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Anthropometric indicators as predictors of total body fat and
cardiometabolic risk factors in Chilean children at 4, 7 and 10
years of age
FD Vásquez1, CL Corvalán1, RE Uauy1,2 and JA Kain1

BACKGROUND/OBJECTIVE: To compare the association between anthropometric indicators of global and central obesity as
predictors of total body fat (TBF) and cardiometabolic risk factors in children.
SUBJECTS/METHODS: A total of 1044 children were evaluated at 4 years (n= 320), 7 years (n= 1044) and 10 years (n= 483). The
following anthropometric indices were determined: body mass index (BMI) for age (BAZ, WHO), waist circumference (WC), waist-to-
hip ratio (WHR) and waist-to-height ratio (WHtR). To estimate TBF we used validated predictive equations. We measured blood
sample concentrations of glucose, insulin, triglycerides, total cholesterol, Low-density lipoprotein (LDL) and High-density
lipoprotein (HDL), adiponectin, C-reactive protein (CRP) and Insulin-like growth factor-1 (IGF-1).
RESULTS: Adiposity and cardiometabolic markers, particularly those related to glucose metabolism increased from 4 years to 10
years. BAZ and WC were highly correlated to body fat at all ages (all r40.8) but at 10 years WC was more strongly correlated than
BAZ (r= 0.94 WC vs r= 0.88 BAZ, Po0.05); conversely, WHtR was significantly associated with body fat from 7 years (r= 0.85) and 10
years (r= 0.88). WHR was unrelated all over the period studied at all ages. Anthropometrical adiposity indicators became associated
to cardiometabolic markers only from 7 years on with associations being slightly higher at 10 years, particularly for adiponectin and
lipid markers. At all ages, BAZ, WC and WHtR performed similarly as cardiometabolic markers (Po0.05) while WHR was a slightly
weaker marker.
CONCLUSIONS: Relationship between anthropometrical indicators of adiposity and cardiometabolic markers becomes stronger
from 7 years onwards; BAZ, WC and WHtR perform similarly as markers of cardiometabolic risk at least until 10 years of age.
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INTRODUCTION
In recent decades childhood obesity has become a major global
public health problem.1,2 The prevalence of childhood obesity has
increased in most countries, independent of income level,
especially in urban areas.3 In Chile, not only the prevalence of
obesity is very high (25.3% in 6-year-old children), but the
proportion of overweight children who develop early metabolic
complications is also high.4,5 In a study involving 3325 children
(11.4 ± 1 years of age) attending Chilean public schools the
metabolic syndrome (Cook definition) was present in almost 10%
of overweight children (9.1%) and in almost a third of obese
children (28.5%).5 High triglycerides⩾ 110 mg/dl was the most
frequent metabolic abnormality (26.6%).5

In adults, there is convincing evidence that there is an increased
likelihood of metabolic syndrome, diabetes and heart disease with
increasing body mass index (BMI), particularly above the obesity
cut-off.6–8 Conversely, in children the association between obesity
and cardiovascular risk is somewhat controversial. It has been
suggested that childhood obesity would not have a direct effect
on cardiometabolic health but rather most of the effect would be
the result of adiposity tracking: however, most of from the
evidence of these reviews is based on studies conducted before
the advent of the obesity epidemic.9 More recent articles, show
that in 4-year-old children, there is only a weak relationship

between anthropometric adiposity indicators and metabolic
markers,10–12 whereas after 7 years of age the associations seem
to start to emerge when using insulin resistance, type 2 diabetes,
lipid disorders, systemic inflammation or high blood pressure as
outcomes.13–16

Moreover, BMI is a global indicator of nutritional status that
does not provide information on body composition, particularly
abdominal fat. Several studies in children indicate that increased
body fat (BF), mostly centrally distributed, is responsible for
early cardiometabolic alterations and premature mortality in
adulthood.7,16–18 Thus, anthropometric indicators that incorporate
a waist measurement may be more useful in predicting
cardiometabolic disease risk compared with BMI.19–26 The skinfold
thicknesses equations are also widely used to assess body fat
among children and adolescents as the skinfold thicknesses
provide a more direct and accurate estimate of body fat than BMI
does.27–30

Longitudinal studies assessing relationships over a longer
childhood period using several anthropometrical measurements
of total and central adiposity and different cardiometabolic
markers may advance our understanding of the relationships
between adiposity and the appearance of cardiometabolic risk.
We have followed more than 1000 low-middle income children in
the Growth and Obesity Chilean Cohort Study since 4 years of age
collecting anthropometrical and cardiometabolic measurements
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at different moments of childhood. Therefore, the aim of this
study was to compare the association between anthropometric
indicators of global and central obesity as predictors of total body
fat (TBF) and cardiometabolic risk factors in 1044 children
measured at 4 years (n= 320), 7 years (n= 1044) and 10 years
(n= 483).

