
RESEARCH Open Access

Fortified food supplementation in children
with reduced dietary energy and
micronutrients intake in Southern Mexico
Gabriela Añorve-Valdez1,2, Amado David Quezada-Sánchez5, Fabiola Mejía-Rodríguez1,4*,
Armando García-Guerra1 and Lynnette Marie Neufeld3

Abstract

Background: Nutritional supplements are an important source of complementary food for young children, since
they may either complement or substitute nutrients obtained from other food sources. Assessing how the introduction of
different types of supplements modifies the consumption of other food sources may help in designing supplementation
programs that aim to improve the nutrition of vulnerable populations.
The objetive is to quantify dietary energy and nutrient intake among children aged 6–12 months who received one of
three nutritional supplements.

Methods: A cluster-randomized trial was conducted from 2005 to 2007. Urban communities were randomly allocated to
one of three intervention groups receiving one of the following: a milk-based fortified food, micronutrient powders, or
syrup. Each supplement was fortified with equal amounts of micronutrients. Dietary intake was estimated using a food
frequency questionnaire (FFQ) to reflect the average consumption over the month prior to the interview. Children
between 6 and 12 months of age were recruited. Median regression was performed with adjusted standard errors for
clustered data, and the linear predictors for the median included the study group, study stage and their interaction.
Adjusted medians by study group and study stage were obtained as post-estimations.

Results: No statistically significant differences between study groups were observed at baseline. After four months of
supplementation, the children in the fortified food group had a smaller increase in median dietary energy (183.7 kcal,
CI95%: 59.9, 307.5) and dietary protein (6.6 g, CI95%: 2.6, 10.6) intake from their home diet than those in the syrup group
(p < 0.05). These differences remained significant after adjusting for group differences at baseline. Regarding covariate-
adjusted median changes from baseline to follow-up at 10 months, the children in the fortified food group had a smaller
median increase in dietary energy intake than those in the syrup group (698 vs 915 kcal), with a difference of 217.9 kcal
(CI95%: 20.4, 415.4).

Conclusion: Children in the fortified food group consumed less dietary energy, protein, and micronutrients than those in
the micronutrient powder and syrup groups. It is possible that absolute nutrient intake may be overestimated by the FFQ,
but this possibility does not compromise the ability to compare study groups. Given the observed differences in dietary
energy consumption among the three supplemented groups, it can be concluded that supplementation with
micronutrient powders is an adequate option for urban children who have met their minimum energy and
protein requirements.
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Background
Micronutrient deficiencies in early childhood (6 to
24 months) influence several functional outcomes, in-
cluding linear growth, health, and immune function
[1–9]. According to the 2006 National Health and Nutri-
tion Survey (ENSANUT, by its Spanish acronym), 27.5%
and 3.2% of children in Mexico under the age of five were
zinc and folate deficient, respectively [10]. The prevalence
of anemia in the 2012 ENSANUT survey was 38% in
children aged 12–23 months [11]. Additionally, ENSA-
NUT reported a prevalence of 9.7% for overweight-
obesity in children under five years [11], raising ser-
ious concern about the changing dietary patterns of
children.
The PROSPERA Programa de Inclusión Social

(PROSPERA; formerly known as the Oportunidades
Human Development Program [PDHO] and previ-
ously named Progresa) has been distributing comple-
mentary fortified food (FF) as part of the program’s
benefits for children aged 6 to 59 months since 1997.
The FF supplement provides 100% of the daily micro-
nutrients and 20% of the daily energy requirements of
these children [12, 13] and is intended for daily con-
sumption as a mush, colloquially referred to as
papilla.
In an early evaluation, the original program had sig-

nificant effects on child growth in rural and urban areas
and on anemia in rural areas [12, 14]. In-depth ethno-
graphic studies showed a high acceptance of the FF, but
patterns of intra-household sharing resulted in young chil-
dren consuming far less than the recommended amount
[15, 16]. It is important to assess dietary intake to under-
stand the patterns of supplement utilization and the extent
to which their utilization results in modifications of dietary
intake of home foods.
Dietary intake was assessed as part of a cluster-

randomized trial comparing the impact of 3 different
types of nutritional supplements for children on sev-
eral nutritional outcomes. The objective of the analyses
presented here was to quantify the dietary energy and nu-
trient intake of children aged 6–12 months who received
one of three nutritional supplements.

