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Abstract

Objective: The purpose of the study was to examine geographic relationships of
nutritional status (BMI), including underweight, overweight and obesity, among
Kenyan mothers and children.
Design: Spatial relationships were examined concerning BMI of the mothers and
BMI-for-age percentiles of their children. These included spatial statistical measures
of the clustering of segments of the population, in addition to inspection of co-location
of significant clusters.
Setting: Rural and urban areas of Kenya, including the cities of Nairobi and
Mombasa, and the Kisumu region.
Subjects: Mother–child pairs from Demographic and Health Survey data including
1541 observations in 2003 and 1592 observations in 2009. These mother–child
pairs were organized into 399 locational clusters.
Results: There is extremely strong evidence that high BMI values exhibit strong
spatial clustering. There were co-locations of overweight mothers and overweight
children only in the Nairobi region, while both underweight mothers and children
tended to cluster in rural areas. In Mombasa clusters of overweight mothers were
associated with normal-weight children, while in the Kisumu region clusters of
overweight children were associated with normal-weight mothers.
Conclusions: These findings show there is geographic variability as well as
some defined patterns concerning the distribution of malnutrition among mothers
and children in Kenya, and suggest the need for further geographic analyses
concerning the potential factors which influence nutritional status in this popu-
lation. In addition, the methods used in this research may be easily applied to
other Demographic and Health Survey data in order to begin to understand the
geographic determinants of health in low-income countries.
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Traditionally, public health challenges within developing

countries have centred on issues related to infectious disease

and undernutrition, which have been at the forefront of

global health initiatives. This is no longer the case as,

according to the WHO’s latest review of obesity trends,

approximately 1?5 billion adults were overweight and at least

500 million adults were obese in 2008. Additionally, it has

been estimated that another 43 million children (under

5 years old) around the world were overweight in 2010(1).

Based on these figures, the WHO further projects that

this nutrition transition (the phenomenon where a popula-

tion shifts from heath patterns associated with undernutrition

(e.g. infectious diseases) to health patterns associated with

overnutrition (e.g. obesity and chronic diseases)(2)) will

continue, and approximately 2?3 billion adults will be over-

weight and more than 700 million will be obese by 2015(3).

While there have been recent investigations concerning

the nutrition transition in South America and Asia(4), few

studies have examined the situation throughout sub-

Saharan Africa. There are even fewer which have exam-

ined the obesity situation among children. Understanding

the prevalence and causes of obesity among children is

critical as obesity greatly increases the risk of developing

a chronic disease during childhood, which may lead to

significant complications lasting throughout adult life.

As Africa is faced with continuing challenges related

to HIV/AIDS and other infectious diseases as well as

undernutrition, there are few resources available to focus

on the emerging nutrition transition. Most of the studies

concerning obesity in Africa have been conducted in

wealthier and more populated African nations in the

Southern and Western regions of Africa, including South

Africa(5), Botswana(6), Cameroon(7) and Benin(8). However,

even in one of the wealthiest countries of Africa, South

Africa, stunting has been shown to coexist alongside obesity

even within the same socio-geographic population(9).

*Corresponding author: Email lpawlosk@gmu.edu r The Authors 2012



Another phenomenon found in transitional countries is

the coexistence of child undernutrition and maternal

overweight within the same household. Bouzitou et al.

have reported such a trend in the West African country of

Benin(10). Garrett and Ruel have suggested that the

coexistence of a stunted child and an overweight mother

is associated with increasing economic development but

not necessarily urbanization, and is a phenomenon more

often seen in transitional countries(11).

While the coexistence of overweight/obese mothers

and stunted children is not an unusual pattern found in

transitional countries, there are other more common

patterns concerning mother and child nutritional status.

