDL-C. These parameters
are important for the evaluation of obesity. TRG and HDL-C,
two of these parameters, are accepted as two of metabolic
syndrome (MetS) criteria, which should be considered during
the transition stage from morbid obesity to MetS [6].

Both TLFR and TAFR were significantly associated with
LDL-C, HDL-C, TRG in the elderly men in Japan. An increased
TAFR was significantly associated with decreased adiponectin
in OB children. Trunk fat, measured as TAFR, was associated
with blood pressure during childhood and adolescence. TAFR
was introduced as a valuable parameter for the evaluation of
body fat distribution [7]-[10].

In relation with cardiovascular diseases (CVDs) and
dyslipidemia, LDLs are atherogenic and represent a strong
cardiovascular risk factor. Increased levels of LDL-C are
recognized as a primary risk factor for atherosclerotic CVDs
[11], [12].

It would be plausible to investigate the differences in the
patterns of each lipid parameter between obesity and morbid
obesity. Particularly, in morbid obesity some potential
alterations that are not detected in OB individuals may be
helpful as possible predictors for MetS.

The aim of this study was to investigate the associations
between trunk adiposity and parameters of lipid profile,
particularly LDL-C during childhood.

In this study, it was expected to find a parameter, which may
serve as a discriminating factor between obesity and morbid
obesity. Any MetS-related parameter, which exhibits a
prominent feature in morbid obesity, may serve as a possible
predictor for the future development of MetS in pediatric
population.
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II. PATIENTS AND METHODS

A. Patients

The study was performed on three groups. In the first group,
there were healthy children with N-BMI. This group (Group 1)
served as the control group in this study. Second (Group 2) and
third (Group 3) groups were composed of OB and MO children,
respectively. 41, 42 and 43 children constitute N-BMI, OB and
MO groups. Informed consent forms were obtained. The
institutional ethical committee approved the study protocol.

B. Group Classification

Tables created by World Health Organization were used to
determine the N-BMI or obesity classification of the groups
[13]. Children, whose age- and sex-adjusted BMI percentiles
were within the range of 15 and 85 were included in the first
group. This range was 95 to 99 for OB children. Children with
percentiles above 99 constituted MO group.

C.Body Fat Compartments and Ratio Calculations

Device designed for Bioelectrical Impedance Analysis was
used to determine fat masses as well as fat percent values of the
body fat compartments. Fat mass and percent values were
recorded for total body fat, trunk fat, leg fat and arm fat. Fat
distributed in legs and arms in combination was defined as the
appendicular fat.

Two ratios were calculated: TLFR and TAFR.

D.Anthropometric and Blood Pressure Measurements

Weight, height, waist circumference (WC), hip
circumference, head circumference and neck circumference
measurements were performed. SBP and DBP values were
measured and recorded.

E. Laboratory Tests

Biochemical analysis including TC, TRG, LDL-C and HDL-
C tests were performed.

F. Statistical Evaluation

For the evaluation of the study data, statistical package
program SPSS was used. Descriptive statistics including mean
values and standard deviation were calculated. Analysis of
variance and post hoc Tukey tests was performed to find the
statistically significant differences between the groups.
Pearson’s bivariate correlation analysis was performed to
calculate correlation coefficient and p value for statistical
significance. Partial correlations were calculated using control
variables. This analysis was also used to draw plots for linear
regression.

III. RESULTS

Three groups were matched in terms of age and sex ratios (p
> (.05). Mean age + standard deviation values for Group 1, 2
and 3 were found as 10.9+4.2, 12.1 +£3.2, and 10.6 £ 3.5 years,
respectively. The corresponding female-to-male ratios for the
same groups were calculated as 1.1, 1.2, and 1.1.

Table I showed BMI, WC, TLFR and TAFR. Statistically
significant increases were noted in Group 2 and Group 3
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compared to Group 1 in terms of BMI and WC. Values obtained
for Group 3 were also higher than those found for Group 2.

Parameters related to lipid profile were listed in Table II. Any
significant difference was not observed for TC, TRG, LDL-C
and HDL-C among the groups.