Methods
The dietary intake and supplement consumption data re-
ported here were collected as part of a cluster-randomized
efficacy trial specifically designed to identify the best sup-
plement for use in PROSPERA based on the comparative
impact of selected nutritional outcomes, acceptance, con-
sumption, and cost. The details of this intervention have
been reported elsewhere, and the main results of the study
have been published and presented at international con-
ferences [12, 15, 17, 18].

Design and participants
We conducted a cluster-randomized trial from 2005 to
2007 in 54 urban communities in the Mexican states of
Tabasco, Veracruz, Oaxaca and Puebla. Randomization
was performed at the community level, and all PROSPERA
beneficiaries who were children within the baseline age
range in those communities were eligible to participate.
Allocation was performed using a block design to ensure
comparability between supplementation groups. The com-
munities were split into 18 blocks of three communities
each prior to randomization. The blocks were defined
using community characteristics, such as 1) the degree of
marginalization (low or medium) 2) the population size
and 3) geographic proximity (to avoid large differences in
altitude, climate, etc.). Within each block study group,
communities were randomly assigned to receive one of
the supplements: FF supplied by PROSPERA, a micronu-
trient syrup (syrup) or a micronutrient powder (MNP).
The syrup and MNP were purposefully designed with a
micronutrient content identical to that of FF. For this
analysis, we restricted analyses to the sample of children
whose dietary intake data were available at baseline and
after four and ten months of supplementation (Fig. 1).

Study settings and intervention
Physicians and nurses at local healthcare centers and
clinics identified PROSPERA beneficiaries for potential
inclusion in our study and organized informational meet-
ings regarding our objectives. Prior to initiation, all families
in the selected communities had been regularly receiving
the PROSPERA FF supplement and health education mes-
sages [13]. The nutritional supplements used in this study
(FF, MNP and syrup) were delivered directly to the homes
of our sample groups six days per week. We did not include
a placebo or a no-intervention group because the program,
by its rules of operation, includes the distribution of a sup-
plement; therefore, elimination of the supplement was not
among the programmatic alternatives to be explored.
The FF, MNP and syrup supplements contained equal

amounts of selected micronutrients: elemental iron and
zinc, as well as vitamins A, B2, B12, C, E and folic acid
(Table 1). FF was formulated with dry whole-milk powder,
sugar and maltodextrin; therefore, the children random-
ized to the FF group were also given 194 kcal of energy,
5.8 g of proteins, 27.9 g of carbohydrates and 6.6 g of
lipids per serving.
The FF supplement was produced for PROSPERA by

Liconsa Corporation, which is located in the Mexican
state of Queretaro and was distributed in 264 g bags.
Instructions for FF preparation consisted of mixing a
daily 44 g dose of dry product with a small amount of
water immediately prior to consumption. The MNP
supplement was specifically produced for our study and
purchased from Ped-Med Ltd. (Toronto, Canada). A
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recommended daily dose of 1 g was provided in indi-
vidual packs, and this was to be mixed with a small
portion of the child’s food immediately prior to con-
sumption. The syrup supplement was also specifically
developed for our project and was donated by Zerboni
Laboratories in Mexico City, using a premix donated by
DMS Nutritional Products (Mexico City). The syrup
was distributed in 60 mL bottles, and a daily dose was
5 mL.
For the first 9 months of the study, the field staff visited

each participant daily to distribute the supplement and ob-
serve its preparation and consumption. Subsequent visits
were scheduled on a weekly basis. During each visit, the
mother/caregiver registered the week’s consumption on a
self-administered form, which was designed to facilitate the
recollection of routine consumption. At each weekly visit,
the field staff reviewed and collected the form, gathered any
remaining supplements from the previous week, and pre-
pared the child’s doses and form for the following week.

