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ABSTRACT
Background Adiposity is a major risk factor for metabolic and cardiovascular diseases.
Initial prediction equations to estimate adiposity are complex, requiring skinfold mea-
surements that cannot be obtained conveniently by the general population.
Objective To develop simplified prediction equations to estimate body fat per-
centage (%BF) in Asian Chinese adults, evaluate the validity of the simplified %BF
prediction equations, compare the simplified %BF prediction equations with an
existing equation, and create visual charts to enable easy assessment of adiposity by
the general public.
Design Simplified prediction equations were developed and evaluated for validity us-
ing anthropometric measurements obtained from a cross-sectional study.
Participants and setting Healthy participants with no major diseases and not taking
long-term medications were recruited in a cross-sectional study conducted at Clinical
Nutrition Research Centre, Singapore, between June 2014 and October 2017. A total of
439 participants were used for model building (269 women and 170 men) and another
107 participants were used for evaluating validity (62 women and 45 men).
Main outcome measures Simplified but acceptable prediction models and generation
of user-friendly charts.
Statistical analyses performed Simplified sex-specific %BF prediction equations were
developed using stepwise regression and the model-building dataset. The best models
were selected using the Akaike information criterion. The models were further
simplified and their performance was compared using the validation dataset before
choosing the final prediction equations.
Results The final selected models for women and men included waist circumference
and height with nonsignificant prediction bias in %BF of 0.84%�3.94% (P¼0.098, Cohen’s
dz¼0.21) and e0.98%�3.65% (P¼0.079, Cohen’s dz¼0.27), respectively. The final equa-
tions were split into three height categories from which the sex-specific prediction
charts were generated.
Conclusions The sex-specific prediction charts provide a good visual guide for esti-
mating %BF using height and waist circumference values that are easy to obtain by the
general public.
J Acad Nutr Diet. 2019;119(9):1533-1540.
A
DIPOSITY IS AN INDEPENDENT PREDICTOR OF
metabolic diseases, which makes its measurement
crucial.1,2 Body fat percentage (%BF) can be
measured accurately and precisely using dual-

energy x-ray absorptiometry (DEXA).3 However, such
equipment is expensive and bulky,4 which makes it
inconvenient for use in community health screening set-
tings. Hence, prediction equations that are able to predict
%BF at high accuracy have been popular. A classic example
is the prediction equation developed by Durnin and
Womersley in the 1970s using a sample from a white
population from western Europe.5

Asians have different body composition than whites.6,7 The
ethnic differences in body composition led to the develop-
ment of various ethnic-specific %BF prediction equations.8

The lack of appropriate prediction equations specifically for
healthy Asian Chinese adults motivated the recent develop-
ment of sex-specific %BF prediction equations in Asian Chi-
nese by Henry and colleagues.9 These equations were built
using five variables, including skinfold measurements of the
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RESEARCH SNAPSHOT

Research Question: Can body fat percentage of healthy
Asian Chinese adults be predicted using simple
measurements and a visual chart?

Key Findings: Simplified sex-specific equations were
developed to predict body fat percentage among Chinese
adults living in Singapore. Graphics-based charts were created
from the prediction equations to facilitate easy assessment of
adiposity by the general public. Validation analysis revealed
nonsignificant prediction bias in body fat percentage of
0.84%�3.94% (P¼ 0.098) in women and e0.98%�3.65%
(P¼0.079) in men using the new prediction equations.

RESEARCH
biceps and triceps, waist circumference (WC), age, and
height. Despite the strengths of the %BF prediction equations,
challenges remained in their wider use by the general public.
The challenges included difficulty in obtaining skinfold
measurement, which requires appropriate equipment (ie,
skinfold calipers) as well as proper training to obtain accurate
measurements adhering to standard protocols,10 and loga-
rithmic transformation of the sum of biceps and triceps
skinfold measurements, which requires numerical literacy
and the use of a calculator. These challenges reduced the
convenience of using the prediction equations.
To address this issue, the current study aims were to

develop simplified %BF prediction equations for Asian Chi-
nese adults that utilize anthropometric measurements that
are easy to obtain without specialized instruments; evaluate
the validity of the simplified %BF prediction equations using
data from a cross-sectional study; compare the performance
of the newly developed equations with an existing equation
developed by Liu and colleagues11; and create graphics-
based prediction charts that provide a good visual analog
of the %BF values, particularly for Asian Chinese.

