
Biological Trace Element Research
 

Evaluation of the Impact of a Food Program on the Micronutrient Nutritional Status of
Argentinean Lactating Mothers

--Manuscript Draft--
 

Manuscript Number: BTER-D-12-00109R1

Full Title: Evaluation of the Impact of a Food Program on the Micronutrient Nutritional Status of
Argentinean Lactating Mothers

Article Type: Original Research

Keywords: Feeding programs;  lactating mothers;  Anemia;  micronutrients;  nutritional evaluation;
Argentina

Corresponding Author: Horacio Gonzalez, MD
Instituto de Desarrollo e Investigaciones Pediátricas “Prof. Fernando E. Viteri” (IDIP)
Hospital de Niños de La Plata, (MS/CIC-PBA), Argentina
La Plata, ARGENTINA

Corresponding Author Secondary
Information:

Corresponding Author's Institution: Instituto de Desarrollo e Investigaciones Pediátricas “Prof. Fernando E. Viteri” (IDIP)
Hospital de Niños de La Plata, (MS/CIC-PBA), Argentina

Corresponding Author's Secondary
Institution:

First Author: Ana Varea

First Author Secondary Information:

Order of Authors: Ana Varea

Agustina Malpeli

Liliana Disalvo

María Apezteguía

Mariana Falivene

Guillermina Ferrari

Silvia Pereyras

Estéban Carmuega

Graciela Etchegoyen

María Vojkovic

Horacio Gonzalez, MD

Order of Authors Secondary Information:

Abstract: This study was conducted to evaluate the impact of a food aid program (Plan Más
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carried out to evaluate the micronutrient nutritional status of lactating mothers (n=178
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vitamin A, folic acid), anthropometric assessments (weight and height) and dietary
surveys (24 h-recall) were performed. We found no significant changes in
anthropometric values one year after the intervention. The risk for vitamin A (retinol 20-
30 µg/dl) and folate deficiency significantly decreased one year after PMV
implementation (56.3% vs. 29.9% and 50.3% vs. 3.4%, respectively; p<0.001). Anemia
was seen in 25.8% of lactating mothers at baseline, without statistically significant
differences one year after (p=0.439). The nutritional data obtained after assessing the
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early impact of PMV actions may be useful to provincial health authorities to perform
periodic evaluations in the future.
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Impact of a Food Program on the Micronutrient Nutritional Status of Argentinean Lactating 

Mothers”. 

 

All authors have read the revised version of the manuscript and have agreed to submit it in its 

current form for consideration for publication in the Journal. 

 

Sincerely yours, 

 

Horacio F. González, M.D., on behalf of all authors  
e-mail: horaciofgonzalez@gmail.com 
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 Dr. Gerhard Schrauzer,  Editor-in-Chief 

 Dr. Manuel Flores-Arce,  Managing Editor 

Biological Trace Element Research 
 

Reference: BTER-D-12-00109 

Dear Sirs: 
 

Thank you for the comments to our paper “Evaluation of the Impact of a Food Program on the 

Micronutrient Nutritional Status of Argentinean Lactating Mothers”. According to the reviewer´s 

suggestions, we have introduced the following changes, which have been read and approved by all 

authors: 
 

Reviewer #1:  

The authors should describe in more detail the program Plan Más Vida. On the website of the 

program is described that beneficiaries receive monthly a fixed amount of money, according to the 

number of children, for the purchase of food and that there is a daily delivery of milk to the 

beneficiaries. Both facts are not fully mentioned in the manuscript. Is this milk fortified with 

micronutrients? 

 

The program Plan Más Vida has changed in the past few years. From 2003 to 2009 (our study period) it only 
delivered food items. From 2009 onwards, it is implemented differently: 1) the Ministry of Human 

Development deposits monthly a fixed amount of money according to the number of children; that money 

can only be used to buy food items. Beneficiaries also receive daily ½  a liter of iron-fortified milk per each 

child < 6 years. 
This is the reason why new details are not included in the text given the changes in the program in the last 

years. 

The food items included in the program during our intervention are described in Materials and Methods 
(page 4, lines 15-20). 

 

Concerning the description of fortified products, the compound of iron and zinc utilized should be 

reported. 

 The compunds have bee included (page 4, lines 15 and 18). 

 

Table 3. It is necessary to include vitamin A intake and adequacy. 

  

The data have been included. 
 

Are the folates intake underestimated? On the other hand, there is a wide dispersion of the folic acid 

intake values, at baseline and one year after surgery. What is the cause of this great dispersion of folic 

acid intake values? 

 

 A comment has been included in the Discussion (page 10, lines 11-15).  

 

Figure 1. Delete <mu>g/d 
 

 The correction has been made and the figure has been replaced by another one, as suggested by 

Reviewer 2. 

 

Abstract. Include more details about the program Plan Más Vida. 
 