SUBJECTS AND METHODS
Subjects
The sample included 1044 children who participated in the Growth and
Obesity Chilean Cohort Study (GOCS) at 4 years (n= 320), 7 years (n= 1044)
and beginning of puberty (mean age 10 years, n=483). The initial
objective of the GOCS study was to evaluate the interaction between the
rate of infant growth (changes in size and BMI between 0–2 years) and
obesity at 4 years of age. Children who attended public day care center of
the South–East area of Santiago, and those who fulfilled the inclusion
criteria were as follows: singletons between 437 and ⩽ 42 week
gestational age, of birth weight ⩾ 2500 g, and who were free from
conditions that could affect growth, were invited to participate; final
sample size was 1195 children (50% girls). For this study, we included all
children who had complete anthropometric and metabolic measurements
at 4 years or 7 years, or the beginning of puberty defined as the
appearance of breast bud in girls and testis volume above or equal to 4 ml
in boys (mean age= 10 years). Exclusion criteria included use of
medications that could alter body composition or biochemical parameters
of children. The Ethics Committee of the Institute of Nutrition and Food
Technology (INTA), University of Chile approved the study.

Anthropometric measurements
Two nutritionists using standardized procedures measured weight, height,
waist, circumference hip and triceps, biceps, subscapular and suprailiac
skinfold thicknesses. Weight (kg) and height (cm) were measured in the
morning. Weight was taken with children asked to wear minimal clothing
(underwear only) while standing on a portable electronic scale (Seca 770,
SECA, Hamburg, Germany), with capacity of 200 kg and accuracy of 10 g.
Height was measured with a portable stadiometer (Harpenden 603; Holtain
Ltd, Crosswell, UK) with a scale of 1–200 cm and accuracy of 0.5 cm. Waist
circumference (cm) was measured over the rim of the iliac crest, through
the umbilicus. Hip circumference (cm) was measured in standing position,
in the widest part of the gluteal region, at the level of the greater
trochanter. For both waist and hip measurements, inextensible, metal, self-
locking tape (Lufkin W606PM; Cooper Tools, Raleigh, North Carolina, USA),
with accuracy of 0.1 cm, was used. Skinfold thicknesses (mm) (biceps,
triceps, subscapular and suprailiac) were measured with a millimeter
precision Lange Caliper (1 mm), according to Lohman et al.31 These
skinfolds were used to determine TBF in anthropometric models. The intra-
observer technical error of measurement and mean observer bias were
within the limits suggested by the World Health Organization (WHO).32

Blood samples
A trained nurse collected a sample of fasting venous blood (25 ml) in
children. Mothers were called the day before to confirm the absence of
fever (437.5 °C) or any symptom of acute infection in children as well as to
remind them not to provide food or liquid to their children the following
morning. These conditions were re-checked by the nurse at the time of the
blood collection, and exams were rescheduled if conditions were not met.
Blood samples were analyzed at the Nutrition Laboratory of the Catholic
University. This laboratory conducts daily assessments of the accuracy of
the measurements using quality control software (Bio-Rad Laboratories Inc,
Hercules, CA, USA); and it has a Certificate of Traceability periodically
updated by the Centers for Disease Control and Prevention (CDC).33,34

Insulin-like growth factor-1 (IGF-1) concentration was measured by using a
standardized locally developed radioimmunoassay requiring removal of
the sample as a first step (sensitivity: 5 ng/ml; intraassay and interassay CV:
8.6 and 10.2%, respectively).35