MATERIALS AND METHODS
Study Design and Participants
The simplified prediction equations to predict %BF were
developed and evaluated for validity using data from a cross-
sectional study conducted at the Clinical Nutrition Research
Centre, Singapore, between June 17, 2014, and October 20,
2017.12 Inclusion criteria included women who were not
pregnant, and men and women without a diagnosis of any
major diseases and without long-term medication use. Partic-
ipants were recruited through advertisements that were placed
around the National University of Singapore campus, public
areas, and on the Clinical Nutrition Research Centre website. A
total of 439 of the enrolled participants (269 women and 170
men) with both DEXA and anthropometric measurements
were used to develop the prediction equations. An additional
107 participants (62 women and 45 men) enrolled under the
same study were used to evaluate the validity of the developed
prediction equations. The National Healthcare Group Domain
Specific Review Board, Singapore, approved the protocols for
the cross-sectional study. All participants provided written and
informed consent before the study commencement.

Anthropometric Measurements
Anthropometric measurements were taken in the fasting state
following standard protocols10 by research officers trained by a
qualified trainer who had undertaken the 2011 International
Standards for Anthropometric Assessment course.13 WC was
takenat themidpoint between the lower costal (10th rib) border
and the iliac crest using a standard nonelastic measuring tape
(Lufkin W606PM; Apex Tool Group). Participants were asked to
breathe normally and themeasurement was taken at the end of
an exhalation. The quality of theWCmeasurementwas assessed
and a third measurement was taken in the case that the differ-
ences between the first two measurements was >2%. The final
measurement valuewas taken to be the average of the duplicate
or triplicate measurements. Height (in centimeters), ensuring
the correct Frankfort plane (the lowest point on the inferior
orbital margin; that is, orbitale, and the upper margin of the
external auditory meatus; that is, tragion, form a horizontal
1534 JOURNAL OF THE ACADEMY OF NUTRITION AND DIETETICS
line), was measured using a stadiometer to the nearest 0.1 cm.
Weight was measured with an electronic scale (Seca GmbH) to
the nearest 0.1 kg in light clothingwithout footwear. Height and
weight measurements were done in duplicate. Each partici-
pant’s %BFwasmeasured by usingDEXA (QDR 4500A, fan-beam
densitometer, Hologic).

Statistical Analysis
Sex-specific prediction equations were generated with sim-
ple measurements; that is, WC, weight, height, body mass
index (BMI), waist-to-height ratio, and age. Because there
was a nonlinear relationship between weight and %BF among
women, weight was log transformed for the women. Variable
selection (including height, age, WC, and weight) was done
using stepwise regression methods. Models were compared
using the Akaike information criterion (AIC) a measure to
compare the fit of related models for a given dataset. Smaller
AIC values indicated a better model fit. Hence the model with
the smallest AIC was chosen as one of the plausible models.14

For the purpose of comparison, variable selection using BMI
and age as well as waist-to-height ratio and age was also done
separately to obtain two more plausible models (Step 1 of the
model-building process). The three plausible models (Table 1
and Table 2) were compared based on their predicted R2 and
standard error of estimate (SEE) obtained from the model-
building dataset. Predicted R2 indicated the predictive perfor-
mance of the models in a new dataset that has different set of
participants, not included in the model-building set. Higher
predicted R2 and smaller SEE were indications of better model
performance. A single model was then selected for further
simplification (Step 2). The simplifiedmodel was defined to be
one that had at least two anthropometric variables that could
be easily obtained.
Mean absolute percentage error and prediction bias of the

models were used to compare the performance of the pre-
dictive models in Step 2 of the model-building process using
the validation dataset. Mean absolute percentage error was
calculated using the formula as follows:
Mean absolute percentage error

