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Abstract
Introduction: Abdominal fat and the proportion of lean body mass
have both been independently considered as risk factors leading to
insulin resistance and to an increased risk of developing chronic diseases later in life.

Objective: To analyse the relationship between the waist-to-height
ratio (WHtR) and other body composition indicators in children aged
2-6 years at public childcare centres.

Methods: This study consisted of a random, probabilistic cluster
sampling of 9 of the 59 existing childcare centres (Taubaté-SP, Brazil),
resulting in the evaluation of 950 preschool children. The body mass
index z-score (zBMI) and internationally accepted cut-off points were
used to evaluate their nutritional status. The z-score for the arm muscle area (zAMA) and arm fat area (zAFA) and the WHtR were used to
evaluate their body composition. Analyses were performed using the
parameters of central tendency, dispersion, proportions and correlations, adopting a significance level of 5%.
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Results: The data indicated a direct correlation between the WHtR
and zBMI (rP= 0.78), zAMA (rP= 0.52), zAFA (rP= 0.66) and the percentage of AFA (rP=0.54), with p <0.0001. There was an inverse correlation between the WHtR and the percentage of AMA (rP= -0.54),
with p <0.0001.

Conclusion: In preschool children, as the WHtR increases, the
amounts of both lean body mass and body fat mass also increase.
However, an increase in the waist circumference is accompanied by
a disproportionately greater increase in fat mass compared to lean
mass, which could indicate an additional risk factor for future chronic
diseases.
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Introduction
The importance of using the waist circumference to
estimate visceral fat has been underscored, even if
indirectly, primarily in screening for the risk of developing chronic diseases, which have been associated
with an increased accumulation of abdominal fat [1,
14, 17]. The mechanism by which the accumulation
of central fat, specifically visceral fat, leads to insulin
resistance likely stems from an increase in lipolysis
and the release of free fatty acids. Moreover, insulin resistance is associated with the appearance of
several risk factors for diseases such as glucose intolerance, dyslipidaemia, vascular injury, hypertension
and other cardiovascular disorders, which are the
major components of metabolic syndrome [6, 27].
A meta-analysis study found evidence supporting
the superiority of measuring central obesity, especially using the waist-to-height ratio (WHtR), compared
to Body Mass Index (BMI) in detecting cardiovascular risks in adult men and women [13]. However, in
children and especially in pre-school age children,
there is no consensus on this score because some
authors have found no difference between the use
of BMI and the use of waist circumference measurements in predicting cardiometabolic risks [5, 8,
12], whereas other authors have reported differences between them, considering waist circumference
measurements to be a better predictor of this type
of risk [15, 18, 24].
In addition to visceral fat, muscle mass has also
been associated with the body's ability to regulate the glucose metabolism. Because muscle is an
important site for glucose uptake, metabolism and
storage, reduced body muscle mass can be considered another factor capable of leading to insulin
resistance, thereby increasing the risk of developing
chronic diseases later in life [22, 25, 32].
The majority of these studies have independently
evaluated the risk of developing chronic diseases
at different stages of life, associating these risks
with fat accumulation in the central region or with
a reduction in lean body mass. Few studies have
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evaluated the simultaneous manifestation or the
correlation between these two risk factors [10, 32].
Across-sectional study conducted in Finnish adults
observed a positive correlation between waist circumference and both lean and fat body mass [32].
Ibáñez et al. [10] published the only study among
preschool age children and reported that central fat
gain was accompanied by a greater gain in body fat
mass than in muscle mass, but only in children who
were small for their gestational age at birth.
Considering that both excess fat and decreased
lean body mass in children may represent risk factors for medium and long-term health, the evaluation of body composition during childhood has
become extremely important. The early detection
of changes in these factors may contribute to the
development of more effective measures to prevent
obesity and its potential complications. Thus, given
the importance of this topic and the still outstanding issues, this research was conducted to study
the relationship between the WHtR, lean mass and
body fat mass in children aged 2-6 years.

