
ORIGINAL ARTICLE Open Access

Developing an equation for estimating
body height from linear body
measurements of Ethiopian adults
Alemayehu Digssie1, Alemayehu Argaw2 and Tefera Belachew2*

Abstract

Background: Measurements of erect height in older people, hospitalized and bedridden patients, and people with
skeletal deformity is difficult. As a result, using body mass index for assessing nutritional status is not valid. Height
estimated from linear body measurements such as arm span, knee height, and half arm span was shown to be
useful surrogate measures of stature. However, the relationship between linear body measurements and stature
varies across populations implying the need for the development of population-specific prediction equation. The
objective of this study was to develop a formula that predicts height from arm span, half arm span, and knee
height for Ethiopian adults and assess its agreement with measured height.

Methods: A cross-sectional study was conducted from March 15 to April 21, 2016 in Jimma University among a
total of 660 (330 females and 330 males) subjects aged 18–40 years. A two-stage sampling procedure was
employed to select study participants. Data were collected using interviewer-administered questionnaire and
measurement of anthropometric parameters. The data were edited and entered into Epi Data version 3.1 and
exported to SPSS for windows version 20 for cleaning and analyses. Linear regression model was fitted to predict
height from knee height, half arm span, and arm span. Bland-Altman analysis was employed to see the agreement
between actual height and predicted heights. P values < 0.05 was used to declare as statistically significance.

Results: On multivariable linear regression analyses after adjusting for age and sex, arm span (β = 0.63, p < 0.001, R2

= 87%), half arm span (β = 1.05, p < 0.001, R2 = 83%), and knee height (β = 1.62, p < 0.001, R2 = 84%) predicted height
significantly. The Bland-Altman analyses showed a good agreement between measured height and predicted
height using all the three linear body measurements.

Conclusion: The findings imply that in the context where height cannot be measured, height predicted from arm
span, half arm span, and knee height is a valid proxy indicator of height. Arm span was found to be the best
predictor of height. The prediction equations can be used to assess the nutritional status of hospitalized and/or
bedridden patients, people with skeletal deformity, and elderly population in Ethiopia.
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Introduction
Human height is defined as the vertical distance from the
heels to the vertex in a subject standing erect. It is mea-
sured using a stadiometer, usually in centimeters when
using the metric system, and feet and inches with the
imperial system [1, 2]. Measurement of body height is
required to calculate body mass index, determine basic
energy requirements, standardize measures of physical cap-
acity, adjust drug dosage, evaluate children’s growth, and
predict and standardize physiological variables such as lung
volumes, muscle strength, and metabolic rate [3, 4]. Stand-
ing height measurements can be difficult to obtain in older
people and in people with skeletal deformity due to an in-
ability to stand straight or steadily due to pain, weakness,
disability, or spinal deformities such as kyphosis or scoliosis
(curvature of the spine) or due to osteoporosis [5].
Aging of the population is the most important demo-

graphic change facing many countries around the world [6].
With the growing number of elderly people, chronic dis-
eases and disability has become public health challenge, es-
pecially in developing countries where the health care sector
is less developed and suffers from limited resources [7].
There have been a major change in population structures
and disease pattern in the last century manifesting with
demographic transition and epidemiological transition [8].
Nutrition is an important determinant of health in eld-

erly people [9] due to their especial vulnerability to mal-
nutrition [10, 11]. Assessment of nutritional status is the
first step in managing nutritional problems, as it helps
to generate indicators, including body mass index (BMI),
basal metabolic rate, and body composition [12].
In older people, there is loss of height with aging as well

as inaccuracies in obtaining height measurement because
of spinal deformities such as kyphosis and scoliosis [13].
This could lead to misclassification of under nutrition and
obesity [14]. As alternative, height predicted from mea-
surements such as arm span, knee height, and half arm
span has been used in some epidemiological studies in
older people, bedridden and/or hospitalized patients, and
in people with skeletal deformity in whom a standing
height measurement is not possible [15].
Although there are many suggested formulas for height

