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Background: Although habitual physical activity energy expenditure (PAEE) and cardio-respiratory fitness (CRF)
are now well-established determinants of metabolic disease, there is scarcity of such data from Africa. The aim of this
study was to describe objectively measured PAEE and CRF in different ethnic populations of rural Kenya.

Methods: A cross-sectional study was done among 1,099 rural Luo, Kamba, and Maasai of Kenya. Participants
were 17–68 years old and 60.9% were women. Individual heart rate (HR) response to a submaximal steptest was used
to assess CRF (estimated VO2max). Habitual PAEE was measured with combined accelerometry and HR monitoring,
with individual calibration of HR using information from the step test.

Results: Men had higher PAEE than women (�78 vs. �67 kJ day21 kg21, respectively). CRF was similar in all
three populations (�38 and �43 mlO2�kg21 min21 in women and men, respectively), while habitual PAEE measures
were generally highest in the Maasai and Kamba. About 59% of time was spent sedentary (<1.5 METs), with Maasai
women spending significantly less (55%). Both CRF and PAEE were lower in older compared to younger rural Kenyans,
a difference which was most pronounced for PAEE in Maasai (26.0 and 211.9 kJ day21 kg21 per 10-year age difference
in women and men, respectively) and for CRF in Maasai men (24.4 mlO2�min21 kg21 per 10 years). Adjustment for he-
moglobin did not materially change these associations.

Conclusion: Physical activity levels among rural Kenyan adults are high, with highest levels observed in the
Maasai and Kamba. The Kamba may be most resilient to age-related declines in physical activity. Am. J. Hum. Biol.
24:723–729, 2012. ' 2012 Wiley Periodicals, Inc.

Habitual physical activity and cardio-respiratory fitness
(CRF) are important regulators of metabolism and major
determinants of modern lifestyle diseases such as Type 2
diabetes and cardiovascular disease (Gill et al., 2006;
Helmrich et al., 1991). Several studies have reported a
reduction in CRF among ethnic groups in different conti-
nents as a consequence of a shift from traditional to more
modern lifestyle (Celis-Morales et al., 2011; Ekblom and
Gjessing, 1968; Rode and Shephard, 1984).

In East Africa, a secular increase in metabolic disease
burden has been observed over recent decades, with diabe-
tes prevalence of rural dwellers in Tanzania estimated at
0.9% in 1989 (McLarty et al., 1989) and 2.2% in rural Ken-
yan dwellers in 2009 (Christensen et al., 2009). Similarly,
cholesterol levels in the Maasai have increased by about
12% over the last four decades (Biss et al., 1970; Mbalilaki
et al., 2010). However, there is a paucity of data on free-
living physical activity and CRF. Further, most epidemio-
logical studies in African populations in which the associa-
tion between physical activity and chronic diseases have
been examined have used questionnaire-based exposure
measurement (Aspray et al., 2000; Ezenwaka et al., 1997;
Forrest et al., 2001; Kruger et al., 2002; Mbalilaki et al.,
2007; Sobngwi et al., 2002). However, the validity of ques-
tionnaires to assess quantitative measures of physical ac-
tivity such as its associated energy expenditure (PAEE)
has been questioned (Wareham, 2001).

Population-based free-living PAEE has only been objec-
tively assessed in one African study, which was conducted
in Cameroon (West Africa) using combined accelerometry
and heart rate (HR) monitoring (Assah et al., 2011), a
method which demonstrated good agreement with the
doubly labeled water method (Assah et al., 2011). Rural
dwellers of Cameroon were found to be more active than
urban residents in both men (66.5 vs. 53.4 kJ day21 kg21)
and women (55.7 vs. 38.9 kJ day21 kg21), a difference
which was also reflected in CRF levels.

In East Africa, rural Maasai men were reported to have
high CRF (=55 mlO2�kg21 min21), and markedly lower
CRF from age 44 years onward (Mann et al., 1965). How-
ever, a similar age-related difference in CRF could not be
found in rural Kenyan men and women of different ethnic
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groups (di Prampero and Cerretelli, 1969). Both of these
studies from the 1960s used objective methods to estimate
CRF but were relatively small and, apart from reports in
specific occupational groupings as for example sugarcane
cutters in Tanzania (Davies and Van Haaren, 1973), more
recent population data are missing.

