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Abstract

Background: Livelihoods strategies and food security experiences can positively and negatively affect infant and
young child feeding (IYCF) practices. This study contributes to this literature by exploring how variation in household
economics among rural farmers in Tanzania relates to IYCF patterns over the first 8 months of an infant’s life.

Methods: These data were produced from a longitudinal study in which a cohort of mother-infant dyads was followed
from birth to 24 months. In addition to baseline maternal, infant, and household characteristics, mothers were queried
twice weekly and monthly about infant feeding practices and diet. Weekly and monthly datasets were merged and
analyzed to assess infant feeding patterns through the first 8 months. Standard statistical methods including survival
and logistic regression analyses were used.

Results: Aside from breastfeeding initiation, all other IYCF practices were suboptimal in this cohort. Land and cattle
ownership were associated with the early introduction of non-breastmilk food items. Food insecurity also played a role
in patterning and inadequate complementary feeding was commonplace.

Conclusions: Health promotion programs are needed to delay the introduction of animal milks and grain-based
porridge, and to achieve a minimum acceptable diet after 6 months of age among smallholder farmers in rural
Tanzania. Results highlight that livelihoods-based health promotion interventions, built from a flexible and integrated
design, may be an important strategy to address community-level variation in infant feeding practices and promote
optimal IYCF practices.

Keywords: Breastfeeding, Complementary feeding, Infant feeding, Nutrition, Land and livestock ownership, Food
insecurity, Low-income countries, MAL-ED, Tanzania, Sub-Saharan Africa

Background
The strong relationship of optimal infant and young
child feeding (IYCF) practices to growth and develop-
ment and reduced risk for child morbidity and mortality
is well-established [1–5]. In 2015, sub-Saharan Africa
accounted for the most under-five deaths (2.9 million)
[6, 7]. Tanzania is one of ten countries in the region ac-
counting for 60% of all global under-five deaths [7]. In

Tanzania more than a third of children under 24 months
of age are stunted and a large proportion suffer from
micronutrient deficiencies (iron, 42% and vitamin A defi-
ciency, 33%) and anemia (73%) [6]. Given that malnutri-
tion contributes to 45% of all under-five deaths, [8]
improving IYCF practices remains an important global
health priority [9, 10].
In Dar es Salaam, Tanzania’s urban center, the proportion

of infants fed according to IYCF guidelines increases as
mother’s education, wealth, and exposure to health messa-
ging increases [6]. While such factors may be relevant to
rural smallholder farmers, the relationship of these factors
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to farming livelihoods needs further clarification. Policy and
intervention efforts aimed at improving IYCF practices
need to account for relationships between IYCF practices
and heterogeneity in livelihoods. We contribute to this dis-
cussion by assessing maternal and household socioeco-
nomic indicators associated with IYCF patterns among a
rural, smallholder farming community in the Manyara
Region [11, 12]. These analyses provide a foundation from
which to begin to disentangle the various ways that
livelihoods strategies relate to infant feeding practices in
places dependent on rain-fed and small-scale subsistence
farming with high rates of stunting and micronutrient
deficiencies [13].

Methods
Study design and subjects
This longitudinal, community-based prospective cohort
study took place at the Haydom Tanzania (TZH) site
located in the Manyara Region in north-central Tanzania.
TZH was one of eight sites participating in the Etiology,
Risk Factors and Interactions of Enteric Infections and
Malnutrition and the Consequences for Child Health and
Development (MAL-ED) study; a study designed to explore
associations of etiology, risk factors, enteric infections, and
dietary intake, to effects on child growth and cognitive de-
velopment [14]. MAL-ED sites were selected based on epi-
demiological and geographical diversity, as well as, high
rates of stunting and variable rates of diarrhea [14].
In brief, trained study personnel used a community

