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Abstract
Objective: This study explored social and behavioural factors associated
with a home fortification of complementary foods program among families of
undernourished children in 14 rural communities in Honduras.
Design: We collected and analysed survey data from a convenience sample of
196 households participating in a nutritional program using home fortification
of complementary foods in 2017. The program supplied families with a soy-based
atole powder fortified with micronutrients. A research team completed a face-to-
face survey exploring social and behavioural factors associated with nutritional
supplement use. Anthropometric measurements for participating children were
abstracted from health clinic records of previous quarterly appointments.
Setting: The study took place in San Jose del Negrito, Honduras.
Participants: Participants were parents or guardians of children enrolled in the
nutrition program.
Results: Nearly half of participant families shared the nutritional supplement
with other family members besides the index child, while 10 % reported using
the supplement as a meal replacement for the child. Low education level of moth-
ers was associated with improper use of the supplement (P= 0·005). Poorer fam-
ilies were more likely to share the supplement (P= 0·013).
Conclusions: These results highlight the challenges of programs using home
fortification of complementary foods in the context of food scarcity. Findings high-
light the importance of increasing rural children’s overall caloric intake, perhaps by
increasing access to locally available protein sources. Results also suggest transi-
tioning nutritional programs to family-based interventions to increase overall
intended compliance to nutrition programming.
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Despite recent improvements in nutrition in many regions
of the world, undernutrition, which includes both stunting
and anaemia, remains a key health challenge in early child-
hood in low- and middle-income countries. WHO reported
in 2016 that 22·9 % of the world’s children under age
5 suffer from stunting (defined as low height-for-age)(1).
Stunting remains part of the WHO monitoring framework
of Sustainable Development Goal Two to eliminate hunger
worldwide(1). In many regions, including Latin America,
declines in stunting have been the greatest in urban areas,
while stunting remains more prevalent among children
in rural areas(2). A 2011 meta-analysis of the literature on

multiplemicronutrient (MMN)-based interventions showed
that MMN supplementation reduces anaemia and can
improve linear growth, reducing stunting, especially in
areas where micronutrient deficiencies are common(3).
There is substantial literature exploring the potential bene-
fits of MMN and home-based fortification interventions(3,4),
but less attention has been placed on associated behav-
ioural factors that may influence supplement use and
overall health impact of these programs. Additionally,
the determinants for continued undernutrition among
children enrolled in supplementation programs merit fur-
ther exploration.
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Malnutrition is well recognised as ‘a state of nutrition in
which a deficiency or excess (or imbalance) of energy, pro-
tein and other nutrients causes measurable adverse effects
on tissue/body form (body shape, size and composition)
and function, and clinical outcomes’(5). In our study, we
refer to undernutrition as a deficiency in nutrition, as mea-
sured by stunting or anaemia in children. Undernutrition is
linked to as many as 45 % of deaths among children under
age 5 in low- and middle-income countries(6). Children
with severe undernutrition can experience iodine and iron
deficiencies, leading to irreversible brain damage and
poorer overall development(7). In addition to higher risk
of childhood mortality, undernourished children also can
experience permanent mental impairment, attain less
schooling, face lower economic productivity and are more
susceptible to chronic diseases(1). Factors related to under-
nutrition include dietary intake, socioeconomic status,
maternal health, infectious diseases and environment(7,8),
as well as social and behavioural factors related to food
and eating practices.

Interventions to alleviate child undernutrition include
supplementationwithmicronutrient powders, lipid-based
nutrient supplements or complementary food supple-
ments(4,9). Micronutrient powder supplementation pro-
vides MMNs but lacks macronutrients and therefore
calories(3). Complementary food supplement, also called
home-based fortification, are composed of both micronu-
trients and macronutrients, providing some energy(4).
Lipid-based nutrient supplement are a type of comple-
mentary food supplement that are fortified, lipid-based
products that provide calories and can also offer protein
and micronutrients(4,10). The efficacy of these interven-
tions in reducing anaemia has been demonstrated in sev-
eral studies(4,9,11–14), suggesting potential improvement
in all aspects of health including motor development,
reduction of illness burden and improved anthropometric
indicators(3). The literature suggests that providing more
than 3 micronutrients rather than specific micronutrients
such as iron alone, vitamin A and zinc or vitamin A alone
may improve indicators such as stunting or anaemia(3).

Honduras is a Central American country of more than
9 million people, where more than half of families live in
poverty and where 1 in 4 children suffers from undernutri-
tion(15). In the rural areas where this nutrition program was
implemented, local diet was limited in quantity and variety;
a typical meal might consist of rice, beans and tortillas.
Meats are uncommon due to cost, and the poorest families
often cannot afford to buy rice, so micronutrient deficien-
cies are likely to be common(16). In 2000, an NGO began
working with rural Honduran communities in San Jose, a
remote mountain village of 1600 people in the El Negrito
District of Yoro Province. The NGO uses a community-
oriented primary care approach as the foundation for
community interactions and programming, including the
formation of the Health Committee of San Jose, composed
of a local doctor and citizens from the surrounding

communities. El Negrito is one of the poorest and least
developed areas of Yoro, and most residents depend
upon subsistence farming, with non-agricultural activities
accounting for only 22 % of rural income(16,17). In 1996, a
national nutrition survey by the Ministry of Health of
Honduras reported a stunting rate of 42·5 % in rural
northern Honduras(18). Similarly, in 2011 the NGO pro-
gram data identified pervasive undernutrition among chil-
dren in rural areas, with a prevalence of stunting and
anaemia ranging from 30 to 40 % in the 14 rural commun-
ities surrounding San Jose.