¼
(

1
n

Pn
i¼1

�
jobservedi�predictedi j

observedi

� )
�100%; where i represents the

individuals in the sample and n is the total number of people
in the sample under consideration.
Prediction bias referred to the mean difference between

the observed and predicted values. The smaller the
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Table 1. Details of the model selection process for women using the model-building data set (n¼269); data were obtained from
a cross-sectional study on Asian Chinese conducted in Singapore between June 17, 2014, and October 20, 2017a

Step
Models and independent
variables

Predicted
R2 AIC SEE

Adjusted
R2

Mean absolute
percentage
errorbc

Prediction biasb

(%–standard deviation)

1 Model 1: Age, body mass index 0.54 713.5 3.8 — — —

Model 2: Age, waist-to-height ratio,
weightd

0.57 699.8 3.7 — — —

Model 3e: A circumference, height,
weightd

0.57 695.8 3.6 0.58 9.2 0.73�3.81

2 Model 3a: Age, waist circumference,
height

0.55 — 3.7 0.56 9.5 0.94�3.87

Model 3b: waist circumference, height 0.54 — 3.8 0.54 9.8 0.84�3.94
Liu modelf: Body mass index, waist
circumference, age, waist
circumference2

— — — — 18.0 e6.24�3.94***

aPredicted R2, adjusted R2, standard error of estimate (SEE), and Akaike information criterion (AIC) were obtained using the model building dataset (n¼269).
bMean absolute percentage error and prediction bias was obtained using the validation dataset (n¼62).
cMean absolute percentage error¼

�
1
n

Xn
i¼ 1

�jobservedi � predictedij
observedi

� )
�100%, where i represents the individuals in the sample; n is the total number of people in the sample under

consideration. The smaller the value of mean absolute percentage error, the more accurate the model estimates.
dLog transformed.
eModel 3 was the final selected model in terms of the model with the best Predicted R2, lowest AIC, and SEE. This model was further simplified in Step 2.
fLiu and colleagues model11 for women: body fat %¼e22.46354525þ0.32551474�body mass indexþ0.87135268�waist circumferenceþ0.00319864�age�body mass index-
e0.00408430�waist circumference2.
***P<0.001.
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difference, the better the predictive model fits the
data. Hence, the model with the smallest mean
absolute percentage error was chosen as the best fitting
model.
Table 2. Details of the model selection process for men using the
cross-sectional study on Asian Chinese conducted in Singapore b

Step
Models and independent
variables

Predicted
R2 AIC

1 Model 1: Age, body mass index 0.49 478.0
Model 2: Waist-to-height ratio 0.61 431.1
Model 3d: age, waist
circumference, height

0.62 428.5

2 Model 3a: Waist circumference,
height

0.62 —

Liu modele: Body mass index, waist
circumference, waist
circumference2

— —

aPredicted R2, adjusted R2, standard error of estimate (SEE), and Akaike information criterion (A
bMean absolute percentage error and prediction bias was obtained using the validation datase

cMean absolute percentage error¼
�

1
n

Xn
i¼ 1

�jobservedi � predictedij
observedi

� )
�100%, where i repr

consideration. The smaller the value of mean absolute percentage error, the more accurate th
dModel 3 was the final selected model in terms of the model with the best Predicted R2, low
eLiu and colleagues model11 for males: Body fat %¼e41.92778773þ0.33718996�body mass
***P<0.001.
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Using the validation dataset, the final simplified pre-
dictive equations selected in Step 2 were evaluated for bias
using a paired sample t test and deviation from the line of
identity (a test for the slope¼1 and the intercept¼0). For
model-building data set (n¼170); data were obtained from a
etween June 17, 2014, and October 20, 2017a

