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ABSTRACT

Background- Adolescent overweight and obesity is a global public health problem and
associated with increased risk of metabolic syndrome. Recently, mid-upper arm circumference
has been suggested as a screening tool for overweight and obesity among school age children
and early adolescent. However, little is known about the potential use of mid-upper arm
circumference in late adolescents (15-19 years).

Objective- The aim of the study was to evaluate the ability of mid-upper arm circumference to
correctly identify BMI-for-age z-score defined overweight and obesity among adolescents in
selected high schools of Addis Ababa, Ethiopia, 2019.

Methods- A school-based cross-sectional study was conducted among 851 late adolescents in
Addis Ababa. A stratified multi-stage sampling procedure was followed. A pre-tested
interviewer-administered questionnaire was used. Anthropometric measurements including
weight, height, and mid-upper arm circumference were measured. Receiver operating
characteristic curve analysis was done to determine the ability of MUAC to detect overweight
and obesity. Sensitivity, specificity, predictive values and likelihood ratio of MUAC were
calculated for the optimal cutoff points.

Result - MUAC had strong positive correlation with BMI-for-age z-score (r = 0.84). The
diagnostic performance of MUAC as assessed by area under the curve (AUC) for identifying
overweight and obesity was 0.96 for both genders. The optimal mid upper arm circumference
cut off point was > 27.9 cm with sensitivity of 90.28%, specificity of 90.71%, positive
likelihood ratio of 9.72 and negative likelihood ratio of 0.11 for girls. Similarly, for boys
optimal mid upper arm circumference cut off point was > 27.75 cm with sensitivity of 94.1%,

specificity of 89.1%, positive likelihood ratio of 8.7 and negative likelihood ratio of 0.07.

Conclusion - This study provide evidence that MUAC have high specificity and sensitivity to
identify overweight/obese among late adolescences as evaluated against body mass index for
age z-score. The optimal mid upper arm circumference cut off point for girls was > 27.9 cm
and for boys was > 27.75 cm. MUAC have potential for screening and surveillance applications

as simple and widely available indicator of overweight/obesity in late adolescents.

X



1. INTRODUCTION

1.1 Background

World Health Organization (WHO) define overweight and obesity as an abnormal or excessive
fat accumulation that may impair health (1). Overweight and obesity is a disorder of positive
energy balance due to excess calorie intake and inadequate caloric expenditure, combined with

a genetic predisposition for weight gain (2, 3).

Adolescents defined by the United Nations as those between the ages of 10 and 19 (4). There
are 1.2 billion adolescents in the world today, making up 16 % of the world’s population.
Majority of them are living in developing countries (5). Adolescence drive for individualization
and peer influence contributes for unhealthy food choices, increasing trends in fast food
, eating outside and sedentary behavior. So that all these changes put adolescents at greater risk
for overweight and obesity (6).

In the last four-decade global prevalence of obesity in children and adolescents increased by
tenfold from 11 million in 1975 to 124 million in 2016. An additional 216 million children and
adolescents were overweight. If current trends continue by the year 2022, child and adolescent
obesity is expected to exceed moderate and severe underweight (7). There is also rising
prevalence of childhood and adolescent obesity in low- and middle-income countries recently
(8). In Africa, even with a high prevalence of undernutrition, the magnitude of overweight and
obesity is increasing at a rapid rate. In Middle East, North Africa, Sub-Saharan countries
prevalence of overweight and obesity in children and adolescents were 25.6% and 34.8%

among males and 20.8% and 20.5% among females respectively (9, 10).

Adolescent overweight and obesity can be measured using direct and indirect measurements
(Anthropometric measurements) (11). Anthropometric measurements are well recognized and
extensively used indicators of nutritional status in both children and adolescents (12). Among
anthropometric measurements body mass index for age z-score is one of the extensively used
and recommended measure of overweight and obesity among children and adolescents (13).
BMI-for-age z-score is closely correlated with body fat and long-term health risks in children

and adolescents. Thus international gender- and age-specific cut-offs are recommended (14).
1



Alternatives to BMI-for-age z-score mid upper arm circumference has been a suggested
measurement of overweight and obesity among children and adolescents (15, 16). Mid upper
arm circumference (MUAC) is the circumference of the non-dominant upper arm, measured at
the mid-point between the tip of the shoulder and the tip of the elbow (olecranon process and
the acromion) (17). Mid upper arm circumference measures the arm muscle and fat area (18).
MUAC is most commonly used for identification of severe acute malnutrition in young
children (6-60 months of age) in resource-limited settings (19). MUAC has also been used for
numerous years as an another index of nutritional status in conditions, such as famines or
refugee crises, where height and weight measurements is difficult (20). In low-resource
settings, pregnant mothers nutritional status both under nutrition and obesity could reliably be
assessed using MUAC (21).

Although, much is not known on the potential use of MUAC as a screening tool for overweight
and obesity in children; recent studies have suggested that MUAC can accurately identify
overweight and obesity in children and early adolescents (16, 17, 22-27). The accuracy level
of MUAC for identifying obesity was high in both sexes among children and early adolescents
(16, 17, 22, 25-27). However, little is known about the ability of MUAC as measure of
overweight and obesity among late adolescents (15 — 19 years).



1.2 Statement of the Problem

Adolescent overweight and obesity is one of the major public health challenges of the 21st
century with far-reaching and long-term adverse health outcomes (28). According to meta-
analysis done in Ethiopia a combined pooled prevalence of 11.30 % of overweight and obesity
among adolescents was reported (29). Studies done in other major cities of Ethiopia also
reported a high prevalence of adolescents overweight/obesity range from 9.9% - 14.7% (30-
32). In Addis Ababa a high prevalence of overweight and obesity has been reported with range
from 9.4 - 13.9% (33-36).

Adolescent overweight and obesity have been linked to numerous medical conditions. These
conditions include, but are not limited to high blood pressure, type 2 diabetes, high cholesterol,
fatty liver disease (hepatic steatosis), sleep apnea, asthma, cardiovascular disease and
cholelithiasis (gallstones) (37). Overweight and obese adolescents are more likely to stay obese
into adulthood and to develop noncommunicable diseases including diabetes and
cardiovascular. The risk of morbidity from colorectal cancer, hypertension, type 2 diabetes,
gout, abnormal kidney function, polycystic ovary syndrome, asthma, and obstructive sleep

apnea was increased among adults who had been overweight in adolescence (38, 39).

Without early intervention, 80% of adolescent obesity persists into adulthood and increase the
risk of non-communicable diseases (40). Findings from studies showed that the effective ways
to prevent the adverse consequences of overweight and obesity is to identify and manage
overweight and obesity, especially during childhood and adolescence (41, 42). Even though
precise methods to determine body fat exist, these methods are not practical for surveillance
and routine clinical practice; because most of this method are laboratory based, expensive and
require highly trained professional. Due to this, anthropometric measurements are used to
screen overweight and obesity (11). An important strategy to control overweight and obesity
would be to develop a practical, low cost, simple and reliable method of screening for
identifying adolescents overweight and obesity, especially in primary health care, at school and

community level (43).

Among anthropometric measurements Body mass index for age z-score is recommended for

screening overweight and obesity in children and adolescents in both public health and clinical



practice (44). Even with its popularity and easiness to use, it has a number of drawbacks. BMI-
for-age z-score is less preferred by minimally trained health workers; also measuring
equipment are expensive to buy, maintain and require regular calibration. Additionally, its time
consuming to measure weight, height and interpret the value with reference chart. It may be
improper to use MUAC in settings where measuring weight is deemed inappropriate because

of concerns of creating body image issues (17, 45).

Several studies have suggested other anthropometric measures alternative to BMI including
waist circumference and waist-to-hip ratio (22, 46, 47). In spite of their benefits, each has its
own limitations. For example, measuring waist circumference may be time-consuming and
difficult in terms of cultures where exposing the body for measurement is discouraged.
Additionally, after consuming food, waist circumference is affected by abdominal distention
(48).

Due to limitations stated in the above paragraphs, another anthropometric measurement is
required to screen overweight and obesity (49). Potential alternative that can overcome these
limitations is MUAC. MUAC is considered as potential alternative because it doesn’t require
extensive training, supervision, or expensive materials. MUAC is relatively easy to use and
simple to understand for both community health workers and health care professionals (17).
MUAC measurement can be done at any time of the day and in any situation: standing, siting
or laying on their back (50). Errors of measurement associated with MUAC are no more
frequent than error occurred with either weight or height measurement. Study have shown that
even for minimally trained health workers, intra- and inter-observer reliability of MUAC
measurements are at least as good as other anthropometric measurements (15). MUAC can
offer considerable cost advantages; MUAC tapes are cheaper than height and weight measuring

equipment.

A number of studies were done on the potential use of mid-upper arm circumference as a
screening tool for overweight and obesity among school age children and early adolescents
(17, 24, 26, 27). Most of this study showed that MUAC can accurately identify overweight and
obesity among early adolescents (17, 22, 23). However, none of this study have explored the
ability of MUAC to identify overweight and obesity among late adolescents. Hence, this study
aims to fill the gap on existing literature and evaluate the ability of MUAC to correctly identify

BMI-for-age z-score defined overweigh and obesity in late adolescents (15 — 19 years).
4



1.3 Significance of the Study

Findings of this study might be used as a base line for further study on ability of mid upper arm
circumference to detect overweight and obesity among late adolescents. The results could be
used by policy makers and relevant stakeholders to develop cost-effective screening and
surveillance for overweight and obesity by providing simple cheap and easy screening tool.
The finding of this study could be used by national nutritional program Il to develop simple,
inexpensive and easy screening tool to detect overweight and obesity among adolescents. It
might also be used to promote use of mid upper arm circumference at community level and by

health extension worker to screen overweight and obesity among late adolescents.



2. LITERATURE REVIEW

2.1 Magnitude of Overweight and Obesity

Since 1975 childhood and adolescent obesity has risen from 11 million to 124 million in 2016.
Global prevalence of childhood and adolescent overweight and obesity has reached 213 million
in 2016. Among girls obesity has increased from 5 million in 1975 to 50 million in 2016 in
boys it has increased from 6 million in 1974 to 74 million in 2016 (7).

There is also a rising prevalence of childhood and adolescent obesity in low and middle-income
countries recently: 41.8% in Mexico, 22.1% in Brazil, 22.0% in India, and 19.3% in Argentina.
Secular trends indicate increasing prevalence rates in these low and middle-income countries
(8). In Africa, in spite of a high prevalence of undernutrition, there is a rapid rise in overweight
and obesity. In the Middle East and North Africa region prevalence of overweight and obesity
in children and adolescents were 25.6% and 34.8% among males and 20.8% and 20.5% among
females respectively (9). In Sub-Saharan countries, the prevalence of overweight and obesity

among school-aged children and adolescents were 10.6% and 2.5% respectively (10).