prediction with selected anthropometric measurements
such as ulnar length, knee height, hand dimension, demi
span, half arm span, and arm span, an inaccurate predic-
tion may occur due to the relationship between the an-
thropometric measurements of linear body lengths and
height depending on population, sex, and age [16].
Individual and ethnic variations with regard to body

height and its relation with arm span have been reported
in European [17] and African populations [18]. It has
also been indicated that the estimation equation varies
from population to population, and ethnic group to eth-
nic group [19], necessitating the development of the

prediction equation for the different populations using
relevant data.
Although there are several equations for prediction of

height from linear body measurements in the different
parts of the world, these equations cannot be used for
Ethiopians as there is ethnic and population variabilities
in the relationships. Although, there was a study which
tried to develop the height prediction formula based on
arm span of Ethiopian adults from four ethnic groups
[18], the study had limitation. It included only people
whose ages were greater than 40 years with declined ver-
tical height making it inappropriate for developing the
height prediction equation.
The aim of this study was to develop a formula that

predicts height from arm span, half arm span, and knee
height measurements and assess their agreement with
measured height among Ethiopian adults.

Methods
Study setting and subjects
A cross-sectional study was conducted in Jimma Univer-
sity (JU) from March 15 to April 21, 2016. Jimma Uni-
versity is located 352 km Southwest of Addis Ababa in
Jimma Town. According to 2015/2016, report of the
registrar, there are a total of 38,862 (male 27,957; female
10,905) students among which 22,298 were regular stu-
dents in both undergraduate and postgraduate programs.
The University accepts students from all parts of
Ethiopia which was used as an opportunity for multieth-
nic representation of the data.
Being Ethiopian and age 18–40 years were used as an

inclusion criteria, while having physical deformity such as
kyphosis, scoliosis, bowing of legs and flattening of the
plantar arch, and having history of physical damage or loss
of extremities were considered as exclusion criteria.
A total of 660 subjects (330 subjects in each sex) were

enrolled into this study. This sample size enabled us to
detect a correlation coefficient as low as r = 0.3 (effect
size = 0.15) with 95% confidence level, 80% power and
after considering a non-response rate of 5%. Sample size
was calculated using GPower version 3.0.10 [20]. The
sample size was allocated to the selected colleges using
proportional to size allocation method. A two-stage sam-
pling procedure was employed to select 660 study partic-
ipants. In the first stage, colleges were selected
randomly. Then, in the second stage, study participants
were selected randomly in each selected colleges after
stratifying students by sex.

Data collection and measurement
The data were collected through interviewer-administered
questionnaire and measurements of anthropometric param-
eters. All the study participants were interviewed for their
age, sex, region, and ethnicity information; anthropometric
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measurements were taken at the end of the interview. Five
human nutrition postgraduate students were recruited and
trained for data collection.
Height was measured using a portable stadiometer

(Seca 213, Germany) and recorded to the nearest
0.1 cm. During height measurement, shoes, pins, and
braids from the hair were removed to avoid their effect
on height measurements. Height was measured with the
head of participants in a Frankfurt Plane, knees straight,
and the heels, buttocks, and the shoulders blades touch-
ing the vertical surface of the Stadiometer. Height was
measured three times and the average was taken.
The arm span (in cm) was measured with a stiff tape

that avoids flexion errors from the tip of the middle fin-
ger on the right hand to the tip of the middle finger on
the left hand. During the measurement, all study partici-
pants stood with their back aligned to the wall and
stretched their arms to 180°, the elbows and wrists ex-
tended, and the palms facing directly forward and the
readings were recorded to the nearest 0.1 cm. Arm span
was measured three times and the average was taken.
Knee height was measured in centimeters (cm) using