In the USA recent research has pointed to maternal

overweight being a risk factor for overweight children,

particularly among Hispanic mothers(12). Further, in Kenya,

Gewa also noted that maternal overweight/obesity tends to

be a significant predictor of childhood obesity(13). Maternal

overweight has been shown to increase the probability

of obesity and complications in newborns, and to influence

nutrition and health later in childhood, including an

increased risk for diabetes and metabolic syndrome(14–16).

As obesity is more common in wealthier nations, so is the

coexistence of maternal overweight/obesity with childhood

overweight/obesity. However, this trend is important to

note in transitional countries, which have recently experi-

enced a growth in overweight/obesity.

Only a handful of studies concerning obesity have

been conducted in East Africa. Gewa is one of the first

authors to publish data concerning the rise of obesity in

children in Kenya. Using data collected from the 2003

Demographic and Health Survey (DHS), her research

found that approximately 22% of children aged 3 to 5 years

were either overweight or obese. The factors associated

with obesity were (i) having an overweight or obese

mother, (ii) having a more educated mother and (iii) having

a high birth weight. Factors that were negatively correlated

with obesity were (i) being an older child and (ii) coming

from a large household(13).

Although Gewa has shown the relationship between

physiological and sociodemographic factors influencing

childhood obesity in Kenya, no studies have examined the

socio-geographic factors related to childhood malnutrition.

We define malnutrition as the condition of being under-

nourished or overnourished. While the use of geographic

information systems to examine and encourage develop-

ment in low-income countries is increasing (e.g. Holmes

et al.(17) and Hill and Curtin(18)), there is no known such

application in public health nutrition. Given that Kenya is

an extremely diverse country geographically, it is critical to

review such potential determinants. However, no study has

yet examined the geographic distribution of maternal and

child malnutrition. Thus using data from both the 2003 and

the 2009 DHS, the present study examines the geographic

distribution and patterns of nutritional indicators among

Kenyan mothers and Kenyan children aged 3 to 5 years.

Purpose and research questions

The purpose of the study was to examine geographic

relationships of nutritional status as measured by BMI for

Kenyan mothers and by BMI-for-age percentiles (BAP) for

their children.

In order to examine the geographic distribution of nutri-

tional indicators among mothers and children in Kenya,

the following three research questions were addressed:

1. Does a point pattern analysis of malnutrition in mothers

and the same analysis of malnutrition in children show

significant clustering of similar values?

2. What is the geographic distribution among malnour-

ished mothers and children in Kenya?

3. Is there a geographic pattern regarding the coexistence

of overweight/obese mothers and undernourished

children?

Participants and methods

Participants

Data from both the 2003 and the 2009 DHS from Kenya

were analysed. The DHS uses a multistage stratified cluster

sampling methodology in which samples of households

within clusters are selected. For these data a representative

probability sample of almost 10 000 households was select-

ed for the surveys. Anthropometric measurements were

taken from mother–child pairs. Each observation consists of

a mother–child pair with the associated BMI and BAP values

for the mother and child, respectively. The current analysis

focuses on children aged 3 to 5 years, an age group where a

majority (97%) had been weaned off breast milk. A total of

1541 (2003) and 1592 (2009) mother–child pairs were

included in the present analysis. The DHS protocol was

approved by ORC Macro’s Institutional Review Board.

Geographic coordinates of the participants were cap-

tured. The longitude and latitude coordinates were asso-

ciated with the cluster location where participants were

examined. Since the data were collected at cluster locations,

there are between one and thirteen individuals with the

same locational characteristics. The mother–child pairs were

distributed among 399 clusters (in both data sets). Figure 1

provides a geographic reference showing the major cities

(Kisumu, Nairobi and Mombasa) and the Northeast region,

all of which figure prominently in the results presented

herein. Kisumu is the third largest city in Kenya, behind

Mombasa (second) and the capital Nairobi. The cities differ

in their socio-cultural make-up in that Mombasa is inhabited

largely by a Muslim Mijikenda/Swahili population, while

most Kisumu residents are of the Luo ethnic group. Nairobi

is much more diverse with multiple ethnic groups such as

Kikuyu, Luo, Kalenjin, Kisii and others.

