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Abstract

Objective To assess the utility of continuous metabolic syndrome score (cMetS) for predicting metabolic syndrome (MS) and
determine the cut-off values in overweight and obese children.

Methods This study was conducted among 104 children (7-14 y) attending obesity clinics of a tertiary care hospital in Mumbai,
India. The cMetS was computed by standardizing the residuals of waist circumference (WC), mean arterial blood pressure
(MAP), high density lipoprotein cholesterol (HDL-C), triglycerides (TG), and Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) by regressing them according to age and sex and aggregating them. The optimal cut-off of cMetS for
predicting MS was determined by the receiver operation characteristic (ROC) curve analysis.

Results The cMetS increased significantly with increase in the number of MS risk factors. It was significantly high in children
with MS than those without it (boys: 1.070 + 1.834 vs. -1.478 + 2.262; gitls: 2.092 + 1.963 vs. -2.253 + 2.140; combined children
group: 1.572 4+ 1.950 vs. -1.907+ 2.374; p < 0.001). The score predicted MS with high accuracy in girls; (AUC 0f 0.95, 95% CI:
0.90-1.00), moderate accuracy in boys (AUC of 0.79, 95% CI: 0.65-0.92) and in the combined group (AUC of 0.87, 95% CI
0.80-0.94) respectively. The cut-off of cMetS yielding maximal sensitivity and specificity for predicting the MS was —1.009 in
boys (sensitivity 93% and specificity 62%); —0.652 in girls (sensitivity 96.4% and specificity 77%) and — 0.6881 in the combined
group (sensitivity 91.2% and specificity 70.2%).

Conclusions cMetS predicted MS with moderate to high accuracy. It had high sensitivity and specificity in predicting MS in
overweight and obese children.
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Introduction

Metabolic syndrome (MS) encompasses clustering of car-
diometabolic risk factors consisting of abdominal adipos-
ity, elevated levels of blood pressure (BP), serum triglyc-
erides (TG) and glucose, as well as low serum high den-
sity lipoprotein-cholesterol (HDL-C) [1]. The presence of
MS is associated with increased risk of cardiovascular
disease, diabetes, some cancers, and all-cause mortality
later in life [2].

The pandemic of childhood obesity has resulted in signif-
icant concerns regarding associated co-morbidities in the
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pediatric population with MS [3] . This condition is well de-
fined in adults, however in pediatric age group; there is no
universal and uniform definition for MS. Its prevalence has
large variations according to the classification system used
[4-6]. Traditional MS criteria are further limited by identify-
ing risk only when a person exhibits abnormalities beyond the
cut-off for three of the components of MS. Use of continuous
metabolic syndrome risk score (cMetS) therefore has been
suggested to overcome the limitations posed by dichotomous
classification [4]. The American Diabetes Association and the
European Association for the Study of Diabetes has recom-
mended use of continuous value of MS risk score for investi-
gating the association of MS with potential risk factors in
children and adolescents [7].

The cMetsS risk score is more robust measure of MS. Being
a continuous variable, cMetS assumes that the increased car-
diovascular risk is a progressive function of several MS risk
factors [8]. It has greater statistical power; is more sensitive
and less error prone compared with categoric measures of MS
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[9]. The continuous score is more reliable in predicting young
adult risk from late childhood [10].

With this background of lack of a consensus definition for
MS in children and cardiovascular risk being a progressive
function of several components of MS, this study was aimed
to identify prevalence of MS in overweight and obese children
using cMetS, to identify the cut-offs’ for an adverse MS and
compare the cMetS with the number of MS risk factors.

Material and Methods

This cross-sectional study was a part of Obesity Management
Clinic in overweight and obese children attending Pediatrics
Department Bhabha Atomic Research Centre Hospital. The
Ethical permission was obtained (NP/BARC/2018/11), the
consent of parents and assent from the children was sought.
One hundred four overweight and obese children (7-14 y)
underwent detailed clinical examination. Children with sec-
ondary obesity were excluded.