locally produced caliper consisting of a vertical scale
with two horizontal blades at each end and recorded to
the nearest 0.1 cm. Subjects were measured in a sitting
position with the leg supported so that the knee and
ankle make an angle of 90°. One of the caliper blades
was positioned under the heel of the left foot and the
other was placed on the anterior surface of the left thigh
just above the condoyle of the femur and just proximal
to the patella. The shaft of the caliper was held parallel
to the shaft of the tibia, and gentle pressure was applied
to the blades of the caliper. The measurement was re-
peated three times and the average was taken.
Half arm span was measured in cm with the subject

standing upright with back straight, arms extended side-
ward at 90° to the torso, fingers stretched, and the arm
rested against a wall to avoid forward or backward bend-
ing and recorded to the nearest 0.1 cm. The distance be-
tween the tip of the middle finger (not nail tip) and
midpoint on the sternal notch was taken using a flat,
stiff tape that avoids flexion errors. The measurement
was repeated three times and the average was taken.

Data analysis
Data were edited, coded, and entered into EpiData ver-
sion 3.1 and exported for cleaning and analyses to SPSS
for windows version 20. Descriptive analyses were con-
ducted and the result was presented using tables. Reli-
ability of measurements was checked by Cronbach’s
alpha. Normality of regression residual, linear relation-
ship, and constancy of the variance were checked before
fitting linear regression model to develop height predic-
tion formula from independent variables. Multivariable

linear regression model was run for variable with P ≤ 0.25
on bivariate linear regression analyses. Bland-Altman ana-
lyses and plots were generated to see the agreement be-
tween actual height and predicted height. P values < 0.05
were used to declare statistical significance.

Results
A total of 638 people participated in the study with an
overall response rate of 96.7% (97.0% for males and
96.4% for females). Majority of the study participants
were from Oromiya Region (50%) followed by SNNPR
(24.3%) and Amhara (8%). Males constituted 50.2% of
the total study participants (Table 1).
From the 638 study participants, 243 (38.1%) were

Oromo, 129 (20.2%) were Amhara, and 41(1.6%) were
Tigrie by ethnicity. The mean (± SD) age of participants
was 24.8 (± 4.1) with values being 26.7 (± 4.2) and 22.8
(± 2.8) for male and females, respectively (Table 2).
The mean (± SD) of height was 167.7 (± 8.2) cm, while

it was 174.3 (± 5.0) for males and 161.1 (± 4.6) for fe-
males. Similarly, the mean arm span was 174.3 (± 9.2)
cm; the values being 181.2 (± 5.7) cm for males and
167.2 (± 6.1) cm for females. The mean half arm span
was 86.8 (4.6) cm, while it was 90.2 (± 3.3) cm for males
and 83.4 (± 2.1) cm for females. Regarding knee height,
the mean for the whole sample was 51.5 (3.1) cm, while
it was 53.8 (2.2) for males and 49.2 (2.1) for females
(Table 3). The overall reliability of measurements was
checked by Cronbach’s alpha and it was 0.92.
There were strong positive correlations between height

and arm span, half arm span, and knee height. The cor-
relation coefficient between height and arm span were
(r = 0.92 (0.80 for males and 0.77 for females), p < 0.001),
height and half arm span (r = 0.87 (0.62 for male and
0.80 for female), p < 0.001), and height and knee height
(r = 0.88 (0.75 for male and 0.70 for female), p < 0.001)
(Table 4).

