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Abstract 

Background: While adolescent nutrition has not historically garnered attention in 

public health programming, assessing adolescent nutrition is necessary in addressing 

cycles of chronic disease, intergenerational malnutrition, and poor developmental 

trajectory. Mid-upper arm circumference (MUAC), while mostly used as a tool to screen 

for undernutrition in children under 5, has the potential to offer a simple, low-resource 

alternative or supplement to BMI in assessing nutrition in adolescent populations. This 

study seeks to generate more data on adolescent nutrition in Tanzania, to understand 

the relationship between BMI and MUAC among adolescents, and to consider current 

age-specific cutoffs for adolescents.  

Methods: This study analyzed anthropometric data from a sample of adolescents 

in primary school in Bagamoyo, Tanzania. A Spearman’s correlation coefficient was 

used to determine the relationship between BMI and MUAC and bivariate analysis was 

used to explore whether anthropometric categories of height, BMI, and MUAC vary 

according to pubertal and food security status.  Additional post-hoc analysis was 

conducted to explore stunting among this population. 

Results:  The majority of adolescents in this population were of normal 

nutritional status. Thirty-eight  percent of males compared to 3% of females were 

stunted. BMI and MUAC were significantly correlated (r=0.6530, p=0.000), with a 
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stronger correlation among females (r= 0.7736, p=0.000) than males (r=0.5878, p=0.000) 

and a stronger correlation among non-stunted (r=0.7797, p=0.000) when stunted 

individuals were removed from the sample.  There was no correlation between BMI and 

MUAC among individuals categorized at overweight according to BMI (r=0.088, 

p=0.868). There were no significant differences in age-specific anthropometric categories 

according to self-reported pubertal status or food-insecurity status.  

Conclusion: MUAC is a promising measure to be used for determining 

undernutrition when BMI calculation is not possible. More research is needed on a more 

nutritionally diverse population to better understand the relationship between BMI and 

MUAC in under and overnourished individuals and between stunted and non-stunted 

individuals. More country level data collection on adolescent nutrition including BMI 

and MUAC is needed to inform programmatic and policy decisions.  
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1. Introduction  

1.1 Global Adolescent Nutrition 

Globally, adolescents and their nutritional status have historically not garnered 

significant attention in public health programming.1  However, growth during 

adolescence is the greatest rate of growth that a human will experience after that of the 

first year of life. 2 3 Yet, apart from reproductive health concerns, adolescents are often 

given little attention in health interventions; particularly lacking is evidence on nutrition 

interventions. 4 Attention to adolescent nutrition is important for addressing cycles of 

chronic disease, intergenerational malnutrition, and poor developmental trajectory.1 

With 90% of adolescents, defined as aged 10-19 by the World Health Organization 

(WHO), living in low and middle income countries where nutritional problems persist, 

there is an urgent need to better understand their nutritional status. 5 The health of this 

demographic group will soon make up our global adult population and their current 

nutritional status will impact resulting generations.  

Historically, undernutrition has been the overwhelming nutritional concern in 

low and middle income countries (LMICs).  Undernutrition is defined as deficiencies in 

calories or energy, macronutrients such as protein, and fats, and micronutrients. 

Deficiencies in energy, in particular, alter body composition and can be measured 

through anthropometric measurements.6 Stunting resulting from poor nutrition 

throughout childhood, especially in the “first 1000 days” or from conception to 24 
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months, can result in a lack of normal growth and is associated with high child 

mortality, lower cognitive function, and increased lifetime morbidities.7 Adolescents in 

LMICs are particularly at risk of undernutrition because they are often already stunted, 

have anemia, and/or have existing infections from childhood.8 Undernutrition lowers 

immune capacity to fight infection, while simultaneously infection leads to 

undernutrition, creating a “vicious cycle” of undernutrition and infection.6 

For all adolescents, undernutrition can lead to decreased mental capacity which 

can limit productivity in school and at home. 6 For adolescent females in particular, 

undernutrition contributes to a larger cycle of intergenerational undernutrition because 

adolescent mothers, and mothers who are undernourished from adolescence are more 

likely to have low birth weight infants which can lead to higher mortality rates, stunting, 

impaired mental development, and increase risk of chronic disease for their children.6,9  

While undernutrition continues to be a concern, with increasing globalization 

and development, LMICs are experiencing an increase in overnutrition, creating a “dual 

burden” of under and overnutrition. 6 LMICs are going through demographic, social, 

and economic changes that have led to changes in diet and lifestyle, leading to a 

nutrition transition.6  Due to these changes in diet and activity, overnutrition is now a 

growing concern due to its link with NCDs such as diabetes and cardiovascular disease 

in adult populations.6 NCDs often manifest later in adulthood which is why it is 

important to understand the nutritional status of adolescents for signs of overnutrition 
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in order to prevent increased risk of chronic diseases on an individual and population 

level.  

While both under and overnutrition are the result of many different factors 

throughout the life course, food insecurity plays a nuanced role in malnutrition 

depending on the setting. 6,10 In high income countries, like the United States, food 

insecurity contributes to overnutrition and obesity epidemics (due to high intake of 

calorie-dense foods), while in LMICs food insecurity contributes to undernutrition.10-12 

As the dual burden of malnutrition continues to become a larger problem in LMICs it 

will be important to understand how food insecurity contributes to the development of 

under and overnutrition for these countries in flux.  

By understanding nutritional status in adolescent populations, programs and 

research can be better tailored to target health related behaviors and services that 

support proper food intake and physical activity but there are few guidelines to direct 

these programs and policies.1,3  Lack of data, low policy maker interest, low program 

experience, and a dearth of research has led to little focus on adolescent nutrition. 3,13 

Without quality data on adolescent nutrition, those in charge of policies and programs 

have no evidence base with which to work from. This study aims to fill the information 

gap on adolescent nutrition, particularly focusing on mid-upper arm circumference 

(MUAC), a measure that is just beginning to be studied in adolescent populations.  
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1.2 Assessing Nutritional Status in Adolescents 

Anthropometric measures, such as weight, height, body mass index (BMI), and 

mid-upper arm circumference (MUAC) can offer quick assessments of proper growth in 

children and adolescents. While a full assessment of nutrition includes anthropometric 

measurements, biochemical measurements, a clinical assessment, and measurement of 

dietary intake, anthropometric measures are the most basic indicators for which to 

measure nutritional status.  14 However, anthropometric measures of  adolescents can be 

challenging due to rapid changes in body proportions with age, pubertal developments, 

and inter-ethnic differences in growth potential. 15  

The standard measurement used to assess proper growth in children and 

adolescents are z-scores which are extrapolated from age-standardized growth curves.  