Meta-analysis done based on studies done in Ethiopia show a combined pooled prevalence of
11.30 % of overweight and obesity among adolescents (29). More than a few studies done in
Addis Ababa showed a high prevalence of overweight and obesity ranges from 13.9% - 9.4%
and 4.2-0.8% respectively (33-36). The overall Prevalence of overweight and/or obesity among
school-age children in Bole sub-city was 9.8% and obesity accounted for the rest 1.8% (35).
Studies done in other cities including Adama, Babile district, Hawassa, Wolaita Sodo, Gondar,
Dire dawa and Jimma showed a prevalence of overweight and obesity ranging from 14.7%-
4.8% and 5.8%-0.5%, respectively (31, 32, 51-55). The overall prevalence of obesity and
overweight among preschool and school-age children was 3.4% -3.1% and 7.3% -8.8%
reactively (56, 57).

2.2 Measurements of Overweight and Obesity

Measurement of obesity and overweight can be done using direct measurement methods or

anthropometric measurements. Direct measurement of adiposity includes computed

6



tomography, densitometry and dual-energy x-ray absorptiometry(DXEA) (58). These methods
are expensive and often time-consuming but superior to anthropometric measurements such as
BMI. Anthropometric measurements including BMI, Waist Circumference (47), neck
circumference (46), MUAC (23, 27) are more accessible, easy to use and cheaper but not as
accurate as direct measurement methods. BMI and circumferences, have been used as proxies

for overweight and obesity (59).

2.2.1 Anthropometric measurements

Anthropometric measurements and indices describe body size, shape, and composition.
Changes in body proportions reflect the overall health and wellbeing of individuals and
populations. Anthropometry is used to assess health and survival of individuals and reflect the
economic and social wellbeing of populations. It is a widely used, inexpensive and non-

invasive measure of the general nutritional status of an individual or a population group (60).

Anthropometric measurement are convenient, cheap, noninvasive method and commonly
applicable (61) and involves the external measurement of body composition of human beings
(62). It reveals both health and nutritional status of individuals and populations, such that they

can be selected for intervention programs as well as for screening of nutrition status (61).

2.2.1.1 Body mass index

Body mass index is a measure of weight adjusted for height. It is calculated as weight in
kilograms divided by the square of height in meters. Although BMI is an imperfect tool; it does
not distinguish overweight due to excess fat mass from overweight due to excess lean mass —
it is the most commonly used measure for assessing obesity in adults. Other methods of
determining adiposity are more accurate,(63) but have limited applicability to screening or
studying large populations. The BMI is well correlated with these more direct fatness

measures (64).

Body mass index z-scores, also called BMI standard deviation scores, are measures of relative
weight adjusted for child age and sex. Given a child's age, sex, BMI, and an appropriate

reference standard, a BMI z-score (or its equivalent BMI-for-age percentile) can be determined.



BMI-for-age z-score is the most commonly used measure of body adiposity in both children

and adolescents worldwide (65).

BMI for age z- score has high specificity but low sensitivity to detect excess adiposity and fails
to identify over a quarter of children with excess body fat percentage. Pooled sensitivity to
detect high adiposity of 73 % and a pooled specificity of 93 % In males, BMI for age z- score
showed a pooled sensitivity of 67 % and a pooled specificity of 94 % As for females, BMI for

age z- score showed a pooled sensitivity of 71 %, pooled specificity of 95 % (58).

Regardless of BMI for age widespread use and advantage number of authors have detailed its
limitation. BMI is it varies by gender, age, and level of maturity. BMIs for age tend to be
similar in both genders during childhood however in adolescence females have higher BMI for
age. With regard to age, BMI for age increases from birth to about one year, then declines to
around age six, then rises through the rest of childhood and adolescence (66). Such variations
mean that among children and adolescents the significance of any particular BMI for age is
more difficult to determine than within adult populations (58).

BMI for age measures both fat and fat-free mass. However, populations differ in respect of
both percentage fat mass and fat distribution, and in the relation between body composition
and morbidity. This means, again, that the significance of any particular BMI for age well
varies. Thus, among children with the same BMI, fat measurements are higher for whites than
for blacks (67). Further, recent studies have suggested that increases in overall BMI for age
have been accompanied by larger increases in the percentage as fat mass and concomitant
decreases in fat-free mass (attributed to reduced activity levels). Importantly, this suggests that
recent increases in adiposity are even greater than those suggested by increases in BMI for age
(68).

BMI for age is may not be feasible in a resource-poor area where weight, height measuring
equipment, and trained personnel are scarce. It’s difficult to use BMI at a community level and

studies with large sample size because it requires carrying Stadiometer and weight scale (24).



2.2.1.2 Mid-upper arm circumference

MUAC is the circumference of the left upper arm, measured at the mid-point between the tip
of the shoulder and the tip of the elbow (olecranon process and the acromion) (17). Mid-upper
arm circumference (MUAC) is a valuable anthropometric measurement used for screening
malnourished children. MUAC is easy, practical and reliable tool measuring tapes are
affordable and portable (69). Even though it is imperative to give workers training in how to
take the measurement in order to reduce inter- and intra- observer error, the technique can be

readily taught to minimally trained health workers (15).

MUAC is commonly used in developing countries to diagnose and monitor underweight in
children aged 6-60 months with a single cut-off point (70). MUAC has also been used to
identify chronic energy deficiency among adults in developing countries (50). Additionally
MUAC has been used to screen adolescent under nutrition and showed 28.57% sensitivity and
96.46% specificity (18). In low-resource settings, the simpler MUAC measurement could
reliably replace BMI to assess nutritional status of pregnant women. The MUAC cut-offs
among pregnant women for obesity (BMI >30) and underweight (BMI <18.5) were 30.57 cm
and 22.8 cm, respectively (21).

In recent years MUAC has been proposed as an important tool in detecting overweight and
obesity in children and adolescent. MUAC as a measure of overweight and obesity is age and
gender-specific. As expected, MUAC varies between gender and increase with age (17).
MUAC shows a strong positive correlation with BMI-for-age z-score in both genders (24, 26,
71). MUAC had strongly positive correlation with percent body fat (measured by bioelectrical
impendency) in both genders (24). MUAC also had strong positive correlation with age, height
and weight in both genders (23, 71). However, study done on children age 7-12 and 6-12-year

report MUAC has a moderate positive correlation with age in both genders (16, 26).

Most studies conducted on the ability of MUAC to correctly detect overweight and obesity was

done by comparing MUAC to BMI-for-age z-score (as golden standard). All studies evaluate

the diagnostic ability of MUAC by plotting ROC curve and calculating area under curve

separately for boys and girls (16, 17, 22-24, 26, 27). A study conducted Dutch shows MUAC

has an excellent and good area under the curve (AUC) (0.88-0.94); With sensitivity ranges

from 51.8% to 95.3% and specificity from 71.4% to 93.8% across age groups. Across age and
9



gender groups, 65.1% to 89.0% participants are classified by both MUAC and BMI as normal
weight, overweight or obese (27). A similar study done in 12 countries (24) and study done in
Thailand show MUAC has excellent AUC with an overall sensitivity of >90% and specificity
of >85% (22).

The sensitivity of MUAC compared with BMI-for-age z-score is low in 5-9 years old children,
resulting in a considerable number of false positives (23, 25, 27). A study done in Pakistani
children aged 5-14 years shows relatively lower sensitivity and specificity range from 56% to
58% but higher specificity range from 76%-94% (23).

Only single study done among children and early adolescents evaluate the ability of MUAC to
measure overweight and obesity by comparing it to total body fat percentage measured by
bioelectrical impendency (golden standard). In general, sensitivity and specificity were
relatively high for all age and gender groups. The exceptions were among children 5-9 year
that MUAC has low sensitivity (25-63%) and modestly high specificity (85-60 %). However,
among early adolescent girls MUAC have excellent sensitivity (100%) and moderately low
specificity (77%). Among early adolescent boys MUAC has good sensitivity (95%) and
specificity (95%) in detecting obesity (17).

The ability of MUAC to identify overweight and obesity is affected by gender and age of
participants. The ability of MUAC to detect overweight and obesity is low among children 2-
5 and 5-9 year children (23, 25, 27). In addition, the ability of MUAC to measure overweight
and obesity low among girls 7-12 year (26). However, MUAC shows higher accuracy among
early adolescents (16, 17, 22, 27).

10



3. OBJECTIVES

3.1 General Objective

The general objective of the study was to evaluate the ability of mid-upper arm circumference
to correctly identify body mass index for age z-score defined overweight and obesity among
adolescents in selected high schools of Addis Ababa, Ethiopia, 2019.

3.2 Specific Objective

The study has the following specific objectives

e To evaluate the diagnostic capacity of mid-upper arm circumference compared to body
mass index for age z-score for identifying overweight and obesity among adolescents in
selected high schools of Addis Ababa, Ethiopia,2019.

e To determine the sensitivity and specificity of mid-upper arm circumference in
identifying body mass index for age z-score defined overweight and obesity among
adolescents in selected high schools of Addis Ababa, Ethiopia, 2019.

11



4. Method and Materials

4.1 Study Area and Period

The study was conducted in Addis Ababa, the capital city of Ethiopia which lies 9°1'48"N
latitude and 38°44'24"E longitude with a total area of 540Km?2.with subtropical highland
climate. Addis Ababa is a city with a great diversity and homes of almost all ethnicities. The
city contains 10 administrative sub cities namely: Arada, Yeka, Gulele, Addis Ketema,
AkakiKality, NefassilkLafto, Lideta, Bole, KolfeKeranio, and Kirkos. Based on the 2007
Census, Addis Ababa had a total population of 3,384,569, adolescents constitute 635,903
which is 23.2% of the total population & those from 15-19 years are 385,713 that is 14.1%
(72).

According to 2018 Addis Ababa City Administration Education Bureau (AACAEB) report,
there are 1,014 primary and secondary schools in all sub-cities. Out of total schools 795 are

primary, 219 secondary and preparatory (9-12). From those schools 297 are governmental, 717

are non-governmental (73).

4.2 Study Period

The study was conducted in Addis Ababa from March to May 2019.

4.3 Study Design

A school-based cross-sectional study was conducted among high school adolescent students

in both private and government schools of Addis Ababa.

4.4 Population

4.4.1. Source population

The source population for the study were all regular high school adolescent students in Addis

Ababa who were attending high school in the academic year 2011/2019.
12



4.4.2. Study population

The study population included all regular high school adolescent students in selected private
and government schools of Addis Ababa who were attending school in the academic year
2011/2019.

4.4.3 Inclusion criteria

All late adolescent (15-19 years) students who were attending classes in selected private and
governmental high schools of Addis Ababa.

4.4.4 Exclusion criteria

Adolescents with a physical deformity that affect height and weight measurement were
excluded from the study.