 Done (page 2, lines 3 and 4). 

 
 

*Response to Reviewer Comments



Reviewer #2: BTER-D-12-00109 

 

Abstract 

-       Rows 4-5: indicate what was evaluated. If not, the sentence is poorly written.  

-       Rows 8-9: indicate what changes were recorded. 

-       Row 10: change p=0.000 to p<0.001. 

-       The abstract needs revision by native speaker. 

 

 All suggestions have been answered accordingly. 

 

Introduction 

-       4th paragraph, rows 1-3:  sentence needs rewriting. For example, change micro/macronutrient 

deficit/excess to double-burden of nutrition. 

 

 The sentence was rewritten (page 3, line 18). 

 

Materials and Methods 

Subjects 

-       Indicate whether subjects provided a written consent and whether an ethics committee approved 

the study protocol prior to implementation. 

 

 The information has been included (page 5, lines 4-7). 

 
Sample size 

- Please provide the actual data of historical or reference prevalence of folate deficiency, anemia, etc. 

 This is not mentioned anywhere in the manuscript. 
 

 A reference has been included (17).  
 

Assessments 

-       Second sentence is unnecessary.  Results should be provided in the results section. 

 

 The sentence has been eliminated. 

  

Dietary survey 

-       The nutritional intervention should probably be described before the description of the 

assessments.  
 

 The paragraph has been moved (page 4, lines 14-23). 
 

-       The sentence regarding IRB approval should be included under the subjects sub-section. 

 Information about subject consent is still needed. 

 

 The sentence has been included in the Subjects section and information about informed consent 

added (page 5, lines 4-7). 
 

Statistical analysis 

-       Indicate whether the ferritin, folic acid, zinc and vitamin A concentrations actually had a log-normal 
distribution.  Assuming this is not enough. 

 

 The sentence has been rewritten (page 7, lines 4-6).  
 

 

 

 



Results 

 

-       Rewrite second sentence of first paragraph so that it does not seem as if the 8.6% increase was 

important. 

 

 The sentence was rewritten. 

 

-       Last paragraph: it had not been mentioned previously that milk was included in the food basket. 

 

 The sentence has been eliminated  

 

Discussion 
 

-       Overall, this reviewer finds that the discussion needs major improvement, especially in the 

interpretation of how different data obtained might or might not explain observed results.  At the 

moment the main (and very basic) results are compared to other studies, but no thorough discussion is 

provided.  Also, little is mentioned regarding potential confounders. 
 

 A paragraph with limitations of our study has been added (page 10, lines 24 and 25; page 11, lines 1 

and 2). 

  

-       Regarding folate: given that the intervention coincided with mandatory flour fortification with 

folic acid, authors need to provide a comment regarding how much of the observed decrease could be 

attributed to the intervention.  Authors also need to bring together the results observed for adherence, 

intake and prevalence of deficiency. If adherence was high and the prevalence of deficiency dropped so 

markedly, why do subjects have low intakes at both periods? 
 

 A comment has been included (page 10, lines 11-15). 

 

-       Regarding zinc: how much of a factor is the low prevalence at baseline in not observing an effect 

of the intervention? How much can the data on intake explain the results? 
 

 A comment in this regard has been included (page 9, lines 20 and 21). 

 

-       Regarding iron: a 12-month intervention should be a long enough period to observe an effect of 

an intervention.  Authors need to discuss relationship between observed anemia rates and observed 

iron deficiency prevalence. 

 A comment has been included (page 9, line 26; page 10, lines 1 and 2). 

 

Conclusions 

 

-       Given the nature of the study design (pre-post evaluation with no control group) conclusions 

cannot be provided regarding the possible positive effect of the intervention on micronutrient 

deficiencies or its negative effect on obesity rates. Main findings and conclusions need to be put in 

perspective of overall context and also taking into account interpretation of all data as a whole. 

 

 The conclusions have been rewritten. 

 

Table 1 

-       Statistical comparisons need to be included (test used, p-values, etc.) 

Table 2 

-       Change p=0.000 to p< 0.001 

Table 3 

-       Statistical comparisons need to be included (test used, p-values, etc.) 
 

 



Figure 1 

- Display does not allow for reader to determine if curve shifts to the right.  Probably better to 

include both distributions in a single plot that includes description of mean values (+/- SDs) 
 

 The tests used and the p values have been included in all tables. The Figure has been replaced by 

another one. 

 
 

 

Reviewer #3: Manuscript is interesting, but its English should be improved before critical evaluation. 

 
The manuscript was revised by a native speaker. 