Growth curves are age adjusted representations of the growth of healthy children who 

are breastfed in infancy, appropriately fed, and raised in optimal conditions from across 

different ethnic backgrounds and cultural settings.16,17 Z-scores represent the number of 

standard deviations the anthropometric measurement is away from the healthy referent 

population. For example, if a child has a BMI-for-age z-score of 0 their BMI 

measurement is the median measurement for a healthy child of their age and sex. In 

response to increasing concern about childhood obesity, the 2006 release of new World 

Health Organization (WHO) growth standards for children under 5, and the gap in 

cohesive growth references for children above 5, the WHO established growth 
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references standards for children 5 to 19 years old. 18  In the past 20 years, the WHO has 

worked to create growth reference curves for children 0-5 years to track proper growth 

and development. From 1997 to 2003 the WHO collected data from the United States, 

Brazil, Ghana, India, Norway, and Oman to create new growth reference curves to 

replace previous reference curves for children 0-5 years through the Multicenter Growth 

Reference Study (MGRS).16 Among the resulting growth curves were length/height-for-

age, weight-for-age, BMI-for-age, head circumference-for-age, and arm circumference-

for-age.16  The new curves for children 5-19, were created by merging 1977 National 

Center for Health statistics (NCHS) for 1-24 year olds with the current WHO under-five 

growth standards.18 The resulting growth curves included height-for-age and BMI-for-

age. Weight-for-age was also included but is only applicable for those under 10 years 

old. 18 While clinical assessment by local practitioners is deemed one of the most 

important tools for diagnosing under and overnutrition in adolescents, anthropometric 

measurements and their corresponding referent curves are positioned as important 

indicators for which to understand the current situation of nutrition in adolescent 

populations due to their comparability across sex and age. 15, 19,20  

1.3 Anthropometric Measures for Adolescents 

1.3.1 Height for Age 

Height by itself is not a measure used to indicate under or overnutrition but in 

relation to age it can indicate stunting among children and adolescents. While height can 
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be easy to measure in healthy adolescent populations, height can be difficult to use as a 

benchmark because height varies differently among adolescents pre and post puberty. 19  

Because children and adolescents are constantly growing, gender specific height-for-age 

z-scores are used to indicate a deviation from normal linear growth determined by the 

WHO growth reference standards. 21 This deviation indicates stunting, which in 

adolescent females can also increase the risk of poor perinatal outcomes. 9 While height-

for-age indicates long term effects of the cycles of undernutrition, other measures such 

as body mass index (BMI) and mid-upper arm circumference (MUAC) are more 

commonly used to indicate acute under or overnutrition across the life course. 

1.3.2 Body Mass Index (BMI) 

While BMI is often used in adult populations, age-specific transformations have 

allowed BMI to be used in adolescent populations. BMI is a proxy measure used to 

estimate body mass to determine under and overnutrition. BMI is calculated from height 

and weight measures (weight in kilograms [kg] divided by height in meters squared). 

While it is used as a standard anthropometric measure for adults, it is unreliable for 

adults who are pregnant or have edema or weight gain not linked to nutritional status. 22  

The Demographic and Health Surveys (DHS) use BMI, along with anemia, as a main 

indicator of nutrition. While BMI has been shown to vary greatly across populations and 

ethnic groups, the same cut offs for adults and post-pubertal adolescents are used 

widely because of the ease of calculation and comparison. 6 23 Like height, since 
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adolescent body composition changes drastically throughout development, WHO has 

created gender specific BMI-for-age z-scores based on normal growth curves so that BMI 

is a more useful indicator for populations under 19. While BMI may be difficult to 

calculate on the spot, there are donor initiated programs which provide BMI wheels to 

health workers for quick calculations of BMI among adults and age-specific BMI among 

children ages 5-18 such the USAID funded Food and Nutrition Technical Assistance III 

Project (FANTA) by FHI360.24  

1.3.3 Mid Upper Arm Circumference (MUAC) 

MUAC, while mostly used as a tool to screen for undernutrition in children 

under 5, has the potential to offer a simple alternative or supplement to BMI in assessing 

nutrition in adolescent populations. MUAC is the measurement of the circumference of 

the arm halfway between the tip of the elbow and the tip of the shoulder.25  

                        

Figure 1: How to Measure MUAC25 
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Due to protein-energy malnutrition, decreasing arm circumference indicates a 

loss of muscle mass and is unaffected by edema caused by malnutrition. This edema 

typically occurs in the legs or trunk areas of the body.19 MUAC has the advantages of 

simple equipment and requires minimal training. 26  MUAC correlates well with body-

mass index (BMI) in adult populations27 and has been utilized as a proxy estimate of 

BMI due to practical barriers associated with BMI measurements in resource poor 

settings such as access to equipment for height and weight measurement, and the need 

for computation of BMI.26-28  Additionally, MUAC is also considered as an alternative to 

BMI when BMI cannot be accurately measured in patients who cannot stand, are 

pregnant, or are dealing other factors that affect their weight such as edema or 

lipodystrophy related the ARV use. 19,29-32 

Standardized cutoffs for MUAC, to screen and determine eligibility for treatment 

services for acute malnutrition in infants and children 0-60 months, have been 

established by WHO and UNICEF for widespread use in LMICs, but there are still no 

global cut offs for MUAC in adolescent or adult populations. 17   While there is an 

emerging body of evidence that MUAC and BMI correlate in adolescent populations, 

there are numerous calls for more evidence of this correlation for different age groups 

and geographic locations.26-29,33-35 Moreover, standardized cutoffs for MUAC in 

adolescent populations have not been established due to lack of studies and country 

level data on MUAC measurements in adolescents.26,27 In 2017, Mramba et al. published 
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MUAC-for-age growth curves for 5-19 year olds in the British Medical Journal. These 

MUAC-for-age growth curves were created to be used with the WHO BMI-for-age 

growth curves for assessing nutrition using the same data sets that were used to 

construct WHO reference curves for adolescents. These curves were validated using 

data from Kenya, Zimbabwe, and Uganda and deemed as effective as the WHO BMI-

for-age cutoffs.36 This publication represents support for the use of MUAC in adolescent 

populations and evokes a need for a better understanding of the practical use of MUAC 

in nutritional assessment of adolescents 

1.4 Opportunities for Measurement 

At the individual level, it is often difficult to reach adolescents except through 

school programs or if they come to receive treatment at medical facilities. In LMICs, the 

most consistent point of contact with young adolescents is in schools. School-based 

programs focusing on deworming, routine vaccinations, and micronutrient 

supplementation are common in LMICs.1,3 Another opportunity for measurement is in 

clinics and hospitals but adolescent uptake of health services is low unless reporting for 

acute problems such as fever, respiratory problems, or other symptomatic ailments.37 

Alternatively, targeted studies of adolescents receiving care and treatment for HIV or 

tuberculosis may contribute more data but are not representative samples of adolescents 

in their communities. 3 
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There is a dearth of data on adolescent population health because the systems for 

collecting data about adolescents are few and uncoordinated which greatly limits 

evidence for action. 38  Adolescents are often left out of important nutritional indicators 

such as the Demographic and Health Surveys (DHS) that are typically focused on 

children under 5 and women of childbearing age.39  

Not only are efforts to reach adolescents uncoordinated, adolescence is often 

defined inconsistently throughout the literature due to varying definitions of 

“adolescent” or “youth”. For example many programs which report on “youth,” target 

adolescents ages 15-24 which leaves out those children who are 14 or younger.40  Of the 

limited existing nutrition guidelines, most target adolescent females of child bearing age 

and pregnant adolescents, with few targeting adolescent males and young adolescent 

females.1 Without these important indicators, there is no comprehensive data to help 

guide policy and practice. 

