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Abstract: After approximately 6 months of age, term breastfed infants are increasingly depending 

on other sources of iron to avoid iron deficiency anemia. The appropriate complementary feeding 

must include a balance composition of foods containing an adequate amount of macro- and 

micronutrients to reduce the risk of iron deficiency anemia. This study aims to compare the anemia 

and growth status of infants receiving commercial fortified infant cereals (FIC) with infants not 

receiving them. We use all complete multiple Demographic Health Surveys (DHS) from 2005 to 2018 

to understand global infant feeding patterns. To better control for the strong household wealth effect 

in nutritional choices and possibly health awareness, we use propensity score technique as applied 

in outcome research to better control the effect of covariates. After matching and controlling for 

confounders, we did find a significant association between reduced risk of anemia and consumption 

of FIC. After matching and adjusting for confounders the small but positive effects of consumption 

of FIC on Height for age z-score and Weight for Height Z-score are no longer statistically significant. 
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1. Introduction 

WHO recommends that infants should be exclusively breastfed for the 6 month of life before the 

introduction of complementary foods [1]. Breast milk is an ideal food for young infants because of its 

unique nutrient profile. However, breast milk alone beyond the 6th month of life may lead to 

insufficiencies of some nutrients such as iron, zinc, vitamin K and vitamin D [2]. After 6 month, term 

and breastfed infants need additional sources of iron to avoid iron deficiency because of the depletion 

of iron stores linked to rapid growth and low content of iron in breast milk [3, 4]. Complementary 

foods are required to meet the macro- and micronutrient requirements[5]. 

Complementary feeding is defined as providing nutrient-containing foods or liquids along with 

human milk and do not displace human milk [1]. To meet the gap of breast milk nutritional decrease 

of macro- and micronutrients, good quality of complementary feeding are needed. This 

complementary food should include a balance composition of foods containing adequate amount of 

macro and micronutrients, especially iron, to avoid iron deficiency anemia.  

In developing countries, incidence and severity of anemia in infant and young child aged 6 to 

23 months is very high [6]. Iron deficiency anemia in children to a large part linked to low intake of 

iron in complementary foods. 

Strategies for achieving sufficient iron intakes include foods rich of bioavailable iron such as 

meat, the use of fortified complementary foods, or supplements [7]. However as many 

epidemiological studies have shown the reality of infant feeding in low and middle income countries 

is characterized by low dietary diversity [8], low nutrient density [9] and increasing use of soft drinks 

and sugary snacks [10].  

Both home-made and commercial complementary foods (fortified infant cereals FIC) are equally 

acceptable alternatives for infant feeding [11]. Home-made complementary food could provide a 

broad range of different flavors and textures which affects the development of diet diversity, nutrient 
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intakes and quality of infant growth but are low in terms of micronutrient density [12, 13]. Home-

made fortification of complementary feeding with micronutrient supplements has been strongly 

endorsed by WHO to increase the nutrient density of homemade porridges [14]. Fortified commercial 

infant cereals provides iron and other micronutrients which are needed by infants and have been 

associated with decreased risk of iron deficiency anemia [15].  

The objective of this analysis is to assess if the consumption of fortified complementary feeding 

which has been shown in systematic reviews [15-17] and cross-sectional surveys [6, 18] to reduce 

anemia, is associated with reduced risk of anemia but also with other metabolic markers such as 

height for age or weight for height. In a small cross sectional survey Irawan et al. observed that infants 

fed with commercially infant cereals have higher hemoglobin, serum ferritin and serum iron levels 

than those with home-made complementary food and also had a lower risk of being stunted and 

wasted [19]. No significant differences were observed in relation with weight-for-age z-scores 

(underweight). In a longitudinal observational survey in Indonesia, Diana et al. observed that infants 

fed with FICs had higher intakes of calcium, iron, and vitamins A and C and positive relations existed 

for 9-month consumption of iron-rich/iron fortified infant foods with length-for-age Z-score (LAZ) at 

12 months, and for fortified infant foods alone with both LAZ and weight-for-age Z-score 12 months.  