Serum adiponectin determination was performed by ELISA method
(BioVendor Laboratory Medicine, INC., Asheville, NC, USA). C-reactive
protein (CRP) was assessed with a highly sensitive enzyme immunoassay
kit (Biomerica Inc., Newport Beach, CA). Serum glucose levels were
measured using enzymatic colorimetric techniques (HUMAN; Gesellschaft
für Biochemical und Diagnostica, Wiesbaden, Germany) and serum insulin,

with a radioimmunoassay kit (Linco Research Inc., St Charles, MO).
Homeostatic model assessment of insulin resistance (HOMA-IR) was
estimated as fasting glucose (mmol/l) × fasting insulin (mU/ml)/22.5.
Total cholesterol and triglycerides were measured using enzymatic
colorimetric techniques (HUMAN). High-density lipoprotein (HDL) choles-
terol was isolated by precipitation with a solution of sodium phospho-
tungstate magnesium chloride.36 Low-density lipoprotein (LDL) cholesterol
was calculated according to the Friedewald formula (that is, all
concentrations of triglycerides were o400 mg/dl).37

Anthropometric indices calculated
BMI was estimated as weight in kilograms divided by height in meters
squared. Standard z-scores of weight for age (WAZ), height for age (HAZ)
and BMI for age (BAZ) were estimated comparing these values with the
WHO reference 2006(ref. 32) and 2007.38 We defined overweight: (1⩽ BAZ⩽
2), obesity (BAZ42SD) and central obesity based on the NHANES 2004
Hispanic population: Boys WC⩾ 90th percentile in 4 years (57.6 cm), 7
years (67.8 cm) and 10 years (78.0 cm). Girls: WC⩾ 90th percentile in 4
years (58.3 cm), 7 years (67.5 cm) and 10 years (76.6 cm), respectively.39 WC
divided by height and hip was used to calculate the waist–height and
waist–hip ratios, respectively. Triceps, biceps, subscapular and suprailiac
and the abdominal, subscapular and suprailiac thicknesses were used to
estimate TBF and BF trunk, respectively. To estimate the BF at 4, 7 and 10
years, we used predictive equations, calculated for Chilean children. At 4
years, the predictive equation used was: (–1.524+(0.371×weight (kg))
+0.114× (triceps thicknesses mm+subscapular thicknesses (mm))–
(0.238× age (years))+(0.378 ×gender 1 boys, 2 girls)–(0.105 × calf
circumference)).40 At age 7 and 10 years a prediction equation previously
developed in a subsample of children in the GOCS cohort (7–9 years) and
validated by deuterium dilution. The equation is as follows: (1.826× ZBMI)
+(0.783× triceps skinfold)+(0.3073 ×biceps skinfold)+15.558, against 3C
model (R2 = 0.78).41

Statistical analyses
Mean values and s.d. were calculated for continuous variables and
frequency distributions for categorical variables. Student’s t-test was
performed to assess differences in continuous variables and χ2 for
categorical variables.
Pearson’s partial correlation coefficients were used to assess the

associations of anthropometric indicators (BAZ, WC, WHR and WHtR) and
cardiometabolic markers in the three different age groups of children.
Univariate linear regression analyses were performed with BF (kg) as the

dependent variable and BAZ, WC, WHR and WHtR as the independent
variable. In the multivariate linear regression analyses, sex and age were
added to the model as independent variables. Effect modification by sex or
age on BAZ, WC, WHR and WHtR was examined.
A P-value of o0.05 was considered statistical significant. Analyses were

performed using STATA version 12.0 (StataCorp 2011 Stata Statistical
Software. Release 12 College Station, TX, USA. StataCorp LP).

RESULTS
Anthropometric characteristics of the sample are shown in
Table 1. Obesity and central obesity increased with age (11.9%
at 4 years to 20.3% at 10 years obesity, and 11.3% at 4 years to
20.5% at 10 years central obesity); conversely, overweight
prevalence decreased over the years (31.3% at 4 years to 17.6%
at 10 years). At 4 years and 7 years, girls showed a statistically
greater sum of four skinfold thicknesses, trunk fat, total fat and BF
index compared with boys (all Po0.05) whereas at 10 years boys
were fatter than girls, although not all differences reached
statistical significance. At 4 and 7 years, girls and boys did not
differ significantly in terms of central adiposity whereas at 10 years
boys were significantly more centrally obese (Po0.05).
Cardiometabolic characteristics of the sample are presented in