Rural East Africa is dominated by ethnic clustering and
economies based on traditional lifestyle. Agriculture is the
most widespread economy but some ethnic groups depend
also on fishing or pastoralism for their livelihood (Hansen
et al., 2011). In addition, these populations live at differ-
ent altitude, and taken together these differences may
result in diverse levels of fitness and physical activity.

The purpose of this study was to compare objective
measures of CRF and physical activity, including PAEE,
in three population-based samples of rural Luo, Kamba
and Maasai in Kenya, representing predominantly agro-
fishing, agricultural, and agro-pastoralist lifestyles,
respectively.

STUDY POPULATION AND METHODS

Study area and population

Inclusion criteria for the study were age �17 years and
Luo, Kamba, or Maasai ethnicity and living largely tradi-
tional lifestyles in rural districts of Kenya. Exclusion cri-
teria were pregnancy, serious illnesses such as malaria,
inability to walk unassisted and severe mental disease
(Christensen et al., 2008; Hansen et al., 2011).

The Luo participants were examined at thirteen differ-
ent primary schools in Bondo district around Lake Victo-
ria �1,200 m above sea level (ASL). The Kamba partici-
pants were examined at Mutomo Hospital in Kitui District
in eastern Kenya �1,700 m ASL. The Maasai participants
were examined at Lolgorian Health Center in Transmara
district �1,800 m ASL. All participants were volunteers
who chose to participate following information given at
local community meetings.

If the participant did not know his/her age, the local
social mobilizer estimated his/her age according to perso-
nal events such as circumcision and age-set membership.

All participants gave written or oral informed consent.
Ethical permission was obtained from the National Ethi-
cal Review Committee in Kenya and study approval was
given by the Danish National Committee on Biomedical
Research Ethics in Denmark.

Field work was completed between August and Novem-
ber 2005. A total of 1,178 individuals of mean (range) age
39.0 (17–68) years were included in the study, of whom
1,048 (89.0%) had complete information on CRF and 1,099
(93.3%) on physical activity. The ethnic distribution was
381 Luo (209 women, 172 men), 377 Kamba (283 women,
94 men), and 341 Maasai (178 women, 163 men).

Assessment of physical activity and cardio-respiratory
fitness

The physical activity and fitness measurements were
carried out using a combined uniaxial accelerometer and
HR sensor (Actiheart, Cambridge Neurotechnology, Cam-
bridge, UK). Following an overnight fast, the monitor was
applied to the chest on two ECG electrodes (Unomedical
A/S, Birkerød, Denmark); a medial electrode placed at the
lower part of the sternum, and a lateral electrode placed
on the same horizontal level and as laterally as possible

without stretching the wire below the major pectoral mus-
cle (Brage et al., 2006).

Each participant was asked to perform an 8-min step
test administered in the form of a drum beat included in
the Actiheart software to facilitate time synchronization,
stepping up and down a 21.5-cm high step (Reebok, Lan-
caster, UK). The stepping frequency was 15 step cycles
(body lifts) per minute in the first minute, after which it
increased linearly up to 33 steps per minute at the end.
The test was followed by two minutes of sitting recovery.
HR recovery was measured for at least 90 s after the step
test, regressed against recovery time, and expressed as
the HR above sleep at 1-min poststepping (Brage et al.,
2007). The individual HR response to the step test was
used to calibrate HR to protocol-estimated physiological
intensity, and also to obtain an estimate of the CRF level
(expressed as ml O2�min21 kg21) by extrapolation of the
submaximal relationship to age-predicted maximal HR
(Tanaka et al., 2001) and adding an estimate of resting
metabolic rate (Henry, 2005). For these analyses, only par-
ticipants performing at least 4 min of stepping were
included.

