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BODY MASS INDEX ESTIMATION ON GASTROSTOMY PATIENTS
USING THE MID UPPER ARM CIRCUMFERENCE
M. Pereira, C. Santos, J. Fonseca

Abstract: Introduction/aim: Body Mass Index (BMI) portrays nutritional status through the equation Weight/Height2. In Endoscopic
Gastrostomy (PEG) patients, BMI is easy to determine when gastrostomy is performed. As the disease progresses, patient becomes
bedridden, BMI becomes problematic to evaluate. In PEG-patients, we compared estimated BMI values obtained through Mid
Upper Arm Circumference (MUAC) and regression equations described by Powell-Tuck/Hennessy (BMIPTH) with values from
Weight/Height2 (BMIQI), in order to assess whether those equations could estimate the BMI in an equivalent way. Patients/Methods:
In an adult PEG-patients retrospective study, we computed BMIQI and BMIPTH at date of gastrostomy. BMI (BMIQI and BMIPTH)
was sorted into 3 categories: underweight (<18,5 Kg/m2), normal (18,5-24,9 Kg/m2), overweight/obesity (> 25 Kg/m2). BMIQI and
BMIPTH were compared, first globally, and then according to gender and age (≥65/<65). Results: From 157 patients (124 males),
aged 20-89 years, most were in normal BMI range. BMIQI and BMIPTH placed most patients in the same categories. There was no
statistically significant differences between BMIQI (mean: 20,55±4,34) and BMIPTH (mean: 20,29±4,13). Similar results were
obtained in gender and age analysis. Conclusion: Values obtained by MUAC and Powell-Tuck/Hennessy’s regression equations
were equivalent to Weight/Height2. These equations can be an alternative for PEG bedridden patients.
Key words: Body Mass Index, BMI, Mid upper arm circumference, MUAC, Gastrostomy, PEG.

Introduction

evaluate most of these patients and EN teams must rely
on anthropometric and laboratory data (12). Being
practical, non-invasive and inexpensive, many different
anthropometric parameters have been developed and
used worldwide, becoming useful means to assess
malnutrition (13-15).
The most widespread method is the Body Mass Index
(BMI), also called Quételet’s Index, created by Lambert
Adolphe Quételet (16, 17). This Index was designed as a
way of depicting the nutritional status through the
division of the weight, in kilograms, by the square of the
height, in meters (BMI = Weight/Height 2) (17, 18). In
practical terms, BMI is extremely useful due to its
simplicity. Nevertheless, it has some limitations: 1) its
relationship with the body proportions, since some
people with short lower limbs, considering their height,
will have an increased BMI; 2) its relationship with
muscle mass, particularly in males, as athletes and
individuals with a higher percentage of muscle may be
included in an obesity level BMI (19, 20). Since this index
is unable to tell overweight resulting from an increase in
adiposity and the one resulting from an increase in
muscle mass or an edema apart, the BMI should be
combined with other methods (18, 19).
During a PEG patient’s first clinical and nutritional
assessment, it is often possible to determine their weight

Enteral nutrition (EN) is a recommended nutritional
support method for patients whose oral intake is
insufficient to match their nutritional needs (1, 2) but
whom, in spite of this, still have an efficient digestive
tract, able to digest and absorb nutrients (3).
In dysphagic patients, percutaneous endoscopic
gastrostomy (PEG) is the gold standard for long term
enteral feeding, usually for periods longer than 4 weeks
(1, 4, 5). As a general rule, PEG feeding is considered
when the patient’s nutritional intake is insufficient from a
quantitative and/or qualitative point of view (2).
Neurological disorders, head and neck cancer and upper
esophageal cancer are the most common causes leading
to deficient oral intake (6-8). In most cases, PEG feeding is
able to reverse the catabolic process, prevent weight loss
and maintain the nutritional status (9-11).
PEG patients are often bedridden, frequently
presenting speech and motor impairments. The usual
nutritional assessment tools are not appropriate to
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Patients and Methods