Weight (Wt) was measured on an electronic digital scale to
the nearest 0.1 kg (Capri electronics, Model MI-120 T). Height
(Ht) was measured to the nearest 0.1 cm using Stadiometer.
Waist circumference (WC) was measured with an inelastic tape
to the nearest 0.1 cm measuring at the end of normal expiration
from the narrowest point between the lower borders of the rib
cage and the iliac crest. The authors used Indian cut-off of
>/=75th WC percentile to identify children at risk for MS
[11]. BMI was computed using the following formula: BMI:
weight (kg)/height (m)?. Children were classified as overweight
and obese according to the Revised IAP growth charts 2015;
adult equivalent of 23 and 27 cut-off presented in age- and
gender-specific Revised Indian Academy of Pediatrics (IAP)
growth standards were used to classify children as overweight
and obese [12]. Blood pressure — Systolic (SBP) and diastolic
blood pressure (DBP) was measured on right arm of the child
with appropriate sized cuff, in a sitting position after 10 min rest
by using mercury sphygmomanometer (Diamond, India).
Average of two measurements was recorded. The SBP and
DBP were compared with age and gender specific percentiles
of BP measurements provided in the Report of the Second Task
Force on Blood Pressure Control in Children [13]. Mean arte-
rial pressure (MAP) was calculated as systolic blood pressure —
diastolic blood pressure)/3 + diastolic blood pressure.

Blood sample was collected after 10-12 h fasting and
analysed in the BARC Hospital Pathology Department.
High density lipoprotein (HDL) and triglycerides (TG) were
measured by enzymatic colorimetric method. Fasting blood
glucose (FBS) and Serum insulin (S-Insulin) were determined
with Glucose oxidase method and Chemiluminescence meth-
od respectively. Insulin resistance (IR) was determined using
homeostatic model assessment for insulin resistance or

HOMA-IR model as product of fasting glucose (mg/dl) x
fasting insulin (ulU/ml)]/405 [14].

MS was defined according to the National Cholesterol
Education Programme Adult Treatment Panel — III
modified for age criteria by De Ferranti et al. [15].
Children with presence of any three components: TG
>/= 100 mg/dl, HDL level <50 mg/dl, Fasting Glucose
(FBS) >/= 110 mg/dl, WC > 75th percentile for age and
gender and systolic blood pressure > 90th percentile for
gender, age and height were categorized as having MS.

The cMetS was calculated using the Residual Z-
score approach as described by Eisenmann [9]. The var-
iables to be represented in the score i.e., WC, MAP,
HOMA, HDL-C, and TG were first standardized by
regressing them on the age in boys and girls separately.
The standardized residual Z-score were saved. The stan-
dardized HDL-C was multiplied by (—1), as it is in-
versely related to metabolic risk. The standardized re-
siduals for the individual risk factors were summed to
create the cMetS. A higher score is indicative of a less
favourable MS profile.

Statistical analyses was conducted using SPSS ver-
sion 25 (SPSS Inc. Chicago, IL) statistical package.
All variables were checked for normality; normalised
using log transformation and presented as mean =+ stan-
dard deviation. Frequencies were reported in number
(percentage). The independent sample T test was used
to compare continuous variables and the Chi square test
was used to compare proportions. Comparison of con-
tinuous variables between more than two groups was
done by ANOVA test. To estimate valid cut-off values
of cMetS for predicting MS, the receiver operation char-
acteristic (ROC) curve analysis was performed with an
estimation of the sensitivity and specificity. The estimat-
ed cut-off values were determined using the minimum
value which represents the maximum sum of sensitivity
and specificity.

Results

One hundred four overweight and obese children (48%
boys and 52% girls) participated in this study. The gen-
eral characteristics of the children including anthropo-
metric and biochemical measurements according to gen-
der are presented in Table 1. There was no significant
difference in mean age, weight, height, BMI, SBP, DBP,
MAP, TG, FBS, S-Insulin and HOMA-IR between boys
and girls. However boys had high mean WC and low
mean HDL levels compared to girls (P <0.05).

Table 2 presents the prevalence of individual meta-
bolic risk factors, number of risk factors and prevalence
of MS in children according to NCEP-ATP-III criteria
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Table 1 Anthropometric, clinical

and biochemical characteristics of ~ Characteristic Total (N=104) Boys (N=150) Girls (N=54) P value

overweight and obese urban

Indian children Age, years 10.38 (1.77) 10.44 (1.77) 10.33 (1.78) 0.453
Weight, kg 50.59 (12.73) 52.17 (12.93) 49.12 (12.48) 0.224
Height, cm 145.46 (12.10) 146.49 (12.08) 144.50 (12.14) 0.405
BMI, kg/m® * 23.51(2.94) 23.94 (3.05) 23.10 (2.80) 0.148
Waist circumference, cm 7741 (7.91) 79.41 (8.49) 75.56 (6.90) 0.013*
FBS, mg/dI® 92.28 (16.10) 92.54 (9.80) 92.04 (20.37) 0.874
HDL, mg/dI* 40.65 (1.23) 38.90 (1.20) 42.68 (1.23) 0.012*
TG, mg/dI* 96.51 (1.51) 101.90 (1.59) 91.76 (1.43) 0.197
S-Insulin, TU/ml* 13.63 (1.47) 14.25 (1.51) 13.08 (1.44) 0.265
SBP, mmHg 109.13 (9.24) 109.82 (10.35) 108.48 (8.14) 0.463
DBP, mmHg 67.56 (7.17) 68.48 (7.89) 66.70 (6.39) 0.208
MAP, mmHg 81.41 (7.17) 82.26 (8.06) 80.63 (6.21) 0.248
HOMA-IR 3.37(1.57) 3.59 (1.79) 3.17 (1.31) 0.169