Data collection
Demographic characteristics
Demographic variables were obtained at baseline by means
of home interviews with the child’s mother/caregiver. The
questionnaire, which was developed for previous studies in

Fig. 1 Flowchart of children participating in the study

Table 1 Nutritional content per serving for the three nutritional
supplements

Nutrient FFa (44 g) MNPb (1.0 g) Syrup (5 mL)

Energy, kcal 194.0 – –

Protein, g 5.8 – –

Lipids, g 6.6 – –

Carbohydrates, g 27.9 – –

Sodium, mg 24.5 – –

Iron, mg δ 10.0 10.0 10.0

Zinc, mg 10.0 10.0 10.0

Vitamin A, μg 400.0 400.0 400.0

Vitamin E, mg 6.0 6.0 6.0

Vitamin C, mg 50.0 50.0 50.0

Vitamin B2, mg 0.8 0.8 0.8

Vitamin B12, μg 0.7 0.7 0.7

Folic acid, μg 50.0 50.0 50.0
aFortified Food (FF)
bMicronutrient Powder (MNP)
δGluconate ferrous in FF and Syrup; and fumarate ferrous in MNP
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Mexico [12], was used to collect information on maternal
schooling, occupation, marital status, the family’s so-
cioeconomic status (SES), including housing charac-
teristics, access to water and electricity services, and
household possession of durable goods.

Dietary assessment
To estimate food consumption, we adapted a previously
validated seven-day food frequency questionnaire (FFQ)
[19]. The questionnaire was adapted by adding breast
milk to the milk group and FF to the cereals group. Al-
though 24-h recall questionnaires applied on noncon-
secutive days have been proven to generate a more
accurate estimation of individual dietary intake, we
used the FFQ as our main objective was to assess pat-
terns of dietary intake and supplement consumption
across the groups. Our ability to use more robust diet-
ary assessment methods was also limited by logistical
and budgetary restrictions.
The FFQ registered the reported consumption of foods

from a list for each child, including the amount con-
sumed and the portion sizes. The questionnaire was ad-
ministered by trained personnel, with standardized food
units and measures, during in-person interviews with
the child’s mother/caregiver. The sessions were held at
baseline and at follow-up after four and ten months. The
FFQ included the 107 most frequently consumed foods
according to sample age group in the study population
and classified them into 15 groups, with an option to
register additional foods not included in the list. The re-
spondent was asked about the number of days and the
number of times per day the child consumed each food
item and about the amount consumed per serving.
These amounts were recorded in different measurement
units: ounce, teaspoon, tablespoon, serving tablespoon,
drop, gram or milliliter, piece, cup, slice, and taste. Dur-
ing the initial FFQ interview, the mother/caregiver iden-
tified the appropriately sized spoons and measuring cups
for portion-size estimation.
The number of grams of each food item consumed

and its nutritional content were estimated based on the
food composition tables of the Instituto Nacional de
Salud Pública (INSP, according to its Spanish acronym),
Mexico [20]. Outliers for plausible intake were excluded
according to age and sex to minimize errors in estimating
the grams of food consumed [21–23]. We analyzed energy
and protein consumed because of their direct relation-
ships with child growth and development. We analyzed
iron, zinc and folic acid intake since serum deficiencies of
these nutrients have been identified as serious public
health concerns in Mexican children [24, 25].
Regarding breast milk, the mothers were asked to re-

port only their breastfeeding status (Yes or No) because
we did not attempt to quantify breast milk intake.

Supplement consumption
Compliance with supplement consumption recommen-
dations was estimated by quarters (25%, 50%, 75%, and
100%) based on the reports provided by the field staff
during home visits. For the FF and MNP supplements,
the amounts of powder remaining in the individual por-
tions of prepared food were evaluated (0% = all or almost
all, 25% =more than half, 50% = approximately half, 75% =
less than half, and 100% = nothing or almost nothing). For
syrup, the approximate quantity of quarters consumed for
portions of 5 mL of syrup was registered. During the first
nine months, field staff performed daily visits and registered
consumption compliance. Thereafter, field staff performed
weekly visits, and forms were completed to cover the whole
week. The information was collected weekly. We calculated
supplement consumption and compliance during the week
before the date of the dietary interviews.