 

 
 

Hoping that in its present form the manuscript will be suitable for publication, 

 

Sincerely yours, 

 
Horacio F. González, M.D., on behalf of all authors       
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Abstract This study was conducted to evaluate the impact of a food aid program (Plan Más 

Vida, PMV) on the micronutrient nutritional condition of lactating mothers one year after its 

implementation. The food program provided supplementary diets (wheat- and maize-fortified 

flour, rice or sugar and fortified soup) to low income families from the province of Buenos 

Aires, Argentina. A prospective, non-experimental study was carried out to evaluate the 

micronutrient nutritional status of lactating mothers (n=178 at baseline and n=151 after one 

year). Biochemical tests (hemoglobin, ferritin, zinc, vitamin A, folic acid), anthropometric 

assessments (weight and height) and dietary surveys (24 h-recall) were performed. We found 

no significant changes in anthropometric values one year after the intervention. The risk for 

vitamin A (retinol 20-30 µg/dl) and folate deficiency significantly decreased one year after 

PMV implementation (56.3% vs. 29.9% and 50.3% vs. 3.4%, respectively; p<0.001). Anemia 

was seen in 25.8% of lactating mothers at baseline, without statistically significant 

differences one year after (p=0.439). The nutritional data obtained after assessing the early 

impact of PMV actions may be useful to provincial health authorities to perform periodic 

evaluations in the future.  

 

Key words Feeding Programs ∙ Lactating Mothers ∙ Anemia ∙ Micronutrients ∙ Nutritional 

Evaluation ∙ Argentina 
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Introduction 

The rapid changes in food habits and lifestyles that have occurred with industrialization, 

urbanization, economic development and market globalization over the past century have 

impacted markedly on the health and nutritional condition of populations, particularly in low 

income countries [1-3].  

In developing countries, the prevalence of postpartum anemia is in the range of 50% and 

80% and associated with an impaired quality of life, reduced cognitive abilities and 

emotional instability and depression, thus constituting a significant health problem in women 

of reproductive age [4]. 

Studies performed in lactating women in different countries have reported high 

prevalences of anemia and micronutrient deficiencies (vitamin A, zinc, folic acid) [5-8]. In 

this context, Latin America is no exception to this problem [9-11]. Nutritional interventions 

have shifted from the control of protein deficiency, to the concern of protein-energy 

deficiency, to the prevention and treatment of micronutrient deficiencies. Such change 

required different approaches to deliver the lacking nutrients and understand the optimal 

delivery systems [12]. 

One of the main characteristics of the epidemiological transition affecting developing 

countries is the double burden of nutrition due to changes in dietary habits, food availability, 

and lifestyle [13]. The coexistence of underweight and overweight is a challenge to public 

health programs, since strategies targeting undernutrition often contradict obesity prevention 

programs [13]. Therefore, these food programs, their beneficiaries, nutritional needs and the 

impact on obesity should be periodically evaluated [13, 14]. 

In 2004, the Ministry of Human Development of the province of Buenos Aires, Argentina, 

designed and implemented the Plan Más Vida (PMV) [15], an integral food aid program that 

provided diets considering the importance of adequate micronutrient supplementation, health 

controls and nutritional surveillance. The program was directed to low income and vulnerable 
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families from the province (children under the age of 6 years, pregnant and lactating mothers) 

and it included impact evaluations at different stages of implementation [15]. 

We conducted this study to evaluate the impact of PMV on the micronutrient nutritional 

condition of lactating mothers one year after implementation of the program. 

 

Materials and Methods 

A prospective, non-experimental, study with random sampling was carried out. We evaluated 

baseline data before the intervention and probabilistic samples by conglomerates in cross-

sectional evaluations at baseline, 12 and 24-30 months, and 5 years after implementation of 

the program. In this study we present baseline and 12-month data. The external evaluation of 

the nutritional impact of PMV 1 year after its implementation was assigned to the 

Commission of Scientific Research of the Province of Buenos Aires (CICPBA), through the 

Institute of Development and Pediatric Research ―Pr. Dr. Fernando E. Viteri‖ (IDIP). 

The nutritional intervention consisted of the monthly supply of a basic food basket  per 

household consisting of 1 kg fortified wheat flour (30 mg iron sulfate, 2200 µg folic acid, 6.3 

mg thiamine, 1.3 mg riboflavin, 13 mg niacin per kilogram), 2 kg soy-enriched maize flour 

fortified with micronutrients (1500 µg RE vitamin A, 8 mg thiamine, 8 mg riboflavin, 100 mg 

niacin, 1000 µg folic acid, 40 mg iron, 30 mg zinc sulfate per kilogram), 1 kg sugar or 1 kg 

rice. Lactating mothers also received fortified soup powder to reconstitute in a cup, covering 

the estimated average daily requirements [16]: 9% energy, 18.4% calcium, 66.6% iron, 33.3% 

zinc, 20.7% vitamin A, 60% vitamin D, 16.6% vitamin C, 49% folic acid, 11.2% magnesium, 

28,5% selenium, 50% thiamine, 43.6% riboflavin, 40% niacin, 45% vitamin B6, and 32% 

vitamin B12. 

