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Introduction 

The challenges of the globally ageing population include 

impacts on the health, social, and economic systems. For 

effective strategies to help manage nutrition-related 

chronic diseases and conditions, an accurate assessment 

of energy requirements is crucial. 

Methods

A systematic literature review was undertaken in 2016 to 

identify publications reporting TEE measured using DLW in 

the elderly. The full protocol is reported at PROSPERO (ID: 

CRD42016047549). Four electronic databases were 

searched. A two step selection process was completed in 

duplicate; the title and abstract then full text were assessed 

to identify studies meeting inclusion criteria (Table 1). 

Results

From 1491 records retrieved, 147 appeared to meet inclusion 

criteria (Figure 1). Participant level TEE data were extracted 

from 15 publications, and were provided by authors for 30 

publications. In total 890 TEE data points from the elderly were 

available. Only 248 were from participants aged ≥ 80 years 

old. Data were not available for over two thirds of publications 

(Figure 2). 

Discussion

The majority of TEE data derived from DLW in older 

adults were irretrievable. An international data repository 

is necessary to support future research efforts, data 

sharing and reduce data loss over time.  A marked deficit 

of data in the older elderly (80 + years) was also evident. 

Use of stable isotopes are crucial in the development of 

contemporary energy expenditure data to inform policies 

and guidelines aimed to optimise the health and 

wellbeing of a rapidly global aging population. 

This study aimed to determine the 

extent of the international evidence 

for total energy expenditure (TEE) 

measured using the gold standard 

technique of doubly labelled water 

(DLW) in older adults (aged ≥ 65 

years).

Table 1. Inclusion criteria 

• Participants aged ≥ 65 years 

• Participant level total energy expenditure data measured 

using doubly-labelled water

• Primary studies using any study design  

Article full text

Porter, Judi, et al. "Total energy expenditure in adults aged 65 years and over measured using 

doubly-labelled water: international data availability and opportunities for data sharing." 

Nutrition Journal 17:1 (2018): 40.

Figure 2. Data availability

Figure 1. PRISMA 

flow diagram
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Lactating mother’s high body fat measured by stable isotope
technique coexisting with high risk of 4 to 5.5 months stunted

children in rural Southern Benin
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IAEA International Symposium on Understanding the Double Burden of Malnutrition for Effective Interventions.
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Background : The burden of malnutrition is well known in Benin under all its phenotypes.
In 2005, undernutrition child coexisted with maternal overweight or obesity in 16.2% of
households. Ten years after, the prevalence of children’s undernutrition and mother’s
overweight/obese in the same household was 21.68% and was associated to food insecurity.
Those studies used Body Mass Index (BMI) to determine maternal overweight/obesity, which
presents some limits. BMI doesn’t measured Percentage of Body Fat (PBF) directly and
poorly distinguishes total body fat from total body lean or bone mass.
Objective : To determine the prevalence of the double burden of malnutrition as
phenotype overweight of lactating mothers and risk of 4 to 5.5 months stunted child.

Methods :
A hundred and three (103) lactating mothers at 4-5.5 months post-partum were recruited to
assess their effective practice of exclusive breastfeeding using the deuterium oxide dose-to-
mother technique.
Back extrapolation method as part of the dose-to-the mother turner technique of estimated

human milk intake in breast-fed infants, following AIEA standards procedures, was used to
find the PBF .
Length-for-age Z-score<-1 was considered to be the cut-off point of Risk of Stunted Child

(RSC). BMI ≥ 25Kg/m2 or PBF ≥ 29 % was classified maternal overweight.
 In each household, prevalences of maternal overweight’s BMI/RSC (MOB/RSC) and

maternal overweight’s PBF/RSC (MOP/RSC) were calculated.

Results :

Conclusion :
The coexistence of maternal overweight and child at risk of stunting was observed in the
households. Early nutrition specific interventions for mothers and their children are needed.

 About 36% of children were at
risk of stunting while 21% of
mothers were overweight’s
PBF in the same community.

 Prevalence of maternal
overweight’s BMI was 13.6%
which is low than maternal
overweight’s PBF (21%).

 Prevalence of MOB/SRC and
MOP/SRC had equal value to
7.8% in the same household
(Figure).

Figure: Prevalence of the malnutrition double burden at household level
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Research Questions
RQ1. What is the effect of isotope fractionation due 

evaporative loss in diluted deuterium oxide samples in 

ambient conditions?

RQ2. Is the abundance of deuterium homogenous along 

the bulk of a sealed, non shaken, diluted D2O volume 

after 5 days?

RQ3. Repeatability performance? We re-evaluated the 

abundance in deuterium of a starting, high-concentration 

solution of D2O after it was divided into smaller volumes.

Introduction
IAEA endorses the use of stable isotope techniques to 

assess body composition in an effort to address public health 

nutrition impediments around the globe. In particular, the 

deuterium dilution technique has proven its superiority to 

anthropometric and bioelectrical impedance analysis by 

providing high-quality data under diverse experimental 

settings. Total body water (TBW) is often used to assess 

human body composition in a two compartment 

approximation model (adipose tissue and lean mass) under 

the assumption that the water to lean body mass ratio is 

constant. Fourier-transform infrared spectroscopy (FTIR) has 

been successfully used for measuring saliva and plasma with 

the deuterium dilution technique providing high measurement 

precision and accuracy at low cost.

The aim of this study is to explore and quantify the errors in 

the deuterium dilution protocol due to the physicochemical 

properties of deuterium.

Background
Isotopic fractionation describes the difference in the relative 

isotopic abundance of an element in different pools of the 

same molecular species due to differences in reaction rates 

or phase transitions. Hydrogen has two stable isotopes, 1H 

(denoted as H) and 2H (denoted as D or deuterium), with 

natural abundance of 99.98843% and 0.01157% respectively 

and an isotope ratio D/H = 0.0001157. H or D atoms in a 

mixture of light and heavy water will switch with the atoms of 

neighbouring molecules to form a third species. 

Almost pure H2O and 

D2O are achievable but 

HDO can never exceed 

50% purity, existing 

only in the presence 

of both H2O and D2O. 

Hence, HDO cannot be isolated chemically but can be 

observed spectroscopically. Mixtures of H2O and D2O 

equilibrate via proton transfer to form HDO according to:

H2O + D2O ⇄ 2HDO

The thermodynamic equilibrium constant is about 3.9 (25 oC) 

and the main deuterated species in the solution is HDO. For 

example, in a water sample containing 1000 ppm of 

deuterium oxide, the concentration of the species at 

equilibrium is 99.8001% for H2O, 0.1998% for HDO, and 

0.0001% for D2O. The fractionation factor for deuterium 

between water vapour and liquid water is 0.941 (25ºC). When 

body water is sampled in the form of saliva the effect of 

fractionation can be critical especially when the total sample 

volume is small. Moreover, Kim and Lee [Kim, K., Lee, X., 

2011. Journal of Hydrology, 399(3-4), pp.364-375] found that 

the residual water was not only progressively enriched during 

evaporation but also the surface was more enriched by 12.6-

16.5‰ than the bulk water, possibly due to kinetic effects. 