1.5 Adolescent Nutrition and the Use of MUAC in Tanzania 

Although 23% of the population of Tanzania are adolescents between 10 and 19 

years old, the only national measures of adolescent nutrition in the Tanzanian 2015/2016 

DHS are anemia and BMI measures for females 15 to 19 years old.41,42 The DHS reports 

that of Tanzanian females ages 15-19, 47% are anemic, 18% have a less than normal BMI, 

and 10% have a greater than normal BMI. 42 Although helpful measures, there is a 

distinct lack of information on the nutritional status of younger females ages 5-15 and 
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males 5 years and above. This country-level gap in data of nutritional status of young 

adolescents in Tanzania limits the country’s ability to generate evidence for action to 

support programs that promote optimal health for adolescents during this critical period 

of growth.43 

While the DHS does not broadly target adolescents, there are resources 

supported by the Tanzanian Ministry of Health, Community Development, Gender, 

Elderly and Children (MCDGC) that support nutrition assessment across the life course. 

The USAID supported Food and Nutrition Technical Assistance III Project (FANTA) and 

the MCDGC have partnered to not only create the Tanzania Food and Nutrition Center 

(TFNC) within the MCDGC but have also created the Tanzania Nutrition Assessment, 

Counseling, and Support (NACS) tools and trainings to assist providers in giving better 

nutrition care.43  These tools support the WHO BMI-for-age z-scores to be used for 

children and adolescents 5-17 years old and offer cutoffs for MUAC for adolescents 10-

14 year olds and 15-17 year olds, though there is no data to support these cutoffs.22  This 

information has been used across multiple publications including the NACS Reference 

Manual for Training Health Facility-Based Service Providers,  the NACS Job Aids for Health 

Facility-Based Service Providers, and the  National Guidelines for Nutrition Care and Support 

of People with HIV, but it is still unclear what sort of health platforms these resources are 

reaching in Tanzania. 22,25,32  
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Because the Tanzanian government has supported the creation of the NACS 

resources, thereby supporting the use of BMI and MUAC as anthropometric measures to 

assess adolescent nutrition, it is important to ensure validity of these measures. By 

generating more country-specific data assessing adolescent nutrition and considering 

MUAC in relation to other health indicators in adolescents, this study will help to fill the 

gaps in the literature to move towards a long-term goal of determining if MUAC is a 

fruitful anthropometric measure for assessing the adolescent nutrition. It will also help 

determine if there is a necessity to put resources into creating standardized MUAC 

cutoffs for adolescent populations beyond Tanzania. While BMI continues to be used as 

a standard comparison among many populations, a better understanding of MUAC in 

adolescent populations will allow access to a larger variety of nutritional screening 

options especially in low resource settings.  

This exploratory study is two-fold. The primary aim (Aim 1) is to determine the 

relationship between MUAC and BMI as indicators of nutritional status stratified by sex 

among a population of Standard 7 students in Bagamoyo, Tanzania. The secondary aim 

(Aim 2) is exploratory in nature and describes whether anthropometric values of height, 

BMI, and MUAC differ according to pubertal and food security status among the study 

population.  
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2. Methods 

The data for this study come from the project entitled: “Adolescent Wellness 

Visits (AWV) to increase HIV testing and counseling in Tanzania,” which is funded by a 

small grant from the Duke University Center for AIDS Research (CFAR) [PI: 

Baumgartner, JN]. This project is generating pilot data for a subsequent NIH R01 

submission for a larger trial that aims to increase HIV testing and counseling rates 

among young adolescents. AWVs were designed to provide young adolescents with 

access to health services who are or may be on the cusp of sexual debut, and risk of 

sexually transmitted infections including HIV and unintended pregnancy.  In order to 

package the sexual and reproductive health services so they are more acceptable to 

adolescent, parents, and communities, the wellness visits include non-SRH services 

relevant for all adolescents such as nutritional assessments.  

The AWV pilot study was carried out through a partnership between Duke 

University and Muhimbili University of Health and Allied Sciences (MUHAS) in two 

sites in Tanzania:  Kinondoni District in Dar es Salaam Region and Bagamoyo District in 

Pwani Region.  Utilizing a cross-sectional design and mixed methods, this study 

connects primary schools to nearby health facilities to offer Standard 7 students, usually 

12-14 years old, one wellness visit (i.e. a check-up clinic visit). The largely preventative 

services provided during the AWV are listed in Table 1. This current study only 

analyzes quantitative data collected from the Bagamoyo site including demographic 
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data, anthropometric measures (height, weight, BMI, MUAC), and measures on food 

security and puberty.  

All study procedures were approved by the ethical review boards at Duke 

University, MUHAS and the National Institute of Medical Research (NIMR) of Tanzania. 

By design, the AWV study requires close collaboration between the government health 

and government education sectors to ensure buy-in by important stakeholders at the 

regional, district, and local levels. Permissions were required and received from relevant 

government officials such as the district education officer, district medial officer, district 

executive director, regional medical officers, and regional administrative secretary as 

well as individual schools and health facilities. 

In support of this study, I spent the summer of 2017 enrolled at MUHAS as an 

elective student and worked with the Tanzanian study team preparing for the first 

round of data collection, creating training materials for providers, and traveling with the 

team to have meetings with government officials, school staff, clinics staff, and parents 

of the participants.  The Tanzanian study team was composed of Sylvia Kaaya, MD, 

PhD, who as the local Tanzanian PI is a senior psychiatrist, and dean of the medical 

school with a vast background in adolescent health research; Isaac Lema, MA, a clinical 

psychologist and lecturer in psychiatry who served as study manager and my 

supervisor during my time in Tanzania; and Dereck Chitama, MA, a health economist 

and lecturer at the School of Public Health and Social Sciences. 
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Table 1: Services Provided in the Adolscent Wellness Visit (AWV) 

AWV Screenings and Tests Follow-up/Referral 

Nutrition Status 

• Height 

• Weight 

• BMI 

• Mid-upper arm circumference 
(MUAC) 

Nutrition/exercise counseling for all. 

Referral if under or overnourished per BMI cut-off 

data. 

Dental: Dental pain screening 

questions 

Refer to dentist for problems, counsel on dental 

hygiene 

Vision: Snellen eye chart to test visual 

acuity 

Refer to eye doctor if visual acuity is <6/12 

Anemia: 

Physical exam to screen for pale or 

transparent skin, pale insides of 

eyelids, white fingernails, pale gums 

Refer for further testing if physical exam 

demonstrates possibility for anemia 

Puberty: Share Kiswahili puberty 

books and answer questions 

Assess and discuss pregnancy risk and 

contraception as needed 

STI Symptom Screening: 

Ask about any itching; sores; 

discharge; pain 

Syndromic management of STIs 

Mental Health screening: Patient 

Heath Questionnaire adapted for 

adolescents (PHQ-A) 

Referral to a mental health professional for those 

scoring for depression or who indicate risk of self-

harm 

HIV Testing and Counseling (HTC): 

Information on HIV, risks, prevention 

HTC if requested by the participant. If HIV 

positive, refer to care and treatment. 