4.5 Sample Size Determination

The sample size for this study objectives was calculated by using the diagnostic accuracy test

study sample size calculation formula (74).

Sample Size Required for Sensitivity
Zf_qj2 X SN X (1 = SN)

1=
N [2xP

Sample Size Required for Specificity

Zf_qy2 X SP X (1 = SP)

N2 =
[2x(1-P)

Where n = the larger Sample size between N1 and N2
Z = Z value corresponding to a 95% level of significance = 1.96
P= Assuming prevalence

SN= Expected sensitivity

13



SP= Expected specificity
L= maximum clinically acceptable width or precision of the 95% Confidence level.

Hence assuming an anticipated sensitivity of 95.2% specificity of 89.9% (17) and a prevalence
of overweight among adolescent students in Addis Ababa shows 13.9% (33), W of 5%, the
maximum feasible sample size of 526 was required. Sampling procedure for the study is
stratified three-stage sampling, to adjust the variability taking design effect of 1.5.

N= 526x1.5 = 789 participants. The final sample size after adding 10% non-respondent the

final sample for the study was 877 adolescents.

4.5 Sampling Procedure

Figure 1 one shows the sampling procedure employed in this study. A stratified three-stage
sampling technique was used to obtain a representative sample of study participants. The total
sample schools were all private and government schools with secondary and preparatory

education (9-12) who were 219.

Among the total high schools, 73 are governmental and 146 are non-governmental high schools
(73). A total of 15 schools, 10 non-governmental and 5 governmental schools was selected
randomly. A sample of students was distributed proportionally between governmental and non-
governmental schools by considering the size of students in each school. Four sections from
each selected school at which one section from each grade level (grade 9 — 12) were selected
randomly. Students were allocated proportionally to the size of students in each selected
section. Finally, students list was obtained and used to randomly select study participants from

each section.
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{

Study participants were selected
from the selected sections from
students list

Final sample size = 877

Figure 1. Schematic Presentation of Sampling Procedure
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4.6 Study Variable

Mid upper arm circumference: as measured in centimetres to the nearest 0.1 cm.

Overweight and obesity was measured using the World Health Organization (WHO) BMI-for-

age Z-score; overweight z score >1 and < 2 and obesity z score >2.

Demographic and Socio-Economic characteristics
Socio-demographic characteristics such as age, religion, grade level, school type, parents

educational level, parents occupation, family size, living arrangements and socio economic
status were included. Age is measured to nearest day, month and years. Education levels of
their fathers and mothers using scales range from: 1) illiterate, 2) read and write, 3) primary
education 4) secondary education 5) some college and technical school 6) college graduate and
above were assessed. Occupation of their fathers were assessed using choices: 1) Government
or private employee 2) Merchant 3) Daily laborer 4) Unemployed. Occupation of their mother
were assessed using choices: 1) Government or private employee 2) Merchant 3) Daily laborer
4) House wife. The study participants school types were categorized into two groups 1) Private

/Missionary /International /Community 2) Government /Public.

4.7 Data Collection Procedure

Interviewer administered structured questionnaires
Interviewer administered questionnaire was used to collect data. The questionnaire consists of

information on socio-demographic and economic status adapted from EDHS (75).

Anthropometry measurement

Weight

Weight was measured using Seca digital weight scale with precision of 0.1 kg. To measure
weight, the weight scale was placed on a smooth flat surface shoes and heavy clothing were
removed. The surface of the scale was pressed gently to switch on the display until it shows
zero. The study participants were asked to step onto the scale; feet slightly apart and in the

middle of the platform of the scale. Measurement of weight was recorded to the nearest 0.1 kg.
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Height

Height was measured using portable stadiometer with a precision of 0.1 cm. The portable
stadiometer has measuring rod with reading scale along both sides. Measuring rod can be
assembled on spot with measuring range of 20 — 205 cm. It has sliding horizontal headpiece
that can be adjusted to rest on top head. In addition, it has stable floor plate which provide the

necessary stability.

To measure height stadiometer was placed on a flat surface, with the back supported by a wall.
Study participants shoes were removed. Study participants was measured with the head,
buttocks, back, and heels touching the board. The head positioned to the line of vision at right
angles to the body and the arms hang freely by the sides. The movable headboard was lowered
until it touches the upper part of the subject head firmly. Measurements was recorded to the

nearest 0.1 cm.

Mid-upper arm circumference

Mid upper arm circumference was measured using non stretchable adult MUAC tape. The
study participant non-dominant arm is flexed to 90 degrees at the elbow. The midpoint of the
arm between the lateral acromion and distal olecranon was identified and marked. The

measurement was recorded to the nearest 0.1 cm.

The measurements and readings for each subject was taken twice and the average is used for
analysis. For height and MUAC, two more measurements were obtained if the first two
measurements are greater than 1.0 cm and 0.5 cm apart respectively the measurement were
repeated. For weight, two measurements were obtained if the first two measurements are

greater than 0.5 kg apart then the measurements was be repeated.

Data was collected by five trained nurses. The data collection was supervised by trained
supervisor and principal investigator. A three-day theoretical and practical training were given
for five data collectors and supervisor. The training included the objective and methodology of
the study, data collection and interviewing approach, how to take anthropometric

measurements, data recording and ethics during data collection.
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4.8 Data Quality Management

Data quality assurance was done before, during and after data collection. Before data
collection, a three-day training was given for the data collectors and supervisor on purpose of
the study, Anthropometric measurement including standardization protocol data collection tool
and procedures. The training was given by the principal investigator. The questionnaire was
first prepared in English and then translated to Amharic and back to English to keep the
consistency of the questions. Pre-testing of the questionnaire was made on 48 adolescents that

were not included in the actual data collection.

All measurers participated in standardization exercise in which they took repeated
measurements of ten adolescents. Each measurer took two height, weight and MUAC
measurements for ten adolescents. The Technical error of measurement (TEM) was calculated
and it was found that the Intra observer technical error of measurements for height, weight and
MUAC were found to be 0.2 ,0.12 and 0.1 respectively. Inter observer technical error of
measurement for height, weight and MUAC were found to be 0.21, 0.21 and 0.12 respectively;
which were all within the acceptable range. In addition, the coefficient of reliability was
calculated for height, weight and MUAC which were all within acceptable range (> 96%) (76).

During data collection, the principal investigator and supervisor were overseeing all activities.
Measuring equipment were calibrated regularly during data collection. Measurement scale
were carefully handled and calibrated every morning with a 5kg iron bars and checked for
000.0 reading before each measurement. Data completeness and consistency was checked on
spot questionnaires with missing variables were turned back to the data collectors for correction

by revisit. Non-respondents were reconnected twice.

After data collection, data was entered in Epi data v 4.4.2.0 by the principal investigator and

cleaned using Stata version 15.1.

4.9 Data Management and Analysis

Data were coded, entered to Epi Data version 4.4.1.0 and cleaned using Stata version 15.1. All
statistical tests were performed using STATA version 15.1. The dataset on WHO Anthro plus

software has been merged with Stata dataset using unique variable (identification number).
18



The World Health Organization (WHQO) 2007 growth reference was used as a standard
reference for classifying adolescents based on BMI-for-age z-score. using WHO Anthro plus
software version 1.0.4. BMI-for-age z-score (BAZ) < -3 were classified as severely thin, > -3
and < -2 as thin, > -2 and < +1 as normal weight, > +1 and < +2 as overweight and > + 2 as
obese (77). Stunting was classified as height-for-age z-score < -2 (78). However due to small
number of observations in obese and severe thinness categories, the BMI-for-age z-score is

Y19

regrouped as “underweight”, “normal weight” and “overweight”.

Wealth index

Household’s wealth index was determined using Principal Component Analysis (PCA) by
considering the household assets, including ownership of house and housing condition and
ownership of various durable goods (radio/tape, television, car, refrigerator, sofa, bicycle,
motorcycle, car, mobile/telephone and others). First, variables were coded between 0 and 1.
Then, principal component analysis was used to generate wealth index from fixed assets.
Finally, A relative socio-economic status was constructed by dividing the resulting scores into
5 quantiles to give poorest, poor, medium, wealthy and wealthiest status.

Comparison of MUAC, BMI-for-age z-score and nutritional status by gender

Differences between boys and girls mean MUAC and BMI-for-age z-score were determined
using two sample t-tests. We compare nutritional status (obese, overweight, normal weight and
underweight) of study participants according to gender using chi-squared test. A p-value <0.05

was considered as statistically significant.

Relationship between MUAC and other anthropometric variables

Pearson correlation was used to examine relationship between MUAC, BMI for age z-score
and age in year. Pearson’s correlation was interpreted using coefficient of determination (r?)
value along with r. Square of correlation coefficient (r?), known as coefficient of determination,
represents the proportion of variation in one variable that is accounted for by the variation in
the other variable. For example, if height and weight of a group of persons have a correlation
coefficient of 0.80, one can estimate that 64% (0.80 x 0.80 = 0.64) of variation in their weights
is accounted for by the variation in their heights (79).
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The test retest reliability of MUAC among adolescents
Test-retest reliability was assessed by paired t-test, for the 15t mid upper arm circumference

measurement and 2"Y mid upper arm circumference measurement.

The performance of MUAC in identifying overweight/obesity

The ability of MUAC to correctly identify overweight and obesity was evaluated by comparing
MUAC to BMI-for-age z-score separately for boys and girls. Receiver operating characteristic
curve (ROC) was plotted for sensitivity and 1 — specificity for various cutoffs of MUAC.
Receiver operating characteristics curve show how well MUAC can separate participants into
groups with overweight/obesity and without overweight/obesity. The area under the ROC
curve (AUC) determines the overall level of accuracy, with a value of 0.50 indicating purely
random performance and 1.00 indicating the maximal value possible. The categories used to
summarize accuracy of AUC in ROC analysis were as follows: excellent (0.9-1), good (0.8—
0.9), fair (0.7-0.8), poor (0.6-0.7) and fail (0.5-0.6) (80). A test with an AUC > 0.85 was
generally considered an accurate test (81) .

The best MUAC cutoff point for each gender were chosen as a value with the highest Youden
index (J= Sensitivity + Specificity-1). For test with poor diagnostic performance Youden index

equals to 0 and a perfect test will have 1 (82).

Sensitivity, specificity, positive and negative predictive value of MUAC were calculated for
the proposed cutoff point for both genders. Likelihood ratios for MUAC that are predictive of
overweight and obesity were computed for each gender.

The performance of MUAC in identifying underweight

The ability of MUAC to correctly identify underweight was evaluated by comparing MUAC
to BMI-for-age z-score separately for boys and girls. Receiver operating characteristics curve
show how well MUAC can separate participants into groups with underweight and without

underweight.