survey to identify a sample of pregnant women. Most
women were farmers with variable levels of market
economy integration [13]. Inclusion criteria were: 1)
healthy singleton newborn; 2) enrollment weight greater
than 1500 g; 3) mother is greater than 16 years of age at
time of study enrollment. At TZH, a total of 262
mother-infant pairs were recruited; 12 were lost to
follow up before 170 days (8 dropped out, 3 passed
away, and 1 was excluded due to > 25% data missing). A
final sample of 250 mother-infant pairs was included in
these analyses. All MAL-ED sites utilized a standardized
protocol to ensure that data were comparable across
sites [14, 15]. The TZH site and detailed information
about poverty and malnutrition are described elsewhere
[13]. Institutional Review Boards at each site and the
collaborating institutions approved the protocol. Written
informed consent was obtained for every participant.

Data collection
Enrollment, biweekly, and monthly interview instruments
were used to characterize infants’ key dietary exposures in
months 1–9 [15, 16]. At the enrollment interview, trained
personnel collected baseline demographic and household
data including maternal age, parity, education, marital
status, household characteristics, food security, [17] and

early breastfeeding practices (first 24 hours after birth).
Thereafter, household visits were made twice a week and
once monthly to collect information on evolving infant
feeding practices and to assess overall infant health (since
the last contact, up to 7 days). The biweekly and monthly
checklists allowed us to determine age of introduction and
habitual consumption of non-breastmilk liquids, semi-
solids, and solids.
Over the first 6 months, infants were visited a median of

51 times (interquartile range (IQR): 49, 53). At the 6
month follow up, water access and sanitation, eight assets,
maternal education, and household income data were col-
lected to construct a WAMI index to comprehensively as-
sess household socioeconomic status [18]. Standard
definitions were used to characterize breastfeeding status
and practices [19]. The introduction of non-breastmilk li-
quid, solids, or semi-solids is defined as infant’s age in days
at time of first reported introduction of non-breastmilk
item, even if it was a single introduction and did not be-
come a regular part of the infant’s diet. Though non-
breastmilk nourishment can become habitual at any point
after birth, the World Health Organization (WHO) differ-
entiates habitual feeding from complementary feeding, in
that complementary feeding is the recommended intro-
duction of nutritious, safe food groups after 6 months of
age, when breastmilk alone is no longer sufficient to meet
the infant’s metabolic needs [1]. If non-breastmilk items
were consumed on three visits in the last 10–12 days, the
practice was categorized as habitual [20, 21]. We also eval-
uated non-breastmilk food introduction patterns and cal-
culated the prevalence (in days) that various food items
were present in the diet [21].
Modeled after questions on the Demographic and Health

Surveys, a more extensive caretaker/mother monthly food
frequency questionnaire was also used. From this data,
we estimated the adequacy of complementary foods fed to
infants between 6 and 8 months of age [15, 22]. Breastfeed-
ing infants eating two or more meals per day met minimal
standards for dietary frequency. If a breastfeeding infant ate
foods from four or more food groups, their diet diversity
was considered minimally diverse. A minimum acceptable
diet (MAD) is a measure combining the dietary diversity (≥4
different food groups) and meal frequency (≥2 per day) stan-
dards [23]. The proportion of infants who consumed ad-
equate iron-rich and vitamin A-rich foods were also
calculated. Two measures of iron were used. The more re-
strictive measure included meats and organ meats, whereas
the least restrictive measure included meats and organ
meats plus fish, eggs, and leafy green vegetables.

Statistical analyses
Descriptive analysis included examination of distribution
of the variables, medians, and interquartile ranges. Dur-
ation of exclusive breastfeeding (EBF), predominant
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breastfeeding, and introduction of non-breastmilk foods
were estimated using survival analysis. Personal preva-
lence of days with EBF, water, animal milk, and solids
were constructed using the following calculation: first,
proportion of total visits with EBF and non-
breastmilk foods was estimated and then that total
was multiplied by 180 days to yield personal preva-
lence. After bivariate analysis, a multivariate logistic
regression model was constructed to assess factors as-
sociated with the early introduction (< 60 days) of
non-breastmilk foods. The factors included were: gen-
der, components of the WAMI index (household in-
come, maternal education, improve water source/
sanitation facility, assets), food security, land owner-
ship, cattle ownership, maternal age, parity, type of
first food given (water, animal milk, solids, other),
and age at which first non-breastmilk food was intro-
duced. When variables were collinear (e.g. parity and
maternal age), a meaningful variable was kept for
contextual relevance and interpretation. Normality of
the outcome variables were tested prior to conducting
the regression models. Data analyses for this study
were conducted using STATA Version 13.1 (StataCorp
LP, College Station, TX).