Increased evaporative loss of water, affects the concentration 

of the D2O left behind, leading to an underestimation of TBW 

and therefore, an overestimation of body fat.

Results
RQ1: No significant differences were found among the 

measured deuterium values for vials left open for 2 hours in 

the lab, in accordance with theory which predicts deviations 

within our experimental error. Conversely, for cotton swabs 

the average error increases with time. The negative trend 

possibly denotes that evaporation effects were masked by the 

higher viscosity of D2O compared to H2O (1.25 vs. 1.00 

centipoise, cp). Experiments with saliva (4 cp) will clarify the 

results.

RQ2: Yes. 

RQ3: Excellent repeatability
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Materials, methods, and 
instrumentation
Samples enriched in deuterium by known amounts (50-2500 

ppm) were prepared by the volumetric addition of D2O 

(99.9%, Cambridge Isotope Laboratories, Inc.) using an 

automatic pipette to an aliquot of natural abundance distilled 

water and adjusted to a final known volume. Cotton swabs 

(0.3 g) were used as the absorbing material of 1.5 ml of the 

prepared liquid samples. FTIR measurements of the resulted 

volume from squeezed cotton swabs were performed and 

repeated after intervals of 30 min up to 2 hours while they 

were left to evaporate in the lab atmosphere (21oC, 44% 

relative humidity, ~60 μL/h evaporation rate). For RQ3, a 

solution of 22 g/kg was mixed and then transferred to smaller 

vials. Spectra were acquired on an Agilent 4500 Series 

portable ATR-FTIR spectrometer over a range of 4000–650 

cm−1, at a resolution of 8 cm−1. Measurement errors involved 

volume measurement errors (~0.5%), and instrumentation 

errors of the supplied measurement protocol (~8%). Since 

the FTIR measurement error was over than an order of 

magnitude higher than the preparation error, a value of 8% 

was considered as the total error in this study.

The IR spectrum of water contains three main components: 

H2O, D2O, and HDO. Due to intermolecular interactions, the 

IR spectrum is more complex than the isolated water 

molecule. An intense O-D absorbance band appears in the 

mid-infrared region (2650–2350 cm-1) as an unresolved 

multiple band, centred at approximately 2500 cm-1, involving 

combinations of symmetric (ν1) and asymmetric stretching 

(ν3) modes. This band serves as the measurement indicator 

for D concentration as it is not masked by either H2O or D2O 

vibrations.
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Body fat assessment using Bioelectrical Impedance Analysis and Deuterium Dilution among South African children: BC-IT study
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ABSTRACT
Introduction: Percentage body fat is strongly correlated with several non-communicable disease (NCDs) of life style, but its
accurate measurement is difficult. The purpose of this study was to compare percentage body assessed by bioelectrical
impendence analysis (BIA) against deuterium dilution (D2O) techniques among South African children.
Methods: A preliminary data on a total of 90 (38 boys and 52 girls; mean age 8.1±0.88) school-going South African children
aged 6 to 8 years are participants in the Body Composition by Isotope Technique study (BC-IT Study). Total body water (TBW)
and fat free mass (FFM) using D2O technique. Bodystat at 50 Khz was used to calculate TBW and FFM. Descriptive statistics, t-
test for differences and correlation coefficients were employed to analyse the data.
Results: The mean total body hydration for total group was 76.92±0.24, with no significant (p=0.50) gender differences
(76.90±0.26 for boys and 76.94±0.23 for girls). Mean values were 125.41±6.26cm height, weight 26.32±6.32kg; TBW
14.44±2.56kg; 18.79±3.38kg FFM and 7.52±3.75kg FM using D2O. With the use of BIA the mean values were 26.55±8.81kg
FFM and 7.43±3.81 FM. No significant gender differences in age, body mass, height, TBW, FFM and FM. Significant positive
relationship was found between body fat components determined by D2O and BIA with high significant positive correlations
observed in girls.
Conclusion: It can be concluded that Bodystat underestimate fat mass and overestimate FFM and TBW compared to the
deuterium dilution D20 technique in this sample of South African children.

INTRODUCTION
Prevalence of obesity has more than doubled by 50% between 1980 and 20131; (5.1. million in 1990 and 10,6 million in

2010)[2]. According to International Health Metrics and Evaluation (IHME), in SA adulthood obesity is 42% in women and 14% in

men. In SA, childhood obesity increased 2005, 10.5% to 16,5% in 2012.[2] ; and this obesity situation if not changed it has been

projected that 3,91million SA school children will be overweight/obese by 2030. Obesity means imbalance between energy intake

and energy expenditure.[3]

Obesity determinants usually is based on body mass index (BMI). BMI has limitations in determining actual body fatness since it

is solely based on the index of body weight divided by height squared. The BMI limitations often misclassify the children in terms

of overweight or obesity.

Numerous other techniques are available and most often the choice of the technique is guided by its easy use, affordability and

may other advantages as opposed to disadvantages. Majority of studies in South Africa use BMI in determining overweight and

obesity and with limited study using other techniques such as stable isotope technique and BIA along with anthropometric

measurements. Assessment of body composition has increasingly become an interest area in research for monitoring and

intervention aimed at reduction of obesity given the significant link of obesity with NCDs, such as type 2 diabetes, hypertension,

some form of cancer.[4] Based on this background a study on Body Composition using Isotope Technique (BC-IT study) on a

group of 6 to 8 year old Potchefstroom school children in South Africa was undertaken, and still in progress. Preliminary results of

the study, aimed to compare body composition assessed by bioelectrical impendence analysis (BIA) against deuterium dilution

(D2O) techniques among South African children.

METHODS
Study area, design and participants

This study was conducted in Tlokwe Local Municipality (previously known as Potchefstroom Municipality) of the Dr Kenneth Kaunda 
District Municipality in the North West Province, South Africa. 

•Cross-sectional study design was used.

•Preliminary data on a total of 90 (38 boys and 52 girls; mean age 8.1±0.88) school-going South African children aged 
6 to 8 year old 
•Study approval (Ethical number: NWU-00025-17-A1)

•Consent and assent forms.

INSTALATION FTIR AND QUALTIY CONTROL [7]

RESULTS

The mean age for the total group was 8.12±0.88 years with no significant (p=0.50) mean age differences between 
the boys (8.20±0.93) and the girls (8.07±0.84). 

Regarding comparing the two methods for assessing TBW, FFM, and FM, a  borderline significant (-0.23±1.22) 
underestimation of TBW using BIA was found. Though not significant p>0.05 BIA (7.52±3.74) compared to D2O 
(7.52±3.81) underestimated FM. The current findings are comparable to previous findings such as the one from 
Malaysia (Al-Bachir & Othman, 2016) and Cameroon (Esaa et al, 2017). 