In response to a request from the Health Committee of
San Jose, in 2012 the NGO initiated a home fortification
of complementary foods program in the rural commun-
ities surrounding San Jose. The NGO chose a soy-based
atole powder fortified with 21 vitamins and minerals,
including calcium, iron, magnesium, zinc, phosphorous,
niacin, biotin and Vitamins A, B12, E, C and D. The serv-
ing size for the supplement is 18·75 grams per serving
and includes 4 g of protein, 12 g of carbohydrates and
1 g of fat, resulting in 73 kcal per serving. Table 1 pro-
vides detailed information about the composition of
the supplement. The supplement is designed to be con-
sumed once a day as a meal supplement mixed with
water or milk and eaten as porridge or drank as an atole
for children ages 6 months until their 7th birthday(19).

Table 1 Detailed nutritional information of the supplement

Nutritional facts Amount per serving % Daily value

Calories 73 kcal
Calories from fat 9 kcal
Total fat 1 g 1%
Saturated fat 0 g 0%
Trans fat 0 g 0%

Cholesterol 0 g 0%
Sodium 0 g 0%
Carbohydrates 12 g 4%
Dietary fibres 2 g 10%
Sugars 0 g 0%

Protein 4 g 9%
Calcium 200 mg
Phosphorous 150 mg
Magnesium 40 mg
Zinc 9 mg
Copper 300 mcg
Iron 12 mg
Iodine 90 mcg
Selenium 17 mcg
Manganese 0·17 mg
Vitamin A 250 mcg
Vitamin B12 0·9 mcg
Pantothenic acid 1·8 mg
Folic Acid 160 mcg
Vitamin E 5 mg
Vitamin C 40 mg
Thiamine 0·5 mg
Riboflavin 0·5 mg
Pyridoxine 0·5 mg
Vitamin D 5 mcg
Niacin 6 mg
Biotin 8 mcg
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Other studies using this supplement in Guatemala and
other parts of Honduras had demonstrated decreases
in stunting, decreases in anaemia, reductions in fre-
quency of illnesses and improvement in cognition for
children using the product(20–22). In the current setting,
the NGO community staff members completed home vis-
its every 3 months with families of children enrolled in
the nutrition program to distribute the supplement and
to measure children’s height, length, weight and haemo-
globin levels. Each parent or legal guardian received 4
packs of the supplement per child enrolled in the study
every 3 months. Between 2012 and 2017, the program
enrolled 1383 children in 14 communities in the Yoro
region, collecting anthropometric measurements for par-
ticipating children at quarterly health appointments and
maintaining records of program participation and sup-
plement distribution. Children aged out of the program
on their 7th birthday. At the time of our 2017 survey,
the average age of children receiving the supplementa-
tion was 44-months-old, so children had, on average,
been receiving the supplement for 3 years. There were
672 enrolled children.

In 2015, a quantitative evaluation of the home fortifica-
tion of complementary foods program assessed impact
among 661 rural children participants in collaboration with
partnering NGO. That evaluation found that program par-
ticipation was associated with increased haemoglobin lev-
els and decreased anaemia, but participating children
showed no significant improvements in weight, height
or BMI(19). However, that unpublished evaluation did
not assess for factors beyond biometric data. With this
study, we sought to explore behavioural factors related
to micronutrient supplementation use in the rural
Honduran communities and to assess associations between
these behavioural factors and nutritional status, as well as
other common predictors of poor nutrition.

Materials and methods

A cross-sectional study was conducted among participants
enrolled in a home fortification of complementary foods
nutritional supplement program in San Jose, Honduras.
We collected and analysed household survey data using
a structured survey developed in conjunction with local
health clinic staff in San Jose in 2017. Inclusion criteria
for the survey study were: parents or guardians of children
between ages 6 months and 7 years who were currently
enrolled in the program (receiving the micronutrient sup-
plement for home consumption) and living with a guardian
who regularly took them to a quarterly appointment at the
health center in San Jose or who received regular home vis-
its for health assessments. Children were excluded from the
study if they had chronic diseases such as tuberculosis,
asthma or cancer, a known genetic disorder such as
Down’s Syndrome, problems swallowing food or reflux

or frequent vomiting, as determined by an interview with
the mother. Lastly, children were excluded from the study
if one or both parents had a mental or physical disability
that affected their care of the child or if the parents had
not lived in the household for the past week since the sur-
vey included questions about feeding practices and health
status of their children over the past week.

