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In developing countries where many poor people rely on rainfed, locally produced food for the majority of
their caloric intake, shifts in climate and weather patterns can dramatically reduce agricultural produc-
tivity. The reduction in agricultural productivity reduces overall food availability and ultimately impacts
food accessibility, putting millions of people at risk for malnutrition. In this project we focus on Kenya
where roughly a third of households are food insecure. We examine the relationship of the price of maize
and low birth weight to help quantify the impact of local food prices on one outcome of household food
insecurity. Using spatially referenced data from recent Kenyan Demographic and Health Survey datasets,
price data, livelihood information, and a remotely sensed-based measure of local growing season produc-
tivity, we develop a dataset linking pregnancies occurring from 2001 to 2008 to the spatially and tempo-
rally relevant maize price data. We construct several regression models to examine the impact of local
maize prices and remotely sensed based estimates of crop production on infant birth weight – specifically
low birth weight. The results of the models highlight the importance of including community crop pro-
duction to evaluate maize price impacts on low birth weight outcomes. Also, because of the positive cor-
relation between pre-pregnancy maize prices and birth weight, the results suggest that some households
may benefit from high prices or that high prices may impact the number of conceptions. More generally,
our work demonstrates that multilevel models that account for community-level variation are important
for disentangling these complex relationships and can contribute to the discussion of how to design more
effective food policies.

� 2014 Elsevier Ltd. All rights reserved.
Introduction

‘‘Food security exists when all people, at all times, have physical
and economic access to sufficient, safe and nutritious food that
meets their dietary needs and food preferences for an active and
healthy life’’ (World Food Summit, 1996). Episodes of household
food insecurity occur when access to food decreases (e.g. cost in-
creases while income or entitlements do not), when food availabil-
ity decreases (e.g. crop production decreases) or when there are
constraints to people’s proper use of calories (e.g. due to illness
or lack of nutritional knowledge).

In developing countries where many poor people rely on rain-
fed, locally produced food for the majority of their caloric intake,
shifts in climate and weather patterns can dramatically reduce
agricultural productivity. This reduction in productivity reduces
overall food availability, increases local food prices due to rising
demand and diminished supply. This ultimately impacts food
accessibility, putting millions of people at risk for malnutrition
(Sen, 1990). Given this frequently adopted model of food security,
policy professionals and aid programs monitor the local pricing of
staple crops as an indicator of impending food crises. In an effort to
improve scientific understanding of food insecurity and evaluate
the usefulness of pricing data as an indicator of food insecurity,
we examine the link between price and household health out-
comes related to food insecurity – specifically the weight of an in-
fant at birth.

In this project we focus on Kenya where roughly 1/3 of house-
holds are food insecure (Bloss et al., 2004; FAO, 2009) and depen-
dence on rainfed agriculture to produce affordable food is high.
Given the potential for crop losses owing to frequent and increas-
ing drought conditions (Williams and Funk, 2010), interest in food
prices as a measure of access to food or indications of potential
food stress is growing. Considering the Kenyan climate conditions
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and within the framework of the dominant food insecurity theoret-
ical models (as highlighted above), we anticipate that episodes of
household food insecurity may increase, leading to an increase in
low birth weight (LBW) babies.

Here we examine the relationship between food prices and
household food insecurity. The price of maize, a major Kenyan food
staple, serves as an indication of fluctuations in food access, while
LBW represents household food insecurity. We combine data from
four separate data types/sources to conduct this analysis – spa-
tially referenced parental and infant information from the most re-
cent Kenyan Demographic and Health Surveys (DHS), monthly
maize prices, livelihood classifications, and a local measure of
growing season productivity. Each pregnancy recorded in the
DHS that resulted in a live birth (and where birth weight was mea-
sured) is temporally and spatially linked to maize price and envi-
ronmental conditions relevant to the most recent growing
season. Using this linked dataset we can determine how and
whether local maize prices, an indicator of food accessibility, is
linked to LBW.
Background

Low birth weight

When babies are born weighing less than 2500 g, the interna-
tional standard for low birth weight (LBW), their mortality rates
are higher than those of their normal birth weight counterparts
(Walker et al., 2007). If an LBW baby does survive, her future is
grimmer than that of a normal birth weight baby. Educational rates
and income levels are lower among children who are born with
LBW and if a mother was herself characterized as LBW then she
is more likely to produce LBW children (especially girls) (Victora
et al., 2008). LBW babies are therefore less likely to grow into
healthy and economically productive members of society.

The weight of an infant at birth is the result of a multitude of
interrelated biological (e.g. maternal height) and socio-environ-
mental (e.g. socioeconomic status, health care, maternal age, time
since previous birth) factors (Mwabu, 2008; Abu-Saad and Frasier,
2010; also see Kramer, 1987 for an extensive discussion). Among
the most prominent of the environmental factors, is maternal nutri-
tion (Kramer, 1987; Keen et al., 2003; Wu et al., 2004; Cetin et al.,
2010). Studies of interventions related to maternal nutrition have
produced a variety of results identifying the impacts of different
types of vitamins, minerals and eating habits on the birth weight
of a newborn. Intervention efforts to improve birth outcomes,
including LBW, have historically focused on the third trimester as
the period where maternal nutrition is of prime importance. More
recent studies (of humans and animals) have highlighted the
importance of the earlier stages of pregnancy and even pre-preg-
nancy, on birth outcomes (Moore et al., 2004; Cucó et al., 2006;
Rao et al. 2001; Abu-Saad and Frasier, 2010). And while results of
successful interventions are not always consistent across human
studies, the positive influence of maternal nutrition on the birth
weight of an infant in animal studies is undeniable (Wu et al., 2004).