Other health problems: 

Questions about problems 

identified by the adolescents. 

Follow up as needed. 

 

2.1 Setting 

Bagamoyo is a coastal, peri-urban town in Tanzania about 60 kilometers north of 

the capital city of Dar es Salaam (Figure 2). Bagamoyo town is the district capital of 

Bagamoyo district, located in the Pwani region of Tanzania. This site was chosen as a 

peri-urban contrast to the urban Kinondoni District study site for the AWV study and 
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due to its proximity to Dar es Salaam.  The clinical study site was Bagamoyo District 

Hospital with students participating from a nearby primary school.  

While religion specific data in Tanzania is not taken through the census, the 

country wide religious breakdown is thought to be about 61% Christian and 35% 

Muslim with the majority of Muslim populations in mainland Tanzania living in coastal 

towns like Bagamoyo.44-46  According to the Tanzania 2015-16 DHS,  in Pwani region, 

51.7% of women and 43.2% of men have not finished primary school with most having 

occupations in agriculture and unskilled manual labor. From a health perspective, 90.3% 

of women and 96.6% of men do not have health insurance. 42 Thirty percent of children 

under 5 are stunted compared with the country level at 34% and of women 15-49 51.7% 

are anemic, compared to the country level at 44.3%.42 These statistics indicate that there 

is poor nutrition among children and adults.  

                      

Figure 2. Map of Study Locations 
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2.2 Participant Eligibility  

All students currently enrolled in Standard 7 (the last year of primary school) at 

the participating primary school were eligible to participate in the study if they had 

given written assent themselves and had written consent from a parent/guardian. Of the 

54 students in the Standard 7 class, 52 were enrolled in the study.  

2.3 Informed Consent 

In collaboration with the school, an informational meeting for parents about the 

study was held by the research team at the school to answer questions about the study 

and obtain written parental consent.  Parents also received pamphlets which contained 

an overview of the AWV. During the meeting, there was overwhelming support from 

parents for their children to participate in the AWVs.  They felt comfortable with the 

students going without them but did want to know the results of the visits so that they 

could help their children follow up if there were any health concerns. By signing the 

consent, the parents consented for their child to receive all AWV components with the 

understanding that they would ultimately need to communicate with their children 

about the results of the AWV. Parents who were unable to attend the parent meeting 

were followed up by the research staff.  Only after parental consent was obtained were 

adolescents approached about providing written assent.  
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2.4 Adolescent Wellness Visits in Bagamoyo 

Before conducting the AWVs nurses were trained and provided time to practice 

all aspects of the AWV, including how to measure height and weight and how to use the 

MUAC measuring tapes and BMI wheels. The AWVs occurred on 3 different days to 

cover all 52 students. Students went in sex segregated small groups to the district 

hospital accompanied by their teachers. Each student had an individual, private 

appointment with the participating providers in which all information was confidential 

between the provider, student, and study staff. Providers kept their own medical 

records of the visits from which study staff extracted information after the clinical visit 

for those who consented to the study. 

2.5 Data Collection 

All data collection instruments were translated into Kiswahili and administered 

by local research staff (recent MD graduates). The primary form of data collection about 

the AWVs was a quantitative survey with a few open-ended questions. After completing 

the AWV, all adolescents participated in the survey which covered demographic 

characteristics and their experiences participating in the AWV. Data was collected 

electronically on encrypted Android tablets through the Qualtrics offline application 

and uploaded to the Qualtrics server at the end of each day. Patient forms containing 

anthropometric measures were filled out by medical providers for each adolescent 

participant and entered electronically at the end of survey.  
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2.6 Measures 

2.6.1 Height 

Height was measured in meters as a continuous variable and transformed into 

height-for-age z-scores based on sex and age in months through the WHO STATA 

macro package based on the WHO height-for-age curves. 47  

Height-for-age z-scores were categorized based on the WHO stunting cutoffs: 21 

 Stunted: <-2SD  

 Not stunted: ≥ -2 SD  

2.6.2 Weight 

• Weight was measured in kilograms with a beam scale.  

2.6.3 BMI 

• BMI was calculated from the provider reported height and weight variables 

(kg/m2) and transformed into BMI-for-age z-scores based on sex and age in 

months through the WHO STATA macro package based on the WHO BMI-for-

age curves.47 

o BMI-for-age z-scores were categorized based on the WHO BMI cutoffs for 

under and overnutrition: 48 

▪ Obese: >2SD 

▪ Overweight: >1SD 

▪ Normal: 1 - -2SD 

▪ Thinness: <-2 SD 

▪ Severe thinness: <-3 SD  

2.6.4 MUAC 

• MUAC was measured in centimeters as a continuous variable with standardized 

measuring tapes for 10-14 year olds provided by the FANTA project.  
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• MUAC was transformed as a categorical variable using MUAC cutoffs for 10-14 

years and 15 years and above recommended by NACS (Appendix A). 22 

o Normal 

▪ 10-14 years old: ≥ 18.5 cm 

▪ 15-17 years old: ≥ 22.0 cm 

o Moderate acute Malnutrition 

▪ 10-14 years old:  16.0-18.5 cm 

▪ 15-17 years old: 18.5-22.0 cm 

o Severe Acute Malnutrition 

▪ 10-14 years old:  <16.0 cm 

▪ 15-17 years old: <18.5 cm 

• MUAC was also transformed into a categorical variable by age-specific cutoffs of 

normal and malnourished specified by Mramba et al (Appendix B). 36   

o Normal 

o Undernourished 

▪ 12 years old: <17.0 cm 

▪ 13 years old: <17.6 cm 

▪ 14 years old: <18.2 cm 

▪ 15 years old: <18.7 cm 

▪ 16 years old: <19.3 cm 

2.6.5 Food Insecurity 

• Food security was measured through a self-reported indicator of food access 

during the previous 4 weeks. The question is from the Household Food 

Insecurity Access Scale.49 

o In the past four weeks, did you ever worry that your household would 

not have enough food? (Y/N) 
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2.6.6 Puberty 

• Pubertal status was measured through self-reported measures.  

o For females: 

▪ Have you started your menstrual period? 

o For males: 

▪ Have you noticed any pubertal changes such as a changed voice 

or experiencing a wet dream?    

2.7 Analysis 

All quantitative analyses were conducted using the statistical software package 

STATA 14.1. For all categorical, bivariate analysis, a Fisher’s Exact test was used because 

all the categorical variables had cells with values less than 5.  For all continuous, 

bivariate analysis, a Wilcoxon rank sum test was used due to the non-parametric nature 

of the variables and the small sample size.   

2.7.1 Aim 1  

 To determine the relationship between BMI calculations and MUAC 

measurements a Spearman’s correlation coefficient was calculated due to the non-

parametric distribution of MUAC values.  

