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on the Reduction of Child stunting rate: a survey in Kisangani, DR Congo 3 

 4 

ABSTRACT 5 

Background: Home fortification of foods with Multiple Micronutrient powders has been proposed to 6 
maintain normal growing and health of children living in chronic malnutrition conditions.   7 
Objective: This study was set to evaluate the difference in stunting rates among 24-36 mo children fed or 8 
not with UNICEF Multiple Micronutrient powder at the age of 6 to 23 months. 9 
Study design: A community based prospective cross-sectional survey conducted from April 14 to June 10 
13, 2016 in Kisangani city. The effectiveness indicator was the prevalence of stunted children in treated 11 
and untreated children. 12 
Methods: The study was conducted in two health zones, one (Mangobo) representing areas where the 13 
intervention was conducted and the other (Lubunga) representing areas without intervention. Three 14 
groups were constituted: Mangobo (MMN+), Mangobo (MMN-), and Lubunga (MMN-).  15 
Results: The stunting prevalence was 36.2% in Mangobo-MMN+, 74.1% in Mangobo-MMN-, and 54.1% 16 
in Lubunga-MMN-. The global stunting rate was 49.5% for the entire population independently of MMN 17 
intervention. The difference was significant between MMN untreated and treated children (p=0.007). 18 
Stunting was significantly higher among boys than girls and among children whose mothers were 19 
uneducated.  20 
Conclusion: The use of MMN showed some benefits in reducing stunting at short term. But to effectively 21 
solve the problem of chronic malnutrition, the strategies should address globally different causes 22 
including socio-economic assets of the family, food quality, maternal nutrition, sanitation and mothers’ 23 
education. 24 
 25 
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 27 
ABBREVIATIONS 28 
MND: Micronutrient Deficiency  29 
MMN: Multiple Micronutrient 30 
MMNP: Multiple Micronutrient Powder 31 
UNICEF: United Nations Child Funds 32 
WHO: World Health Organization 33 
DRC Democratic Republic of the Congo 34 
HZ: Health Zone 35 
HA: Health Area 36 
 37 
 38 
1. INTRODUCTION 39 
 40 
Nutritional requirements for newborns, infants and young children (before the age of 3 years) have been 41 
addressed by many researchers over the past 30 years. By definition, malnutrition is a group of conditions 42 
in children and adults generally related to poor quality or insufficient quantity of nutrient intake, 43 
absorption, or utilization.[1] Malnutrition is commonly divided in two major categories including protein-44 
energy malnutrition (resulting from deficiencies in any or all nutrients) and micronutrient deficiency 45 
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diseases (resulting from a deficiency of specific micronutrients).[1] The protein-energy malnutrition in 46 
children is further subdivided in three forms: acute malnutrition presenting with wasting or thinness, 47 
chronic malnutrition presenting with stunting or shortness, and acute-chronic malnutrition characterized 48 
by underweight. 49 
  50 
Acute inadequate nutrition leads to rapid weight loss or failure to gain weight normally; the resultant 51 
wasting is reversible with re-feeding, but because of its relatively high mortality rate, it deserves highest 52 
priority of intervention in humanitarian emergencies.[2, 3, 4] Chronic malnutrition is an inadequate 53 
nutrition over long period of time that leads to stunting or failure of linear growth. Yet stunting usually does 54 
not pose an immediate threat to life, the related deficiency in micronutrient affects the health of the 55 
children.[2, 3, 4] Micronutrient deficiencies (MNDs) are often referred to as ‘hidden hunger’ because they 56 
develop gradually over time.[2] Their devastating effect is not seen until irreversible damages have been 57 
done, including child stunting, cognitive delays, weakened immunity and diseases.[2, 3] A number of 58 
studies also have demonstrated that undernutrition of mothers often cause intrauterine lack of essential 59 
vitamins and minerals in foetus which consequently increases the risk of low birth weight, birth defects, 60 
stillbirth, and even death.[5]