Results
Demographic and socio-economic characteristics
Infant, maternal, and household characteristics are pre-
sented in Table 1. The median infant age at enrollment
was 7 days (IQR: 5–9). On average, infants weighed
3192 g at enrollment, just over half were male (51.0%),
and nearly 11% were born to primigravid women, but
most mothers had between 2 and 4 children. Mothers
were on average 28 years of age and attended school for
5 years; most were married. A majority of households
were food secure (68.9%), however more than a third
experienced some level of food insecurity (31.3%) as
measured by the HFIAS scale [17]. Over half of
households owned 1–3 acres of land (52.0%) and
more than two-thirds owned cattle (64.5%). The aver-
age per capita monthly income was calculated to be
35.8 USD.

Breastfeeding initiation
Breastfeeding practices occurring in the first 30 days of
life for all eight MAL-ED sites are reported elsewhere
[24]. At the THZ site, three-quarters (75.3%) of the in-
fants met all three recommended breastfeeding initiation
practices with 83.3% of infants put to breast within the
first hour after birth. Nearly all of the infants were
breastfed during their first day of life (98%), prelacteal
feeding was rare (4.4%), and most newborns received
colostrum (91.2%).

Exclusive breastfeeding
A prevalence plot illustrates breastfeeding patterns over
the first 180 days (Fig. 1). The median duration of exclu-
sive breastfeeding was 38 days (IQR: 22, 66) and median
duration of full breastfeeding was 50 days (IQR: 28, 74).
Exclusive and full breastfeeding declined rapidly from 30
to 120 days. Exclusive breastfeeding declined from 62.0 to
1.6% and full breastfeeding declined from 72.4 to 4.0%. At
180 days, no infants were being exclusively breastfed. At
180 days, only 1.2% of infants were reported to have been
fully breastfed on the day prior, 98.0% were partially
breastfed, and only 0.8% had not received any breastmilk.
Only four infants were reported as not breastfed during at
least one visit in their first 180 days of life. Of these, two
became fully weaned at 148 and 168 days. No infants were
exclusively fed formula.

Interruption of exclusive breastfeeding
Patterns associated with the introduction of non-
breastmilk liquids and foods are in Table 2. Animal milk
was the first and most commonly introduced non-
breastmilk item introduced to 57.6% of the infants. The
median age of introduction of animal milk was 51 days
(IQR: 29, 80); only 18 infants (7.2%) did not receive
animal milk during the first 6 months of life and all had
received animal milk by the end of 8 months.

Table 1 Select enrollment characteristics of mother-infant pairs
(n = 250)

Characteristic % or Mean (SDa)

Infant, median age at enrollment, days (25th, 75th
percentiles)

7 (5,9)

Infant, enrollment weight, grams 3192 (441)

Infant, male 51

Parity, number of births

1 10.8

2–4 47.8

> 4 41.4

Mother age, years 28.6 (6.6)

Mother education, years 5.0 (2.8)

Marital status, married 86.1

Any food insecurity [17] 31.3

Water and sanitation score [18] 1.9 (2.4)

Assets (# out of 8) [18] 2.0 (1.7)

Land ownership (%)

None 5.2

1–3 acres 52.0

Owns 3+ acres of land 42.8

Cattle ownership, % yes 64.5

Per capita monthly income in USD 35.8c

aStandard Deviation
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Grains, likely in the form of a semi-solid/solid maize
porridge, represented the first food for 22.0% of in-
fants. Nearly 8% of the infants received a combination
of these two items (animal milk and grain) as their
first food. Water (7.6%) or tea/coffee (1.6%) was the
first food for the remainder of infants. Figure 2 illus-
trates patterns in the proportion of infants receiving
these non-breastmilk food items across the first
180 days.