Anthropometric indicators

Heights and weights were taken by trained teams of

enumerators. Weight was measured to the nearest 0?5 kg
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using a lightweight, bathroom-type scale with a digital

screen designed under the authority of UNICEF. Height

was measured to the nearest 0?1 cm using a calibrated

height board/flexible tape. The measuring boards were

specially produced by Shorr Productions for use in survey

settings. BAP values were generated using WHO 2006

growth reference standards which use the WHO Multi-

centre Growth Reference Study population. To classify

overweight and obesity among children, overweight or

obesity was defined as BAP . 85th percentile and

underweight was defined as BAP , 5th percentile(19).

Maternal BMI was computed by dividing weight in kilo-

grams by the square of height in metres. BMI cut-offs

were based on international recommended cut-offs(20):

underweight was defined as BMI , 18?5 kg/m2, normal

weight as BMI 5 18?5–24?9 kg/m2 and overweight/obesity

as BMI $ 25?0 kg/m2.

Geographic analyses

Using ArcGIS 9?3?1 software (Esri, Redlands, CA, USA),

cluster locations with associated nutritional indicator

data were analysed. Spatial analyses were conducted to

determine the level of clustering of BMI and BAP values.

In order to determine if high or low BMI and BAP values

were significantly clustered for mothers and children in

Kenya (research question #1), the global clustering sta-

tistic termed the Getis–Ord General G was employed.

This statistic determines if there is a significant clustering

of high or low values of a particular variable based on a

measure of distance between observations or a neigh-

bourhood association among those observations. The

variable values of concern in the present research are the

BMI values for mothers and the BAP values for children.

As shown in equation (1), this statistic is a ratio where the

numerator is comprised of the sum of the multiplied

variable values of all observations, further multiplied by a

weight representing the distance between the observa-

tions. The denominator consists of the sum of the multi-

plied variable values of all observations without regard to

the distance between them:

Gðd Þ ¼

PN

i¼1

PN

j¼1;j 6¼i

wij x ix j

PN

i¼1

PN

j¼1;j 6¼i

x ix j

ð1Þ

where G(d) is the Getis–Ord General G value at critical

distance (or neighbourhood) d; N is the number of geo-

graphical areas; i and j are indices of geographical areas;

xi is the variable value at area i; xj is the variable value at

area j; and wij is the association weight for areas i and j at

distance d.

It is imperative that a weighting method is chosen that

is appropriate to the spatial nature of the observations.

For the research at hand the weights can be defined

through the use of a fixed distance neighbourhood

method. This method assigns a binary (0, 1) weight value

to each pair of observations based on whether or not the

observations are within the critical neighbourhood dis-

tance. This method demands the assumption that obser-

vations taken at the same data collection location be

considered neighbours. This is intuitive, however, since

those residing near the collection location are most likely

to actually be neighbours.

For the present research a range of neighbourhood

distances were tested for two reasons:

1. There is no known value of what constitutes a

neighbourhood in Kenya in the literature, and there

are no secondary data from which to derive neigh-

bourhoods (e.g. parcel data, voting data).

2. If a single neighbourhood value was determined, it

would almost certainly not apply to all areas of Kenya

and therefore would not be appropriate for the current

national-scale analysis.

Therefore, in the present research the G(d) statistic was

applied across a range of distance values in order to

determine if the clustering (if any) is robust across a range

of potential neighbourhood definitions.

It is insufficient to simply test for the presence of

clustering without an accompanying test of the sig-

nificance of that clustering. To do so, a null hypothesis of
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Fig. 1 Reference map of Kenya and its major cities
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complete spatial randomness is created. That is, the

assumption is that any clustering that is present in the

BMI or BAP values is the result of random chance.

