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Evaluation of Validity of Five Weight-Height
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Fukuoka 812

Abstract Validiy of five weight-height obesity indices, Broca-Katsura index, weight/height
ratio, BMI, Rohrer index and Benn index were evaluated as an obesity index in male medical
students of Kyushu University. Validity of them was evaluated using the following three criteria :
(1) it should be highly correlated with body weight and its distribution should be independent of
height ; (2) it should be highly correlated with obese rate to the standard body weight of Japanese
young men ; (3) it can accurately classify individuals as overweight or not overweight. BMI met
all three criteria in this population. Benn index proved to be not only independent of body height
but also highly correlated with body weight and obese rate, though we could not evaluate this
obesity index using criterion (3) because there is no generally-accepted cut-off point of overweight
of it. Broca-Katsura index, weight/height ratio and Rohrer index were not independent of body
height. From these results, it is concluded that BMI is the best weight-height obesity index in this

population.

Introduction

Many epidemiological studies have suggested
that obesity is an important risk factor for
hypertension, coronary heart disease, and
diabetes mellitus'?12131919  In Japan, average
skinfold thickness, one of obesity indices, has
not increased for young adult according to the
national nutrition survey ('Kokumin Eiyo
Chosa’}'”, but secular increase in obesity was
found among university students®'¥. There-
fore, it seems important for Japanese young
abult to control their body weight to prevent
those diseases.

Accurate identification of obesity is impor-
tant for weight control. Direct measures of
total body fat, *°K counting for example, are
accurate, but inappropriate for routine clinical
practice. Weight-height obesity indices are
commonly used for this purpose because they

are easily measured. Among many weight-
height obesity indices, body mass index (BMI) is
generally recommended as an obesity index for
adult, but the ratio of a body weight to Broca-
Katsura standard body weight ((Ht(cm)-100) X
0.9(kg)) is also used for clinical practice in
Japan (we call this ratio Broca-Katsura index
in this paper) and some researchers reported
usefulness of Benn index (Wt/HtP)®918),

We have been recording anthropometric
dimensions of medical students in Kyushu
University by Martin’s method'®? since 1936.
Our data are very unique because there are few
studies which record anthropometric dimen-
sions of young adults in detail so long as ours.
Using this data source from 1961 to 1992, we
evaluate a validity of following five weight-
height obese indices as an obesity index in
young men; Broca-Katsura index, weight/
height ratio, BMI, Rohrer index, Benn index.
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Data Source and Methods

Data Source

Anthropometric measurements have been
taken annually since 1936 on all third-or fourth-
year medical students. The data used in this
study were collected from 1961 to 1992. We
could not use the data in 1984, 1986, and 1987
because these data were lost. Excluding female
students and foreign students, 2253 male stu-
dents were included in this study. Body height
was measured without shoes using Martin’s
metal anthropometer'”. Body weight was
measured in light clothing on a weighing bal-
ance. Those measurements were performed by
students between 9:00 AM and 12:00 AM.

Study Period

Figure 1 shows the time trend in mean body
weight(kg) / mean body height(m)?(Wt/Ht?) of
male medical students in Kyushu University

and Japanese young men aged 22 years'” from
1961 to 1992. Although Wt/Ht? has not remark-
ably changed for Japanese young men, Wt/Ht?
of these students has been gradually increasing
and the study period can be divided into the
following four periods according to the trend in
Wt/Ht? of these students :

Period I (1961-1965)

Wt/Ht? of male medical students was
increasing, though below that of Japanese
young men.

Period II (1966-1975)

Wt/Ht? of male medical students did not
remarkably change and was almost equal to
that of Japanese young men.

Period Illa (1976-1985), IlIb (1986-1992)

Wt/Ht? of male medical students was
increasing beyond that of Japanese young
men.