Statistical analysis
Descriptive statistics were obtained to assess the balance
between the study groups in terms of the general charac-
teristics and nutritional status of participants. Means
and standard deviations were calculated for quantitative
variables, and percentages were calculated for categorical
variables. All standard errors were adjusted for data de-
pendencies at the community level using the Taylor Series
linearization method [26]. Means were compared through
analysis of pairwise differences between study groups using
a t-test.
Dietary intake was assessed using median regression

with adjusted standard errors for data dependencies at
the community level [27]. The model included variables
such as study stage, study group, and the interaction
between these two parameters. Adjusted medians for
each stage (baseline, four-month follow-up, and ten-month
follow-up) and study group were obtained from the model
equations.
Additional analyses were performed to adjust for vari-

ables with unbalanced means between study groups. All
interactions of these variables with study stage and study
group were included in the model. Adjusted medians
were obtained by holding unbalanced covariates at their
mean values. All statistical analyses were performed using
Stata v.12.0 (Stata Corp. 2011, Stata Statistical Software:
Release 12. College Station, TX: StataCorp LP).

Results
Of the 988 eligible children who completed the supple-
mentation trial, 244 were in the FF group, 326 were in
the MNP group, and 296 were in the syrup group. Those
who did not provide full dietary data for the three time
points (baseline, four months and ten months) were ex-
cluded from the analysis, leaving 199 in the FF group,
254 in the MNP group and 238 in the syrup group
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(Fig. 1). There were no statistically significant differences
among those who were included and not included in the
analysis for selected characteristics (anthropometric mea-
sures, demographic characteristics and SES) (Table 2). No
differences in age, sex or anthropometric indicators were
observed among the study groups included in this analysis.
However, the children in the syrup group began supple-
mentation approximately one month after those in the FF
and MNP groups (Table 2), and there was a significant
difference in average SES between the FF and syrup groups
(p < 0.05).

Dietary intake
At baseline, there were no significant differences between
the study groups.
After four months of supplementation, the children in

the FF group had smaller increases in median dietary
energy (183.7 kcal, CI95%: 59.9, 307.5) and dietary pro-
tein (6.6 g, CI95%: 2.6, 10.6) intake from their home
diet than those in the syrup group (p < 0.05) (Table 3). This
energy difference remained significant after adjusting for
group differences at baseline (Fig. 2). With regard to
covariate-adjusted median changes from baseline to
follow-up at 10 months, the children in the FF group had a
smaller median increase in dietary energy intake than those
in the syrup group (698 vs 915 kcal), with a difference of
217.9 kcal (CI95%: 20.4, 415.4).

Supplement compliance
The mean supplement compliance during the week be-
fore a dietary interview was 83.6% (CI95%: 76.9, 90.4)
for the FF group, 84.4% (CI95%: 74.7, 94.1) for the
syrup group, and 97.9% (CI95%: 96.5, 99.2) for the
MNP group after 4 months of follow-up, and it was
83.7% (CI95%: 79.5, 88.0) for the FF group, 94.3%
(CI95%: 91.5, 97.2) for the syrup group, and 93.0%
(CI95%: 89.9, 96.1) for the MNP group after 10 months
of follow-up.

Dietary intake with nutrient intake from supplements
added to consumption
There were no significant differences between the
groups at baseline. At four months of follow-up, the
median increase in zinc consumption by the FF group
was 2.0 mg (CI95%: 1.0, 2.9) lower than the median in-
crease for the MNP group (p < 0.05) (Table 4). After
adjusting for SES and supplement initiation age (Fig. 2),
the median increase in iron intake after four months of
follow-up was 1.1 mg (CI95%: 0.3, 1.9) lower in the FF
group than in the MNP group. The median increase in
zinc intake was also smaller for the FF group than for
the MNP group, with a difference of 2.0 mg (CI95%:
0.9, 3.1). The same tendency for changes in median iron
and zinc intake were observed after 10 months of
follow-up.

Table 2 Baseline characteristics of children included and excluded in this analyses

Characteristics Included Excluded
n = 297FF n = 199 Syrup n = 238 MNP n = 254 Total n = 691

Infants

Age, months 7.9 ± 2.5 8.2 ± 2.7 8.0 ± 2.5 8.0 ± 2.6 8.1 ± 2.5

Sex, % male 46.23 50.84 49.61 49.1 46.8

Weight, kg 7.9 ± 1.1 7.9 ± 1.2 7.9 ± 1.2 7.9 ± 1.2 7.9 ± 1.3

Length, cm 66.9 ± 4.1 67.3 ± 4.3 67.0 ± 4.1 67.1 ± 4.2 67.2 ± 4.6

Length/age, Z − 1.0 ± 1.0 − 1.1 ± 1.1 − 1.1 ± 1.0 − 1.0 ± 1.1 −1.1 ± 1.1

Length/age, % 15.74 18.07 18.65 17.6 18.5

Starting age of supplementation, months 8.3 ± 2.6 9.1a,c ± 2.8 8.4 ± 2.5 8.6 ± 2.6 –