This assumption was tested by examining the deviation

from the expected value of the G(d) statistic using

equation (2):

E ½Gðd Þ� ¼

PN

i¼1

PN

j¼1;j 6¼i

wij

N ðN � 1Þ
ð2Þ

This deviation was converted to a Z-score where a positive

Z-score indicates clustering of high variable values (BMI

or BAP values in the case of the present research) and a

negative Z-score indicates clustering of low variable values.

A Z-score near zero indicates no apparent clustering within

the study area. The higher (or lower) the Z-score, the

stronger the intensity of the clustering(21).

In order to address the issue of the geographic dis-

tribution of mothers and children who comprise clusters

of high or low BMI or BAP values (research question #2),

a local version of the Getis–Ord statistic, the Gi* Statistic,

was employed. This statistic generates a value for each

observation that represents the extent to which that

observation is clustered with other observations that have

similar variable values (either high or low). A significance

test analogous to the one described above in the global

case was applied to each observation. The advantage of

the local test is that the individual observations can be

mapped, with the Z-score values employed as the map

theme. This allows visual inspection of the clustering, and

interpretation of the results with regard to other spatial

distributions. For example, this allows an examination of

the clustering of overweight mothers with underweight

children in the same regions of the country (research

question #3). Moreover this allows us to compare the

spatial distributions with the locations of other natural

and man-made features (e.g. the location of cities, borders,

natural features).

Results

We begin with an analysis of the 2003 DHS data and

compare these results with those generated from the 2009

data at the end of this section. With regard to research

question #1, which considers the level of clustering of

BMI and BAP values among mothers and children, there

is extremely strong evidence that high values show strong

clustering. Figure 2 shows the Z-score values for the

Getis–Ord General G statistic for both mothers and chil-

dren over the range of tested neighbourhood distances

(1000 m to 120 000 m). At every distance tested, clustering

of high BAP values for the children was found to be

significant at the 0?01 level. Similar results were found for

the mothers’ BMI values, with clustering of high BMI

values found at nearly all distances. However, that clustering

was not uniformly significant; specifically, the clustering was

significant at the 0?01 level for distances from 1185m to

120000m, it was significant at the 0?05 level at the neigh-

bourhood distance of 1100m, and it was not significant at

the distance of 1000m at the 0?1 level.

These results may be interpreted to mean that mothers

with high BMI values tend to be located near to one

another spatially, and children with high BAP values are

likewise likely to be spatially clustered. This global sta-

tistic that considers observations from the entire country

of Kenya did not detect any clustering of low BMI or BAP

values at any distance. Therefore, there is no evidence

that underweight mothers or underweight children are

spatially clustered.

Regarding research questions #2 and #3, Figs 3 and 4

clearly demonstrate the spatial patterns and co-location

tendencies of the different populations under considera-

tion. These figures show the local Getis–Ord Gi* values

for the individual cluster locations for the 2003 data.

These values have been grouped based on the sig-

nificance values of the observations. Any Z-score that is

significant at the 0?1 level is included as demonstrating

significant clustering. Since there are no previous studies

employing the Getis–Ord statistic for the investigation of

BMI or BAP values this cut-off value was chosen based on

its common use in other research areas. Further research

is needed to determine an appropriate standard value for

analyses of this type. However, there are clear groupings

of high BMI values for mothers in Mombasa. There is very

little evidence of clustering of overweight mothers in the

Kisumu region. Conversely, there is strong evidence of

clustering of overweight children in the Kisumu region

while there is none in Mombasa. In Nairobi it appears

that there is clustering of both overweight mothers and

overweight children. Small groupings of low BMI values
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Fig. 2 Getis–Ord Z-scores showing clustering of high BMI
and BMI-for-age percentile values among mother–child pairs
(n 1541), data from the Kenya 2003 Demographic and Health
Survey (—E—, Z-score of mothers; —K—, Z-score of
children; – – –, 0?10 significance level; – ? – ? –, 0?05
significance level; ——, 0?01 significance level)
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for mothers and low BAP values for children are scattered

across the rural areas of Kenya. Of particular note is that

the observations taken immediately along the borders

of Ethiopia, Somalia and Uganda (believed to be formal

or informal refugee camps/settlements) show significant

clustering of low BMI values among mothers, while

underweight children appear to be clustered in more

central rural areas. Although Figs 3 and 4 only show

the spatial pattern for a neighbourhood distance of 30 km,

the same range of distances shown in Fig. 2 were tested

with very similar results at each distance.