Subjects 

Clinically healthy lactating mothers (age range, 15.1-47 years; n= 178 at baseline and 151 

after 1-year program implementation) who were receiving the PMV and were willing to 
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participate in the study were evaluated. Exclusion criteria were the diagnosis of chronic, 

acute and/or infectious diseases at the beginning of the study, unwillingness to participate in 

the study and breastfeeding for more than 12 months.  

The study protocol was approved by the Institutional Research Protocol Review Board of 

the Instituto de Desarrollo e Investigaciones Pediátricas ―Prof. Dr. Fernando E. Viteri‖, La 

Plata´s Children Hospital. All subjects gave their written informed consent to participate in 

the study. 

Sample selection 

Sample selection at each study point was based on a previous food program census in the 

province that identified districts and neighborhoods receiving food programs, number of 

families in each block, and name of beneficiaries in each family. The conglomerate sample 

was designed using simple random sampling; we obtained 25 sample points (neighborhoods) 

from 11 municipalities of the province of Buenos Aires, representing 85% of the beneficiary 

population. These sample points were also used to evaluate the early impact of PMV actions. 

At each point, the systematic sampling of families and beneficiaries from each block was 

adjusted to the sample size assigned by neighborhood taking into account the relative 

population weight of each neighborhood, for the sake of beneficiary representativeness. 

Sample size 

To evaluate the impact of the intervention on lactating mothers, sample size based on 

historical or reference prevalences 17 of the parameters to be assessed – particularly 

prevalence of folate deficiency – and on values of the expected outcomes as a result of PMV 

actions, i.e., 15% decrease in such prevalence at 5 years (significance level of α = 0.05 and a 

power of 80%). The minimal number to evaluate was therefore 150 lactating mothers in each 

period. 
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Assessments 

Biochemical and anthropometric parameters were assessed and dietary surveys performed to 

all participating women.  

Anthropometric assessments  

Anthropometric parameters were obtained measuring weight and height during fieldwork with 

standard methods [18]. Height and weight data were used to calculate body mass index (BMI) 

dividing weight by height squared (Kg/m
2
). Accordingly, women were classified in the 

following categories of nutritional status: underweight (BMI < 18.5 kg/m
2
), normal weight 

(BMI ≥ 18.5 and ≤ 24.9 kg/m
2
), overweight (BM ≥ 25.0 and ≤ 29.9 kg/m

2
) and obese (BMI> 

30 Kg/m
2
) 19. 

Biochemical assessments 

Blood samples were taken after an 8 hour fast by venipuncture to determine hemoglobin (Hb) 

concentration using an automated hematology counter (PENTRA model 60, ABX 

Diagnostics, Montpellier, France). Ferritin and folic acid were determined by 

radioimmunoassay in an automated chemiluminescence system (Access-Beckman Coulter, 

Fullerton, US).   

Zinc levels were assessed by flame atomic absorption spectrometry at 213.9 nm 

(Shimadzu AA6200). Levels of vitamin A were determined with reversed-phase high-

performance liquid chromatography (HPLC).  

Cut-off points for the parameters studied were as follows: anemia, Hb <12 g/dl [20];  iron 

deficiency, serum ferritin <12 ng/ml [18]; folate deficiency, plasma folates <3 ng/ml [21]; 

zinc deficiency, serum zinc <70 µg/dl [20]; vitamin A deficiency,  serum retinol <20 µg/dl; 

risk of vitamin A deficiency, serum retinol 20-30 µg/dl [22]. 

Dietary survey 

A 24 h-recall survey was made to each lactating mother to evaluate net macronutrient (g/day), 

micronutrient (mg/day or µg/day) and energy (Kcal/day) intake, and percent adequacy to 
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international recommendations [23]. Food supply, delivery and consumption were also 

surveyed. 

Statistical analysis  

Data were processed with SPSS 1.1 for Windows. Ferritin, folic acid, zinc and vitamin A 

concentration values were log-normally distributed in a Q-Q plot and expressed as geometric 

means (GM) (95% CI). 

Hb results were expressed as means ± SD. Dietary intake results were expressed as 

medians and interquartile ranges. Mean baseline data and results one year after the 

intervention were compared using Student´s t-test (anthropometric variables and Hb), and 

Mann-Whitney test (ferritin, folate, zinc, vitamin A and dietary intake results). Prevalences of 

deficiencies at the same study points were compared using Chi-2. In all cases differences were 

statistically significant with p <0.05.  

  

Results 

Table 1 shows the nutritional and anthropometric condition of participants at baseline and 1 

year after PMV implementation. Differences in overweight/obesity were not statistically 

significant 1 year after PMV implementation.  

Mean Hb levels decreased from 12.6 g/dl to 12.4 g/dl 1 year after the intervention (p= 

0.014); however, values were within normal range. The prevalence of anemia was 25.8%, 

without statistically significant differences 1 year after PMV implementation (29.5%; 

p=0.439).  