The best MUAC cutoff point for each gender were chosen as a value with the highest Youden
index.
Sensitivity, specificity, predictive value and likelihood ratios of MUAC were calculated for the

proposed cutoff point for both genders.
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ROC regression

ROC regression is more than determining the basic accuracy of a test, rather it determines
factors that affect its accuracy. In doing so, it is possible to identify populations and settings
where a test is more or less accurate, which can be useful in determining how best to use a test.
This is accomplished using regression analysis of test accuracy or Roc regression analysis (83).
We fitted the model for status variable overweight and obesity and classifier MUAC with the

following covariate; gender, age in years and height.

To determine specifically where the MUAC performed the best we used ROC regression
postestimation to calculate Receiver Operating Curve summary statistics for covariate-specific
ROC curves.

4.10 Ethical Consideration

First, ethical clearance was obtained from the School of Public Health College of Health
Science Addis Ababa University Institutional Review Board. Permission were obtained from
Education Departments of Sub-cities and Directors of Schools to be studied. After getting
permission from the schools, both written and verbal informed consent was obtained from
adolescents greater than 18 years old and from parents/guardians of those under 18 years by
sending them information sheet and consent form through their corresponding study

adolescent.
Respondents were informed that they could refuse or discontinue participation at any time and

they are informed that Information is recorded without their name being mentioned. Only codes

were used to keep it anonymous and maintain confidentiality and privacy of respondent.
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4.11 Dissemination of Results

The final report of the study will be disseminated to Addis Ababa University, School of Public
Health, Ministry of Health, Addis Ababa City Health Bureau and the Addis Ababa
Administration Education Bureau. In addition, great efforts will be made to disseminate the
result through presentation in different seminars, workshops, scientific conferences. Attempts

will be made to publish the findings on reputable peer-reviewed journal.
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5. RESULT

5.1 Socio Demographic & Economic Characteristic

A total of 877 high school adolescents was approached, 851 had participated resulting 97.0 %

respondent rate. Twenty-six students were not included in the study for the following reasons:

twenty-one students were absent on the scheduled day, five adolescents refused to remove their

shoes and heavy clothes for measurement.

Table 1 shows the socio-demographic and economic characteristics of high school adolescents.

The proportion of boy study participants were relatively higher than girl study participants
(53.5% Vs 46.4%). More than half of study participants (56.64%) were from government

schools and the rest (43.4%) were from private schools. The median age of study participants

was 17 years with interquartile range of 2 years.

Table 1: Socio-demographic & economic characteristics of high school adolescents in Addis

Ababa, Ethiopia, 2019

Variables Frequency percent
Gender
Boy 456 535
Girl 395 46.4
Religion
Orthodox 621 73.1
Muslim 108 12.8
Protestant 104 12.2
Catholic 12 1.4
Other 5 0.6
Father’s educational status
No formal education 104 12.3
Primary school 130 15.3
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Secondary school
Technical school and above

Mother’s educational status

No formal education
Primary school

Secondary school
Technical school and above

Fathers occupation

Government or private employee
Merchant

Daily laborer

Unemployed

Other

Mothers occupation

Government or private employee
Merchant

Daily laborer
Housewife/unemployed

Other

Student grade level

o grade

10" grade
11" grade
12" grade

School type /owner

Non-governmental

Governmental

271

344

145
180
307

217

447
260
11
44
88

290

182

357

13

228
226
196
201

369

482

31.9

40.5

17.1
21.2
36.2

25.6

52.6
30.6
1.3
5.2

10.4

34.2
21.4
0.8

42.1

1.5

26.8
26.6
23.0

23.6

43.4

56.6

24



Living with
With both parents
With mother/ father only
With brothers/sisters
With relatives
Other

Family size
<5
>5

Wealth quintile

Poorest
Poor
Medium
Wealthy

Wealthiest

580
127
20
84

38

453
398

171
170
170
170

170

68.3
15.0
2.4
9.9

4.5

53.2
46.8

20.1
20.0
20.0
20.0

20.0
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5.2 Nutritional Status of Adolescents

Figure 2 shows BMI-for-age z-score categories of high school adolescents. The overall
prevalence of overweight and obesity was 14.5% (95% Cl; 12.2% - 17.0 %), with 11.2 % (95%
Cl; 9.2-13.5%) overweight and 3.3% (95% CI; 2.3 —4.7) obese. The prevalence of underweight
was 9.5 % (95% CI; 7.7% - 11.7%).

Prevalence of stunting among adolescents was 7.9% (95% CI; 6.2% - 9.9 %). About 8.6%
(95% CI; 6.3 — 11.5) of boys and 7.1 % (95% ClI; 4.9 — 10.1) of girls were stunted.

80.0%

H ale
W Femals

60.0%

40.0%

Percent

20.0%

0%
Underweight Mormal weight Overweight Obese

Figure 2: BMI-for-age z-score categories of high school adolescents in Addis Ababa, Ethiopia,
2019

5.3 BMI-for-age z-score and MUAC Compared by Gender
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Table 2 Shows comparison of BMI-for-age z-score and MUAC of high school study
participants compared by gender. The mean of MUAC and BMI-for-age z-score were

significantly different between boy and girl study participants.

Table 2: Comparison of BMI-for-age z-score and MUAC of high school adolescents according
to gender, Addis Ababa, 2019

Boy (n =456) Girl (n = 395)
Variables Mean (+ 'SD) Mean (xSD) P-values t-values
BMI z-score -0.8(1.2) -0.05 (1.1) <0.001 -8.86
MUAC (cm) 25.3(3.2) 25.7 (3.4) 0.038 -2.09

1SD: Standard deviation

Table 3 Shows comparison of obesity, overweight, normal weight, thinness and severe thinness
compared by gender. The prevalence of underweight and overweight were significantly
different between boys and girls.

Table 3: Comparison of obesity, overweight, normal weight and underweight of high school
adolescents by gender, Addis Ababa, 2019

Boy (n =456) Girl (n = 395)
Nutritional status Frequency (%o) Frequency (%) P-values
Obesity 10 (2.2) 18 (4.5) 0.054
Overweight 41 (9.0) 54 (13.7) 0.031
Normal weight 339 (74.3) 308 (77.8) 0.216
Underweight 66 (7.76) 15 (1.76) <0.001

Comparison of nutritional status by genders was done using chi squared test

5.4 Test-retest reliability of MUAC

Table 4 shows the test-retest reliability of mid upper arm circumference among adolescents as
assessed by paired t test. No significant mean difference was found between the first MUAC

measurement and second MUAC measurement (p = 0.78).
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Table 4: The Test-retest reliability of mid upper arm circumference among high school
adolescents, Addis Ababa,2019

Age MUAC 1t MUAC 2 P-values t-values
Mean (+ 1SD) Mean (xSD)
15 24.7 (3.4) 24.7 (3.5) 0.872 -0.16
16 25.1 (3.3) 25.2 (3.3) 0.919 -0.10
17 25.3 (2.9) 25.4 (2.9) 0.853 -0.1851
18 25.9 (3.2) 25.9 (3.2) 0.922 -0.0980
19 26.1(3.2) 26.2 (3.1) 0.925 -0.0935
Total 25.4 (3.2) 25.4 (3.2) 0.78 -0.27

5. 5 Relationship between MUAC and Other Anthropometric Characteristics

Table 4 shows the correlation between MUAC, age in years and BMI z-score. Seventy percent

of variation in BMI z-score is accounted for by the variation in their mid-upper arm

circumference. However, only 1.44 % variation in mid upper arm circumference is accounted

by variation in age in year.

Table 5: Correlation between MUAC, age in year and BMI for age z-score among high school
adolescents, Addis Ababa,2019

Characteristic
Age in years

2BMI z-score

Mid upper arm circumference

r
0.12*
0.84 *

95 % CI

(0.06,0.19)
(0.82,0.86)

IBMI: body mass index 2BMI z-score: body mass index for age z-score *P <0.05
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5.6 Ability of MUAC to Classify Overweight Including Obesity Defined by BMI- for-age

Z-score

Table 5 shows area under the curve (AUC) of mid upper arm circumference for identifying
overweight/obesity among adolescents. MUAC has excellent ability in identifying BMI-for-
age z-score defined overweight and obesity for both genders (AUC = 0.96).

Table 6: Area under the curve (AUC) of mid-upper arm circumference for identifying

overweight/obesity among high school adolescents, Addis Ababa,2019.

Gender Observation AUC ’SE 95% 3Cl
Boy 456 0.96 0.01 (0.93, 0.98)
Girl 395 0.96 0.01 (0.94, 0.98)
Total 851 0.96 0.01 (0.94, 0.97)

LAUC: Area Under Roc Curve 2SE: Standard error 2 Cl: Confidence interval
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Figure 3: ROC curve showing ability of MUAC to classify overweight including obesity in
high school adolescent boys, Addis Ababa,2019
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Figure 4: ROC curve showing ability of MUAC to classify overweight including obesity in
high school adolescent boys, Addis Ababa,2019

Table 6 shows the sensitivity, specificity, positive predictive value, negative predictive value,
positive likelihood ratio, negative likelihood ratio, correctly classified, Youden index and
cutoff points of mid upper arm circumference for identifying overweight and obesity among
adolescents. The cut-off values of MUAC to identify overweight and obesity among boys and
girls were nearly similar (27.75 cm Vs 27.9 cm). Based on the proposed cutoff points high
sensitivity, specificity and negative predictive value were found for both genders. However,

low positive predictive value has been found for both genders (52.2% ,68.4%).
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Table 7: Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio, correctly
classified, Youden index and Cutoff points of mid-upper-arm circumference for detecting overweight including obesity among high school
adolescents, Addis Ababa,2019

Sensitivity ~ Specificity PPV? NPV3 Correctly Cut off
(%) (%) (%) (%) PLR* NLR® classified Youden point
Gender 95% CI! 95% ClI 95% CI 95% ClI 95% ClI 95% ClI (%) index (cm)
94.1 89.1 52.2 99.2 8.7 0.07
Boys (83.8,98.8) (85.7,92)  (4559.3) (97.6,99.7) (6.5115)  (0.0,0.2) 89.7 0.83 >27.75
90.28 90.71 68.4 97.7 9.7 0.11
Girls (81,96) (87 ,93.6)  (60.4,75.4) (95.4,98.8) (6.9,13.8)  (0.1,0.2) 90.6 0.81 >27.9
91.06 90.25 61.7 98.3 9.3 0.10
Total (84.6 ,95.5) (87.9,92.3) (56.2,66.9) (97.1,99)  (7.4117)  (0.1,0.2) 90.4 0.81 >27.95

LCI: Confidence interval

2PPV: Positive predictive value

3 NLR: Negative predictive value
4 PLR: Positive likelihood ratio

> NLR: Negative likelihood ratio
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5.7 ROC Regression

Table 7 shows ROC regression results factors that affect the ability of MUAC to identify
overweight including obesity among adolescents. In the ROC regression analysis, age
significantly affect the ability of MUAC to detect overweight and obesity among adolescents
(B= 0.461 P <0.001). In addition, gender of respondent has significant effect on the ability of
MUAC to detect overweight and obesity among adolescents. MUAC is a more accurate

screening tool for detecting overweight/obesity in girls than in boys (B=-0.74, P <0.001).

