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BACKGROUND: Waist-to-height ratio (WHtR) predicts abdominal fat and cardiometabolic risk. In children with obesity, the most
adequate cut-off to predict cardiometabolic risk as well as its ability to predict risk changes over time has not been tested. Our aim
was to define an appropriate WHtR cut-off to predict cardiometabolic risk in children with obesity, and to analyze its ability to
predict changes in cardiometabolic risk over time.

METHODS: This is an observational prospective study secondary to the OBEMAT2.0 trial. We included data from 218 participants
(8-15 years) who attended baseline and final visits (12 months later). The main outcome measure was a cardiometabolic risk score
derived from blood pressure, lipoproteins, and HOMA index of insulin resistance.

RESULTS: The optimal cut-off to predict the cardiometabolic risk score was WHtR >0.55 with an area under the curve of 0.675 (95%
Cl: 0.589-0.760) at baseline and 0.682 (95% Cl: 0.585-0.779) at the final visit. Multivariate models for repeated measures showed
that changes in cardiometabolic risk were significantly associated with changes in WHtR.

CONCLUSION: This study confirms the clinical utility of WHtR to predict changes in cardiometabolic risk over time in children with

obesity. The most accurate cut-off to predict cardiometabolic risk in children with obesity was WHtR >0.55.

Pediatric Research (2023) 93:1294-1301; https://doi.org/10.1038/541390-022-02223-4

IMPACT:

® In children, there is no consensus on a unique WHtR cut-off to predict cardiometabolic risk.

® The present work provides sufficient evidence to support the use of the 0.55 boundary.

® We have a large sample of children with obesity, with whom we compared the previously proposed boundaries according to
cardiometabolic risk, and we found the optimal WHtR cut-off to predict it.

® \We also analyzed if a reduction in the WHtR was associated with an improvement in their cardiometabolic profile.

INTRODUCTION

In obesity, the excess fat mass accumulation in the subcutaneous
tissue leads to an increase in circulating free fatty acids. These free
fatty acids could lay down in other fat depots such as visceral
adipose tissue, or infiltrate the liver, muscle, pancreas, heart, or
kidney and thus alter their metabolic function.'? The distribution
of the adipose tissue is strongly related to the cardiometabolic
risk. Large accumulations of visceral and ectopic adipose tissue are
related to the development of several pathologies like type 2
diabetes mellitus, dyslipidemia, hypertension, cardiovascular
diseases, non-alcoholic fatty liver disease, or some types of
cancer.? Several studies to date confirmed that there is a large
tracking of adiposity between childhood and adulthood,” and
childhood overweight and obesity are associated with increased
cardiovascular events in adulthood.?

Several techniques can be used to quantify fat mass (air
displacement plethysmography, dual-energy-X-ray absorptiome-
try, magnetic resonance imaging, or computed tomography) but
most of them are expensive, or do not distinguish between central
and peripheral fat mass, or are not portable or require radiation
exposure.>” Waist circumference (WC) is an indicator of visceral
adipose tissue,® which has been significantly associated with
cardiometabolic comorbidities in children and adolescents.” It is
easy to perform, low-cost, and widely used in adults to predict
cardiovascular risk. In adults, there are specific cut-off points for
WC by sex (>88 cm in women and >102 cm in men)'® that predict
cardiovascular risk. In children and adolescents, as they are
growing, there is not a universal cut-off and it is necessary to
consult specific reference values."' Waist-to-height ratio (WHtR)
has been proposed as a simpler method as a proxy for abdominal
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obesity in the pediatric population since it is independent of age
and sex and can be interpreted according to a fixed cut-off point
in clinical practice."? It has been suggested that WHtR could be a
better predictor of abdominal adiposity than WC.'> WHtR is
strongly associated with the visceral fat measured using imaging
techniques,'* has been related to cardiometabolic risk factors'>®
and increased risk of metabolic syndrome'” in children and
adolescents. In the last several decades, there was a trend to
increase in obesity prevalence in children and adolescents.'®
Especially, there has been a greater proportional increase in WC,
and therefore in abdominal obesity, than in BMI in adolescents."®
Actually, several studies reported that WHtR assessed cardiometa-
bolic risk in children better than BML'®?° In adults, a boundary
value of 0.50 has been established to indicate cardiometabolic
risk, in accordance with the public health message “keep your WC
to less than half your height”.?" In children, there is not a unique
cut-off internationally accepted for WHtR. Many authors support
the use of WHtR =0.50 cut-off as well to assess cardiometabolic
risk in children'®'>2'"2” even though several of them obtained a
low specificity, leading to a high proportion of false positives.
Other authors have suggested higher boundary values. Khoury
et al®® using data from the National Health and Nutrition
Examination Survey, classified children into three groups of WHtR:
>0.50, =0.55, and =0.60. Children with WHtR =0.60 had an
increased prevalence of cardiometabolic risk factors compared to
the other groups. Ochoa Sangrador et al.'’, in a systematic review
in 2018 showed that the WHtR cut-offs proposed for the pediatric
population ranged from 0.40 to 0.55. Those cut-off points above
0.50 were predictors of a higher risk of metabolic syndrome.
Recently, we published that a WHtR >0.55 seemed to be the most
appropriate boundary value in children from the general
population from five different European countries.'®