One component of maternal nutrition relevant in a food inse-
cure context is appropriate caloric intake and weight gain, which
are directly linked to food availability and accessibility. Therefore,
while LBW is an indicator of future health of the child it is also rep-
resents nutritional deficiencies of the mother (Young, 2001). In
highly food insecure communities – where adequate food supply
is limited or food is costly (see the UNICEF framework, 1990) –
the potential for women to intake an adequate amount of nutri-
tional food is unlikely, and could possibly increasing the risk of a
woman delivering an LBW baby (Young, 2001). We therefore the-
orize that women who have the least access to food or experience
reduced access to food (price increases would reduce access)
would not gain the proper amount of weight or consume the
needed calories for healthy in-utero growth, resulting in a LBW in-
fant. Based on previous studies, the impacts of reduced food access
at any point in pregnancy and possibly even during the pre-preg-
nancy period could have a negative impact on birth weight.

Linking LBW and food insecurity in Kenya

For this analysis, we rely on the Food and Agriculture Organiza-
tion’s (FAO) model of household food insecurity. As reflected in the
definition above, this model ties food security to four primary fac-
tors– access, availability, utilization and stability (UNICEF, 1990;
Devereux, 2001a; FAO, 2012. These determinants (with some var-
iation) of food insecurity have been thoroughly examined in the lit-
erature with the ‘‘access’’ component generally determined to be of
particular importance (Sen, 1981; Sen, 1997; Smith et al., 2000 and
Devereux, 2001b). Price of food serves as one measure of access.

In developing countries poor people generally spend about 75%
of their income on food (Darnton-Hill and Cogill, 2010). As food
prices go up they are able to purchase less food. At first, a reduction
in the diversity of food occurs followed by a reduction in the
amount of basic food staples and water (Darnton-Hill and Cogill,
2010). Increases in the incidence of LBW as a result of increased
food prices have been seen in history across the globe. Darnton-Hill
and Cogill (2010) describe the findings of several studies: a food/
economic crisis in Indonesia is correlated with an increase in neg-
ative health effects on babies who were conceived during the per-
iod (Block et al., 2004); an increase of LBW babies following an
increase in the price of staple foods in the Congo (Martin-Prével
et al., 2000); small negative effects on birth weight resulting from
food rationing during the Dutch famine in the mid-20th century
which were then followed by a future of negative health conse-
quences where exposure to rationing during the third trimester
(the last 3 months of pregnancy) was found to be of particularly
importance (Stein and Susser, 1975).

We build on these prior studies and examine the impact of the
price of maize, a staple of many Kenyans, on LBW. In Kenya one of
the most common and least expensive food products is maize
(Freeman et al., 2004; Grobler-Tanner, 2006). Maize provides at
least 40% of the calorie requirements for around 96% of the Kenyan
population (Byerlee and Eicher, 1997) and the poorest people may
consume as much as 70% of their calories from a combination of
maize and beans (Greer and Thornbeck, 1985). Depending on
where in Kenya they are located, some households primarily grow
their own maize while others rely on purchased maize from local
markets (Freeman et al., 2004). Poor households can spend a quar-
ter of their income on maize purchases which may increase given
an increase in maize price.

If people cannot afford maize or their own maize crops do not
grow then there may be little that is accessible to them and they
may begin to show indications of reduced caloric intake – malnutri-
tion. Because of the importance of maize in the diet of the Kenyan
poor, the widespread use of maize prices by the FAO and the inter-
national community as an indication of potential food emergencies,
as well as the availability of maize data, we focus specifically on the
local prices of maize in several areas of Kenya. We theorize that if
the cost of maize increases (indicating reduced access to a staple
product) many of the poorest people will be deprived of a vital
source of nutrition and will show signs of malnutrition.

However, while perhaps less researched, some households may
also benefit from maize price increases if they are able to sell ex-
cess maize. Some reports have noted that maize sales constitute
as much as 44% of a household’s income (see Kimenju and
Tschirley, 2008). Given, the complexity of the situation in Kenya,
however, household income may increase with price increases



Fig. 1. Markets and livelihood zones in Kenya. Note: In our analysis we combined the Lake Victoria zone and the Lakeshore Marginal zone into a single zone. We also
combined the very small zone around Marsabit with the larger surrounding pastoral zone and the Mandera Riverine zone with the Northeastern Pastoral zone. These zones
were grouped because of the size of the zones and the small sample number of births in the zones. Livelihood reports indicated that they relied on the same major markets.

1 The interaction between pre-pregnancy price and NDVI was evaluated as well but
as not significant in our analyses.
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and may complicate a straightforward analysis of food prices and
health outcomes.