Mother

Socioeconomic level 0.2 ± 1.0 − 0.2b ± 1.0 0.0 ± 1.0 0.0 ± 1.0 − 0.1 ± 1.0

Educational level of the mother, %

None 12.6 10.5 12.2 11.7 7.7

Basic 41.2 45.8 52.4 46.9 50.5

High school 37.7 36.6 26.8 33.3 32.0

Secondary school or more 8.5 7.1 8.7 8.1 9.7

Fortified food (FF), Micronutrient powder (MNP), and Syrup (Syrup)
Mean ± standard deviation or percentages, are presented
ap < 0.05 FF vs MNP
b p < 0.05 FF vs Syrup
cp < 0.05 Syrup vs MNP
No statistically significant differences were found between children who were the included and not included in the study
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Fig. 2 Covariate-adjusted median intake of energy, iron and zinc from diet and diet+supplement at baseline and changes from baseline to
follow-up stages by study group
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Discussion
The present study explored median differences in dietary
intake of key nutrients by children 6 to 12 months old
living in urban areas of Mexico and receiving one of
three nutritional supplements, with follow-up after 4
and 10 months. This analysis forms part of a research
trial designed to inform improvements to the nutrition
component of the PROSPERA program. Our findings
showed that those receiving FF (with energy and protein
supplements provided by the program) consumed less
energy, protein and micronutrients from their home diet
than those receiving MNP or syrup.
Our study indicates that consumption of FF likely led

to displacement of some home foods, resulting in no net
contribution to dietary energy and protein intake. Al-
though the supplements themselves were developed
with equal micronutrient contents and all three groups
showed compliance higher than 80%, the FF group showed
lower compliance than the other groups. This observation
is likely due to differences in adherence, particularly with
regard to the proportion of each dose that was regularly
consumed. If adherence in the FF group had been greater,

we would expect a greater displacement of the home diet.
This finding is consistent with those of several other pub-
lished studies [28–32].
In the context of urban Mexico, it is likely that energy

and protein are not limiting factors in the diets of children.
In this setting, the displacement of home foods is desirable
to avoid any excess increase in dietary energy. All three
supplements provided important contributions to the total
intake of several micronutrients that are known to be
deficient in the diets of children who are beneficiaries
of PROSPERA [25, 33, 34].
Iron supplementation may be indicated for children

and women to reduce the occurrence of anemia due to a
lack of iron, even in the presence of some known limita-
tions, such as side effects affecting compliance and distribu-
tion problems [35]. Providing MNP increases availability
and enhances the intake of nutritional supplements. How-
ever, granting access to this supplement in the actual setting
of program operation is crucial.
A large-scale pilot study was performed in Vietnam,

with the purpose of promoting locally produced MNP dis-
tribution and making MNP available through sales from

Table 4 Median intake of energy, protein, iron, zinc and folic acid; from diet+supplement at baseline, and changes from baseline, to
follow-up stages by supplementation group

Stage study FF Syrup MNP Syrup vs FF MNP vs FF MNP vs Syrup

Diet + supplement

Energy (kcal)

Baseline 372.7 (257.2, 488.3) 463.1 (364.1, 562.1) 438.9 (333.6, 544.2) 90.4 (− 61.8, 242.5) 66.1 (− 90.2, 222.5) − 24.2 (− 168.7, 120.3)

4 m - Baseline 426.6 (325.0, 528.1) 446.1 (353.9, 538.4) 352.2 (253.4, 451.1) 19.6 (− 117.6, 156.8) − 74.3 (− 216.0, 67.4) −93.9 (− 229.1, 41.3)

10 m - Baseline 956.9 (848.6, 1065.1) 955.4 (803.4, 1107.4) 831.9 (701.4, 962.4) −1.4 (− 188.0, 185.2) −125.0 (− 294.5, 44.6) −123.6 (− 323.9, 76.8)

