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Abstract

Objective. This study was designed to gather anthropometric and fitness-related data on Kenyan children living in urban
(UKEN) and rural (RKEN) environments and to compare them with previous data collected on Canadian children in
order to examine the potential nutrition-physical activity transition. Methods. Height, weight, waist circumference, triceps
skinfolds were directly measured on rural (RKEN) and urban Kenyan (UKEN) children (n = 179, 9-13 years) and com-
pared with existing data from Canadian children living in urban and rural environments (n = 274, 9-13 years). Aerobic
fitness was measured using the 20 m shuttle run, flexibility using the sit-and-reach test and isometric handgrip strength
was assessed. Results. None of the RKEN children were overweight or obese (OWO). However, 6.8% of UKEN boys and
16.7% of girls were OWO. The RKEN children had lower BMI, waist circumference, and triceps skinfolds than all other
groups (UKEN, and Canadian: p < 0.05). UKEN children were leaner than Canadian children (p < 0.05). Male and
female RKEN children had higher running speeds, and aerobic fitness than UKEN children (p < 0.001). Isometric strength
was not different between Kenyan groups and was not different from urban living Canadian children. UKEN children were
the least flexible group, and girls were more flexible than boys in all groups. Conclusions. Urban Kenyan children appear
to be showing signs of the nutrition-physical activity transition, as judged by the anthropometric similarities to contempo-
rary living Canadian children. Further support is provided by examining the difference in prevalence of overweight/obesity
among UKEN compared with their RKEN counterparts and their lower aerobic fitness level.
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Introduction

As developing nations become more prosperous,
they acquire some of the benefits of industrialized
nations (i.e., a reduction in mortality and morbidity
due to infectious diseases), along with some of the
problems (i.e., increased prevalence of chronic non-
communicable diseases and associated risks) (1,2).
Chronic diseases are associated with being over-
weight and obese (3) and are now rising in develop-
ing countries at a faster rate than that experienced
by developed countries (4). It has been suggested
that growing affluence and urbanization in Kenya is

associated with a nutrition-physical activity transi-
tion. While the nutrition-transition, defined by a
series of changes including the movement away from
more traditional agrarian subsistence dietary prac-
tices towards those influenced by Western cultures
and market forces that may lead to the overconsump-
tion of cheap, energy-dense food (5), has been
described for several years, the concomitant physical
activity transition is a more recently described
phenomenon (6,7). The physical activity transition
refers to a shift away from the high energy expendi-
ture activities such as farming, herding, gathering
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firewood, hunting, mining, and forestry towards
more sedentary occupations together with less active
modes of transportation and activity patterns during
leisure hours.

The prevalence of child overweight and obesity is
increasing in most countries across the globe (8), and
it is reported that the rates of obesity have tripled in
developing countries that have been adopting a West-
ern lifestyle (9). However, among African countries
maintaining a traditional lifestyle the populus view is
that the prevalence of obesity is low. Despite this,
anecdotal evidence and media reports suggest that
the nutrition and physical activity transition is in fact
emerging in many developing countries (10-14) and
evidence from other African nations indicate that
child overweight and obesity is on the rise and is
increasingly becoming a public health problem in
such countries (8,15,16), including East Africa (17).
While there are reports indicating that in some parts
of Africa fatness and obesity affects more children
than malnutrition does (www.iotf.org), the potential
adverse effects of rapid modernization on body weight
and fitness in Kenyan children is not known.

Childhood obesity gives rise to a complex inter-
play between co-morbidities, detrimental psychoso-
cial aspects, a reduction in life expectancy and is
linked with both economic and societal burdens.
Having already experienced, and continuing to cope
with the effects of the nutrition-physical activity tran-
sition in Canada, the Kenyan International Develop-
ment Study-Canadian Activity Needs (KIDS-CAN)
Research Alliance was established to develop a research
programme to explore correlates of child obesity
(e.g., physical activity, fitness and nutrition) in Kenya,
a country at risk of rapid transition, with the hope
that research and surveillance efforts will raise aware-
ness of the nutrition-physical activity transition and
lead to preventive interventions.

An early indicator of the economic transition of
developing countries is urbanization. A comparison
between urban and rural Kenyan children provides
a model for the KIDS-CAN Research Alliance to
detect the emergence of the nutrition and physical
activity transition. Comparisons with a developed
country, like Canada, allows for a further assessment
of this public health concern. Therefore, the purpose
of this study was to gather anthropometric and
fitness-related data on Kenyan children living in both
urban (UKEN) and rural (RKEN) environments
and to compare them with previous data collected
on Canadian children (18). We hypothesized that
RKEN children would be leaner than their urban
counterparts, who would be closer in similarity to
contemporary living Canadian children, and that
RKEN children would be more aerobically fit and
stronger than an UKEN population.

