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Objective To study the correlations of weight-to-height indices and percent weight-for-
height in Thai male adolescents.

Methods Students grade 7-9 of Bangkok Christian College were measured body weight
and height. Percent weight-for-height and weight-to-height indices (weight-to-
height ratio, body mass index and ponderal index) were calculated.  The
correlations of weight-to-height indices and percent weight-for-height were
analyzed with Pearson’s correlations and the diagnostic properties of these
indices were tested.

Results One thousand and eighty-eight students, age 11-16 years, were recruited
into this study. The prevalence of obesity (percent weight-for-height > 120)
was 26.38 % (287 in 1088 students).  Their ponderal index and body mass
index are highly correlated with percent  weight-for-height.  The ponderal index
of more than 14 and body mass index of more than 23 could be reliably used
to identify Thai male adolescents who have percent weight-for-height more
than 120 (accuracy 98.71 % and 93.20 %, respectively).
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Conclusions Ponderal index and body mass index are correlated with percent weight-for-
height. Ponderal index has higher accuracy than body mass index in the
diagnosis of obesity in Thai male adolescents.
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วัตถุประสงค์ เพื่อศึกษาความสัมพันธ์ระหว่างดัชนีน้ำหนักต่อส่วนสูงกับร้อยละของน้ำหนัก
เมื่อเทียบกับน้ำหนักมาตรฐานที่ความสูงเดียวกัน ในวัยรุ่นชายไทย

วิธีการศึกษา ทำการชั่งน้ำหนัก วัดส่วนสูง เด็กนักเรียนระดับชั้นมัธยมศึกษาตอนต้นของ
โรงเรียนกรุงเทพคริสเตียน เพื่อนำมาคำนวณหาร้อยละของน้ำหนักเมื่อเทียบกับ
น้ำหนักมาตรฐาน และดัชนีน้ำหนักต่อส่วนสูง ได้แก่ สัดส่วนของน้ำหนักต่อ
ส่วนสูง ดัชนีมวลกาย และดัชนีพอนเดอรัล แล้วทำการวิเคราะห์ข้อมูลเพื่อหา
ความสัมพันธ์ระหว่างดัชนีน้ำหนักต่อส่วนสูงต่าง ๆ กับร้อยละของน้ำหนักเมื่อ
เทยีบกบันำ้หนกัมาตรฐาน โดยใช ้Pearson’s correlations

ผลการศึกษา ในเด็กนักเรียนที่เข้าร่วมการศึกษาจำนวน 1088 ราย อายุระหว่าง 11-16 ปี
(อายเุฉล่ีย 13.1 ปี ) พบวา่มีเดก็อ้วน จำนวน 287 ราย คดิเปน็ร้อยละ 26.38
ดัชนีพอนเดอรัลและดัชนีมวลกายมีความสัมพันธ์อย่างมากกับร้อยละของ
น้ำหนักเมื่อเทียบกับน้ำหนักมาตรฐาน สามารถใช้ดัชนีพอนเดอรัลที่มากกว่า
14 และดัชนีมวลกายที่มากกว่า 23 ในการวินิจฉัยภาวะอ้วนได้อย่างถูกต้อง
โดยมคีวามถกูตอ้งถงึร้อยละ 98.71 และรอ้ยละ 93.20 ตามลำดบั

สรุป ดัชนีพอนเดอรัลและดัชนีมวลกายมีความสัมพันธ์อย่างมากกับร้อยละของ
น้ำหนักเมื ่อเทียบกับน้ำหนักมาตรฐาน ดัชนีพอนเดอรัลมีความถูกต้องใน
การวินิจฉัยภาวะอ้วนในเด็กวัยรุ่นชายไทยมากกว่าดัชนีมวลกาย

คำสำคัญ ดัชนีพอนเดอรัล, ดัชนีมวลกาย, ร้อยละของน้ำหนักเมื ่อเทียบกับน้ำหนัก
มาตรฐาน, ภาวะอ้วนในเด็กและวัยรุ่น
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Childhood obesity is an increasing public
health problem worldwide.(1-3) Body mass index (BMI)
is widely accepted as the standard method for clinical
assessment of childhood obesity.(4-8) Because
standardized percentile curves of body mass index
for Thai children have not been established, percent
weight-for-height is currently the gold standard for
assessment of childhood obesity in Thailand. (9, 10)

Obtaining percent weight-for-height is rather
complicated and impractical a task, since it requires
standard growth curves or weight-for-height curves
of the child of same sex for determination of weight-
for-height.  Weight-to-height indices such as weight-
to-height ratio, body mass index and ponderal index
can be directly calculated from weight and height.
These indices are more practical than percent weight-
for-height for clinical assessment of childhood obesity.