Table 2 shows the GM, confidence intervals and prevalences of deficiency of the 

micronutrients studied.  

Concerning vitamin A risk of deficiency, values decreased after 1-year PMV 

implementation (Figure 1).  
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Results obtained with the 24 h-recall survey showed that the mean energy intake was not 

adequate either at baseline or 1 year after PMV implementation (Table 3). However, energy 

and micronutrient intake increased significantly 1 year after the program implementation (p < 

0.05).  

 

Discussion  

Food aid programs are a public health action developed and regulated by governmental 

authorities to maintain and improve the nutritional health of the population, particularly that 

of vulnerable groups 13, 14. Therefore, the periodic evaluation of food programs is 

necessary to improve, correct and redirect resources necessary to reinforce dietary 

approaches in deficient populations. 

In our study, the prevalence of serum folate deficiency in lactating women decreased 

markedly from 50.3% to 3.4% one year after PMV implementation. It should be noted that 

although some of the products included in the program were fortified with folic acid, the 

implementation of the program was concomitant with the implementation of a regulation 

establishing the compulsory fortification of flour with iron and folic acid (Law 25.630) 24.  

The 2005 National Nutritional and Health Survey (NNHS) evaluated the impact of 

fortified flour on women of reproductive age, reporting that mean serum folate levels in 

beneficiaries of food aid programs were higher than in people not receiving food assistance 

25. Such difference was statistically significant at national level and at the different 

Argentinean regions (north-east, north-west and Patagonia). On the other hand, mean serum 

folate levels were higher in women from households with unsatisfied basic needs (UBN) than 

in those without them (11.9 ng/ml vs 10.7 ng/ml, respectively). A study analyzing the NNHS 

results reported that food fortification with folic acid was associated with adequate intakes 

and serum folate levels in women, with a concomitant significant decrease in neural tube 

defects prevalence and mortality 26 Similar results were found in Chilean 27, Canadian 
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and North-American women 28, 29 recent estimations have demonstrated that additional 

intake of 100-150 µg/day folic acid in fortified food was effective in reducing neural tube 

malformations and in increasing serum folate concentrations. 

Vitamin A deficiency is a public health nutritional concern because it affects 19 million 

pregnant and lactating women worldwide. Since this deficiency is primarily due to a chronic 

deficit of vitamin A in food, its fortification could be a useful preventive tool . 

Our results showed a clear decrease in the risk of vitamin A deficiency 1 year after PMV 

implementation, similar to other findings evaluating the impact of food fortification with 

vitamin A. Huo et al. [31] evaluated poor rural adult women who received fortified flour for 

three years in China and found that vitamin A levels improved significantly from 12 to 36 

month, as compared with baseline and control data 31. Another study designed to determine 

the effect of a multiple-micronutrient-fortified beverage among adolescent girls from rural 

Bangladesh reported that the routine beverage ingestion increased retinol concentrations at 6 

months (p=0.01) compared to the non-fortified beverage controls 32. Similar results were 

described by Seal et al. with maize-fortified flour: the prevalence of vitamin A deficiency 

decreased in food aid-dependent lactating refugee adolescents from Zambia 33.  

The correction from moderate to mild zinc deficiency in children, pregnant and lactating 

women is a particular concern for some authors 34, 35. In our study, mean serum zinc 

values and the prevalence of its deficiency had no significant changes one year after PMV 

implementation. The increased percentage of adequacy during the intervention was not 

sufficient to produce an effect. However, several studies show that zinc-fortified flour 

decreased the prevalence of the deficiency in populations consuming adequate amounts of the 

fortified flour 31, 34, 36, 37.  

Our results also showed that 1 out of 4 lactating women was anemic both at baseline and 

1 year after program implementation. Probably, the iron ingested with the food provided by 

PMV was not enough to have a therapeutic effect. Although iron intake increased 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



10 

 

 

significantly, it was below recommendations according to Dietary Reference Intakes (10 

mg/day) [16], Therefore, therapeutic supplementation should be considered as an alternative 

strategy 7, 38.
 
Mitra and Khoury consider that in order to reduce the prevalence of anemia, 

preventive iron supplementation should be universal in low income postpartum women 11; 

Cavalli-Sforza et al. [39 and consequently the WHO [40] are recommending iron-folate 

supplementation not only in the post-partum period but prior to and during pregnancy.  

Regarding energy intake, it was similar to that reported by the 2005 NNHS (average 

1776 Kcal in women of reproductive age). However, a considerable number of women could 

not reach an adequate intake, regardless of geographical location, socioeconomic condition, 

or age 25. Calvo and Biglieri have reported that the decrease in the prevalence of folic acid 

deficiency associated with an adequate intake of fortified food 26. The significant increase 

in the intake of folic acid reported in our study was not sufficient to explain the marked 

decrease in its prevalence. It should be noted that during the intervention, a national 

campaign of folic acid supplementation for pregnant women and women of reproductive age 

was implemented.  