Methods
Subject selection

Kenyan children aged 9-13 years (n = 179) from two
urban and two rural schools participated (86 boys,
93 girls). This study employed a convenience sample
of one public and one private school from a rural
Kenyan (RKEN, Rift Valley Province) and urban
Kenyan (UKEN, Nairobi Province) population. The
schools were contacted based on an existing relation-
ship with Kenyatta University as well as their repre-
sentation of the rural-urban sample being targeted.
Children and parents completed written informed
assent and consent (available in English and Swahili),
respectively, prior to participating in the study. A
verbal explanation was also given and any queries
answered by study staff. The study protocol received
ethical approval from the Kenya Medical Research
Institute and the research ethics boards of the
Canadian research institutes. The study was designed
to test 50 children per school (n = 200) and thus our
sample of 179 indicates a successful recruitment,
consent and compliance to measurement rate.

Anthropometric measures

Direct measures of height, weight, waist circumfer-
ence and skinfold thickness were taken according to
the procedures outlined in the Canadian Physical
Activity, Fitness and Lifestyle Approach (19). Height
was measured to the nearest 0.1 cm, using a stadi-
ometer, as the maximum distance from the ground
to the highest point on the head positioned in the
Frankfurt plane with shoes off, feet together, and
arms by the sides. Body mass was measured using a
calibrated scale (BWB-800 MA TANITA, Nether-
lands) and recorded to the nearest 0.1 kg and body
mass index (BMI, kg/m?) was calculated. Waist
circumference was assessed while children were
standing erect with their arms hanging loosely at
their sides. The measure was taken against the skin
at the end of a normal expiration with the tape posi-
tioned horizontally mid-way between the bottom
floating rib and the iliac crest. The measurement was
recorded to the nearest 0.5 cm. Skinfold thickness
measures were taken from the right side at two stan-
dard anatomical sites (triceps and subscapular
regions) (19). The mean of two measurements was
taken and if the two measurements differed by greater
than 0.4 mm, a third measure was performed and
the mean of the two closest measures was used.

Fitness measures

Cardiorespiratory fitness was measured among
the Kenyan children using the 20 m Multistage
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Endurance Shuttle-Run Test (or ‘beep test’),
currently the most widely used aerobic fitness field
test with children and adolescents (20). The test has
been shown to be a reliable and valid method of esti-
mating peak oxygen consumption (Vo,) in children
and adolescents (21). This test involved continuous
running between two lines 20 m apart in time to
recorded beeps, which get closer together after every
minute or level (i.e., increased speed). The test was
stopped when the subject failed to keep pace for two
consecutive shuttles.

Flexibility was measured using the sit-and-reach
test (19). Participants sat on a mat with their
legs out, straight ahead, and the soles of their feet
(shoulder-width apart) flat against the flexometer.
With legs flat against the mat and hands on top of
each other the subjects were asked to reach forward
along the measuring line as far as possible. After a
standard stretching routine two attempts were made
and the greatest stretch distance was recorded.

Isometric grip strength was assessed using the
handgrip test (19).The participants held the handgrip
dynamometer (LB9011 Senoh, Japan) in the hand to
be tested, with the arm at the side but not touching
the body. The subjects were instructed to squeeze the
dynamometer with maximum isometric effort while
exhaling. This was performed twice with each hand
(alternating) and the highest result from each hand
was summed to produce the final score.

Comparisons with Canadian children

Previous studies have examined the fitness levels and
anthropometric measures in contemporary living chil-
dren from urban (USK) and rural (RSK) Saskatchewan,
Canada (18). Identical measures to those used in
the present study (except for aerobic fitness) were per-
formed on Canadian children of the same age who
live in both rural (n = 164) and urban (n = 110) areas.
Assessors for both the Kenyan and Canadian popula-
tions were trained on the measurement techniques by
the same individual. Utilization of these previously
obtained values permits a direct comparison between
rural and urban children from a developed and a
developing country.

Statistical analyses

Differences in continuous variables (body composi-
tion and fitness) between comparison groups were
performed using the GLM procedure with group
and gender as main effects and chronological age as
the covariate. When main effects were significant,
post-hoc comparisons were made to determine which
between-group differences were significant (with
Bonferroni adjustment for multiple comparisons).