The lead investigator, a medical student fluent in
Spanish, developed the survey in collaboration with the
local physician at the San Jose healthcare clinic and with
2 US-based medical mentors who have worked in the com-
munity since the inception of the fortification program in
2012. Local community outreachworkers reviewed the sur-
vey for relevance and cultural appropriateness. A training
session on how to implement the questionnaire was com-
pleted with the entire research team to minimise measure-
ment bias.

During a 2-week data collection period, the structured
household survey was administered to a convenience sam-
ple mothers or guardians of the 672 children actively
enrolled in the home fortification of complementary foods
program and receiving regular supplies of the supplement.
The research team, including 3 local outreach workers,
completed in-person home visits in 14 rural communities
in the Yoro region around San Jose del Negrito, One team
member asked survey questions and another wrote partici-
pant answers on paper surveys. Parents verbally consented
to being interviewed. All program participants who were
contacted at their homes during the data collection period
agreed to participate. Interviews lasted from 20 to 30 min.
Each child’s anthropometric measurements were taken
from clinic records of their previous quarterly appointment.

Dependent variables
For the purposes of this study, stunting is defined for all
children in our study as gender-specific height-for-age lev-
els that have a Z-score 2 SD below the median of the refer-
ence population as determined by the WHO(1). Anaemia is
defined as haemoglobin levels of less than 11·0 g/dl for
children under 5 years of age and less than 11·5 g/dl for
children 5 years old or older(1). Specific to our exploration
of behaviour related to foods in the home, we asked if the
micronutrient supplement was shared with others not in
the program; if the supplement was cooked in foods that
were used for other members of the household, and if
the supplement was used in place of a meal for the child.
Dichotomous-dependent variables were created, and sup-
plement use with no sharing and no use as a meal replace-
ment was coded as 0 while any improper use of the
supplement was coded as 1.

Explanatory variables
We collected information about feeding behaviours as well
as potential risk factors for undernutrition that are
suggested by previous literature to be significant in
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low-income countries(4,9,11–14). These include mean age of
introduction to solid foods, age of introduction to liquids
other than formula and breast milk, length of time of exclu-
sive breastfeeding, crowding in the home (denoted by
number of people per room), mother’s education level
and family wealth (indicated by family assets and monthly
income). Severity of recent illnesses was defined by a
symptom score. We created a modified symptom score
based on the URI symptom score by Taylor et al.(23).
Given our interest in all infectious disease aetiologies in
children in the study, we defined our symptom score as
the sum of the total number of positive symptoms that each
child had over the past 30 days from a review of symptoms
including diarrhea, rhinorrhea, vomiting, cough, urinary
symptoms, throat pain and fever. We also asked howmany
portions of the nutritional supplement the child had
received in the last week and if they received the supple-
ment the prior day.

Statistical analysis
We analysed the data using as dependent variables the
child’s nutritional status (stunting or anaemic) and behav-
ioural use of the micronutrient supplement (sharing and
using it as a meal replacement) to explore potential predic-
tors of nutritional status and feeding practices. A descriptive
analysis of the data was completed using means and
standard deviations. Normality was tested using the
Shapiro–Wilk test for continuous variables, with P-values
not statistically significant (P > 0·05). Two-tailed t-tests
using the continuity correction factor were used to deter-
mine if there were significant differences between child
nutritional status and behavioural use groups. Chi-square
analyses were used to explore associations between the
categorical variables. Levene’s test of equal variance was
completed to determine if there was an equal variance
between the different variables. A multiple logistic regres-
sion was used to model the dependent variable as a func-
tion of the explanatory variables, estimating the OR and
95 % CI. A P < 0·05 was considered statistically significant.

Results

A total of 212 in-person household surveys were com-
pleted. One survey excluded from analysis because of
incompleteness and 15 others were excluded from analy-
sis because the children had other health conditions. Final
analysis included 196 enrolled children whose parent or
guardian completed the in-person household survey.
More than half of participants were female (54·1 %),
and the average age of enrolled children (in months)
was 43·5 ± 21·5 months (8·2 months to 7·1 years).
Approximately one-third (34 %) of the children were born
at home, and only 2 % of the children were known to be
pre-term at birth.

The average monthly income of the families in the
program was 1900 ± 1600 Lempiras (equating to 80 US
dollars in 2017). On average households included
2·8 ± 1·5 adults and 3·9 ± 2·0 children, and homes had
1·8 ± 1·1 total rooms. The mothers of the children were
on average 31·8 ± 8·5 years old, 58 % had only primary
education or less and 83 % of the mothers did not have
paid work for the past year. The majority of the families
(59 %) did not have electricity in their homes and did not
own motorised vehicles. See Table 2 for additional dem-
ographic information.