TABLEI
VALUES FOR BMI, WC AND TLFR AS WELL AS TAFR OF THE GROUPS (MEAN
+SD)
Group 1 Group 2 Group 3
Parameter N-BMI OB MO
BMI kg/m*  16.6+2.2 25.0+3.5 28.6+5.6
wcC cm 60.3+83 83.1+123 89.6+159
TLFR 096+0.26 1.04+0.20 1.01+0.17
TAFR 0.73+0.19 0.80+0.15 0.78+0.12

[BMI 1-2<0.01, 1-3 <0.01, 2-3 <0A(]l’ waist C 1-2<0.01, 1-3 <0.01, 2-3 <0.05, TAFR 1-2 <0.05]

Statistically significant bivariate correlations were observed
between LDL-C and TLFR (r = 0.396; p = 0.037) as well as
TAFR (r=0.413; p <0.029) (Figs. 1 and 2).

TABLE II
VALUES FOR LIPID PARAMETERS OF THE GROUPS (MEAN + SD)
Group 1 Group 2 Group 3
Parameter N-BMI OB MO
TC mg/dL  156.3+29.9 159.8+28.0 156.1+28.3
TRG mg/dL  84.6£43.1 101.7+46.0 90.8+40.8
LDL-C mg/dL  83.1 £28.7 89.5+27.6 86.3+24.4
HDL-C mg/dL  56.2+12.9 52.8+12.1 51.5+£8.5
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Fig. 1 Bivariate correlation between LDL concentrations and TLFR
in MO children

The correlations “LDL-C-TLFR and LDL-C-TAFR” were
checked for some control variables (SBP, DBP, TRG, HDL-C),
which were accepted as MetS components.

When adjusted for SBP and DBP, partial correlations
between LDL-C and TLFR (r = 0.421; p = 0.032) as well as
TAFR (r = 0.438; p = 0.025) were found to be much stronger
than those detected for bivariate correlations (Figs. 3 and 4). On
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the other hand, when adjusted for TRG and HDL-C, partial  emphasizing the effects of MetS components on this correlation
correlations between LDL-C and TLFR (r = 0.475; p = 0.019)  were found by way of calculating related partial correlations.
as well as TAFR (r = 0.473; p = 0.020) were found to be much
stronger than those detected for partial correlations calculated
for accepting blood pressure values as control variables as well
as bivariate correlations (Figs. 5 and 6).
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Body fat distribution is associated with cardiometabolic and

cardiovascular risk in adults as well as in pediatric population.
In healthy European population, larger leg fat mass is
associated with a lower and trunk fat mass with a higher
cardiovascular and metabolic risk [14]-[17].

Fig. 3 Partial correlation between LDL concentrations and TLFR in
MO children controlled by SBP and DBP values

IV. DISCUSSION

In this study, the associations between atherogenic LDL-C
and trunk-to-leg as well as trunk-to-appendicular fat mass ratios
were reported. Aside from simple correlations, associations
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Fig. 6 Partial correlation between LDL concentrations and trunk
TAFR in MO children controlled by TRG and HDL-C values

Higher proportion of TLFR was reported to contribute
significantly to MetS. TLFR could be helpful in identifying and
preventing MetS in OB population [18]. The results in our
investigation agree with the findings of this Korean study..
Upon evaluation of the ratios (TLFR and TAFR), the
contribution of trunk fat mass was pointed out and the
associations with LDL-C were introduced.

TRG-rich lipoproteins may contribute to cardiovascular risk
in patients undergoing LDL-lowering therapy [19]. The direct
atherogenic effect of TRG was not confirmed [20]-[24],
however, LDL-C was suggested as the main causal parameter
for atherosclerotic CVDs [25]-[27].

The lack of association with HDL-C as well as TRG
strengthens the findings of the study, because the state
evaluated is morbid obesity, not MetS. In our study, LDL-C
comes into prominence as the only lipid parameter that differs
in transition from obesity to morbid obesity. Aside from simple
relationships between LDL-C and trunk-related fat mass ratios,
we have drawn attention to a set of correlations. The
correlations were stronger Partial correlations were found to be
stronger when bivariate correlations between LDL-C and TLFR
as well as TAFR were controlled for SBP and DBP. It was even
much stronger when they were further controlled for TRG and
HDL-C. Considering the fact that each of the above control
parameters was the member of MetS criteria team, these
findings come out as the new insights contributing to the
discussion on the tendency of morbid obesity to undergo
transition towards the development of MetS, which is a cluster
of conditions increasing the risk of many severe health
problems such as type 2 diabetes mellitus, CVDs, and stroke.

It was suggested that LDL-C levels measured in the past may
be informative for the prevention of coronary heart diseases in
the future and maintaining optimal LDL-C concentrations
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during young adulthood may decrease the lifetime risk of
developing atherosclerotic CVDs [28].
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