Methods
This work was a cross-sectional study where the
study population consisted of children between the
ages of 2 and 6 years who were enrolled and attending municipal childcare centres in Taubaté (São
Paulo state – SP) during the second half of 2008 and
the first half of 2009. The sampling was probabilistic and random, clustered by the childcare centres
themselves, based on the list of the 59 municipallyowned childcare centres that existed at that time.
The sample size required was estimated to be
112 overweight children, with a Pearson correlation
coefficient of 0.30 between the WHtR and lean
body mass, for a statistical power of 90% and a
significance level of 5%. Given that the prevalence
of overweight preschool children in Taubaté was
approximately 15%, the final sample required was
estimated to be 747 children. The sample size calThis article is available at: www.intarchmed.com and www.medbrary.com
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culations were performed using the software MedCalc version 12.1.4.0.
To compensate for possible sampling losses, the
sampling group was expanded by 20%, requiring a
final sampling of 896 children. The first 9 childcare
centres randomly selected among the 59 existing
centres were more than sufficient to achieve the
necessary sample size.
All children between 2 and 6 years of age who
were enrolled and attending the childcare centres
and present on the days scheduled for taking the
anthropometric measurements were included in the
study. Children with chronic or growth disorders and
children whose parents or guardians did not authorise participation were not included in the study.
The nine childcare centres resulted in a total of
954 children who underwent the weight, height,
arm circumference (AC), waist circumference (WC)
and triceps skinfold thickness (TST) evaluations. After the process of analysing and evaluating the data
consistency, four children whose values were inconsistent were excluded, resulting in a final sample of
950 children.
The average age of the sample was 4.8 ± 0.96
years (standard deviation -SD), with a minimum age
of 2.0 years and a maximum age of 6.8 years. Boys
accounted for 54.7% of the children tested. The
socioeconomic status of these preschool children
was as follows: over half of the children lived in
households with 4 or 5 people (52.5%) and without
other children younger than 5 years of age (66.2%).
In addition, 45.1% of mothers and 35.8% of fathers
had at least nine full years of education.
Anthropometric measurements were taken at the
childcare centre it self on scheduled days. Nutritionists and students in their final years of Medical
School at the University of Taubaté (Universidade
de Taubaté) who had been previously trained, standardised and qualified to complete the instruments
collected the weights and heights of the children.
The data for body composition, circumference and
skinfolds were collected only by previously trained
© Under License of Creative Commons Attribution 3.0 License
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and standardised nutritionists. All body measurements were collected according to the technical
standards recommended by the World Health Organisation [20, 28, 29].
The weights were measured using a Seca® portable digital scale with 150-kg capacity and 100-g
precision (Seca®803), and the heights were measured using a WISO® portable stadiometer that was
graduated in centimetres and millimetres and attached to the wall.
The arm circumference (AC) was measured using
a 0.5-cm-width inextensible tape measure without
compressing the midpoint of the non-dominant
arm between the acromion and the olecranon and
with the child in a standing position with his/her
arms relaxed alongside the body.
The WC was measured using an inextensible tape
measure at the midpoint between the last rib and
the iliac crest, aligned on a horizontal plane, parallel to the floor, with the child standing, his/her
arms relaxed alongside the body, feet together and
abdomen relaxed. Measurements were taken upon
expiration [17, 29].
The TST was measured at the midpoint of the
dorsal surface of the non-dominant arm using a
properly calibrated Lange® skinfold calliper at a
constant pressure. The skinfold measurements were
taken in duplicate, and if there was a discrepancy,
the procedure was repeated. The mean of the recorded values was then calculated.
The arm muscle area (AMA) and arm fat area
(AFA) were used as indirect indicators of lean and
fat body mass. They were estimated using the formulas proposed by Baker et al. [2] to calculate the
total area of the arm (ATA) based on the AC and
the formulas proposed by Jelliffe and Jelliffe [11] to
calculate the AMA and AFA from the AC and TST.
Although there are different formulas for calculating
body composition, in the case of indirect methods,
the methods proposed by Baker et al. [2] and Jelliffe
and Jelliffe [11] have been and are currently being
used in studies involving children [4, 7, 9].
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As a reference to characterise the nutritional status of the preschool children according to the BMI
z-score (zBMI), the 2006 WHO growth curves [30]
were used for children up to 5 years of age, and
the 2007 WHO growth curves [31] were used for
children 5 years of age and older. The reference
standards reported by Frisancho [9] were adopted
to calculate the AMA, AFA and WC z-scores.
The percentage of AFA (%AFA) and AMA
(%AMA) in relation to the ATA and the WHtR were
also calculated. The WC (cm) to height (cm) ratio
has been used, even in children, to control for the
influence of the gender and age variables on the
WC [1, 14, 26].
BMI z-scores based on the cut-off points proposed
by the Ministry of Health (Ministério da Saúde-MS)
and the WHO were used to classify the children’s
nutritional status [16, 21]. For some analyses, the
overweight preschool children were clustered, combining overweight and obese children, using a BMI
cut-off of ≥ +2 z-score. There were 95 children in
this group. Moreover, some correlations were calculated exclusively with the group of obese children,
using a BMI cut-off of ≥ +3 z-score, for a total of
42 children.
Data analysis was performed using the applications MedCalc 12.1.4.0 and SPSS 15.0, and the frequencies, proportions, means and standard deviations (SD) and the Pearson correlation coefficients
(rP) were calculated. The alpha level of significance
was set at 5%, and 95% confidence intervals (CI)
were also calculated.
This study was approved by the Committee for
Ethics in Research of the College of Public Health,
University of São Paulo (Universidade de São Paulo),
COEP letter No. 361/09 and by the Research Ethics
Committee of the University of Taubaté, CEP/UNITAU No. 0002/05.