Similarly in the context of randomized control trials, some interventions had additional 

secondary endpoints next to the anemia status. The effects of fortification on metabolic outcomes was 

not clear. However, none of the interventions had a control arm with no fortified infant cereals 

meaning that only the effectiveness of the fortification of commercial cereals or homemade porridges 

on growth status was assessed and not the fortified cereals versus a group of infant fed with home-

made porridges / cereals   [15]. 

In high income countries one longitudinal survey has shown in increase weight gains for infants 

drinking milk cereals at age 12 months, 18 month [20] and 5 years[21]. This relation has to be set in 

the context of high-income countries where infants are fed with a large number of food groups and 

high dietary diversity. According to the authors, the use of milk cereal drink use was associated with 

low parental education and maternal obesity and were given to reduce troubled sleep which could 

lead to overfeeding. An additional specificity of the two longitudinal studies is that they looked at 

cereals in a liquid form (bottled fed) which is not equivalent to a porridge type of semi-solid food 

consumed (spoon fed).     

In developing countries, in contrast, fortified cereals are consumed by higher income groups and 

are perceived by caretakers as nutritionally superior, convenient food group [22, 23]. Infants receiving 

FICs had better micronutrients status than infants fed with home made porridges [23]. What raises 

more concern in this setting with regard to childhood obesity is the increasing consumption of sugary 

and savory snack foods and soft drinks by young children amongst different income groups[24, 25]. 

According to DHS the percentage of infants fed with sugary snack foods in Nigeria in 2008 was 

between 14 and 48% (lowest and highest wealth groups) but only 1 to 24% for fortified infant cereals 

[26]. An additional difficulty in understanding the role of different food groups on health outcomes, 

is the timing of complementary feeding. Early introduction which is influenced by nutritional 

knowledge has been a risk factor for morbidities and accelerated weight gain.  

Although overweight and obesity is considered predominantly as a problem of high-income 

countries, it is an emerging issue in developing countries, especially in the cities [27]. Children in 

wealthier households could be more exposed to packaged foods that are low in nutrient density. 

However, the contrary effects have been observed in Kenya. Supermarkets in emerging countries 

which sell predominantly packaged food do not seem to be a driver of childhood obesity in this 

setting. The positive effects of supermarkets on child nutrition are channeled through improvements 

in food variety and dietary diversity [28]. 

We took advantage of the availability of a rich cross-sectional dataset from the Demographic 

and Health Surveys (DHS) to explore the link between anemia and healthy growth and consumption 

of fortified infant cereals in low-income countries. In order to deal with the high heterogeneity of the 

sample, we exploited a statistical technique called propensity score (PS) matching thanks to which 

we could run the analysis on a more homogeneous sample. In the next section, we further explained 
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the data and methods used in our analysis. In section 3, we presented our results while in section 4 

we discuss the interpretation. We summarized our conclusions in section 5.  

2. Materials and Methods  

2.1. Propensity score matching 

As we deal with observational data, it is likely that treated and untreated observations differ in 

their observed and unobserved characteristics. From the extensive literature on the effects of infant 

feeding (bottle vs breast milk) on obesity and overweight, different suggestions to achieve better 

causal inference have been proposed, amongst them the propensity score methods. Two recent 

studies from the United States made use of propensity score techniques to deal with confounding in 

the analysis of the effect of breastfeeding on obesity and body mass index (BMI). The authors used 

inverse probability of treatment weights (IPTW) [29] and a generalized propensity score approach 

(GPS) [30] to match the observations on observable baseline characteristics and found small or no 

effect of breastfeeding on BMI. Grube M. et al. also applied propensity score methods to reduce the 

effect of confounding factors, but with a difference: the authors did not include the propensity score 

weights in the regression, but used propensity score matching as a way to select subsamples of 

breastfed and non-breastfed subjects that were balanced with respect to observed covariates [31]. The 

authors then used the obtained balanced sample in an adjusted multivariable logistic regression. This 

means that they had to take into consideration two non-overlapping sets of covariates: one for the 

calculation of the propensity scores and one to adjust the multivariate regression. Clearly, in order to 

proceed in this way, one must believe in the assumption of “ignorability”, that is, absence of 

unobserved confounding [31].  

