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Objective: The aim of this study was to compare the accuracy of body fat patterns and single measures

in assessing body fat and to clarify the use of indices based on waist circumference as measures of adi-

posity in children.

Methods: This study included 2,531 7-year-old children from the Generation XXI birth cohort (Porto, Por-

tugal). Anthropometrics were obtained by trained personnel and whole-body dual-energy x-ray absorpti-

ometry (DXA) scans were performed.

Results: Principal component analysis identified two body fat patterns. Pattern 1 (BMI, fat mass index

from tetra-polar bioelectric impedance, and waist-to-height ratio) showed strong correlations with DXA

fat mass index (r 5 0.85; P<0.001), and pattern 2 (waist-to-hip, waist-to-thigh, and waist-to-weight

ratios) showed moderate correlations with DXA central fat (r 5 0.35; P< 0.001). Compared with single

measures, body fat patterns showed similar correlations with DXA-derived measures.

Conclusions: Compared with single anthropometric indices, body fat patterns seem to add little value

for estimating body fat in children. Waist-to-height ratio seems to be a proxy for total fat, while waist-to-

hip, waist-to-thigh, and waist-to-weight ratios seem to be proxies for central fat. Further studies should

address the predictive ability of waist-to-weight ratio to identify children at risk of developing cardiometa-

bolic disease, as this was the first time describing its potential usefulness.

Obesity (2018) 26, 810-813. doi:10.1002/oby.22170

Introduction
Studies on childhood obesity have often used proxies and single

measures for its definition, which might have limited their ability to

detect associations (1). The combination of anthropometric indices

into robust body fat patterns could be a more accurate and yet sim-

ple approach to evaluate childhood obesity. However, no study has

addressed whether body fat patterns are more accurate than single

measures for assessing body fat in children. Another drawback of

most previous studies is related to the use of waist circumference

(WC) as a proxy for central fat. WC is more strongly correlated

with BMI and total body fat than with abdominal visceral fat and

thus should be considered a marker of total fat (2,3). This evidence

raises doubts about the use of indices based on WC, such as waist-

to-height ratio, as proxies for central fat, but no study has addressed

this to date.

We aimed to compare the accuracy of body fat patterns and single

measures for assessing body fat and to clarify the use of indices

based on WC as measures of adiposity in children.

Methods
This study included participants from the population-based birth

cohort Generation XXI (Porto, Portugal) (4). Of 5,849 children who

attended the face-to-face interviews at 7 years old, 5,719 children

had anthropometrics and tetrapolar bioelectric impedance available.
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A subsample of 2,531 children had whole-body dual-energy x-ray

absorptiometry (DXA) measurements (47.6% females) (details on

nonresponse analyses given in Supporting Information Methods).

The study was approved by the University of Porto Medical School

S. Jo~ao Hospital Centre ethics committee, and a signed informed

consent according to the Declaration of Helsinki was obtained from

all participants.

Anthropometrics were obtained by trained personnel with children

in underwear and barefoot, according to standard procedures (5)

(details given in Supporting Information Methods). BMI was calcu-

lated. Waist-to-height, waist-to-hip, and waist-to-thigh ratios were

calculated as WC divided by height, hip, and thigh circumferences,

respectively. The relationship between WC and weight was assessed

by using a log-log regression analysis, which gave a slope of 0.5,

corresponding to the value by which weight should be raised in

order to calculate a measure uncorrelated with it. Waist-to-weight

ratio was calculated for the first time in the literature as WC/

weight0.5.

Tetrapolar bioelectric impedance analysis was performed (BIA 101

Anniversary; Akern, Florence, Italy). Fat-free mass was determined

by using the Schaefer et al. equation, and fat mass was derived

accordingly (6). Fat mass/height2 was calculated to obtain the fat

mass index (BIA-FMI), in which fat mass was effectively uncorre-

lated with height.

Whole-body DXA scans were performed (QDR 4500A; Hologic,

Bedford, Massachusetts). Fat mass/height4 was calculated and was

effectively uncorrelated with height. Central fat was assessed as

trunk fat. Details on the comparison between fat mass obtained from

BIA and DXA are given in Supporting Information Methods.

Principal component analysis was applied to BMI, waist-to-height,

waist-to-hip, waist-to-thigh, and waist-to-weight ratios, and BIA-

FMI. Factors with eigenvalues� 1.0 were retained, and varimax

rotation was performed. Factor loadings> 0.30 were used in the

interpretation of factors. The scores were calculated by using the

regression method with standardized scores. Pearson’s correlation

coefficients of the scores obtained by principal component analysis

and the single measures with DXA-FMI and central fat were

obtained. Analyses were conducted by using R version 3.0.1 (The R

Foundation, Vienna, Austria) and SPSS Statistics 21.0 (IBM Corp.,

Armonk, New York).

