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Abstract—Metabolic ~ syndrome (MetS) components —are
noteworthy among children with obesity and morbid obesity, because
they point out the cases with MetS, which have the great tendency to
severe health problems such as cardiovascular diseases both in
childhood and adulthood. In clinical practice, considerable efforts are
being observed to bring into the open the striking differences between
morbid obese cases and those with MetS findings. The most
privileged aspect is concerning cardiometabolic features. The aim of
this study was to derive an index, which behaves different in children
with and without MetS from the cardiac point of view. For the
purpose, aspartate transaminase (AST), a cardiac enzyme still being
used independently to predict cardiac-related problems was used. 124
children were recruited from the outpatient clinic of Department of
Pediatrics in Tekirdag Namik Kemal University, Faculty of
Medicine. 43 children with normal body mass index, 41 and 40
morbid obese (MO) children with MetS and without the characteristic
features of MetS, respectively, were included in the study. Weight,
height, waist circumference (WC), hip circumference (HC), head
circumference (HdC), neck circumference (NC), systolic and
diastolic blood pressure values were measured and recorded. Body
mass index and anthropometric ratios were calculated. Fasting blood
glucose (FBG), insulin (INS), triglycerides (TRG), high density
lipoprotein cholesterol (HDL-C) analyses were performed. The
values for AST, alanine transaminase (ALT) and AST/ALT were
obtained. Advanced Donma cardiac index (ADCI) values were
calculated. Statistical evaluations including correlation analysis were
done by a statistical package program. The statistical significance
degree was accepted as p < 0.05. The index, ADCI, was developed
from both anthropometric and biochemical parameters. All
anthropometric measurements except weight were included in the
equation. Besides all biochemical parameters concerning MetS
components were also added. This index was tested in each of three
groups. Its performance was compared with the performance of
cardiometabolic index (CMI). It was also checked whether it was
compatible with AST activity. The performance of ADCI was better
than that of CMI. Instead of double increase, the increase of three
times was observed in children with MetS compared to MO children.
The index was correlated with AST in MO group and with AST/ALT
in MetS group. In conclusion, this index was superior in discovering
cardiac problems in MO and in diagnosing MetS in MetS groups. It
was also arbiter to point out cardiovascular and MetS aspects among
the groups.
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[. INTRODUCTION

ORBID obesity is an important milestone in the way

going towards cardiovascular diseases (CVDs). Morbid
obesity may also lead to MetS, which is a cluster of
symptoms.  Alterations in distinct biochemical and
anthropometric parameters point out the life-threatening points
in this triangle [1]-[3].

Aside from central obesity, which was often indicated by
increased WC associated with increased hip and neck
circumferences; two biochemical parameters from fat
metabolism and the other two from glucose metabolism are
the major players of the game. Height is another dimension in
this discussion. Its close association with physiological
parameters, e.g. blood pressure values, makes this parameter
arbiter within the scope of anthropometric parameters [4], [5].
Ratios are also important as the predictors of CVDs [6], [7].

High TRG values are detrimental for cardiovascular system.
Reducing the values is helpful for the protection from CVDs.
HDL-C is of a protective nature against heart diseases. FBG
and INS behavior are key factors to be considered for the
definition of insulin resistance (IR), an indispensable associate
of morbid obesity. IR is one of the earliest constellations of
cardiometabolic diseases. All together they contribute to the
risk of multiple cardiometabolic diseases, including type 2
diabetes (T2D) and CVDs [8], [9]. These biochemical
parameters are clinically being used as also MetS components
during the diagnosis of the disease [10]. It is known that
cardiovascular problems as well as the development of MetS
are severe ultimate conclusions, which can be evaluated as
adverse side effects of morbid obesity.

A new generation of cardiovascular risk markers is
currently being evaluated [11]. However, in recent years, some
cardiac enzymes also regained importance for the diagnosis of
cardiac problems. Aspartate transaminase (AST), the most
important member of liver transaminases, is a rather old
enzyme in this context. However, it still is being used
independently to predict cardiac-related morbidity and
mortality [12]. Aspartate aminotransferase to alanine
aminotransferase ratio (AST/ALT) was widely investigated
and reports concluded that this ratio is of an importance during
MetS and cardiometabolic diseases [13]-[16].