Table 2. Fasting glucose, insulin, HOMA-IR, HDL-cholesterol and TG
increased with age whereas total and LDL-cholesterol decreased
in the same period. IGF-1 also increased from 4 years to 7 years
whereas adiponectin decreased; CRP concentrations were higher
at 4 years and 10 years and lowest at 7 years of age. At 4 years,
girls had higher levels of IGF-1, total cholesterol and triglycerides,
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whereas at 7 years, boys had higher levels of IGF-1, adiponectin
and fasting glucose. At 10 years, girls had significantly higher
levels of adiponectin, however, boys had significantly higher levels
of CRP, fasting glucose, LDL and total cholesterol.
Table 3 shows the associations of BF (kg) with BAZ, WC, WHR

and WHtR at different ages. BAZ and WC were highly correlated to
body fat at all ages (all r40.8) but at 10 years WC was more
strongly correlated than BAZ (r= 0.94 WC vs r= 0.88 BAZ, Po0.05);
conversely, WHtR was significantly associated with body fat from 7
years on (r= 0.85) and 10 years (r= 0.88) whereas WHR was
unrelated all over the period studied at all ages. Table 4 and
Table 5 show the correlations between anthropometric and
metabolic variables at 4, 7 and 10 years in boys and girls,
respectively. At 4 years we only observed weak linear associations
between BAZ and WC and IGF-1 (both sexes), and insulin and

HOMA-IR (only girls). At 7 years, all anthropometrical indicators
were positively associated to cardiometabolic risk factors except
for the case of adiponectin, CRP and HDL-cholesterol (both sexes)
and total and LDL-cholesterol (only girls). In both sexes,
correlations were all weak (below 0.3) without significant
differences between total and central adiposity indicators. At 10
years, all anthropometrical indicators were associated with
cardiometabolic risk factors expect for IGF-1 and HDL-cholesterol
(both sexes) and glucose and total-cholesterol (girls only). In boys,
correlations were all weak (below 0.3) whereas in girls, correlations
with insulin, HOMA-IR and TG were moderate (between 0.24 and
0.42). Total and central adiposity indicators were similarly
associated to the cardiometabolic markers studied, except for
WHR in boys that was a slightly weaker marker (that is, at 10 years
BAZ and HOMA-IR 0.27 and WHR and HOMA-IR 0.29).

Table 2. Cardiometabolic characteristics in children at 4, 7 and 10 years of age

Cardiometabolic
characteristics

4 years (n= 320, 54.1% boys) 7 years (n= 1044, 49.6% boys) 10 years (n= 483, 48.0% boys)

Boys (n= 173) Girls (n= 147) P-valuea Boys (n= 518) Girls (n= 526) P-valuea Boys (n= 232) Girls (n= 251) P-valuea

IGF-1 (ng/ml) 106.09± 61.0b 126.38± 57.6 0.00 188.22± 61.92 176.64± 43.2 0.00 207.69± 58.2 220.53± 60.1 0.05
Adiponectin (mg/l) 20.85± 5.7 21.68± 5.7 0.19 18.34± 7.2 17.50± 6.2 0.04 15.87± 7.7 18.47± 7.4 0.00
Fasting insulin (μU/ml) 6.33± 2.3 6.57± 2.4 0.38 5.46± 2.0 5.60± 1.7 0.24 8.14± 2.6 8.71± 3.8 0.08
C-reactive protein (mg/l) 2.64± 3.4 2.77± 3.5 0.74 1.39± 2.9 1.39± 2.1 0.99 2.65± 4.7 1.89± 2.8 0.04
Fasting glucose (mg/dl) 80.66± 8.6 78.34± 7.2 0.01 90.34± 6.5 89.06± 6.4 0.00 92.39± 8.7 89.36± 7.0 0.00
HOMA-IR 1.28± 0.6 1.29± 0.6 0.85 1.22± 0.6 1.23± 0.4 0.81 1.87± 0.7 1.93± 0.8 0.44
Total cholesterol (mg/dl) 162.47± 27.4 168.75± 26.6 0.04 165.22± 27.5 168.16± 25.7 0.08 157.53± 25.5 151.78± 28.4 0.03
LDL cholesterol (mg/dl) 109.87± 26.2 114.06± 26.0 0.16 95.75± 27.8 98.82± 25.5 0.06 88.45± 21.5 81.09± 27.9 0.00
HDL cholesterol (mg/dl) 36.99± 9.6 37.34± 9.1 0.74 50.61± 14.8 50.34± 12.6 0.74 49.67± 9.4 50.61± 10.7 0.36
Triglycerides (mg/dl) 77.94± 32.9 86.68± 34.9 0.02 94.25± 46.1 95.01± 41.5 0.78 95.74± 49.7 101.41± 49.6 0.26