One of the advantages of the use of propensity score methods lies in the fact that it allows to 

identify treated and untreated whose characteristics make them unique to one group or the other, so 

that, in order to have more comparable observations (“common support”), the mismatched ones can 

simply be excluded from the sample [31].  Propensity score matching addresses the possible 

occurrence of selection bias and reverse causality and to estimate treatment effects when treatment is 

endogenous to the outcome. For example, infants born in wealthier households would have a higher 

probability of being overweight and been feed with fortified cereals. Matching mimics a randomized 

experiment i.e. conditional on a set of observables there is some unspecified mechanism that 

randomizes people into treatment. Given the high heterogeneity of our sample, we exploited a 

propensity score technique to match observations according to a set of confounding covariates and 

obtain a more homogeneous sample on which we than run standard regressions. 

To balance the groups of babies fed with FIC and not fed with FIC and to estimate the average 

treatment effect for the outcome variables we used Stata command nnmatch [32] . With this command 

we applied the nearest neighbor matching technique across the variables age of infants in months, 

first child born, low birth weight, wanted pregnancy, mother currently working, maternal, 

Educational level with an exact match on survey, wealth quintile and country sub-national region. 

2.2. Data flow 

To generate the data sets suitable to run propensity score, we first selected all infants from the 

DHS surveys from 2005 to 2018. 122 surveys were used and 271’478 children aged between 12 and 24 

months were extracted from the surveys. Error! Reference source not found. shows the flow chart of 

the inclusion/exclusion of young children included in the analysis for hemoglobin. All step until level 

5 are linked to missing information in the data sets. Not all surveys collected routinely the complete 

set of information of young children. Two flow charts were used. One for generating two groups to 

analyze hemoglobin, a second for anthropometric outcomes.  

148’394 observations were dropped between level 1 and 2 due to missing/not collected 

information on hemoglobin. 7’934 observations were dropped between level 2 and 3 due to missing 

information on food groups. 772 observations were dropped between level 3 and 4 due to missing 

information for the variables used in the matching equation. 40’620 observations were dropped 
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between level 4 and 5 due to missing information on covariables used in the regressions. Finally, 

31’799 observations were dropped because they were not matched to the FICs group.  

 

 

Figure 1: Flow chart on young children included in the analysis of hemoglobin 

The last level is a central one as it helps generating two ‘synthetic’ groups which are more 

comparable and reduces the collinearity between the variables: wealthier households buy more 

fortified IC but are also more prone to have a higher health literacy that would influence dietary 

choices but also impact the health status of the infant. 

 

Figure 2: Sample regional representation at different levels of the analysis 

Error! Reference source not found. illustrates how the different selection steps influence the 

composition of the data set. The main change is the relative number of young children in sub Saharan 

Africa especially at level 5. This is due to the fact that the percentage of children fed with commercial 

cereals are much lower than other parts of the developing world which increases the heterogeneity 

of this group and decreasing the power of matching.  

3. Results 

3.1. Descriptive 

Obs Surveys Obs Surveys

Level 1 271 478 122

148 394 34

Level 2 123 084 88

7 934 13

Level 3 115 150 75

772 1

Level 4 114 378 74

40 620 1

Level 5 73 758 73

31 799 3

Level 6 41 959 70

Sample Dropped
Reasons for dropping

No measurement of 

hemoglobin

No information on 

fortified baby food

Missing variables for 

matching equation

Missing variables for 

regression adjustment

Not matched and 

removed
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As illustrated in Table 1, the two groups (infants fed with FIC and not) differ considerably in 

terms of socio-economics dimensions of the mothers and the household. Children fed with FIC are 

born of mothers of higher education status, of higher BMI and are raised in wealthier urban 

households. After the process of the propensity matching, these differences have been reduced 

substantially but still statistically significant. A more stringent matching approach (one to one) would 

have led to a substantial drop out of observations in both matched groups. Here we used a one-to-n  

matching. However, the heterogeneity was substantially reduced, and further statistical regressions 

would further control the confounding effects.  