Chi-squared tests were used to compare the overweight/
obesity prevalence data. All statistical analyses were
performed using SPSS v.17.0 software with signifi-
cance set at p < 0.05.

Results
Anthropometrics

The assessment of anthropometric variables illus-
trated several interesting differences between rural
and urban Kenyan children and their Canadian com-
parators. Shown in Table I are values for BMI, waist
circumference and triceps skinfold thickness. Over-
all, the RKEN children were found to have lower
BMI (range: —2.1 to —4—4 kg/m?), waist circumfer-
ence (range: —5.1 to —10.7 cm) and triceps skinfold
thickness (range: —4.4 to —11.7 mm) compared with
the other groups. Using the categorization of over-
weight or obese based on the cut-off points published
by Cole et al. (22), none of the rural Kenyan children
were overweight or obese; however, 6.8% of the boys
and 16.7% of the girls in the urban school setting
were considered overweight/obese (Figure 1).

Fitness

As shown in Table II, rural Kenyan children (both
male and female) have significantly greater aerobic
fitness relative to their urban counterparts, as mea-
sured by shuttle run laps completed and maximal
speed attained (11.65 * 0.15 vs. 10.66 = 0.15 km/h
for boys and 11.11 = 0.13 vs. 9.86 * 0.11 km/h for
girls, p < 0.05). Using age- and sex-specific z-scores
for maximal shuttle run speed to normalize the find-
ings (20), these values equate to percentile rankings
of 74% vs. 48% for RKEN and UKEN boys and
80% vs. 41% for rural and urban girls, respectively,
(p < 0.001 for both males and females). The dif-
ferences in predicted aerobic capacity or maximal
oxygen consumption (Vo,max, ml/kg/min), were cal-
culated using the formula developed by Leger et al.
for use in children 8-19 years of age (23). Values are
shown in Table II where boys had significantly higher
values (p < 0.05). Unfortunately, comparisons could
not be made with the Canadian populations as the
fitness assessment performed in these populations
utilized a different field test.

Although clear differences were observed in
aerobic fitness, isometric strength, as measured by
handgrip dynamometry in kg adjusted to body weight
(kg/kg body weight) was not different between Kenyan
groups and was not significantly different from mea-
sures in urban living Canadian children (Table III).
As expected (except in the rural Kenyan population)
there were significant gender differences in this measure
of strength.
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significant <than all groups,

significant gender difference, a =

9-13 years for all groups, *

Table I. Age and anthropometrics variables (mean + standard error (SE)). Age range

b = significant <RSK & USK. Statistical significance defined as p < 0.05.

USK

RSK

UKEN

RKEN

Girls (n = 39) Boys (n = 44) Girls (n = 54) Boys (n = 74) Girls (n = 90) Boys (n = 52) Girls (n = 58)

Boys (n = 42)

11.18 = 0.19 11.33 + 0.25 11.05 = 0.24

10.89 = 0.21

10.59 = 0.25

11.0 = 0.28

11.83 = 0.29

11.07 = 0.28

Age (years)
median

11.03
19.19 * 0.36
64.66 = 0.85

11.44
19.1 = 0.38
64.17 = 0.89

11.18
19.56 * 0.29*

66.09 = 0.68
21.12 = 0.69"

10.85
18.7 = 0.32
64.38 = 0.75

10.55
18.03 * 0.39
64.36 = 0.92

10.87
17.22 = 0.42b

61.8 + 0.97

11.44
15.36 * 0.44?
56.42 = 1.032

11.11
15.34 = 0.43?
57.95 = 0.99*

Body mass index (kg/m?)

Waist circumference (cm)
Triceps skinfold (mm)

18.83 * 0.85

18.1 £ 0.90

15.27 = 0.76

13.7 £ 0.93 b*

9.45 + 0.98°

7.38 £ 1.04*"

6.12 + 1.00°

Prevalence of Overweight/Obese

35
30 | Boys *
O Girls
25- i
& *
s 204
E h
@
S 151
[+
104 b
51 a a
0
RKEN UKEN RSK USK

Figure 1. Prevalence of overweight/obesity. See text for definition
of groups. “=significant gender difference, a = significant <than
all groups, b = significant <RSK & USK, ¢ = significant <USK.