Among 196 children included for analysis, 63 children
were stunted (32 %) and 31 were anaemic (16 %).
Children who were anaemic were more likely to be youn-
ger (33·3 ± 21·9 months-old v. 47·9 ± 20·7 months-old;
P = 0·001). Mothers’ reports of sharing the supplement with
other family members and/or using the supplement as a

Table 2 Characteristics of mothers and children in the program

Individual child characteristics

n 196

Mean SD

Age (months) 43·5 21·5
Sex
Male
% 45·9%

Female
% 54·1%

Delivered at home
% 33·8%

Small size at birthday
% 8·1%

Symptom score 1·4 1·5
Household dietary diversity score 4·01 1·4
Stunted (HAZ below −2 SD)
% 32·6%

Underweight (WAZ below −2 SD)
% 12·5%

Anaemic
% 15·9%

Maternal characteristics
Mother’s age (years) 31·7 8·5
Mother’s education (years) 4·3 2·9

Relationship status
Single
% 12·8%

Married
% 32·7%

Significant other
% 53·6%

Widowed
% 1·0%

Household characteristics
Number of adults in the home 2·8 1·5
Number of minors in the home 3·9 2·0
Number of rooms in the home 1·8 1·2
Average number of people per room 4·4 2·3
Average income (lempiras) 1913 1615

Have electricity
% 26·0%

Have transportation
% 19·4%

Dirt or palm floors
% 48·5%

HAZ, height-for-age z-score; WAZ, weight-for-age z-score.
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meal replacement were not significantly associated with
child nutritional status. Mothers of stunted children were
more likely to report giving their child the supplement
every day for the past week compared to parents of chil-
dren who were not stunted (82·5 % v. 61·4 %; P= 0·046).
Household economic factors indicating lower socio-
economic status (including number of rooms in the house
and presence of dirt floor) were significantly associated
with poor child nutritional status on multivariate analysis
(P = 0·011; P = 0·014) (see Table 3).

Regarding the frequency of supplement use, the major-
ity of families (76 %) reported that they had given the sup-
plement to their child the day prior to the interview, and
67 % reported that they gave the supplement to their child

every day for the past week. Only 10 % of families reported
that they fed the supplement to the child as a meal replace-
ment but nearly one-half (46 %) of families reported that
they shared the child’s supply of micronutrient supplement
with other members of the family. Children whose nutri-
tional supplement was shared with other family members
were less likely to receive the supplement daily (60·7 % v.
75·0 %; P = 0·010).

Additionally, fewer years of education for mothers was
associated with how the supplement was used, with an OR
of 0·845 (95 % CI 0·747, 0·957) for less likelihood of sharing,
for each additional year of maternal schooling (P = 0·008).
Each additional year of maternal schooling resulted in an
OR of 0·507 (95 % CI 0·358, 0·718) indicating decreased

Table 3 Multiple logistic regression analysis and associations with selected variables with stunting and anaemia

Selected variables Stunted n 63 32·6% Not stunted n 130 67·4% Crude OR 95% CI P-value

Sex of child
Male 31 34·8% 58 65·2% – 0·799
Female 32 30·8% 72 69·2% 0·916 0·464, 1·806

Age of child (months) 45·7 22·6 45·1 22·1 0·999 0·983, 1·015 0·869
Mother’s education
Years 3·4 2·4 4·8 3·1 0·903 0·788, 1·036 0·146

Place of delivery
Home 27 41·5% 38 58·5% – 0·348
Hospital 35 27·6% 92 72·4% 0·720 0·362, 1·430

Supplement use†
Used as directed 52 40·0% 78 60·0% 2·247 1·014, 4·980 0·046*
Irregular use 11 18·3% 49 81·7% –

Behavioural practices
Shared 28 31·1% 62 68·9% 1·187 0·588, 2·398 0·632
Did not Share 35 34·0% 68 66·0% –
Meal 8 42·1% 11 57·9% 0·642 0·194, 2·129 0·469
Snack 55 31·6% 119 68·4 –

Household characteristics
Wealthier Floor 20 20·4% 78 79·6% 0·410 0·202, 0·834 0·014*
Dirt or palm floor 43 45·3% 52 54·7% –
Rooms in home 1·7 1·2 1·8 1·1 0·979 0·720, 1·333 0·893

Symptom score 1·1 1·4 1·5 1·5 0·938 0·725, 1·214 0·626

Selected variables Anaemic n 31 15·9% Not anaemic n 164 84·1% Crude OR 95% CI P-value

Sex of child
Male 17 19·1% 72 80·9% – 0·621
Female 14 13·2% 92 86·8% 0·798 0·327, 1·950

Age of child (months) 33·3 21·9 47·9 20·7 0·961 0·938, 0·983 0·001*
Mother’s education
Years 4·1 2·4 4·4 3·0 0·916 0·746, 1·124 0·401

Place of delivery
Home 13 20·0% 52 80·0% – 0·349
Hospital 18 14·0% 111 86·0% 0·654 0·269, 1·591

Supplement use†
Used as directed 18 13·7% 113 86·3% 0·384 0·149, 0·993 0·048*
Irregular use 13 21·3% 48 78·7% –

Behavioural practices
Shared 13 14·3% 78 85·7% 1·892 0·738, 4·849 0·184
Did not share 18 17·3% 86 82·7% –
Meal 3 15·8% 16 84·2% 1·771 0·332, 9·447 0·503
Snack 28 15·9% 148 84·1% –

Household characteristics
Wealthier floor 16 16·0% 84 84·0% 1·398 0·533, 3·664 0·496
Dirt or palm floor 15 15·8% 80 84·2% –
Rooms in home 1·4 0·6 1·9 1·1 0·380 0·180, 0·801 0·011*

Symptom score 1·4 1·5 1·4 1·5 0·714 0·680, 1·303 0·714

*P is significant at< 0·05.
†Defined as use of supplement daily as directed or not daily.
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likelihood of using the supplement as a meal replacement
(P < 0·0005) for mothers with increased education. No
women with a secondary education used the supplement
as a meal replacement for their child.