Table 1: Characteristics of the young children according to consumption of fortified infant cereals (matched sample)  

  Consumer No Consumer p-value 

 mean/% SD mean SD  

Child age in months 17,03 3,4 17,24 3,4 0.0000 

First born child 36,00% 
 

26,60% 
 

0.0000 

Low birth weight 20,20% 
 

23,00% 
 

0.0000 

Born by C-section 19,90% 
 

11,10% 
 

0.0000 

Wanted pregnancy 74,60% 
 

75,80% 
 

0.0000 

Mother currently working 36,10% 
 

37,20% 
 

0.4204 

Maternal BMI 
    

0.0000 

lower than 18.5 12,70% 
 

18,10% 
  

Between 18.5 and 25 57,70% 
 

60,40% 
  

Higher than 25 29,60% 
 

21,50% 
  

Mothers education 
    

0.0000 

No education 17,30% 
 

33,10% 
  

Primary education  26,70% 
 

26,20% 
  

Secondary education and above  56,10% 
 

40,70% 
  

Wealth quintile 
    

0.0000 

Lowest (reference) 15,00% 
 

25,70% 
  

Lower 16,10% 
 

21,90% 
  

Middle 18,60% 
 

18,90% 
  

Higher 21,10% 
 

16,80% 
  

Highest 29,20% 
 

16,60% 
  

Urban (vs rural) 45,20% 
 

30,40% 
 

0.0000 

Dietary Diversity Score>4 47,90% 
 

24,30% 
 

0.0000 

Observations  9 280 20.9% 35 217 79.1%   

 

3.2. Results association FIC and anemia 
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Figure 3: Cumulative distribution on hemoglobin on the matched sample 

The cumulative distribution of the hemoglobin status after matching point at a substantial shift 

of the cumulative distribution from the not FIC fed babies to the FIC fed infants. 62% of the infants 

fed with FIC are anemia (less than 110g/L: mild to severe) and 72% for the non FIC fed infants. 38% 

of the infants fed with FIC are below the threshold on moderate anemia (100g/L), were as 45% of the 

infants not receiving FIC are moderate to severe deficient. To assess if these two cumulative 

distribution curves are statistically different, we will run additional regressions on the matched 

samples.  

In the matched but unadjusted analysis (before regressions) Table 2 being fed with FIC increase 

hemoglobin by 1.63g/L or is expressed in an logistic regression reduced the Odd ration by 21%. The 

effect of the propensity score in reducing the heterogeneity between the two groups can be seen in 

the reduction of the “treatment” effect of being fed with FIC from 1,86g/l to 1,63. After controlling for 

covariables and using fix-effects of the survey years and subnational regions, this effect is roughly 

halved (0.8g/L and RR of .11) but still highly statistically significant. Controlling for covariables on 

matched groups indicates that infants fed with FICs have a significant improve hemoglobin status 

(0.8g/L) or a reduced probability of being anemic. This is very similar to the estimated effect estimated 

by Prieto et al. although they used another statistical technique[6]. 

Table 2: association between fortified infant cereals consumption and hemoglobin (Hb/l<110) 

  

Unmatched sample, Unmatched sample, Matched sample, Matched sample, 

unadjusted analyses adjusted analyses unadjusted analyses adjusted analyses 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Fortified baby food 1,86* 0,78* 1,12* 0,85* 1,63* 0,79* 0,97* 0,86* 

Child age in months  
  

0,34* 0,94* 
  

0,33* 0,94* 

First born child  
  

0,03 0,97 
  

0,25 0,96 

Low birth weight  
  

-1,46* 1,16* 
  

-1,49* 1,17* 

Born by C-section  
  

0,12 0,93 
  

0,17 0,9 

Wanted pregnancy  
  

0,34* 0,95* 
  

0,44* 0,96 

Mother currently 

working  
  

0,30* 0,98 

  

0,2 1 

Maternal BMI  
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lower than 18.5 (reference) 
        

Between 18.5 and 25 
  

0,92* 0,88* 
  

1,15* 0,83* 

Higher than 25 
  

1,70* 0,84* 
  

1,92* 0,79* 

Mothers education  
        

No education (reference) 
        