In this project we account for the possibility that maize depen-
dence may vary. Some households may primarily purchase their
maize from the market while others may be less sensitive to high
prices because they produce their own maize. Therefore the sensi-
tivity to prices may vary according to the local dominant livelihood
strategy. In Kenya, accounting for this variation in dependence may
be particularly important because Kenya has populations that live
in a highly productive agricultural zone – towards the middle of
the country, near Lake Victoria and Nairobi – and by very hot
and dry pastoral zones in the northeastern part of the country, near
the Somali border. Furthermore, there are a number of areas that
lie in the gradient between these two extremes where households
grow crops or gardens and manage small herds of goats and cattle.
These households within this gradient, or more marginal agricul-
tural land, depend on seasonal rains to produce food for them-
selves and their animals (see Fig. 1). One of the particular
challenges that Kenyans face is that precipitation is decreasing
and temperatures are increasing (Funk et al., 2010; Williams and
Funk, 2010) and droughts are becoming increasingly frequent.
International commodity prices are also influential in these region,
and these prices are at an all-time high (Brown et al., in press). Be-
cause local production and local prices are inversely related, as in
many semi-arid agroecosystems in Africa (Brown et al., 2008),
when there are regional food shortages concerns of reduced food
accessibility for vulnerable individuals grows.

Data and measures

An infant’s birth weight is the result of both biological and socio-
environmental features. To use models to explain variation in LBW,
with the specific goal of identifying the impact of reduced food ac-
cess, we must incorporate a diverse set of factors related to an in-
fant’s biology, the socioeconomic characteristics of her mother
and household, and factors related to food access. Therefore, to
examine LBW we rely on three primary types of data – health, envi-
ronmental/geographical and economic. The descriptions of the data
and the measures calculated from each data source follow.

Health data and measures

The health information comes from the two most recent Demo-
graphic and Health Survey (DHS) datasets, 2008/09 and 2003. DHS
data provide detailed health and population information for most
of the poorest countries around the world. These cross-sectional,
spatially referenced data (DHS provides the latitude and longitude
values of their sampling clusters which contain about 10–20 house-
holds) contain detailed information about maternal characteristics
and provide retrospective information about the health of infants
including their birth weights. This data provides the micro-level
health and socio-economic information used in the analysis.

We use information from the most recent birth1 as recorded in
the DHS. Each infant, with a recorded birth weight provided by the
mother, is classified as LBW or no-LBW. This categorical LBW mea-
sure serves as the dependent variable. DHS data also provide infor-
mation on length of time at current residence. We use this
information to restrict the sample to only those households where
the pregnancies occurred in the current area of residence. This
restriction allows us to link past information to the relevant preg-
nancy. Without this restriction we may inappropriately attribute
w



Table 1
Descriptive information for select variables used in the analysis.

Variables The units or the level of the variables Mean Median SD Min. Max. Count

Independent variables
Multiple/twin Categorical variable, 1 if the child is a multiple

birth and 0 if a singleton
1 = 32; 0 = 1868

Birth interval Length of time, in months, between the current
birth and the prior birth

48.34 39 30.66 10 245 1355

Birth order Number of previously born children 2.87 2 1.9 1 12 1900
Child’s sex Categorical variable, 0 if the child is male and 1

if female
0 = 999; 1 = 901

Mother’s age Age of mother in years 26.7 25.83 6.32 13.92 45.67 1900
Mother’s height Height for age standard deviations from the

reference median (as calculated by DHS)
�65.87 �69 �377 582 1860

Education Highest level of education attended by the
mother. Categorical variable with three levels

None/Primary = 1123; Secondary = 552;
Higher = 225

Partner education Highest level of education attended by the
mother’s partner. Categorical variable with four
levels including the missing or ‘‘don’t know’’
responses

Primary = 760; Secondary = 651;
Higher = 290; no response = 190

Water source Categorical variable for type of water source. 0
for piped, 1 for well water, 2 for surface/spring,
3 for other (includes bottled and rain water)

Piped = 934; Well = 413; Surface = 431;
Other = 122

Floor Categorical variable for type of flooring the
residence. 0 for unfinished flooring (dirt, sand,
dung, earth) and 1 for finished flooring (wood,
carpet, cement, tile)

Unfinished = 797; Finished = 1103

Urban Categorical variable for type of place of
residence, 0 for urban and 1 for rural

Urban = 836; Rural = 1064

Birth month Categorical variable for month of birth Jan. = 135; Feb. = 128; March = 161;
April = 172; May = 192; June = 173;
July = 164; Aug. = 157; Sept. = 161;
Oct. = 145; Nov. = 157; Dec. = 155

Birth year Categorical variable for year of birth 2001 = 212; 2002 = 398; 2003 = 182;
2004 = 109; 2005 = 139; 2006 = 218;
2007 = 270; 2008 = 372

Pre-pregnancy price The mean price of maize during the three
months pre-pregnancy (including time of
conception)adjusted for the livelihood zone
(see text for discussion)

�0.01 �0.06 0.78 �1.84 4.05

Average pregnancy price The mean price of maize during the nine
months of pregnancy adjusted for the
livelihood zone (see text for discussion)

�0.07 �0.11 0.40 �0.89 1.37

NDVI Standardized NDVI, see text for more
discussion

Dependent variable
Low Birth Weight Categorical variable, 1 if the child weighs less

than 2,500 grams at birth and 0 if otherwise
1 = 115; 0=1785

Note: SD = standard deviation; data are rounded up.