The aim of the present work was to define an appropriate fixed
cut-off to diagnose abdominal obesity in children with obesity
aged 8-15 years, by comparing the sensitivity, specificity, and
predictive capacity of three different WHtR cut-offs: WHtR >0.50,
WHtR >0.55, and WHtR >0.60 for predicting cardiometabolic risk
factors. Furthermore, to confirm its clinical utility, we aimed to
evaluate whether changes in WHtR associated with an interven-
tion were also accompanied by an improvement in the
cardiometabolic profile.

METHODS

Design

This was an observational longitudinal prospective study secondary to the
OBEMAT2.0 trial (formerly a randomized clustered clinical trial with the
clinical.gov identifier NCT02889406). Briefly, OBEMAT2.0 study evaluated
the clinical and metabolic efficacy of the coordinated motivational
approach between primary and specialized care for the treatment of
childhood obesity. Children were treated in one of the clusters for 12 (43)
months: a control group following the usual recommendations in primary
care and an intervention group receiving motivational therapy including
family education workshops on nutrition, healthy cooking techniques, and
physical activity supported by educational materials and eHealth (wear-
able). Further details of the clinical trial were previously published.?

Study population
Children between 8 and <15 years at recruitment, and diagnosed of
childhood obesity according to the Guidelines for Clinical Practice on the
Prevention and Treatment of Childhood and Adolescent Obesity of the
Spanish National Health System®® were enrolled in the study in their
primary care centers during regular health checks. Children with eating
disorders or presence of endocrine disorders were excluded. The original
sample size calculation to participate in the clinical trial was detailed in the
original protocol of the clinical trial.>®

Only children with full data set were included in the analyses (children
with missing data for the main health outcomes predictors were not
included). In the present study, we included data from 218 children
(independently of the adherence to the intervention), who attended the
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baseline (from June 2016 to March 2018) and the final (from June 2017 to
June 2019) assessment visits in their reference hospital (University Hospital
Sant Joan de Reus or University Hospital Joan XXIIl de Tarragona), from the
315 recruited in the OBEMAT2.0 clinical trial. The flow diagram of
participants is shown in Supplementary Fig. 1.

Data collection

The WHtR was considered as the diagnostic test and different altered
cardiometabolic risk parameters were considered as the target disease
condition. All these measures, detailed below, were taken during the same
day, both baseline and final visits.

Anthropometry. All anthropometric measures were taken by the same
trained personnel at baseline and final study visits. Weight (kg) and height
(m) were measured using a SECA769 scale (precision 50g), SECA 216
Stadiometer (precision 1 mm). WC (cm) was measured at the mid-point
between the iliac crest and the lower rib with a Holtain WC non-extensible
tape (precision 1 mm). BMI (kg/m?) was calculated as weight (kg)/height
(m?) and its z-score (BMI z-score) for age and sex according to the World
Health Organization references>' WHtR was calculated as WHtR = WC
(cm)/height (cm), and all the participants were categorized into groups
according to the three boundary values for abdominal obesity: WHtR
>0.50, WHtR >0.55, and WHtR >0.60.