Primary education (1 to 

5yrs) 
  

0,69* 0,91* 

  

0,58* 0,93 

Secondary education and 

above 
  

1,62* 0,80* 

  

1,46* 0,83* 

Wealth quintile 
        

Lowest (reference) 
        

Lower 
  

0,40* 0,93* 
  

0,32 0,93 

Middle 
  

0,85* 0,89* 
  

0,75* 0,87* 

Higher 
  

1,72* 0,83* 
  

2,01* 0,78 

Highest 
  

3,82* 0,64* 
  

4,14” 0,6 

Urban (vs rural) 
  

-0,23 1,04 
  

-0,47* 1,08* 

Dietary Diversity Score>4     0,14 0,98     0,2 0,98 

 

From the covariates used in the regressions, the most significant ones are linked to the wealth 

status of the household in which the infant was born, the educational status of the mother but also 

the weight of the mother. Having a mother of a BMI under 18.5 is associated with increased risk for 

the child to be anemic. This could be explained by the association of BMI and maternal anemia which 

is a risk factor for infant anemia[33].  

Low birth weight is associated with a significantly higher risk of being anemic between 12 and 

18 months. This effect has been shown in other epidemiological studies[34]. 

Dietary diversity is not significantly associated with hematological status as also shown in 

Ghana[35]. Being fed with different food groups after controlling for covariates in not associated with 

the anemia status.  

3.3. Association consumption of FIC and stunting 

Current knowledge on association of infant feeding and food groups and growth focuses on 

breastfeeding and dietary diversity score and stunting. Global and local epidemiological studies have 

shown the important role of dietary diversity on the anthropometric status of infants and young 

children[36-38]. Stunting is been defined as Height for age z score under -2. Here we will focus on 

the specific effect of FIC. Although some clinical trials have shown some marginal effects on reducing 

stunting[39], we would not expect a significant effect of FIC compared to non FIC on stunting.   

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 November 2020                   doi:10.20944/preprints202011.0191.v1

https://doi.org/10.20944/preprints202011.0191.v1


 

 
Figure 4:Cumulative distribution on Heigh-for-age z-score on the matched samples 

Both cumulative distribution are close to each other which indicates small negligible differences 

between the two groups. After matching 30% of the infants of the DHS are stunted (under -200 which 

stands for -2Z) of infants not fed with FICs are stunted. This rate is slightly lower than the estimates 

of Argaw et al. but can be explained by the large weight of India in their study[40] but very similar 

to the one estimated by De Onis[41]. In the FICs group this percentage is around 28%. 

Table 3: association between fortified infant cereals consumption and Height-for-age score (HAZ<-2) 

  Unmatched sample, Unmatched sample, Matched sample, Matched sample, 

 
unadjusted analyses adjusted analyses unadjusted analyses adjusted analyses 

  

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Fortified baby food 16,35* 0,78* 3,38* 0,97 14,12* 0,80* 2,15 0,98 

Child age in months  
  

-4,99* 1,09* 
  

-4,53* 1,08* 

First born child  
  

6,74* 0,91* 
  

6,57* 0,92* 

Low birth weight  
  

-28,16* 1,62* 
  

-27,26* 1,57* 

Born by C-section  
  

8,92* 0,84* 
  

9,88* 0,82* 

Wanted pregnancy  
  

8,24* 0,89* 
  

10,01* 0,87* 

Mother currently 

working  
  

0,32 1 

  

0,31 1,02 

Maternal BMI   
     

  

lower than 18.5 (reference)  
       

Between 18.5 and 25  
 

14,39* 0,82* 
  

16,75* 0,81* 

Higher than 25  
 

27,11* 0,68* 
  

29,04* 0,67* 

Mothers education   
       

No education (referenece)  
       

Primary education (1 to 

5yrs) 

 

 

3,25* 0,87* 

  

4,30* 0,85* 

Secondary education  
 

16,37* 0,68* 
  

17,50* 0,66* 

Wealth quintile  
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Lowest (reference)  
       