Poorer families, (as measured by those with fewer total
rooms in the home), were more likely to share the supple-
ment (P = 0·031). Children that had a higher symptom
score (P< 0·0005) were more likely to have been given
the supplement as a meal replacement. See Table 4 for
additional behavioural aspects of nutrition supplementa-
tion by selected variables.

Discussion

Supplemental nutrition programs and those involving
home fortification of complementary foods are increasing
throughout the world in attempts to improve child nutrition
and health outcomes. For example, a 2013 review by
UNICEF and the Centers for Disease Control and
Prevention (CDC) identified 63 implemented interventions
in 36 countries and another 28 planned interventions in 21

countries, reaching more than 17·2 million participants,
mostly young children(9). However, many interventions
were developed in the absence of standardised program
guidelines(9), which is also the case for the intervention
described in this research. Many programs involve MMN
fortified atoles or other foods, like the one used in this
study. In 2011, the CDC and UNICEF partnered to develop
guidelines for designing and implementing home-based
fortification interventions(9). Guidelines are needed to help
prevent inconsistencies between stated intervention objec-
tives and expected outcomes as well as in translating
research into practice with sustained adherence(9). The
results of this study provide valuable information about
potential limitations of nutritional interventions that lack
standardised program guidelines as well as new insight into
potential feeding behaviours, related to family poverty,
maternal education and child’s nutritional status, that can
affect actual family use ofmicronutrients aswell as program
success.

Micronutrient supplementation has been shown to
decrease anaemia and stunting in some studies, although
findings are inconsistent(3,4,9,11–14,24–28). For example, a

Table 4 Multiple logistic regression analysis and associations with selected variables with behavioural aspects of nutrition supplementation

Selected variables Shared n 91 46·4% Did not share n 105 53·6% Crude OR 95% CI P-value

Sex of child
Male 38 42·2% 52 57·8% – 0·150
Female 53 50·0% 53 50·0% 0·631 0·337, 1·182

Age of child (months) 47·9 21·1 43·6 21·7 1·006 0·991, 1·020 0·463
Mother’s education
Years 3·7 2·4 4·9 3·2 0·845 0·747, 0·957 0·008*

Place of delivery
Home 31 47·0% 35 53·0% – 0·610
Hospital 60 46·5% 69 53·5% 1·187 0·615, 2·291

Supplement use†
Used as Directed 54 40·9% 78 59·1% 0·413 0·211, 0·809 0·010*
Irregular use 35 57·4% 26 42·6% –

Household characteristics
Wealthier floor 42 41·6% 59 58·4% 0·836 0·430, 1·627 0·598
Dirt or palm floor 49 51·6% 46 48·4% –
Rooms in home 1·6 0·9 2·0 1·2 0·707 0·516, 0·969 0·031*

Symptom score 1·4 1·4 1·4 1·5 1·095 0·877, 1·367 0·423

Selected variables Supplement as meal n 19 9·7% Supplement as snack n 177 90·3% Crude OR 95% CI P-value

Sex of child
Male 10 11·1% 80 88·9% – 0·868
Female 9 8·5% 97 91·5% 0·903 0·272, 2·995

Age of child (months) 41·9 23·0 46·0 21·3 0·991 0·965, 1·019 0·538
Mother’s education
Years 2·2 1·6 4·6 3·0 0·507 0·358, 0·718 <0·0005*

Place of delivery
Home 6 9·1% 60 90·9% – 0·276
Hospital 13 10·1% 116 89·9% 2·096 0·553, 7·940

Supplement use†
Used as directed 13 9·8% 119 90·2% 1·268 0·317, 5·071 0·737
Irregular use 5 8·2% 56 91·8% –

Household characteristics
Wealthier floor 10 9·9% 91 90·1% 1·812 0·499, 6·582 0·366
Dirt or palm floor 9 9·5% 86 90·5% –
Rooms in home 1·5 0·7 1·8 1·1 0·732 0·364, 1·475 0·383

Symptom score 2·7 1·7 1·2 1·4 2·240 1·461, 3·436 <0·0005*

*P is significant at <0·05.
†Defined as use of supplement daily as directed or not daily.
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secondary data analysis of the lipid-based supplement
across 5 sites in the Horn of Africa found that supplemen-
tation was associated with reductions in anaemia but not
stunting among refugee children(25). A randomised con-
trolled, community-based intervention using MMN supple-
mentation in Guatemala found that the supplement also
decreased anaemia but the source of MMN content and
protein in the supplements did not affect other growth or
morbidity indicators including stunting(26). A micronutrient
powder improved anaemia but had no effects on cognitive
outcomes in young children in rural China(27). Finally, a
clustered randomised efficacy trial in the Democratic
Republic of Congo, Zambia, Guatemala and Pakistan
receiving either meat or MMN-fortified cereal interventions
(similar to our study) beginning at 6 months of age did not
decrease the high stunting rates in the region(28). Given
these inconsistent findings supporting benefits of MMN
supplementation in children, a study such as ours offers
insight into possible behavioural factors that can influence
supplement use and thus affect health outcomes.