2 (Rutstein, 2008a).
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pregnancies with price or landscape information not reflective of the
mother’s actual experience. Unfortunately, DHS does not contain
information on prior residence making it impossible to construct a
full residential history or allow us to link women with information
related to their prior place of residence.

We select a suite of explanatory variables from the DHS to con-
trol for variation in birth weight (see Table 1). We adjust for the
child’s sex as well as if the child is a twin (or triplet). Generally,
male infants and multiples are smaller at birth than female infants
and singletons. We also adjust for birth order and birth interval,
with the assumption that children of higher birth order and those
who were born within a short period of time following the preced-
ing birth may be smaller than their counterparts (Seidman et al.,
1988; Rutstein 2008b). There may be fewer food resources per per-
son in a household with more children. Moreover, the mother’s
time for personal care may be limited by the increase in childrear-
ing responsibilities that come with more children and children
spaced close in age.

Mother’s characteristics are also included as control factors.
Mother’s height is included because it reflects the mother’s experi-
ence with food insecurity – mothers who were stunted as children
are more likely to give birth to LBW infants (Young, 2001; Victora
et al. 2008) and height, as opposed to other anthropometric mea-
surements, is not subject to short term dietary changes in the
mother (mother’s current weight may not reflect her weight at
the time of pregnancy). Maternal age is related to infant size as ba-
bies born to older women are more likely to weigh more than those
born to younger women (Swamy et al., 2012; Seidman et al., 1988).
Mothers’ education is also included. More educated mothers may
have greater access to health care, may have a greater understand-
ing of nutritional requirements during pregnancy, and may also
have greater social capital which may help to ensure a more
healthy and less stressful pregnancy (see, for example, Caldwell,
1979 and Caldwell, 1994; Hobcraft, 1993).

With respect to household characteristics, floor material and
partner educational attainment serve as a measure of household
wealth or socio-economic status. We use these variables because
household income information is not included2 in the DHS. While,
there is potential for some households to actually benefit from high
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prices, namely, those households that are producers/sellers of maize
(Jayne et al., 2000), these households are most likely to be wealthier,
land-owning households. Therefore we assume that the poorest
households, those with unfinished flooring and with the lowest level
partner education, will be most negatively impacted by high food
prices and are therefore more likely to experience LBW during times
of food price increase. We include two variables to measure type of
place of residence – urban or rural (as designated by the data collec-
tion organization) and a water source variable to differentiate the
more isolated households from those that are urban or peri-urban/
suburban. The most well-off and urban/peri-urban households are
likely to have piped water, while more rural households will rely
on well water or other water sources. We assume that urban/peri-
urban households will have greater access to food markets and pre-
natal health care, which are both likely to impact the weight of a
baby at birth. We also include birth month to capture any seasonal-
ity effects related to food availability and the time of birth. Finally,
we incorporate birth year owing to the potential for political or envi-
ronmental events that may have shifted country-level pricing or
health outcomes that we have not accounted for (Mason et al., 2011).
Environmental/geographical data and measures

The livelihood zone data (Fig. 1) come from the US Agency for
International Development’s Famine Early Warning Systems Net-
work’s (FEWS NET) recent efforts to characterize the dominant
livelihood strategies in a number of developing countries. With
the use of local weather patterns, market information and expert
knowledge, FEWS NET has constructed zones that characterize
the dominant strategy used to produce money and food in a gen-
eral area. The use of livelihood information serves a dual purpose:
(1) We use the livelihood information to identify the dominant
markets of the area and assume that the pricing of the dominant
market reflects the general prices in a livelihood zone and (2) we
incorporate the livelihood data into the analysis based on our
assumption that individuals living within certain livelihood zones
have a differential reliance on their local markets as discussed
previously.

From the livelihood zone information (report found on FEW-
S.net) we can qualitatively classify each zone’s dependence on pur-
chased maize to inform our expectations about the impact of price
increases. Communities within zones where there is a greater
dependence on store-bought maize, for example, the Lake Victoria
fishing zone, should have more sensitivity to price increases.

To capture local food production beyond that provided and mar-
ket dependence at a micro-scale we use an additional geographic
variable that provides a measure of ‘‘greenness’’ – normalized
difference vegetation index (NDVI)3 (Tucker, 1979), which has been
shown to be related to primary productivity and leaf area of plants
(Sellers, 1985; Townshend and Justice, 1986) and provide a way to
measure directly the impact of moisture and temperature conditions
on plant health. Vegetation indices are usually composed of red and
near-infrared radiances or reflectances (Tucker, 1979), and are one
of the most widely used remote sensing measurements (Cracknell,
2001). NDVI was first developed using hand-held radiometers, and
its relationship with aboveground plant matter was established by
correlating information from instruments to the weight of dried plant
material in a grassland ecosystem (Fensholt et al., 2006; Karnieli
3 In related work by Brown et al. (2012), local NDVI values are only minimally
related to large, regional markets like the ones used here. Because the pricing in large
markets reflects international influences more than local production, we feel that it is
appropriate to include both NDVI and regional price in a model examining access. As
market prices may only be relevant when local production (local NDVI values) is low.
Additionally, our preliminary analyses of price and NDVI data indicated no significant
linear correlation between these measures.
et al., 2010). Vegetation indices can then be used as surrogate mea-
sures of vegetation activity, including crops, from field to continental
scales and across multiple agroecosystems (de Beurs and Henebry,
2004; Funk and Budde, 2007). Unlike rainfall datasets, vegetation
data is completely independent of ground observations. Its error
structure is related to land cover, with more humid and tropical eco-
systems having higher errors due to high amounts of atmospheric
water vapor and clouds during the growing season (Brown, 2008).
Drought-related food security problems are often in semi-arid and
sub-tropical ecosystems with low to moderate errors in satellite-de-
rived vegetation data (Morisette et al., 2004).

