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Predictive equations for estimation of stature in Malaysian
elderly people
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Height is an important clinical indicator to derive body mass index (BMI), creatinine height index and also to
estimate basal energy expenditure, basal metabolic rate and vital capacity through lung function. However, height
measurement in the elderly may impose some difficulties and the reliability is doubtful. Equations estimating height
from other anthropometric measures have been developed for Caucasians, but only one study has developed an
equation (based on arm span only) for an Asian population. Therefore, a cross sectional study was conducted to
develop equations using several anthropometric measurements for estimating stature in Malaysian elderly. A total
of 100 adults (aged 30 to 49y) and 100 elderly subjects (aged 60 to 86y) from three major ethnic groups of Malays
(52%), Chinese (38.5%) and Indians (9.5%) participated in this study. Anthropometric measurements included
body weight, height, arm span, half arm span, demi span and knee height were carried out by trained nutritionists.
Inter and intra observer errors and also % Coefficient Variation (%CV) were calculated for each anthropometric
measurement. Equations to estimate stature were developed from the anthropometric measurements of arm span,
demi span and knee height of adults using linear regression analysis according to sex. Elderly subjects were shorter
and lighter compared to their younger counterparts. The %CV of anthropometric measurements in adults and
elderly subjects ranged between 5 to 6%, with standing height having the lowest %CV. When the equations
derived from adults were applied to elderly subjects, it was found that percentage difference between actual height
and the estimated value ranged from 1.0 to 3.3%. However, the percentage difference between estimated height
from the equations developed in this study compared to those derived from the equations of other populations
ranged between 0.2 to 8.7%. In conclusion, standing height is an ideal technique for estimating the stature of
individuals. However, in cases where its measurement is not possible or reliable, such as in elderly subjects, height
can be estimated from proxy indicators of stature. In this study arm span showed the highest correlation with
standing height, which is in agreement with other studies. It should be borne in mind that equations derived from
taller statured populations (e.g. Caucasians) may be less accurate when applied to shorter statured populations.
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Introduction

Height is indeed a very important indicator of body size for
use in the clinical setting and also for nutrition and health
research. Together with body weight, height is an important
parameter used to calculate creatinine height index, basal
energy expenditure, basal metabolic rate, vital capacity (lung
function), estimation of nutrient requirements? and calcu-
lation of body composition.>* However, there are difficulties
in obtaining an accurate measurement of height in elderly
subjects. Ageing is associated with several physiological,
psychological and biological changes, including body compo-
sition, such as an increase in body fat and a decrease in lean
body mass and also bone mass.®> This can lead to changes in
body posture and thinning of vertebrae discs which can
contribute to a reduction in height® or even kyphosis in
elderly people with osteoporosis.”

It has been reported that height loss among Caucasian
populations was 1.2 cm (1/2 inches) for every 20 years after
the age of 30.” A longitudinal study among rural elderly
Malays® reported a significant decrement in the mean of
height (0.82+2.71cm) after a four year follow up. Therefore,
standing height may not be a reliable indicator for stature in
elderly subjects. Standing height is also rather difficult to
measure in elderly subjects due to several conditions such as
infectious diseases, arthritis, paralysis and amputation.®'°
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It is also difficult to measure height in bed-bound elderly
persons.* Even in adult subjects with the above conditions,
measuring height is impossible. Long bones were reported to
change less with ageing.* Efforts have been carried out to
develop equations to estimate stature from long bones, such
as knee height,?***** arm span ***'" and demi span'® (Table
1). However, the accuracy of the equations is reduced if used
to estimate stature in populations in which the equation has
not been derived from.”> For example, a systematic error
occurred when the equation developed for Caucasians™ was
used to estimate stature in Japanese Americans.'

With the increase in elderly populations in Malaysia,
especially those in the older age group,? there is a need to
develop equations to estimate stature for use in clinical and
community settings, and also in research related to nutrition
and health. This study aimed to develop equations for
estimation of stature among Malaysian elderly using a proxy
indicator of standing height namely arm span, demi span and
knee height.?

Materials and methods

This is a cross sectional study of 100 adults aged 30 to 49
years and 100 elderly people aged 60 and above. The adult
subjects were either out-patients attending a health clinic at
Hospital Universiti Kebangsaan Malaysia or staff of the
University Kebangsaan Malaysia. The elderly subjects were
either residents of old folk institutions in Taiping, Perak and
Seremban, Negeri Sembilan or patients attending an elderly
health clinic in Sabak Bernam, Selangor. Apart from age, the
exclusion criteria for subjects included those with amputated
limbs, kyphosis, oedema or dehydration, taking diuretic
drugs.