2.7.2 Aim 2  

Bivariate analysis of food security and pubertal status was completed for height-

for-age z-scores, categorical stunting status based on height-for-age z-scores, BMI-for-

age z-scores, categorical nutritional status based on BMI-for-age z-scores, MUAC 

measurements, and MUAC categorized by age. Pubertal status was stratified by sex.  
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2.7.3 Post-hoc  

Additional exploratory bivariate analysis on stunting in males, highlighted during the 

descriptive phase, was carried out for BMI-for-age z-scores, categorical nutritional status 

based on BMI-for-age z-scores, MUAC measurements, and MUAC categorized by age. 

Additional Spearman’s correlations were completed to understand the relationship 

between MUAC and BMI in stunted and non-stunted individuals. 

3. Results  

3.1 Descriptive  

The socio-demographic characteristics of the study participants are presented in 

Table 2. There was no significant difference in demographic characteristics between 

males and females, except for mother occupation. Ninety-two percent of the participants 

were Muslim. The average age of the participants was 13.8 years old with 67% reporting 

having started puberty. Ninety-two percent of participants reported that both of their 

parents were still living, with most mothers working in sales & services and domestic 

services jobs and most fathers working in sales & services and as fisherman.  The 

average household size was 6.8 people with 14% of participants reporting food 

insecurity in the past 4 weeks. Most households had electricity, access to a mobile 

phone, and a toilet inside the house or compound. Seventy-five percent of households 

had no running water inside their homes.   
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Table 2. Demographics Stratified by Sex 

Variable 

Total 

n=52 

Males 

n=21 

Females 

n=31 p-value 

Mean Age (range) 

 

13.8 

(12, 16) 

 

14.1 

(13, 16) 

13.5 (12,16) 0.06 

Mean # of people 

(including self) in 

household † (range) 

 

 

 

6.8 (3, 25) 

 

 

 

 

6.9 (3,12) 

 

 

 

 

6.6 (3, 25) 

 

 

0.798 

  N (%)   

Religion    0.738 

Muslim 48 (92.3) 19 (90.5) 29(93.5)  

Christian 3(5.8) 2(9.5) 1(3.2)  

Father Muslim/ 

Mother 

Christian 

1(1.9) 0 (0.0) 1(3.2)  

     

Parent Mortality     

Both Parents 

Alive 
48 (92.3) 19 (90.5) 29 (93.5) 0.738 

Mother 

Deceased 
1(1.9) 0 (0.0) 1(3.2)  

Father Deceased 3(5.8) 2 (9.5) 1(3.2)  

Both mother & 

father deceased 
0(0.0) 0 (0.0) 0 (0.0)  

Mother’s Occupation †† 

 
   0.017* 

Sales & Services 21 (41.1) 5 (23.8) 16 (53.3)  

Skilled manual 3(5.9) 1(4.8) 2(6.8)  

Unskilled 

manual 
6(11.8) 5(23.8) 1(3.3)  

Domestic 

Service 
15(29.4) 7(33.3) 8(26.7)  

Agriculture 3(5.9) 0(0.0) 3(10.0  

Other 

(housewife, not 

working) 

2(3.9) 2(9.52) 0 (0.0)  
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Do not know 1(2.0) 1 (4.76) 0(0.0)  

Father’s Occupation†††    0.313 

Professional/ 

Technical/ 

Managerial 

5(10.2) 1 (5.3) 4(13.3)  

Sales & Services 11(22.5) 6(31.6) 5(16.7)  

Skilled manual 4(8.2) 3(15.8) 1(3.3)  

Unskilled 

manual 
1(2.0) 1(5.3) 0(0.0)  

Agriculture 3(6.1) 1(5.3) 2(6.7)  

Fisherman 11(22.5) 2(10.5) 9(30.0)  

Other (guard, 

boat maker, 

mechanic) 

4(8.2) 2(10.5) 2(6.7)  

Do not know 10(20.4) 3(15.8) 7(23.3)  

Relative/Friend in 

Health Care 
   0.637 

Yes 5(9.6) 1 (4.8) 4 (12.9)  

No 47(90.4) 20 (95.2) 27 (87.1)  

Pubertal Status     

Not Started 

Puberty 
17(32.7) 9 (42.9) 8(25.8) 0.238 

Started puberty 35(67.3) 12(57.1) 23(74.2)  

Food Insecurity in Past 

4 weeks 
   0.637 

Yes 7 (13.5) 4 (19.1) 3 (9.7)  

No 45 (86.5) 17 (80.9) 28(90.3)  

SES     

Tap water inside home?    0.198 

Yes 13(25.0) 3(14.3) 10(32.3)  

No 39 (75.0) 18(85.7) 21(67.7)  

Toilet inside house or 

compound? 
   1.000 

Yes 51(98.0) 21 (100.0) 30(96.7)  

No 1 (2.0) 0 (0.0) 1(3.2)  

Electricity inside house?    0.500 

Yes 42(81.8) 16 (76.2) 26 (83.9)  

No 10(19.2) 5 (23.8) 5 (16.1)  

Someone in household    1.000 
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with mobile phone? 

Yes 52 (100) 21 (100.0) 31 (100.0)  

No 0 0 (0.0) 0 (0.0)  

Television inside house?    1.000 

Yes 38 (73.1) 15 (71.4) 23 (74.2)  

No 14 (26.9) 6 (28.6) 8 (25.8)  

Main material of Floors?    0.289 

Earth, Sand, 

Dung 
5(9.6) 3 (14.3) 2(6.5)  

Ceramic Tiles 7(13.5) 1 (4.8) 6(19.4)  

Cement 40(76.9) 17 (80.9) 23(74.2)  

* p-value <0.01 

** p-value <0.01 

† No major differences in means and p-value with or without outlier 

†† n=30 for females 

††† n= 19 for males, n=30 for females 

 

Regarding the anthropometric measures for participants [Table 3], most 

adolescents were within normal limits for healthy development according to WHO BMI-

for-age z-score cut offs and MUAC cutoffs; however, the study revealed that 17% of 

participants were stunted.. There were no significant differences between males and 

females for weight, BMI, BMI-for-age z-scores [Figure 3] BMI categorized by z-scores, or 

MUAC categorized. There was a significant difference between males and females for 

height, height-for-age z-scores [Figure 4], stunting status based on height for age z-

scores, and mid-upper arm circumference measurements (though no difference when 

categorized) [Figure 5]. Females were on average taller than males, with 3% of females 

being stunted compared to 38% of males. Fifteen percent of the participants were 

categorized as obese or overweight, according to BMI-for-age z-scores. While some 
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students were categorized as undernourished, BMI and MUAC cutoff categories were 

inconsistent across cutoff measures and did not align with stunting status [Table 4]. 