Validity of five weight-height obesity indices
was evaluated in each period. Number, mean
age, mean body height, mean body weight of

~23.5 +
N% 3 I IT Ila b male medical students in each period are shown
& s in Table 1.
£ Weight-Height obesity indices
s 22 i i
-qg 1 Broca-Katsura index (%) : The ratio of a
521 5 body weight to
) 21 Broca-katsura
E 205 standard body
523 20 weight ((Ht(cm)-
19.5 v T T r
1960 1965 1970 1975 1980 1985 1990 1995 100)x O.9(kg)).
Year of survey Weight/height ratio (kg/m) : Wt(kg)/Ht(m)
Fig.1 Changes in mean weight/mean height® of BMI(kg/m?) : Wt(kg)/Ht(m)?
male medical students (@) and the Rohrer index (kg/m?®) : Wt(kg)/Ht(m)? X
Japanese young men (O) between 1961 and 10
1992. Benn index (kg/m®) : Wt(kg)/Ht(m)®
Table 1 Body height and body weight of male medical students from 1961 to 1992.
c ok Age(years) Body height(cm) Body weight(kg)
Period n (mean-SD) (mean=SD) {mean +SD)
I 1961-1965 360 22.9%+1.9 167.01x£5.07 57.60x+6.15
I 1966-1975 757 22.5%1.2 168.77+£5.20 59.9446.34
a 1976-1985 677 23.1%£2.0 170,24+5.28 62.90+7.13
b 1986-1992 459 22.8%2.7 171.38+5.49 1 64.9447.87

*Data could not be available in 1984, 1985, and 1987.
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P value of Benn index is calculated from the

following equation?,

P=Bx (H/W)
where B is a regression coefficient of body
weight against body height, H is a mean body
height, and W is a mean body weight of the
population. P values of Benn index in the four
periods of this study were 1.838 (period 1),
1.882 (period II), 1.824 (period Illa) and 1.995
(period IlIb), respectively.

Validity of obesity indices

Validity of five weight-height obesity indices
was evaluated using the following three criter-
ia:

1) It should be highly correlated with body
weight and its distribution should be indepen-
dent of height.

2) It should be highly correlated with the
ratio of a body weight to the standard body
weight of Japanese young men (we call this
ratio obese rate in this paper).

3) It can accurately classify individuals as
overweight or not overweight.

Evaluation of criterion 3) was performed by
calculating sensitivity and specificity. In the
present context, sensitivity is the proportion of
truly overweight students who are identified as
such by obesity indices and specificity is the
proportion of truly =ot overweight students
who are identified as such by obesity indices.

The following cut-off points were used for
evaluating overweight in this study: obese
rate = 10 %, Broca-Katsura index = 10 %,
BMI = 24 kg/m?, Rohrer index = 140 kg/m®.
Weight/height ratio and Benn index were not
included in the evaluation of criterion 3)
because there is no generally-accepted cut-off
point of these two obesity indices for evaluating
overweight.

As a standard body weight of Japanese young
men, height-considered standard weight of
Japanese young men aged between 20 and 29
years was used'®.

Statistical analysis

The statistical significanse of independence

of height was determined by t-test.
Results

Correlation with body weight

Table 2 shows correlation coefficients of five
weight-height obesity indices with body weight
in each period. Weight/height ratio showed the
highest correlation with body weight and
Broca-Katsura index, BMI and Benn index also
showed high correlation, though Rohrer index
showed relatively low correlation.

Independence of body height

Table 3 shows correlation coefficients of five
weight-height obesity indices with body height
in each period. Correlation coefficients of BMI
and Benn index were nearly zero and supposed
to be independent of body height. Other three
obesity indices were not independent of body
height and that was statistically significant (p<
0.05).

Correlation with obese rate

Table 4 shows correlation coefficients of five

Table 2 Correlations of five weight-height
obesity indices with body weight.

Period

Index
1 II IHIa b

Broca-Katsura index .709  .699 755 772
Weight/height ratio J961  .959 .964 .967

Body mass index .819 .807 .836 .847
Rohrer index 695 .566 .637 .649
Benn index .849 .831 .865 .848

Table 3 Correlations of five weight-height
obesity indices with body height.

Period

Index
1 s Il a b

Broca-Katsura index |—.226* —.212* —.187* —.128
Weight/height ratio| .269*  .292*  .252*  .296*

Body mass index —.059 —.049 —.054 —.002
Rohere index —.370* —.376* — .346* —.299*
Benn index —.004 —.007 —.001 —.000

* Not independent of height (P<0.05).
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weight-height obesity indices with obese rate in
each period. All obesity indices showed high
correlation with obese rate (r>>0.9). Particular-
ly, Broca-Katsura index, BMI and Benn index
showed very high correlation.

Sensitivity and specificity of obesity indices

Table 5 shows sensitivity and specificity of
Broca-Katsura index, BMI and Rohrer index at
identification of overweight in each period. All
three indices showed relatively high sensitivity,
about 90 %. Broca-Katsura index and BMI
showed very high specificity, nearly 100 2,
though Rohrer index showed lower specificity
than others.