Following the step test procedure, the Actiheart was
downloaded and reinitialized for habitual monitoring
using 30-s epochs. The study participants were asked to
wear the monitor continuously over the following 5 days,
whilst continuing their normal daily activities. HR data
were preprocessed using a robust Gaussian Process
Regression method (Stegle et al., 2008). From these data,
sleeping HR, average HR above sleep and body movement
(accelerometry) during free-living, as well as physical ac-
tivity phenotypes were derived. In particular, physical ac-
tivity intensity was estimated by branched equation mod-
eling (Brage et al., 2004) to combine step-test calibrated
HR information with the accelerometry-based estimate of
intensity (Brage et al., 2007). Average daily PAEE was
derived by integration with respect to time, whilst mini-
mizing potential diurnal information imbalance bias. Indi-
viduals were included in the present analyses if they con-
tributed >24 h of valid (monitor worn) activity data.

Total energy expenditure (TEE) was derived by adding
a component for resting metabolic rate (RMR) and a com-
ponent for diet-induced thermogenesis (10% of TEE) to
the average daily PAEE. RMR was estimated using age,
sex, weight, and height (Henry, 2005). Physical activity
level (PAL) was calculated as the ratio of daily TEE/RMR,
from which prevalence of physical inactivity was defined
as proportion of individuals with a PAL < 1.6 (Shetty
et al., 1996). The time distribution of activity intensity
was described by first converting the intensity time-series
to units of MET using the estimate of RMR. Sedentary
behavior was then defined as intensity <1.5 MET, while
moderate and vigorous physical activity (MVPA) was
defined as intensity >3 MET. Time spent in these catego-
ries was then summarized across the time-series data for
each individual.

Participants who completed <4 min of the step test
were asked to do another step test after the monitoring pe-
riod of habitual activity. For the present analysis, how-
ever, completion of >2 min of a step test was regarded as
sufficient for inclusion, using a combination of slope-and-
intercept and 1-point calibration methods (Brage et al.,
2007). Specifically, we used the HR at the 2-min point dur-
ing stepping to derive a 1-point model for fitness in the
individuals providing >4 min of stepping; this was then
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applied in the individuals stepping between 2 and 4 min.
Activity data from individuals who did not have a valid
step test calibration were processed with a group-based
equation which only takes gender, age, and sleeping HR of
the individual into account, derived using all available
valid step test data.

Blood test

Blood hemoglobin (Hb, in g dl21) was determined using
a standard Coulter counter technique (model KX-21N,
Sysmex Corporation, Kobe, Japan).

Statistics

We used sleeping HR, step recovery HR, and estimated
VO2max as dependent CRF variables. Hb was used as de-
pendent oxygen-binding capacity variable. Average habit-
ual HR above sleep, accelerometric movement, time spent
(%) <1.5 MET, time spent (%) >3 MET, PAEE and PAL
were used as dependent physical activity variables. Eth-
nic grouping was treated as a categorical variable. Analy-
sis of variance was used to test for differences in means
and overall group effect, followed by Tukey post-hoc test
for between-group differences. Means for dependent vari-
ables were standardized to 40 years of age by use of linear
regression. Data for females and males were analyzed sep-
arately. Sensitivity analyses were conducted using stricter
criteria for inclusion of fitness estimates (step test dura-
tion >4 min) and physical activity data (>72 h of valid
data). P-values <0.05 were considered statistically signifi-
cant. All analyses were done with the Stata 11.2 IC ver-
sion (Stata, College Station, USA).

RESULTS

Participant characteristics are shown in Table 1. Maa-
sai participants were slightly younger, and the Kamba
had the lowest weight and height. Hb level was lowest in
the Luo and highest in the Maasai.

The median (interquartile range) step test duration was
7.0 (5.0–8.0) min, with 1049 participants stepping >2 min
and 904 stepping �4 min. The Actiheart was worn over an
average (range) of 3.9 (1.0–8.1) days, slightly shorter
among the Maasai (3.8 days) compared to the Luo (4.0
days, P 5 0.050), and the Kamba (4.0 days, P 5 0.032),

with 1099 participants accumulating >24 h and 1,039
accumulating >72 h of valid activity data.