Data were collected by trained nutritionists from
September to October 2000. Anthropometric measurements
of weight, standing height, arm span, half arm span, demi
span and knee height were carried out on both adults and
elderly subjects. Weight was measured using a Portable
Soehnle Digital weighing scale, according to the standard
tech-niques.?? Standing height was measured using a Portable
Leicester Stadiometer, with the subject standing straight with
both hands at the side.”” Arm span was measured as the
length between the tip of the middle finger of the right hand
to the tip of the middle finger on the left hand, with both
hands straight horizontally at 90° from the body and subject
standing straight against the wall. Half arm span was mea-
sured as the length between the sternal notch to the tip of
middle finger of the left hand® and demi span as the length
between the sternal notch to the web of the middle finger.
These were measured using a metal measuring tape (CMS
Weighing Equipment).’® Knee height was measured using a
Knee Height Caliper (CMS Weighing Equipment) in a sitting
position.*®

The inter and intra observer errors were evaluated using
subsamples of 30 adults and 30 elderly subjects by observer 1
and observer 2. Each observer took two measurements within
the predetermined limits, as shown in Table 2. The
Coefficient of Variation (% CV) of each stature indicator was

also calculated. Linear regression analysis was carried out to
derive predictive equations for estimation of stature with
adults height as the dependant variable and arm span, demi
span and knee height as independent variables, according to
gender. This equation was then used to estimate height
amongst elderly subjects. The estimated heights calculated
using the equations were compared with the elderly subjects'
actual height and also height derived from equations
developed in other studies. Data were analysed using SPSS
version 9.05.

Table 1. Summary of studies in using long bones as a proxy
indicator of stature

Proxy Subjects Age Range (y) Reference
indicator
of stature
Limbs White & Black 17-99 =
Knee Height  Non-Hispanic, 65 — 104 13
White
Demi span European 20+ 18
Arm span White & black 23-28 26
Knee height ~ White & Black 60 — 80 14
Arm span Afro-Caribbean, 20— 40 16
Asian, Caucasian,
Oriental
Knee height ~ Mexican American 60 2
Arm span White 20-61 17

Results and Discussion

A total of 100 adults (mean age 42.33 £ 5.78) and 100 elderly
subjects (mean age 69.98 + 6.79) participated in this study,
with 52% Malays, 38.5% Chinese and 9.5% Indians. Table 3
presents anthropometric characteristics of the subjects.
Elderly men were lighter (P <0.05) and shorter as measured
by standing height (P<0.05), arm span (P <0.05) and demi
span (P <0.05), as compared to their adult counterparts. A
similar trend was noted for female subjects.

The %CV ranged between 3.6 to 6.6 %, of which standing
height showed the lowest CV both in adults and elderly
subjects, indicating good repeatability and reliability of
standing height measurements (Table 4). It appears that %CV
in the elderly subjects was slightly higher than those in the
adult subjects. Anthropometric measurements among elderly
people must be carried out with precision, according to the
standard technique, to obtain a lower CV. Nevertheless, the
% CV of knee height in the elderly subjects was considered
low.

Arm span, demi span and knee height were positively
correlated with height (P<0.05 for all parameters) (Table 5).
As expected, the correlation coefficient was higher among
adults (r = 0.81 to 0.90) compared to elderly subjects
(r = 0.67 to 0.78), with arm span showing the highest
correlation with height in adults and elderly subjects of both
genders.
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Table 2. Predetermined limits to accept variations
of two measurements of an indicator performed
by the same observer

Table 3. Anthropometric characteristics of adults and elderly subjects
according to sex

Parameters (unit) Men (n = 96) Women (n = 104)
Measurement Variation limit ~ Reference Adults Elderly Adults Elderly
(n=49) (n=47) (n=51) (n=53)
H H 27
Standing height 1.0 cm Weight (kg) 714+124 60.6+11.0* 618+133 56.8+14.9
; 27
Knee height 0.5cm Height (cm) 1652+6.0 160455 1529+6.1 1485 +6.4*
Weight 0.1 kg z
Arm span (cm) 172775 168.1+7.1* 1576+65 1546+69*
Arm span 1.0cm 2
Half arm span (cm)  85.9+3.7 83.6 £ 3.8* 785134 76.9 £ 3.6*
Half arm span 1.0cm 2
. » Knee height (cm) 498+25 492+22 46.1+£2.3 46.3+£2.2
Demispan 1.0cm

*P<0.05, significant difference between adults and elderly subjects within the

same gender, independent sample t-test

Table 5. Correlation coefficient (r) between standing height and

Table 4. Coefficient variation (%CV) for
anthropometry measurements in adults and
elderly subjects

anthro-pometric measurements in adults and elderly subjects ccording
to gender

Parameters (unit)

Adults (n =100) Elderly (n = 100)