Abbreviations: HDL, high-density lipoprotien; HOMA-IR, homeostatic model assessment of insulin resistance; IGF-1, Insulin-like growth factor-1; LDL, low-
density lipoprotien. aSex differences assessed by using Student´s t-test. bMean± s.d.

Table 1. Anthropometric characteristics in children at 4, 7 and 10 years of age

Anthropometric characteristic 4 years (n= 320, 54.1% boys) 7 years (n= 1044, 49.6% boys) 10 years (n= 483, 48.0% boys)

Boys
(n= 173)

Girls
(n= 147)

P-valuea Boys
(n= 518)

Girls
(n= 526)

P-valuea Boys
(n= 232)

Girls (n= 251) P-valuea

Age (years) 4.25± 0.3b 4.26± 0.3 0.83 6.71± 0.03 6.71± 0.1 0.99 10.29± 0.5 10.16± 0.6 0.02
Weight (kg) 17.84± 2.5 18.11± 2.8 0.36 25.42± 4.9 25.19± 4.7 0.44 41.03± 8.8 37.04± 8.3 0.00
Weight for age z-score 0.39± 1.0 0.48± 0.9 0.38 0.76± 1.2 0.75± 1.0 0.95 1.43± 1.2 0.67± 1.0 0.00
Height (cm) 103.82± 4.1 103.86± 4.6 0.93 121.17± 5.5 120.48± 5.4 0.03 141.97± 5.5 139.14± 5.9 0.00
Height for age z-score –0.25± 0.9 –0.18± 0.9 0.54 0.14± 0.9 0.19± 0.9 0.34 0.41± 0.9 –0.08± 0.9 0.00
BMI (kg/m2) 17.84± 2.5 18.11± 2.8 0.36 17.21± 2.4 17.26± 2.4 0.70 20.26± 3.6 19.02± 3.4 0.00
BMI-for-age z-score 0.82± 1.1 0.87± 1.0 0.67 0.95± 1.3 0.86± 1.1 0.25 1.30± 1.3 0.71± 1.1 0.00
Waist circumference (cm) 52.79± 3.7 52.78± 4.1 0.97 59.04± 6.7 59.11± 6.5 0.86 71.57± 9.8 67.32± 8.9 0.00
Waist-to-hip ratio 0.93± 0.0 0.90± 0.0 0.00 0.90± 0.0 0.89± 0.1 0.02 0.89± 0.1 0.86± 0.1 0.00
Waist-to-height ratio 0.51± 0.0 0.51± 0.0 0.95 0.48± 0.1 0.49± 0.1 0.24 0.50± 0.0 0.48± 0.1 0.00
Sum of four skinfold thicknesses (mm)c 24.80± 9.6 31.32± 12.8 0.00 26.18± 10.5 30.6± 10.8 0.00 56.65± 26.6 53.78± 24.4 0.22
Trunk fat (mm)d 20.53± 9.2 27.33± 12.6 0.00 23.32± 10.6 27.43± 10.6 0.00 55.27± 29.2 52.34± 26.5 0.25
Total fat (%)e, f 19.56± 3.8 22.99± 6.5 0.00 24.83± 4.9 25.85± 4.6 0.00 33.59± 8.4 31.47± 7.5 0.00
Body fat index (kg/m2) 3.28± 1.0 3.92± 1.4 0.00 4.38± 1.6 4.56± 1.5 0.06 7.09± 3.0 6.22± 2.6 0.00
BMI-for-age z-score 41 s.d. (% (n))g 29.5 (51) 33.3 (49) 0.68 23.5 (117) 28.3 (141) 0.38 17.7 (41) 17.5 (44) 0.99
BMI-for-age z-score 42 s.d. (% (n))g 11.6 (20) 12.2 (18) 0.95 21.4 (107) 14.5 (72) 0.00 29.7 (69) 11.6 (29) 0.04
Waist circumference 490th percentileh 10.4 (18) 12.2 (18) 0.60 15.8 (82) 17.7 (93) 0.42 26.7 (62) 14.7 (37) 0.00