This spatial analysis was repeated using the 2009 DHS

data to determine if clustering of the nutritional indicators

persisted through time. It was found that the results were

nearly identical between the two data sets. More specifi-

cally, in the case of mothers, high BMI values were

observed clustering in both Mombasa and Nairobi, and

there were still clusters of low BMI values in the Kisumu

region. We saw some persistence of clusters of low BMI

values in rural areas although fewer were directly on

the borders. In the case of children, there was again no

evidence of significant clustering in Mombasa in 2009.

Clusters of high BAP values were again observed in

Nairobi and the central Kisumu region. Similarly, clusters

of low BAP values were observed in the eastern/rural

Kisumu area and throughout the rural areas of the country.

Finally, Table 1 presents a frequency table concerning

BMI and BAP status of both mothers and children. With

regard to the relationship of the mothers’ BMI to the

children’s BAP in the entire country, the categories in

order of prevalence are: (i) normal-weight mothers and

normal-weight children; (ii) overweight mothers with

normal-weight children; (iii) normal weight mothers and

underweight children; and (iv) normal-weight mothers

and overweight children.
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Fig. 4 Local Getis–Ord Gi* values for clustering of children’s
BMI-for-age percentile values (n 1541), data from the Kenya
2003 Demographic and Health Survey

Table 1 Nine classifications for mothers’ BMI and children’s BMI-
for-age percentile values (n 1541), data from the Kenya 2003
Demographic and Health Survey

Child
underweight

(%)

Child
normal-

weight (%)

Child
overweight

(%)

Mother underweight 2?0 10?7 1?3
Mother normal-weight 4?9 49?3 10?7
Mother overweight 0?6 14?8 5?7
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Discussion

Obesity has increasingly become an epidemic in indus-

trialized nations, particularly in the USA, where one out

of every three adults is obese. However, the USA is not

alone with this emerging public health crisis. Much of the

blame in the developed world is put on increased tele-

vision watching, larger portion sizes and the proliferation

of cheap fast-food restaurants, all contributing to a toxic

food environment(2). It has been found that fast food in

the form of street food has become an important source

of energy for urban Kenyan populations(22). Furthermore,

in the past 15 years a growing trend of obesity has been

noted in developing and transitional countries, and most

particularly in Latin America(23). However, little research

has explored the prevalence of overweight and obesity in

sub-Saharan Africa. The findings reported herein are the

first to geographically examine indicators of nutritional

status among Kenyan mothers and children.

The present research adds to the literature by revealing

the clear geographic patterns underlying this phenom-

enon. When examining the entire country, our results

show that mothers and children with high BMI or BAP

values live in the same communities and mothers and

children with low BMI or BAP values are more dispersed

around the country. This global result is confirmed by

local spatial analyses demonstrating that overweight/

obese mothers and children tend to cluster more in urban

areas including near Nairobi, while underweight mothers

and children appear to cluster in the Northeast area and in

more rural regions. Further, overweight mothers cluster

on the east coast near Mombasa, while there is no evi-

dence of clusters of non-normal-weight children in that

region. These results were consistent over time when

both 2003 and 2009 DHS data were examined. While rural

clusters of low BMI values persisted in results from the

2009 data set, the absence of such clusters directly on

Kenya’s international borders suggests better conditions

in refugee camps as compared with 2003. Moreover, food

insecurity was more widespread in 2009 with rains having

failed in much of the country(24). This could explain the

presence of clusters of low BMI values in areas not

necessarily dominated by the presence of refugees. Given

the current situation with famine on the Kenyan–Somali

border this situation may change once again, giving even

further significance to this work in terms of potential

policy implications.

