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STUNTING, WASTING AND BREASTFEEDING AS RELATED TO FAT-FREE MASS AND FAT MASS 
IN KENYAN CHILDREN AGED 6 AND 15 MONTHS  

Silvenus O Konyole1, Selina A Omollo2, John N Kinyuru3, Bethwell O Owuor4, Benson B Estambale5, Kim F Michaelsen6, Henrik Friis6, 
Nanna Roos6, and Suzanne Filteau7, Victor O Owino8 

Background and objective 
It is important to understand the linkage between nutrition-
al status, growth, breastfeeding and body composition in 
order to design interventions to prevent growth faltering, 
but few data from low- and middle-income countries are 
available. The objective was to assess the role of nutritional 
status and other correlates of body composition in Kenyan 
children aged 6 and 15 months. 

Methods 
Four hundred and forty nine infants were enrolled in an 
observational study embedded in a nutrition intervention 
trial conducted in rural Kenya. Infants were enrolled at 6 
months of age. Anthropometric measurements were con-
ducted, and fat-free mass (FFM) and fat mass (FM) were 
measured with the deuterium dilution technique when 
the children were 6 and 15 months of age, respectively. 
Linear regression was used to assess the association of 
sex, breastfeeding, stunting and wasting as correlates of 
fat-free mass index (FFMI), fat mass index (FMI) and body 
mass index (BMI). 

 

At the age of 6 months, boys had a 0.45 (95% CI 0.10-
0.80) kg/m2 higher FFMI compared to girls. There was no 
difference in FMI. A similar pattern was seen when the 
children reached the age of 15 months.  Those who 
stopped breastfeeding before the age of 15 months 
(11%) had a 0.10 (95% CI -0.60; 0.40) kg/m2 lower FMI 
when they reached 15 months. At 6 months, stunted 
infants had a 0.28(95%CI -0.85; 0.29) kg/m2 lower BMI 
than infants with LAZ above 0, due to 0.66(95% CI -1.08;-
0.23) kg/m2 lower FMI, but not FFMI. Stunting was not 
associated with body composition at 15 months of age. 
Wasted children had both lower FFMI and FMI at 6 and 
15 months of age. 

Table 1: Correlates of body composition at 6-month visit, with B 
and (mean) of the reference groups  

 

Conclusion 
Further research is needed to establish the relation 
between these early changes in body composition and 
later body functions and the risk of chronic diseases. Table 2: Correlates of body composition at 15-month visit, with 

B and (mean) of the reference groups  
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Evaluation of Iodine Intake and Deficiencies, and Study of 
the Effect of Iodized Salt on Iodine Status in Moroccan 

Children 
 

Introduction 

Iodine deficiency has several adverse 
e f f e c t s o n h u m a n g r o w t h a n d 
development and it is categorized 
collectively as iodine deficiency 
disorders (IDDs) [1].  
Worldwide 29.8% of children have 
insufficient iodine intake. 
In order to fight against iodine 
deficiency, enrichment of table salt with 
iodine is recommended. 

Purpose 

The aim of this study is to determine 
iodine intake and iodine deficiency in 
Moroccan children aged 6 to 18 years, 
and to establish the link between 
d e f i c i e n c i e s a n d t h e l e v e l o f 
consumption of iodized salt. 

Materiels & Methods 

• Anthropometric measurements (table I) 
• Socio-economic questionnaire. 
• Urinary Analysis ( Sandell-Kolthoff ) 

Results 

[1]-	WHO. Guideline: Sodium intake for adults and children. Geneva, World Health Organization (WHO), 2012.  
[2]-	WHO (2007), “World Health Organization/United Nations children’s fund/International Council for the Control of Iodine Deficiency 
Disorders”, Assessment of Iodine Deficiency Disorders and Monitoring Their Elimination, 3rd ed., World Health Organization, Geneva, 
ISBN 978 92 4 159582 7 (NLM classification: WK 250).  

Conclusion 

The majority of children who consume 
more than the recommended intake of 
salt, which is supposed to be fortified 
with iodine, suffer from iodine 
deficiency, which leaves one to reflect 
on the quality of the iodized salt 
consumed by the Moroccan children, 
therefore the Ministry of Health should 
consider new alternatives for iodization, 
and take in to consideration these 
shortcomings in the new strategy to 
fight against (IDDs). 
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Figure 2: Urinary iodine distribution among children and 
adolescents by sex according to the WHO for iodine adequacy 

Table I : General characteristics of the studied population 

Notes: P-values by One-way ANOVA for means or Mann-Whitney test for 
medians.Results are presented as mean ± standard deviation or proportion (%),  
IMC (Indice de Masse Corporelle); BAZ (BMI z-score of body mass index for 
age); Z-scores were determined according to [2]. 