Results
The characteristics of participants are shown in Table 1. The follow-

ing two independent body fat patterns, which explained 88.3% of

total variance, were identified: a pattern 1, characterized by BMI,

BIA-FMI, and waist-to-height ratio, and a pattern 2, characterized

by waist-to-hip, waist-to-thigh, and waist-to-weight ratios (Table 2).

Pattern 1 (fat quantity) presented a strong correlation with DXA-

FMI (r 5 0.85; P< 0.001), while pattern 2 (fat distribution) pre-

sented a moderate correlation with DXA central fat (r 5 0.35;

P< 0.001) (Table 3). The magnitude of the correlations with DXA-

derived measures was similar for body fat patterns and single meas-

ures. Waist-to-height ratio presented a strong correlation with DXA-

FMI (r 5 0.82; P< 0.001), while waist-to-thigh ratio presented a

moderate correlation with DXA central fat (r 5 0.30; P< 0.001).

Waist-to-hip and waist-to-weight ratios were similarly and moder-

ately correlated with both DXA-derived measures. No sex

TABLE 1 Characteristics of study participants (n 5 2,531)

Mean (SD)

Age, y 6.7 (0.49)

BMI, kg/m2 16.9 (2.45)

BIA fat mass index, kg/m2 3.1 (2.27)

Waist-to-height ratio 0.5 (0.05)

Waist-to-hip ratio 0.9 (0.04)

Waist-to-thigh ratio 1.6 (0.10)

Waist-to-weight ratio, cm/�kg 10.2 (0.47)

DXA fat mass index, kg/m4 3.7 (1.32)

DXA central fat, kg 3.3 (1.71)

BIA, bioelectric impedance analysis; DXA, dual-energy x-ray absorptiometry.

TABLE 2 Factor loadings obtained from principal component
analysis for anthropometric and bioelectric impedance
measures (n 5 5,719)

Factor loadings

Pattern 1 Pattern 2

BMI, kg/m2 0.98 0.05

BIA fat mass index, kg/m2 0.94 0.06

Waits-to-height ratio 0.87 0.45

Waist-to-hip ratio 0.28 0.88

Waist-to-thigh ratio 20.04 0.89

Waist-to-weight ratio, cm/�kg 0.20 0.90

Variance explained 45.3% 43.0%

Cumulative variance explained 45.3% 88.3%

BIA, bioelectric impedance analysis.

TABLE 3 Pearson’s correlation coefficients of body fat
patterns and single measures with DXA-derived measures in
children (n 5 2,531)

DXA fat mass

index, kg/m4

DXA central

fat, kga

Pattern 1: fat quantity 0.85 (P< 0.001) 0 (P 5 0.879)

Pattern 2: fat distribution 0.10 (P< 0.001) 0.35 (P< 0.001)

BMI, kg/m2 0.83 (P< 0.001) 0.08 (P< 0.001)

BIA fat mass index, kg/m2 0.80 (P< 0.001) 20.02 (P 5 0.305)

Waist-to-height ratio 0.82 (P< 0.001) 0.28 (P< 0.001)

Waist-to-hip ratio 0.27 (P< 0.001) 0.31 (P< 0.001)

Waist-to-thigh ratio 0.02 (P 5 0.462) 0.30 (P< 0.001)

Waist-to-weight
ratio, cm/�kg

0.35 (P< 0.001) 0.33 (P< 0.001)

aAdjusted for total fat mass.
BIA, bioelectric impedance analysis; DXA, dual-energy x-ray absorptiometry.

Brief Cutting Edge Report Obesity
PEDIATRIC OBESITY

www.obesityjournal.org Obesity | VOLUME 26 | NUMBER 5 | MAY 2018 811



differences were observed in the body fat patterns and in the associ-

ations investigated (data not shown).

Discussion
Pattern 1 combines well-known measures of total adiposity (BMI

and BIA-FMI), and pattern 2 combines measures of regional adipos-

ity (waist-to-hip and waist-to-thigh ratios); they seem to represent

fat quantity and fat distribution, respectively. This is corroborated

by the strong correlation between pattern 1 and DXA-FMI and the

moderate correlation between pattern 2 and DXA central fat. None-

theless, both body fat patterns showed similar correlations with

DXA-derived measures as compared with single measures. Body fat

patterns seem to add little value for estimating body fat in children.