Results
Overall, the children showed an appropriate growth
in stature, and their average was not significantly
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different from WHO reference values for the median height for age z-score (zH/A), i.e., zH/A = -0.05
(95% CI = -0.11 to 0.02) with a prevalence of short
stature (zH/A<-2) of 2.3% (95% CI = 1.4 to 3.5),
which is very close to the expected reference values.
The mean BMI z-score of the preschool children
was 0.43 (95% CI: 0.35 to 0.51) with a SD of 1.22.
For AFA, the mean z-score was 0.60 (95% CI: 0.51
to 0.69) with a SD of 1.41, and for AMA, the zscore was -0.14 (95% CI: -0.21 to -0.08) with a SD
of 1.04.
The mean WC z-score of the preschool children
was 0.61 (95% CI: 0.54 to 0.68) with a SD of 1.09.
The mean WHtR of the preschool children was
0.50 (95% CI: 0.497 to 0.502) with a SD of 0.042.
There was a high correlation, rP = 0.804 (p
<0.0001), between the WCz-score and WHtR in
absolute values in the preschool children analysed.
As evident from Table 1, more than one quarter
of the children had a high BMI, and there was a
difference in the nutritional status between genders, with a higher prevalence of overweight girls
(p = 0.0009).
Table 1 also shows that there was no malnutrition
evident among the children.
An analysis by age group showed no differences
in the prevalence of changes in nutritional status.
There was also a direct and very high correlation
between the WHtR and the BMI z-score for the
preschool age children, with a Pearson correlation
coefficient (rP) of 0.78, which is statistically significant (p <0.0001).
This correlation remained high, direct and significant even when only the overweight preschool
children (rP = 0.65, p <0.0001) or the group of specifically obese children (rP = 0.57, p <0.0001) were
analysed.
There was a positive correlation between the
WHtR and the AMA z-score (rP = 0.52, p <0.0001),
i.e., the higher the WHtR, the greater the z-score
AMA in preschool children (Figure 1). However, in
analysing the correlation between WHtR and the
percentage of AMA (%AMA), there was a negative
This article is available at: www.intarchmed.com and www.medbrary.com
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Table 1. P revalence of underweight, risk of overweight, overweight and obesity among preschool children
according to gender. Taubate-SP, 2008-2009.
Under weight
n (%)

Normal weight
n (%)

Risk of Overweight
n (%)

Overweight*
n (%)

Obesity
n (%)

Total
n (%)

M

5 (1.0)
(71.4)

384 (73.8)
(55.5)

87 (16.7)
(55.8)

17 (3.3)
(32.1)

27 (5.2)
(64.3)

520 (100.0)
(54.7)

F

2 (0.5)
(28.6)

308 (71.6)
(44.5)

69 (16.0)
(44.2)

36 (8.4)
(67.9)

15 (3.5)
(35.7)

430 (100.0)
(45.3)

Total

7 (0.7)
(100.0)

692 (72.9)
(100.0)

156 (16.4)
(100.0)

53 (5.6)
(100.0)

42 (4.4)
(100.0)

950 (100.0)
(100.0)

Gender

χ2= 12.834; gl=3; p=0.005.

Figure 1: R
 elationship between the WHtR and the
z-score for arm muscle area (zAMA) in
preschool children. Taubaté-SP, 20082009.

Figure 2: R
elationship between the WHtR and
the percentage of arm muscle area
(%AMA) in preschool children. TaubatéSP, 2008-2009.

© Under License of Creative Commons Attribution 3.0 License

*p M x F overweight = 0.0009

correlation, indicating that as the WHtR increases,
the %AMA decreases in preschool children (rP =
-0.54, p <0.0001) (Figure 2).
This correlation between the WHtR and %AMA
was still negative and significant even when only the
obese group was analysed (rP = -0.50, p = 0.0008).
Regardless of the choice of indicator (zAFA or
%AFA), as the WHtR increased, there was also an
increase in both the z-score for AFA (rP = 0.66, p
<0.0001) and the percentage (rP = 0.54, p <0.0001)
of this area on the arms of preschool children (Figures 3 and 4).
There was also a positive and significant correlation between the WHtR and %AFA upon analysing
only the group of obese children (rP = 0.51, p =
0.0006).
Figure 3: R
 elationship between the WHtR and the
z-score for arm fat area (zAFA) in preschool children. Taubaté-SP, 2008-2009.
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Figure 4: R
 elationship between the WHtR and
the percentage of arm fat area (%AFA)
in preschool children. Taubaté-SP, 20082009.