 61 
 62 
Global statistics released by WHO and UNICEF show that chronic malnutrition affects more than 165 63 
million children worldwide, a quarter of children under the age of 5 years.[2, 3, 4] Currently, the inequality 64 
in quality food consumption is blatant among children living in rich and poor countries. In wealthy 65 
countries, overnutrition leads to obesity while in resources-limited countries the majority of children are 66 
suffering from starvation.[6, 7, 8] Malnutrition remains thus a challenging public health problem in sub-67 
Saharan regions where children may pass days and days up to death without food and water because of 68 
droughts, wars, or extreme poverty. Also, MNDs affect about one third of children living in low and middle 69 
income countries, mainly in sub-Saharan Africa and South Asia.[2, 8, 9] Mineral and vitamins deficiencies 70 
are especially common due to the low dietary intake of enriched foods and inadequate absorption caused 71 
by diarrhoea.[6]  72 
 73 
Stunting is relatively common in many populations in less-developed countries and has many causative 74 
factors yet poorly understood.[5, 6]  To help mitigating the impact of malnutrition on the health and growth 75 
of infants, UNICEF recommends fortifying their foods with multiple micronutrient (MMN) preparations.[10]  76 
The infants aged 6 to 23 months are eligible to receive MMN supplement. Also, according to the Nutrition 77 
Guidance Expert Advisory Group (NUGAG) convened by the WHO, home fortification of foods is 78 
recommended for the populations where the prevalence of anaemia in children under 2 years or 5 years 79 
of age is 20% or higher.[3, 10] UNICEF and WHO regularly issue update recommendations for providing 80 
children with good nutritional quality food. One systematic review of scientific controlled studies has 81 
shown that dispersible micronutrient preparations for home fortification reduce anaemia by 34%, iron 82 
deficiency anaemia by 57% and retinol deficiency by 21%.[11] Efforts towards reduction of stunting have 83 
succeeded in some countries globally, but in sub-Saharan Africa and South Asia, stunting rates have 84 
unfortunately remained largely high.[12, 13, 14]  85 
 86 
Fourteen countries including Democratic Republic of the Congo (DRC) account for nearly 80% of 87 
malnourished children.[2] In DRC the latest demographic and health survey (DHS 2013-2014) showed 88 
that about 8% of children under five suffer from wasting, 43% from stunting and 23% from underweight. In 89 
addition, one household out of three is in food insecure.[15, 16, 17] In December 2014, the National 90 
Nutrition Programme, in partnership with UNICEF, introduced multiple micronutrient powder (MMNP) as 91 
food supplement for children aged 6 to 23 months, to compensate deficiencies and prevent negative 92 
impact of chronic malnutrition. This intervention was conducted in some municipalities in Kisangani city. 93 
The aim of this study was to evaluate the potential of that intervention to reduce at short term the 94 
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proportions of stunting among children who benefited from MMNP programme and compare whether the 95 
rates differ with untreated children. In other terms, we conducted the present survey to measure the post-96 
intervention effectiveness, comparing the prevalence of stunted children aged 24-36 years in areas where 97 
MMN programme was administered and those living in areas where the intervention was not yet applied 98 
to assess the impact of the intervention on stunting and factors associated with, shortly after the 99 
intervention.  100 
 101 
METHODS 102 
 103 
Study design 104 
 105 
Nutrition surveys are usually conducted to provide a snapshot of the health and nutritional status of the 106 
population or coverage of relief interventions. The technical names for these studies are cross-sectional 107 
surveys aimed at collecting data at a single point in time from a specific population.[1] This study was 108 
designed as an epidemiological cross-sectional survey aimed at giving a snapshot of stunting status 109 
among 24-36 mo children who had been given MMNP as food supplement one year before the study. 110 
 111 
Study setting 112 
 113 
The study was conducted among children living in two urban health zones (HZ) in Kisangani city, namely: 114 
Mangobo and Lubunga. Kisangani is the capital of Tshopo province in the DRC. It is the third largest 115 
urbanized city in the country (Fig 1). The health zone of Mangobo has 13 health areas (HA) for a total 116 
population of 200,059 inhabitants while Lubunga counts 18 HAs for a total population of 149,099 117 
inhabitants.  118 
 119 
Multiple Micronutrients administration 120 
 121 
The administration of MMNP in Mangobo occurred in 2015. The recommended regimen was one sachet 122 
of MMNP every day for a period of 4 months, ideally on completion of 6 months of age as recommended 123 
by the National Nutrition Programme. One sachet of MMNP contains fifteen mineral vitamins and 124 
minerals: 400 mg vitamin A, 30 mg vitamin C, 5.0 mg vitamin D, 5.0 mg vitamin E, 0.5 mg vitamin B1, 0.5 125 
mg vitamin B2, 0.5 mg of vitamin B6, 0.9 mg of vitamin B12, 150 mg of folic acid, 6 mg of Niacin. 4.1 mg 126 
of zinc, 0.56 mg of copper, 90 mg of iodine, 17 mg of selenium and 10.0 mg of iron. Not all children were 127 
given MMNP.  128 
 129 
Sampling technique for effectiveness study 130 
 131 
The data was collected from April 14 to June 13, 2016 almost one year after the 2015 intervention. 132 
Instead of collecting information from all individuals or households in the community, we selected a 133 
representative sample, and, based on that sample, we produced an estimate of the indicators of interest 134 
which can be generalized to the entire population. The selection of the present sample was accomplished 135 
by cluster sampling (multistage) as schematized in Fig.2.  136 
 137 
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 138 
 139 
Fig.1. Health zones, river port, market, airport           Fig.2 Multistage sampling diagram 140 
 141 
At different stages, the selection was made either by reasoned choice or randomly. The sampling unit 142 
was the household. The choice of the two HZs was made on the basis of the objective of the study. 143 
Mangobo has been retained as an intervention zone where the MMNP was given in 2015 to children aged 144 
6 to 23 mo and Lubunga as a control zone without intervention. The choice of HAs was made in a simple 145 
random way without replacement and 10 areas were drawn from each HZ. The selection of avenues, 146 
villages and blocks was made in a simple random manner without replacement. The number of children 147 
was made on the basis of the population density in each area. Thus in each area, two avenues or two 148 
villages were selected. 149 
 150 
Sample size 151 
 152 
All children aged 24 to 36 months living in the two selected HZs during the period of the study were 153 
eligible. This age range was selected as post-evaluation to see the impact one year after the intervention. 154 
Households without target children or those whose mother/caretakers were absent were excluded. 155 
Children whose mothers/ guardians consented to participate and allowed to perform anthropometric 156 
measurements were retained. The sample size was determined using the common formula for single 157 
population proportion with a 95% confidence interval, a precision of 5%, and an assumed prevalence of 158 
43% stunting to get a minimal sample size for a population <1000 000. 159 
 160 