Protein (g)

Baseline 10.1 (7.0, 13.2) 11.8 (8.6, 14.9) 12.8 (9.7, 15.9) 1.7 (−2.7, 6.1) 2.7 (−1.6, 7.0) 1.0 (− 3.4, 5.4)

4 m - Baseline 14.8 (11.5, 18.2) 16.3 (14.1, 18.6) 13.9 (11.2, 16.6) 1.5 (−2.5, 5.5) − 0.9 (− 5.2, 3.4) −2.4 (− 5.9, 1.1)

10 m - Baseline 33.5 (29.8, 37.2) 32.5 (26.9, 38.1) 28.9 (24.9, 32.8) − 1.0 (− 7.7, 5.7) −4.6 (− 10.1, 0.8) −3.6 (− 10.4, 3.2)

Iron (mg)

Baseline 1.9 (1.1, 2.6) 2.0 (1.5, 2.6) 2.2 (1.6, 2.9) 0.2 (− 0.8, 1.1) 0.4 (− 0.6, 1.4) 0.2 (− 0.6, 1.1)

4 m - Baseline 10.4 (9.7, 11.1) 10.7 (9.4, 12.0) 11.1 (10.3, 11.9) 0.3 (− 1.2, 1.7) 0.7 (−0.4, 1.7) 0.4 (− 1.1, 1.9)

10 m - Baseline 12.6 (12.0, 13.1) 13.7 (12.4, 15.0) 13.2 (12.2, 14.3) 1.2 (−0.3, 2.6) 0.7 (−0.5, 1.9) − 0.5 (− 2.2, 1.2)

Zinc (mg)

Baseline 2.2 (1.5, 2.9) 2.5 (1.8, 3.3) 2.4 (1.8, 3.0) 0.3 (−0.7, 1.3) 0.2 (−0.8, 1.1) − 0.1 (−1.1, 0.8)

4 m - Baseline 10.0 (9.3, 10.7) 10.1 (8.9, 11.4) 12.0 (11.4, 12.6) 0.1 (−1.3, 1.6) 2.0 (1.0, 2.9) 1.8 (0.4, 3.3)

10 m - Baseline 12.6 (11.8, 13.3) 13.6 (12.7, 14.5) 13.5 (12.5, 14.6) 1.0 (− 0.2, 2.2) 1.0 (− 0.3, 2.3) − 0.0 (− 1.4, 1.4)

Folic acid (μg)

Baseline 26.0 (13.6, 38.5) 27.7 (16.9, 38.6) 30.4 (22.9, 37.9) 1.7 (−14.8, 18.2) 4.4 (− 10.1, 19.0) 2.7 (− 10.5, 15.9)

4 m - Baseline 62.8 (53.4, 72.1) 79.0 (62.0, 96.1) 65.6 (55.0, 76.2) 16.3 (−3.2, 35.7) 2.8 (− 11.2, 16.9) − 13.4 (− 33.5, 6.6)

10 m - Baseline 98.8 (83.4, 114.3) 120.1 (92.0, 148.2) 95.2 (82.6, 107.8) 21.3 (− 10.8, 53.3) −3.6 (− 23.6, 16.3) − 24.9 (− 55.7, 5.9)

Fortified food (FF), Micronutrient powder (MNP), and Syrup (Syrup)
Obtained from a quantile regression with standard errors adjusted for data dependencies within communities, 95% confidence intervals are presented
in parentheses
In boldface are the significant differences in differences
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the public healthcare system, and the study included train-
ing about adequate practices for feeding infants and
young children. This type of intervention demonstrated
a promising and innovative model for promoting the
acquisition and intake of MNP, with the aim of improving
nutritional status in a population of children < 5 years old
[36]. Other authors demonstrated that children invariably
have a more positive response to MNP than to syrup
[37, 38]. In a study in Bangladesh in which an MNP
intervention was assessed, 60% of mothers stated that they
“liked it a lot”, 30% “liked it” and the remaining 10% “some-
what liked it”, particularly because it was easy to prepare, ac-
ceptable and could be added to complementary foods [39].
Similarly, with the purpose of increasing MNP compli-

