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Introduction

Growth monitoring is a widespread public health practice for
both prevention and treatment of child malnutrition. Paediatric
centres use the growth chart to check child health and develop-
ment, both in routine maternal and child health services and in
specific nutritional rehabilitation programs.! Several pathologies
and diseases have a negative impact on growth indexes and influ-
ence the child growth velocity.? Therefore, its measurement can
be used to monitor, prevent or mitigate various health problemat-
ics in children.®* The World Health Organization (WHO) fixed
several growth indexes. Three indexes describe the growth veloc-
ity: weight, length and head circumference velocities. Moreover,
there are indexes those describe the mean value for age: height
for age, weight for age, body mass index for age, head circum-
ference for age, arm circumference for age, subscapular skinfold
for age and triceps skinfold for age. Finally, weight for length is
also largely used.*>¢ Growth indexes are strongly influenced by
child nutrition. It is an evidence that child malnutrition is one of
the most crucial child problematics. It increases the risk of chron-
ical illness, social isolation, morbidity, poor neurodevelopment,
depression and many others.”® Furthermore, malnutrition is a
health problem worldwide spread. Undernutrition mainly threats
low-middle income countries and some developed countries
where there are groups with large socio-economic inequalities.®!?
Contrariwise, obesity and overweight are diffused in middle and
high-income countries.!!

A software tool able to analyse malnutrition index as MUAC
in children represents an important contribution for children mal-
nutrition surveillance system to reach the sustainable goal num-
ber 2 “zero hunger”.!?

The development of software tools to analyse child growth
indexes could be useful to enhance child health monitoring sys-
tem, improving statistical analysis and discovering correlations
between anthropometric indexes and diseases. The department
of Biomedicine and Prevention and the department of Industrial
Engineering of the University of Rome “Tor Vergata” are joining
the forces to develop software tools able to perform data statisti-
cal analyses of the indexes in very short time. These tools will be
able to analyse any growth index following the WHO standards.
It will be designed to have a friendly user interface and it will be
distributed to the scientific and medical community.

In this work, the authors show a software to analyse the
Mid-Upper Arm Circumference (MUAC). MUAC is the mea-
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surement of left upper arm, taken at the mid-point between the
tips of the shoulder and the tips of the elbow. It is an indicator
widely used to early identify children at high risk of death in
case of malnutrition and their response to nutritional rehabilita-
tion.!31415 Therefore, MUAC is largely used as a screening mea-
surement tool in community-based nutrition programs.!

Many softwares already give the possibility to analyse MUAC
from database or single patient. Anyway, the novelty of this work
lies in the software features and its entirety. Because of that, at
the end of the paper we will describe, in brief, the main differ-
ences between the existing software and the new one developed.

Software features and algorithms

The tool is developed under the programming environment of
LabVIEW — National Instrument (NI). LabVIEW is a visual pro-
gramming language composed by two different structures, the
block diagram and the front panel. The block diagram is the core
of the algorithms of the software (Figure 1) while the front panel
is the user interface. The authors developed the tool in LabVIEW
because it has an easy to use application builder tool to turn the
code in an .exe distributable file that can be installed also in PC
without the NI platform and a customisable user interface that
can be modified easily also from non-experts in programming. In
fact, one of the most important features we want to achieve with
this work is the easiness of the software. It has to extract many
information with small computational time and in easy ways.

Figure 1 shows a limited part of the software block diagram.
Inputs, outputs and functions are linked through virtual wires. In
the figure is represented the code about the computation of the
Z-scores of the MUAC for age, usually called ZMUAC. It is an
important parameter, since it expresses how standard deviation
the analysed value is far from the standard population.