Our findings that socioeconomic variables in Honduras,
such as the number of rooms or type of floor in the home,
were associated with stunting and anaemia, reinforce sim-
ilar findings from other areas of the world. For example, a
cross-sectional study completed in central India and a case-
control study in Mexico concluded that socio-economic
factors predicted stunting among children(29,30). Poverty
is a fundamental core cause of undernutrition, and deter-
mining protective factors is a step in addressing the effects
of poverty on children’s nutritional status(30).

Our study adds a notable finding that many children in
the program in northern rural Honduras were not receiving
the supplement as the program intended. This finding pro-
vides additional insight into the mechanisms through
which extreme poverty can detract from a home fortifica-
tion of complementary foods. For example, nearly half
of the children in the program received fewer servings of
the supplement than recommended because the supple-
ment distributed to their family was shared with other
household members. Additionally, almost one-fifth of the
children in the program ate the supplement in place of a
meal, which is inconsistent with the intended use of the
supplement because the supplement does not contain
sufficient calories to serve as a meal replacement. These
findings, although in a small sample, offer insight into
behavioural and social factors that can affect the success
of nutritional supplementation programs. Another notable
finding of this study is that, despite the minimal impact of
this nutritional supplementation program, community
members ascribed value to the long-term collaboration
between the local Health Committee of San Jose and the
NGO for potential future programs. The results of this
study, combined with information from the previous health
impact analysis, have served as an impetus for investigating
other potential interventions, demonstrating an ongoing
and successful community-based collaboration.

It is noteworthy that lower maternal education was
associated with both sharing of the supplement with other
family members and use of the supplement as a meal
replacement. Maternal education is recognised as a key
a predictor of child health, and these findings reinforce
the importance of maternal education to child health as
well as to the potential success of nutrition interventions
and other child health interventions. Early childhood
development programs are shown to be efficacious and
cost-effective when targeting education(31), so providing
more comprehensive education to mothers about child
nutrition and optimal use of the supplement could be
an effective strategy to improve outcomes for future nutri-
tion programs.

Infectious diseases in childhood also are known to con-
tribute to poor nutrition and growth in children(32), often
due to enteric fecal-oral communicable diseases(33). We
created amodified symptom score to predict illness burden
in children over the previousmonth. This score did not pre-
dict nutritional status in children, but a higher symptom
score predicted the use of the supplement as a meal
replacement. Inadequate diet in combination with recur-
rent infections can alter biological pathways synergistically
that results in reduced growth and cognitive develop-
ment(34). Children in this study facing greater burdens of
infectious disease also are more likely to have poor feeding
practices in the home, highlighting the increased risk of
poor nutrition for these children. Increasing education on
nutrition and sanitation(33) for parents of children with
recurrent infections could be a useful intervention for chil-
dren in low-income regions.

The results of this exploratory study gathering data on
the home fortification of complimentary foods should be
considered within the context of several limitations. First,
the study uses a convenience sample of program partici-
pantswhowere available during the 2-week data collection
period and so may not be representative of the entire par-
ticipant population. Second, the study uses respondent
self-report about feeding behaviours, and their responses
may be subject to recall bias as well as social acceptability
bias. However, as it would be nearly impossible to observe
feeding behaviours longitudinally among a sizable sample
of participants, the self-reported data from the participants
in this study provides a useful glimpse into what happens
within the home, and contributes useful insight into the
potential challenges of programs using nutritional supple-
ments in the home. The symptom score was modified for
the purposes of our study, attempting to identify total ill-
ness burden in children. We did not measure severity of
symptoms and have not validated it with additional studies;
however, we believe it gives insight into the burden of dis-
ease among children in this particular setting. Future stud-
ies should be done to create and validate a simple symptom
score to better understand associations between illness
burden and potential risk and protective factors among
low-resourced children.
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Also, this is a cross-sectional study, so we are unable to
comment on the course of children’s nutrition over time. An
additional limitation to this study, and perhaps to the
feeding program overall, is the difficulty in tracking child
participation in the program and following up on all pro-
gram participants for timely health data collection (height,
weight, blood haemoglobin) because many program par-
ticipants are unable to present quarterly at the health centre
for measurements.