Here we use NDVI data from the MODIS instrument on the
NASA Terra satellite (Huete et al., 2002; Justice et al., 1998). MODIS
based NDVI has been collected since 2000, is available at 250-m
resolution for all of Kenya and is available in 8 day increments
(maximum values are taken over the preceding 10 days). In this
analysis, we take the maximum NDVI value during the growing
season of each year in a 10 km radius around each DHS sampling
cluster and link it to the spatially and temporally relevant
pregnancy. We then standardize4 NDVI for use in the statistical
analysis, as is common practice (subtracting the mean and dividing
by the standard deviation over the entire set of observed NDVI
values).

We anticipate that households where local NDVI values are high
(i.e. an area where large amounts of vegetation are present) will
generally be less reliant on markets for food, especially when price
increases occur, as they may be able to either grow their own food
or rely on very local food sources (neighbors, nearby family, etc.).
In areas where crops are grown for sale (tea, coffee, and others) a
high NDVI value may still indicate increased household income
as a result of crop sales. Alternatively, people who live in areas
where NDVI values are low are more likely to depend on the mar-
ket for their maize. This use of NDVI provides us greater micro-le-
vel insight than is provided by the livelihood zones alone into
probable dependence on the land for food.
Economic data and measures

The final type of data used in this analysis is economic data. The
Kenya price data is derived from seven markets in Kenya: Momba-
sa, Nairobi, Eldoret, Kisumu, Kitui, Mandera and Marsabit. The data
are from a continuously updated price database comprised of food
prices from 232 markets in 39 countries, sourced from both the
FAO and FEWS NET. The database has retail price data in local cur-
rencies from 1997 to 2011, but the starting year of each series var-
ies by market. Here we use prices reported for maize from the
seven markets. As explained previously, we are interested in maize
because it is a staple crop. An additional benefit arises because the
maize price information is the most complete time series as com-
pared to other available cereals or products. No consistent, spa-
tially-relevant estimates of inflation rates exist for Kenya, so
instead of adjusting for inflation the data is standardized at the
market-level (which is used to proxy all prices within the relevant
livelihood zone) and we include dummy variables for year. The
monthly data are then matched by the birth date of each baby in
each of the relevant market areas (in our case livelihood zones
serve as the ‘‘marketshed’’) in the sample to the 12 months preced-
ing the birth. These standardized data are then averaged over two
time periods for each individual observation; one time period cor-
responding to the pregnancy as well as the time period corre-
sponding to the three months prior to the pregnancy.
4 Also known as ‘‘normalized’’. We have simply calculated the mean and the
variance over all observed NDVI values and subtracted the mean from each
observation and divided by the standard deviation.
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Methods

Given the hierarchical nature of the data, specifically due to the
way the pricing data were standardized and an assumption of non-
independence among those who live within the same livelihood
zone, we use multilevel5 models (Gelman 2006; Gelman and Hill
2006) to examine birth weights. Further, because the dependent
variable (LBW) is a categorical variable we use a logistic multilevel
model. Births are nested within livelihood zone. In other words, live-
lihood zone is treated as a random effect in the models while the
other variables listed in Table 1 are treated as fixed effects. Varia-
tions in the local rate of inflation and potential unmeasured variation
in factors related to pricing necessitate nesting individuals within
geographic areas relevant to the markets (see Fig. 1). Significance
of the estimated coefficients is based off of bootstrapping. Consistent
with the data generating mechanism, the bootstrapping methodol-
ogy, coded by the authors, incorporates the nested design of the
data.
Results

Table 2 provides some specific quantitative descriptions of the
data according to our livelihood zones – the areas that are spatially
relevant to the pricing data. In the Northeastern Pastoral zone,
where prices are comparatively higher and NDVI is low, 11% of
all babies in our sample were classified as LBW. The Northern pas-
toral zone with high prices and low maximum NDVI values reports
the next largest share of LBW (9%). In terms of education rates, fre-
quently observed as a significant predictor of infant health includ-
ing healthy weights at birth, we again see the northern areas of the
country as distinct from the rest of the country. The two northerly
zones report the lowest shares of secondary (or higher) educated
mothers from our sample. The lush, highly cultivated zones, the
Central Highlands and the Western High Potential zone, report
the highest percentage of mothers with a secondary education –
around half of the sample. Therefore, before further analysis, the
zones in the northern part of the country stand apart from the rest
of Kenya in terms of education, LBW and NDVI.