Factors associated with the early introduction of
non-breastmilk foods
Logistic regression modeling was used to assess factors
associated with three infant feeding practices (Table 3).
The first column represents factors related to the intro-
duction of any non-breastmilk foods to the infant prior
to 60 days. The second and third columns focus on the
interruption of exclusive breastfeeding from the two
most commonly introduced food items, animal milks
and grains.
The only factor related to the early introduction of any

non-breastmilk foods (first column) was a higher sanita-
tion score; higher sanitation increased the likelihood of
introduction of any non-breastmilk foods before 60 days
by 14% (p = 0.029). A higher sanitation score also
increased the likelihood of introduction of animal milk

before 60 days by 10% (p = 0.086). Sanitation, however,
was not related to the introduction of grains before
60 days. Having a higher income reduced the likelihood
of introducing grains to infants before 60 days by 8%.
Income had no relationship to the overall introduction
of non-breastmilk foods or animal milks before 60 days.
A factor that reduced the likelihood of introducing
grains to infants before 60 days was household assets.
Households with more assets were 25% (p = 0.007) less
likely to introduce grains before 60 days.
Two-way interaction terms were tested between

food insecurity, land ownership (> 3 acres), and cattle
ownership (Table 3). Of these interactions, we identi-
fied that there is a significant interaction between
land ownership and food insecurity (Fig. 3). Food in-
security alone reduced the likelihood of early intro-
duction of animal milk by 62% (p = 0.020). However,
among the group that is both food insecure and owns
land, there is a 66% (p = 0.092) further reduction of
the likelihood of early animal milk introduction.
There were no significant differences of land owner-
ship on the food secure group. Furthermore, we did
not find any significant impact with interaction terms
in the other two models.
To begin to disentangle some of these results, we

speculated that the income variable may have absorbed

Fig. 1 Prevalence plot of infant feeding patterns

Table 2 Patterns in the introduction of non-breastmilk food items

First Food (%) Median introduction age, days (IQR) Prevalence in the first 180 days, days (IQR)a

Animal milk 57.6 51 (29,80) 106 (65, 138)

Grains (maize porridge) 22.0 80 (55, 108) 88 (62, 114)

Animal milk + grains 8.0 50 (28, 74) 63 (29, 93)

Water 7.6 114 (72, 154) 7 (0,24)
aProportion of visits with each food over total visits times 180
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the effect of land ownership on the early introduction of
foods. To test this hypothesis, we excluded the income
variable and retained the land ownership variable in a
model for early introduction of grains. This model
showed a statistically significant relationship between

land ownership and grain introduction, where land
ownership reduced the likelihood of early introduction
by 53% (p = 0.056). In addition, we also explored the
influence of birth month on the outcome to evaluate the
impact of crop production or seasonal availability of

Fig. 2 Introduction of non-breastmilk foods over the first 180 days

Table 3 Results of logistic regression models assessing relationships among socioeconomic variables and the introduction of
non-breastmilk foods before 60 days

Introduction of non-breastmilk foods < 60 days

Any food Animal milk Grains

Female 0.640 1.196 0.683

[0.357,1.149] [0.678,2.108] [0.373,1.250]

First born 0.501 0.731 0.664

[0.205,1.227] [0.300,1.778] [0.250,1.765]

Income 0.999 0.999 0.982*

[0.991,1.007] [0.991,1.007] [0.966,0.998]

Sanitation score 1.141* 1.106+ 1.098

[1.014,1.284] [0.986,1.241] [0.970,1.244]

Assets 0.955 0.913 0.745*

[0.799,1.142] [0.766,1.090] [0.601,0.923]

