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Abstract

Bodyweight is one of the most common anthropometric components to determine a prescription for diet
and drugs. However, this way proved to be a challenge for individuals who are unconscious and or have

disabilities. The present study aims to derive a simple equation to estimate the bodyweight of adults in

Jakarta by using a cross-sectional study on data taken with simple randomsample method. Measurements

of body weight (BW), the mid-upper arm circumference (M UAC), and the knee height (KH) were done in

164 adults in South Jakarta in May 2017. The resulting equation, which is derived by multi linear regression,
is: BW = 2.8*MUAC + 1.2*KH - 1.25*Z — 75.1 (R-square 0.841; p-value < 0.001), with Z value of 1 for

female and 2 for male. The equation can approximate the bodyweight of adults.
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Abstrak

Berat badan merupakan salah satu komponen antropometri yang paling banyak digunakan untuk
menentukan preskripsi diet dan preskripsi obat pasien. Namun terkadang pengukuran berat badan tidak
dapat dilakukan secara langsung, seperti pada individu penyandang disabilitas dan kesadaran lemah.
Penelitian ini bertujuan untuk mengembangkan rumus sederhana dalam memprediksi berat badan pada
orang dewasa menggunakan metode studi potong lintang dan subyek dipilih secara acak sederhana.
Pengukuran beratbadan, lingkar lengan atas dan tinggi lutut dilakukan terhadap 164 orang dewasa (20 —
59 tahun) di Kedeputian llmu Pengetahuan Sosial dan Kemanusiaan Lembaga Ilmu Pengetahuan
Indonesia, Jakarta Selatan pada bulan Mei 2017. Model prediksi berat badan akhir yang diperoleh
menggunakan analisis regresi linear ganda adalah: Berat Badan estimasi (kg) = 2,8*LiLA + 1,2*TL —
1,25*Z — 75,1 (R-square 0,841; p-value < 0,001), nilai Z = 1 untuk perempuan dan 2 untuk laki-laki.
Persamaan hasil penelitian mampu memprediksi beratbadan dan dapat digunakan pada orang dewasa.

Kata kunci: Antropometri, beratbadan, dewasa, lingkar lengan atas, tinggi lutut

Introduction bodyweight is the best anthropometric
measurement for detecting malnutrition
(2). Losing more than 5% of normal body
weight could underlie the risk of
moderate malnutrition and losing more
than 10% indicates a high risk of
malnutrition (3).

When measuring body weight, the
position of the subject must stand upright,
both hands straight at the sides of the
body, and eyes straight ahead to obtain
the right number of the measurement

Body weight measurement is one
of the most essential anthropometric
components for various purposes.
Bodyweight is considered an indicator of
the physical aspect and used as an
indicator ofa person’s health condition in
many cases (D). Bodyweight
measurements widely used to calculate
body mass index (BMI), which is an
indicator to determine a person’s
nutritional status. Furthermore,
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results (4). However, in some conditions
such as persons with disabilities and
patients with loss of consciousness,
actual body weight is difficult to measure
using standard measurement tools and
methods (5-7). The number of people
with disabilities in Indonesia according to
the National Basic Health Research
(Riskesdas) in 2013 was 11%, with
prevalence of difficulty standing and
walking respectively 5.8% and 6.8%.
Based on the research, disability
prevalence in the adult group aged 15-24
years, 25-34 years and 35-44 years were
7.1%, 7.9% and 10.9% respectively (8).

Individuals with disabilities and
weak or losing consciousness need
equipment and technological solutions
which  could meet body weight
measurement standards, such as bed
scales and chair scales (2,9). Nonetheless,
only a few of institutions provides
adequate  standard equipment for
weighing patients with these conditions
or the scales available are often not
calibrated. In addition, adequate
equipment such as bed scales and chair
scales requires high costs and not all
healthcare facilities are able to provide
them (2,6,7).

Many other alternative methods
have been researched and developed to
obtain accurate body weight data, namely
through the replacement of
anthropometric measurements on other
body parts (surrogate measurement). The
most commonly used anthropometric
index as a predictor of body weight
includes mid-upper arm circumference,
knee height, calf circumference, waist
circumference, hip circumference, and
subscapular skin thickness (9-15).