Notes: *Results are presented as medians (25th; 75th); **results are presented as 
effective and percentage n (%); 24-h -U: urinary volume for 24 h; 24-h UIE: 24-h 
urinary iodine excretion; UIC: urinary iodine concentration; 24-h Cr: 24-h 
creatinine; UIC/Cr ratio: iodine to creatinine ratio; p-values are determined by 
aANOVA, bKruskall–Wallis and cChi-square test  

Table II : Biological parameters for studied population by sex  
 

Recruited children: 
280 Children (6-18 

years) 

Excluded by 
Urine criteria  

n= 64 
Final participants n= 

131 

Children signed 
consent:  
n=195 

Figure 1: Flowchart of the study 

The authors acknowledge the financial help of the International Atomic         
Energy Agency (IAEA) 

	 All	 Boys	 Girls	 p-value	
24	H-	U	volume	(ml)*	 800(700	;	1000)	 800(600	;	1000)	 800(700	;	1000)	 0.38a	
24	H-	UIE	(μg/day)	*	 77(60	;	104)	 72.5	(56	;	93)	 83	(66	;	112.3)	 0.041a	
UIC	(μg/l)	*	 96	(84.8	;	102.2)	 93.4	(84.4	;	102.2)	 100.5	(85.2	;	

122.0)	
0.018b	

24-H	Cr	(μg/L)	*	 0.6	(0.4	;	0.9)	 700	(400	;	900)	 600	(500	;	900)	 0.76b	
UIC/Cr	ratio	
(μg/gcr)	*	

117	(87.5	;	175.8)	 110.6	(83.5	;	167.5)	 126	(89;	190.3)	 0.12b	

UIC	μg/L	<	100**	 95	(72.5)	 58	(85.29%)	 37	(58.73%)	 <0.01c	
	

	 Total						
Mean	±	SD		

Boys							
Mean	±	SD	

Girls								
Mean	±	SD		

p-values	

	
N	 131	 68	 63	 	

Age	(years)	 9.8±2.4	 9.8±2.4	 10.5±2.6	 0,1	
Weight	(kg)	 32.7±11.3	 32.7±11.3	 34.1±12.4	 0,4	
Height	(cm)	 137±14.4	 137±14.4	 138.5±13.8	 0,5	

BMI	 17.1±3.6	 17,1±3.8	 17.3±3.5	 0,7	
BAZ	 -0.1±1.6	 ¬0,1±1.8	 ¬0.15±1.3	 0,3	

THINESS	 9.9	 10.3	 9.5	 	
Normal	 69.5	 72.1	 66.7	 	

Overweight	 12.2	 8.8	 15.9	 0,8	
Obesity	 8.4	 8.8	 7.9	 	

Blood	pressure	 	 	 	 	
Systolitic(mmHg)	 					98,5±11,7	 98,1±12	 98,9±10,1	 0,7	
Diastolitic(mmHg)	 69,3±9,9	 68,8±10,7	 69,8±9,01	 0,5	
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Content of Iron and Vitamin A in Participatory Improved 
Complementary Dishes for Children in Central Uganda

aBioversity International, Uganda; bUNICEF, Kenya;  cBioversity International, Italy. 

Background 
• Complementary foods are starchy staple-based meals that 

often lack micronutrient such as vitamin A and iron

• CFs in Uganda  based on maize or cooking banana

• Maize based CFs have no trace of either Vitamin A or Iron 

• Banana-based foods, negligible levels of iron and very low 
levels of Vitamin A (23-43 RAE ug/100gep)  

• Participatory improvement of complementary foods using 
locally accessible ingredients is an effective intervention 
to improve child growth

Bioversity International is a CGIAR
Research Centre. CGIAR is a global 
research partnership for a food-secure 
future. www.cgiar.org

Bioversity International
Headquarters
Via dei Tre Denari 472/a
00054 Maccarese, (Fiumicino)
Rome, Italy
Email: bioversity@cgiar.org

www.bioversityinternational.org

Conclusions and Recommendations
Using local available foods, has been emphasized in the WHO/UNICEF global strategy for infant and young child feeding as one 
of the important strategy for addressing poor nutrient intake. Although these locally available iron- and vitamin A-rich 
ingredients can improve the nutrition profile of complementary food recipes in Uganda, there is need for careful assessment of 
the nutrient-nutrient interaction following combination of ingredients to ensure enhanced availability of key nutrients.

Key words: 
Iron content, Vitamin A 
content, Complementary 
dishes, Popular dishes, 
Uganda
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Methods
• Participatory identification of locally available ingredients

that could be included in the common recipes

• Participatory discussion on the preparation methods involved
and nutrient retention implications

• Mother-child pair taste and evaluate the improved recipes

• Microwave digestion and Flame Atomic Absorption
Spectroscopy (FAAS) method were performed for
determining the content of iron

• Vitamin A was measured in form of provitamin A carotenoids
(pVACs) using HPLC analysis. Each analysis was carried out in
triplicate.

Objective
• To have complementary dishes with potential to significantly

contribute to iron and vitamin A dietary recommendations
for children <5years through participatory improvement of
the common dishes

Results

*Ekesa Beatricea, Nabuuma Deboraha, Midikila Kidake Francisb, Kennedy Ginac

Contact: Beatrice Ekesa (PhD), Email: b.ekesa@cgiar.org

Figure1 and 2: Iron and provitamin A carotenoid content in common and popular and modified/improved complementary dishes in Kiboga District, Uganda
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Tasting and evaluation of the improved dishes with mother–child pairs

Pictures of some of the improved recipes from left; Improved porridge in cooking pan; Improved banana based dish with N, vegetables and beans; improved
banana dish with banana, vegetables, beans, groundnut; served improved porridge; homogenization of one of the mixed dishes in the laboratory respectively
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