SEE
Adjusted
R2

Mean absolute
percentage
errorbc

Prediction biasb

(%)–standard deviation

4.0 — — —

3.5 — — —

3.5 0.63 12.4 e1.0�3.66

3.5 0.63 12.3 e0.98�3.65

— — 22.5 e5.94�3.82***

IC) were obtained using the model building dataset (n¼170).
t (n¼45).
esents the individuals in the sample; n is the total number of people in the sample under

e model estimates.
est AIC and SEE. This model was further simplified in Step 2.
indexþ0.99622038�waist circumference�0.00403169�waist circumference2.
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the deviation from the line of identity assessment, the
predicted values were used as the dependent variable and
the actual %BF measured with DEXA was used as the in-
dependent variable. A statistically significant result would
indicate there was fixed or proportional bias in the pre-
dictive model. To indicate the size of the standardized
difference, Cohen’s dz for the effect size of a paired sample
t test was also reported. The accuracy and performance of
the new chosen simplified prediction equations were also
cross-validated in an independent validation dataset as
well as compared with the prediction equations developed
by Liu and colleagues.11

The final models were further transformed for simpler
translation into a chart that could be easily read by the general
public. The value of the standardized coefficients was used as a
guide to decide the cutoff values for the variables to be cate-
gorized (ie, height) in the graphics-based prediction chart.
The Mann-Whitney test was used to compare the charac-

teristics of participants in the model-building dataset with
participants in the validation dataset. The proportion of
married participants was compared using a two-sample test
for the equality of proportions. All analyses were performed
using Statistical Software for the Social Sciences15 and R
Statistical Software.16 Data are reported as mean�standard
Table 3. Description of the study participants used in model-bui
obtained from a cross-sectional study on Asian Chinese conducte

Characteristica Women (n[

 �������
Age (y) 38.0�14.5
Height (cm) 159.5�5.8 (

Weight (kg) 55.0�9.2 (

Waist circumference (cm) 69.7�7.8 (

Body fat from DEXAb (%) 34.8�5.6 (

Body mass index 21.6�3.3 (

 �������
Married 87 (32.3)

Women (n¼
 �������

Age (y) 40.6�14.6
Height (cm) 160.3�5.2 (

Weight (kg) 57.1�11.8
Waist circumference (cm) 72.2�9.0 (

Body fat from DEXA (%) 35.1�6.1 (

Body mass index 22.1�3.9 (

 �������
Married 24 (38.7)

aThere was no significant difference in the participant characteristics between the model-buildin
the proportion of married individuals in the model building dataset and validation dataset wa
bDEXA¼dual energy x-ray absorptiometry.
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deviation or n and percent. All statistical tests in this study
were set at a significance level <0.05.
RESULTS
Table 3 summarizes the characteristics of the participants
recruited in the study. There were no statistically significant
differences in the participant characteristics between the
model validation and model-building datasets (P>0.05).
Model development was performed separately for each sex
using this dataset. Model 3 was chosen to be further reduced
(Table 1 and Table 2) because it had the highest predicted R2

and lowest SEE for both sexes compared with models 1 and 2.
In women, the potential model chosen for simplification

included age, WC, height, and weight (log transformed) as
predictors. Because weight and WC were highly correlated
with each other, models with and without the transformed
weight were compared while keeping age, WC, and height in
the model (Step 2 of model selection). Evaluation of validity
for both models showed that after removing weight, the
mean absolute percentage error decreased by 0.3, but the
prediction bias was still <1% and the SEE had increased by
only 0.1. Thus, removing weight made minimal changes in
model validity, but produced a more parsimonious model
lding (n¼439) and validation datasets (n¼107); data were
d in Singapore between June 17, 2014, and October 20, 2017

Model-Building Dataset

269) Men (n[170)

�������mean�standard deviation (range)��������������!
(21.0-68.6) 38.4�14.5 (21.0-69.2)

144-175) 171.2�5.8 (157-188)

34.5-88.3) 68.5�9.9 (46.0-111.0)

52.8-99.1) 79.1�8.6 (62.1-109.9)

21.9-52.7) 24.2�5.7 (11.8-37.2)

16.2-33.2) 23.4�3.2 (16.3-37.5)�����������������n (%)������������������������!
75 (44.1)