Conclusion

The results of this study illustrate the challenges of home-
based fortification or feeding programs. First, quantifying
the index child’s consumption of the home-based supple-
ment is difficult, particularly in the context of pervasive
hunger in the entire family and the overall lack of adequate
calorie consumption. Second, these findings highlight the
association between poverty and undernutrition as well
as the family-level challenges of addressing this health
issue. Our study offers insight into some family-based
behavioural factors that potentially affect consumption
of the supplement including feeding behaviours and
social dynamics of family meals. Inadequate supplement
use was more likely when the mother had low education
and where the household was poorer. Future nutrition
interventions might explore supplementation for the fam-
ily as a whole, rather than focusing on individual children,
given the common tendency for families to share resour-
ces, although the resources required for this level of nutri-
tional assistance would be great. Future interventions
should consider social, behavioural and cultural barriers
to supplement use within the family that will affect who
eats the product and how eating the supplement might
affect consumption of other foods (such as meal replace-
ments). Additionally, future studies should focus on
individuals who continue to be undernourished even
when enrolled in nutritional supplementation programs.
Studies such as this one, which explores what people
do at home and how they use the nutritional supplement
are vital to developing interventions that successfully
address child undernutrition.

Acknowledgements

Acknowledgements: We would like to thank Dr. Tania
Castillo (San Jose clinic physician) and her onsite clinical
team in San Jose, Honduras for input into questions and
translation. Financial support: We wish to thank the
Mathile Institute for the Advancement of Human Nutrition
which funded the nutrition program, supplied the nutritional
supplement and supported the initial data collection and
analysis through a Sponsored Research Agreement with
Shoulder to Shoulder Pittsburgh San Jose from 2011 to
2017. The Dean’s Office at the University of Pittsburgh
School of Medicine supported the lead author in completion

of this study. Conflict of interest: There are no conflicts of
interest. Authorship: K.L.: conception, methodology, formal
analysis, investigation, data curation, writing-original draft,
writing-review and editing and visualisation. C.S.: formal
analysis, writing-original draft, writing-review and editing
and project administration. C.G.: conception and writing-
review and editing. C.C.: formal analysis and writing-review
and editing. K.F.: formal analysis and writing-review and
editing. M.M.: conception, methodology, writing-review
and editing and supervision. Ethics of human subject par-
ticipation:This studywas conducted according to the guide-
lines laid down in the Declaration of Helsinki and all
procedures involving research study participants were
approved by the University of Pittsburgh Institutional
Review Board with documentation from the Health
Committee of San Jose del Negrito in Honduras of its local
ethical review of the study. Verbal informed consent was
obtained from all subjects/patients. Verbal consent was wit-
nessed and formally recorded.

References

1. World Health Organization (2018) Reducing Stunting in
Children: Equity Considerations for Achieving the Global
Nutrition Targets 2025. Geneva: WHO.

2. World Health Organization (2016) Global Report on Urban
Health: Equitable Healthier Cities for Sustainable
Development. Geneva: WHO.

3. Ramakrishnan U, Goldenberg T & Allen LH (2011) Do multi-
ple micronutrient interventions improve child health,
growth, and development? J Nutr 141, 2066–2075.

4. Dewey KG, Yang Z & Boy E (2009) Systematic review and
meta-analysis of home fortification of complementary foods.
Matern Child Nutr 5, 283–321.

5. Saunders J & Smith T (2010) Malnutrition: causes and conse-
quences. Clin Med 10, 624.

6. World Health Organization (2018) Fact Sheets –

Malnutrition. https://www.who.int/news-room/fact-sheets/
detail/malnutrition (accessed June 2021).

7. Black RE, Allen LH, Bhutta ZA et al. (2008) Maternal and
child undernutrition: global and regional exposures and
health consequences. Lancet 371, 243–260.

8. Ikeda N, Irie Y & Shibuya K (2013) Determinants of reduced
child stunting in Cambodia: analysis of pooled data from
three demographic and health surveys. Bull World Health
Organ 91, 341–349.

9. Jefferds ME, Irizarry L, Timmer A et al. (2013) UNICEF–CDC
global assessment of home fortification interventions 2011:
current status, new directions, and implications for policy
and programmatic guidance. Food Nutr Bull 34, 434–443.

10. Stewart CP, Wessells KR, Arnold CD et al. (2020) Lipid-based
nutrient supplements and all-causemortality in children 6–24
months of age: a meta-analysis of randomized controlled tri-
als. Am J Clin Nutr 111, 207–218.

11. Zlotkin SH, Schauer C, Christofides A et al. (2005)
Micronutrient sprinkles to control childhood anaemia. PLoS
Med 2, e1.

12. De-Regil LM, Suchdev PS, Vist GE et al. (2013) Home fortifi-
cation of foods with multiple micronutrient powders for
health and nutrition in children under 2 years of age. Evid
Based Child Health 8, 112–201.

13. Jack SJ, Ou K, Chea M et al. (2012) Effect of micronutrient
sprinkles on reducing anemia: a cluster-randomized effec-
tiveness trial. Arch Pediatr Adolesc Med 166, 842–850.

330 K Long et al.

https://doi.org/10.1017/S1368980021004468 Published online by Cambridge University Press

https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://doi.org/10.1017/S1368980021004468


14. Xu J, Li Y, Huo J et al. (2019) Supplementing fortified soy-
bean powder reduced anemia in infants and young children
aged 6–24 months. Nutr Res 63, 21–33.

15. Central Intelligence Agency (2018) The World Factbook
2020. https://www.cia.gov/library/publications/the-world-
factbook/ (accessed April 2021).