Table 1 Distribution of study participants by region and sex,
Jimma University, March 2016

Region Male (n = 320) Female (n = 318) Total (n = 638)

Oromiya 119 (37.2) 200 (62.9) 319 (50)

Amhara 24 (7.5) 27 (8.5) 51 (8.0)

SNNPR 102 (31.9) 53 (16.7) 155 (24.3)

Tigray 10 (3.1) 6 (1.9) 16 (2.5)

AA 8 (2.5) 23 (7.2) 31 (4.9)

Benshangul 11 (3.4) 0 (0.0) 11 (1.7)

Dire dawa 2 (0.6) 2 (0.6) 4 (0.6)

Somalia 19 (5.9) 0 (0.0) 19 (3.0)

Gambella 22 (6.9) 7 (2.2) 29 (4.5)

Harrari 3 (0.9) 0 (0.0) 3 (0.5)
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On multivariable linear regression analyses, arm span
and sex, half arm span and sex, and knee height and sex
significantly predicted height measurement (p < 0.05)
(Table 5).
In the height prediction equation using arm span, a

cm increase in arm span increased height by 0.63 cm (p
< 0.001) after adjusting for sex. Similarly, sex was found
to be an important predictor in this model with male
subjects on average 4.33 units higher than their female
counterparts (p < 0.001) after adjusting for arm span.
Thus, height can be predicted from arm span as follows:

Height ¼ 59:30 þ 0:63 arm spanð Þ � 4:33 sexð Þ;

where

sex ¼ 1 for females0 for males:

In the height prediction equation using half arm span,
a 1 cm increase in half arm span increased height by
1.05 cm (p < 0.001) after adjusting for sex. Similarly, sex
was found to be an important predictor in this model

with male subjects being on average 6.12 units taller
than their female counterparts (p < 0.001) half arms span
measurements taken constant. So, the height can be esti-
mated from half arm span as follows:

Height ¼ 79:93þ 1:05 half arm spanð Þ � 6:12 sexð Þ;
where

sex ¼ 1 for females0 for males:

In the height prediction equation using knee height,
1 cm increase in knee height was associated with a 1.63
increase in height cm (p < 0.001) while after controlling
for sex. Similarly, sex was an important predictor in this
model with male subjects being on average 5.84 cm tal-
ler than their female counterparts (p < 0.001) knee height
measurements taken constant. Therefore, the height can
be predicted from knee height as follows:

Height ¼ 86:79 þ 1:63 knee heightð Þ − 5:84 sexð Þ;
where

sex ¼ 1 for females0 for males:

Table 2 Ethnicity of study participants by sex among Ethiopian
adults in Jimma University, March 2016

Ethnicity Male (n = 320) Female (n = 318) Total (n = 638)

Oromo 104 (32.5) 139 (43.7) 243 (38.1)

Amhara 44 (13.8) 85 (26.7) 129 (20.2)

Tigrie 17 (5.3) 24 (7.5) 41 (6.4)

Dawro 10 (3.1) 0 (0) 10 (1.6)

Shinasha 9 (2.5) 0 (0) 9(1.4)

Gamo 13 (4.1) 3 (0.9) 16 (2.5)

Guragie 16 (5.0) 14 (4.4) 30 (4.7)

Hadiya 21 (6.6) 12 (3.8) 33 (5.2)

Welaita 12 (3.8) 23 (7.2) 35 (5.5)

Kembata 12 (3.8) 3 (0.9) 15 (2.4)

Somali 21 (6.6) 0 (0.0) 21 (3.3)

Sidama 11 (3.4) 0 (0.0) 11 (1.7)

Konso 8 (2.5) 0 (0.0) 8 (1.3)

Keffa 4 (1.3) 12. (3.8) 16 (2.5)

Yem 3 (0.9) 3 (0.9) 6 (0.9)

Burji 3 (0.9) 0 (0.0) 3 (0.5)

Agnuack 12 (3.8) 0 (0.0) 12 (1.9)

Table 3 Mean (SD) anthropometric measurements of study
participants in Jimma University, March 2016

Variables Male Female Total

Height 174.29 (5.0) 161.08 (4.6) 167.71 (8.2)

Arm span 181.22 (5.7) 167.23 (6.1) 174.25 (9.2)

Half arm span 90.22 (3.3) 83.43 (3.1) 86.84 (4.7)

Knee height 53.76 (2.2) 49.23 (2.1) 51.50 (3.1)