and height, in order to estimate the BMI. However, as
underlying illnesses progress, patients become bedridden
and their weight becomes difficult to obtain. In order to
screen and monitor these patients, a different way to
determine the BMI on individuals who are unable to
stand up, without using weight or height, but whose
results could be overlapped to the BMI, would be most
useful.
By using a sample of over 1500 patients, Powell-Tuck
& Hennessy decided to investigate the nutritional status’
anthropometrical assessment by comparing the mid
upper arm circumference with the BMI and with the
percentage of weight loss21. With this study they were
able to identify a correlation between the mid upper arm
circumference (MUAC) and the BMI. Even though the
former classified a larger number of patients as being
undernourished, they claimed that the MUAC values
calculated for age and sex and appropriate to the BMI cut
off points could be used as a useful measurement in
assessing the nutritional status of patients. Being so, they
defined two regression equations that correlate the mid
upper arm circumference with age, while accounting for
the patient’s sex (21):
For men:

Using the clinical records of our Enteral Nutrition
Team, we performed a retrospective study on PEGpatients. Using their clinical and nutritional assessment,
recorded at the date of the endoscopic procedure, we
selected 157 adult patients, from both genders, that had
been submitted to a PEG. Inclusion criteria were:
(1) Age ≥ 18 years.
(2) Complete clinical records, including: age, sex,
height, weight and mid upper arm circumference values.
Patients that had incomplete records were excluded.
Their weight was obtained using a KERN® electronic
calibrated scale. The patients were weighted with their
shirt, socks and underwear, and standing up. The weight
was registered in kilograms, to one decimal place, with an
error of 0,05 Kg.
The patient’s height was measured in an orthostatic
position, with their feet together, their knees straight and
their head aligned according to the Frankfort horizontal
plane, registered in meters and rounded to tenths, with
an error of 0,05 cm.
The patient’s mid upper arm circumference (MUAC)
was measured with the patient sitting or lying down, by
identifying the non-dominant arm’s middle section,
between the acromion and the olecranon, without
compressing the tissue (22). For this procedure, an
extendable measuring tape was used, with the arm’s
perimeter being registered in centimeters, with an error <
0,05 cm. Patient’s individual limitations and clinical
settings were taken into account when obtaining MUAC
measurements, namely in stroke and other neurological
patients, where the non-affected arm was chosen.
The BMIQI was calculated using the following
expression computed by Quételet: BMIQI =
Weight(Kg)/Height(m)2. The BMIPTH wa s determined
by using the regression equations described by PowellTuck & Hennessy: for men, BMIPTH = 1,02 × MUAC +
0,03 × Age − 6,7 ( p <0,0000; r2 = 0,77), for women,
BMIPTH = 1,10 × MUAC + 0,023 × Age− 8,0) (p <0,0000;
r2 = 0,76).
In order to classify the sample about its nutritional
status at the time of PEG placement, the BMI (BMIQI and
BMIPTH) was sorted into 3 categories: underweight (<
18,5 Kg/m 2 ), normal range (18,5-24,9 Kg/m 2 ),
overweight/obesity (> 25 Kg/m 2). Patients were first
analyzed globally, and then according to subgroups, by
gender and by age group, elderly (≥65 years) and nonelderly (<65 years).

BMI= 1,02 × MUAC + 0,03 × Age − 6,7, P< 0,0000 (R2 = 0,77)

For women:
BMI = 1,10 × MUAC+ 0,023 × Age − 8,0, P <0,0000 (R2 = 0,76)