Each analysis is performed following the standards given by
the WHO. The MUAC standards are divided in two classes, for
males and females. The values are given each day from the 91*
day of life (3 months) to the 1856™ (5 years). The tool is able
to compute statistical analyses reading the patient information.
The necessary inputs for each patient are the identification code,
birth date, medical examination date and MUAC value. Firstly,
the software load the data stored in a .txt, .csv or .xls file. Then,
it iteratively computes each patient. The male and female indi-
cators inputs allow to choice the right standard values. The birth
and medical examination dates are converted from strings to
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Figure 1. One part of the software block diagram. In this section, the software computes the
z_score through the standard statistical parameters (L, M and S) and MUAC value (y).

timestamps variables. Timestamps is a sequence of character that
allows to make operation on dates. Subtraction between medi-
cal examination and birth timestamps gives the seconds of life.
Dividing it by the seconds in a day, the software computes days
of life. Therefore, the software looks for the L, M and S val-
ues referred to the days of life. Then, the child z__ is computed
through the following equation (1):
-1
y
| !

SL, M

The LMS methods requires a correction of z_score when its
absolute value exceeds three. The correction is reached through
the following equations (2-6):
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The z* s the correct z-score of the patient analyzed. Fig-
ure 2 shows the user interface that has been built to be as easy as
possible. The software functioning requires to the user only few
steps. Firstly, it must have the patient to analyze in the following
format:

When the software starts, user must select the file path of chil-
dren to analyze. Then, a pop-up requires the user to select where
the output files must be saved. In the interface panel, user has to
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type the name of output files. Then, it has to write how male and
female indicators are written in the input file. For example, if the
gender is indicated through “boy” and “girl” string, the user must
type “boy” and “girl” in the male and female indicator inputs.
Then, it can press the two bottoms (Figure 3).

Two flagging rules are implemented to give information
about the health of patients. The first is based on MUAC value.
According to the International Guidelines, if the MUAC is lower
than 12.5 cm the patient is considered in warning condition (af-
fected by moderate acute malnutrition); if the MUAC is lower
than 11.5 cm, the patient health is critical (affected by severe
acute malnutrition).!” A second flagging rule is obtained through
the ZMUAC. A ZMUAC lower than -2 is considered in warning
condition while lower than -3 is critical. The presence of edema
is considered in the warning rules. Then, if the patient is affect-
ed by edema, the condition is considered critical, independently
from ZMUAC and MUAC values. Warnings are given both in the
main output file (Table 2) and in a separated file where all the pa-
tients in critical and warning condition are recorded. Therefore,
the software starts the analysis. The outputs are one .txt file and
several graphs. The .txt file has the following format:

The tool also creates five images those show some statistics
of the analyzed children.

A scatterplot is made placing in the x-axis the patient number
(1 is the first patient analyzed and so on), while the y-axis shows
the correlated z_score values. It allows to see if there are critical
z_score and identify the patient.

Other two graphs represent scatterplots with lines that repre-
sent the values of WHO standards. The graphs are divided into
boys and girls since the standards are different. They allow to
evaluate graphically how each child is away from the WHO stan-
dards and identify what are the children with most critical values.

A second graph shows the comparison of the standard distri-
bution between the sample and the WHO standards. For each pa-
tient, the software correlates the standard values that the patient
should have. Therefore, mean and standard deviation of sample
and WHO standard value are computed. Then, the standard dis-
tributions are drawn through the statistical properties (mean and
standard deviation). This graph allows to understand how the
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Figure 2. User interface of the software.
Output file name List_C Output file name ok?
Male indicator M
Male and female indicator ok?
Female Indicator F
Figure 3. Required inputs: Output file name, male (M) and female (F)
indicators and buttons to start the computation.
Table 1. Input file format: the first row contains the labels. The other rows describe the patients to analyze
ID Gender Birth date [dd/mm/yy] Examination date [dd/mm/yy] MUAC [cm] Edema?
PatientIDO1  Male (or another)  dd/mm/yy dd/mm/yy Yl Yes/No
PatientIDO2  Female (or another) dd/mm/yy dd/mm/yy Y2 Yes/No

Table 2. Output file format (.txt). In the first five columns, it returns the same input variables while in the sixth it writes the z_score.