Table 4 The correlation of arm span, half arm span, and knee
height measurements with height among Ethiopian adults in
Jimma University, March 2016

Variables Male Female Total

Height and arm span 0.80** 0.77** 0.92**

Height and half arm span 0.62** 0.80** 0.87**

Height and knee height 0.75** 0.70** 0.88**

** P<0.001

Table 5 Prediction of height from arm span, half arm span, and
knee height in Ethiopian adults in Jimma University, March 2016

Variables B (95% CI)a SE p value

Equation predicting height from arm spanb

Arm span 0.63 (0.60, 0.68) 0.02 < 0.001

Sex − 4.33 (− 5.04, − 3.61) 0.36 < 0.001

Constant 59.30 (52.22, 66.39) 3.61 < 0.001

Equation to predict height from half arm spanc

Half arm span 1.05 (0.96, 1.13) 0.04 < 0.001

Sex − 6.12 (− 6.88, − 5.33) 0.40 < 0.001

Constant 79.93(72.41, 87.44) 3.83 < 0.001

Equation to predict height from Knee heightd

Knee height 1.63 (1.51, 1.75) 0.06 < 0.001

Sex − 5.84 (− 6.58, 5.10) 0.38 < 0.001

Constant 86.79 (80.41, 93.17) 3.25 < 0.001
aB: beta coefficients from linear regression models
bR2 = 0.87; adjusted R2 = 87; standard error of the estimate (SEE) = 2.96 cm
cR2 = 0.83; adjusted R2 = 83; standard error of the estimate (SEE) = 3.41 cm
dR2 = 0.84; adjusted R2 = 0.84; standard error of the estimate (SEE) = 3.26 cm
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The result of Bland-Altman analyses showed that
mean of the difference between measured height and
predicted heights were not statistically significant from
zero. The mean (SD) of the difference between the mea-
sured height and predicted height was 0.09 (± 2.96) cm,
(p = 0.46) based on arm span; − 0.01 (3.41) cm, (p = 0.97)
based on half arm span; and − 0.01 (3.26) cm, (p = 0.92)
based on knee height (Table 6).
The result of Bland-Altman plot showed that the mean

difference (95% limit of agreement) between the mea-
sured height and predicted height was0.09 (− 5.71,
5.88 cm) based on arm span; − 0.01 (− 6.69, 6.67 cm)
based on half arm span; and − 0.01 (− 6.40, 6.40 cm)
based on knee height. In all plots, there were no pattern
and majority of observations were within the 95% limit
of agreement (Figs. 1, 2, and 3).

Discussion
Our results demonstrated that measurements of linear
body parts such as arm span, half arm span, and knee
height can be valid predictors of height which has an
important application in nutritional assessment of Ethio-
pians at advanced age, in the presence of skeletal de-
formity or hospitalization or being bedridden. Several
studies evaluated the prediction of height using different
physical measurements [19, 21–32]. The physical mea-
surements that were proven to be consistently reliable
were arm span and knee height [19, 28, 29]. In this
study, we used arm span, half arm span, and knee height
to predict height which showed good agreement be-
tween measured height and predicted height.
It was also observed that the mean height was less than

the mean arm span in participants of both sexes, which is
in agreement with the reports of studies conducted in
North India and Garo Tribal Bangladesh [21, 33], but in
disagreement with the findings of studies conducted
among Serbian and Bosnian and Herzegovinian adults,
where arm span exceeded height in male participants,
while arm span was less than height in female participants
[22, 23]. Moreover, the study done in Nepal and Chakma
showed that the mean arm span and height were equal
[24, 34]. This finding indicates the need for developing
prediction equation instead of using arm span as direct es-
timate of height which is in contrast to what has been
shown by the study conducted in Nigeria [35].