Significant positive correlations were observed in the TBW, FFM and FM when the two measuring techniques were 
correlated. The observed correlation is comparable to previous research findings (Pfrimer et al., 2012; Al-Bachir & 
Othman, 2016). In a study by Billa et al. (2016), significant positive relationship between percentage body fat by D2O 
(r=0.513) and BMI was found; similar findings were observed in the present study (D2O, r=0.82) with low correlation 
coefficient values with BIA (r=0.73).

Significant positive correlation was found for FFM using the two measuring instruments.

Limitations

• It should be noted that this is a preliminary results from a study of which when completed will have a total of 400 
participants.
• As such, analyses done in the study were limited to address the current objective. Of which when the study is 

completed more robust statistics will be employed.

CONCLUSION
From this preliminary data, it can be concluded that BIA underestimate fat mass and overestimate FFM and 
TBW compared to the deuterium dilution D2O technique in this sample of South African children. BMI was 
positively correlated with FM determined by D2O and with low correlation with BIA. Given the fact that the 
presentation today was on preliminary data, hopefully when the study is completed a clear recommendation 
will be made.
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LABORATORY

• DOSE PREPARATIONS[7]
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Table 1: Descriptive statistics (minimum, maximum, mean and standard deviation) for the total

Figure 1: Correlations of FM and FFM using D2O and BIA

Table 2: Differences for TBW, FFM and Fat by BIA and Isotope
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Overview

Wearable devices and activity bracelets have become popular 

electronic gadgets for gym-goers and people pursuing a healthy 

and active lifestyle. This research trials an innovative application 

of the technology embedded in these gadgets. Can wearable 

devices be used to better assess the nutritional requirements of 

farm households living in low and middle income countries?

The project aims to use accelerometer devices to develop a 

methodology for generating reliable energy expenditure profiles 

for rural agricultural households, which can be used to better 

assess the nutritional requirements of farm households living in 

low and middle income countries.

The study design

We developed and tested our methodology in rural Ghana, Nepal 

and India. Accelerometry data for four non-consecutive weeks 

across the whole agricultural season (land preparation, seeding and 

sowing, land maintenance, and harvest) by 60 wife-husband dyads 

were complemented with daily information on dietary intake and 

time use data. The sample of 120 individuals yielded a dataset 

including 3,360 person / days and 80,640 hours.

Combining energy expenditure data from 

accelerometry devices with self-reported 

time-use data provides a window into 

agricultural and rural livelihood activities 

which had hitherto not been available. 

Triangulating energy expenditure 

data with time use and food intakes, 

our innovative methodology will 

generate rigorous energy expenditure 

profiles associated with agricultural 

and rural livelihood activities. 

Reference
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Future applications

Scaled-up empirical application of the methods developed can 

facilitate a clearer delineation of the agriculture-nutrition impact 

pathways. Specifically, the methods can contribute to:

• More accurate assessments of the incidence, depth and severity 

of undernutrition and poverty.

• Better understanding of intra-household labour and physical 

activity allocation decisions, including those associated with the 

adoption of productivity-enhancing agricultural innovations. 

• Better understanding of the link between productivity-

enhancing interventions and nutrition outcomes for individuals 

within a household.

Preliminary insights from Ghana

In Ghana we capture higher physical activity levels (PALs) for women 

throughout the agricultural season (Graph 1). Women’s PALs peak 

during seeding and sowing, while men’s PALs peak during seeding and 

land maintenance.

Moreover, we find that the greater proportion of time and energy that 

women spend on domestic activities appears to involve a trade-off 

against opportunities for economic and social interactions (Table 1). 

The energy expenditure for selected agricultural activities are 

reported in Table 2.

Energy 
expenditure

Time use
Food 

intakes

Policy relevance

Agriculture and agricultural interventions play a role in improving 

nutrition and alleviating poverty. However, agricultural work 

competes with time and energy needed for domestic and social 

activities and resting. Considering time and energy trade-offs 

between a wider range of different rural livelihood activities in 

policy designs can help to tailor policies specific to different needs 

of women and men in rural areas.

Males Females Full sample
AEE (%) Time (%) AEE (%) Time (%) AEE (%) Time (%)

Domestic activities 0.02 0.02 0.19 0.19 0.15 0.10

Economic activities 0.67 0.37 0.31 0.25 0.57 0.31

Sleeping and resting 0.13 0.44 0.07 0.42 0.12 0.43

Social activities 0.10 0.10 0.04 0.05 0.08 0.08

Personal activities 0.08 0.08 0.06 0.09 0.09 0.08

Table 2: Activity energy expenditure/h (AEE) for selected agricultural activities, by gender (Ghana).

This project is funded by Competitive Research Grants to Develop 

Innovative Methods and Metrics for Agriculture and Nutrition Actions 

(IMMANA Grants). IMMANA is funded with UK aid from the UK 

government. Grant: #2.03.

Graph 1: Physical activity level (PAL), by gender and season (Ghana).

Males Females
AEE (kcals/h) # Cases (h) AEE (kcals/h) # Cases (h)

Harvesting 105.4 310 70.8 428

Land preparation 98.2 698 87.4 110

Livestock 76.8 125 62.4 2

Ploughing 118.7 252 75.1 62

Processing 47.3 330 76.9 527

Seeding and sowing 90.0 135 85.6 310

Transplanting 100.6 188 84.4 34

Watering 102.7 355 92.2 365

Table 1: Activity energy expenditure (AEE) and time use for activities, by gender (Ghana).
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The findings of the study revealed that the
prevalence of overweight and obesity using BMI-
for-age in girls was the same 18.4% while in boys it
was 10.3% and 16.2% respectively.

Seven percent of boys were wasted compared to
almost 5% of the girls.

Determining body fat percentage by deuterium
dilution showed that girls had a significantly higher
mean percentage fat mass 33.3 ± 8.5 than boys 25.4
± 9.2 (p<0.005).

Additionally, 50% of the children had high body fat
using deuterium dilution method compared to the
prevalence of overweight and obesity of 32% by
BMI-for-age z-score.

These results showed that BMI-for-age under
estimates obesity.

Introduction

A cross-sectional study was conducted among
randomly chosen school children aged 8-11 years.

Permission to conduct the study was granted by
Ministry of Health and Social Services Ethical
Committee.

A total of 155 school children including boys and
girls were assessed for anthropometry and body
composition.

WHO reference tables (2006) were used to
categorize obesity (BMI-for-age >+2SD), overweight
(BMI-for-age >+1SD) and wasting (BMI-for-age <-
2SD).

The percentage of body fat was estimated by
deuterium dilution technique and saliva samples
were analysed using the Fourier Transform Infrared
Spectrometry (FTIR) machine.

Using body fat percentage, boys with percentage
>25% and girls with percentage >30%, were
considered to be overfat and at risk of
cardiovascular metabolic disease (CMD) (Pablo et al,
2015).

Data was analysed using the Statistical Package for
the Social Science (SPSS) version 19.

Methods and Materials

Girls had a significantly higher mean percentage
body fat mass than boys (P<0.005).