Table 8: ROC regression showing factors that affect the ability of MUAC to identify
overweight and obesity among high school adolescent, Addis Ababa,2019

variable Coefficient (B) Robust SE! 2t Pvalue 95% CI®
Age in Years 0.46 0.08 5.51 0.000 (0.30,0.63)
Gender (ref =male) -0.74 0.24 -3.05 0.002 (-1.21, -0.26)
Height 0.05 0.01 3.35 0.001 (0.02,0.07)
Constant 9.63 2.37 4.06 0.000 (4.97,14.29)

Gender (girls =0, boys = 1)

ISE: Standard error adjusted for complex design
2t t-statistics

3CI: Confidence intervals

*p < 0.05

5.8 ROC Regression Postestimation

Table 9 and 10 shows the result of ROC regression post estimation: Covariate specific area
under curve for boys and girls. The ability of MUAC to identify overweight and obesity was
highest for 15 and 19 years old girls. However, the ability of MUAC to identify overweight

and obesity was relatively low for 16 years old girls.
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Table 9: ROC Regression Postestimation: Covariate-specific Area Under Curves (AUC)
showing ability of MUAC to classify overweight and obesity among high school adolescent
boys, Addis Ababa,2019

Covariates AUC! SE? 95% CI3
Age in Years
15 0.99 0.1 (0.97, 1.00)
16 0.97 0.01 (0.94, 1.00)
17 0.95 0.04 (0.88, 1.00)
18 0.94 0.02 (0.90, 0.98)
19 0.94 0.06 (0.83, 1.00)

ISE: Standard error 2AUC: Area Under Roc Curve 2 ClI: Confidence interval

Table 10: ROC Regression Postestimation: Covariate-specific Area Under Curves (AUC)
showing ability of MUAC to classify overweight and obesity among high school adolescent
girls, Addis Ababa,2019

Covariates AUC! SE? 95% CI3
Age in Years
15 1.00 0.00 (0.99, 1.00)
16 0.93 0.02 (0.88, 0.99)
17 0.94 0.03 (0.89, 0.99)
18 0.96 0.02 (0.92, 1.00)
19 1.00 0.00 (1.00, 1.00)

ISE: Standard error 2AUC: Area Under Roc Curve 2 ClI: Confidence interval
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5.9 Ability of MUAC to Classify Underweight Defined by BMI- for-age z-score

Table 11 shows area under the curve (AUC) of mid upper arm circumference for identifying
underweight among adolescents. MUAC has excellent ability in identifying BMI-for-age z-
score defined underweight for both genders (AUC = 0.96).

Table 11: Area under the curve (AUC) of mid-upper arm circumference for identifying

underweight among high school adolescents, Addis Ababa,2019.

Gender Observation AUC 2SE 95% 3Cl
Boy 456 0.90 0.02 (0.86, 0.93)
Girl 395 0.97 0.01 (0.95, 0.99)
Total 851 0.91 0.01 (0.88, 0.9)

LAUC: Area Under Roc Curve 2SE: Standard error 2 Cl: Confidence interval

Table 12 shows the sensitivity, specificity, positive predictive value, negative predictive value,
positive likelihood ratio, negative likelihood ratio, correctly classified, Youden index and
cutoff points of mid upper arm circumference for identifying underweight among adolescents.
Based on the proposed cutoff points high sensitivity, specificity and negative predictive value

were found for both genders.
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Table 12: Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio, correctly

classified, Youden index and Cutoff points of mid-upper-arm circumference for detecting underweight among high school adolescents, Addis

Ababa,2019

Sensitivity ~ Specificity PPV? NPV3 Correctly Cut off
(%) (%) (%) (%) PLR* NLR® classified Youden point
Gender 95% CI! 95% ClI 95% ClI 95% ClI 95% CI 95% CI (%) index (cm)
87.9 75.9 38 97.4 3.65 0.16
Boys (77.5,94.6) (71.3,80.1) (33.5,42.8 (95.1,98.6) (2.99,4.44) (0.0832,0.307) 87.1 0.638 < 23.65
100 88.2 25.1 100 8.44 0
Girls (78.2,100) (84.5,91.2) (20.3, 30.6) (0,0) (6.42, 11.1) (0,0) 89.6 0.882 <2255
84 81.6 32.4 98 4.55 0.197
Total  (74.1,91.2) (78.6,84.2) (28.6,36.4) (96.7,98.8) (3.82,5.43) (0.119,0.324) 82.1 0.655 < 23.25

LCI: Confidence interval

2PPV: Positive predictive value

3 NLR: Negative predictive value
4 PLR: Positive likelihood ratio

> NLR: Negative likelihood ratio
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6. DISCUSSION

The aim of this study was to evaluate the ability of MUAC to detect BMI-for-age z-score
defined overweigh and obesity in late adolescents. Findings from this study revealed that
MUAC has high discriminatory ability in detecting overweight and obesity (BMI-for-age Z-
score defined) in adolescents age 15 — 19 years. Area under the curve of 0.96 is consistent with
robust diagnostic performance. The other major finding of the study was MUAC > 27.9 cm
was optimal cutoff point to detect overweight and obesity among girls, with sensitivity of
90.28% and specificity of 90.71%. Similarly, MUAC > 27.75 cm was optimal cutoff point to
detect overweight and obesity among boys, with sensitivity of 94.1%, specificity of 89.1%.

This study shows that, the prevalence of overweight among adolescents was 11.1 % and that
of obesity was 3.3% based on BMI for age Z score classification. This finding was nearly
similar with the result of a study conducted in Addis Ababa found 9.7 % and 4.2 % prevalence
of overweight and obesity among high school adolescents (33). However, it was lower than
that of developed countries (7, 84). One of the possible reasons for the difference in prevalence
of overweight and obesity could be cultural difference in dietary intake, physical activity level
and difference in socioeconomic status. Sex specific prevalence of overweight and obesity
shows 5.99 % and 8.46 % of boy and girls respectively. Girl participants were 4.6 % and 3.7
% overweight and obese respectively. High prevalence of overweight is recorded in girls. This
can be attributed to hormonal changes at puberty leading to fat accumulation, as well as
negative attitudes toward girls participation in outdoor activities due to certain cultural

restrictions (85).

The major finding of this study was MUAC have excellent diagnostic accuracy. The areas
under curve 0.957 and 0.959 for boys and girls respectively are consistent with robust
diagnostic performance and indicated that measurement of MUAC has an excellent ability to
identify adolescents with or without elevated BMI-for-age z-score. Results of this study are
consistent with previous studies done in Thailand reported an area under the curve of 0.98 and
0.98 for boys and girls respectively (22). Studies done in china also have area under the curve
values range between 0.93 and 0.98 for MUAC predicting overweight/obesity (26). Similar
study done among black South African children and adolescents showed area under the curve
values between 0.97 and 0.98 for MUAC predicting overweight/obesity (17). However, studies
done in Pakistan showed fair ability (AUC= 0.88) to identify adolescents with or without
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elevated BMI-for-age Z-score. This difference may be due to the difference in age groups
included this study. Another possible explanation might be because of the difference in body

size body fat distribution according to race (86).

The other major finding of this study is MUAC with optimal cut off point has high sensitivity
and specificity for both boys and girls. This finding is consistent with studies done including
early adolescents shows sensitivity 90 % — 100 % and specificity 89.9 % - 100 % (17, 22, 27).
The relative importance of sensitivity and specificity will depend on the particular application
(87), for example, a clinical diagnostic tool has to have high specificity in order to avoid
diagnosing the non-overweight/obese as overweight/obese and offering treatment
unnecessarily. However, when the results are to be used for a public health application such as
prevalence estimation arguably a high sensitivity is more important, to avoid underestimation
of prevalence (88). The percentages of correctly classified adolescents using the proposed cut
of points range from 91.01% and 90.63% for boys and girles respectively. This finding is in
line with similar studies done among early adolescents 80.3% - 98.6 % (17, 22).

MUAC has a positive likelihood ratio 9.3 for a total sample; this means that an adolescent with
overweight/obesity is 9.3 times more likely to have MUAC > 27.95 cm than an adolescent
without overweight/obesity (BMI-for-age z-score defined). MUAC has negative likelihood
ratio of 0.10 for a total sample; this implies that an adolescent without overweight/obesity is
about 10 folds more likely to have MUAC less than 27.95 cm than an adolescent without
overweight /obesity (BMI-for-age z-score defined). This indicates that MUAC is good
indicator for ruling in and ruling out overweight and obesity among adolescents. These findings
are consistent to studies done among early adolescents (16, 17, 22). However, study done in
India has found much higher positive likelihood ratio (PLR = 36) (22). This might be due to
the difference in magnitude of obese adolescents since likelihood ratio is greatly depend on

spectrum of disease or condition in this case the degree of obesity.

MUAC has negative predictive value of 98.3 % for the total sample; this means that among
adolescent with MUAC < 27.95 cm the probability for being non-overweight/obese (BMlI-for-
age z-score defined) was 0.98. MUAC has positive predictive value of 61.7% for a total sample;
this indicates that among adolescent with MUAC > 27.95 the probability of being
overweight/obese (BMI-for-age z-score defined) was 0.61. Similar findings have been reported

by study done on 6-8 years children (89). High negative predictive value might not tell the
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accuracy of the test. It is more important for expert to estimate what is the probability of not
being overweight/obese if an adolescent that MUAC value below optimal cutoff point. This
low positive predictive value and high negative predictive values might be due to the relatively
low prevalence of overweight and obesity among adolescents. Predictive values are largely
dependent on the prevalence of condition in the population. Positive predictive tends to
decrease, while negative predictive value increases with the decrease in the prevalence of the
disease/condition in a population (90). Therefore, predictive values from one study should not
be transferred to some other setting with a different prevalence of the disease in the population
(92).

In this study a MUAC of > 27.75cm, > 27.9 cm for boys and girls respectively was found to be
the optimum cutoff point to identify late adolescents with overweight and obesity. The
potentially optimal MUAC cut-offs to identify overweight are proposed: at ages 10-14 years,
22.5 cm/22.8 cm and 22.2 cm/23.2 cm for girls and boys, respectively (17). The potential
optimum cutoff point for identifying obesity by study done in Thailand report 25.5 cm for boys
and 25.4 cm for girls (16). However, cutoff points determined by this study are higher than
previous studies determine among early adolescents (10-14 years) (22, 23). This might be due
to difference in age group of adolescents included in previous studies (17, 22, 23, 26). Since
mid-upper arm circumference increase with the age; late adolescent’s MUAC is expected to be
higher than that of early adolescent’s, this might result higher cutoff point in late adolescents.