SS        377 161 

 162 
The selection gave a sample size of 209 from Lubunga and 207 from Mangobo.  163 
 164 
Data collection  165 
 166 
The data set had complete information for 416 children aged 24 to 36 mo, and was collected in the 167 
selected avenues by the door-to-door strategy using a data collecting form including socio-demographic 168 
information of the child and the mother/guardian (age, sex, education, occupation, family size, mother’s 169 
occupation and education) as well as the MMNP intervention status (treated or untreated).   170 
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Demographics information was collected from the mothers/primary caregivers of the children using 171 
structured and pretested questions prepared in the local language. Anthropometric measurements 172 
consisting of height and age of children were gathered by deploying 12 trained data collectors and 173 
supervisors.  174 
 175 
Data management and analysis 176 
 177 
The nutritional status of children was made according to WHO classification which devises stunting by 178 
height-for-age index by sex. The calculated index (HAZ score) was operated with ENA software for 179 
SMART 2011. A child below two standard deviations (-2 SD) from the median of the WHO Child Growth 180 
Standards in terms of height-for-age is considered short for his/her age, or stunted.  If a child is below 181 
minus three standard deviations (-3 SD) from the median of the WHO Child Growth Standards, then 182 
he/she is considered severely stunted. The outcome was measured in term of the prevalence of normal 183 
children over stunted children. Our assumption was that the stunting baseline data was similar (43% 184 
without intervention) in all health zones according to previous observations. The statistical descriptive and 185 
multivariate logistic tests were operated with Microsoft Excel and SPSS 20 software at 95%CI and 186 
significance level of 0.05. Descriptive data are reported in mean with standard deviation. Comparative 187 
differences are presented using crude and adjusted odds ratio with their respective 95% CI and 188 
significance. 189 
 190 
RESULTS 191 
 192 
Demographic characteristics 193 
 194 
Table-1 shows the comparative baseline characteristics of the sample in the two assessed HZs. Out of 195 
416 children examined, there were 204(49.04%) boys and 212 (50.96%) girls; sex ratio=0.96. The age 196 
range 24-29 months was slightly lower than 30-36 months (48.3 vs.51.7%). The majority of mothers 246 197 
(59.13%) had secondary school level, followed by 142 (34.13%) with primary level; 17(4.81%) were 198 
illiterate and only 8(0.48%) had university education. In Mangobo, out of 207 children selected, 160(77.3) 199 
had received MMNP and 47(22.7%) had not. 200 
  201 
Globally, the mean height of all children was 84.3 ±6.0 (63-105) cm; median=84 and mode=84. The mean 202 
age was 29.90 ± 4.07 (24-36) months; median=30. The mean HAZ-score was -1.97(-8.02 to 3.53), 203 
SD=1.52. The mean age of mothers was 27.98 ± 6.42(16-48) years; median=27. The mean size of the 204 
family was 9±4 people (2-28); median=9 and mode=6 of which the mean number of children under 5 was 205 
2 (1-6) with median=3. 206 
 207 
Effectiveness of Multiple Micronutrient Intervention   208 
 209 
Table 2 shows the outcomes of the intervention in the two HZs. The global prevalence of stunting was 210 
49.5% (206/426). The prevalence of stunted children was lower in Mangobo (44.9%) where MMN was 211 
administered compared to Lubunga (54.1%) the area without intervention. The odds ratio (OR) was 0.69 212 
(0.471-1.92) for Mangobo/Lubunga. In Mangobo alone, the prevalence of stunting among MMN+ and 213 
MMN- was significantly lower in the treated group compared with untreated group (36.2 vs. 74.5%); the 214 
intervention decreased stunting of about 38%.  215 
 216 
 217 
 218 
 219 
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Tableau 1 Comparative characteristics of the sample in the two health zones 220 
 221 
Variables Total MANGOBO(M) LUBUNGA(L) L/M 