There was also a strong positive correlation between
height and arm span, half arm span, and knee height with
the correlation coefficient of 0.92 (0.80 for males and 0.77
for females), 0.87 (0.62 for males and 0.80 for females),
and 0.88 (0.75 for males and 0.70 for females), respect-
ively. The correlation coefficients were similar with that of
the study conducted in Bangladeshi female subjects, Bos-
nian and Herzegovinian adults, Alva’s education founda-
tion, Chakma females, and medical students of
Maharashtra, Gujarat, and Patel with correlation between
height and arm span ranging from 0.8 to 0.9 [23, 27, 28,
31, 33, 34, 36], whereas different from the reports of a
study conducted in Nepal which showed moderate posi-
tive correlation between height and arm span with correl-
ation coefficient of 0.68 for males and 0.51 for females
[24]. A study conducted in Thai adult women also showed
strong positive correlation between height and knee height
with a correlation coefficient of 0.84 [29]. Likewise, a study
conducted in northern India showed a strong correlation
in the total population (0.78) and male study subjects (r =
0.75) with a moderate correlation in female study subjects
(r = 0.51) [26].
Multivariable linear regression model revealed that

arm span and sex, half arm span, and sex and knee
height and sex predict height significantly (p < 0.01),
which is similar with the study conducted in North
India, Serbia, Bosnian and Herzegovinian, Nepal, and
medical students of Maharashtra and Gujarat [21–24,
27, 28]. Based on the R2, arm span was found to be the
best predictor of height compared to all the three height
prediction models followed by knee height.
In all our prediction equations, age of subjects was

not found to be important covariate for all models.
As a result, it was ignored in the final prediction
equation. This finding is not in agreement with other
studies [29, 30]. The probable reason for such a dif-
ference could be that in our study, we selected adults
in the age group 18–40 years, the age group during
which height does not start shrinking [13]. This sug-
gests the superiority of our prediction equations that
were developed based on data on age category when
maximum attainable height is assumed to be achieved
and maintained.
The developed height prediction equations from

arm span, half arm span, and knee height were

Table 6 Bland-Altman analyses of measured and predicted height of Ethiopian adults in Jimma University, March 2016

Variables Mean(SD) Mean difference (SD) 95% limit of agreement p value

Measured height 167.71 (8.15)

Measured Arm span 174.25 (9.15) − 6.54(3.68) – 0.000

Predicted height from arm span 167.62 (7.59) 0.09(2.96) − 5.71, 5.88 0.460

Predicted height from half arm span 167.71 (7.46) − 0.01(3.41) − 6.69, 6.67 0.966

Predicted height from knee height 167.72 (7.47) − 0.01(3.26) − 6.40, 6.40 0.915
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Fig. 1 Bland-Altman plot of measured height and predicted height from arm span among Ethiopian adults in Jimma University, March 2016

Fig. 2 Bland-Altman plot of measured height and predicted height from half arm span among Ethiopian adults in Jimma University, March 2016
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satisfactory in terms of regression model with the
high R2 and an acceptable standard error of estima-
tion. Moreover, the Bland-Altman analyses and plot
showed good agreement between measured height
and predicted height from arm span, half arm span,
and knee height.
Our findings have practical implications in the wake

of an increasing life expectancy and tendency toward
an increase in elderly population in Ethiopia on the
one hand and the concomitant increase in the risk of
chronic non-communicable diseases on the other
hand. The height prediction equations generated from
the regression models can used by researchers, policy
makers, and program planners working on elderly
people, people with skeletal deformity, and bedridden
and/or hospitalized patients to develop and evaluate
nutritional intervention programs.

Conclusion
The findings imply that in the context where height
cannot be measured, height predicted from arm span,
half arm span, and knee height is a valid proxy indi-
cator height. Arm span was found to be the best pre-
dictor of height. The prediction equations can be
used to assess the nutritional status of hospitalized
and/or bedridden patients, peoples with skeletal de-
formity, and elderly population in Ethiopia.
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