Studies done on school age children and early adolescents have proposed age and gender
specific cutoff point due to moderate to strong positive correlation between MUAC with age
(23, 26). In this study MUAC had weak positive correlation with age. In addition, age of
adolescents and gender significantly affect the ability of MUAC to identify overweight and
obesity. Therefore, this study proposes age and sex specific cutoff points. However due to
relatively small samples size it’s was not possible determine age and sex specific cutoff points

and calculate measures of diagnostic measure of accuracy.

An ideal screening method for adolescent overweight and obesity should be simple,
inexpensive, easy to use, and acceptable to the participants (26). While evaluating the
overweight and obesity index, MUAC has several key advantages: it is easy to use, less
expensive, only a measuring tape is required, the measurements can be easily done in

community and health facilities and can be easily understood by clinicians and families.
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7. STRENGTH AND LIMITATION OF THE STUDY

7.1 Strength

The strengths of this study were; First, this research study tried to address an important public
health concern of adolescents. Second, weight scale and stadiometer were regularly calibrated
this helps to minimize measurement errors. In addition, data collectors were trained on
anthropometric measurement and technical error measurements (TEM) were performed and
ensured its within acceptable range. This will help to minimize measurement errors and ensure

the validity and precision of measurements.

7.2 Limitation

The following limitation need to be considered while interpreting the above findings. The first
limitation of this study is the lack of available superior standard (bioelectrical impendency,
dual energy x-ray absorptiometry or underwater body weighing) for percentage body fat to
compare with, besides BMI-for-age z-score. BMI z-score may not perfectly identify
adolescents with overweight and obesity. The second limitation of the study is due to relatively
small sample size we didn’t determine age and sex specific cutoff points and measure of
diagnostic accuracy. The third limitation of the study is that, it’s done in specific population
with specific geographic area. Since body fat distribution and body size varies significantly
throughout different geographic locations. The finding from study done in single geographic

location may not apply to other settings.
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

In conclusion, MUAC has excellent ability in detecting overweight and obesity in late
adolescents. MUAC have high specificity and sensitivity to identify overweight/obese among
late adolescences as evaluated against body mass index z-score. The optimal mid upper arm
circumference cut off points to identify overweight/obesity were: > 27.9 cm for girls and >

27.75 cm for boys.
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7.2 Recommendations

For policy makers and programmers

Policy makers and programmers shall consider to use MUAC for public health surveillance of
overweight and obesity among adolescent. In addition, MUAC might be used to perform
school-based screening of overweight and obesity in adolescents to address adolescents who

benefit from nutritional education and obesity management programs.

The Ethiopian National nutritional 11 program (NNP) plan periodic nutritional screening and
counseling of students for early identification of obesity and overweight at school. Even though
NNP doesn’t specify with what method nutritional screening is performed. The NNP 11 should
consider to use MUAC as screening tool among adolescents to detect overweight/obesity to

utilize for school-based screening and counseling program.

For researchers

Further nationwide study assessing the diagnostic performance of MUAC in identify
overweight/obesity using skinfold, waist circumference measurement in addition to BMI for
age, with adequate sample size for each specific age and sex group.

Further study should also relate MUAC to functional outcome, i.e. the developments of

comorbidity associate with overweight and obesity such as type 2 diabetes and cardiovascular

disease presence of their risk factor.
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10. ANNEX
Annex 1 Study Informed Sheet in English

Addis Ababa University, School of public health

Subject Information Sheet
Hello,

My name is I am here on behalf of Binyam Girma, a student

in Addis Ababa University School of public health nutrition unit. He is conducting a research
on “Mid-upper arm circumference as a screening tool for identifying overweight and obesity
among adolescents in Addis Ababa, Ethiopia”. He has received permission from Addis Ababa
university school of public health and the respected sub city education bureau to conduct this
study.

You are selected randomly to participate in this study because you are currently attending in
one of those selected high schools for the study purpose. Your participation in this study will
only be on based on your -willingness. You have the right to choose not to take part in this
study. If you choose to take part, you have the right to stop at any time. If you are willing to

participate or refuse or decide to withdraw later, you will not be subjected to any ill-treatment.

If you agree to participate in the study, your weight, height and mid-upper arm circumference
will be measured. Only light closes will be wearing during weight measurement and height will
be measured with barefoot. You will also be interviewed about background information. You
can stop at any time if you don’t feel comfortable during an interview and measurement

process. The measurement and filling the questionnaire will take about 20 minutes.

The study will provide evidence on ability of mid upper arm circumference as measure of
overweight and obesity. That can be used to inform governmental, non-governmental
organizations and clinical practitioners to adopt mid-upper arm circumference as a measure of
overweight and obesity among adolescents. The information that you provide will be kept
confidential by using only code numbers and locking the data. Your name will not be written
on the questionnaire. No one will have access to the non-coded data except the principal
investigator and the data will not be used for purposes other than the study. Your willingness

and active participation is very important for the success of this study.
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Annex 2 Informed Consent and/or Ascent Form

Based on the understanding of the above information, are you willing to participate in this
study?

A) Yes
B) No
If yes, | will continue and

If no, I will skip to next participant after writing the reasons of refusal

Respondent (For both under and above 18 years old)

Signature Date

Respondents Parent (for those under 18 years old)
Signature Date

Name of the person obtaining parental permission

Data collector

Name Signature

Questionnaires 1D number

Date of data collected

Result of data collected
A) Completed

B) Not completed
C) Partially completed
D) Refused

Checked by Supervisor: Name Signature

For further explanation, use the Principal Investigator’s Address;
Name: Binyam Girma Sisay

Email: Binyamgirma3@gmail.com Cell phone: +251 912845957
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Annex 3 English Version Questionnaire

Addis Ababa University School of Public Health

Survey Questionnaire to assess Mid-upper arm circumference as a screening tool for

identifying overweight and obesity in adolescents Addis Ababa, Ethiopia

Name of school

Respondent’s grade/ no

Date of data collection / /
Data collector Name Signature
Checked by Supervisor Name Signature
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Partl. Sociodemographic information

Instruction: Now | am going ask you questions regarding sociodemographic characteristics.

No. | Questions

Responses

Skip

101 | Age of respondent

Years

102 | Birth day of respondent?

Date

Don’t know the Date ......99

Month

Don’t know the Month...99

Year
Don’t know the Year......9999

103 | Sex of respondent?

104 | What grade are you now?

105 | What is your school type?

106 | What is your religion?

Protestant. ... ..o 3
Muslim......ooooii 4
Other (Specify)

107 | How much is your household family size

including you?

108 | What is your father’s educational Status?

[lliterate (can’t read and write)
Read and write only...............ccooeviienn.n. 2
Primary school (grade 1-8)
Secondary school (grade 9-12)
Some college or technical school............... 5

College graduate or above..................... 6

Tdon’t KNOW. .o 7

Fatherisnotalive.....................ooiii, 8#110

109 | What is your father’s / guardian

occupation?

Government/private employee................. 1
Merchant............ccoooviiiiiiiiiiii, 2
Daily laborer..............ccooiiiiiiiiiiiiin 3

Unemployed...........cccoovviiiiiiiiiiiiieenn 4
Idon’tknow.........oooviiiiiiiiiiiiiiin, 5
Other (specCify)........cccoeviiiiiiiiiiin... 99
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110 | What is your mother’s educational Status?

Illiterate (can’t read and write)

Read and write only................ooooeinin 2

Primary school (grade 1-8)

Secondary school (grade 9-12)

Some college or technical school...............

College graduate or above....................... 6

»112

111 | What s mother’s

occupation?

your / guardian

Government/private employee................. 1
Merchant...........ccooiiiiiiiiiiin 2

Daily laborer.............ccooiiiiiiiiiiiinl3
Housewife/unemployed ..............ccceeuenne.

Idon’tKnow.........ooviiiniiiiiiiiin.. 5
Other (specify)

112 | With whom do you live now?

With both of my parents...................... 1
With my mother only......................... 2
With my fatheronly.......................... 3
With brothers/sisters................c.coie
With grandparents............................. 5)
With cousins........c.ocoviiiiiiiiiiiinn 6
With mother/father and a
Stepfather/stepmother........................ 7
With my friends....................oooeenl. 8
Others (specify) .99

Part2. Household socio-economic status (Wealth Index)

Instruction: Now | am going to ask you about your household assets, services and housing
conditions. please circle your possible answer within the response box.

No. | Questions Responses

Skip

1. Housing Condition — please answer the following questions thinking about the housing
condition of your household and circle your possible answer. S

201 | Home ownership

Private......

202 | Number of rooms

L L |

203 | Number of sleeping room |
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204 | Main construction material | Natural roof
used for the roof: Thatch/mud.................oocoiii a1
CIRCLE ALL THAT Rudimentary roof
APPLY Rustic mat/ plastic sheet..............ccoeeeiiiiiiiin.. 2
Reed/bamboo ..., 3
Wood planks.........coviiiiiiiiii 4
Cardboard ... 5
Finished roof
Metal/corrugated iron..........cc.ccoeveiiiiiiiiiiiiinn 6
WOOd i e |
CeMENt oot S
CeramiC tles .oo..vviiii i 9
Other(specify): 99
205 | Main construction material Natural floor
used for the floor: Earth/sand. ... 1
CIRCLE ALL THAT DUung. ..o 2
APPLY Rudimentary floor
WO0O0d planks..........oevviiiiiiieeiee e 3
Palm/bamboo.......ccoooviiiiiiiiiiii il
Finished floor
parquet or polished wood...................ooeiiinnL. 5
vinyl or asphalt strips/plastic tile............c.ccceereee... .6
CeramiC Tiles. ...t e, 7
(01531115 1 P 8
CarPet. . et 9
Other(specify): 99
206 | Main construction material Natural walls
used for exterior walls: NO WALIS v 1
CIRCLE ALL THAT Cane/Trunks/Bamboo/Reed ..........ccovevviveiiireiininnne, 2
APPLY Rudimentary walls
Wo0od With MU ......cooeiiiiiiecc e 3
Stone with mud .........coooevveiiiiiiieeieec A
Finished walls
Cement.......oooiiiiiii 5
Stone with lime/cement .........ccocooveeeeiiie e, 6
ST o3 7
Cement bloCKS. ..o 8
Wood planks/shingles ..........ccccovveviiiiieiiiciic e, 9
Other(specify) 99
207 | What kind of toilet facility | Pour flush toilet.................oooiiiiiii 1
does your household have? | Ventilated improved pit latrine............................. 2
[INTERVIEWER: LIMIT Pit latrine with slab................ccccoiiiiiiecel3
TO ONE RESPONSE: IF Pit latrine without slab.........cc.oiiiii i, 4
TWO TYPES ARE Nolatrine............ooviiiiiiiiiieiececieeeeeaeeenl0
Other (specify): 99
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MENTIONED, RECORD
THE TYPE CLOSEST TO
THE TOP OF THE LIST]