Validation Dataset

62) Men (n¼45)�������mean�standard deviation (range)��������������!
(21-74) 37.8�15.4 (22.0-74.0)

148-177) 172.7�7.4 (157-185)

(39-104) 70.7�10.7 (51.6-94.5)

55-103) 81.2�7.7 (68.0-98.5)

23-49) 26.1�5.6 (14.8-38.1)

16-38) 23.6�2.7 (19.0-30.6)�����������������n (%)������������������������!
14 (31.1)

g and validation dataset. Comparison was made using Mann-Whitney test. Comparison of
s done using two-sample test for equality of proportions.
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(Table 1). Similarly, removing age resulted in a simpler model
consisting of only WC and height. The model performed
equally well compared with the models inclusive of age. The
equation chosen for women was:

body fat ð%Þ for women
¼ 28:33þ ½0:52 �WC ðin centimetersÞ�
� ½0:19 � height ðin centimetersÞ�

In men, predictive models with and without age, but with
both WC and height performed equally well in the validation
dataset with similar mean absolute percentage error (smaller
values preferred), prediction bias, and SEE values. Thus, for
simplicity, the model equation chosen for men was:

body fatð%Þ for men ¼ 10:14þ ½0:52�WCðin centimetersÞ�
� ½0:16� height ðin centimetersÞ�

The accuracy and performance of the present simplified
prediction equations were cross-validated in an independent
validation dataset as well as compared with the equations
developed by Liu and colleagues.11 The present equations
produced nonsignificant prediction bias in %BF estimation of
0.84%�3.94% in women and e0.98%�3.65% in men. In
contrast, the equations developed by Liu and colleagues11

resulted in prediction bias of e6.24%�3.94% in women and
e5.94%�3.82% in men. The present equations have smaller
mean absolute percentage error (9.8% in women and 12.3% in
men) compared with the equations developed by Liu and
colleagues11 (18.0% in women and 22.5% in men). However,
the line of identity obtained using the present equations as
well as that of the Liu and colleagues11 had significant
Table 4. Evaluation of the validity of the newly developed
simplified prediction equations and Liu and colleagues11

predictive equations using 107 datasets (62 women and 45
men) from a cross-sectional study on Asian Chinese
conducted in Singapore between June 17, 2014, and
October 20, 2017

Sex

Model

Liu and colleagues11 New Simplifieda

Estimated intercept of line of identityb (95% CI)

Female 10.75*** (6.81-14.69) 16.12*** (11.73-20.51)
Estimated slope of line of identityb (95% CI)
0.52*** (0.41-0.63) 0.57*** (0.44-0.69)

Estimated intercept of line of identityb (95% CI)

Male 8.49*** (5.17-11.80) 11.56*** (7.92-15.20)
Estimated slope of line of identityb (95% CI)
0.45*** (0.32-0.57) 0.52*** (0.38-0.66)

aModel for men: body fat (%)¼10.14þ[0.52�waist circumference (in centimeters)]e
[0.16�height (in centimeters)] and model for women: body fat (%)¼28.33þ
[0.52�waist circumference (in centimeters)]e[0.19�height (in centimeters)].
bLine of identity method was used to evaluate the validity of the models with the
predicted body fat percentage values as the dependent variable and the actual
measured body fat percentage values as the independent variable.
***P<0.001.
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intercepts and slopes for both sexes (Table 4), indicating the
new equations and the Liu equations may have fixed or
proportional bias.
Because the standardized coefficients of the height in the

simplified prediction equations were lower than WC in both
sexes, the range of height values were split into three height
groups of 10 cm range each. For women the three height groups
were 144 to 153 cm,154 to 163 cm, and 164 to 173 cm. For men,
the three height groups were 157 to 166 cm, 167 to 176, and 177
to 186 cm. Regression equations with height as a categorical
variable with three levels were created for each sex from which
sex-specific prediction charts were developed (see the Figure).
Validating the models with height as a categorical variable