Discussion
The correlations observed between the WHtR and
the zAMA and the %AMA, as well as between the
WHtR and the zAFA and the %AFA, suggest that
as the WHtR increases, the child tends to have a
higher quantity, in absolute values, of both muscle
mass and body fat mass. However, it is important
to note that this trend does not imply that the children had an excess of muscle mass, because whereas the average zAFA was higher overall than the
reference values (+0.60), indicating an increased
AFA, the average zAMA was lower (-0.14, 95%
CI = -0.21 to -0.08), indicating that there was less
muscle mass.
This difference in z-scores for AFA and AMA,
combined with the different correlations observed
between the WHtR and the percentages of muscle
area and fat area, suggests that even in preschool
age children, an increase in the WHtR is accompanied by an increase in fat mass that is disproportionately greater than the increase in lean muscle
mass.
Notably, comparing the WC z-score and the
WHtR in absolute values showed an almost perfect
correlation, indicating that the WHtR can be used
as a valid indicator of the tendency for pre-school
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age children to accumulate fat in the central body
region based on their age and gender.
Overall, the WHtR also showed a strong correlation with the BMI of the preschool children, as
well as with the overweight or obese children alone. These results also indicate that the WHtR can
be used in screening overweight preschool children.
The use of the WHtR in characterising nutritional
status may be more practical in routine care than
the BMI or WC z-scores or percentiles, as it does
not require specific age range and gender tables to
diagnose the nutritional risk of the child [26].
Although it may be a possible marker of cardiometabolic risk in preschool age children, the importance
of the WHtR is enhanced by its inverse correlation
with the percentage (%) of lean arm area, regardless
of the absolute value of this measurement.
This relationship may have a possible explanation
in the body’s strategic planning, as suggested by
Ralt [23], that there is a "rivalry" between muscle build-up and height growth during childhood.
Thus, in cases of more extreme growth in preschool
children, as usually occurs with obese children, the
body tends to accumulate more calories as fat mass
and proportionately less as muscle mass.
Consistent with the results observed in this study,
Ylihärsilä et al. [32] also reported positive correlations between WC and lean mass and body fat,
as well as with the percentage of body fat mass
in adults. However, these authors did not examine
the correlation between WC and the percentage of
lean mass. Boeke et al. [3] evaluated the correlations
between different body fat indicators in school age
children and also observed a positive correlation
between the WHtR and the percentage of body
fat estimated using bioelectrical impedance or using
dual-energy X-ray absorption (DXA). However, these
authors did not evaluate the relationship between
WC and lean body mass.
The only study identified that has evaluated the
evolution of central fat, lean mass gain and body
fat was Ibáñez et al. [10]. These authors reported
that between 2 and 4 years of age, there was an
This article is available at: www.intarchmed.com and www.medbrary.com
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increase in the gain of abdominal and body fat and
a decrease in the gain of lean mass in children who
were small for their gestational age at birth, but
they did not observe the same trend in children
whose birth weights had been appropriate for their
gestational age.
In contrast to Ibáñez et al. [10], this study showed
that proportionally smaller gains in lean mass may
occur among preschool children regardless of their
intrauterine growth.
According to Mokha et al. [17], an increased WHtR
in children, even in preschool age children, can detect cardiometabolic changes, including among children with normal weights.
Furthermore, health care is conventionally considered the diagnosis, treatment, and prevention
of diseases, accidents, and other physical and/or
mental disabilities [33, 34]. As for lean body mass,
Murphy et al. [19] reported a negative correlation
between lean body mass and triglycerides after adjusting for body fat mass in preschool age children.
It was evident in this study that as the WHtR
increased, the percentage of lean mass became
lower and the body fat mass became much higher
in preschool children.
These findings may indicate that children with
more fat around their abdominal region and who
were heavier at preschool age have a higher risk of
developing chronic diseases, given the strong positive correlation observed between WC and BMI.
Thus, considering the relationship between lean
body mass and metabolic changes in the body already described in the literature and the results of
this study, the evaluation of lean mass is gaining
even more obvious importance in routine care in
paediatric populations, especially in children who
already present with an accumulation of fat in the
abdominal region, as also evaluated using the WHtR
in routine care.
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