These results showed that BMI-for-age under
estimates obesity.

More girls 67.1% (n=51) than boys 32.9% (n=25)
had high body fat percentage means they are
overfat.

Discussion

Underweight and overweight among children needs
to be tackled.

An integrated approach to tackle all forms of
malnutrition is of importance.

Conclusions

Results

Figure 1. Researcher preparing saliva for analysis.

Table 1. Mean percentage body fat mass by sex.

Chart 1. Body fat percentage using Deuterium dilution method by Sex

REPLACE THIS BOX WITH 
YOUR ORANIZATION’S

HIGH RESOLUTION LOGO

Namibia is faced with the “double burden of
malnutrition” with undernutrition coexisting with
over nutrition in the population.

Children are exposed to ultra-processed, energy-
dense, nutrient-poor foods, which are cheap and
readily available.

Opportunities for physical activity have been
reduced and more time is spent on screen based
and sedentary leisure activities.

The findings of the Namibia Demographic and
Health Survey (NDHS 2013) among children under 5
years showed that 24 percent were stunted, 6
percent were wasted, 13 percent were underweight
and 3 percent of children were overweight.

However nutritional status data on older children
aged 5-14 years was not included in NDHS 2013
necessitating for a study to be conducted among
school children aged 8-11 years old from public
urban schools in Windhoek to assess the magnitude
of obesity and determine body composition using
stable isotopes and BMI for age.

Overweight and obese children are likely to stay
obese into adulthood and develop non-
communicable diseases at a younger age (World
Health Organization, 2016).
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Sex n Mean P value

Boy 66 25.4 + 9.2
<0.005

Girl 85 33.3 + 8.5

Nutritional 

status Sex of respondents

Boy Girl Total

Obese 11 (16.2%) 16 (18.4%) 27

Overweight 7 (10.3%) 16 (18.4%) 23

Normal 45 (66.2%) 51 (58.6%) 96

Wasting 5 (7.4%) 4 (4.6%) 9

Total 68 87 155

Table 2. Nutritional status using BMI-for age z-score  by Sex .
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20.00%
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Figure 2. Children drinking Deuterium.
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Assessment of resting, activity and total energy expenditure 

in free-living Thai elderly: A pilot study
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1Institute of Nutrition, Mahidol University, Salaya, Phutthamonthon, Nakhon Pathom, Thailand
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Obesity and non-communicable diseases (NCDs) are increasingly 
prevalent among Thai older adults.  Establishing guidelines for healthy 
diet and lifestyle to address this problem, require a basis on dietary 
energy recommendation that suits body conditions and local context.   
To derive the dietary reference values for energy, the data gap on 
energy expenditure in relation to various physical activity levels must be 
filled. Therefore, this study aims to measure resting/activity and total 
energy expenditure through the use of stable isotope technique and to 
determine associations between these values and body composition 
indices among free-living Thai older adults.

Measured TEE and REE were significantly higher in males comparing to 
females (Figure 4). REE accounted for the largest component of TEE 
(57.6 % for men and 53.8  % for women), followed with AEE (36.2 % for 
men and 33.6 % for women). 

Multiple regression analysis showed that FFM could explain 70.5 % and 
30.9 % of the individual variation in REE and TEE, respectively. TEE 
varies greatly within volunteers due to variation in physical activities, in 
which PAL ranged from 1.2 to 2.6 in men and 1.1 - 2.3 in women (Figure 
5). A trend decrease in PAL with age was observed only in females, this 
finding needs to be confirmed with larger sample size. There was no 
correlation of AEE with FFM or  % body fat. 

The study was an observational, cross-sectional design, enrolling 35 
free-living and relatively healthy elderly who are able to perform their 
daily activities (aged 62 to 83 years, 16 men and 19 women). The total 
energy expenditure (TEE) was measured using doubly labeled water 
technique.  The Resting energy expenditure (REE) was measured by 
respiratory gas analysis, and the activity energy expenditure (AEE) was 
derived from the difference between TEE and REE, assuming the 
thermic response to feeding contributes 10% of TEE. Physical activity 
level (PAL) is the ratio of TEE to REE. Body composition estimates were 
determined using dual energy x-ray absorptiometry (DEXA).

In this group of free-living older adults, total energy expenditure is majorly 
influenced by different levels of physical activity.  Therefore, emphasis 
should be placed on determination of activity energy expenditure as part 
of the basis to derive dietary energy recommendation. 

Introduction

Methods

Results

Conclusions
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Figure 5 Correlation of PAL with age in free-living elderly.

Figure 4 Components of TEE.
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Table 1 Subject demographics by sex.

Male (N=16) Female (N=19) p-value

Age (years) 71.6 ± 10.4 73.1 ± 7.8 0.633
BMI (kg/m2) 24.4 ± 2.8 23.1  ± 3.7 0.254
FFM (kg) 42.9 ± 4.5 30.4  ± 3.9 0.000
BF (%) 31.9 ± 3.9 39.4  ± 5.9 0.000
Waist circumference (cm) 85.3 ± 20.2 78.4 ±18.2 0.296
Waist–Hip Ratio 0.99 ±0.03 0.88 ± 0.19 0.022
Systolic BP (mmHg) 134 ± 20 138 ± 23 0.639
Diastolic BP (mmHg) 80 ± 9 76 ± 12 0.336

0.0
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3.0

60 70 80 90

P
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L

Age (years)

Male

Female

r female = -0.489*, Pfemale < 0.05

r male = -0.101, Pmale = 0.710

Figure 2 Isotope Ratio Mass Spectrometer
(IRMS) (Sercon®, UK)    

Figure 3 Vmax Encore 29 System 
(Sensor Medics Corp., USA).for 
measurement REE

Figure 1 Principle of measurement of carbon dioxide production with 

doubly labeled water (2H2
18O). After administration of water labeled with 

heavy oxygen (18O) and heavy hydrogen (2H), the two isotopes mix with the body 
water, where 18O exchanges with CO2 in the bicarbonate pools as well. Thus, the 
elimination rate of 2H (K2) is a measure for water loss (rH2O) and the elimination 
rate of 18O (K18) is a measure for rH2Oplus carbon dioxide production (rCO2), and 
rCO2= K18- K2.

Table 2 TEE and REE by sex.
Male (N=16) Female (N=19) p-value

TEE (kcal/day) 2,275  ± 507 1,806  ± 381 0.004
REE (kcal/day) 1,222 ± 125 1,015 ± 123 0.000
TEE adjusted for BW

(kcal/day/ kg BW)

35.9 ± 9.2 35.7 ± 7.1 0.925

REE adjusted for BW

(kcal/day/ kg BW)
19.2 ± 2.0 20.1 ± 2.2 0.214

TEE adjusted for FFM

(kcal/day/ kg FFM)
53.4 ± 12.3 59.6 ± 11.0 0.125

REE adjusted for FFM

(kcal/day/ kg FFM)
28.6 ± 2.7 33.6 ± 2.5 0.000

Figure 4 Components of TEE.
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Background                                                                    
Undernutrition mainly occurs in vulnerable 
groups, but poor dietary habits, lifestyle and food 
environment led to obesity  among young 
children and adolescents that is recognised as 
one of the major public health challanges in both 
entities of Bosnia and Herzegovina.  