There are investigations that develop and introduce
cardiometabolic or MetS indices performed among obese
individuals [17]-[20]. However, it is almost impossible to
distinguish between cardiovascular system and MetS-related
alterations. So far, to the best of our knowledge, an index,
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which was confined to cardiac alterations that occur during the
development of MetS, has yet to be introduced. The aim of
this study was to develop a functional cardiac index also in
cases developing MetS.

IL. PATIENT AND METHODS

A. The Study Population

43 children with normal body mass index (N-BMI) and 81
MO children, who admitted to the pediatric outpatient clinic of
Faculty of Medicine Hospital were included into the study. 41
MO children were observed to possess MetS criteria.

All parents gave informed consent according to the
Declaration of Helsinki. The study protocol was approved by
the institutional non-interventional Ethical Committee.

B. Definition of Morbid Obesity

Children with normal-BMI and morbid obesity were
selected based on the age and gender-adjusted BMI percentile
tables prepared by World Health Organization [21]. Children
with percentiles between 15 and 85 were in N-BMI group.
Those above 99™ percentile were included in MO groups with
and without MetS.

C.Selection Criteria for MetS

MO children exhibiting MetS criteria were in MetS group.
Aside from central obesity, elevated systolic (above 120 mm
Hg) and/or diastolic (above 80 mm Hg) blood pressure,
elevated FBG (above 100 mg/dl) and elevated TRG (above
100 mg/dl) and/or low HDL-C concentrations (below 40
mg/dl) constitute the list of MetS components [10]. In addition
to central obesity, the presence of at least two criteria from
this list was sufficient for a participant to be included into the
MetS group.

D.Anthropometric Parameters and Indices

Weight, height, WC, HC, HdC and NC measurements were
performed and recorded. BMI, waist-to-hip, waist-to-height
and waist-to-hip-to-height ratios were calculated.

E.Blood Pressure Measurements and Biochemical Tests

Systolic and diastolic blood pressure values were obtained.
Concentrations of FBG, INS, TRG, HDL-C were determined.

F. Calculation of Indices

The formula for ADCI was: [(TRG / HDL-C) * (INS /
FBG)] * [(WC+HC)/Height] * [(HdC+NC)/Height]

G.Statistical Evaluation

A statistical package program was used for the statistical
analysis. Data were examined in terms of descriptive
parameters. Correlation analysis was performed. p value
smaller than 0.05 was accepted as statistically significant.

III. RESULTS

Mean age + standard deviation of three groups were 10.9 +
4.2 years for N-BMI group, 10.6 £ 3.5 years for MO group
and 12.1 £ 2.6 years for MO group with MetS findings. There
was no statistically significant difference between groups (p >
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0.05).
Weight, height, WC, HC, HdC and NC values were
tabulated in Table I.

TABLE I
ANTHROPOMETRIC MEASUREMENTS
Parameter/Groups N-BMI MO MetS

Weight 393+£179 63.7+26.5 75.0+20.4
Height 1448+232 1482+189 1558+124

wC 649 +11.8 88.2+14.2 97.1+£10.4

HC 77.4£14.7 97.0+£16.2 104.7+14.3

HdC 53.1+£2.7 55.1+2.3 553+22

NC 293 +3.8 33.6+3.8 350+5.6

Statistically significant increases were observed in weight,
WC, HC and NC values from N-BMI to MO, MO to MetS
groups. BMI, waist-to-hip, waist-to-height, waist-to-hip-to-
height ratios were listed in Table II.

TABLEII
ANTHROPOMETRIC RATIOS
Parameter/Groups N-BMI MO MetS
BMI 176 £29 27.6+£53 303+4.7
Waist-to-hip 0.84+0.07 091+0.06 0.94+0.11
Waist-to-height 0.45+0.05 0.60+0.05 0.62+0.05
Waist-to-hip-to-height 0.60+0.12 0.63+0.10 0.61+0.10

For BMI values, statistically significant increase was
observed in MO group when compared with N-BMI group.
Although increases were obtained, any significant difference
could not be noted for anthropometric ratios between MO and
MetS groups.

Blood pressure values, TRG, HDL-C, FBG, INS values
were shown in Table III.