The regression models presented in Table 3 provide further in-
sight into LBW in Kenya. We constructed several regression models
to facilitate an analysis of the impact of local maize prices on infant
birth weight – specifically LBW. In the first model we examine the
relationship between standard maternal/infant covariates, NDVI,
and the pricing variables and LBW. Among the control variables,
the only significant variables in this model are related to biological
factors, mother’s height and twin/multiple status, and water
source. Taller mothers are less likely to have LBW babies and sin-
gletons are also less likely to be LBW than twins/multiples. Women
who live in households where the water comes from ‘‘other’’
sources (bottled, rainwater, trucks) are less likely to have low birth
weight babies than those who rely on piped water, even after
accounting for urban/rural residence. In terms of the variables cen-
tral to this analysis, pre-pregnancy price is negative and significant
(p < 0.05) – suggesting that an increase in price is related to re-
duced likelihood of low birth weight. In Model 1a we include the
interaction between NDVI and the average price during preg-
nancy6. The interaction is positive and significant (p < 0.05) and
the AIC indicates a slightly improved fit over Model 1.

Because of the complications involved we use the model to
quantitatively estimate the likelihood of LBW. We keep the
5 These types of models are referred to by several different names – random effects
models, regressions with varying intercepts, hierarchical models, etc. (see Gelman
and Hill (2006) for an in-depth discussion of these methods).

6 The interaction between pre-pregnancy price and NDVI was evaluated as well bu
was not significant in our analyses.
t

standardized NDVI value fixed at a low of �3.8 and calculate the
likelihood of LBW over all values of the other independent vari-
ables. We then take an average of the predicted outcomes. The
average marginal predicted probability of LBW at the fixed (stan-
dardized) NDVI value of �3.8 is 0.12 (with 50% of the predictions
falling between 0.04 and 0.17). Using a much higher standardized
NDVI value of 1.68, the average marginal predicted probability of
LBW is 0.05 (with 50% of the predictions falling between 0.02 prob-
ability of LBW and 0.05 probability of LBW). To test the sensitivity
to the fixed NDVI value we evaluate the first and third quartiles of
NDVI (�0.43 and 0.69 respectively), we observe average marginal
predicted probabilities of 0.06 (50% between 0.03, 0.07) and 0.05
(50% between 0.03 and 0.06). In evaluating the predicted probabil-
ities for a low NDVI value and a low price value we observe some
higher predictions of LBW than the average marginal values (prob-
ability of LBW as high as 0.6–0.8). As NDVI and price increase we
see a decrease in the predicted LBW probability. We can therefore
conclude that when NDVI is low, the likelihood of an LBW event is
increased, even in the event of comparatively low maize prices
during pregnancy.

Conducting the same average marginal predicted probability
calculations based on Model 1a for price during pregnancy, we ob-
serve a much smaller difference between the lowest and highest
observed prices. The lowest recorded (standardized) price experi-
enced during pregnancy in our sample is �0.89 (standardized
unit). The resulting average marginal predicted probability of
LBW is 0.05 (where 50% of the predictions fall between 0.02 prob-
ability of LBW and 0.06 probability of LBW). For the highest price
value of 1.36 (standardized unit) the average marginal predicted
probability of LBW is 0.1 (where 50% of the predictions fall be-
tween 0.05 and 0.13).

For Models 2 and 2a, we repeat the general analysis of our first
and second models but exclude first (live) births and include the
preceding birth interval (i.e. spacing between children). Preceding
birth interval is an important indicator of infant health – as re-
search indicates that the recommended length between births for
optimal health of mother and child is about 24–36 months (see
Rutstein, 2008b). Additionally, because women with more than
one child have had a previous pregnancy and delivery there may
be an improved understanding of health that comes with the expe-
rience of having mothered children in the past. In this model we
also see the significance of birth interval (p < 0.05) and water
source (p < 0.1) and that of pre-pregnancy maize price (p < 0.1).
When the spacing between children is large, LBW is more likely
(although this effect is very small in magnitude). In households
where water is provided by wells, there is a reduced likelihood of
low birth weight as compared to those households with piped
water. Again, in terms of maize prices, when prices increase during
the pre-pregnancy period, likelihood of LBW decreases.

In Model 2a we include the interaction between mean preg-
nancy price and NDVI. With the exception of water source, the sig-
nificant terms observed in Model 2 remain significant. Additionally
we again see the significant (p < 0.01) positive coefficient for the
price and NDVI interaction (as seen in Model 1a) – likely suggest-
ing that when prices are low and NDVI is high babies are most
likely to be born at a healthy weight. Average marginal predicted
probabilities are very similar to those from Model 1a with only
slightly larger differences between the first and third quartiles.
Again, when maize prices during pregnancy and NDVI are both
low then the likelihood of a healthy weight baby decreases.
Discussion

Maize makes up a large portion of the Kenyan diet. Many
Kenyans rely on maize bought from the market for their daily



Table 2
Descriptive results by Livelihood Zone.