Determination of body weight
through surrogate measurement,
especially anthropometric index such as
the skin fold thickness requires a highly
trained person to get a valid number.
Then, other anthropometric index such as
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hip and waist circumference are very
impractical to do with individuals with
physical limitations such as persons with
disabilities and patients with weak or
losing consciousness, especially patients
who come in an emergency condition
(16). Mid-upper arm circumference is the
best predictor for both menand women to
predict body weight. Adding high
variables to the equation could increase
the predictive capacity for both men and
women. The combination of mid-upper
arm circumference with height is the best
prediction model for estimating body
weight in patients who is impractical to
be weighed (9). Moreover, knee height
could be used to estimate height and
weight.  Research  conducted by
Rodriguez et al. showed that there is a
good correlation between heightand knee
height. Bernal-Orozco et al. conducted a
study of elderly women in Mexico
finding that knee height had a strong
correlation in predicting body weight
(17). Other studies in the elderly in Hong
Kong also found the same results, knee
height has a good correlation with body
weight and is the biggest coefficient in
the body weight prediction formula (18).

Many studies of body weight
prediction models using a combination of
anthropometric measurements have been
commonly carried out in various parts of
the world on the sick and elders.
However, prediction models in one age
group in one place would not be suitable
for use in another place with the same age
group (13). This study was conducted
considering the importance of body
weight measurement, which is an
assessment indicator of various medical
procedures, and the limitations of many
adult patients to weigh their body weight,
especially in Indonesia which has a high
disability number. The aim of this study
was to predict a weight measurement
model using an anthropometric index of
adult’s mid-upper arm circumference and
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knee height at the Deputy for Social
Sciences and Humanities in Indonesia’s
Institute of Sciences (IPSK LIPI) Jakarta.
Additionally, because of the high
accessibility of measurement variables,
this could be used by people with
disabilities and patients with weak or
losing consciousness. Furthermore, IPSK
LIPI subjects meet the inclusion criteria
needed in making prediction models.

Methods

This research is a quantitative
research with observational approach
using  cross-sectional  design. As
independent  variables,  particularly
mid-upper arm circumference, knee
height, age, and gender and the dependent
variable is actual body weight. This
research was conducted at the IPSK LIPI
office during May 2017. The target
population of the study was all employees
of the adult age category at IPSK LIPI.
The sample in this study were subjects
who met the inclusion and exclusion
criteria. The inclusion criteria are: (a)
IPSK LIPI’s active employees in 2017;
(b) Aged 20-59 years; (c) actual body
weight can be weighed; and (d) willing to
participate in this research. While the
exclusion criteria are: (a) having edema;
(b) abnormalities in the leg bones
(fractures) or unable to move the feet, by
observation of the feet; (c) people with
disabilities; (d) is pregnant. Based on the
calculation of the sample size using the
sample size formula of the hypothesis test
of correlation coefficient and 2 different
independent with a = 0.05 and B = 90%,
obtained a minimum sample size of 164
people. The sampling method is simple
random sampling (19).

In the series of data collection
process, the researchers included three
students of the Nutritional Sciences of the
Universitas Indonesia as enumerators
who  assisted in  anthropometric
measurements of body weight, mid-upper
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arm circumference and knee height.
Enumerators have been trained before the
data collection process took place, with
the purpose of having mutual
understanding and practicing
anthropometric measurement skills. The
enumerator selection was conducted
using a measurement test of the candidate
with the average measurement results as
the point of justification. The
enumerators chosen in the study are those
whose measurement results are close to
the researchers measurement results as
the golden standard.