Own cattle 1.429 1.932* 0.840

[0.757,2.698] [1.047,3.566] [0.438,1.613]

Own > 3 acres of land 0.640 0.699 0.584

[0.342,1.195] [0.343,1.427] [0.301,1.134]

Any food insecurity 0.636 0.387* 0.611

[0.342,1.182] [0.175,0.859] [0.311,1.200]

Own land + food insecure a 2.907+ a

[0.841,10.04]

Observations 242 224 236

Exponentiated coefficients; 95% confidence intervals in brackets
*p < 0.05, +p < 0.10
aInteraction variables were not included because differences in marginal probabilities were not significant and did not improve the model fit
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dairy on introduction of foods. There were no associa-
tions between birth month on introduction of ani-
mal milk or non-breastmilk foods. There was marginal
association in the bivariate model for introduction of
grain. So another multivariate model was created, where
we found that infants born between June to December
had higher likelihoods for introduction of grains (results
not shown).

Complementary feeding practices
For infants between 6 and 8 months of age, the quality
and adequacy of the complementary feeding diet was esti-
mated from food frequency data collected on the monthly
questionnaire. At 8 months of age, all infants were habit-
ually eating solid or semi-solid foods in addition to breast-
milk and/or animal milk (Fig. 4). Dietary diversity in
months 6, 7 and 8 was low. No more than 7.1% of infants
received four or more different food groups on the day
prior to the monthly interview. Meal frequency was higher

than dietary diversity; 81.0% of 6-month-old infants,
90.1% of 7 month-olds, and 94.6% of 8-month olds ate
two or more meals the day prior to the interview. Though
meal frequency was high, the proportion of infants with
minimally acceptable diets across months 6–8 ranged
from 3.7 to 7.1%. Iron-rich foods (greens), the least re-
strictive definition, were consumed by 23.9–35.8% of the
infants between 6 and 8 months of age. Fewer infants
(10.7–20.8%) consumed vitamin-A rich containing foods.

Discussion
Associations between optimal infant feeding and
health are well-recognized and Tanzania has set regional
and national targets to increase the prevalence of exclu-
sive breastfeeding and improve infant and young child
feeding practices [25]. Rates of breastfeeding initiation
within 1 hour of birth were higher in the TZH cohort
(83.3%) compared to national rates (51.0%) and those re-
ported for the Manyara Region (75.0%) [25]. Also, fewer

Fig. 3 Marginal probabilities of owning land and food insecurity on introduction of animal milk to the infant before 60 days (see Table 3)

Fig. 4 Percentage of infants meeting the WHO’s complementary feeding core indicators for quality at 6, 7 and 8 months of age estimated from
the monthly questionnaire
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TZH infants received a prelacteal feed (4.4%) compared
to data reported from the Manyara Region (11.6%).
Aside from breastfeeding initiation outcomes, all other

IYCF practices were suboptimal for the TZH cohort.
Nationally, it is reported that 59.0% of infants are exclu-
sively breastfed. However, none in the TZH cohort met
this recommendation; the median duration of EBF was
just 38 days. The infant with longest reported duration
of EBF was 158 days. By 90 days, less than a quarter of
the TZH infants were exclusively breastfed. Our findings
indicate that there is an early and steady decline in
EBF over the first 8 months of life [24].
Participants in this study are primarily smallholder

farmers, so we investigated factors related to farming live-
lihoods and described how cattle, land ownership, and
food security relate to infant feeding practices over the
first 8 months of life. Our results substantiate those re-
ported from a Kenyan study which showed that dairy pro-
ducing households had a 12-fold increased risk for early
animal milk introduction compared to those in households
without cattle [26]. Similarly, our data also show that cattle
ownership adversely affects infant feeding practices. TZH
farmers owning cattle were more likely to introduce ani-
mal milk before 60 days. This pattern is even earlier than
that reported among a neighboring pastoralist ethnic
group whose livelihoods center on cattle and milk [27].
Cattle can be raised and sold to increase household in-
come; however, in this context cattle are often used as
form of savings to be sold in emergency situations. The
role of cattle is important because owning indicates that a
household has some financial flexibility and stability. In
support of this observation, TZH infants from food inse-
cure households were less likely to receive cow milk early.
This relationship was exacerbated among participants who
did not own land and were experiencing food insecurity.
In this region, maize is the dietary staple; meals are