  N % N % N % %Ratio 

Child Age        

 24-29 mo 201 48.3 103 49.8 98 46.9 0.94 

 30-36 mo 215 51.7 104 50.2 111 53.1 1.06 

Child Sex        

 Boys 204 49.0 102 49.3 102 48.8 0.99 

 Girls 212 51.0 105 50.7 107 51.2 1.01 

Family size        

 <1-5  55 13.2 35 16.9 20 9.6 0.57 

 6-28  361 86.8 192 83.1 189 90.4 1.09 

Mother Age        

 18-29 years 267 64.2 116 56.0 151 72.2 1.29 

 30-40 years 149 35.8 91 44.0 58 27.8 0.63 

Mother Occupation        

 Housewife 241 57.9 125 60.4 116 55.5 0.92 

 Farmer 54 13.0 4 1.9 50 23.9 12.58 

 Servant/business 121 29.1 78 37.7 43 20.5 0.54 

Mother Education        

 Illiterate 20 4.8 3 1.4 17 8.1 5.79 

 Primary 142 34.1 49 23.7 93 44.5 1.88 

 Secondary  246 59.1 148 71.5 98 46.9 0.66 

 University  8 1.9 7 3.4 1 0.5 0.15 

MMN intake        

 No 256 61.5 47 22.7 209 100 4.41 

 Yes 160 38.5 160 77.3 0 0.0 0.00 

Total  416 100 207 100 209 100  

 222 
Tableau 2 Comparison of stunting rates in two health zones in Kisangani 223 
  224 
Health Zone Total Normal  Stunted  OR

  
(95%CI) p-value 

 N N % N %   

LUBUNGA 209 96 45.9 113 54.1 1  

MANGOBO 207 114 55.1 93 44.9 0.69 (0.471-1.92) 0.063 

TOTAL 416 290 50.5 206 49.5   

MANGOBO        

MMN(+) 160 102 63.75 58 36.25 1  

MMN(-) 47 12 25.53 35 74.47 5.13 (2.47-10.65) 0.001 

Total 207 114 55.07 93 44.93   

 225 
Table 3 shows the impact of demographic covariates on the stunting outcome. Globally, the prevalence of 226 
stunting was statistically significantly higher in boys than girls (AOR=1.76); higher in 24-29 month old than 227 
30-36 month old (AOR=1.37); higher in illiterate or primary educated mothers than those with secondary 228 
or superior education level (AOR=2.34). Only sex of child and mother’s education were significantly 229 
associated with stunting (p<0.05) after adjustment for MMN treatment. 230 

UNDER PEER REVIEW



 231 
Tableau 4 Factors with impact on stunting 232 

Covariates AOR CI 95%  Sig. 

MMN intake    

 Yes  1   

 No 5.12 (2.41 – 10.89) 0.000 

Health zone    

 Mangobo 1   

 Lubunga 8.59 (3.15 – 23.42) 0.000 

Child gender    

 Female        1   

 Male 1.76 (1.16 – 2.65) 0.007 

Child Age    

 30-36 mo 1   

 24-29 mo 1.37 (0.91 – 2.07) 0.130 

Mother educ.    