$ BMI is based on Revised IAP Growth charts 2015 for Indian children [12]
“p value <0.05 (statistically significant value); * Log converted values; © Mann Whitney test; All the values are

expressed in Mean (+ SD)

BMI Body mass index, DBP Diastolic blood pressure, FBS Fasting blood sugar, HDL High-density lipoprotein,
HOMA-IR Homeostatic model for insulin resistance, MAP Mean arterial pressure, SBP Systolic blood pressure,

TG Triglycerides

[15]. Overall, 85.6%, 71.2% 48.1%, 36.5% and 8.7%
children had low HDL, high WC, TG, SBP and FBS.
Regarding presence of number of risk factors of MS,
19.2%, 23.1%, 33.7% and 20.2% children had one,
two, three and four risk factors respectively. Three boys

Table2 Prevalence of individual MS risk factors and MS in overweight
and obese urban Indian children

Total Boys Girls P value

MS risk factors

Low HDL 89 (85.6) 46 (92) 43 (79.6) 0.064

Elevated WC 74 (71.2) 39 (78.0) 35 (64.8) 0.102

Elevated TG 50 (48.1) 26 (52) 24 (44.4) 0.283

Elevated BP 38 (36.5) 20 (40) 18 (33.3) 0.308

Elevated FBS 9(8.7) 5(10) 4(7.4) 0.451
Number of MS risk factors

0 329 0.00 3(5.6) -

1 20 (19.2) 6 (12.0) 14 (25.9) 0.074

2 24 (23.1) 15 (30.0) 9 (16.7) 0.221

3 35(33.7) 17 (34.0) 18 (33.3) 0.886

4 21(20.2) 11 (22.0) 10 (18.5) 0.827

5 1(1.0) 12.0) 0.00 -
Prevalence of MS 57 (54.8) 29 (58.0) 28 (51.9) 0.559

Risk factors for classifying MS, according to de Ferranti et al. [15]. All
values are expressed as N (%)

BP Blood pressure, FBS Fasting blood sugar, HDL High-density lipopro-
tein, MS Metabolic syndrome, 7G Triglycerides, WC Waist
circumference

(2.9%) did not have any risk factor and one boy had all
five risk factors for MS. There was no significant gen-
der difference in either the prevalence of individual risk
factor or the number of risk factors present.

The prevalence of MS in children was 54.8%. There was
no significant difference in the prevalence between the boys
(58.0%) and girls (51.9%). Obese children with MS had sig-
nificantly higher BMI, WC, SBP, DBP and TG than those
without MS (p <0.001).

The cMetS was constructed as mentioned in methods
section. Table 3 demonstrates the relationship between
cMetS and the number of MS risk factors. Children with
higher number of MS risk factors and with presence of
MS had higher cMetS (p<0.001). ANOVA result after
categorizing the children into </= 1, 1, 2 & +3 risk
factors groups revealed that mean cMetS score increased
significantly with increase in the number of risk factors,
(p<0.001). The mean cMetS was significantly high in
children with metabolic syndrome than those without it
(boys: 1.070+£1.834 vs. -1.478 £2.262; girls: 2.092 +
1.963 vs. -2.253+2.140; combined children group:
1.572+£1.950 vs. -1.907£2.374; p<0.001).

To evaluate cMetS, ROC curve analysis was carried
out for boys and girls separately and combined children
group to find how the cMetS performed to predict MS
(Fig. la—c). The result demonstrated that cMetS was high-
ly accurate in girls; AUC of 0.95 (95% CI: 0.90-1.00) and
moderately accurate in boys; AUC of 0.79 (95% CI:
0.65-0.92). The cMetS cut-off to predict MS in girls
was —0.652 (sensitivity 96.4% and specificity 77%) and
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Table 3  Mean values of continuous metabolic syndrome score (cMetS) according to the number of MS risk factors
Total Boys Girls P value

MS risk factors

0 —5.1331 (1.930) - —5.1331 (1.930) <0.001*

1 —2.501 (2.014) —2.936 (2.851) —2.315 (1.636)

2 —1.008 (2.255) —0.895 (2.378) —1.196 (2.158)

3 0.9495 (1.888) 0.206 (1.151) 1.652 (2.192)