Nutritional status of children under five 
Federation of BiH                        Republic of Srpska  
- 2%  underweight                        - 0.5% underweight  
-  2.6% wasted                                 - 
-  9.9%  stunted                               - 
- 17.7%  overweight                     -  20% overweight 

Overweight and obesity  in adolescents 
Federation of BiH                       Republic of Srpska  
-22.3%  overweight                      - 21.4% overweight  
- 3.9% obese                                  - 8.3% obese 

Having in mind that nutrition related 
noncommunicable diseases  present major 
disease burden  in  both entities of Bosnia and 
Herzegovina, actions to counteract obesity risks 
have been taken.  

Project activities                                                                                
In order to acquire  accurate information on 
adiposity that would help shape strategies and 
responses to prevent and control it, at 
international level, ten countries of  South-
Eastern Europe joined regional project supported 
by IAEA on application of nuclear techniques for 
body composition assessment using  deuterium 
dilution technique.A joint framework protocol for 
country pilot studies including children 8-10 years 
to establish reference and field methods to 
assess body composition and physical activity has 
been agreed.   

Data collection in Bosnia and Herzegovina started 
in September 2018 and is still progress. Beside 
saliva sampling, study included bioelectrical 
impedance and anthropometric measurements.  

 

Asessment of body composition using nuclear 
techniques is a useful tool for generating  accurate 
information on adiposity and  thus can contribute to 
better understanding and shaping strategies to 
counteract obesity as well as to evaluation of 
existing and new interventions 

 
 

 
Current status of pilot study in BiH 

- Equipment and trainings provided  by IAEA 
- Ethical approvals for pilot study provided 
- Waiting for the Federal Ministry of Health 

approval 
- Data collection of  the Republic of Srpska  

pilot study in progress 
 

 

Parents and participants have been informed about  
the procedure and purpose of the study in age-
appropriate language 

Participants drink the dose through a straw 

BIA and anthropometric measurement Dose  administration 

Portable Fourier Transform 
Infrared Spectrophotometer  

Analysis in the Public Heath Institute   



Body composition using the deuterium 

oxide technique in older people from Uruguay 
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Geriatría y Gerontología. Universidad de la República (UdelaR) Uruguay. ID 147

Introduction: In the last few decades, Latin American and Caribbean region has been experiencing a series of demographic, epidemiological
and nutritional transformations, which in the nutritional field have led to the double burden of malnutrition (DBM). This phenomenon is
characterized by the coexistence of overweight, obesity and malnutrition. This problem is more serious in vulnerable groups, such as older
adults. Uruguay has the oldest population in Latin America (14%) and no previous body composition studies have been done.

Objective: Determine the nutritional status and body composition using the deuterium oxide method in older adults.

Methods: A cross-sectional study was done in 81 community-dwelling, non-disabled older subjects, aged 65-89 years from the Departamento
de Geriatría y Gerontología, after signing an informed consent approved by the Ethics Committee. Weight and height were measured and
body mass index (BMI=kg/m²) was calculated to assess their nutritional status. Obesity (O) was defined as BMI ≥32, overweight(OW) BMI=28-
31.9, normal (NW) BMI=23.1-27.9 and underweight (UW) BMI≤23. Total body water (TBW) was assessed using the deuterium (²H) dilution
technique. Before consumption of a dose of the isotope, a sample of saliva was collected to determine the basal ²H concentration in the body.
A second saliva sample was collected 3 hours later. The enrichment of deuterium in saliva samples was measured in the Laboratorio
Tecnológico de Pando. Fat-free mass (FFM) was calculated by dividing the TBW(kg) by the hydration coefficient (73.2%).

Results: 

22% 78%

61%39%

Distribution of elderly men 
by age

65-74 75-89

57%
43%

Distribution of elderly
women by age

65-74 75-89

45.7% of the older adults 

were NW, while 38.3% 

were OW/O and 

16.1% UW.

Body composition in Uruguay and another countries *

*Mean ± s.e.
1 Valencia ME, Alemán-Mateo H, Salazar G and Hernández Triana M. Body composition by hydrometry (deuterium oxide dilution) and
bioelectrical impedance in subjects aged > 60 from rural regions of Cuba, Chile and Mexico. International Journal of Obesity (2003)
27, 848-855.

Physical characteristics and body composition in elderly men and women by age *

*Mean ± s.e.
BMI= weight/standing height2; TBW= total body wáter; FFM= fat free mass, FM= fat mass;FFMI= fat free mass index; FMI=fat mass index,

VARIABLES WOMEN
(n= 63)

MEN
(n= 18)

T test
WOMEN

T test
MEN

T test
65-74 (n=36) 75-89 (n=27) 65-74 (n=11) 75-89 (n=7)

HEIGHT (m) 154,5 ± 0,7 168,4 ± 1,5 0.00 155,5 ± 1,1 153,2 ± 0,9 0.12 170,6 ± 2 165,1 ± 1,2 0.12
BMI (kg/m²) 27,2 ± 0,6 27,3 ± 0,7 0.91 28,7 ± 0,8 25,3 ± 0,8 0.00 28,8 ± 0,8 25,1 ± 0,6 0.00

WEIGHT (kg) 64,8 ± 1,4 77,4  ± 2,4 0.00 69,0 ± 1,8 59,2 ± 1,9 0.00 83,4 ± 2,4 68,1 ± 1,7 0.00
TBW (kg) 28,6 ± 0,5 40,4  ± 0,9 0.00 29,8 ± 0,6 27,0 ± 0,7 0.00 42,2 ± 0,9 37,5 ± 0,9 0.00
FFM (kg) 39,1 ± 0,7 55,2  ± 1,2 0.00 40,7 ± 0,8 37,0 ± 1,0 0.00 57,7 ± 1,2 51,3 ± 1,2 0.00
FM (kg) 25,7 ± 0,9 22,3  ± 1,6 0.07 28,4 ± 1,1 22,2 ± 1,3 0.00 25,7 ± 1,9 16,9 ± 1,1 0.00

FFMI (kg/m²) 16,4 ± 0,3 19,5  ± 0,3 0.00 16,9 ± 0,4 15,7 ± 0,4 0.02 19,9 ± 0,4 18,8 ± 0,4 0.06
FMI (kg/m²) 10,8 ± 0,4 7,8  ± 0,5 0.00 11,8 ± 0,5 9,5 ± 0,6 0.00 8,8 ± 0,6 6,2 ± 0,4 0.00

FFM % 60,9 ± 0,7 71,8 ± 1,3 0.00 59,4 ± 0,7 63,0 ± 1,3 0.01 69,6 ± 1,6 75,3 ± 1,3 0.02
FM % 39,1 ± 0,7 28,2 ± 1,3 0.00 40,7 ± 0,7 37,0 ± 1,3 0.01 30,5 ± 1,6 24,7 ± 1,3 0.02