16. University of Costa Rica (2001) XVI Censo de Poblacion Y V
de Vivienda 2001. http://ccp.ucr.ac.cr/bvp/censos/honduras/
2001/trifolio_dp.pdf (accessed April 2021).

17. Jansen HG, Siegel PB, Alwang J et al. (2005) Geography,
Livelihoods and Rural Poverty in Honduras: An Empirical
Analysis Using an Asset-Base Approach. Göttingen: Ibero
America Institute for Economic Research.

18. Nestel P, Melara A, Rosado J et al. (1999) Undernutrition
among Honduran children 12–71 months old. Rev Panam
Salud Pública 6, 256–265.

19. LSoHT Medicine (2014) Improving Nutrition and Health
Outcomes for Children in Yoro, Honduras Analysis of the
Effect of a Feeding Program in the Mountain Region of
San Jose del Negrito. Dayton: LSoHT Medicine.

20. Reinhart GA & Villanueva LM (2012) A Fortified Corn/Soy
Atole Increases Growth, Decreases Morbidity and Improves
Nutritional Status in Urban Guatemalan Toddlers and
Young Children. Bethesda: Federation of American
Societies for Experimental Biology.

21. Feeney L, Paxton-Aiken A, Kruse K et al. (2013) Effect of
Micronutrient Supplementation on Diarrhea and Acute
Bronchitis Morbidity in Rural Honduran Children. Wiley
Online Library. Bethesda: Federation of American Societies
for Experimental Biology.

22. Villanueva L, de Ponce S, Alfonso V et al. (2014) Effect of
providing a micronutrient-fortified corn/soy atole or milk
powder on linear growth in young Guatemalan chil-
dren (828.6). FASEB J 28.

23. Taylor JA,WeberWJ, Martin ET et al. (2010) Development of
a symptom score for clinical studies to identify childrenwith a
documented viral upper respiratory tract infection. Pediatr
Res 68, 252–257.

24. García Cruz LM, González Azpeitia G, Reyes Súarez D et al.
(2017) Factors associated with stunting among children aged
0 to 59 months from the central region of Mozambique.
Nutrients 9, 491.

25. Style S, Tondeur M, Grijalva-Eternod C et al. (2017)
Assessment of the effectiveness of a small quantity lipid-based
nutrient supplement on reducing anaemia and stunting in ref-
ugee populations in the Horn of Africa: secondary data analy-
sis. PLoS One 12, e0177556.

26. Begin F, Santizo M, Peerson J et al. (2008) Effects of
bovine serum concentrate, with or without supplemental
micronutrients, on the growth, morbidity, and micronutrient
status of young children in a low-income, peri-urban
Guatemalan community. Eur J Clin Nutr 62, 39–50.

27. Luo R, Yue A, Zhou H et al. (2017) The effect of a micro-
nutrient powder home fortification program on anemia
and cognitive outcomes among young children in rural
China: a cluster randomized trial. BMC Public Health 17,
738.

28. Krebs NF, Mazariegos M, Chomba E et al. (2012)
Randomized controlled trial of meat compared with multi-
micronutrient-fortified cereal in infants and toddlers with
high stunting rates in diverse settings. Am J Clin Nutr 96,
840–847.

29. Deshmukh PR, Sinha N & Dongre AR (2013) Social determi-
nants of stunting in rural area of Wardha, Central India.
Med J Armed Forces India 69, 213–217.

30. Reyes H, Pérez-Cuevas R, Sandoval A et al. (2004) The family
as a determinant of stunting in children living in conditions
of extreme poverty: a case-control study. BMC Public
Health 4, 57.

31. Engle PL, Black MM, Behrman JR et al. (2007) Strategies to
avoid the loss of developmental potential in more than 200
million children in the developing world. Lancet 369,
229–242.

32. Black RE (2017) Patterns of growth in early childhood and
infectious disease and nutritional determinants. In
Complementary Feeding: Building the Foundations for a
Healthy Life, pp. 63–72 [RE Black, M Makrides and KK
Ong, editors]. Basel: Karger Publishers.

33. Ahs JW, Tao W, Löfgren J et al. (2010) Diarrheal diseases in
low-and middle-income countries: incidence, prevention
and management. Open Infect Dis J 4, 113–124.

34. McCormick BJ & Lang DR (2016) Diarrheal disease and
enteric infections in LMIC communities: how big is the prob-
lem? Trop Dis Travel Med Vaccines 2, 1–7.

Nutrition program for children in Honduras 331

https://doi.org/10.1017/S1368980021004468 Published online by Cambridge University Press

https://www.cia.gov/library/publications/the-world-factbook/
https://www.cia.gov/library/publications/the-world-factbook/
http://ccp.ucr.ac.cr/bvp/censos/honduras/2001/trifolio_dp.pdf
http://ccp.ucr.ac.cr/bvp/censos/honduras/2001/trifolio_dp.pdf
https://doi.org/10.1017/S1368980021004468

	Exploring behavioural factors affecting nutritional supplement use among children in Honduras
	Materials and methods
	Dependent variables
	Explanatory variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