We conducted this study to determine the
correlations of weight-to-height indices and percent
weight-for-height, and to assess the properties of
these indices in the diagnosis of childhood obesity in
Thai male adolescents.

Subjects and methods
Students grade 7-9 of Bangkok Christian

College, academic year A.D. 2000, were measured
body weight and height by using standard calibrated
devices with accuracy within 0.1 kilogram and 0.1
centimeter, respectively.  Percent weight-for-height
[(actual weight / expected weight-for-height) x100] was
calculated from individual weight and weight-for-height
obtained from standard growth curve of Thai people.
Weight-to-height ratio [weight / height], body mass
index [weight / (height)2] and ponderal index [weight
/ (height)3 ] were directly calculated from individuals’

weight and height

The best weight-to-height index:  the best p
Weight-to-height indices can be generally

written as an equation (Equation 1).

When p = 1, it is weight-to-height ratio;  when
p = 2, it is body mass index;  and when p = 3, it is
ponderal index.

Weight-to-height indices are intended to
adjust weight from different body size (height) into
the same comparable indices and the best index
should have no correlation with height (height-
independent index).  The best weight-to-height index
is an index with the best p (Equation 2) that has
constant value for weight-for-height or standard weight
of any height (Equation 3).

Equation 3 can be transformed to equation
4 as follows:
Constant = Weight-for-height / (Height)best p

Log (Constant) = log [Weight-for-height / (Height)best p ]
Constant (C) = log (Weight-for-height) - log (Height)best p

                      = log (Weight-for-height) – [(best p) x log (Height)]

Equation 1 :
      Weight-to-height index = Weight / (Height)p

Equation 2 :
     Weight-to-height index = Weight / (Height)best p

Equation 3 :
     Constant = Weight-for-height / (Height)best p

Equation 4 :
   Log (Weight-for-height) = [(best p) x log (Height) ] + C
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Statistical analysis
Correlations of weight-to-height indices to

percent weight-for-height and weight-to-height indices
to height were analyzed with Pearson’s correlations.
Simple linear regression model was used to formulate
the equations predicting percent weight-for-height from
weight-to-height indices.

The best p was determined by the solution of
equation 4 using simple linear regression model.(11)

Diagnostic properties and appropriate cut-off point of
each weight-to-height index in diagnosis of childhood
obesity were determined by comparing receiver
operating characteristic (ROC) curve, using percent
weight-for-height of more than 120 as a gold standard.

Results
One thousand and eighty-eight male

students, age 11-16 years with the mean age of 13.1
years, were recruited into this study. The prevalence
of obesity which defined as percent weight-for-height
of more than 120 was 26.38 % (287 in 1088 students).

Correlation of weight-to-height indices to percent
weight-for-height

Weight-to-height ratio, body mass index and
ponderal index had good correlation with percent

weight-for-height (Table 1).  The weight-to-height index
that was best correlated with the percent weight-for-
height was ponderal index (correlation coefficient,
r = 0.997).

The equations predicting percent weight-for-
height from weight-to-height ratio or body mass index
or ponderal index were formulated as follows:

Correlation of weight-to-height indices and height
Weight-to-height ratio, body mass index and

ponderal index had poor correlation with height
(Table 2).  The weight-to-height index that was the
least correlated with height was ponderal index
(r = 0.096).

The best p
The best p in this population was 2.842

(Figure 1), and the best weight-to-height index was
weight / (height)2.842.

Table 1.  Correlation of weight-to-height indices and
              percent weight-for-height.

                                                 Correlation            p value
                                                 coefficient
Weight-to-height ratio      0.874        < 0.001
Body mass index      0.968       < 0.001
Ponderal index      0.997        < 0.001

Percent weight-for-height
= (2.554 X weight-to-height ratio) + 23.208

or
= (5.043 X body mass index) + 4.979

or
= (8.566 X ponderal index) + 0.296

Table 2.  Correlation of weight-to-height indices and
              height.

                                       Correlation coefficient    p value

Weight-to-height ratio     0.432            < 0.001
Body mass index     0.193            < 0.001
Ponderal index     0.096              0.002
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Diagnostic properties of weight-to-height indices
Ponderal index, which had the largest area

under ROC curve (AUC=0.999), was the best weight-
to-height index in the diagnosis of obesity in this
population (Figure 2). However, body mass index
which is widely used in adult and more familiar to

most pediatricians was also a good index in the
diagnosis of obesity (AUC = 0.983).