This measure may have important benefits, for it is
easy and fast to obtain, it does not require expensive
equipment and it does not force the patient to move. In
bedridden patients this could be a way of comparing the
present BMI with their former BMI records, obtained
when the patient could easily be weighted.
In clinical practice, these equations have sometimes
been used as a way of obtaining the BMI, even though
they have not been validated in this specific clinical
context.
In PEG patients, we intended to compare the estimated
body mass values obtained through the MUAC and the
regression equations described by Powell-Tuck &
Hennessy (BMIPTH) to the ones obtained using the
equation described by Quételet (BMIQI) in order to assess
whether those two methods could estimate the BMI in an
equivalent way. If this proves to be true, EN teams could
use the Powell-Tuck & Hennessy regression equations
during the follow-up of PEG patients, when the
underlying diseases progress, patients become bedridden
and their weight becomes difficult to obtain, and compare
BMIPTH with BMI values previously obtained with the
classical Weight/Height2.
The present study has two major limitations: It is a
retrospective study and the comparison was limited to
one moment, the day of gastrostomy, for each patient.

Statistical Analysis
The statistical analysis was performed using the
Statistical Package for the Social Sciences – SPSS® - SPSS,
version 17.0 software. In order to analyze the main
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features of the sample under study, descriptive statistics
were used by calculating the means and the standard
deviation. We managed to analyze the variables
distribution using the Kolmogorov-Smirnov normality
test. The Paired Samples t-test was used to understand if
the BMIQI and the BMIPTH had meaningful differences.
Pearson correlation coefficient (r) and the significance
level (p) were calculated using the study’s variables. A pvalue below 0,05 was considered to be statistically
significant.

(2,5%), two more within the normal range (1,3%) and less
6 as overweight or obese (3,8%).
Table 2
BMI categories
Categories
(n = 157)

48 (30,6%)
87 (55,4%)
22 (14%)

52 (33,1%)
89 (56,7%)
16 (10,2%)

Gender Analysis

Patients

Grouping the sample by gender, the mean BMIQI for
men was 20,38 Kg/m2 ± 3,83 and the mean BMIPTH for
the same sex was 20,19 Kg/m2 ± 3,54. Analyzing the same
parameters above for women, the mean BMIQI was
21,15 Kg/m2 ± 5,89 and BMIPTH was 20,67 Kg/m2 ± 5,88.
Alike the global analysis, no statistically significant
differences were found between the values obtained for
men and for women (Table 3).

Of the 157 PEG-patients that were the sample under
study, 79% of them were men (n = 124) and 21% were
women (n = 31). The patients’ age ranged between 20 and
89 years old, with a mean age of 61,2 years ± 13. For the
study, the sample was divided by age group, with 35,7%
of them being elderly (n = 56), 65 or older, and 64,3%
being non-elderly(n = 101), with ages below 65.
According to their dysphagia-leading illness, 65% had
head and neck cancer (n = 102), and 35% suffered from
neurological disorders (n = 55).

Table 3
Gender: Paired Sample t-test

Global Analysis

BMIQI Average ±
Standard deviation

By the time of the gastrostomy procedure, the sample
(n =157) had an average BMIQI ± standard deviation of
20,55 Kg/m2 ± 4,34 and a BMIPTH of 20,29 Kg/m2 ±
4,13. The parameter’s descriptive analysis is presented in
Table 1.

Men
Woman

20,38 ± 3,83
21,15 ± 5,89

BMIPTH Average ± p value
Standard deviation
20,19 ± 3,54
20,67 ± 5,88

p = 0,431
p = 0,478

Age Group Analysis
Splitting the patients by age group, in the elderly the
mean BMIQI was 21,44 Kg/m 2 ± 4,65 and the mean
BMIPTH was 21,25 Kg/m2 ± 3,99. In the non-elderly, by
analyzing the same variables, the mean BMIQI was 20,05
Kg/m2 ± 4,09 and the mean BMIPTH was 19,76 Kg/m2 ±
4,12. No statistically significant differences were found,
both in elderly and in non-elderly, between the BMIQI
and the BMIPTH (Table 4).