Table 3. Anthropometric Measures Stratified by Sex 

Variable 
Total  n=52 

 

Males n=21 

 

Females n=31 

 
p-value 

  Mean (range)   

Height (meters) 
1.51 

(1.30,1.67) 

1.47 

(1.30, 1.63) 

1.54  

(1.40,1.67) 
0.003** 

Weight (kg) 43.23 (26,61) 40.52 (26,52) 45.06 (32,61) 0.047 

BMI  
18.86 

(13.65, 30.30) 

18.88 

(13.65,30.30) 

18.84 

(14.06,24.12) 
0.608 

MUAC (cm)† 22.67(18,29) 21.57 (18, 29) 23.43(18,28) 0.005** 

Height-for-Age Z-Score 
-1.12 

(-4.99, 1.14) 

-2.09  

-4.99, -.28) 

-.47) 

(-2.36, 1.14) 
0.000** 

BMI-for-Age Z-score 
-.29 

(-3.13,2.68) 

-.344 

(-3.13,2.68) 

-.25 

(-2.97, 1.58) 
0.444 

 
 

 

 

N(%) 

 

 
 

Height-for-age z-score 

categorized 
   0.002** 

Not Stunted 

 (≥ -2 SD) 
43(82.7) 13 (61.9) 30 (96.8)  

Stunted (<-2 SD) 9(17.3) 8 (38.1) 1 (3.2)  

BMI-for-age z-scores 

categorized 
   0.304 

obese (>2SD) 1 (1.9) 1 (4.8) 0 (0.0)  

overweight (> 1SD) 5 (11.5) 1 (4.8) 4 (12.9)  

normal (1 - -2 SD) 43 (80.8) 18 (85.7) 25 (80.7)  

thinness (<-2 SD) 2 (3.8) 0 (0.0) 2 (6.45)  

severe thinness (<-3 

SD) 
1 (1.9) 1(4.76) 0 (0.0)  

MUAC categorized †  

Per NACS guidelines 
  n=30 0.052 

Normal 43 (84.3) 15 (71.4) 28 (93.3)  

Moderate acute 

malnutrition 
8 (12.7) 6 (28.6 2 (6.7)  
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(MAM) 

Severe acute 

malnutrition 

(SAM) 

0 (0.0) 0 (0.0) 0(0.0)  

MUAC categorized † 

Per Mramba et al simplified 

age adjusted cutoffs 

   
 

0.506 

Normal 49 (96.1) 21 (100.0) 28 (93.0)  

Undernourished 2 (3.9) 0 (0.0) 2 (6.0)  

* p-value <0.05  

** p-value <0.01 

† n=51 

 

 

Figure 3. Distribution of BMI for-age Z-scores 
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Figure 4. Distribution of Height-for-Age Z-scores 

 

Figure 5. Distribution of Mid Upper Arm Circumference Measurements 
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Table 4. Nutritional Status of Individuals Categorized Outside Normal Ranges 

Sex 
Stunting 

Status 

Nutritional Status 

Per BMI-for-

age z-scores 

per MUAC 

(NACS) 

per MUAC 

(Mramba et al.) 

Male Stunted Severe 

thinness 

MAM Normal 

Female Not Stunted Thinness MAM Undernourished 

Female Not Stunted Thinness MAM Undernourished 

Male Stunted Normal MAM Normal 

Male Not Stunted Normal MAM Normal 

Male Stunted Normal MAM Normal 

Male Stunted Normal MAM Normal 

Male Stunted Normal MAM Normal 

Male Stunted Obese Normal Normal 

Male Stunted Overweight Normal Normal 

Female Not Stunted Overweight Normal Normal 

Female Not Stunted Overweight Normal Normal 

Female Not Stunted Overweight Normal Normal 

Female Not Stunted Overweight Normal Normal 

MAM= Moderate Acute Malnutrition 

3.2 Aim 1  

Addressing the primary study aim (Aim 1), bivariate analyses indicate that BMI 

and MUAC show a positive correlation for all participants (r=0.6530, p=0.000) and for 

both female and male participants respectively (r=0.7738, p= 0.000; r=0.5878, p=0.000) 

[see Figures 6, 7, and 8].  These measurements were positively trending as expected.  The 

relationship between BMI and MUAC was more strongly correlated among adolescent 

females compared to adolescent males. There was no correlation between BMI and 

MUAC among those who were over nourished (r=0.088, p=0.868). 
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Figure 6. Relationship between BMI and MUAC -All Participants 

 

Figure 7. Relationship between BMI and MUAC –Females 
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Figure 8. Relationship between BMI and MUAC –Males 

 3.3 Aim 2  

For the exploratory analyses, there was no significant difference between males 

who had started puberty versus those who had not started puberty for measures of 

height-for-age z-scores, stunting status, nutritional status categorized by BMI, MUAC, or 

nutritional status classified by MUAC [Table 5]. There was a significant difference 

between BMI-for-age z-scores between males who had started puberty and those who 

had not started puberty, though there was no significant difference when z-scores were 

categorized. There was no significant difference for any measurements of females who 

have started menstruation versus females who had not started menstruation [Table 6]. 
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There were no significant differences in anthropometric measures for those who 

reported being food insecure in the past 4 weeks [Table 7]. 

Table 5. Anthropometric Measures by Pubertal Status in Males 

 

Not Started 

Puberty 

n=9 

Started Puberty 

n=12 
p-value 

 Mean (range)  

Height-for-Age z-Score -2.55 (-4.99,-0.81) -1.75 (-4.36, -0.28) 0.176 

BMI-for-Age z-score 0.40 (-1.44, 2.68) -0.90 (-3.13, 0.69) 0.013* 

MUAC (cm) 22.0 (19,29) 21.3(18,25) 0.180 

 N(%)  

Height-for-age z-score categorized   0.673 

Not Stunted (≥ -2 SD) 5(55.6) 8(66.7)  

Stunted (>-2 SD) 4 (44.4) 4 (33.3)  

BMI-for-age z-scores categorized   0.388 

obese (>2SD) 1 (11.1) 0 (0.0)  

overweight (> 1SD) 1 (11.1) 0 (0.0)  

normal (1 - -2 SD) 7 (77.8) 11 (91.7)  

thinness (<-2 SD) 0 (0.0) 0(0.0)  

severe thinness (<-3 SD) 0 (0.0) 1 (8.3)  

MUAC categorized  

Per NACS guidelines 
  0.059 

Normal 7(77.8) 8(66.7)  

Moderate acute 

malnutrition (MAM) 
2(22.2) 4 (33.3)  

Severe acute malnutrition 

(SAM) 
0 (0.0) 0(0.0)  

MUAC categorized  

Per Mramba et al simplified age 

adjusted cutoffs 

  1.000 

Normal 9 (100.0) 12 (100.0)  

Undernourished 0 (0.0) 0 (0.0)  

* p-value <0.05  

** p-value <0.01 
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Table 6. Anthropometric Measures by Pubertal Status in Females 

 

Not Started 

Puberty 

n=8 

Started Puberty 

n=23 
p-value 

 Mean (range) Mean (range  

Height-for-Age z-Score -0.41(-1.64, 1.14) -0.50 (-2.36, 1.04) 0.892 

BMI-for-Age z-score -0.41 (-2.97, 1.58) -0.20(-2.09, 1.41) 0.735 

MUAC (cm)† 22.9(18,28) 23.6 (19,28) 0.537 

 N (%) N(%)  

Height-for-age z-score categorized   1.000 

Not Stunted (≥ -2 SD) 8 (100.0) 22 (95.7) 
 