Parameters (unit) Adults Elderly

(n = 100) (n = 100) Men Women Men Women
Standing height (kg) 5.4 5.5 (n=49) (n=51) (n=47) (n=53)
Arm span (cm) 6.2 6.0 Arm span (cm) 0.86* 0.90* 0.78* 0.72*
Half arm span (Cm) 6.2 6.2 Half arm Span (Cm) 0.84* 0.89* 0.77* 0.67*
Demi span (cm) 6.6 6.4 Demi span (cm) 0.85* 0.83* 0.76* 0.70*
Knee height (cm) 6.3 55 Knee height (cm) 0.81* 0.84* 0.75* 0.70*

*P<0.05

These findings are in agreement with earlier studies that
reported a higher correlation between height with long bones
such as arm span®’ (r = 0.933 between arm span and height of
adult subjects). Knee height amongst adult and elderly men
showed the lowest correlation. This finding is in agreement
with an earlier study among Japanese Americans®® which
demonstrated a rather similar value (r=0.78, P<0.01).

Table 6 presents sex specific predictive equations to esti-
mate height from arm span, demi span and knee height
derived from adult subjects in this study. The highest r* was
obtained from the equation developed from arm span. Arm
span also showed the lowest SEE value suggesting less
measurement error. There was no increment in r? value when
age was included as an independent variable.

When the equations were used to estimate the height of
elderly subjects, it was found that the percentage of
difference between the actual standing height and the
estimated height (from arm span, demi span and knee height)
ranged between 1 to 3%, with arm span being the lowest
(Table 7).

Table 8 presents a comparison of estimated height
computed from the equations derived in the present study

with those calculated using equations developed from other
populations. It appears that height estimated from equations
derived from other populations tend to overestimate height
derived from equations developed in this study, except for
knee height. Estimated height from arm span from equations
developed for Afro-Carribbean and Asian'® showed the
lowest difference. The regression equations developed for the
Afro-Carribeans [Height = 54.9 + (0.66 x Arm span) for men
and Height = 66.9 + (0.57 x Arm span) for women]*® and for
the Asians [Height = 53.4 + (0.67 x Arm span) for men and
Height = 81.0 + (0.48 x Arm span) for women]™® were rather
similar to those developed in this study, as shown in Table 6.
Whereas, estimated height from arm span from equations
developed for Caucasian populations'® was consistently
higher than height estimated from equations developed in this
study. The differences may be due to variation in body
composition and stature among ethnic groups, i.e. tall versus
short statured populations.?*%*

This study has developed gender specific equations to
estimate height from arm span, knee height and demi span for
use amongst Malaysian elderly or adults for whom accurate
measurement of standing height is not possible.
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Table 6. Equations for estimation of standing height Table 7. Percentage of difference (%) between actual standing
according to gender height & estimated height in elderly subjects according to gender
Gender Equation Value of ¥ SEE Parameters Elderly men (n = 47) Elderly women (n = 53)
Height % Height %
Men H= (0.681 x AS) + 47.56 0.75 3.04 (mean+SD)  difference®  (mean+SD)  difference
(n=49)
H=(1.438 x DS) + 51.28 0.72 3.18 Actual height 160.4 £5.5 - 148.5+6.4 )
H=(1.924 x KH) + 69.38  0.66 3.51 Estimated
Women  H=(0.851x AS) +18.78  0.81 2.66 height:
(n=51) Arm span 162.1+4.9 1.0 150.3+5.8 1.3
H=(1.549xDS) +41.35  0.70 3.41 Demi span 162.9+5.0 1.6 151.3+53 2.0
H=(2.225 x KH) + 50.25 0.70 3.40 Knee height 164.0£4.2 2.3 153.2+4.8 3.3
H- Height; AS- arm span; DS-demi span; KH-knee height. 4opdifference =[(estimated height - actual standing height)/actual standing

height] x100

Table 8. A comparison between estimated height among elderly subjects derived from equations developed in the present
study and others.

Population of study Men (n = 47) Women (n = 53)
Estimated height % difference® Estimated height % difference®
(mean + SD) (mean + SD)
Arm span
Present study 165.2 5.1 - 1529 +55 -
Afro- Caribbean 168.9 +5.0* 2.3 156.7 + 3.7* 2.6
Asian 169.1 +5.1* 2.4 156.7 + 3.1* 2.5
Caucasian 173.1+5.7* 4.8 160.4 + 5.2* 4.9
Oriental 170.5 + 5.6* 3.2 157.5 + 4.5* 3.0
Demi span
Present study 165.3+£5.1 - 1529 +5.1 -
Caucasian 168.8 + 4.9* 21 157.3 £ 4.4* 2.9
Knee height
Present study 165.2+4.8 - 1529+5.1 -
Caucasian 162.6 +5.2* -1.6 163.1 + 4.4* 6.7
Black 164.0 + 3.4* -0.7 149.1 + 4.5* -2.4

*P< 0.05, significance difference between mean values of estimated height in the present study and other, independent sample t-test
? % difference = [(estimated height from equation of other study — estimated height from equation of the present study) + estimated height from
equation of
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