 High 1   

 Low 2.38 (1.53 – 3.69) 0.000 

Mother age    

 18-29 y 1   

 30-42 y 1.14 (0.73 – 1.77) 0.558 

Family size    

 1-5 people 1   

 6-28 people 1.34 (0.72 – 2.49) 0.358 

Reference=Stunted child; Adjusting =MMN intake.  233 
 234 
 235 
DISCUSSION 236 
 237 
We conducted the present survey as a post-intervention evaluation of the effectiveness of MMN in 238 
reducing stunted growth rates among children faced to chronic malnutrition. We set to compare the 239 
prevalence of stunted children aged 24-36 years in areas where MMN programme was administered and 240 
those living in areas where the intervention was not yet applied to assess the impact of the intervention 241 
and factors associated with, shortly after the intervention. We adhered to the idea that measuring the 242 
prevalence of wasting, stunting and underweight is of particular importance because it reflects the long-243 
term structural factors of undernutrition and can serve as an indicator of the well-being of a population.

19 244 
 245 
As results, the mean height of all children studied was 84.3±6.0 (63-105) cm, falling within WHO range of 246 
79.1 to 88.7. However, the general prevalence of stunting as indicator of chronic malnutrition here was 247 
49.5% independently of MMN intervention. Based on the WHO classification, the prevalence of stunting 248 
˂20% is considered as low degree of malnutrition, 20-29% as moderate, 30-39% as high, and ≥ 40% as 249 
severe chronic malnutrition in the community.

19
 The 49.5% in children of Kisangani is thus a sign of 250 
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severe chronic malnutrition. The rate is comparable to the rates found in other provinces of DRC like in 251 
South Kivu (46.1%) and in Kasai occidental (46.1%), but higher than the rate described in Kinshasa 252 
(16.7%).[16, 17, 18] Kinshasa has a low rate because it is the capital of DRC having high level of 253 
business activities which assure more diet diversity than the provinces. Compared to other countries, the 254 
rate is similar to what has been found in many sub-Saharan countries, as illustrated by 47.4% in Ethiopia 255 
[20, 21] and 51% in Mozambique [22]. 256 
 257 
To see the impact of administering MMNP, we compared the rates in two health zones, one (Mangobo) 258 
representing areas where the intervention was conducted and the other (Lubunga) representing naive 259 
areas. As shown in Table-1, there was no significant difference in the proportions of children in the two 260 
HZ. The composition of mothers presented however little differences for their occupation, age and 261 
education. The proportions of mothers having high level of education and doing business were higher in 262 
Mangobo than in Lubunga. Lubunga had more young mothers than Mangobo. It is entirely possible that 263 
these two health zones differed at baseline data, but as stated in the methods section, the assumption 264 
was that the stunting baseline data was similar (43% to without intervention) in all health zones according 265 
to previous observations. The comparison showed that the prevalence of stunted children was higher 266 
among children in Lubunga (54.1%) than in Mangobo (44.9%); statistically the difference was not highly 267 
significant (p=0.063). The current rates indicate an increase from 43% baseline to 54.1% in Lubunga and 268 
small change in Mangobo (44.9%). However, the benefit of the intervention was much more evidenced by 269 
the difference between children who received MMN (36.2% stunting) and those who had not been treated 270 
(74.5% stunting), both living in the same municipality. The percentage of 36.2% in treated children was 271 
significantly low compared to the baseline 43% measured one year before. The percentage of 74.5% in 272 
untreated group could indicate that the situation of malnutrition is getting worse. That may be true since, 273 
on the economic ground, the situation of poverty is without doubt getting more and more difficult for the 274 
entire population of the DR Congo. Within one year (2015 to 2016), the living cost had been almost 275 
doubled (1$ exchanged at 930 Congolese franc is now 1700 franc). 276 
  277 
Systematic review studies are otherwise conflicting about the effect of MMN on growth.[24, 25, 26, 27, 28] 278 
Some studies found significant improvement; others did not find benefits. In some cases, improvement 279 
can be worsened by recurrent and chronic illnesses.[2, 3] In other cases, since the process of becoming 280 
stunted starts in utero when pregnant women suffer from nutrient deficiencies and other nutritional insults, 281 
the height-for-age index reflects the long-term effects of malnutrition and does not vary appreciably 282 
following a recent dietary intake. Many studies have mostly shown the benefice of micronutrient 283 
supplementation in particular cases of preventing anaemia and childhood illness.[29, 30, 31] 284 
 285 
In the current study, the analysis of factors associated with stunting showed that the prevalence was 286 
higher in boys than girls; higher in 24-29 months old than in 30-36 months old, and higher in illiterate 287 
mothers than in educated mothers, consistent with other studies. It has been found that mother’s 288 
education is the most reported factor associated with the child’s stunting, followed by child’s age, child’s 289 
gender, household income, family size and child’s morbidity status.[23, 25] In Mozambique, one study 290 
found that 24-month-olds were twice as likely to be stunted compared to 12-month-olds.[22] According to 291 
WHO reports, the prevalence of stunting increases with age of birth up to 24 - 36 months.[32]