These findings confirm the results reported by Gewa(13)

and others(25,26) that showed a greater prevalence of

overweight and obese mothers and children living in

urban areas, even when controlling for socio-economic

factors(10,27). Thus, in Africa, there may be more specific

factors related to urbanization which contribute to greater

food intake and more sedentarism, and thus greater obe-

sity. Since the findings from Gewa’s earlier study did not

reveal wealth or socio-economic status as a determinant

for overweight or obesity in children in this population, it

is clear that it is imperative to better understand the

influence of urbanization on the growth of overweight and

obesity in these transitional populations in Kenya.

It is possible that there are cultural differences within

countries such as Kenya that can explain the variation in

clusters of high (or low) BMI and BAP values. For

example, there is some evidence that religious(28) and

cultural(29,30) values can influence obesity rates(31). Differ-

ences in such values across regions in Kenya may

influence communities’ perception of health and accept-

able body images among women and children. This is

pertinent to research question #3 since there is a pattern

of overweight mothers being clustered in the Mombasa

region (which is culturally distinct from the rest of

Kenya) while there is no evidence of underweight children

clustering in that same region. Conversely, in the Kisumu

region there is evidence of clustering of overweight

children coupled with no evidence of clustering of over-

weight mothers. The frequency table shows us that this

relationship does exist although it is relatively infrequent

(0?6%). However, what does appear in greater frequency

is the number of overweight/obese mothers and children

of normal weight.

These findings clearly demonstrate the influence of

community/neighbourhood geographic factors on nutri-

tional status. While not previously explored in Kenya,

such relationships are not uncommon in high-income

countries. In the USA, relatively recent research has

explored the influence of neighbourhood characteristics

on the rise of obesity among children. While still incon-

clusive, many of these studies suggest that neighbour-

hood characteristics including safety issues, access to

healthy food stores and restaurants, and access to parks

and recreation facilities may influence the prevalence of

childhood obesity(32,33). However, no such studies have

been conducted in Kenya or other regions of Africa, as

the transition to overweight and obesity is a fairly recent

occurrence and complicated by the dual problem of

stunting and wasting which remains critical throughout

the country. Further studies link the social networks of

individuals to overweight and obesity, such that there are

similar patterns of nutritional status within social and

family networks(34).

The findings showing a greater prevalence of under-

weight in the Northeast region of Kenya are quite con-

sistent with studies showing greater risk of undernutrition

among children in rural remote regions of Africa. Further,

not only do the desert climate and high poverty of this

region contribute to poor nutritional status, the Northeast

region of Kenya has been a major area of conflict and

unrest particularly along the Kenya–Somali border. This

area has also been overwhelmed with refugees and

internally displaced persons. For example, as recently

as 2005 armed conflict between the two major clans in

the region (Garre and Marehan) exploded along the
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Kenya–Somali border over the disputed town of El Wak,

Somalia. The fighting produced an estimated 17 000

refugees fleeing into Kenya(35). Thus the high prevalence

of undernutrition among both mothers and children in

this region is not surprising.

Conclusions

While Gewa(13) has examined the nutritional and socio-

demographic determinants of overweight and obesity

among children in Kenya, the present study is the first

to examine the geographic distribution of the growing

problem of overweight/obesity and the continuing

struggle with undernutrition in Kenya. The findings show

there is geographic variability as well as some defined

patterns concerning the distribution of nutritional indicators

among mothers and children in Kenya, and suggest the

need for further geographic analyses concerning the

potential factors which influence nutrition in this popula-

tion. Moreover the research demonstrates that clustering

over time can be investigated and the spatial components

of the nutrition transition can thus be documented. In

addition, the methods used in the present research may

be easily applied to other DHS survey data in order to

begin to understand geographic determinants of health in

low-income countries.
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