Birth date Examination date .
ID Gender [dd/mm/yy] [dd/mm/yy] MUAC [cm] Z_score Warnings
PatientIDO1  Male (or another)  dd/mm/yy dd/mm/yy Y1 Zscorel Critical/
Waring/ Ok
PatientID02  Female (or another) dd/mm/yy dd/mm/yy Y2 Zscore2 Critical/
Waring/ Ok
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sample is different from the mean and standard deviation of the
standard values.

A cumulative distribution in function of z_score is also per-
formed. The cumulative frequency is performed through the fol-
lowing equation (7):

. F = F_ + fAi 7

Where:

e F: cumulative frequency for the interval i;
e F_;: cumulative frequency in the interval i-1;
e Ai: interval amplitude.

Since the cumulative frequency represents the integral of
standard distribution, the maximum value is one. It gives the
probability to obtain a z-score lower (or higher) than a certain
value.

The entire graphs are both shown in the user interface and
saved in the output folder selected by the user.

The blue filling bar at the right of the user interface shows
the ratio between data analyzed and all input data. Therefore, it
represents the status of the computation and its speed.

Results

In this section, the authors show the results about a sample of
malnourished children and each correlated graph. Then, they val-
idate the software using MUAC values that match to two percen-
tiles.

Figure 4 shows the scatter plot of z_score. It is clear that these
values represent children affected by malnutrition. While there
are many patients those can be considered in healthy conditions,
some children have a very low z_score, lower than -5. These val-
ues could imply severe or critical conditions.

The software is able also to compare sample and standard
distributions. The sample mean is largely lower than the stan-
dard distribution, indices that the sample could be affected by
growth problematics. Furthermore, the sample distribution is
shorter and wider, that implies a large variability of the sample.
The large wide suggests that could be there some child with very
low MUAC values.

The software can calculate also the cumulative frequency cal-
culating the probability to find a child with a z_score lower than
a certain value. The 50% of the children has a z_score lower than
-2.5 that advises again the presence of large growth problematics.
Furthermore, the 100% is reached before than z_score equal to

zero. It suggests that all the sample is deviated to lower MUAC
values. Moreover, the 10% of children have a z_score lower than
-4, it could imply severe acute malnutrition of these, and fast in-
terventions could be needed.

Figure 5 shows the comparison between MUAC of the sam-
ple and standard deviation lines of the standard models. The
graphs are divided in two graphs, since the models are two, one
for males and one for females. These two graphs are useful to un-
derstand if a child is away from the standard models and quantify
this distance. The grey line in the middle represents the mean val-
ues of standard distribution. Mean is the ideal value that a child
should have. Then, green lines represent one standard deviation
from the mean, red lines are two standard deviations and black
lines are three. Therefore, child could have malnutrition problem
as far the child MUAC is far from mean values.

In this case, the software has computed the analysis of 669
children in less than 15 seconds.

In order to validate the tool, the software has been tried with
two samples of patients. The first data is compounded by only
male patients with MUAC values equal to the 25" percentiles
of the standard deviation. The second sample are only females
with MUAC values of the 90™ percentiles. These values are taken
from the WHO site. The size of samples is 1766 patients, one for
days of life. These go from 91 to 1856 days. Therefore, gender
detection, days of life calculation and z_score evaluation can be
validated through these two analysis. In the standard distribution,
one z_score value matches to only one percentile. Table 3 shows
some percentile — z_score correspondence.

The first sample is male with MUAC in the 25" percentile
region. Figure 6 shows the scatter plot of these data. All the data
points have one z_score value that matches with the 25" percen-
tiles (z_score = -0.6745). The values have not oscillations or val-
ues outside from the proper value. It means that z_score compu-
tation works well and never wrong.

Figure 7 shows the MUAC values compared the mean and
standard deviation lines. Obviously, the MUAC values follow the
line shape and it is included inside the one standard deviation
region.