 292 
Another factor that can impact on stunting in addition to undernutrition is the prevalence of HIV and 293 
tuberculosis. Our previous study showed a high prevalence of TB (40%) among children living in different 294 
municipalities in Kisangani.[33]  295 
 296 
Nevertheless, the snapshot shows that giving MMN supplementation could better work if the basic 297 
minimal food is provided. Also, the challenging problem is the sustainability and the extent of the 298 
interventions. In many cases, the programmes are underestimated and often cover partially the actual 299 
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needs. To plan for nutritional interventions for children with severe chronic malnutrition, it is necessary to 300 
estimate the number of children that will require treatment, as stated by others.[34, 35]  301 
 302 
CONCLUSION 303 
 304 
The prevalence of stunted growth related to severe malnutrition remains high and strikes half of children 305 
living in different municipalities in Kisangani. UNICEF intervention with Multiple Micronutrient powder 306 
showed some benefits in reducing stunting and is recommendable to extend it. However to effectively 307 
solve the problem of chronic malnutrition, the strategies should address globally different causes 308 
including socio-economic assets of the family, food quality, maternal nutrition, sanitation and mothers’ 309 
education. 310 
 311 
 312 
Competing interests 313 
The authors declare that they have no competing interests. 314 
 315 
 316 
REFERENCES  317 

1. Royal Society of Medicine .ac, uk  http://conflict.lshtm.ac.uk/page_115.htm#Malnutrition_Types  318 
(accessed August, 2017). 319 

2. UNICEF Joint child malnutrition estimates 2017 edition. 320 
https://data.unicef.org/topic/nutrition/malnutrition/ (accessed August, 2017). 321 

3. UNICEF nutrition. 322 
https://www.unicef.org/gambia/Improving_Child_Nutrition__the_achievable_imperative_for_ 323 
global_progress.pdf  (accessed Apr , 2017). 324 

4. UNICEF. Undernutrition.  https://data.unicef.org/topic/nutrition/malnutrition/  (accessed Apr, 2017 ).  325 
5. Black RE, Walker SP, Bhutta ZA, Christian P, de Onis M, Majid Ezzati M, et al. Maternal and child 326 

undernutrition and overweight in low-income and middle-income countries. Lancet 2013; 382(9890): 327 
427–51. 328 

6. Bain LE, Awah PK, Geraldine N, Kindong NP, Sigal Y, Bernard N, et al. Malnutrition in Sub – Saharan 329 
Africa: burden, causes and prospects. The Pan Afr Med J. 2013;15:120. 330 
doi:10.11604/pamj.2013.15.120.2535 331 

7. Kramer CV, Allen S. Malnutrition in developing countries. Paediatrics and Child Health 2015; 332 
25(9):422–427. 333 

8. Jie W, Hui W, Suying C, Liyun Z, Ping F, Wentao Y et al. The Influence of Malnutrition and 334 
Micronutrient Status on Anemic Risk in Children under 3 Years Old in Poor Areas in China. PLoS 335 
One 2015;10.e0140840.  336 

9. de Onis M, Blössner M, Borghi E, Frongillo EA, Morris R. Estimates of global prevalence of childhood 337 
underweight in 1990 and 2015. JAMA 2004;291:2600-2606. 338 

10. UNICEF. Micronutrient. https://www.unicef.org/nutrition/index_iodine.html (accessed Apr, 2016). 339 
11. Bhutta ZA, Das JK,  Rizvi A, Gaffey MF,  Walker N, Horton S, Webb P, Lartey A, Robert E Black RE. 340 

Evidence-based interventions for improvement of maternal and child nutrition: what can be done and 341 
at what cost? Lancet 2013; 382:452–77. 342 

12. Smuts CM, Dhansay MA, Faber M, van Stuijvenberg ME, Swanevelder S, Gross R, Benadé AJ. 343 
Efficacy of multiple micronutrient supplementation for improving anemia, micronutrient status, and 344 
growth in South African infants. J Nutr 2005;135: 653S–659S. 345 