Different studies suggest that food aid programs are adequate to improve the nutritional 

condition of low-income populations; however, they may also contribute to overweight and 

obesity in women of reproductive age beneficiaries of such programs, reason why long-term 

evaluations should be considered 14, 41-44. 

As expected, no significant changes were observed in the anthropometric nutritional 

status of lactating women because of the short intervention time. However, the high 

prevalence of overweight and obesity at baseline and the increasing trend 1 year after the 

intervention is a cause of concern. 

One of the limitations of our study was related to the assessment of dietary intakes; 

although the 24-h recall method is not the most accurate one, it is appropriate for 
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epidemiological studies. Another limitation was concerned with the lack of pregestational 

data.  

 

Conclusions 

The early impact evaluation of PMV effects provided useful nutritional and behavioral data 

for future interventions and their evaluation. Also, the analysis and discussion of results can 

provide useful strategies aimed at enhancing the positive effects of the program, improving 

its implementation, and considering complementary actions.   

The intervention was timely and concomitant with other strategies, such as flour 

fortification, which allowed to improve the nutritional condition of some micronutrients in 

lactating women. Our findings reinforce the need for the periodic evaluation of food 

programs in order to optimize the use of resources and to adapt them to new actors and 

scenarios. Further, these actions should complement other general policy actions involving 

programs to combat poverty. 

 

Acknowledgments This study was funded by CICPBA and the Ministry of Human 

Development, Province of Buenos Aires. The authors are grateful to professionals from the 

Food Program Department of the Ministry of Human Development, Andrea Touza for 

logistics support, and Adriana Di Maggio for manuscript edition. Thanks are also due to Prof.  

Fernando Viteri for a critical review of the manuscript. 

 

Disclosure statement The authors declare that they have no competing interests. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



12 

 

 

References 

1. Latham MC (2002) Nutrición humana en mundo en desarrollo. Organización de las 

Naciones Unidas para la Agricultura y la Alimentación (FAO). Colección FAO: 

Alimentación y nutrición N° 29. Roma, pp. 35-43. 

http://www.fao.org/docrep/006/w0073s/w0073s00.htm 

2. Barria P, Mauricio R, Amigo CH (2006) Transición Nutricional: una revisión del perfil 

latinoamericano. ALAN 56(1):3-11 

3. Peña M, Bacallao J (2001) La obesidad en la pobreza: Un nuevo reto para la salud 

pública. Rev Panam Salud Pública 10(2):45-78  

4. Milman N (2011) Postpartum anemia I: definition, prevalence, causes, and 

consequences. Ann Hematol 90(11):1247-1253 

5. Nakamori M, Ninh NX, Isomura H, et al (2009) Nutritional status of lactating mothers 

and their breast milk concentration of iron, zinc and copper in rural Vietnam. J Nutr Sci 

Vitaminol (Tokyo) 55(4):338-345 

6. Ahmed F, Azim A, Akhtauruzzaman M (2003) Vitamin A deficiency in poor, urban, 

lactating women in Bangladesh: factors influencing vitamin A status. Public Health Nutr 

6(5):447-452 

7. Bodnar LM, Scanlon KS, Freedman DS, Siega-Riz AM, Cogswell ME (2001) High 

prevalence of postpartum anemia among low-income women in the United States. Am J 

Obstet Gynecol 185:438-443 

8. Dijkhuizen MA, Wieringa FT, West CE, Muherdiyantiningsih, Muhilal (2001) 

Concurrent micronutrient deficiencies in lactating mothers and their infants in Indonesia. 

Am J Clin Nutr 73(4):786-791 

9. Blanco A, Rodríguez S, Cunningham L (2003) Anemias nutricionales en mujeres 

lactantes de Costa Rica. ALAN 53(1):28-34 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://www.fao.org/docrep/006/w0073s/w0073s00.htm


13 

 

 

10. Singh MB, Fotedar R, Lakshminarayana J (2009) Micronutrient deficiency status among 

women of desert areas of western Rajasthan, India. Public Health Nutr 12(5):624-629 

11. Mitra AK, Khoury AJ (2011) Universal iron supplementation: a simple and effective 

strategy to reduce anemia among low-income, postpartum women. Public Health Nutr 

23:1-8 [Epub ahead of print] 

12. Allen LH (2002) Interventions for micronutrient deficiency control in developing 

countries: Past, present and future. J Nutr 133:3875S-3878S 

13. Caballero B (2005) A Nutrition Paradox—Underweight and Obesity in Developing 

Countries. NEJM 352(15):1514-1516  

14. Uauy R, Kain J (2002) The epidemiological transition: need to incorporate obesity 

prevention into nutrition programmes. Public Health Nutr 5(1A):223-229 

15. Ministerio de Desarrollo Social de la Provincia de Buenos Aires (2004) Plan Más Vida. 

http://www.desarrollosocial.gba.gov.ar/subsec/politicas_sociales/programas/masvida.php 

16. Food and Nutrition Board, Institute of Medicine (2002) Dietary Reference Intakes 1997-

2001 

17. Portela ML, Río ME, Slobodianik NH. Aplicación de la bioquímica a la evaluación del 

estado nutricional. Buenos Aires: López Libreros Editores; 1997. 