Abbreviation: BMI, body mass index. Girls: waist circumference 90th percentile in 4, 7 and 10 years = 58.3 cm, 67.5 cm and 76.6 cm, respectively. Boys: waist
circumference 90th percentile in 4, 7 and 10 years= 57.6 cm, 67.8 cm and 78.0 cm, respectively.39 aSex differences assessed by using Student’s t-test or χ2 test.
bMean± s.d. cCalculated by adding biceps, triceps, suprailiac and subscapular skinfold thicknesses. dCalculated by adding abdominal, suprailiac and
subscapular skinfold thicknesses. eEstimated on the basis of a predictive equation that uses age, sex, weight, calf circumference and triceps and subscapular
skinfold thicknesses in 4 years. fEstimated on the basis of a predictive equation that uses BMIZ, biceps and triceps skinfold thicknesses in 7 and 10 years. gWHO
2006. World Health Organization; NHANES III. Third National Health and Nutrition Examination Survey.32 hNHANES III, third National Health and Nutrition
Examination Survey.
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DISCUSSION
In this study we found that anthropometrical adiposity indicators
were unrelated to cardiometabolic risk factors at 4 years whereas
at 7 years and 10 years associations became stronger and positive
(insulin, CPR, glucose, HOMA-IR, total cholesterol, LDL cholesterol
and triglycerides) and negative for adiponectin. We also found
that during these periods total and central adiposity indicators
were similarly associated to the markers studied.
BAZ and WC were highly correlated to body fat at all ages (all

r40.8) but at 10 years WC was more strongly correlated than BAZ
(r= 0.94 WC vs r= 0.88 BAZ, Po0.05); conversely, WHtR was
significantly associated with body fat from 7 years on (r= 0.85) and
10 years (r= 0.88) whereas WHR was unrelated all over the period
studied at all ages. Our study show that in this cohort of children
with measurements at 4, 7 and 10 years of age, the anthropo-
metric indicators most associated with TBF were BAZ and WC. In
contrast, at all ages the smallest association with BF was observed
with WHR in all age groups. In this same cohort, we had already
reported similar results at 4 year of age12 but here we extend
those observations to 7 years and 10 years of age using a
longitudinal approach. Several studies have assessed the associa-
tion between anthropometrical indicators and BF. Recently, it has
been reported in a systematic review that BMI and WC are
strongly correlated to BF as calculated by bioelectrical impedance
or skinfolds, and that there is a moderate positive correlation with
percent body fat as calculated by DEXA, air-displacement
plethysmography or isotope dilution. There was a moderate
positive correlation between WtHR and BF, as estimated by air-
displacement plethysmography and skinfolds.42

A study of 2773 Australian school children between 8–16 years,
whose aim was to develop WHtR cutoffs for overweight and
obesity based on the 85th and 95th percentiles for BF percentage,
found a positive correlation between the % BF and waist-to-height
ratio (boys, r= 0.73 and girls r= 0.60, Po0.01). These correlation
coefficients were lower than those found in this study in the group
10–11 years (r= 0.88, Po0.01).43 Another study of 422 10-year-old
Japanese school children, whose objective was to evaluate the

validity of BMI, WC and WHtR to determine abdominal adiposity
concluded that WHtR indicator shows better correlation with
abdominal fat than BMI.44

The research in 439 Australians preschool (mean age 3.5 years),
whose purpose was to assess whether WHtR was a better
predictor of systolic and diastolic blood pressure than BMI, also
showed that WHtR is a weak predictor of systolic and diastolic
blood pressure not better than BMI.45,46

Similar results presented in an extensive review of 78
prospective and cross-sectional studies established that BMI, WC
and WHtR are probably the best anthropometric predictors of
cardiovascular disease, diabetes and related risk factors.47