CRF and PAEE in the three ethnic groups are presented
in Table 2. Kamba women had the highest sleeping HR.
Maasai had the lowest and Luo the highest recovery HR
(above sleep) in women and men, respectively but no dif-
ferences were found in CRF between the three ethnic
groups in neither gender. Similar patterns were observed
when stricter criteria for inclusion (>4-min step test dura-
tion) were applied.

Accelerometric movement was lowest in Luo men and
women but only in the women was this significantly
reflected in PAEE, PAL, and proportion of time spent in
MVPA. These measures also suggested that Maasai women
were most physically active, and spent less time sedentary.
Adjusting for Hb as a proxy for oxygen-binding capacity did
not change the group mean estimates (data not shown);
however, Hb was positively associated with CRF in women
(P 5 0.001) but not in men (P 5 0.574), whereas men with
higher Hb had higher PAEE (P 5 0.038) but this associa-
tion was not significant in women (P 5 0.620).

CRF was positively correlated with PAEE (r 5 0.59, P <
0.001); the relationship being a 1.9 kJ day21 difference in
PAEE for every 1 ml O2 min21 difference in CRF (similar
in men and women and across ethnic groups).

Using PAL <1.6 to denote prevalence of physical inac-
tivity and adjusted to 40 years of age using logistic regres-
sion, mean (95% CI) prevalence was highest in Luo
women (23.1%, 16.3; 32.7%), followed by the Kamba
(13.2%, 9.1; 18.9%) and the Maasai (6.3%, 3.3; 12.0%). In
men, corresponding estimates were 12.8% (7.9; 20.7%) in
Luo, 8.6% (4.2; 17.4%) in Kamba, and 6.9% (3.6; 12.9%) in
Maasai. Using stricter criteria for inclusion (>72-h activ-
ity data) did not materially change observed differences
between ethnic groups.

CRF as well as PAEE were inversely associated with
age in all three ethnic groups (Figs. 1 and 2). For each 10-
year difference in age, CRF was about 2 mlO2�min21 kg21

lower in women, while in the men (with over 10% higher
mean levels), the age-related differences were of similar
magnitude in Kamba but more pronounced in Luo and
Maasai (23.0 and 24.6 mlO2�min21 kg21 per 10 years,
respectively) men. For PAEE, age-related differences were
highest in the Maasai at 26.0 and 211.9 kJ day21 kg21

per 10 years in women and men, respectively (Table 3).

TABLE 1. Biological background characteristics stratified by ethnicity and gender

Luo (n 5 381) Kamba (n 5 377) Maasai (n 5 341) P valuea

Age (years)
Women 39.0 (9.7) 40.3 (9.5) 34.6 (10.4)b,c <0.001
Men 39.9 (10.5) 42.2 (10.5) 38.5 (11.6)c 0.029

Weight (kg)
Women 58.1 (56.5; 59.6) 55.6 (54.2; 56.9) 59.2 (57.4; 60.9)c 0.004
Men 64.2 (62.5; 65.9) 56.0 (53.7; 58.4)b 64.0 (62.2; 65.8)c <0.001

Height (cm)
Women 163.2 (162.4; 164.0) 156.7 (156.0; 157.4)b 161.4 (160.5; 162.3)b,c <0.001
Men 174.2 (173.2; 175.2) 167.9 (166.6; 169.3)b 174.2 (173.2; 175.2)c <0.001

BMI (kg m22)
Women 21.8 (21.2; 22.4) 22.6 (22.1; 23.1) 22.7 (22.1; 23.4) 0.063
Men 21.1 (20.6; 21.6) 19.8 (19.1; 20.5)b 21.1 (20.5; 21.6)c 0.009

Hemoglobin (g dl21)
Women 12.1 (11.8; 12.3) 12.6 (12.4; 12.8)b 12.7 (12.4; 13.0)b 0.001
Men 14.1 (13.8; 14.3) 14.5 (14.2; 14.9) 15.7 (15.4; 15.9)b,c <0.001

Values for age are mean (SD). Other values are mean (95% CI), standardized to 40 years of age.
aP value denotes overall difference between groups.
bSignificantly different from Luo (P < 0.05) in Tukey post-hoc test (adjusted for age).
cSignificantly different from Kamba (P < 0.05) in Tukey post-hoc test (adjusted for age).
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DISCUSSION