UNDER PEER REVIEW

http://conflict.lshtm.ac.uk/page_115.htm#Malnutrition_Types
https://data.unicef.org/topic/nutrition/malnutrition/
https://www.unicef.org/gambia/Improving_Child_Nutrition__the_achievable_imperative_for_%20global_progress.pdf
https://www.unicef.org/gambia/Improving_Child_Nutrition__the_achievable_imperative_for_%20global_progress.pdf
https://data.unicef.org/topic/nutrition/malnutrition/
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://www.dx.doi.org/10.11604/pamj.2013.15.120.2535
https://www.unicef.org/nutrition/index_iodine.html
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);


13. Locks LM,  Manji KP,  McDonald CM,  Kupka R, Kisenge R,  Aboud S,  et al. Effect of zinc and 346 
multivitamin supplementation on the growth of Tanzanian children aged 6–84 wk: a randomized, 347 
placebo-controlled, double-blind trial. Am J Clin Nutr 2016;103(3), 910-91. 348 

14. Fenske N, Burns J, Hothorn T, Rehfuess EA. Understanding child stunting in India: a comprehensive 349 
analysis of socioeconomic, nutritional and environmental determinants using additive quantile 350 
regression. PloS One 2013; 8(11). e78692. 351 

15. Ministère du Plan et de la Santé Publique (2013-2014). Enquête Démographique et sanitaire (EDS-352 
RDC II 2013-2014). https://www.unicef.org/drcongo/french/00_-_00_-_DRC_DHS_2013-353 
2014_FINAL_PDF_09-29-2014.pdf (accessed May 2017). 354 

16. MoH-DRC. Analyse et Cadre Stratégique de Lutte contre la Pauvreté. 2005 (Santé et Pauvreté) RD 355 
du Congo..https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/RDC_-356 
_2011-2015_-_Document_de_strat%C3%A9gie_de_r%C3%A9duction_de_la_pauvret%C3%A9.pdf  357 

17. Kandala NB, Madungu TP, Emina JBO, Kikhela PD, Nzita KPD, and Cappuccio FP. Malnutrition 358 
among children under the age of five in the Democratic Republic of Congo (DRC): does geographic 359 
location matter? BMC Public Health 2011;1-15. 360 

18. Salam RA, MacPhail C, Das JK, Bhutta ZA. Effectiveness of Micronutrient Powders (MNP) in women 361 
and children. BMC Public Health 2013;13(Suppl 3): S22. 362 

19. Goudet SM, Griffiths PL, Bogin BA, Madise NJ. Nutritional interventions for preventing stunting in 363 
children (0 to 5 years) living in urban slums. Cochrane Database of Systematic Reviews 5.Published 364 
online.2015; DOI: 10.1002/14651858.CD011695. 365 

20. Mandefro A, Mekitie W, Mohammed T, Lamessa D. Prevalence of undernutrition and associated 366 
factors among children aged between six to fifty-nine months in Bule Hora district, South Ethiopia. 367 
BMC Public Health 2015;15:41 doi:  10.1186/s12889-015-1370-9PMCID. 368 

21. Endris N, Asefa H, Dube L. Prevalence of Malnutrition and Associated Factors among Children in 369 

Rural Ethiopia. BioMed Research International 2017; doi.org/10.1155/2017/6587853 370 
22. Elizabeth S.R, Meridith B, Lazaro GC, Elisée N, Ann F. G, Melanie L, et al. Determinants of 371 

undernutrition among children aged 6 to 59 months in rural Zambézia Province, Mozambique: Results 372 
of two population-based serial cross-sectional surveys. BMC Nutr 2015;1:41   373 

23. De-Regil LM, Suchdev PS, Vist GE, Walleser S, Peña-Rosas JP. Home fortification of foods with 374 
multiple micronutrient powders for health and nutrition in children under two years of age (Review). A 375 
Cochrane review journal Evid.-Based Child Health 2013; 8(1),112–201. DOI: 10.1002/ebch.1895 376 

24. Ramakrishnan U, Aburto N, McCabe G, Martorell R. Multimicronutrient interventions but not vitamin A 377 
or iron interventions alone improve child growth: results of 3 meta-analyses J Nutr 2004;134:2592-378 
602. 379 

25. Best C, Neufingerl N, Del Rosso JM, Transler C, van den Briel T, Osendarp S. Can multi 380 
micronutrient food fortification improve the micronutrient status, growth, health, and cognition of 381 
schoolchildren? A systematic review. Nutrition Reviews 2011; 69(4): 186–204. 382 