The research of Huang et al.48 in 15 000 Chinese children (6–18
year olds), whose objective was to determine the distribution
characteristics of WC, WHtR and establish the WC and WHtR
appropriate values on the basis of cardiovascular disease risk
factor assessment. The results showed that WC and WHtR as a
relatively simple inspection method, can well predict cardiovas-
cular diseases, and be used in the conventional measuring items
among students. Another cross-sectional study of 3850 German
children (3–11 years) that examined the predictive capability of
BMI, WC, WHtR and skinfold thickness related to cardiovascular
risk factors in children, concluded that among the four-fat
patterning variables an increased WtHR was the strongest
predictor of cardiovascular risk factors, followed by skinfold
thickness and BMI.49

According to the results reported by Hrafnkelsson et al.50 serum
fasting insulin, systolic blood pressure, HDL and glucose were
strongly associated with BMI. Calcaterra et al. determined the
prevalence of metabolic syndrome in children and adolescents
(n= 191) with different degrees of obesity. Higher BMI z-score
increased the prevalence of cardiometabolic risk factors and
metabolic syndrome. Similar to the study conducted at 7 year of
age were the values of glucose, HOMA and cardiovascular risk
factors.51 Also, Ferreira et al.52 also showed similar results;
increased BMI and WC were both significantly associated with
metabolic abnormalities. Similarly, obese children with lower

Table 3. Associations of body mass index for age, waist circumference, waist-to-hip ratio and waist-to-height ratio with body fat (kg) in children at 4,
7 and 10 years of age

Body fat (kg)

4 years 7 years 10 years

B (95% CI) R2 model Pearson r (95% CI) B (95% CI) R2 model Pearson r (95% CI) B (95% CI) R2 model Pearson r (95% CI)

BAZ
Crude 1.10 1.01 1.19 0.66* 0.81* 2.00 1.94 2.05 0.84* 0.91* 4.40 4.19 4.62 0.77* 0.88*

Gender 1.09 1.00 1.17 0.73* 0.77 0.85 2.00 1.95 2.05 0.84* 0.88 0.93 4.44 4.22 4.66 0.77* 0.85 0.90
Gender (age) 1.08 1.00 1.15 0.75* 2.00 1.95 2.05 0.86* 4.49 4.28 4.70 0.80*

WC
Crude 0.31 0.28 0.33 0.71* 0.84* 0.37 0.36 0.37 0.88* 0.94* 0.62 0.60 0.64 0.89* 0.94*

Gender 0.31 0.29 0.32 0.79* 0.80 0.87 0.37 0.36 0.37 0.88* 0.93 0.95 0.62 0.60 0.64 0.89* 0.93 0.95
Gender (age) 0.30 0.29 0.32 0.80* 0.37 0.36 0.37 0.88* 0.62 0.60 0.64 0.89*

WHR
Crude –4.73 –8.61 –0.85 0.02** –0.13** 9.57 7.28 11.86 0.06* 0.42 74.41 65.96 82.87 0.38* 0.62*

Gender –1.55 –5.50 2.39 0.09* –0.24 –0.02 9.71 7.42 12.00 0.06* 0.32 0.51 73.68 64.93 82.43 0.38* 0.56 0.67
Gender (age) –1.03 –4.93 2.87 0.12* 9.48 7.21 11.75 0.09* 73.67 65.00 82.35 0.40*

WHtR
Crude 26.05 22.35 29.75 0.38* 0.62* 46.28 44.49 48.07 0.71* 0.85* 89.65 85.24 94.05 0.77* 0.88*

Gender 25.84 22.39 29.30 0.46* 0.54 0.68 46.28 44.48 48.07 0.71* 0.82 0.88 89.03 84.57 93.50 0.77* 0.85 0.90
Gender (age) 26.78 23.49 30.07 0.52* 46.22 44.50 47.94 0.74* 88.74 84.33 93.15 0.78*

Abbreviations: BAZ, body mass index for age, WHO 2006 reference; CI, confidence interval; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-
height ratio. *Po0.0001, **Po0.01.
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insulin sensitivity had higher mean values of waist circumference
and BAZ.53,54

In conclusion, the relationship between anthropometrical
indicators of adiposity and cardiometabolic markers becomes
stronger from 7 years onwards; BAZ, WC and WHtR perform
similarly as markers of cardiometabolic risk at least until 10 years
of age.
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