18. Lohman TF, Roche AF, Martorell R (1988). Anthropometric. Standardization Reference 

Manual. Champaign IL: Human Kinetics  

19. Organización Mundial de la Salud. Obesidad y sobrepeso (SF) 

http://www.who.int/mediacentre/factsheets/fs311/es/ 

20. Recommendations to prevent and control iron deficiency in the United States. Centers 

for Disease Control and Prevention (1998) MMWR Recomm Rep 47(RR-3):1-29 

21. Food and Nutrition Board, Subcommittee on Upper Reference Levels of Nutrients 

(1998) Dietary reference intakes for thiamin, riboflavin, niacin, vitamin B6, folate, 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://www.desarrollosocial.gba.gov.ar/subsec/politicas_sociales/programas/masvida.php
http://www.who.int/mediacentre/factsheets/fs311/es/
javascript:AL_get(this,%20'jour',%20'MMWR%20Recomm%20Rep.');


14 

 

 

vitamin B12, pantothenic acid, biotin and choline. Institute of Medicine, Washington, 

D.C. 

22. Wood J, Cannon D (1991) Metabolic intermediates and inorganic ions. In Clinical 

Diagnosis and Management by Laboratory Methods. 18th edit. Phyladelphia 

Pennsylvania. Ed WB Saunders Company. 1991. 170. 

23. IVACG. A brief guide to current methods of assessing vitamin A status. A report of the 

International Vitamin A consultative Group (IVACG) Nutrition Foundations Inc. 

Washington DC; 1993. 

24. Ley   No 25.630.  Available  at  http://www.anmat.gov.ar/Legislacion/Alimentos/Ley_ 

25630. pdf  

25. Encuesta Nacional de Nutrición y Salud. Ministerio de Salud de la Nación Argentina. 

2005. http://www.msal.gov.ar/htm/site/ennys/download/Implementación.pdf  

26. Calvo EB, Biglieri A (2008) Impacto de la fortificación con ácido fólico sobre el estado 

nutricional en mujeres y la prevalencia de defectos del tubo neural. Rev chil pediatr 

81(1):78-79 

27. Hertrampf E, Cortés F, Erickson D, et al (2003) Consumption of folic acid-fortified 

bread improves folate status in women of reproductive age in Chile. J Nutr 133:3166-

3169 

28. Berry RJ, Bailey L, Mulinare J, Bower C, Folic Acid Working Group (2010) 

Fortification of flour with folic acid. Food Nutr Bull 31(1 Suppl):S22-35 

29. De Wals P, Tairou F, van Allen MI, et al (2007) Reduction in neural-tube defects alters 

folic acid fortification in Canada. N Engl J Med 357:135-142  

30. Klemm RD, West KP, Palmer AC, et al (2010) Vitamin A fortification of wheat flour: 

considerations and current recommendations. Food Nutr Bull 31(1 Suppl):S47-61  

31. Huo J, Sun J, Huang J, et al (2011) The effectiveness of fortified flour on micro-nutrient 

status in rural female adults in China. Asia Pac J Clin Nutr 20(1):118-124 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://www.anmat.gov.ar/Legislacion/Alimentos/Ley_
http://www.msal.gov.ar/htm/site/ennys/download/Implementación.pdf


15 

 

 

32. Hyder SM, Haseen F, Khan M, et al (2007) A multiple-micronutrient-fortified beverage 

affects hemoglobin, iron, and vitamin A status and growth in adolescent girls in rural 

Bangladesh. J Nutr 137(9):2147-2153 

33. Seal A, Kafwembe, Kassin IA, et al (2008) Maize meal fortification is associated with 

improved vitamin A and iron status in adolescents and reduced childhood anemia in a 

food aid-dependent refugee population. Public Health Nutr 11(7):720-728   

34. Temple VJ, Masta A (2004) Zinc in human health. P N G Med J 47(3-4):146-158  

35. Pizarro FA, Olivares MG, Kain BJ (2005) Hierro y zinc en la dieta de la población de 

Santiago. Rev Chil Nutr 32(1):19-27 

36.  Stuetz W, Carrara VI, McGready R, et al (2012) Micronutrient status in lactating 

mothers before and after introduction of fortified flour: cross-sectional surveys in Maela 