ance and intake, strategies for supplementation programs
must be further researched. In this context, a study was
performed in Nepal that documented predictors for obtain-
ing high compliance with MNP intake. These predictors in-
cluded perceived positive effects on health and nutrition in
children < 24 months old among caregivers after MNP in-
take, as well as having specific materials for promoting the
adequate intake of supplements. Such predictors should be
considered when MNP supplementation programs are
designed and applied with the purpose of increasing sup-
plement intake adherence [40]. The use of MNP has been a
novel approach for large-scale public healthcare interven-
tions, with percentages of the prescribed MNP packets
consumed during the intervention period as high as 98%
[41, 42]. Comparatively, a study demonstrated that the diet-
ary energetic density of babies consuming FF was less than
that of babies not consuming FF (1.2 kcal/g vs 1.5 kcal/g).
These findings can be explained by the fact that the care-
givers may not have prepared the supplement according to
the recommendations and may have diluted the papilla in
an effort to make the supplement last longer [43]. This ob-
servation reveals that when MNP is used, there is greater
adherence; and among its advantages, the single daily dose
of MNP can be added to food that children can eat at any
time; thus, greater supplement intake can be achieved.
There are few studies on the effectiveness of food for-

tification programs [44]. Supplement acceptance, the ve-
hicle used (e.g., papilla preparations) and ease of preparation
are key aspects to consider to ensure adoption of a supple-
ment by the target population [45].
It has been documented that protein requirements among

children aged 6–23 months are already covered by normal
dietary intake, while requirements for energy and other nu-
trients (e.g., iron, zinc, and calcium) are not met without
supplementation [46–48]. Therefore, accurate and effective
strategies that contribute to increasing the intake of several
nutrients to adequate levels through supplementation are
needed. Teaching mothers how to improve feeding with nat-
ural food that is readily available in their places of residence
has shown important results. However, some key nutrients

fail to be covered in this manner, which can have detrimen-
tal effects on the weight and height of the child [47, 49, 50].
Therefore, the use of specific micronutrient supplements to
cover infants’ daily requirements is essential. In the case of
anemia due to a lack of iron, for example, supplements cov-
ering iron requirements must be given to children.
According to the sustainable development objectives

from the World Health Organization, maternal health is
one of the main objectives for supporting healthy lives
and promoting lifelong wellbeing. Suggested strategies to
prevent maternal-infant malnutrition and nutritional de-
ficiencies during the first thousand days of life (preg-
nancy and the first two years of life) include the use of
prenatal supplements, the promotion of maternal breast-
feeding, adequate weaning, the prevention of diseases
(such as diarrhea and flu) and specific nutritional inter-
ventions with a focus on communities with no food se-
curity [47, 51, 52].
Our study has several limitations. The use of an FFQ

instrument to assess dietary intake may have led to
over-reporting of energy and nutrient consumption. There-
fore, it is possible that the absolute nutrient intake levels
may be overestimated for our sample. However, the ability
to compare dietary intake patterns across the three supple-
mentation groups is not compromised by this general esti-
mation bias. Large proportions (36%) of children were still
breastfed after ten months of supplementation. We have no
evidence that this feeding influences comparative analyses
across supplementation groups. Finally, given the imple-
mentation of the study in urban areas and the assessment
of dietary intake until only 10 months after the initiation of
supplementation, the results cannot be extrapolated to rural
areas or to longer supplementation periods. An important
strength of the study was the rigorous and continual moni-
toring of supplement consumption at the household level
by highly trained field staff.

Conclusion
Our study among PROSPERA beneficiaries in urban
Mexico showed that the consumption of FF led to the dis-
placement of home foods in the diets of children 6 to
24 months of age. These results suggest that diets are gen-
erally adequate in terms of food quantity (i.e., energy and
protein). All three supplements used in the trial were con-
sidered highly acceptable by caregivers [53]. Compliance
was higher than 80% in the three supplementation groups,
with the MNP and syrup groups showing higher compli-
ance than the FF group during the week before the dietary
interview after 10 months of follow-up. Our results suggest
that alternative supplements, particularly MNPs or syrups,
are more cost effective than FFs in increasing the dietary in-
take of key micronutrients in the studied population. To
determine the implications for PROSPERA, however, these
results must also be interpreted in conjunction with the
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impact of the supplements on nutritional outcomes (results
forthcoming).
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