Urban Kenyan children were found to be the least
flexible group, as measured by their sit and reach val-
ues, but other than girls being more flexible than boys
no apparent trends were identified (Table IIT).

Discussion
Main findings

Kenyan children in urban settings appear to be
showing signs of the nutrition-physical activity tran-
sition, as judged by the anthropometric similarities
to contemporary living Canadian children. Further
support is provided by examining the difference in
prevalence of overweight/obesity among UKEN
(6.8% boys and 16.7% girls) compared with their
RKEN counterparts and their lower aerobic fitness
level. Additional data from our KIDS-CAN group,
reported elsewhere (24), also indicates that urban
Kenyan children partake in more sedentary behav-
iours, rely less on active transport practices and accrue
fewer daily step counts than their rural counterparts.
Collectively, these data suggest that UKEN children
are being exposed to a more obesogenic lifestyle
and show greater similarity to contemporary living
Canadian children than rural Kenyan children.

Anthropometrics

As hypothesized, the RKEN were leaner than the
UKEN as measured by BMI, waist circumference
and triceps skinfold thickness. Table I and Figure 1
illustrate an upward trajectory in body composition
measures from rural to urban Kenyan and then to
contemporary living Canadian children supporting
the premise that urbanization and thus adoption of
a more ‘Western’ lifestyle leads to less favourable
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Table II. Aerobic fitness. “= significant gender difference, a = significant >UKEN (significance defined as p < 0.05).

RKEN UKEN
Boys Girls Boys Girls
20 metre Shuttle Run (no. laps) 59.25 *+ 2,522 48.37 + 2.67% 40.96 + 2.46 26.3 £ 2.28"
Maximal shuttle run speed (km/h) 11.65 = 0.132 11.11 = 0.14* 10.66 = 0.13 9.87 + 0.12%
Estimated VO, (ml/kg/min) 52.75 = 0.667 50.13 = 0.70%* 47.85 *+ 0.64 44.04 = 0.59"

body composition profiles. Data related to physical
activity levels and sedentary behaviours (television
(TV), video games) in UKEN versus RKEN children
is reported elsewhere (24), but do indicate that
UKEN children participate in more sedentary behav-
iour than their RKEN counterparts. However, TV
and video games are not unfamiliar in the RKEN
environment as many of the children do report time
spent watching TV or playing video games. As
we have seen in contemporary living populations,
the availability of such sedentary pastimes will likely
replace more active ones as electricity and other
similar amenities become more available to the RKEN
population.

Strength and flexibility

Given the typical lifestyle related activities (traveling
to collect water, manual harvesting chores, shuttling
cattle etc.) associated with rural living in Kenya, we
had anticipated that these children would have been
stronger than their urban counterparts. Paradoxically
we found that grip strength was actually lower in the
rural Kenyan population, even when adjusted for body
size, compared with that measured in the urban chil-
dren and the contemporary and traditionally living
Canadian populations.

Aerobic fitness

While this is not the first report of Kenyan boys
having high measured VO, max levels (25), the obser-
vation that aerobic fitness was significantly greater in
RKEN (boys and girls) compared with UKEN, as
demonstrated by the number of shuttle laps com-
pleted, estimated VO,max, and maximal speed
attained, is new. This study was not designed to
address why this phenomenon takes place but we
would hypothesize that the greater aerobic fitness is
likely due to preservation of a more traditional and
active lifestyle and less reliance on automobile trans-
port and avoidance of a sedentary lifestyle. In com-
parison to worldwide data RKEN children score
higher on average than any other country where data
are available while UKEN children appear average
(see Table IV). It is important to note that the exer-
cise values obtained in rural Kenyan children likely

underestimate aerobic fitness. Exercise testing was
conducted at approximately 8000 feet of altitude.
Moreover, the children studied in this investigation
were all natives to high altitude and we are unable to
ascertain with any certainty what their sea-level aer-
obic fitness would be, or what is the effect of life-long
acclimatization.