refugee camp. Eur J Nutr 51(4):425-434 

37. Brown KH, Hambidge KM, Ranum P (2010) Zinc fortification of cereal flours: current 

recommendations and research needs. Food Nutr Bull 31(1):62-74 

38. Correia SAM, Bolognini PK, Erthal SR, Teles Boaventura G, Blondet AV (2011) 

Dietary supplements for the lactating adolescent mother: influence on plasma 

micronutrients. Nutr Hosp 26(2):392-398 

39. Cavalli-Sforza T, Berger J, Smitasiri S, Viteri F (2005) Weekly iron-folic acid 

supplementation of women of reproductive age: impact overview, lessons learned, 

expansion plans, and contributions toward achievement of the millennium development 

goals. Nutr rev 63(12 pt 2):s152-8. 

40. WHO (2009) Weekly iron–folic acid supplementation (WIFS) in women of reproductive 

age: its role in promoting optimal maternal and child health. Position statement. Geneva, 

World Health Organization (http://www.who.int/nutrition/publications/micronutrients/ 

weekly_iron_folicacid.pdf), accessed February 2, 2012. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://www.ncbi.nlm.nih.gov/pubmed?term=
http://www.ncbi.nlm.nih.gov/pubmed/18096105#%23
http://www.ncbi.nlm.nih.gov/pubmed?term=#_blank
http://www.ncbi.nlm.nih.gov/pubmed?term=#_blank
http://www.ncbi.nlm.nih.gov/pubmed?term=#_blank
http://www.ncbi.nlm.nih.gov/pubmed?term=#_blank
http://www.ncbi.nlm.nih.gov/pubmed/16466092.1#_blank
http://www.ncbi.nlm.nih.gov/pubmed/16466092.1#_blank
http://www.ncbi.nlm.nih.gov/pubmed/16466092.1#_blank
http://www.ncbi.nlm.nih.gov/pubmed/16466092.1#_blank
http://www.ncbi.nlm.nih.gov/pubmed#_blank


16 

 

 

41. Frongillo EA (2003) Understanding obesity and program participation in the context of 

poverty and food insecurity. J Nutr 133(7):2117-2118 

42. Gibson D (2003) Food stamp program participation is positively related to obesity in low 

income women. J Nutr  133(7):2225-2231 

43. Gibson D (2006) Long-term Food Stamp Program participation is positively related to 

simultaneous overweight in young daughters and obesity in mothers. J Nutr 136(4):1081-

1085  

44. Uauy R, Albala C, Kain J (2001) Obesity trends in Latin America: transiting from under 

to overweight. J Nutr 131:893S–99S 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



17 

 

 

Table 1  Anthropometric and nutritional condition of lactating mothers at baseline and 1 year 

after PMV implementation 

 Baseline 

(n=178) 

1 year after PMV implementation 

(n=151) 

Underweight 7.3 6.0 

Normal weight 55.6 48.3 

Overweight 21.9 27.2 

Obesity 15.2 18.5 

Results are expressed as percentages. X2test.   
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Table 2  Mean values and prevalence of micronutrient deficiency at baseline and 1 year after 

PMV implementation  

 Baseline 1 year after PMV 

implementation 

 

 % GM CI % GM CI p 

Ferritin (ng/ml)  17.7 15.6 - 20.0  19.6 17.1 - 22.0 0.188* 

Prevalence of iron deficiency 28.7   23.9   0.308§ 

Folates (ng/ml)  2.96 2.75 - 3.18  8.12 7.51 – 8.77 <0.001* 

Prevalence of folate deficiency 50.3   3.4   <.001§ 

Zinc (µg/dl)  84.8 82.1 - 87.6  85.5 82.8 - 88.3 0.044* 

Prevalence of zinc deficiency 8.2   10.2   0.519§ 

Retinol (µg/dl)  27.9 26.8 - 98.1  32.9 30.1 - 36.0 <0.001* 

Prevalence of vit A deficiency 7.9   13.6   0.088§ 

Prevalence of vit A risk of 

deficiency 

56.3   29.9   <0.001* 

*Mann-Whitney test. §X2 test. 
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Table 3 Total micronutrient intake  

 

 Baseline 1 year after PMV implementation 

Energy (Kcal/day) 1423.6  ± 633.4 1924 ± 76.5* 

Calcium (mg/day) 286.6 ± 259.9 371 ± 37.1* 

Proteins (g/day) 51.2 ± 28.2 69.3 ± 35.5* 

Iron (mg/day) 7.28 ± 3.4 9.65 ± 4.61* 

Zinc (mg/day) 6.2 ± 3.7 7.61 ± 4.6* 

Folates (µg/day) 78.6 ± 69 131.4 ± 15.4* 

Vitamin A 356 ± 392 445.45 ±500* 

Mann-Whitney test; *p<0.05. 
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Fig. 1 Distribution of Vitamin A levels before and after PVM implementation                            
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