WOMEN  

MLG (kg)

MEN

MLG (kg)

WOMEN  

MG (%)

MEN

MG (%)

Uruguay

39,1 ± 0,7 
(n=63)

55,2 ± 1,2
(n=18)

39,1 ± 0,7 
(n=63)

28,22 ± 1,3 
(n=18)

Chile1
37,3 ± 1,6 

(n=19)
51,9 ± 1,5

(n=22)
39 ± 1,6  
(n=19)

27,1 ± 1,4 
(n=22)

México1
38,2 ± 1,4

(n=24)
49 ± 1,3
(n=26)

39,5 ± 1,3 
(n=24)

28,1 ± 1,3 
(n=26)

Cuba1
35,8 ± 1,6 

(n=17)
48,6 ± 1,4 

(n=25)
31,7 ± 1,6 

(n=17)
18,6 ± 1,6 

(n=25)

Conclusions: Obesity and malnutrition were found in this study. There were statistically significant differences in body composition
according to sex. With increasing age, %FFM increases in men and women and %FM decreases.

With reference to age, 58% 

were 65-74 years and 

42% 75-89 years.

Inboth sexes, 

as the BMI 

increases, the 

average values 

of the body 

composition 

variables also 

increases. Only 

the %FFM 

decreases.

Preliminary results of the research: Technical Cooperation Project  RLA/6/073. Funding sources: the International Atomic Energy Agency (RLA/6/073). 
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• Human growth during the first 2 years of  life includes not only 

quantitative changes in body size, but also qualitative changes 

in composition.

• Body composition assessment provides an accurate 

measurement of  growth and nutritional status of  babies as 

compared to anthropometric measurements.

• In this longitudinal study we aimed to estimate body 

composition of  babies studied during the first 2 years of  life. 

• This reference data will improve the understanding of  the 

association between physical growth, body composition, 

health, and risk of  non-communicable disease in later life. 

Methods

Conclusions

Body composition during first year of  life in a cohort of  healthy Pakistani children
Laila Sikanderali1, Shabina. Ariff1, Ayesha Yameen2 , Tanvir Ahmed2 , Arjumand Rizvi1 , Fariha Shaheen1 , Alexia Alford3 , Sajid Soofi1

Aga Khan University 1 , PINSTECH2 , IAEA3

Abstract ID 194

Figure #1 Figure #2

• A Multicenter Body Composition Reference Study was carried 

out at the Aga Khan University hospital Karachi, Pakistan in 

collaboration with International atomic energy agency (IAEA).

• The aim of  this study was to produce normative body 

composition reference data in healthy term infants from age 3 

to 24 months. 

• Repeated anthropometric and body composition 

measurements were performed on 170 healthy term infants at 

3, 6, 9, 12, 18, and 24 months of  age.

• Body composition assessment was performed by deuterium 

dilution method.

• Total body water (TBW) was calculated, to estimate the 

amount of  fat free mass FFM. Fat mass (FM) was then 

calculated as the difference between body mass and FFM.

• The mean ± SD birth weight and length of  the infants were 

3.10 ± 0.37 kg and 49.04 ± 1.65 cm, respectively. Mean 

gestational age was 38.50 ± 2.32 wk.

• We know FM and FFM is age dependent and gradually 

increases with age; in our study we found a similar trend 

(Figure 1). 

• FM%, increased in girls and boys up to 6 months (girls 20.92 

± 4.63 to 24.31 ± 5.63; boys 18.9±4.52 to 20.99 ± 4.65) and 

thereafter it reduced in both gender but more in boys than 

girls (Figure 2). 

• However FM% was significantly higher in girls across all time 

points (p=0.037).

• This is the first longitudinal study evaluating the body 

composition of  healthy Pakistani children in the first 2 years 

of  life. 

• Our study shows that the fat mass is comparable in both 

genders till 6 months of  age .This may be due to similar 

feeding practices i.e. milk being the predominant nutrition 

offered to this age group.

• However females tend to loose less fat after 6 months 

compared to the males. This aspect needs to be further 

explored. 

Introduction
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Fig. 2: Percent Fat Mass Trend 
Through 4 Sampling Points
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Table1 : Body composition of  Pakistani children

Results

3 months 6 months

Boys Girls P-value Boys Girls P-value

n 71 57 54 44

Total body water (kg) 3.8 ± 0.4 3.5 ± 0.3 <0.0001 4.6 ± 0.4 4.0 ± 0.4 <0.0001

Fat Mass (kg) 1.1 ± 0.3 1.2 ± 0.3 0.673 1.6 ± 0.4 1.6 ± 0.5 0.257

Fat Mass % 18.9 ± 4.5 20.9 ± 4.6 0.014 20.9 ± 4.6 24.3 ± 5.6 0.002

Fat Free Mass (kg) 4.8 ± 0.4 4.3 ± 0.4 <0.0001 5.7 ± 0.56 5.1 ± 0.5 <0.0001

Fat Free Mass (%) 81.1 ± 4.5 79 ± 4.6 0.014 79.0 ± 4.6 75.9 ± 5.6 0.003

Fat Mass/ Fat Free 

Mass X100

23.7 ± 7.1 26.8 ± 7.3 0.014 26.9 ± 7.4 32.8 ± 10 0.001

0

1

2

3

4

5

6

7

8

3 months 6 months 9 months 12 months

A
xi

s 
T

it
le

Axis Title

Fig. 1: Fat Free Mass Trend 
Through 4 Sampling Points 

Boys FFM (kg) Girls FFM (kg)

Saliva sampling a Deuterium dosing

http://www.postersession.com/


INDICO/Abstract ID Number: 214 

CONTRIBUTION OF BODY FAT MASS MEASUREMENTS IN THE GLOBAL ASSESSMENT OF 
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Methods: 243 subjects of both sexes, 6-12 years old, 
from the province of Buenos Aires, were evaluated. The 
work team moved to schools, health units and recreation 
centers to conduct the assessment.  
After signing the informed consent and assent, the 
children were weighed and measured and BMI 
(Weight/Height2, kg/m2) was calculated. The nutritional 
status was categorized into normal weight (N), overweight 
(Ow), obesity type I (OI) and II (OII), according to BMI Z-
score. Waist circumference (WC, cm) and skinfolds (SKF, 
mm) were measured. 

After a basal saliva sample was collected, the children 
received an oral dose of 0.5g D2O/kg body weight and a 
second sample was collected after 3 hours post-dose.  
Deuterium in saliva was determined in a Shimadzu FTIR of the 
Department of Nutrition to obtain total body water, fat-free 
mass and fat mass, which was expressed as FM%. The 
discordance between BMI and FM% was analyzed, 
considering a normal suggested values of FM% ≤ 30% in girls 
and ≤ 25% in boys. Serum cholesterol (CHO) and triglycerides 
(TGL) (mg/dl) were determined in a subsample (n=97). 
Statistical analyses (T-test, ANOVA) were performed. 