Lower  
 

7,36* 0,85* 
  

10,19* 0,83* 

Middle  
 

14,65* 0,75* 
  

18,61* 0,72* 

Higher  
 

20,79* 0,64* 
  

26,98* 0,59* 

Highest  
 

42,58* 0,46* 
  

49,05* 0,43* 

Urban (vs rural)  
 

2,47* 1,02 
  

3,15* 1,03 

Dietary Diversity Score>4  
 

3,10* 0,94* 
  

2,52* 0,94* 

 

Infants fed with FICs seems to be less stunted in the unadjusted estimations than not FICs but 

when matched and adjusted regressions are used the effects is not significant anymore. Being fed 

with FICs is not statistically significantly different from the control groups when it comes to reducing 

the risk of stunting.  

Maternal education and household wealth having a much larger effects on stunting. Maternal 

education especially if secondary education and above have a significant effect on stunting. Low 

maternal weight as well as low birth weights are also important risk factors for stunting. These are 

well known risks factors for infant stunting [42-44]. To a lesser degree nutritional diversity is also 

associated with a lower risk of stunting[38].  

3.4. Association of FIC on Weight-for-Height Z-score 

Weight for height score are indicators of wasting if z-score below -2 and of overweight is z-score 

above 2. In the matched samples both extremes of weight score values are relatively small fractions 

of the infant populations, especially for overweight. That is why we have used a lower threshold 

value of z-score above 1 in the logistic regressions which is describing infant at risk of being 

overweight or being overweight. 

 
Figure 5:Cumulative distribution on Weight-for-Height z-score on the matched samples 

 11% of the infants fed with FICs are wasted, 16% of infants not receiving FIC are wasted. This 

is in line with global estimates[45]. 11% of the infants of both groups are above z>1 which is the cut-

off point for infants are risk of being overweight. This is in line with the estimated global 

prevalence[46].  

In Table 4 the small effect of FIC on the WHZ score is not statistically significant once we control 

for confounding effects. The small odd ratio in the matched but unadjusted effect of 9% of being at 

risk of overweight is not significant once we adjust for socio-economic and maternal confounders.  
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The characteristics having the largest effects on the BMI of infants are the wealth status of the 

household and maternal weight although these factors are having only a very marginal effects. 

Table 4 Association between fortified infant cereals consumption and Weight-for-height  

  Unmatched sample, Unmatched sample, Matched sample, Matched sample, 

 
unadjusted analyses adjusted analyses unadjusted analyses adjusted analyses 

  

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Linear 

reg 

Logistic 

reg 

Fortified baby food 6,19* 1,09* -0,81 0,98 6,47* 1,09* 0,17 1 

Child age in months  
  

-0,34* 0,99 
  

-0,37* 0,99 

First born child  
  

5,85* 1,18* 
  

6,65* 1,19 

Low birth weight  
  

-25,16* 0,71* 
  

-24,17* 0,74 

Born by C-section  
  

8,77* 1,21* 
  

7,49* 1,22 

Wanted pregnancy  
  

2,97* 1,13* 
  

2,64* 1,15 

Mother currently 

working  
  

-0,08 0,97 

  

-0,29 0,96 

Maternal BMI   
       

lower than 18.5 (reference)  
       

Between 18.5 and 25  
 

29,34* 1,60* 
  

27,27* 1,56* 

Higher than 25  
 

52,72* 2,44* 
  

50,76* 2,34* 

Mothers education   
       

No education (reference)  
       

Primary education (1 to 

5yrs) 

 

 

4,89* 1,06 

  

4,87* 1 

Secondary education  
 

11,56* 1,20* 
  

12,27* 1,18* 

Wealth quintile  
       

Lowest (reference)  
       

Lower  
 

2,03 1 
  

2,02 0,99 

Middle  
 

6,16* 1,08* 
  

7,66* 1,04 

Higher  
 

8,36* 1,06 
  

9,74* 1,05 

Highest  
 

17,53* 1,23* 
  

18,96* 1,18* 

Urban (vs rural)  
 