The body weight measurement
instrument uses a digital scale Omron
HN-283 accuracy of 0.1kg. Mid-upper
arm circumference was measured with a
fiberglass tape of 0.1 cm accuracy. A
wooden caliper with an accuracy of 0.1
cm is used to measure knee height. The
respondent characteristic questionnaire
was used to obtain data on age and sex.
All anthropometric measurement
instruments are calibrated before use. To
ensure the accuracy of the instrument, the
device was calibrated after every 10
measurements. Data used was the sum
average of the two measurements
measured on each subject. Should there
be huge discrepancies between the two
measurements, a third measurement was
collected and the two closest
measurements were to be sum averaged.

The statistical analysis includes
univariate, bivariate and multivariate.
Univariate analysis aims to describe the
dependent and independent variables
with frequency or distribution values.
The aim of bivariate analysis is to
determine the relationship between the
two variables using simple linear
regression  correlation  test and
independent t-test. Multivariate analysis
uses multiple linear regression analysis to
connect between the dependent variables
with several numerical independent
variables. The bivariate selection process
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and multivariate modeling are carried out
before producing the final prediction
model.

An ethical clearance  No.
160/UN2.F10/PPM.00.02/2017 was
issued by the Community Research and
Engagement Ethics Committee of the
Faculty of Public Health of the
Universitas Indonesia on the paper.
Additionally, data collection was only
done to research subjects who had signed
informed consents.

Results

Table 1 shows the proportion of male
subjects (51.2%) is greater than female
subjects (48.8%). The age group 20-29
has the biggest proportion (34.7%) and
the age group 40-49 has the smallest
proportion (12.8%) compared to other
age groups. Table 2 presents the average
age of respondents 34.5 £ 12.59 years
with an age range of 20-59 years, body
weight 64.6 £ 12.62 kg, mid-upper arm
circumference 30.4 = 3.73 cm and knee
height 49 0 £ 2.96 cm. The average of
body weight, mid-upper arm
circumference, and knee height of male
subjects were greater than women, but
the average age of female subjects was
higher than male subjects.

Based on the independent t-test.
there were significant differences in the
average body weight between male and
female subjects with a p-value of 0.000
(Table 3).

The intercept and slope values
that will be used to make the equation are
presented in Table 4. The body weight
regression equation obtained using the
mid-upper arm circumference (R1), knee
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height (R2), and sex (R3) variables are
formulated sequentially in the following
equation:

Body weight (kg) = -21.523 + 2.913 MUAC
(RD)

Body weight (kg) = -20.747 +1.761 KH
(R2)

Body weight (kg) = 58.053 + 0. 200 S
(R3)

Multiple linear regression analysis
starts from the bivariate selection process
followed by multivariate modeling and
linear regression  assumption  test.
Bivariate selection results showed all
variables of gender. age. mid-upper arm
circumference. and knee height entered
into the multivariate modeling because it
had a p-value of <0.25. The multivariate
modeling process uses the backward
method and the reduce model. The results
of the model are followed by a linear
regression assumption test in the form of
existence assumption. independence
assumption. linearity ~ assumption.
homoscedascity assumption. normality
assumption  and multi-collinearity
diagnostic test. The final prediction
model resulting from this study fulfills all
stages of the bivariate selection test.
multivariate modeling and the linear
regression  assumption  test.  The
following is a regression equation
generated based on multivariate analysis:

Body Weight (kg) =
(28 x MUAC) + (1.2 x KH) — (1.25 x S) - 75.1
(R4)
note:
MUAC= Mid-Upper Arm Circumference (cm)
KH= Knee Height (cm)
S= Sex (Male 1, Female 2)
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Table 1. Proportion of respondent’s age according to sex
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Age Group Male Female Total
n (%) n (%) N (%)
20-29 28 (17.1) 29 (17.6) 57 (34.7%)
30-39 23 (14.0) 14 (8.5) 37 (22.5%)
40— 49 13 (7.9) 8 (4.9) 21 (12.8%)
50 -59 20 (12.2) 29 (17.8) 49 (30.0%)
Total 84 (51.2%) 80 (48.8%) 164 (100%)

Table 2. Distribution of respondents according to gender, age, body weight,
mid-upper arms circumference, and knee height