Blood pressure. At baseline and final visits, study personnel measured
systolic (SBP) and diastolic (DBP) blood pressure (mmHg) using a Dinamap
Pro 100 device, with the most adequate cuff size for each participant.
Blood pressure was measured at least 20 min after arriving at the study
center in duplicate, with an interval of 5 min between measures in the left
arm, while the child remained sat down with the arm resting comfortably.
The mean of both measures was calculated and used for all subsequent
analyses.

SBP and DBP variables were categorized into z-scores according to
Stavnsbo et al.>?, considering altered a z-score 1.5 SD for age and sex.

Blood sample. At baseline and final visits, a blood sample was drawn from
children during overnight fasting. Glucose (mg/dL), insulin (mlU), total
cholesterol (mg/dL), high-density lipoprotein cholesterol (HDL) (mg/dL),
low-density lipoprotein cholesterol (LDL) (mg/dL), and triglycerides (mg/
dL) were analyzed in the laboratories of the reference hospitals. Insulin
resistance index (HOMA-IR) was calculated from insulin and glucose as
HOMA-IR = (Insulin (uU/mL) x Glucose (mmol/L)) / 22.5.

The HDL cholesterol, triglycerides, and HOMA-IR z-scores were
calculated according to Stavnsbo et al3?, considering as altered for
triglycerides and HOMA-IR a z-score =1.5 SD for age and sex and for HDL
cholesterol a z-score <1.5 SD.

Assessment of cardiometabolic risk. To assess the children’s cardiometa-
bolic risk, we created a continuous cardiometabolic risk score (Cmet Risk)
based on Eisenmann et al.>3. This score was the sum of the standardized
SBP, DBP, triglycerides, HOMA-IR, and HDL cholesterol z-scores, this last
one multiplied by -1 (as HDL cholesterol is inversely related to
cardiometabolic risk). A higher score was indicative of a less favorable
cardiometabolic profile. It is worth highlighting that for the definition of
cardiometabolic risk score, we excluded the WC (which is usually
considered in metabolic syndrome), because it was part of our predicting
variable. A child with the presence of two or more altered health outcomes
(SBP, DBP, triglycerides, or HOMA-IR =1.5SD and/or HDL cholesterol
<1.5SD for age and sex) was considered to have an altered
cardiometabolic risk.

Statistics

The description of the continuous variables is presented either as mean
and standard deviation or median and interquartile range (25th-75th
percentiles) as appropriate. Normality was verified using the
Kolmogorov-Smirnov test. Differences between baseline and final visits
were assessed by either Student t-tests for repeated measures or Wilcoxon
tests depending on the distribution of variables.

Mann-Whitney U tests were used to compare the medians of
biochemical parameters and blood pressure according to the different
abdominal obesity categories.

Logistic binary regression analyses were performed to quantify the odds
of having health risk factors and cardiometabolic risk by different
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abdominal obesity cut-offs (WHtR >0.50, WHtR >0.55, and WHtR >0.60).
Models were adjusted by sex and age.

We calculated the sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of the three cut-offs for predicting
cardiometabolic risk. In addition, we conducted receiver operating
characteristic (ROC) analyses to determine the area under the curve
(AUC) of the WHtR, as well as the optimal cut-off to predict
cardiometabolic risk.

To assess whether the longitudinal change in cardiometabolic risk
factors between visits was associated to changes in WHtR, general linear
models for repeated measures were performed, adjusted by sex and age.

Statistical significance was accepted at the level p <0.05. Statistical
analyses were carried out with the software package SPSS Statistics version
27.0 (SPSS Inc., Chicago, IL).

RESULTS

Two hundred eighteen children (119 boys, 55% boys) who
attended baseline and final visits were included in the analysis.
Table 1 shows the anthropometrics and biochemical character-
istics of the participants and their comparison before and after the
intervention.