CONCLUSIONS 
 This is the first approach in the knowledge of children’s fat mass in community based studies by isotope dilution technique in Argentina.  

 

 It was observed an increase in adiposity associated with childhood obesity; moreover, a high body fat was also found in normal-weight 
children. Considering that excessive fatness may increase the risk of dyslipidemia and insulin resistance, the evaluation of fat mass is 
useful to identify children at risk who are not detected by BMI.  
 

 As a significant association was found between fat mass and anthropometric variables, they will be considered in the generation of 
validated prediction equations for this population, not yet locally available, in order to contribute to monitoring programs. 

Excess weight is a public health problem in Argentina. As in other national surveys, BMI is used to evaluate overweight and obesity. 
Moreover, taking into account that WHO defines obesity as an excessive fat accumulation that may impair health, its evaluation gained 
special significance as an associated risk factor. Previously, we observed high variability of fat mass in children when using different reported 
prediction equations. 
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r = 0.89; p<0.01 

GIRLS* BOYS* TOTAL* 

N 124 119 243 

AGE (y) 8,0 (1,8) 7,8 (1,8) 7,9 (1,8) 

BMI Z-score 1,0 (1,0) 0,9 (1,1) 0,9 (1,0) 

OW (%) 27 29 28 

O (%) 16 16 16 

OW + O (%) 43 45 44 

FM (%) 32,7 (6,2)** 26,1 (6,4) 29,5 (7,1) 

EXCESSIVE FATNESS (%) 65 52 59 

TRIGLYCERIDES 80,5 (37,1) 64,4 (3,5) 72,0 (37,0) 

CHOLESTEROL 152,6 (23,6) 147,2 (6,2) 149,9 (25,0) 

RESULTS 

After receiving technical capacity during IAEA regional projects, the aim of this study was to assess fat mass in 
the community by the isotopic dilution reference method in a group of Argentinean children. 

* X±SD ** p<0.01 respect to boys 
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a,b,c,d  0.05>p<0.001 (ANOVA – SNK)  
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CONTRIBUTION OF ISOTOPIC TECHNIQUES IN THE DIAGNOSIS OF CHRONIC NON-
COMMUNICABLE DISEASES: A COMMUNITY EXPERIENCE 

Silvina Mariela Vidueiros1, Cristina Possidoni2, Inés Fernandez1, Sergio Giordanengo2, Anabel Pallaro1 
1University of Buenos Aires, Faculty of Pharmacy and Biochemistry, Department of Nutrition. 2Sacred Heart of Jesus Hospital, 
Basavilbaso, Entre Ríos. E-mail: apallaro@ffyb.uba.ar ; simavidu@ffyb.uba.ar  

                                                                                Methodology 
 

 Invitation to participate was made in March 2018 at the Primary Health Care Center (PHCC) Pueblo Nuevo of Basavilbaso, which is 
located 325 km from country´s capital. Part of work team, which belongs to Department of Nutrition, Faculty of Pharmacy and 
Biochemistry, University of Buenos Aires (UBA) moved to PHCC to perform the assessment. Inclusion criteria were: ≥ 18 years old, 
healthy or in treatment by CNCD.  

  19 women (W) and 9 men (M) attended voluntarily. Participant´s data on pre-existing treatments and received medication was 
collected in a personal interview. Participants signed an informed consent.  

  Blood pressure (BP, mmHg), weight (BW, kg) and height (H, m) were measured and body mass index (BMI, kg/m2) was calculated.  
 Total body water was assessed by isotopic dilution technique and fat mass (FM%) was estimated. Measurement of deuterium 

enrichment was performed by Fourier Transform-Infrared Spectroscopy (Shimadzu Affinity) at the Department of Nutrition. 
  Blood sample was collected to determine glycemia (Gly, mg/dL), cholesterol (Chol, mg/dL) and triglycerides (Tg, mg/dL).  
 A 24-hour urine sample was collected to determine sodium (Na) and potassium (K) by atomic absorption spectroscopy for estimating 

salt intake (SI, g/day).  
 Previously, participants were trained to collect 24-hour urine sample and collaborators to help in the administration of deuterium.  
 After 15 days, participants received their individual report. 

Introduction and Objective 
 

In Argentina, chronic non-communicable diseases (CNCD) represent a relevant public health problem. Due to the 
importance to approach isotopic techniques at the service of community, the aim was to conduct an evaluation of 
metabolic risk factors for CNCD that included assessment of fat mass in adult population from Basavilbaso, a 
small city located in the province of Entre Ríos, in support of the Project “Protection of Vulnerable Population 
against CNDC (PROTEGER)” of National Ministry of Health. 

CONCLUSION  
 

Application of isotopic techniques in the  
community was successful. The study of 
metabolic risk factors in the population 

demonstrated the double burden of 
obesity and associated factors plus an 
excessive intake of sodium. Isotopic 
techniques contributed as a tool for 

better diagnosis of CNCD. 

  

 
 TOTAL 

(n = 28) 

WOMEN 

 (n =19) 

 MEN 

(n = 9) 
> RECOMMENDED VALUE  

AGE (years) 50.9 ± 9.6 

(31-78) 

49.4 ± 8.8  

(31-63) 

53.9 ± 9.1  

(42-78) 

----- 

BMI (Kg/m2) 32.8 ± 7.0  34.5 ± 7.4 29.2 ± 4.8 W: 95% (O: 79; OW: 16)  

 M: 66% (O: 44; OW: 22) 

FM (%) 37.4 ± 8.7  

(12.0-50.4) 

41.7 ± 5.4  

(30.1-50.4) 

28.3 ± 7.5  

(12.0-37.6) 

W: 100%  M: 78% 

SBP (mm 

Hg) 

126 ± 14 126 ± 14 127 ± 17 W: 26%; M: 44% 

DBP (mm 

Hg) 

78 ± 12 77 ± 13 89 ± 9 W: 21%; M: 11% 

SI (g/day) 9.1 ± 4.4 9.4 ± 4.1 8.5 ± 5.7 W: 89%; M: 56% 

Gly (mg%) 117.5 ± 64.4  127.7 ± 76.3 95.9 ± 11.6 W: 32%; M: 22% 

Chol (mg%) 205.6 ± 38.7  204.1 ± 37.3 208.9 ± 46.8 W: 53%; M: 56% 

Tg (mg%) 182.8 ± 115.6  179.2 ± 113.9 190.3 ± 125.8 W: 37%; M: 56% 

RESULTS  

 Although 90% of participants received antihypertensive, lipid-
lowering and hypoglycemic medication, BP, Gly, Chol and Tg 
were increased in 32%, 29%, 54% and 43%, respectively.  

 In addition, 72.5% presented SI higher than WHO 
recommendation of 5 grams/day with a decreased K/Na ratio 
(0.4 ± 0.2). 