\ariabel N Mean Median SD Min-Max 95% CI Mean
Age (year) 164 38.40 34.50 12.59 20 — 59 36.46 — 40.34
Male 84 37.38 33.50 12.08 20 — 59 34.76 —40.00
Female 80 39.46 35.50 13.09 21 - 59 36.55 — 42.38
Weight (kg) 164 65.74 64.60 12.62 41.30 - 99.20 63.79 — 67.68
Male 84 69.29 68.80 1273 48.40 — 99.20 66.53 — 72.05
Female 80 62.00 61.40 11.43 41.30 — 97.20 59.46 — 64.55
MUAC (cm) 164 29.96 30.40 373 2150 —39.50 29.38 — 30.54
Male 84 30.31 30.50 3.57 22.40 —38.00 29.54 —31.09
Female 80 29.59 29.75 3.88 2150 —39.50 28.72 — 3045
Knee Height (cm) 164 49.11 49.00 2.96 39.00 - 56.00 48.65 — 49.56
Male 84 50.73 51.00 2.66 39.00 - 56.00 50.15 — 51.30
Female 80 47.41 47.45 221 39.00 - 53.20 46.92 — 47.90
Table 3. Differences in average body weight according to sex*
Sex n Mean (kg) SD SE p-value 95%ClI
Male 84 69.29 12.73  1.39 0.000%* 3561101
Female 80 62.00 1143 1.28

Table 4. Correlation and simple linear regression of body weight with mid-upper
arm circumference. knee height and age

n  p-value R R square Intercept  Slope
MUAC
Male 84 0.000 0.874 0.763 -25.009 3.111
Female 80 0.000  0.886 0.784 -15.121 2.607
Sub-Total 164  0.000  0.862 0.743 -21.523 2.913
Knee Height
Male 84 0.008  0.287 0.082 -25.262 1.371
Female 80 0.001  0.357 0.128 -25.564 1.847
Sub-Total 164 0.000 0.413 0.170 -20.747 1.761
Sex
Male 84 0.070  0.199 0.039 61.648 0.209
Female 80 0.013  0.275 0.076 52.515 0.240
Sub-Total 164 0.010 0.200 0.040 58.053 0.200
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Discussion

While another study conducted
in  Floriandpolis, Brazil done to
hospitalized adults by Melo et al. showed
a higher average body weight compared
to the study conducted in Central Jakarta,
Indonesia by Arupah (7, 20). Hence,
there exists discrepancies in body weight
between people living in different cities.
The differences are possible due to body
weight influenced by a combination of
several factors. including genetics,
ethnics, environmental, and other
interactions (21, 26). The result of this
study showed that the average body
weight of all subjects was higher than the
results conducted by Arupah (20). The
average weight of adults in South Jakarta
in 2017 is 65.74 + 12.62 kg. while the
average body weight of adults in Central
Jakarta in 2002 was 60.32 £ 9.29 kg
according to Arupah (20). The average
mid-upper arm circumference in this
study was 29.96 + 3.73 cm. presenting a
slightly higher value compared to the
result from the study conducted by
Arupah at 29.42 + 344 cm (20).
Additionally, the result of another study
conducted in Thailand by
Chittawatanarat et al showed a higher
result with an average mid-upper arm
circumference 28.96 = 3.29 cm (22). The
difference in the average size of the
mid-upper arm circumference could
occur due to differences mentioned above.
is known there are three categories of
body figure or, namely ectomorphic,
mesomorphic, and endomorphic.
Individuals who are likely to have
mesomorphic and endomorphic body
shape will have a higher upper arm
circumference compared to individuals
with ectomorphic shape (20).

The results of the average knee
height of respondents in this study was
49.11 £ 2.96 cm. which were lower than
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the average knee height of the study in
Depok conducted by Paramita at 49.61 +
2.36 cm (23). The average knee height in
Central Jakarta was the lowest at 47.61 +
2.70 cm (20). The discrepancies indicate
there are indeed differences in
anthropometric size of knee height
between different cities. The differences
are possible due to body weight
influenced by a combination of several
factors, including genetics. ethnics.
environmental. and other interactions
(18).