Table 1
Patient’s characteristics: Descriptive Analysis

Age
MUAC
BMIQI
BMIPTH

BMI PTH
Frequency (%)

Underweight
Normal Range
Overweight/Obesity

Results

Parameters

BMI QI
Frequency (%)

Average ± Standard Deviation
61,24 ± 13,06
24,60 ± 3,88
20,55 ± 4,34
20,29 ± 4,13

Table 4
Age: Paired Sample t-test

A positive correlation between the BMIQI and the
BMIPTH was found (r2=0,756). No statistically significant
differences were found between the obtained values
(p=0,288).
Concerning the nutritional status, about 1/3 of the
sample presented a BMI<18,5. The distribution in the 3
BMI categories was equivalent using either the BMIQI or
the BMIPTH (Table 2). Most of the patients were within
the normal range, followed by the people in the
underweight category and finally by overweight or
obesity. The regression equations of Powell-Tuck &
Hennessy identified four patients more as underweight

BMIQI Average ±
tandard deviation
Elderly
Non-elderly

21,44 ± 4,65
20,05 ± 4,09

BMIPTH Average ± p value
Standard deviation
21,25 ± 3,99
19,76 ± 4,12

p = 0,700
p = 0,252

Discussion
The BMI is a conventional way to assess the nutritional
status, and its main features are simplicity and the ability
254
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Conclusion

to evaluate, with some precision, the nutritional status in
which the patient is in (19). The BMI equation, which
correlates the weight in kilograms with the square of the
height in meters, cannot be easily used on bedridden
patients. Being so, it is clear that special nutritional
assessment methods have to be developed for these
patients (23). The lack of investigation in this area has
made this study pertinent, since it aims to compare the
Body Mass Index, calculated by Quételet’s formula, with
the values obtained by the regression equations defined
by Powell-Tuck & Hennessy to check if these could
estimate the BMI in an analogous way in PEG-patients.
These regression equations, developed by Powell-Tuck &
Hennessy, could be valid alternatives to the BMI that is
determined by Height/Weight2, as they use the patient’s
mid upper arm circumference, gender and age, easily
obtained parameters.
Globally, we could verify that the distribution in the 3
BMI categories was similar using either the BMIQI or the
BMIPTH. Both of them could identify that most of the
sample was within the normal range, followed by people
in the underweight category and finally by overweight or
obesity. In comparison to Quételet’s Index, the regression
equations proposed by Powell-Tuck & Hennessy only
identified 2,5% more patients as being underweight (n =
4), 1,3% more as being within the normal range (n = 2)
and 3,8% less as being overweight or obese (n=6). It is
possible that the BMIPTH slightly underestimates the
BMI, since it has been shown to be more sensitive in
identifying underweight patients than ones with greater
weight. This fact had already been noted by Powell-Tuck
& Hennessy, who stressed that the mid upper arm
circumference seemed to be more fit in evaluating
underweight patients (21). Also for being more adapted
to low weight patients, these equations may be adequate
to PEG-patients, who, as a group, tends to be
underweight.
Clearly, the present study has some limitations. PEGpatients are an heterogeneous group in respect to the
underlying diseases and moment of gastrostomy in each
disease evolution. Our study evaluated only a group of
Portuguese PEG-patients from a single center. There was
no longitudinal evaluation since many of our patients
become bedridden shortly after the gastrostomy
procedure. Larger, multicenter and longitudinal studies
are needed to confirm our results. Nevertheless, the
absence of statistically significant differences in our
sample, globally, by gender and by age, suggests that the
values obtained through Powell-Tuck & Hennessy’s
regression equations are able to estimate the BMI in a
comparable way to the one calculated through
Weight/Height 2 , in the heterogeneous and very
demanding group of gastrostomy patients.

In our study with 157 PEG-patients, the values that
were obtained by Powell-Tuck & Hennessy’s regression
equations are analogous to the ones obtained with
Quételet’s Index, suggesting that these regression
equations can be used as an alternative for PEG patients
that, as their underlying illnesses progress, became
bedridden and unfit to be weighted.
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