Livelihood zone %LBW Count %Urban %Secondary
(or higher)

Avg. birth
interval
(months)

Max. NDVI (over
observation
period)

Min. NDVI (over
observation
period)

Mean pre-
pregnancy price
(standardized)

Mean pregnancy
price
(standardized)

Northern Pastoral/
Marsabit
Farming

9 33 33 6 47.48 0.697 0.197 0.165 0.157

Northeastern
Pastoral/
Mandera
Riverine

11 55 62 5 33.78 0.780 0.171 0.257 0.289

Coastal medium
potential
farming

5 177 67 29 44.21 0.818 0.234 0.254 0.031

Southeastern
marginal mixed

8 96 6 27 48.21 0.782 0.444 �0.219 �0.087

Central highlands –
high potential

7 888 49 48 54.37 0.827 0.157 �0.208 �0.226

Western high
potential

5 419 31 52 44.18 0.830 0.145 0.294 0.164

Lake victoria
fishing/
lakeshore
marginal

4 232 44 37 41.14 0.760 0.080 �0.037 �0.016

Note: Data are rounded up.
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nutrition. However, changes in the supply of maize due to climate
(in the form of droughts or reduced rainfall) or other factors, can
cause high variability in the prices of this staple product. Food
security policy programs and international aid organizations pay
close attention to the local prices of staples, with the assumption
that when food prices increase then some households will be un-
able to access food and may experience significant negative health
outcomes as a result.

The use of multilevel models facilitate an appropriate analysis
strategy grouping births according to the dominant local market.
The results of the models highlight the significance of some indi-
vidual, maternal and household factors in examining LBW out-
comes – specifically if the child is one of multiples, mother’s
height, water source and the interval of time between the current
and preceding births. While, the child and maternal factors are
consistent with related research, the lack of significant impact of
household factors, with the exception of water source, is notable.
Piped water appears as a component of increased likelihood of
low birth weight in some of the models. Water source is a measure
of proximity to urban areas as well as a measure of household
wealth7, in this case we interpret the significance of water source
as being primarily related to household proximity to an urban area
– these households are likely urban or peri-urban. Our results sug-
gest that these non-rural households are more likely to have LBW
babies. This effect could reflect sampling – more urban women are
likely to give birth in a hospital or clinic, or it could reflect the vul-
nerability of non-rural dwellers to food price increases. Further re-
search on the link between water source and urban living – using
different metrics of urban access (beyond simply an urban/rural
dichotomy) could provide greater insight into this relationship.

On their own, price increases of maize during pregnancy do not
appear to lead to nutritional deficiencies in women, at least not
those influencing birth weight. In fact, pre-pregnancy food price in-
creases are related to a decreased likelihood of LBW. One explana-
tion for the significance of the negative coefficient of pre-
pregnancy price is the possibility that fecundity, in terms of con-
ceptions and carrying pregnancies to term, can be reduced because
of food price increases. In other words, the women who are the
7 World Bank 2013 indicators http://data.worldbank.org/indicator/
SH.H2O.SAFE.UR.ZS
most sensitive to price increases actually do not end up delivering
babies because they are unable to conceive or carry a pregnancy to
term. The reasons for the reduced fecundity can be behavioral (re-
lated to temporary periods of increased stress, reduced coital fre-
quency or possibly spousal separation) or biological (possibility
of increased miscarriage or reduced ovulation) (Bongaarts, 1980;
Menken et al., 1981; Torche 2011). In qualitative research in West
Africa, impoverished, food insecure women reported experiencing
miscarriages during periods when food prices are highest and they
increased their wage earning employment (which is normally
physically intensive) while decreasing their caloric intake (Grace,
Lerner, Sangli, in progress). We may be seeing a similar pattern
here but resulting in fewer conceptions among the poorest and
potentially most stressed women – those most likely to deliver
low birth weight babies had they been able to conceive and main-
tain their pregnancies.

The significance of the interaction between NDVI and food
prices suggests that it is important to account for potential varia-
tions in small-scale production, as measured by NDVI, to fully
understand the (potentially counter-intuitive) impact of prices.

In terms of production, when very small-scale measures of food
production (the NDVI value reflect the vegetation in the 10 km
radius around the community) are considered, a relationship
between health and food prices is observed. To facilitate the dis-
cussion of the interaction effect we include Table 4, a conceptual
table reflecting the different NDVI values and food prices with
regard to birth weight outcomes. While there is a possibility for
unrealistic outcomes (lower left hand side), when actually looking
at the data, this situation of very high price and very low produc-
tion has little impact on the model coefficients. There are 56 births
that occurred in a situation where both price and NDVI were with-
in the top quartile of the observations and when these observa-
tions are excluded the model results stay about the same (with
the exception of NDVI alone being significantly negative). Instead,
the model and the coefficients are more heavily influenced by the
higher and mid-level NDVI values. The results support the asser-
tion that as NDVI decreases we will see more negative infant health
outcomes. Ultimately, this outcome suggests that attending to
NDVI values relevant at the community/household-level is argu-
ably of greater importance than prices – at least when using large
regional market prices as an indicator of general pricing patterns.

http://data.worldbank.org/indicator/SH.H2O.SAFE.UR.ZS
http://data.worldbank.org/indicator/SH.H2O.SAFE.UR.ZS


Table 3
Coefficients and significance levels resulting from multi-level regression models of LBW (LBW = 1).