using the validation dataset resulted in similar performance
as the simplified prediction equations in each sex. There was
nonsignificant prediction bias of 0.90%�3.99% and e0.98%�
3.65% in women and men, respectively. Mean absolute per-
centage error of these new models was 9.9% and 12.3% in
women and men, respectively.
The average height of Singaporean Chinese women and

men is about 160 cm and 172 cm, respectively. Although the
height variable was being bounded into 10 cm categories,
data from a few participants were dropped from the data set
without loss of generality.17 There were a few extreme
heights for men and women that had to be removed to
prevent their influence on the translation of the new equa-
tions into the visual aid charts. Two female participants
(height of 175 cm each) and one male participant (height of
188 cm) in the original model-building dataset were removed
so that prediction equations with three levels for height could
be developed. The final models selected in Step 2 of the
model-building process were redone using the model-
building dataset without the extreme values and were also
evaluated for validity using the validation dataset without
the extreme values. The redeveloped models and the models
with three levels of height were consistent in the final
comparisons. The model performances for the original and
participant reduced models were similar (Table 5).
DISCUSSION
In many remote regions of the world where access to com-
puters and calculators are limited, the need for a simple vi-
sual chart to predict %BF from anthropometric measures is
important. With this in mind, an easy-to-use chart for global
use has been developed in this study. Based on a review of
currently published predictive equations to estimate %BF
using anthropometric measurements, the new, easy-to-use
chart developed in this study is a much simpler and more
accurate model.
Asians have different body composition compared with

whites because Asians have a higher tendency to deposit fat in
the abdominal area.18,19 Thus, the inclusion of WC in the %BF
equations was essential for calculating more accurate values
for the easy-to-use visual aid. In the current study and a study
by Henry and colleagues,9 models for both sexes with WC
performed better compared with models without WC. Skin-
fold measurements have been important primary variables in
the development of %BF prediction equations for Asian Chi-
nese,5,8,9,20-22 but skinfold measurements are difficult to
obtain without the proper training and equipment. In
contrast, the use of simpler anthropometric measurements,
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1537
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Figure. (A) Prediction chart for Asian Chinese women. The three segments represent the height categories: 144 to 153 cm, 154 to 163 cm, and 164 to 173 cm. The scale on
the outer circumference of the circle represents the waist circumference ranging from 52 to 99 cm. The values within the sector represent the corresponding estimated
percentage body fat values. The prediction bias of the chart is 0.90%�3.99%. (A dial will be added at the center in the actual chart to be used.) (B) Prediction chart for Asian
Chinese men. The three segments represent the height categories: 157 to 166 cm, 167 to 176 cm, and 177 to 186 cm. The scale on the outer circumference of the circle
represents the waist circumference ranging from 62 to 110 cm. The values within the sector represent the corresponding estimated percentage body fat values. The
prediction bias of the chart is e0.98%�3.65%. (A dial will be added at the center in the actual chart to be used.)
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Table 5. Performance of the models developed using the restricted model-building dataset (267 women, 169 men) and
evaluated for validity in the restricted validation sample (61 women, 45 men); data were obtained from a cross-sectional study
on Asian Chinese conducted in Singapore between June 17, 2014, and October 20, 2017; the performance was compared with
height as a continuous variable and as a variable with three categories

Sex Model
Mean absolute
percentage errora Prediction bias (%)

mean�standard deviation

Female (n¼61)b Model: Waist circumference, height categoriesc 9.87 0.90�3.99
Model: Waist circumference, height 9.59 0.79�3.90

Male (n¼45)d Model: Waist circumference, height categoriese 12.34 e0.98�3.65
Model: Waist circumference, height 12.31 e0.99�3.65

aMean absolute percentage error¼
(

1
n

Xn
i¼ 1

�jobservedi � predictedi j
observedi

� )
�100%, where i represents the individuals in the sample; n is the total number of people in the sample under