Out of 164 research subjects 84
(52.1%) were male, with 80 (47.9%)
were female. The relationship between
body weight and sex after an independent
t-test provided information that male and
female body weights was significantly
different. The difference in average
weight between male and female subjects
were as high as 8.69 kg. This proved that
there are differences in weight gain and
development between the 2 sexes.
Differences in body composition and
types of physical activity between men
and women could possibly result in the
difference in energy requirements
between the sexes (24). Female have
more fat deposits, but less muscle tissue.
These conditions cause an increase in the
amount of fat in subcutaneous tissue. As a
result, the percentage of fat in
subcutaneous tissue on the skin of a
female's body is considered to be greater
than that of men. Male have bigger
muscles than female and muscle has a
higher density than fat. Therefore. male
generally have a greater weight than
female (26).

Mid-upper arm circumference
was strongly correlated with the body
weight in this study. These results
showed that the correlation coefficient
values in male, female and both sex as
respectively by 0.874; 0.886; and 0.862.
Hence, mid-upper arm circumference
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served as a good indicator for estimating
body weight. Furthermore, the strong
correlation between mid-upper arm
circumference and body weight might
possibly be explained from the
components measured in the
measurement  of  mid-upper arm
circumference including skin, fat, muscle,
and bone components. The more fat
stored in one’s body would affect its size.
Excessive fat accumulation would cause
the size of the mid-upper arm
circumference to be widening, so that the
measurement of upper arm circumference
is considered to represent the current
weight condition (26). This is in line with
Jellife’'s statement that mid-upper arm
circumference has a high level of
sensitivity to changes in body weight.
otherwise arm circumference will shrink
along with the occurrence of weight loss
(25).

The results showed that knee
height and body weight were moderately
correlated. with coefficients for male,
female, and both sexes of 0.287; 0.357;
and 0.413. Knee height has a strong
correlation with height and could be used
as an anthropometric measure to estimate
height in adult individuals after the age of
5 (24). Height growth typically stops at
the age of 18 years old for female. and 20
years old for male. The peak of height
growth female commonly occurs at the
age of 10.5 years old along with a peak
height growth in the knee. whereas in
male the peak height growth occurs at
13.75 years old but the peak growth in
knee height occurs earlier at the age of
12.5 years old (27). Thus. the use of knee
height to estimate weight in adults should
have been reliable. A study conducted by
Chittawatanarat et al showed that knee
height had a positive correlation with
body weight. henceserving as one of the
more reliable variables estimate body
weight (22).
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The model in this study was
derived from the sum average of several
measurement of body weights done in
the. The correlation between the actual
body weight and the derived model was
0.917 (p-value = 0.000) with value
difference of 0.004 kg. 0.004 kg. and
0.005 kg for male. female. and both sexes
accordingly. Hence. it was concluded that
it was possible to estimate one’s body
weight with mid- upper arm
circumference. knee height. and gender.
The results of this study are in line with
Arupahand Kamaluddin's research which
found that the estimation model used
variables such as mid-upper arm
circumference and knee height (2, 28).

The body weight prediction
model using mid- upper arm
circumference and knee height could
serve as an accurate. alternative
measurement and could be applied to
obtain weight data for people with
disabilities as well as coma patients. It is
worth noting that the correlation
coefficient between body weight and
mid-upper arm circumference was 0.862
(p-value = 0.000) indicating that
mid-upper arm circumference had a
strong correlation with body weight. The
difference in the correlation coefficient
value between themodel using mid-upper
arm circumference and knee height using
only upper arm circumference was only
0.055. Taking into account the short time
required to measure the variables as well
as the reliability of the. application of this
model is highly recommended. That said.
in order to gain accurate estimations.
proper measurement procedures are
required suggesting the need of training.

Conclusion

The derived model in this study
based on mid-upper arm circumference
and knee height has a high level of
accuracy when proper measurements of
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mid-upper arm circumference and knee
height are to be done. Additionally, if
there be a constraint during real-life
application. mid-upper arm
circumference alone should help to
estimate one’s body weight.
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