At baseline visit, 95, 71, and 22 of the children had a WHtR
>0.50, a WHtR =0.55, and a WHtR =0.60, respectively. At final visit,
86, 52, and 17% of the children had a WHtR >0.50, a WHtR >0.55,
and a WHtR =0.60, respectively. Tracking of abdominal obesity
categories according to the different boundaries was as follows:
11% of the children who were >0.50 cut-off at baseline changed
to <0.50 at the end of the intervention; 31 and 47% of the children
that were equal or above the 0.55 and 0.60 cut-offs, respectively,
at baseline visit were under this at the final one. The distribution

of the prevalence of altered health risk factors and the presence of
cardiometabolic risk according to the different abdominal obesity
cut-offs at baseline and final visits is shown in Supplementary
Table 1.

Table 2 shows the descriptive and comparison of cardiometa-
bolic risk parameters according to having or not having
abdominal obesity by the different boundaries (WHtR =0.50 vs.
WHtR <0.50, WHtR =0.55 vs. WHtR <0.55 and WHtR =0.60 vs. WHtR
<0.60) at baseline and final visits.

At baseline visit, cardiometabolic risk parameters were similar in
children with and without abdominal obesity according to the 0.5
and 0.55 criteria. However, children with a WHtR =0.60 showed a
statistically significant worse cardiometabolic profile compared to
those below the cut-off. At final visit, the three boundaries showed
significant differences between having or not abdominal obesity
for HDL cholesterol, triglycerides, HOMA-IR, and the cardiometa-
bolic risk score, and only with the 0.55 cut-off for DBP.

The results of the binary logistic regression analysis for baseline
and final visits are shown in Table 3. Children with abdominal
obesity did not differ in any of the cardiometabolic risk
parameters from children without abdominal obesity according
to the WHtR =0.50 boundary, at any of the visits. Children with
abdominal obesity according to the =0.55 boundary had
significantly higher odds of high DBP, triglycerides, HOMA-IR,
and overall cardiometabolic risk compared to children without
abdominal obesity at final visit. Children with abdominal obesity
according to the >0.60 boundary had significantly higher odds of
low HDL cholesterol and high HOMA-IR and cardiometabolic risk
at baseline, and higher odds of elevated HOMA-IR and

Table 1.

Baseline visit, median (IQR)

Anthropometric measures

n 218

Age (y) 10 (9, 12)

Weight (kg) 55.2 (47.4, 64.5)
Height (cm) 147.5 (140.2, 155.7)
BMI (kg/m?) 25.3 (23.8, 27.2)
BMI z-score 2.56 (2.25, 2.82

)
Waist circumference (cm) 84.0 (78.6, 89.1)
)

WHtR 0.57 (0.55, 0.59
Blood pressure measurements

n 210

SBP (mmHg) 108 (101, 114)

DBP (mmHg) 61 (57, 67)

SBP z-score 0.48 (—0.11, 1.20)

DBP z-score 0.02 (—0.50, 0.68)

Biochemical measurements

n 210

Glucose (mg/dL) 83 (80, 87)
HDL -C (mg/dL) 51 (45, 60)
LDL-C (mg/dL) 94 (79, 111)
Total-C (mg/dL) 160 (145, 187)
Triglycerides (mg/dL) 74 (58, 99)

11.9 (9.1, 15.8)
2.45 (1.77, 3.34)

Insulin (ulU/mL)
HOMA-IR

Characteristics of the study sample and comparison between baseline and final visits.

Final visit, median (IQR) p value
218

11 (10, 13) <0.001
60.2 (51.5, 69.2) <0.001
153.4 (147.0, 161.5) <0.001
25.2 (23.2, 27.6) 0.462
2.34 (1.91, 2.65) <0.001
84.5 (79.1, 90.4) 0.019
0.55 (0.52, 0.59) <0.001
196

109 (103, 116) 0.366
67 (63, 71) <0.001
0.50 (—0.21, 1.21) 0.130
0.66 (0.09, 1.21) <0.001
209

83 (78, 87) 0.067
49 (43, 59) 0.010
85 (71, 102) <0.001
153 (138, 174) <0.001
71 (52, 103) 0.283
11.1 (8.4, 15.9) 0.895
2.26 (1.68, 3.32) 0.671