The cut-off points for diagnosis of obesity
which had the highest accuracy were body mass index
of 23 (93.20 %) (Table 3) and ponderal index of 14
(98.71 %) (Table 4).

Figure 1.  Scatter plot of log (weight-for-height) and log (height) with regression equation.

Table 3. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy
of body mass index cut-off points in diagnosis of obesity.

Cut-off point*                       Sensitivity                       Specificity                       PPV                       NPV                     Accuracy

         20                        100                                   67.67       52.56        100   76.19
         21                      98.26                                   80.90       64.83      99.23   85.48
         22                      93.38                                   91.26       79.29      97.47   91.82
         23                      85.02                                   96.13       88.73      94.71   93.20
         24                      71.43                                     100        100      90.71   92.46

*Obesity was diagnosed when the values were higher than the cut-off points.
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Figure 2. ROC curve of weight-to-height indices in diagnosis of childhood obesity:
a) weight-to-height ratio, AUC = 0.927;   b) body mass index, AUC = 0.983;
c) ponderal index, AUC = 0.999.
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Discussion
In this study, about a quarter of the students

had percent weight-for-height more than 120. Students
grade 7-9 of Bangkok Christian College may represent
Thai male adolescents with relatively high
socioeconomic status, but this alarming high
prevalence of obesity should not be overlooked.

All three weight-to-height indices have strong
correlation with percent weight-for-height. Although
ponderal index has the best correlation with percent
weight-for-height, the equation predicting percent
weight-for-height from body mass index is the most
attractive. This equation, percent weight-for-height
= (5.043 X BMI ) + 4.979, may be simplified to percent
weight-for-height  =  5 BMI + 5.

The simplified equation is very easy to
remember. Anyone can easily calculate predicted
percent weight-for-height and use this predicted values
for diagnosis of obesity in Thai male adolescents age
11-16 years without growth curve.

The best p in adult is about 2, so body mass
index [weight / (height)2] is the best weight-to-height
index in adult.  In children, the best p varies with age:
about 2 at age 1-5 years, increases to about 3.5 at
age 9-11 years and then decreases to about 2 again

at age 18-20 years.(11,12) Since body mass index (p=2)
is rather much apart from the best p in children age 8-
16 years, Franklin cautioned the use of body mass
index to assess obesity in this population.(11)

The best p in this study population (Thai male
adolescents, age 11-16 years) is 2.842, consistent
with the previous studies in which the best p in males
age 11-16 years is about 2.8 to 3.5. (11, 12) Obviously,
the best weight-to-height index, weight / (height)2.842,
is difficult to remember and calculate.  Ponderal index
(p=3), which is most approximate the best p, would
be better than body mass index (p=2) and weight-to-
height ratio (p=1) in the diagnosis of obesity among
Thai male adolescents.  High correlation of ponderal
index to percent weight-for-height and high accuracy
of ponderal index in diagnosis of childhood obesity
as shown in this study would support but cannot
confirm this hypothesis, since one may question the
validity of percent weight-for-height used as a gold
standard in this study. However, negligible correlation
with height confirms that ponderal index is a good, if
not the best, weight-to-height index.

Whether ponderal index or body mass index
or any other weight-to-height index is the best index
for assessment of obesity in Thai children remains to

Table 4. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy
of ponderal index cut-off points in diagnosis of obesity.

Cut-off point*                       Sensitivity                       Specificity                       PPV                       NPV                     Accuracy

         13                        100                                   82.77       67.53        100   87.32
         14                      97.56                                   99.13       97.56      99.13   98.71
         15                      68.99                                     100        100        90   91.82

*Obesity was diagnosed when the values were higher than the cut-off points.
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be carefully evaluated and determined.  Further
studies about this issue are certainly needed.  This
study provides an evidence that ponderal index is
superior to body mass index as a tool for assessment
of obesity, at least among Thai male adolescents age
11-16 years.

However, the body mass index and ponderal
index cut-off points proposed in this study should be
used with caution.  Since they are based on percent
weight-for-height, the validity of these cut-off points
are at best as good as percent weight-for-height.
Using these cut-off points has advantages in correctly
identifying children who have percent weight-for-height
higher than 120 without the standard growth curve.

In conclusion, ponderal index and body mass
index are highly correlated with percent weight-for-
height (correlation coefficient > 0.95).  Specific cut-
off points of these indices (ponderal index >14, body
mass index >23) can be used for the diagnosis of
obesity among Thai male adolescents with reasonable
accuracy.  Ponderal index may be more appropriate
than body mass index as an index of obesity in
children.
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