4 2.483 (1.640) 2.119 (1.942) 2.884 (1.181)

5 4.234 4.234 -
MS present 1.572 (1.950) 1.070 (1.834) 2.092 (1.963) <0.001
MS absent —1.907 (2.374) —1.478 (2.262) —2.253 (2.140)

All values are expressed as Mean (£S.E); "By ANOVA test; MS Metabolic syndrome

in boys it was —1.009 (sensitivity 93% and specificity
62%) respectively. For the combined group cMetS was
moderately accurate to predict MS with AUC of 0.87
(95% CI 0.80-0.94). A cMetS cut-off —0.6881 had
91.2% sensitivity and 70.2% specificity in this group.
The authors observed that, more children i.e., 63.5%
(n=66) had MS scores above this cut-off; prevalence of
MS now was 8.7% higher than that found according to the
classification proposed by de Ferranti et al. [15].

Discussion

In this study population of overweight and obese chil-
dren, a high prevalence (54.8%) of MS was observed
(boys 58.0% and girls 51.9%) using NCEP — ATP III
criteria. Children and adolescents who have high levels
of BMI are likely to have multiple risk factors, excess
adiposity, and higher prevalence of metabolic syndrome
[3, 16-21].

The cMetS was constructed using residual Z score
method described by Eisenmann [9] and a graded rela-
tionship was observed between cMetS and the number
of MS risk factors in boys, girls and combined children
group. Increase in the mean cMetS was noticed with
increase in the number of MS risk factors and those with
equal or more than 3 risk factors had the highest cMetS.
The cMetS was significantly high in children with MS.
The mean cMetS amongst children with MS was 1.57 +
1.95, compared to —1.907+2.374 in those without MS.
Similar findings were observed in boys and girls. The
present findings are consistent with the findings of high
cMetS in children with MS than those without it [3-5,
17, 18].

The results of the ROC analysis indicated different
cut-off points of cMetS in boys and girls and it was

found to be performing highly accurate in girls and
moderately accurate in boys for predicting MetS. The
score was highly sensitive and specific in both the gen-
ders and in the combined group. Various studies on the
utility of cMetS have documented the score to be highly
sensitive and specific to predict MS [4, 5, 17].
Regarding the optimal cut-offs’ of cMetS, higher value
was observed in girls compared to boys. In a study on
the efficacy of cMetS in Indian children by Pandit et al.,
similar finding of higher cut-off in girls compared to the
boys has been reported [17]. It is important to highlight
here that prevalence of MS using dichotomous definition
in present study population was high in boys than girls
though statistically not significant but cMetS was higher
in girls. This again puts emphasis on the continuous
nature of the MS.

Review of literature has demonstrated different cut-
offs for cMetS using different statistical methods and
different criteria to define MS. The cut-offs’ in the pres-
ent study population are sample specific as cMetS is
calculated using the residual Z scores of the individual
components of MS hence it cannot be compared with
other studies. This is one limitation of the study. The
other limitation is inability to study the influence of
biological maturity on cMetS due to less number of
children in pre-pubertal age group.

Studies have demonstrated significant relationship be-
tween childhood MS, defined by cMetS, and adult car-
diovascular risk [10, 21]. The range of cMetS found in
present study population supports the observation that
cardiovascular risk status varies even within the “high-
risk” overweight and obese children [22]. Children with
higher cMetS and therefore, unhealthy metabolic profile
are at increased risk of complications. They should be
prioritized for receiving aggressive care for managing
their obesity and changes in the cMetS over a time
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period will signify the effectiveness of an intervention
[23]. Also this cohort with unhealthy metabolic score
will need long- term follow until they reach adulthood
to identify the influence of cMetS on the adult MS,
cardiovascular disease, atherosclerosis and diabetes.
Recently, reference values for cardiometabolic risk
factors for European, American and Iranian children
are available [5, 24]. There is a need to have reference

values for the cardiometabolic risk factors for Indian
children. This will allow standardization of cMetS and
also make the score comparable to the reference values.
Thus it will increase the prospects to estimate and com-
pare prevalence and trends of cardiometabolic risk in
children. This score is becoming widely used in pediat-
ric epidemiological research and additional studies are
needed for using this score in clinical practice.
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Fig. 1 a ROC curve for Metabolic syndrome in (a) total population, (b) boys and (c) girls
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Conclusions

The cMetS predicted MS with moderate to high accuracy. It
had high sensitivity and specificity in predicting MS in over-
weight & obese children. With the pandemic of obesity and
increase in burden of cardiovascular diseases and diabetes in
our country, there is a need to have reference values for the
cardiometabolic risk factors for Indian children.
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