IQR interquartile range (25th-75th percentile), BMI body mass index, WC waist circumference, WHtR waist-to-height ratio, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, Total-C total cholesterol, HOMA-IR homeostatic model assessment for insulin resistance, SBP systolic

blood pressure, DBP diastolic blood pressure.
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Table 2.
WHtR =0.50 WHtR 20.55
Yes No Yes
Baseline visit
n 200 10 149
SBP z-score 0.48 (-0.14, 1.18)  0.11 (-0.59, 2.34) 0.50 (-0.09, 1.18)
DBP z-score 0.01 (-0.51, 0.66)  0.35 (-0.52, 0.70) 0.19 (-0.51, 0.79)
HDL-C 52 (44, 60) 50 (48, 67) 52 (44, 58)
TG 73 (58, 100) 80 (50, 91) 73 (56, 100)
HOMA-IR 247 (1.79, 3.34) 1.72 (1.13, 3.32) 2.45 (1.78, 3.42)
Cmet Risk score  2.24 (0.31, 3.86) 1.43 (-0.63, 6.55) 2.49 (0.44, 3.95)
Final visit
n 178 31 106
SBP z-score 0.59 (-0.21, 1.27)  0.14 (-0.21, 0.65) 0.61 (-0.23, 1.25)
DBP z-score 0.69 (0.15, 1.24) 0.48 (-0.09, 0.95) 0.76 (0.27, 1.41)
HDL-C 48 (43, 57) 56 (45, 65)° 48 (42, 57)
TG 72 (53, 109) 65 (46, 81)° 76 (55, 112)
HOMA-IR 2.30 (1.75, 3.43) 1.89 (1.43, 2.33)" 2.44 (1.95, 3.67)

Cmet Risk score

2.65 (0.84, 4.51)

1.01 (-1.16, 2.85)*

3.16 (13.56, 5.17)

Data are presented as median (interquartile range: 25th-75th percentile).
WHtR waist-to-height ratio, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density lipoprotein cholesterol, TG triglycerides, HOMA-IR
homeostatic model assessment for insulin resistance, Cmet Risk cardiometabolic risk.
8p < 0.05; Tp < 0.01; *p < 0.001 for median differences between obesity categories (yes vs. no).

No

61

0.24 (-0.20, 1.26)
-0.27 (-0.54, 0.42)
51 (45, 63)

75 (64, 95)

2.29 (1.61, 3.20)
1.86 (0.07, 3.54)

103

0.44 (-0.13, 0.99)

0.51 (-0.08, 1.03)"
51 (44, 62)°

65 (50, 88)°

2.13 (1.59, 2.91)"

1.63 (-0.07, 3.29)*

WHtR 20.60

Yes

47

0.75 (0.09, 1.72)
0.35 (-0.33, 0.99)
47 (39, 54)

91 (72, 120)
2.88 (2.31, 3.64)
3.80 (2.49, 5.44)

34
0.69 (~0.05, 1.15)
0.50 (~0.06, 0.98)
44 (41, 49)

95 (70, 125)

3.11 (2,06, 5.42)
491 (227, 6.57)

Comparison between the different boundaries of abdominal obesity categories for the biochemical measurements at both visits.

No

163

0.44 (-0.16, 1.05)°
-0.11 (-0.58, 0.46)°
52 (46, 61)"

70 (57, 93)"

2.25 (1.67, 3.28)
1.82 (0.03, 3.48)*

175
0.48 (-0.21, 1.23)
0.70 (0.15, 1.24)
51 (43, 59)"

66 (51, 92)*

2.16 (1.64, 3.05)*
2.06 (0.21, 3.78)*

Table 3.

Logistic regression models of being categorized as abdominal obesity according to the different WHtR criteria on health outcome measures

at baseline and final visits.