-0,91 1 
  

-0,46 1,04 

Dietary Diversity Score>4     1,1 1     1,12* 1 

4. Discussion 

Improper complementary feeding practices are a common problem in developing countries. A 

recent cross-sectional study was performed in 392 Indonesian infants aged 6-23 months with the goal 

of analyzing complementary feeding practices and nutritional status[47]. Results from this study 

indicated that complementary feeding practices were sub-optimal, particularly with respect to 

minimal dietary diversity, hygiene practices, and the consumption of foods rich in iron and vitamin 

A. Based on the Indonesia Individual Food Consumption Survey (IFCS) 2014, Egayanti et al. 

confirmed that the intake of fat, protein, iron, zinc and calcium among infants in that middle income 

country was inadequate and estimated that this was largely due to nutrient poor home-made 

porridges. Iron, zinc and calcium intake of Indonesian infants were mainly from fortified infant 

cereals, but the amount of FIC consumption was very small compared to homemade porridges[48]. 
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In its Global Strategy for Infant and Young Child feeding, the WHO/UNICEF recommend the 

use of affordable and locally available foods[1]. In an Indonesian study assessing the effectiveness of 

complementary feeding recommendations (CFRs) in improving maternal knowledge, feeding 

practices, and child intake of key problem nutrients including iron, Fahmida et al. found that a major 

limiting factor was economic access to nutrient-dense foods[12]. Typical of many rural Indonesian 

families, poverty and household food insecurity were prevalent in the population of this study. This 

suggests that cost is an important factor that shapes child feeding practices, particularly among 

lower-income populations.  

Taken together, these findings suggest that for iron and other key micronutrients, 

complementary feeding regimens based solely upon local foods may not be sufficient to ensure 

dietary adequacy, underscoring the need for alternative strategies[12].  

The fortification of widely-used complementary foods provides a means to circumvent these 

problems[16]. Improvements in manufacturing techniques and the local production of fortified 

blended cereal products have lowered costs and made these foods more affordable for low-income 

families[49]. Compared to other strategies such as micronutrient supplementation or home based 

fortification, the use of food-based strategies has been shown to be more sustainable over the long 

run[23]. The advantages of fortified complementary foods such as infant cereals include the ability to 

provide an appropriate balance of nutrients, the potential for minimizing microbial contamination 

compared to home-prepared foods, and the time savings for caregivers[49]. Furthermore, the longer 

shelf-life of these foods would render these a practical alternative for rural families who live far from 

markets, and who are unable to obtain fresh nutrient-dense foods on a regular basis[23]. The Global 

Alliance for Improved Nutrition (GAIN) identifies fortified infant cereals as an important vehicle for 

combating micronutrient deficiencies in infants and young children[50]. 

Compared to infants not fed with FIC, infants receiving FIC -when controlling for infant specific 

covariates and household settings- do not have a significant impact on stunting, wasting or 

overweight. Contrary to what was observed in one high income country with a liquid form, infant 

cereals are not fed to infants on top of other food groups which could lead to overfeeding. 

Furthermore we did not observe a reduction of the Diet Diversity in the group of infants fed with 

FICs as in a small prospective study in Indonesia[18]. The contrary was observed. Close to 50% of 

infants fed with FICs had a DDI score above 4 whereas the control group this share was half (24.3%) 

Table 1.    

The main weakness of this analysis is the cross-sectional nature of the surveys used. The 

underlying assumption is that the food intake as collected at the time of the interviews are stable 

overtime and representative of the feeding groups fed to infants in the weaning period 6-24 months. 

Although we know that the period of 6 to 12 months is characterized by incremental introduction of 

weaning food groups, this transition is stable after the 12months. Because we don’t know how long 

and how much an infant has been fed with FIC, we will by construction expect a smaller effect on 

hemoglobin compared with controlled intervention trials. So the treatment effect would be an 

underestimate of the consumption of FICs.   

5. Conclusions 

The findings from this study suggest that the consumption of fortified infant cereals is a valuable 

tool in the arsenal of strategies for reducing the burden of IDA in infants aged 12-23 months. We do 

not see anthropometric significant effects like reducing the risk of stunting, wasting or increasing the 

risk of overweight when compared to infants who did not receive fortified infant cereals. 
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