Model 1 Model 1a Model 2 Model 2a

(Intercept) �2.3992��� �2.5910��� �2.5804** �2.9032���

Multiple/twin 3.1854��� 3.1483��� 3.1023��� 3.0732���

Birth interval 0.0116** 1.1483**

Birth order �0.0577 �0.0569 0.0942 0.0829
Child’s sex �0.1222 �0.1255 �0.0792 �0.0909
Mother’s age �0.0002 �0.0029 �0.0186 �0.0201
Mother’s height �0.0019⁄ �0.0019⁄ �0.0009 �0.0011

Education (primary)
Secondary education �0.4063 �0.4580 �0.5364 �0.6132
Higher education �0.2666 �0.2802 0.1754 0.1120
Floor type
Finished �0.1845 �0.2218 �0.4250 �0.4558
Rural �0.2031 �0.2233 �0.3697 �0.4215
Water (piped)
Well �0.0971 �0.0769 �0.6915⁄ �0.6717
Surface �0.1485 �0.0706 �0.2237 �0.2592
Other �1.2722⁄ �1.2919 �1.1488 �1.2042

Partner Education (primary)
Secondary education �0.1275 �0.1316 �0.3642 �0.3813
Higher education 0.1669 0.1488 0.275 0.2604
Don’t know/missing response 0.6706 0.6432 1.3613 1.2907
Pre-pregnancy price �0.4662** �0.4428** �0.4056⁄ �0.3788⁄

Price during pregnancy �0.1497 �0.0561 �0.2397 �0.1153
NDVI �0.2034 �0.1755 �0.2047 �0.0853
Price � NDVI 0.6508** 1.1483���

AIC 737 734 530 522
N = 1672 N = 1672 N = 1284 N = 1284

Notes: Data are rounded up. Models also adjust for birth year and birth month but these coefficient estimates were left out of the tables in the interest of space. The random
variable, Livelihood zone, in all cases was estimated to have a very small impact. For each model the random effect estimate is virtually 0 suggesting that there is very little
variability in the intercept.
Bold indicates significant at at least the 0.1 level.
* Significance based on a p-value <0.1.
** Indicates significance based on a p-value <0.05.
*** indicates p <0.01.

Table 4
Interpreting the interaction between maize price and NDVI and the relationship to
LBW.

Price

Positive Negative

NDVI
Positive Good own production, high

price
Good own production, low
price

Model suggests high chance of
LBW

Model suggests low chance of
LBW

Negative Poor own production, high
price

Poor own production, low price

Model suggests low chance of
LBW

Model suggests high chance of
LBW
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In summary, we theorize that the NDVI values help to distin-
guish between those households that are dependent on the market
for food versus those households that rely on very local household
or community-level production. Implying that price may act as a
barrier to food for only those families without access to locally pro-
duced food (maize, in this case). Because our nested model ap-
proach accounted for variation in livelihood zone, or the general
amount of agricultural productivity in a large area, we can inter-
pret that the significance of NDVI is unrelated to the climate trends
that shape the broader areas of Kenya. Therefore, regardless of
where the household is located, when NDVI increases then nutri-
tion seems to be better – and this is especially the case in the pres-
ence of low prices.

Conclusions and limitations

The study of infant birth weight in developing countries faces
one major challenge – lack of data. The weight of a baby immedi-
ately following birth is not often recorded when infants are born
without the assistance of a trained health professional. We assume
that the poorest mothers, who might face the greatest risks of
undernutrition, are likely to be the mothers who birth without
any aid. Additionally, underweight mothers who live with constant
hunger may not survive pregnancies, labor/delivery or breastfeed-
ing. These women and their stories are unfortunately excluded
from our study. Another limitation that we faced in this study
was lack of individual-level information about malaria, HIV/AIDS
and other illnesses during pregnancy. Any of these health charac-
teristics would impact the mother’s ability to absorb nutrients
while pregnant, unrelated to environmental or food access condi-
tions. Because the DHS does not collect these data in sufficient
detail to determine infection, treatment strategy and timing of
infection we are left without this important information. Liveli-
hood zone captures some of this information at a macro-level,
the western zones near Lake Victoria have significantly higher lev-
els of HIV/AIDS, for example.

Nonetheless, our study provides additional insight into the rela-
tionship between prices and nutrition and supports the usefulness
of additional data (specifically, livelihoods and NDVI) to provide a
more complete picture of the actual health outcomes of food inse-
curity. In many ways, our results reinforce what food security
experts already know – food insecurity is complex and reflects a
person’s ability to access food and the availability of food. Our
research suggests that when food prices change – just one of the
components related to food insecurity – we may see negative
impacts on the very youngest members of a population if there
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are constraints to production at a very local level. Additionally, our
results suggest that increases in the cost of maize do not happen in
isolation – people may adjust their selling behavior, purchasing
habits or rely on other networks (social networks, international
and domestic aid support) to meet their food needs. Further re-
search, particularly qualitative assessments, needs to be conducted
to determine the varying coping and response strategies available
to pregnant women and their families in Eastern Africa.
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