208 | Does the household have Yes, unprotected well.........ccooeiiiiiiiiiiiiinin... 1
its own water source within | Yes, protected well.................ccooiiiiiiiiin.. 2
the compound? YES, PIPE WALCT ..vvvititieeiiie e ee e, 3
(Multiple Response is N O et 0
possible)

209 | What is the main source of | Piped Water ...........cccoovevvevveieiiesncnee 1
drinking water for Protected Well ........ccooveiiiiiiiiiie 2
members of your Unprotected Well ..........cccovvveivecieennne, 3
household? Protected SPring .......ccoccevvveninininnenns 4
(Do not read the options, Unprotected Spring .......c.cccevveveevvesieenne. 5

just ask and circle what
they told you)

Surface water (River/stream/ Pond/lake//Dam)

.................................. 6

TANKEL v 7
Bottled Water ..........ccocvevevvireiiiieciieene 8
Other (specify) 9

2. Household assets & services — In answering the questions below please think of assets & servi
available in your household

ces

210 | Does your house hold have?
Electricity Y Sttt 1
N 2
Radio Y St 1
N 2
television Y S ettt 1
N 2
non-mobile telephone Y Sttt 1
N 2
computer D = P 1
N 2
refrigerator Y Sttt 1
N 2
Table Y St 1
N, 2
Chair Y St 1
N, 2
A bed with cotton/ SPONGE/ | Y eS...uuiniiniiiii e 1
spring mattres N O i 2
Electric mitad Y Sttt 1
N 2
A kerosene lamp/pressure Y Sttt 1
lamp N Ottt 2
Solar Y Sttt 1
N, 2
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Sofa Y Sttt 1
N 2
211 | Do any members of this
household own?
A watch? Y Sttt 1
N O et 2
A mobile phone? Y Sttt 1
N Ottt 2
A bicycle? Y St 1
N 2
A motorcycle? Y Sttt 1
N 2
A car or truck? Y Sttt 1
N, 2
A bajaj Y Sttt 1
L 2
212 | What type of fuel does your | ElectriCity.........c.oovvriiriiiiiiiiiiiiiiiieieeeaeas 1
household mainly use for Bilogas. . ..o 2
cooking? Kerosene........ovveiiiiiiiiie e 3
(Multiple Response is WOOd. .. 4
possible) Charcoal........c.ooviiiiiii e 5
Straw/shrubs/grass...........coovvviviiiiiiiiiiiinnn. 6
Animal Dung.............ooi 7
Agricultural Crop.......coooviiiiiiiiiii 8
Other (specify): 99
213 | Does any members of this Y Sttt 1
household have a P 2
bank/microfinance account?

Part 3. Anthropometric measurements

Instruction: Now | am going to measure your weight, height and mid upper arm
circumference. Can you please remove your shoes and heavy cloths for height and weight
measurement?

NO | Anthropometric measurement 1% measurement 2"d measurement

301 | Weight in kilograms

302 | Height in centimeters

303 | MUAC in centimeters

Thank you very much
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Annex 4 Study Information Sheet in Amharic

A%.0 ANO RLACAHT MG Y1870 nAE VNN MG AnONP TIPUCT DEFA
M PP~ [ avA(T PavlE Po

MG LATAT ATL9°7 1P 09, L0AN:: ParAyF hhg,a AN RLACAT PUNLFAN
M5 AnAOP L0190 FPUCT hEA 916 PP10<7 (L729° 1C7T Ohe 1@-::(1HCI°NG Dbt P90 TI°
hoom? P04 @-G4 17 PART @ P28 407 NavAn Tt TI0P PTLFANT a0 71877 ATITGF (A%0 AN N1 TT
PIANG Lav vt FIOLRT AL PG APLLT AP hASO ANO RLOCAE AT A0 AN H/LE AT9U-I°

ntavsmet FIPUCH LATFI° 8.98 ATHPA::

ACOL (Y TG AL A19.0T4 PFavdmet (HHL007, (L4 PAIMY, PGar<G AMANL: ANT aPOlt (LY
ALY TSF AA9T kavlmet FPUCH T 0ATS O-OT AATTLT94 10+ :: 0TS E AL PATPA-+&§ av<e av{)+
ANPT:: PACOD TATE, a0t (1000 NACODP aP (v &.PLTH1T AL Pav( it 1D-::

AA+e € LT NP AT (AT LH TIRLT SFAN:: 0TS QAdPAFE 299.LCANT 9°79° ALY TIC
ALTCI° PGk AaPAte NH0 900 NALA RaPFPT AG PALT D~ N8 4L NaPAs PP T RihAT:: W01+
AG koot FLANATE LH PAA £A ANOT NFPANA AT N0 A9IC LUPSH:: (FeRT149° O TEBPTT
AIMeEFAT:: oLt L T4 A%t NATATIPT (91D L, ARCMO- av4e e FAN:: apmedG
LAt Ak 15 L2 LUA LLBA:

eV TGT Zh(. AORP TS erlovANFF@« AhAT OTCIP0T OPF 2910079 haom? PAL. DG4 T
PALT @ PN 6 LT NaPAT TOP PTID-EL P18 T ARmPav aPTA RIPGA, 0T, O ATPYT ANT::

N9P6R.LA9° NACAPL PI°TONNND- avZB NAIPP IC A7L91LL0H QPP W1LTILMPOG ATTII° A TAAE
AZLTICAT AGLIMTPAPT ATD8AY: : PHY TG T Oyt 17 TCH AS THIBP 148 ATLaPAnFF O ¢m.G
SCBF @RI NALCA ANAT ANT & TAA ::
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Annex 5 Informed Consent and/or Ascent Form

AT O MeBL/TIL 17, P

hAL NAM7PF avl 8 et N TGk AL APt &P L5 1P
1. h?

2. h&LAU-I°

4.PLT DAV PPNTOET 04.0- DL TP TAD- A4
A0S

PtAdd 41 (18 Aot 1AL AP AZT) $Co7 +7

Praze (AN 4677 (n18 havt NFF AP AST)

4C77 7%
POTAN &P LTTD- (S AP
Pav/8 ANANL 9P 499

Paomed €PC
avn e PNt ¢
eaomg¢ @Mt

1. av¢e Qav+fr P+9PA

2. (&A PHPA

3. °9° PitIPA

OF+SNME T : AP -
AtenT16 TINEGEEL PPT AT LDT A6 Lmbar-
O°:(L7L9° “1C™7

A2 :binyamgirma3@gmail.com
aah:+251 912845957
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Annex 6 Amharic Version Questionnaire

faomp¢ avA P & C

NA%.0 ANQ 2ZACATE MG Y1870 hAes: PN HAN MG AnONP FIPUCT hed NTHCIPOGT 0Pt 0010 D PI°
nAh PAL TG4 AT NALT D 28 H4P NovA Tt T90P N9LA Chh A“LNS D10+ 976 3P dU-G vl B
av(1ALL aomeP::

e/ k 9P

ermPe® hed/&TC /

aomee etroant 7 [ /2011

MR LATPAD- ((19°) 40 091"
THMMe Ag° &G

hedl. 27WN0-P 4G AU HA SHavrAvk TBPT

aoavl@ : hu<T LTIWNEGP MG POTUHA OFarAlvE TERPTT hnePP AU~ it

T | TOE AN HAA

101 | AL/ a7t o~ ? havt

102 | etoash0H/ a0t 7 oC hS 7

havb?

PRTARADPI® e 00
oC
DG RADPI®, 00
havt
AODET RADPI°. 00

103 | etadam/P 23 ? D 1
[0 AR 2

104 | 0rHS hed wla? :I:l

105 | e/t Agrt AN PTLALHRULTITT FRIO. 1
CADONVTIRUHAL. oo e s 2

106 | vemIStula 9°2L7 1.? RGP NG . e, 1
L4 T 4 1 DO 2
T BT I 3
AN O . e 4
A (£700) 99
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107 | OO0t 0k @O
AFEYT and°C o000 N
art 1o?
108 | P@AL: AQTH/MOLV/T LRLANMT | TTIONG PG PTILTFA ...t 1
:‘;ﬁ PROVCT QLR T7IET | oy 1§ 0096 0T ..o 2
REE 8B (1-8) ool 3
o0 008 (9-12)
............................................................. 4
PGB AENIN. .o 5
RITCIE . L. 6
BADPIO e, 7
ROE QUBDE CATO. ..o 8':?10
109 | AOT® | mOBU/T a2@ PULT | PAPTUVEIRUN TPV ... 1
102 1D e e 2
DT UGG e 3
O PO, s 4
MA
PO .99
110 | A9T® | m0ev/a eLLANT TPIONG TOIG PTVTTUN oo 1
:‘;f PROVCT LR T | g1 0 @096 00T 2
ARG RLE (1-8) <o, 3
UG 82T (9-12) oo
PABYAENIN. ., 5
RETCIE . ..o 6
RADPIO 7
RGE QUSDF PATIO. e 8 ,—->112
111 | AP | mOBU/A a0 97387 | CaVTUVHIRAN PTG ... 1
102 10 e e, 2
DT UGG e 3
PO AOP(LT .o 4
6bAPPO_ 99
112 | 0977 2C 10 0P HFL@IED? | NAGHG NAOE DC. ..o 1
NAGTE DCAUF . 2
DAL DC A 3
NAUBEI DT DC. .o, 4
AR DO 5




NANETATE QBT DC. e 6

NASES NATEG WL ORIP NALTPE DC..ooeiiiieeeieee 8
NAQE RS NATEG AGb. i 7
dbAhARINS 99
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hé.02. POHANT PUNT £28 ook TORPT

TAANE: PTLPTATF TEELPT CTLTE0F LT @O NATLTT LG 00 AOG-C U3 Rapandd::

1. 20T AOG-C -3 i- AORP 2T PATT TEEPT QATLSEOF L AOSCS U-Bd APAN: RaPA

tk | TPE avp\ NAA
201 | P840 (F QAR 0977 ho<? PN .o 0L
e T (2110 TP 2
DA ILGL e 3
AA A 2706 99
202 | 211940 L A7 hed Add- ?
203 | AP @A AFF PariF hed Ad ?
204 | PM1S%0F (Lt MELD- JOIRTY 1D-? Te.C ML
ACTTRD. e 1
0Pm- LATMGTPP MEL
TAVTROG ..o 2
PCNTIATOOB. ..., 3
PATER T ATPIMNDA. 4
G e, 5
ermSPP NEL
BOBC. .ottt 6
@AVRMEE MMA, ... 7
[ 76 & PSR 8
lTLN TG, e, 9
A
(eme) 99
205 | 21940 (L OAN IO2LTs hD-? P4 TC DAM
BACIATIP. ... e 1
0Pm- ATMGPP DAA
B, et 2
PATRT ATPINDA, 3
[ L PPN 4
PAMAAL @A POAN MDA, ... D
emSPP OAA
TANEN ZTN& . 6
OOLTLN TG 7
T 8