Baseline visit

n 210 210 209

WHtR >0.50 0.4 (0.1, 1.6), 5.9 0.5 (0.1, 5.3), 12.5 0.7 (0.1, 6.2), 4.2
WHtR >0.55 0.7 (0.3, 1.6), 5.1 2.9 (0.6, 13.6), 14.7 1.2 (0.3, 4.8), 4.2
WHtR >0.60 1.9 (0.8, 4.2), 6.3 1.8 (0.6, 5.9), 13.2 6.3 (1.8, 21.6), 15.1F

Final visit

n 196 196 209

WHtR >0.50 1.3 (0.4, 4.0), 3.4 2.8 (0.6, 12.9), 6.1 1.0 (0.2, 4.7), 5.0
WHtR >0.55 1.1 (0.5, 2.3), 3.4 3.6 (1.5, 9.0), 11.4" 2.7 (0.8, 9.1), 84
WHtR >0.60 1.5 (0.6, 3.8), 3.8 0.8 (0.2, 2.5), 4.3 2.3 (0.7,8.2),7.0

SBP 21.5SD

OR (95% Cl), R*%

DBP >1.5SD
OR (95% Cl), R>%

Each line represents a model adjusted by sex and age.
WHtR waist-to-height ratio, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density lipoprotein cholesterol, TG triglycerides, HOMA-IR

HDL-C <1.5SD

OR (95% Cl), R*%

Triglycerides 1.5 SD
OR (95% Cl), R*%

209

3.0 (0.3, 26.7), 8.3
0.9 (04, 2.1), 7.4
2.1 (0.9, 4.9), 9.5

209
7.2 (0.9, 55.2), 9.2
23 (1.1, 49), 7.9°
2.2 (0.9, 5.3), 6.8

HOMA-IR >1.5 SD
OR (95% Cl), R*%

206
2.3 (0.2, 20.9), 9.9
2.0 (0.7, 5.4), 11.1
3.1 (1.2, 8.0), 13.9°

207
2.2 (0.6, 8.0), 10.1
26 (1.1, 6.0), 13.0°
49 (2.0, 12.3), 17.6*

Cmet Risk =2
OR (95% Cl), R>%

199
0.6 (0.1, 3.0), 2.8
2.2 (0.8, 6.3), 4.8
3.8 (1.6, 9.3), 9.9"

186
7.4 (1.0, 57.5), 8.2
6.3 (2.4, 16.6), 17.0F
2.8 (1.1, 7.1), 6.4°

homeostatic model assessment for insulin resistance, Cmet Risk cardiometabolic risk >2 altered parameters; R? Nagelkerke.

$p < 0.05; 'p <0.01; *p <0.001.

cardiometabolic risk at final visit compared to children without
obesity according to the WHtR <0.60 criteria.

We calculated the sensitivity, specificity, PPV, and NPV for the
three boundaries in distinguishing subjects with cardiometabolic
risk at both visits (Table 4). WHtR =0.50 and WHtR =0.55 showed
higher sensitivity values (ranging from 82 to 97%); however, WHtR
>0.60 provided the most elevated specificity in both time points
(82 and 87%). Despite this, all of them had low PPV but high NPV.
ROC curve was also performed to find the optimal WHtR to predict
cardiometabolic risk at baseline and final visits. At baseline, the
AUC was 0.675 and the optimal cut-off was 0.5609, with a
sensitivity and specificity of 85 and 46%, respectively. At final visit,
the AUC was 0.682 and the most suitable cut-off was 0.5516, with
a sensitivity and specificity of 82 and 59%, respectively (Fig. 1).
These tests were also performed separately by sex (Supplementary
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Table 2 and Supplementary Fig. 2), with similar cut-offs, although
with lower sensitivity among girls.

Non-adjusted analyses revealed that variation in WHtR between
visits (baseline and final) was significantly but weakly correlated
with the change in all biochemical measurements (HDL choles-
terol, triglycerides, HOMA-IR) and the cardiometabolic risk:
r=0.168 (p=0.017); r=0.204 (p=0.003); r=0.197 (p=0.006)
and r=0.217 (p = 0.004) for HDL cholesterol, triglycerides, HOMA-
IR and cardiometabolic risk, respectively. Increments in WHtR
between visits were not associated with changes in SBP or DBP
between visits. Table 5 shows the results of the general linear
model for repeated measures for changes in cardiometabolic risk
parameters associated with increments in WHtR. Adjusted models
showed a significant interaction between WHtR and biochemical
parameters (HDL cholesterol, triglycerides, HOMA-IR) and the
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Table 4. Diagnostic capacity of the different waist-to-height cut-offs to predict cardiometabolic risk.
Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Baseline visit (n = 199)
WHTtR >0.50 93 5 14 80
WHtR >0.55 82 32 16 92
WHTtR >0.60 43 82 28 920
Final visit (n = 186)
WHtR >0.50 97 18 20 97
WHtR >0.55 82 56 29 93
WHtR >0.60 27 87 31 85
PPV positive predictive value, NPV negative predictive value, WHtR waist-to-height ratio.
a o ROC Curve at baseline visit b 0 ROC Curve at final visit
0.8 0.8
g 0.6 Z 06 -
= =
‘_qcrj 0.4 4 ) § 0.4 4 .
Optimal WHtR: 0.56 Optimal WHtR: 0.55
0.2 - Sensitivity: 85% 02 | Sensitivity: 82%
Specificity: 46% Specificity: 59%
00 ' AUC: 0.675 (0.589-0.760) 00 | . AUC: 0.682 (0.585-0.779)
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
Fig. 1 ROC curve at baseline and final visits. ROC curve of the optimal WHtR cut-off to detect cardiometabolic risk (>2 altered parameters) at