From these results, the following conclusion
‘was obtained about the validity of five weight-
height obesity indices in the male medical stu-
dents of Kyushu University : BMI met three
criteria of obesity indices and proved to be a
good obesity index in this population. Benn

Table 4 Correlations of five weight-height
obesity indices with obese rate.

Period

Index
1 II IIa IIb

Broca-Katsura index .981 .984 .990 .992
Weight/height ratio 948 942 .952 .953

Body mass index 999 999 .999 999
Rohrer index 944 941 .955 .955
Benn index .998  .999 .998 .999

index proved to be not only independent of body
height but also highly correlated with body
weight and obese rate in this population.
Broca-Katsura index, weight/height ratio and
Rohrer index proved to be not independent of
body height. Therefore it is supposed that these
three weight-height obesity indices are in-
appropriate as an obesity index in this popula-
tion.

Discussions

The following criteria are commonly
proposed for a good obesity indexV®9718 . (1) it
should be highly correlated with body weight
and its distribution should be independent of
height ; and (2) it should be highly correlated
with total body fat. In the present study, one
more criterion was added to these two criteria,
which was (3) it can accurately classify individ-
uals as overweight or not overweight ; because
the former two criteria can not describe the
extent of misclassification (classifying over-
weight as not overweight, or not overweight as
overweight) resulting from use of specific cut-
off values. Concerning criterion (2), obese rate
was used instead of skinfold thickness which is
a more direct measure of total body fat.
Although we have a record of skinfold thick-
ness of this population, we could not be confi-
dent of the accuracy of skinfold values mea-
sured by students because of difficulty of this

Table 5 Sensitivity and spesificity of three weight-height obesity indices to diagnose over-

weight of male medical students.

Period
Index

I 1 Ma b
n=21  n=60  n=89  n=66
o Body mass index 95.24  93.33  88.79 89.01

0,
Sensitivity(%) Broca-Katsura index 90.48  93.33  88.76  91.21
Rohrer index 90.48  85.00  91.01 84.62
n=66 n=186 n=227 n=152
L Body mass index 100.00  100.00  99.56  100.00-

0,
Spesificity(%) Broca-Katsura index 95.45  95.70  97.36  98.68
Rohrer index 75.76 86.02 88.50 93.42
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measurement.

Billewicz et al.? evaluated a validity of
weight/height ratio, BMI, Rohrer index and
Ponderal index (Ht/Wt'?) as a obesity index of
adult population and recommended BMI as the
best obesity index. Many investigators demon-
strated that BMI is independent of body height
and a good obesity index of adult popu-
lation®97®.  In the present study, BMI was
supposed to be independent of body height, and
highly correlated with body weight and obese
rate. BMI could accurately classify individuals
as obese or not obese, too. It was demonstrated
that BMI is a good obesity index in the male
medical students of Kyushu University.

Benn index (Wt/HtF) was proposed by Benn?
as a weight-height obesity index which was
independent of body height in any population
group. Lee et al.® evaluated a validity of
weight/height ratio, BMI, Rohrer index and
Benn index as a obesity index of peoples 18
year of age and older belonging to the five
major ethnic groups in Hawaii (Caucasian,
Japanese, Chinese, Filipinos and Hawaiians/
part-Hawaiians). He concluded that only Benn
index is uniformly independent of body height
and always produced unbiased results. In the
present study, Benn index proved to be not only
independent of body height but also highly
correlated with body weight and obese rate,
though we could not evaluate sensitivity and
specificity of this obesity index because there is
no generally-accepted cut-off point of over-
weight of it. Benn index is inappropriate as a
obesity index if sample size is small because the
multiplier P can be a wide range of value in this
case®. Benn suggested that more than 1900
samples are needed to use Benn index as a
obesity index and he recommended BMI as a
best weight-height obesity index when sample
size was small®.

Broca-katsura index is widely used for clini-
cal practice in Japan. In the present study,
Broca-Katsura index showed high correlation
with body weight and obese rate and also

showed high sensitivity and specificity. But
Broca-Katsura index was not independent of
body height like weight/height ratio and Ro-

hrer index in this population. Therefore it

supposed that Broca-Katsura index is inappro-
priate as a obesity index in this population.
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