not considered complete without the inclusion of maize-
based stiff porridge. Maize also plays an important role
in household economics and represents a critical com-
ponent of market integration. In addition to other crops
(e.g., sunflowers and legumes), maize provides a critical
source of income for purchases (e.g., soap, roofing mate-
rials, cell phones, etc.) and expenses, such as school fees
and healthcare. Households strategize about the selling
of their excess maize stores; typically, households will
sell maize during the rainy season (January–March) and
before the next harvest when the prices are highest. If
maize stores are sold and the sale is followed by poor
rains or a poor harvest, this strategy has implications for
food insecurity and future household economic stability.
Unlike cattle ownership and its link to the early introduc-

tion of milk, land ownership was not associated with the
early introduction of grains. But, there was an inverse rela-
tionship between higher income and the early introduction

of grains. From this we posit that income derived from land
ownership is not used for buying foods for infants, or that
crops cultivated from the land are sold rather than con-
sumed. This may explain why there is a lower likelihood of
grain introduction. Land ownership did not have an inde-
pendent effect on the early introduction of animal milk
even in households experiencing food insecurity.
Decision-making about how crops and animals are

utilized within the larger household economy are also
unclear at this time, but may be linked to gender roles
and expectations. From field observations, we noted that
chickens, which freely roam around the household com-
pound, are cared for by women and children. Women
are often able to make independent decisions about when to
cook or sell chickens and/or eggs. Interestingly, however,
close contact with chickens appears to increase exposure to
Campylobacter and can lead to poorer health outcomes for
infants and children [28, 29]. While some households
describe having shared decision-making strategies, it is far
more common for men to make decisions about crops and
the larger animals. Additional information about household
planning and the role of other livestock (e.g., pigs, chicken,
goats and sheep) in smallholder farming livelihoods
needs further investigation.
With the Millennium Development Goals and their

associated interventions, tremendous progress was made
to improve infant nutritional health. At TZH, it appears
that national programming implemented locally through
antenatal care and maternity services has positively
affected breastfeeding initiation. However, if resources and
health promotion remain focused at the national level,
progress will likely stall. Both iron- and vitamin A rich
foods are available in this community, but what is unclear
is why so few in the TZH cohort include these foods in
their infants’ diets. More work is needed to address poor
exclusive breastfeeding rates, low dietary diversity, and in
designing locally appropriate interventions.

Conclusions
Community-level variation related to smallholder farming
livelihoods clearly plays a role in how infants are fed. We
identified that cattle ownership increases the early introduc-
tion of animal milks. We also showed that owning more
land appears to be a risk factor for the early introduction of
non-breastmilk food items, but we cannot draw a causative
conclusion from the data collected for this study. Like
others, this research shows that there is a relationship be-
tween food security and infant feeding practices [30, 31].
Interventions (e.g. agricultural and nutritional education)
can be designed to consider community-level variation to
account for differences in the everyday lives of community
members, such as decisions about feeding children in
relation to livelihoods strategies, agriculture, and livestock
production. Based on these findings, additional research is
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needed to delineate the multiple pathways by which small-
holder farming, livelihoods strategies, land and animal
ownership, and infant feeding practices interact [32]. To be
most effective, programs and policies that target homestead
gardening as a nutrition-sensitive approach to improving
IYCF will need to creatively examine household decision-
making such as, the flows of money from selling crops and
animals, and how this economy relates to gender,
empowerment, infant feeding practices, and short- and
long-term nutritional outcomes [32–35].
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