26. Adu-Afarwuah S, Lartey A, Brown KH, Zlotkin S, Briend A, Dewey KG. Randomized comparison of 3 383 
types of micronutrient supplements for home fortification of complementary foods in Ghana: effects 384 
on growth and motor development. Am J Clinic Nutr 2007; 86(2):412–420. 385 

27. Soofi S, Cousens S, Iqbal SP, Akhund T, Ahmed I, Zaidi AKM, Bhutta ZA. Effect of provision of daily 386 
zinc and iron with several micronutrients on growth and morbidity among young children in Pakistan: 387 
a cluster-randomised trial.  Lancet 2013;382(9886):29–40. 388 

28. Haider BA, Yakoob MY, Bhutta ZA . Effect of multiple micronutrient supplementation during 389 
pregnancy on maternal and birth outcomes. BMC Public Health 2011;11(Suppl 3):S19. 390 

29. Smuts CM, Dhansay MA, Faber M, van Stuijvenberg ME, Swanevelder S, Gross R, Benadé AJ. 391 
Efficacy of multiple micronutrient supplementation for improving anemia, micronutrient status, and 392 
growth in South African infants. J Nutr 2005;135(3):653-659. 393 

UNDER PEER REVIEW

http://ajcn.nutrition.org/search?author1=Lindsey+M+Locks&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Karim+P+Manji&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Karim+P+Manji&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Christine+M+McDonald&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Roland+Kupka&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Rodrick+Kisenge&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Said+Aboud&sortspec=date&submit=Submit
https://www.unicef.org/drcongo/french/00_-_00_-_DRC_DHS_2013-2014_FINAL_PDF_09-29-2014.pdf
https://www.unicef.org/drcongo/french/00_-_00_-_DRC_DHS_2013-2014_FINAL_PDF_09-29-2014.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/RDC_-_2011-2015_-_Document_de_strat%C3%A9gie_de_r%C3%A9duction_de_la_pauvret%C3%A9.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Project-and-Operations/RDC_-_2011-2015_-_Document_de_strat%C3%A9gie_de_r%C3%A9duction_de_la_pauvret%C3%A9.pdf
https://www.hindawi.com/46938490/
https://www.hindawi.com/84170134/
https://www.hindawi.com/47509310/
https://doi.org/10.1155/2017/6587853
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rose%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=27182448
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blevins%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27182448
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%26%23x000e1%3Blez-Calvo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27182448
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndatimana%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27182448
https://www.ncbi.nlm.nih.gov/pubmed/?term=Green%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=27182448
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27182448
http://bmcnutr.biomedcentral.com/articles/10.1186/s40795-015-0039-1


30. Lopez de Romana G, Cusirramos S, Lopez de Romana D, Gross R. Efficacy of multiple micronutrient 394 
supplementation for improving anemia, micronutrient status, growth, and morbidity of Peruvian 395 
infants. J Nutr 2005;135(3):646S–52S. 396 

31. Prendergast AJ, Humphrey JH.The stunting syndrome in developing countries. Paediatr Int Child 397 
Health 2014;34(4):250-265. doi: 10.1179/2046905514Y.0000000158 398 

32. WHO. Infant and young child feeding http://www.who.int/mediacentre/factsheets/fs342/en/ (accessed 399 
August, 2017). 400 

33. Kasai ET, Dauly NN, Alworonga Opara JPA, Likele BB and Kadima NJ. Spectrum of Childhood 401 
Tuberculosis: Ensuring and Making a Differential Diagnosis by Tuberculin Skin Test and Clinical 402 
Signs in Kisangani, DR Congo. International Journal of TROPICAL DISEASE & Health 2017;23(1):1-403 
10. 404 

34. Dale NM, Myatt M, Prudhon C, Briend A. Using cross-sectional surveys to estimate the number of 405 
severely malnourished children needing to be enrolled in specific treatment programmes. Public 406 
health nutrition 2017;20(8):1362-1366. DOI: https://doi.org/10.1017/S1368980016003578 407 

35. Isanaka S, O’Neal Boundy E, Grais RF, Myatt M, Briend D. Getting better numbers: improving 408 
estimates of children with severe acute malnutrition with cohort and survey data. Am J Epidemiol 409 
2016; 184(12): 861–869. 410 

UNDER PEER REVIEW

http://www.who.int/mediacentre/factsheets/fs342/en/
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Nancy%20M%20Dale&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Mark%20Myatt&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Claudine%20Prudhon&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Andr%C3%A9%20Briend&eventCode=SE-AU
https://doi.org/10.1017/S1368980016003578