baseline (a) and final (b) visits. ROC receiver operating characteristic, AUC area under the curve, WHtR waist-to-height ratio.

Table 5.

Variable Baseline visit, mean (SD)?
SBP z-score 0.57 (0.09)

DBP z-score 0.07 (0.07)

HDL-C z-score —0.45 (0.06)

TG z-score 0.47 (0.08)

HOMA-IR z-score 0.75 (0.07)

Cmet Risk score 2.31 (0.22)

General linear model for repeated measures adjusted for sex and age.

Change in cardiometabolic risk parameters between visits associated with changes in the waist-to-height ratio.

Final visit, mean (SD)? p value for WHtR interaction®

0.48 (0.08) 0.330
0.58 (0.07) 0.375
—0.47 (0.06) 0.011
0.37 (0.09) 0.010
0.51 (0.08) 0.049
241 (0.22) 0.004

SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high-density lipoprotein cholesterol, TG triglycerides, HOMA-IR homeostatic model assessment
for insulin resistance, Cmet Risk cardiometabolic risk, SD standard deviation, WHtR waist-to-height ratio.

?Adjusted mean for WHtR, sex, and age.

bp value for the interaction of WHtR on the change in cardiometabolic risk variables z-scores and cardiometabolic risk score between baseline and final visits.
There was no significant interaction between sex or age and the change in any of the cardiometabolic risk parameters.

cardiometabolic risk, which revealed that the changes in those
parameters between visits were associated with changes in WHtR.
Consistently with simple correlation analyses, SBP and DBP did not
show any association with changes in WHtR in adjusted models
for repeated measures.

DISCUSSION
This study has shown the clinical usefulness of using WHtR and
the different boundaries in children and adolescents with obesity
to predict cardiometabolic risk.

In our sample, although all children had obesity according to BMI,
we found statistically significant differences in cardiometabolic risk

SPRINGER NATURE

factors and overall cardiometabolic risk between children with
abdominal obesity vs. without abdominal obesity for the three
boundaries. This is in accordance with data from the Bogalusa Heart
Study,?? in which children with obesity and normal WHtR (<0.50)
had significantly lower levels of cardiometabolic risk factors
compared to those with obesity and elevated WHtR (=0.50). These
findings evidence that not all individuals with generalized obesity
have the same health risk, and support the use of a measure of
abdominal obesity (either WC or WHtR) in the definition of
metabolic syndrome rather than BMI>*>® Following this, the
concept of distinguishing “metabolically healthy obesity” (in which
despite the presence of obesity, no metabolic abnormalities such as
insulin resistance, dyslipidemia, or hypertension are present) from
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“metabolically unhealthy obesity” (for subjects with obesity
accompanied by metabolic abnormalities)®”*® has recently gained
interest. Genovesi et al.3° found that WHtR was an independent
predictor of developing metabolically unhealthy obesity.