TABLE III
METABOLIC SYNDROME RELATED PARAMETERS
Parameter/Groups N-BMI MO MetS

SBP 102.4+10.1 1132+122 126.2+16.3

DBP 69.3+7.8 71.9+10.2 84.5+11.3

TRG 84.6 £43.1 90.8+40.8  165.9+89.0
HDL-C 56.2+129 51.5+8.5 46.8+9.9

FBG 92.5+5.9 90.6+5.5 98.0+8.3

INS 11.8+ 69 209+169 36.1+17.4

SBP = systolic blood pressure, DBP = diastolic blood pressure.

Statistically significant increases were noted when MetS
group compared to the values observed in MO group for MetS
related parameters.

AST, alanine transaminase, AST-to-ALT ratio, CMI and
ADCI values were shown in Table V.

TABLE IV
TRANSAMINASES AND INDICES
Parameter/Groups N-BMI MO MetS
AST 223+62 457+51.8 50.1+554
ALT 140+49 31.8+23.7 42.1+36.5
AST/ALT 1.72+0.70  1.33+£0.63 1.16+0.62
CMI 0.78+0.67 1.01+£0.55 2.24+1.33
ADCI 0.14+£0.17 031+£0.51 1.04+0.88
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CMI and ADCI values increased in MO and MetS groups
compared to N-BMI group. However, increases in ADCI were
more striking than increases in CMI.

Values for CMI were slightly increased in MO group.
However, for ADCI, the increase in MO group was twice the
values obtained in N-BMI group. CMI values observed in
MetS group were almost twice that of MO group. On the other
hand, ADCI values in MetS group were three times higher
than values obtained in MO group.

Correlation analysis was performed. ADCI values were
given in Table IV. Correlations between ADCI and AST as
well as AST/ALT in three groups were given in Table V. p
values for significance check of correlation were also shown.

TABLE V
SIGNIFICANCE CHECK OF CORRELATIONS
Parameter/Groups ~ N-BMI MO MetS
ADCI
AST 0.096 0.021 0.910
AST/ALT 0.952 0.064 0.034
Statistically  significant correlations were calculated

between ADCI and AST in MO group, between ADCI and
AST/ALT in MetS group. The correlations between CMI and
AST as well as AST/ALT were not statistically significant.

IV. DISCUSSION

AST was the first cardiac biomarker to be used [22], [23].
Positive association was observed between AST and CVD in
epidemiological studies [24]. However, it is still being
accepted as one of cardiac enzymes [12], [25] and is still being
used for the evaluation of cardiotoxicity [26], [27]. It is also
used as one of the cardiac damage markers [28] or cardiac
injury markers [29]. In a similar manner, in a study [30], an
association between AST activity and the risk of cardiac
mortality in patients with ischemic heart disease was reported.

In this study, any correlation was not observed between
ADCI and neither AST nor AST/ALT in the N-BMI group (p
= 0.096 and p = 0.952). This was an expected result for a
cardiac index. In MO group, there was a correlation of ADCI
at limit (p = 0.064) with AST/ALT. Significant correlation
was observed between ADCI and AST (p = 0.021). This
finding highlights that AST acts as a cardiac marker in this
group. These results highlight both the MetS aspect as well as
the cardiac problems related aspect of this index. In this group,
the index emphasizes the cardiovascular risk as well as a
tendency towards MetS.

These inferences are confirmed by the results obtained in
the group with MetS. In this group, the correlation of ADCI
with AST, which is an absolute cardiac marker, was lost. In
contrary, a statistically significant correlation (p = 0.034) was
detected between ADCI and AST/ALT. Accordingly, the
index emphasizes MetS in the group with MetS. Here, the
relationship with MetS comes to the fore.

A study confirmed the association of AST/ALT ratio with
MetS. The ratio but not AST was found to be significantly
correlated with components of MetS (negatively with WC,
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SBP, DBP, FBG, TRG and positively with HDL-C; p < 0.01)
[13].

When the performance of CMI was evaluated, it was
associated with the risk of metabolic associated fatty liver
disease [18]. It was reported to exhibit a good performance in
detecting MetS in women [31]. In another study, a positive
association between CMI levels and the risk of new-onset
CVD in patients with hypertension and obstructive sleep
apnea was reported [32].

In the present study, CMI was associated with neither AST
nor AST/ALT parameters in any of the groups.

V.CONCLUSION

The ADCI index presented in this study makes a difference
because of its relationship, confirmed by AST and AST/ALT,
with both CVDs and MetS, respectively.
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