consideration. The smaller the value of mean absolute percentage error, the better it is.
bWomen of height 175 cm in the model-building dataset as well as height 177 cm in the validation dataset were removed.
cHeight categories include 144 to 153 cm, 154 to 163 cm, and 164 to 173 cm.
dMen of height 188 cm in the model-building dataset were removed.
eHeight categories include 157 to 166 cm, 167 to 176 cm, and 177 to 186 cm.
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such as height, WC, and weight, do not require specialized
equipment and the %BF can be more easily calculated.
Simple anthropometric measurements (eg, BMI, WC, and

age) were also used by Liu and colleagues11 to develop %BF
prediction equations for Chinese adults. The results from the
current study and the Liu and colleagues11 study showed
potential bias in the prediction models. However, compared
with Liu and colleagues,11 the current study had much
smaller nonsignificant prediction bias in both sexes for the
estimated %BF. The current study %BF estimation for predic-
tion bias was 0.84%�3.94% in women and e0.98%�3.65% in
men. In contrast, the estimates for the prediction bias from
the Liu equations were e6.24%�3.94% in women and
e5.94%�3.82% in men (P<0.001for both sexes). Evaluation of
validity using the line of identity method showed that there
was a statistically significant nonzero intercept and signifi-
cant slope that is not equal to 1 in both the newly developed
simplified equations and the equations developed by Liu and
colleagues.11 The results indicate that there is no one-to-one
relationship between the predicted %BF values and the actual
observed values as desired. The significant deviations from
zero and one indicated potential bias in the prediction
models.
There were modest differences between the characteristics of

the participants in the validation dataset of the current study
and the model-building dataset of Liu and colleagues,11 which
could explain the predictive performance of the Liu model. The
mean %BF of the participants in the validation dataset of our
study (Table 3) was higher than those used in the model-
building dataset of Liu and colleagues.11 Furthermore, the par-
ticipants in the current validation dataset were younger with
smaller WC than participants used for model building by Liu
and colleagues.11 These differences in characteristics were likely
reasons for why the Liu and colleagues model did not have
comparable predictive performance to the new model.11

The estimates from the current study equations had
nonsignificant overestimation and underestimation, around
1% for both sexes (for women P¼0.098, Cohen’s dz¼0.21 and
for men P¼0.079, Cohen’s dz¼0.27). This modest bias of 1%
September 2019 Volume 119 Number 9 JO
using the newly developed model can be compared with the
large significant (P<0.001 in both sexes) bias of about 6% in
both sexes (women: e6.24%�3.94% and men: e5.94%�3.82%)
from the Liu and colleagues11 model. The current estimates
also had smaller mean absolute percentage errors (12.3% in
men and 9.8% in women) compared with Liu and colleagues11

(22.5% in men and 18.0% in women).
The current %BF equations for the visual aid charts were

further enhanced by classifying height into equal, sex-specific
categories based on the standardized beta coefficient values
of height and WC. It was also reasonable to categorize the
height variable into intervals of equal width because changes
in WC were more likely to occur than changes in height. The
results from models with three levels also showed nonsig-
nificant prediction bias of <1% for both sexes. The graphics-
based chart produced from simplified equations are a viable
option to obtain %BF in adults.
There are a number of strengths in this study. The first was

the development of easy to use %BF prediction charts that
gives a quick prediction without requiring specialized in-
struments such as a skinfold caliper. The second strength of
this study is the large sample size used to develop the
simplified prediction equations.
There are a number of limitations in this study as well.

Firstly, the prediction chart has a lower accuracy compared
with the use of the prediction equations involving skinfold
measurement. However, the benefits of acceptable, easy to
obtain estimates for %BF outweighed the small loss in esti-
mated accuracy. Secondly, the prediction chart was limited to
healthy Asian Chinese sample in Singapore and may not be
applicable to other adult Asian Chinese populations.
CONCLUSIONS
A simplified sex-specific prediction equation of %BF for the
Asian Chinese has been developed along with a quick refer-
ence graphical prediction chart. The benefit of this equation is
the use of measurements that are easily obtained by the
general public. More research is warranted to validate its
URNAL OF THE ACADEMY OF NUTRITION AND DIETETICS 1539



RESEARCH
applicability in a larger number of Chinese adults living
around the world.
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