Several studies proposed different cut-offs of WHtR to diagnose
overweight and obesity in children by comparison with BMI or
body composition that ranged between 045 and 0.54.%%
However, some of these studies did not associate those cut-offs
with cardiometabolic risk factors. When focusing on the most
appropriate cut-offs of WHtR to be used in clinical practice,
decisions should be taken according to the capacity to predict
cardiometabolic risk, beyond the pure anthropometrical measure.
In this line, several studies have explored appropriate WHtR cut-off
points to identify cardiometabolic risk, and differed in their
conclusions. Some authors supported the use of WHtR >0.50 as
the most appropriate cut-off point to predict cardiometabolic
risk?’2>* in a wide age range (4-19 years old). Some authors
found that even lower cut-off points would be useful to identify
cardiometabolic risk in young children (5-9 years old).*> Arellano
et al.*® proposed as the best predictor of cardiometabolic risk a
WHtR >0.51 cut-off in children aged 8-11. Vasquez et al.*’ found
that a WHtR value of 0.54 was a good predictor of cardiometabolic
risk in 16 years old children. In study samples with a higher
percentage of obesity, the optimal cut-offs ranged between 0.55
and 0.60**>' in children and adolescents (6-16 years old).
Potential factors modifying the optimal boundary of WHtR are
the age of the sample and the prevalence of generalized obesity
that affect in turn the appearance of cardiometabolic alterations.

We found that the 0.50 cut-off (which is widely used in adults)
was not a good predictor of cardiometabolic risk in children and
adolescents with obesity. This is not surprising, since most of the
children, whether they had metabolic alterations or not, due to
having generalized obesity, were already above the 0.50 cut-off.

As we could see, the most frequently proposed cut-off for the
general pediatric population was a value of 0.50, but when the
prevalence of obesity increases, to differentiate those children
who have a real cardiometabolic risk from those who do not,
higher cut-off points are needed.

In our study, with the 0.55 and 0.60 cut-off values, the sensitivity
and specificity to predict cardiometabolic risk were balanced, and
had high PPV and NPV to discriminate cardiometabolic alterations
among children with obesity.

In our study, the AUC to find the optimal cut-off was not very
high. However, considering that this is a fast, innocuous screening
tool that could avoid or optimize additional testing on children, an
AUC near 0.7 might be acceptable. At the baseline visit, the best
predictor of cardiometabolic risk was 0.56 and at the final visit
0.55, with adequate sensitivity and specificity. Our results are in
accordance with those obtained by Arnaiz et al.*®

Even, in a sample of European children with a prevalence of
obesity <10%, we found that a WHtR >0.55 was more specific and
identified better children with cardiometabolic risk, especially at
younger ages.'®

We can confirm the clinical utility of WHtR, as we have seen that
the reduction of this parameter is associated with an improve-
ment in cardiometabolic risk in children and adolescents with
obesity. Our results agree with those of Kalavainen et al.>? who
found a reduction in cardiometabolic risk and WHtR in children
after a 6-month healthy habits intervention. Other studies showed
significant decreases in WHtR after receiving lifestyle interventions
but without relating it to cardiometabolic markers.”>™>>

We acknowledge that this study had some limitations: the
sample size did not allow us to stratify the children by age, ethnic
groups, or pubertal development, and the values of some
cardiometabolic risk indicators may differ between pubertal
stages. Although the study personnel were trained and followed
standard procedures we cannot discard a potential source of bias
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from inter- and intra-variability in anthropometrical measure-
ments. This study also has some strengths: We had a considerably
large sample of children and adolescents diagnosed with obesity,
which allowed us to see that although all of them had general
obesity, the cardiometabolic risk varied depending on the
abdominal obesity. Furthermore, the prospective longitudinal
design of our study, with a longer intervention period has allowed
us to analyze the impact of the reduction of WHtR on
cardiometabolic risk. Considering the large sample size, the
longitudinal design, and the consistency with previous publica-
tions we consider that our results could be generalized and
applicable to the pediatric population with obesity.

CONCLUSION

The WHTtR is a good predictor of cardiometabolic risk in children
and adolescents with obesity. In our sample of children and
adolescents with obesity, the WHtR cut-off point with better
sensitivity and specificity to predict cardiometabolic risk was 0.55.
The 0.50 cut-off, widely used in adults, was not useful to
distinguish between children and adolescents with or without
cardiometabolic risk. Thus, WHtR =0.55 could be considered an
appropriate cut-off for abdominal obesity in children.
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