Data from the 2003 Kenya Demographic and
Health Survey, carried out by the Central Bureau of
Statistics in partnership with the Ministry of Health
and the National Council for Population and Devel-
opment (26), indicates that approximately 90% of
children between 6 and 15 years of age attend school.
Attendance is not different between rural and urban
schools or between boys and girls. However, the dress
code differs significantly between boys and girls, with
girls wearing dresses or skirts in both urban and rural
environments. This difference in dress code may
impede regular participation in physical activity out-
side of scheduled physical education lessons and thus
may contribute to the differences in body composi-
tion and fitness variables between girls and boys;
however, would not account for the differences
between rural and urban environments as the
uniforms worn by girls were similar in both locales.
Traditionally there have been gender differences in
the encouragement or acceptability of physical activ-
ity but considerable progress has been made regard-
ing gender equity in Kenyan schools and we would
not expect female students to receive less support for
engaging in physical activity. It must be mentioned
that strong socio-cultural beliefs do exist in many
developing countries that perceive obesity, or “round-
ness”, as something to be revered and a sign of wealth
and prestige. Kenya, like many other African nations,
is experiencing these challenges and such beliefs may
exacerbate the fight against the physical activity tran-
sition and commensurate rise in childhood obesity.

Methodological limitations

This study is not without limitations. We relied on a
relatively small, convenience sample, as was described
in the methods section. While we cannot interpret
this as representative of the country as a whole, there
is no reason to believe that the urban and rural
schools (both private and public) tested would be
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significant gender difference, a = sign. <RKEN, RSK & USK, b = significant <RSK (significance defined as p < 0.05).

Table III. Static strength and flexibility.

USK

RSK

UKEN

RKEN

Girls

Boys

Girls

Boys

Girls

Boys

Girls

Boys

Strength

0.93 *+ 0.042 1.13 = 0.04 0.92 *= 0.04*" 1.24 = 0.03 1.14 = 0.03" 1.12 = 0.04 0.99 * 0.032"

0.99 = 0.04*

Handgrip (kg/kg body weight)

Flexibility

32.22 + 0.65" 26.92 *+ 0.86 31.35 = 0.81°

26.66 * 0.72

31.04 = 0.99 b 24.86 * 0.93 25.85 = 0.88*

25.71 * 0.95

Sit-and-reach (cm)

Table IV. Twenty metre shuttle run performance indices for
various countries adapted from Olds et al. (37). Performance
index = mean age- and sex-specific maximal speed z-scores,
n = sample size. A z-score of 0 indicates that the maximal speed
equals the mean. A positive z-score indicates that the maximal
speed is greater than the mean and a negative z-score indicates
that the maximal speed is less than the mean.

Country n Performance index
Rural Kenya 81 0.918
Urban Kenya 98 —0.113
Cote d’Ivoire (Africa) 3 881 0.292
Benin (Africa) 5 280 0.117
Senegal (Africa) 3023 0.033
Djibouti (Africa) 1784 0.016
South Africa (Africa) 1230 0.040
Canada (North America) 13 474 0.245
USA (North America) 1878 —0.620
France (Europe) 11 301 0.266
UK (Europe) 6 333 —0.046
Australia 82 129 —0.201
Japan (Asia) 95 763 0.216
Singapore (Asia) 104 —0.867

significantly different from those in other regions
in Kenya. While every attempt was made to ensure
that measurements were made in an accurate and
reliable fashion, the assessments were made in a field
setting without the tight control of a laboratory set-
ting. Few schools in Kenya have a gymnasium, thus
the aerobic fitness testing was performed outdoors
in the schoolyard on the flattest surface available.
Given the measures were made outdoors we were
unable to control temperature or humidity; however,
these environmental conditions were not drastically
different between locations and were customary in
these regions.

Perspectives

Life in many developing nations is undergoing rapid
change, and although technologies, such as comput-
ers, the internet, satellite TV, and cell phones, took
decades to permeate North American society, all of
these ‘electronic age’ items are becoming available
very quickly in Kenya. Our findings, as well as those
from other groups, indicate that urban environments
appear particularly threatened (7,27). In fact, data
from other African nations have also illustrated a sig-
nificant rise in childhood obesity, particularly in
urban centres (16,28) and these in addition to trends
from the adult population (16,29-31) imply that the
environmental and societal conditions exist for devel-
oping nations, such as Kenya, which has a virtually
identical population as Canada, to experience a
public health dilemma unlike those generally seen
in developed nations. They will be forced to cope
with the double burden of a greater infectious disease
load (i.e., HIV/AIDS: 1 million in Kenya (32) versus
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65 000 in Canada (33), and malaria affecting
20 million Kenyans annually (34) vs. <400 Canadi-
ans annually (35)), in addition to chronic disease
(obesity, diabetes, heart disease, among others).
Given the frequently publicized fledgling public
health care systems and commonly reported shortage
of medical specialists in developing countries (36),
prevention strategies are of paramount importance
to reduce the predicted detrimental impact of a
chronic disease epidemic.
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