 

Stunted (>-2 SD) 0 (0.0) 1 (4.3)  

BMI-for-age z-scores categorized   0.183 

obese (>2SD) 0 0  

overweight (> 1SD) 2 (25.0) 2 (6.7)  

normal (1 - -2 SD) 5(62.5) 20 (86.0)  

thinness (<-2 SD) 1(12.5) 1(4.3)  

severe thinness (<-3 SD) 0 0  

MUAC categorized † 

Per NACS guidelines 
  0.469 

Normal 7 (87.5) 21(95.5)  

Moderate acute 

malnutrition (MAM) 
1(12.5) 1 (4.5)  

Severe acute malnutrition 

(SAM) 
0 (0.0) 0(0.0)  

MUAC categorized † 

Per Mramba et al. simplified age 

adjusted cutoffs 

   

Normal 7 (87.5) 21 (95.5) 0.469 

Undernourished 1 (12.5) 1 (4.5)  

†n=30 
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Table 7. Anthropometric Measures by Food Security 

 
Food secure 

n=45 

Food Insecure in 

the past 4 weeks 

n=7 

p-value 

 Mean (range)  

Height-for-age z-score -1.13(-4.99, 1.14) -1.11(-4.36, .61) 0.649 

BMI-for-Age z-score -.24(-3.13, 2.68) -.61(-1.35,.69) 0.208 

MUAC (cm)† 22.72 (18.29) 22.23(20,26) 0.730 

 N (%)  

Height-for-age z-score categorized   1.000 

Not Stunted (≥ -2 SD) 37(82.22) 6(85.71)  

Stunted (>-2 SD) 8(12.78) 1(14.29)  

BMI-for-age z-scores categorized    

obese (>2SD) 1(2.22) 0 (0.0) 1.000 

overweight (> 1SD) 5(11.11) 0(0.0)  

normal (1 - -2 SD) 36(80.00) 7 (100.00)  

thinness (<-2 SD) 2(4.44) 0(0.0)  

severe thinness (<-3 SD) 1(2.22) 0(0.0)  

MUAC categorized † 

Per NACS guidelines 
  0.300 

Normal 38 (86.4) 5(71.4)  

Moderate acute 

malnutrition (MAM) 
6 (13.6) 

 

2(28.6) 
 

Severe acute malnutrition 

(SAM) 
0 (0.0) 0(0.0)  

MUAC categorized † 

Per Mramba et al. simplified age 

adjusted cutoffs 

   

Normal 42(95.5) 7(100.00) 1.000 

Undernourished 2(4.5) 0(0.0)  

†n=51 
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3.4 Post-hoc 

After having identified several adolescents with stunting, post-hoc analyses were 

conducted to examine measures by stunting status [Table 8]. There was no significant 

difference between stunting status for BMI-for-age z-scores, MUAC, or nutritional status 

based on MUAC. There was a significant difference between stunting status for BMI-for-

age z-scores and MUAC categorized by national guidelines.  

When further assessing the correlation between BMI and MUAC, non-stunted 

individuals were correlated (r=0.7797, p=0.000) while stunted individuals showed no 

correlation (r=0.5355, p=0.146). When comparing the correlation coefficient between BMI 

and MUAC in all individuals (r=0.6530, p=0.000) compared to non-stunted individuals, 

the correlation between individuals becomes stronger when removing the stunted 

individuals from the analysis.  
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Table 8. Anthropometric Measures by Stunting Status in Males 

 
Not Stunted 

n=13 

Stunted 

n=8 
p-value 

 N (%)  

BMI-for-Age Z-score -.499 (-1.59,  .69) -.09375 (-3.13,2.68) 0.562 

Mid-upper arm circumference 

(cm)† 
21.9(19,29) 21(18,26) 0.697 

 Mean (range)  

BMI-for-age z-scores categorized   0.042* 

obese (>2SD) 0 (0.0) 1 (12.5)  

overweight (> 1SD) 0(0.0) 1 (12.5)  

normal (1 - -2 SD) 13(100.00) 5 (63.5)  

thinness (<-2 SD) 0(0.0) 0( 0.0)  

severe thinness (<-3 SD) 0(0.0) 1(12.5)  

MUAC categorized † 

Per NACS guidelines  
  0.014* 

Normal 12 (92.3) 5 (62.5)  

Moderate acute 

malnutrition (MAM) 
1(7.7) 3 (37.5)  

Severe acute malnutrition 

(SAM) 
0 (0.0) 0(0.0)  

MUAC categorized † 

Per Mramba et al. simplified age 

adjusted cutoffs 

   

Normal 13 (100.0) 8 (100.0) 1.000 

Undernourished 0 (0.0) 0 (0.0)  

* p-value <0.05  

** p-value <0.01 

†n=51 
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4. Discussion 

While most participants in this study were of normal nutritional status we 

identified some adolescents who were outside of normal nutritional status, indicating a 

need for nutritional interventions and programming among adolescents in Tanzania. 

While we identified adolescents outside the normal nutritional ranges, there was 

inconsistency between different indicators suggesting a need for a better understanding 

of the relationship between BMI, MUAC, and stunting status.  

4.1 Relationship Between BMI and MUAC 

Aligning with previous literature, the results of this study indicate that the BMI 

and MUAC are positively correlated. 26-29,33-35 While our results show that the correlation 

between BMI and MUAC differs between males and females. This difference is most 

likely due to the high prevalence of stunting in this population of adolescent boys, given 

that the relationship between BMI and MUAC was made stronger by removing stunted 

individuals. It may be possible that boys are misclassified by BMI if they are stunted, but 

we this needs to be assessed in further studies. Additionally, BMI and MUAC were not 

correlated among individuals who were classified as overweight according to BMI, 

begging the question of whether MUAC would be a helpful alternative to BMI when 

screening for overweight individuals. There are some studies with evidence that support 

the use of MUAC to identify overweight and obese populations of adolescents28,50,51, so it 

will be important to further consider the relationship between MUAC and BMI in 
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further studies to understand whether it is important to include cutoffs for overweight 

in the existing MUAC cutoffs. We were unable to measure the correlation between BMI 

and MUAC for those classified as underweight because there the sample size was not 

large enough. While BMI and MUAC are correlated in normal ranges, there needs to be 

more research about how MUAC and BMI correlate outside of normal ranges of BMI, 

MUAC, and height.  

The NACS MUAC cutoffs are an important resource that can be used in 

Tanzania to test adolescents for undernutrition alongside BMI. In this population of 

Tanzanian adolescents, the MUAC cutoffs supported by NACS identified more 

adolescents as underweight (Table 4) which suggests a possible disadvantage of the 

BMI-for-age cutoffs and the Mramba et al. cutoffs because they may not identify 

moderate malnutrition which can be a necessary indicator for more serious malnutrition 

in the future. The available MUAC cutoffs, though, only categorize those who are 

undernourished and do not provide cutoffs for those who are overnourished, 

representing a distinct need for BMI as a common indicator and, again, a better 

understanding of MUAC and BMI in adolescents who are in non-normal categories of 

nutritional cutoffs.  