L TOTMNE e

04 (£100) 99
206 | o0k PG . 91908 (PIGTE nIPre1m | PHLTPC 1815
Prac0-? D,
A1BNTETOTOND . ..o e, 2
NPm- PATMSPE 1815
b N A L 3
K AN T L 4
MG PP 1814
[T A PRSPPI 5
B DG (LTI e 6
PONA M) e e 7
114 AR 8
PRI T ATPIMAA . o, 9
A (2708) 99
207 | Ok 9°7 %21 Pava8E (Lt MY PTLOCE T (W oo, 1
ANQ.? (hA2E AL avAd htam ¥ €7C
PHANE LTI PAPC TINDBL BN PAD APF (LT 2
COGN PO ATF (L, 3
COGN PN AT (L. e, 4
0088 (L PADLI®. e 5
A (£1708) 99
208 | N0LETFU- @AT LAFU- PP @Y AA? | APIPATMOP OB e 1
(NAZE (AL avavpR £FAQ) RPIREMOP OF AL o, 2
APIPOTIO QLY . e, 3
L LA O TR URRORRPRRRRROY.
209 | A OPIErE aPMT @Y CTLOTTAL | QOTOALY . ... oooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeees s e eeeeeeeereeeneeeees 1
ngreT 10.? PP T B oottt ettt 2
T MO TR 3
IOUEE PMUNDP. ..ot 4
IOV POFMOP ..o 5
B 7
T DT oo e 8
MA(2706) .99

2. P0F 0L AS RINDNPT - hQDP 29LPPATT TOEPT L HP OO NATLTT TNLATGE AIAINT APAN LA

210

A LT RAROT AdT?

Phihrteh av et AP .o 1
AT, . 2

Aoy AP 1
PATD. .. 2




OO A 1
BOT® . 2
PO+ ndh R 1
BOT®. . 2
T A 1
A A 1
BOT®. . 2
M4YEH AP e 1
BOT® . e 2
o0C R 1
BOT®. . 2
A\ IS R 1
BOT® . 2
PhiuhHoh gome: A e 1
BOT® . e 2
et av-(\et R 1
BOT®. .. 2
(AC A e 1
BOT® . e 2
(4 A e 1
BOT®. e 2
211 | At AQAt @.at eohtaet akot
PAM. hA?
0%t A e 1
BOT® . 2
PaAh 6 A 1
BOT®. e 2
hhot A e 1
BOT®. e 2
P+ R e 1
BOT® . 2
av § R 1
BOT®. o 2
nge: AD e 1
BOT® . 2
212 | Ok ANHE @ AT THNALTE PTLMPIPD. | QRANTEN DO ... 1
e ? Q8D H. oo, 2
GRAD, e 3




% 74 K U 4

N 5
o 6

POAVE 28, T (VY. e, 7

PANA L TPCTF (T0Q). oo 8

213 | NOAA0 AOAT QAT PR LAFC (PO | AP v I
.H.1) LA AO? BATO. ..o eeee e eses e 2

hea3. Pa0-1t oom7 At

aoavl@ 1 Wy avhP 1 NP AG PALTD- P28 HE P PIPTAN LIPSA i AAHY PANG-FY hOg ANt
AhG LR BT AT9.LOAE AR PAU- ::

+.¢ | LAt oot At Pavgavs ¢ At v-Otg Aht

301 | h&t Nhbeas-9°

302 | koot MOTETLC

303 | A2970 NALT®- 078 4P NOTHILHC

QA HONCP NMI° Aavar5Av-
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Annex 7 Technical Error of Measurement for Weight, Height and MUAC

Intra observer TEM of height data in cm (N=10)

Measurer: 1 Measurer: 2
subject Lst 2nd Difference(D) D? 1st measurement 2nd Difference(D) D?
number | measurement | measurement measurement
1 166.5 166.2 0.3 0.09 166.6 166.3 0.3 0.09
2 169.8 169.6 0.2 0.04 169.7 169.4 0.3 0.09
3 156.9 157.3 -0.4 0.16 157.5 157.2 0.3 0.09
4 173.5 173.2 0.3 0.09 173.6 173.2 0.4 0.16
5 154.6 154.3 0.3 0.09 153.9 154.2 -0.3 0.09
6 158.3 158 0.3 0.09 158.2 158.1 0.1 0.01
7 167.4 167.2 0.2 0.04 167.1 167.2 -0.1 0.01
8 164.8 164.6 0.2 0.04 164.9 164.7 0.2 0.04
9 160 160.3 -0.3 0.09 159.8 160.1 -0.3 0.09
10 158.8 158.5 0.3 0.09 158.7 158.4 0.3 0.09

Absolute Intra Observer TEM = 0.025 cm

Absolute Intra Observer TEM = 0.1949 cm

Standard deviation = 1.4753
Inter observer TEM = 0.2156 cm
Coefficient of reliability = 97.9 %

Intra observer TEM [ Y > (mil-mi2) sq/ 2*K*Nj] = 0.198746069
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TEM of Weight data in kg (N=10)

Measurer: 1 Measurer: 2
subject 1st 2nd Difference(D) D? 1st 2nd Difference(D) D?
number | measurement | measurement measurement | measurement
1 47 47.2 -0.2 0.04 47 47.1 -0.1 0.01
2 50.5 50.4 0.1 0.01 50.6 50.4 0.2 0.04
3 40 40.2 -0.2 0.04 40 40.1 -0.1 0.01
4 49.5 49.4 0.1 0.01 49.5 49.7 -0.2 0.04
5 50.3 50.1 0.2 0.04 50 50.2 -0.2 0.04
6 59.2 59.4 -0.2 0.04 59.3 59.4 -0.1 0.01
7 53.4 53 0.4 0.16 53.4 53.3 0.1 0.01
8 60.1 59.8 0.3 0.09 60.1 60.2 -0.1 0.01
9 56.1 56.2 -0.1 0.01 56 55.9 0.1 0.01
10 48.3 48.4 -0.1 0.01 48.3 48.3 0 0

Absolute Intra Observer TEM = 0.15 kg

Absolute Intra Observer TEM = 0.095 kg

Intra observer TEM [ Y. > (mil-mi2) sq/ 2*K*Nj] = 0.1255

Standard deviation = 1.3401
Inter observer TEM = 0.2155 kg
Coefficient of reliability = 97.81 %
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TEM of MUAC data in cm (N=10)

Measurer: 1 Measurer: 2
subject 1st 2nd Difference(D) D? 1st 2nd Difference(D) D?
number | measurement | measurement measurement | measurement
1 25.5 25.3 0.2 0.04 25.4 25.5 -0.1 0.01
2 27 27.2 -0.2 0.04 27.1 27 0.1 0.01
3 26.2 26 0.2 0.04 26.1 26 0.1 0.01
4 225 22.4 0.1 0.01 22.3 22.4 -0.1 0.01
5 22.3 22.4 -0.1 0.01 22.3 22.4 -0.1 0.01
6 26.4 26.3 0.1 0.01 26.5 26.4 0.1 0.01
7 29 29.1 -0.1 0.01 29 29.2 -0.2 0.04
8 26.1 26 0.1 0.01 26.1 26 0.1 0.01
9 235 23.4 0.1 0.01 23.3 23.4 -0.1 0.01
10 20.1 20.2 -0.1 0.01 20.1 20.3 -0.2 0.04

Absolute Intra Observer TEM = 0.097 cm

Absolute Intra Observer TEM = 0.089 cm

Intra observer TEM [ Y. > (mil-mi2) sq/ 2*K*Nj] = 0.0935
Standard deviation = 0.6094

Inter observer TEM = 0.1194 cm
Coefficient of reliability = 96.1%
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Curriculum Vitae of primary investigator

Last updated: 10/26/19

Personal Information

First name: Binyam Middle name: Girma  Last name: Sisay
Age: 26 years Sex: Male Marital status: Single
Date of Birth: 14 December, 1992

Nationality: Ethiopian

Language: Amharic and English: Speak, Read and Write

Email: binyamgirma3@gmail.com

Phone number (mobile): +2519-12-84-59-57

Home Address

Yeka sub-city, Kebele 01

House number 1174/4, Addis Ababa, Ethiopia
Tel: +251-111-144-345

. Academic Qualification
1. Degree of Public Health:
Period of study: March 2012-July 2015 G.C
Program: public health
Institution: Ambo University, School of public Health, Ethiopia

2. Ethiopian Higher Education Entrance Certificate:
Period of study: September 2010-July 2011 G.C
Program: Preparatory Program
Institution: Debre Haile Saint Raguel church school, Addis Ababa, Ethiopia

3. Ethiopian General Secondary Education Certificate:
Period of study: September 2008-July 2009 G.C
Program: High School
Institution: Debre Haile Saint Raguel church school, Addis Ababa, Ethiopia
1. Short courses
1. Nutrition and lifestyle in pregnancy
Program: Online course
Institution: Ludwing-Maximilians-Universiitate Munichen

2. Essentials of Global Health
Program: Online course
Institution: Yale university
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3. Introduction to the principles and practice of clinical research

Program: Online course
Institution: The national institute of health clinical center
4. Writing in the Sciences
Program: Online course
Institution: Stanford University
5. Programming for Infant and Young Child Feeding
Program: Online course
Institution: Cornell University and UNICEF
6. Introduction to systematic review and meta-analysis
Program: Online course
Institution: Johns Hopkins University
1.  Training

Title: Health regulatory training package

By: Addis Ababa city administration Food, Medicine and Health Care
Administration and control Authority
From: February, 13/2017 to February, 17/2017

V. Work Experience
1. Health care organizations Licensing and control officer

Duration of employment:
e May 26, 2016- June 14, 2018.
Institution:
e Kolfe Keranyo Wereda 10 Sub-City Food Medicine and Health Care
Administration and Control Office from May 26, 2016- May 9,2017
e Arada Sub-City Wereda 3 Food Medicine and Health Care
Administration and Control Office from May 9, 2017 — June 14, 2018.

Professional Associations
Memberships

o Ethiopian Public Health Association (EPHA)

Skills, interests and hobbies

o Know how on statistical software packages (SPSS, Stata, EPI INFO, WHO-

Anthro)

o Team leadership

° Good communication skills
° IT know how
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Future Plans and Interests

o To upgrade my level of education to the next higher level
o Giving voluntary health services
References:
e Mr. Mulugeta Mekuria e-mail: mule201160@yahoo.com
e Dr. Mohammed Abseno e-mail: merihmoh@gmail.
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