Fat distribution, using either patterns or single measures, seems to

be more poorly measured than fat quantity.

Anthropometric indices based on WC may represent both fat quan-

tity and distribution, which may raise controversial findings in

population-based settings. In our study, waist-to-height, waist-to-hip,

waist-to-thigh, and waist-to-weight ratios presented similar correla-

tions with DXA central fat but great variability in the correlations

with DXA-FMI. The waist-to-height ratio was strongly correlated

with DXA-FMI but moderately correlated with DXA central fat.

Because of the strong relation with fat quantity, this index seems

unable to properly distinguish children according to their fat location

and, thus, should be used as a proxy for total fat. On the other hand,

waist-to-thigh ratio was not correlated with DXA-FMI and was

moderately correlated with DXA central fat, and, thus, it seems to

be a proxy for central fat. Waist-to-hip and waist-to-weight ratios

were similarly and moderately correlated with both DXA-derived

measures and, therefore, seem to be unable to distinguish between

total and central fat. However, their correlations with DXA-FMI

were much weaker compared with BMI, BIA-FMI, and waist-to-

height ratio, suggesting that these indices are poor indicators of total

fat. On the contrary, their correlations with DXA central fat were

similar to waist-to-thigh ratio, showing the same ability to measure

central fat, which is overall poorly measured by anthropometric indi-

ces. Therefore, among the anthropometric indices based on WC

available in clinical practice, waist-to-hip and waist-to-weight ratios

might be reasonable proxies for central fat. WC showed similar

findings compared with waist-to-height ratio (data not shown).

Measurements of WC require adjustment for body height or weight

if comparisons between individuals, or within individuals over time,

are to be meaningful. Previous studies have shown that shorter sub-

jects had a higher cardiometabolic risk than taller subjects with sim-

ilar WC, which contributed to the definition of waist-to-height ratio

as another proxy for central adiposity (7). The correction of WC for

height allows for a single cutoff level to be used in different ethnic,

age, and sex groups (8), while WC requires sex- and population-

specific cutoff levels to account for the effect of height on metabolic

risk within different populations (9). However, adjustment of WC

for height seems not enough to distinguish children according to

their fat distribution. Two hypothetical children of identical height

might have a different WC because of different body weights.

Therefore, waist-to-height ratio remains influenced by body weight

and, like WC, is a better index of total adiposity rather than of cen-

tral adiposity, as corroborated by our findings. Previous studies have

discussed whether WC adjusted for BMI is a better predictor of vis-

ceral fat in adults compared with WC and have reported contradic-

tory results (10,11). In our sample of 7-year-old children, height

explains 3.9% while weight explains 83.4% of the variance of WC,

and, thus, adjustment for weight seems to be appropriate in order to

obtain an accurate measure of central adiposity. WC can be adjusted

for weight as WC/weightp, in which p is the appropriate power by

which to raise weight in order to obtain an index uncorrelated with

it. Compared with waist-to-hip ratio and waist-to-thigh ratio, the

other measures of fat distribution in our study, waist-to-weight ratio

might be easier to obtain and less likely to have measurement error

in most age groups. This was the first time waist-to-weight ratio as

a proxy for central fat has been suggested; therefore, further studies

are needed to address its predictive ability to identify children at

risk of developing cardiometabolic disease.

Some strengths and limitations should be considered. The major

strengths of this study were the population-based design with

detailed childhood body fat measurements available. We relied on

anthropometric measurements, which might have greater measure-

ment error and be less accurate; however, they may be easier and

cheaper to obtain in large epidemiological studies compared with

imaging techniques of body composition (12). In this study, we also

used DXA, which is an imaging technique that quantifies total and

regional body fat content with high precision (12). Of the 5,719

children with anthropometrics and tetrapolar bioelectric impedance

available, 2,531 children had DXA measurements. However, the

nonresponse is unlikely to lead to biased effect estimates because

children with and without DXA measurements did not differ regard-

ing the sex, age, and anthropometric indices.

In conclusion, this study suggests that body fat patterns, compared

with single anthropometric indices, add little value for estimating

body fat quantity and distribution in children. Waist-to-height ratio

seems to be a proxy for total fat (and not for central fat, as sug-

gested in previous studies), while waist-to-hip, waist-to-thigh, and

waist-to-weight ratios seem to be proxies for central fat. Waist-to-

weight ratio is a promising proxy for abdominal fat distribution,

with population-based advantages over other measures, that warrants

further research.O
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