4.2 Stunting Among Adolescents 

Although not an original aim, we found that among this sample of Tanzanian 

adolescents there was significantly more stunting in males than in females. This aligns 
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with a systematic review by Wamani et al., of 16 Demographic and Health Surveys in 10 

Sub-Saharan African countries, which found that male children under 5 have 

consistently higher rates of stunting than their female counterparts when considering 

both mean height-for age z-score and stunting prevalence. 52 Given that boys under 5 are 

more likely to be stunted than girls under 5 in sub-Saharan Africa, our finding that more 

adolescent boys in the study population were stunted than their female peers suggest 

that once stunted, the stunting disparity between boys and girls may continue through 

development.52 This study also found that boys who were stunted had higher rates of 

over and undernutrition than their non-stunted counterparts which  aligns with 

literature supporting that stunted children are more susceptible to adverse health 

outcomes like under- and overnutrition. 7 

Stunting offers important information of the health status of the population 

considering that stunting is the result of, in part, poor maternal health and chronic 

infection.6,9 There is some debate in the literature about whether nutrition programs 

should be targeted at stunted adolescents to decrease stunting due to the ability to 

“catch up” during adolescence after being stunted in childhood. 53-55 Whether stunting 

can be reversed or not, there is no doubt that adolescent specific nutrition programs 

would offer necessary sources of positive mental and physical growth during an 

important time in development especially when they are at higher risk for adverse 

health outcomes due to stunting. 
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4.3 Limitations  

4.3.1 Generalizability 

Due to the small sample size (n=52) and the narrow scope of this study of one school in 

in Tanzania, the generalizability of this study to adolescents in Tanzania is low. While p-

values are used for determining correlation and bivariate analysis it is important to 

highlight the exploratory nature of the study and not take significant or non-significant 

differences to mean absolute truth. Instead these differences help guide the discussion 

for further inquiry and research.   

4.3.2 Time  

The cross-sectional nature of this study gives us the opportunity to assess the 

burden of under- and overnutrition in relation to the WHO referent population through 

different anthropometric measures.  As we are evaluating the relationship between BMI 

and MUAC though, we are limited by only collecting data at one point in time. In future 

studies of this nature, it would be important to consider a more longitudinal approach to 

nutrition assessment in order to track the relationship of MUAC with BMI and other 

indicators throughout growth and development.   

4.3.3 Measurements 

Height, weight, and MUAC are all measurements that are prone to measurement 

error due to inter-observer differences in measurement even with training. Additionally, 
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due to constraints of the electronic survey many measurements were rounded to the 

nearest whole number, decreasing precision of the estimates. 

Both puberty and food security were self-reported measures increases the 

opportunity for misclassification. For boys and girls, puberty is difficult to measure 

because puberty is a developmental process. While for girls, puberty may be well 

defined through the initiation of menstruation, there are other factors which may impact 

what this means for body composition measurements.  For example, we do not know 

how long they have been menstruating or how close they are to menstrual initiation 

which does not allow us to understand how the stages of puberty are linked to 

anthropometric measurements. For boys, it is more difficult to determine pubertal 

initiation and difficult to know through a self-reported measure which stage of puberty 

a boy is in. More robust indicators for puberty include multiple self-reported questions 

about various stages of puberty or a physical exam by a clinician.56  The measure for 

food security also offers an area for improvement as food security is often measured on 

the household level and through multiple questions that measures different aspects of 

food security. 57  

4.4 Research Implications 

4.4.1 Validate Local and Global MUAC Cutoffs 

Future research on MUAC should center around validating local and global 

cutoffs for wide scale use. Because the data informing the NACS cutoffs are unpublished 
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and the results show that the NACS cutoffs provided a more inclusive measurement for 

undernutrition in our study populations, replication of this finding is important to 

further validate the use of these cutoffs in Tanzania. Additionally, given that the 

Mramba et al. curves and simplified cutoffs are newly published it will be important to 

validate these cutoffs for use alongside BMI-for-age curves for different populations.  

4.4.2 Further Understand the Relationship between BMI and MUAC 

Given that the majority of the participants in the study were of normal 

nutritional status, further studies need to be done with more nutritionally and socially 

diverse populations in Tanzania and globally. Given the result that the relationship 

between MUAC and BMI is weaker among male adolescents and that the relationship 

gets stronger when removing stunted individuals in our study population, further 

research is needed to understand these findings and test for replication. 

4.5 Recommendations for Policy and Practice 

4.5.1 Concordant use of BMI and MUAC in Adolescent Populations 

While MUAC offers a simplified measure to that of BMI, it will be important 

when possible to use MUAC and BMI together when assessing adolescent nutrition. Not 

only will this generate more data for which to compare the two measures, but it will also 

make MUAC available when BMI is not a proper measurement due to conditions 

affecting one’s weight especially in adolescents who are pregnant or have HIV.  
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4.5.2 Use of NACS Cutoffs for Adolescents in Tanzania 

While the Mramba et al. MUAC cutoffs have more data than the NACS cutoffs, 

the NACS cutoffs offer an important resource in Tanzania that can be used in clinics and 

through country-wide data collection to better understand adolescent nutrition in 

Tanzania. The NACS cutoffs are already supported by the MCDGC in various forms, 

including the HIV Nutrition Guidelines, and given that they may be more inclusive of 

moderate malnutrition can capture more adolescents who are at risk of malnourishment.  

4.5.3 Strengthen Maternal and Child Nutrition Programs 

The high prevalence of stunting in this population of adolescents indicates a 

distinct need to target cycles of undernutrition and chronic infection that contribute to 

stunting. This requires continuing to targeting mothers and children under 5, but it also 

requires extending the age range of “child” services so that children above 5 also receive 

necessary and affordable services. 

4.5.4 Call for Country-Wide Nutrition Data on Adolescents 

Due to the dearth of national and local data on adolescent nutrition, there is no 

way of currently making large-scale suggestions regarding adolescent nutrition on the 

programmatic or policy level. By adding adolescents, for example, as a subsample of the 

Demographic and Health Surveys with indicators like BMI and MUAC, Tanzania will be 

better equipped to track and understand the nutrition status of adolescents 
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5. Conclusion 

This was the first analysis to examine the relationship between BMI and MUAC 

in adolescents in Tanzania. Considering this sample of adolescents in Bagamoyo, this 

study contributes to literature considering adolescent nutrition and to the evidence base 

on MUAC assessments as an indicator for nutritional status. Given that BMI and MUAC 

are correlated in this population of adolescents, MUAC offers a promising method for 

simple, low resource nutrition screening when BMI is not possible. More studies are 

needed in adolescents are identified as having non-normal nutritional status to 

understand the relationship between BMI and MUAC on a more nuanced level, 

particularly for under- and overnourishment. Tanzanian government officials and 

clinicians have an opportunity to harness current ministry-supported resources to focus 

on adolescent nutrition. By using the current MUAC and BMI cutoffs supported by 

NACS to support the measurement of adolescent nutritional status, important data can 

be collected in the pathway to addressing cycles of disease and intergenerational 

malnutrition.   
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