Figure 8 shows the scatter plot of the second test sample. The
7_score values match with the expected ones also in this case.
The z_score values are constants and equals to the value of the
90" percentiles.
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Figure 4. Sample distribution compared with the standard distribution.
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Figure 5. Analyzed MUAC compared with the mean and standard deviation of the standard distribution (boys and girl).

Table 3. Z_score and percentiles correlation.

Percentile [%] Z score [a.u.]

The results about software validation clearly show the apti-
tude of the software to compute statistical analysis of large data
in short time. The absence of oscillations in the scatter plot con-

10 -1.2816 firms a good accuracy of the software.
A computational time analysis has been performed using a
25 -0.6745 . L.
large number of sample data. The computational time is about
50 0 0.1 ms per patient.
75 0.6745 In this last part of the paper the authors report a comparison
90 1.2816 of the features of the developed software with the one already

The comparison between the second test sample and standard
deviation lines is shown in Figure 9. Accordance between results
and expectations is again reached.

In these tests, standard distribution comparison and cumu-
lative frequency are not shown because they not make relevant
results to validate the software since standard deviation com-
parisons show the comparison between mean and 25" (or 90")
percentile while the cumulative frequency is a vertical line. The
analysis of the 1766 patients is very short (< 30 seconds).

©Biomedicine & Prevention 2017

existing. This comparison is done with the most used tools:

°  'WHO Anthro is mainly an individual anthropometric calcula-
tor, i.e. it analyses patient per patient. Our software computes
data with large numbers of patients.

e ENA for SMART is another important software in malnutri-
tion fields. ENA for SMART provides analyses per gender
and age, but not for gender and age at the same time.

e Epiinfo7 is not provided by MUAC and ZMUAC analyses.

e Incase of R, SAS, S-Plus, SPSS and STATA scripts, the ma-
jor issues are related to the fact that these are not user-friendly
interfaces for these software, which usually led to several dif-
ficulties for people not particularly able in programming and
software usages.
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Figure 6. Z_score of first test sample (25" percentile - males): the z-score is constant and equal to -0.6745.
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Figure 7. Analyzed male MUAC of 25" percentile compared with the mean and standard deviation of the standard distribution.
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Figure 9. Analyzed female MUACs of 90" percentile compared with the mean and standard deviation of the standard distribution.

Conclusion

The growth parameters are useful indexes for child growth sur-
veillance, to determine child malnutrition and other correlated
medical problems and to monitor the response to treatments and
therapies. The World Health Organization has developed a stan-
dard statistical model, used worldwide, to analyse data. There
are several growth parameters and the correlation between these
parameters and certain medical conditions is still a key point for
research activities. In order to develop properly these analysis is
fundamental to compute and elaborate huge amount of data com-
ing from field database in order to improve robust statistical anal-
ysis. Therefore, it is essential to provide the scientific community
with user-friendly tools able to give accurate and complete data
set in short time.

In this work, the authors present main tool features. The soft-
ware is able to computes the z_score of MUAC, taking as inputs
the identification code, the birth date, the examination date, the
gender and the MUAC values. Besides the data file, the tool has
graphical outputs: scatterplots, standard distribution comparison,
cumulative frequency and data comparison with standard values.
All these graphs give the needed information to understand if the
sample has or not healthy values.

The authors tested the software with a significant sample of
malnourished children. The analysis of the results shows the low
values of MUAC and z_score. The cumulative frequency shows a
large percentage of children with a z_score lower than -3 and also
the comparison of the standard distributions demonstrates a large
shift of MUAC on the low values area. The data compared with
standard deviation lines show immediately the large number of
children with very low MUAC values. Therefore, it is clear that
the sample contains several patients with growth failure issues, in

this case linked to malnutrition. The analysed sample contained
669 patients. The software computed the analysis in very short
time (<15 seconds). The software has been tried with two test
samples with which the statistical analyses are known (25" and
90" percentiles showing its ability to compute accurate statistical
analysis.
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