 Taking into account the sum of metabolic risk factors (FM%, Gly, 
Chol, Tg, BP, SI), 64.5% of participants presented three or more 
of them, being FM% higher than the suggested value in 86%.  

INDICO/Abstract ID Number: 215 

Results were expressed as mean ± standard deviation. 

Suggested values: 
• BMI: Normal: 18.5-24.9 kg/m2; Overweight (OW): 25-  29.9 kg/m2; Obesity (O): > 30 kg/m2 
• FM%: < 30 
• Hypertension: SBP  140 mmHg; DBP  90 mmHg 
• SI: < 5 g/day 
• Gly: 70 – 110 mg%; Chol: < 200 mg%; Tg: < 150 mg% 

It was organized a meeting at 
Sacred Heart of Jesus Hospital 
of Basavilbaso to present the 
results to authorities of the 
Office of Coordination of 
CNCD Prevention. 

mailto:apallaro@ffyb.uba.ar
mailto:apallaro@ffyb.uba.ar
mailto:apallaro@ffyb.uba.ar
mailto:apallaro@ffyb.uba.ar
mailto:apallaro@ffyb.uba.ar
mailto:simavidu@ffyb.uba.ar
mailto:simavidu@ffyb.uba.ar
mailto:simavidu@ffyb.uba.ar
mailto:simavidu@ffyb.uba.ar
mailto:simavidu@ffyb.uba.ar


M 

Regardless of definitions used, the prevalence of over-nutrition was high, 
particularly in primary school-aged children (20-30% were overweight, 20-30% 
were obese, and 50% had abdominal obesity). Undernutrition among school-
aged children and adolescents still coexists with the prevalence vary from 2% to 
approximately 20%.  
The prevalence of over-nutrition, using general international criteria (WHO and 
IOTF) was substantially lower than those using Asia-specific criteria (IOTF-Asia), 
particularly in high school children (Figure). The prevalence of abdominal obesity 
using a Chinese reference population was considerably higher than those using a 
United States reference population (45.7% vs 22.7% for primary school), and the 
difference was larger in secondary (42.3% vs 11.9%) and high school-aged 
children (33.7% vs 8.9%, respectively). 

Characteristics of participating school-aged children in Ho Chi Minh City, 
Vietnam during the school year 2014 – 2015 

 

Use of different international criteria to quantify under and over nutrition in children and adolescents in 
Ho Chi Minh City, Vietnam—the need for consensus on optimal definitions 

Mai Thi My Thien1,2, Pham Ngoc Oanh1, Tran Thi Minh Hanh3, Peter Baker4, Danielle Gallegos2, Do Thi Ngoc Diep1,2, Jolieke C. van der Pols2, Susan J Jordan4,5 
  

1Nutrition Center of Ho Chi Minh City, Ho Chi Minh City, Vietnam, 2School of Exercise and Nutrition Sciences, Queensland University of Technology, Brisbane, Australia, 3Hoan My Hospital, Ho Chi Minh City, 
Vietnam, 4School of Public Health, The University of Queensland, Brisbane, Australia , 5Population Health Department, QIMR Berghofer Medical Research Institute, Brisbane, Australia 

E-mail: thimythien.mai@hdr.qut.edu.au 

Consensus on criteria by which to define and estimate the double burden of malnutrition is required, but this is lacking for Asian children for whom different criteria 
are being used. There is general agreement that Asian populations require lower cut-points to identify overweight and obesity than Western populations, [1-3] but 
these cut-points have not been well-established for children and adolescents. We therefore used data from a large nutrition survey of school-aged children in Ho Chi 
Minh City (HCMC), Vietnam to quantify the prevalence of under-nutrition (stunting, thinness) and over-nutrition (overweight, obesity, abdominal obesity) and to 
compare the result using the multiple international criteria. 

We estimated  the prevalence of under and over-nutrition in a cross-sectional survey of 10,949 school-aged children and adolescents (6 – 18 years old) in HCMC, 
Vietnam. A representative sample of children was selected from 30 schools (primary, secondary and high schools) in the school year 2014-2015. The following 
criteria were used: 
 
 
 
 
 
 
 
 
Summary prevalence estimates of all nutritional status indicators were weighted based on the population of students in each stratum (urban or rural) at each 
school level, and the proportion of surveyed students in each school, using the “svyset” command in STATA version 12 (College Station, Texas 77845 USA 
 
 
Summary prevalence estimates of all nutritional status indicators were weighted based on the population of students in each stratum (urban or rural) at each 
school level, and the proportion of surveyed students in each school, using the “svyset” command in STATA version 12 (College Station, Texas 77845 USA).  
 

Methods 

Results 

Conclusion 

Summary 

General international criteria may underestimate the prevalence of 
overweight and obesity in children and adolescents in HCMC, Vietnam. These 
findings highlight the need to achieve a consensus for definition of childhood 
obesity in Asian populations. They also highlight the urgent need for greater 
efforts to address the double burden of malnutrition in children and 
adolescents in HCMC, Vietnam. 
.   
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Introduction 

Definition WHO [4] IOTF [5] IOTF_Asian [6] 

Stunting Height-for-age Z-score < - 2 SD Not defined Not defined 

Thinness 
BMI-for-age Z-score < -2 SD 

Age and sex –specific cut-points of BMI 

< 18.5 (kg/m2) 

Age and sex –specific cut-points of BMI 

< 18.5 (kg/m2) 

Overweight 
BMI-for-age Z-score > + 1 SD and ≤ 2 SD 

Age and sex –specific cut-points of BMI 

≥ 25.0 (kg/m2) and < 30.0 (kg/m2) 

Age and sex –specific cut-points of BMI 

≥ 23.0 (kg/m2) and < 27.0 (kg/m2) 

Obesity 
BMI-for-age Z-score > + 2 SD 

Age and sex –specific cut-points of BMI 

≥ 30.0 (kg/m2)  

Age and sex –specific cut-points of BMI 

≥ 27.0 (kg/m2) 

Abdominal obesity 90th percentile of age and sex-specific of Chinese reference population [7] and United States reference population [8] 
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Primary school Secondary school High school

Under and over nutrition of primary, secondary and high school 
children in Ho Chi Minh City, Vietnam school year 2014 - 2015 

Stunting Thinness Overweight Obesity

Primary school High school Secondary school 

Characteristics 
Primary school 

n = 5912 
  

Secondary school 
n = 2993 

  
High school 

n =2044 

Age (Mean± SD) 7.9 ± 1.4   12.3 ± 1.2   15.9 ± 0.9 
Sex 

Male n(%) 2986 (50.5) 1496 (50.0) 1059 (51.8) 

Female n(%) 2926 (49.5) 1497 (50.0) 985 (48.2) 
Location 

Urban n(%) 4837 (79.3) 2396 (80.5) 1810 (85.0) 
  Rural n(%) 1075 (20.7)   597 (19.5)   234 (15.0) 

ID # 374 
Pe

rc
en

ta
ge

 (
%

) 