We observed relatively low levels of CRF in men (�43
mlO2�kg21 min21) and women (�38 ml O2�kg21 min21),
respectively, among all three ethnic groups (adjusted to 40
years of age). In comparison with earlier studies of rural
populations, and keeping method differences in mind, the
Maasai had 10–25% higher CRF levels four decades ear-
lier for the same age (di Prampero and Cerretelli, 1969;
Mann et al., 1965). However, the average CRF level of the
Kamba in our study was only 5% lower, compared to the
biologically and culturally related Kikuyu and Meru
measured in the 1960s (di Prampero and Cerretelli, 1969).
Current fitness levels are also lower than those measured
in Tanzanian sugarcane cutters in the 1970s (Davies,
1973; Davies and Van Haaren, 1973). Thus, the overall
trend suggests a decline in fitness of rural East Africans
over time and for the Maasai population in particular.

Bearing in mind that age differences in CRF estimated
from submaximal tests should be interpreted with cau-
tion, the age-related difference was evident in all three
ethnic groups but more pronounced in men compared to
women, and especially in the Maasai. A similar inverse
relationship between CRF and age was observed in rural
Maasai from Tanzania four decades earlier (Mann et al.,
1965). Culturally determined changes in physical activity
with increasing age as well as age-related sarcopenia are
possible explanations for what seems a fairly large differ-
ence in CRF between young and old adults.

Age-related differences in prevalence of overweight and
obesity in the same study population (Christensen et al.,

2008) may at least partly explain the parallel differences
in CRF levels. These findings are also in line with our pre-
vious observations on lower glucose tolerance in older
adults, although the rural population as a whole has a
relatively low diabetes prevalence of 2.2% (Christensen
et al., 2009). This is, however, still higher than earlier esti-
mates of 0.9% (McLarty et al., 1989), which is paralleled
by a secular increase in population cholesterol levels (Biss
et al., 1970; Mbalilaki et al., 2010). This places the sug-
gested decline in physical activity and fitness over time in
a noncommunicable disease context.

Sleeping HR and recovery HR also reflect CRF in an
inverse manner (Brage et al., 2007; Darr et al., 1988). In
the present study, recovery HR was highest in the Luo
among both women and men, while sleeping HR was simi-
lar among the three ethnic groups. CRF is to some extent
dependent on the Hb level, which in turn depends on iron
status and intake of other micronutrients, history of inflam-
mation, as well as exposure to altitude. These environmen-
tal influences were reflected in the Hb values in men and
women with a tendency among the Maasai to have the
highest and the Luo to have the lowest values. Given that
CRF levels were similar within each gender in the three
ethnic groups, this may reflect that fitness-enhancing activ-
ity is lower in the Maasai population and higher in the Luo.

A recent study found a strong dose-response relation-
ship between volume of exercise and change in CRF
(Church et al., 2007), and in the current study a strong
cross-sectional relationship was also observed between
PAEE and CRF. However, increasing physical activity lev-
els will not necessarily increase CRF if the activity is pre-

TABLE 2. Estimations of cardio-respiratory fitness and physical activity for ethnic groups by sex

Luo (n 5 381) Kamba (n 5 377) Maasai (n 5 341) P valuea

Sleeping HR (beats min21)
Women 59.1 (58.1; 60.1) 61.0 (60.1; 61.8)b 59.2 (58.1; 60.3)c 0.007
Men 54.4 (53.3; 55.5) 55.2 (53.7; 56.8) 55.6 (54.4; 56.7) 0.342

Recovery HR above sleepd (beats min21)
Women 30.1 (28.0; 32.2) 27.7 (25.9; 29.5) 23.4 (21.1; 25.7)b,c <0.001
Men 26.3 (24.3; 28.4) 20.9 (18.2; 23.6)b 21.4 (19.4; 23.4)b <0.001

Cardio-respiratory fitnesse (ml O2 min21 kg21)
Women 37.8 (36.8; 38.7) 37.7 (36.9; 38.5) 38.9 (37.8; 39.9) 0.212
Men 42.9 (42.0; 43.9) 43.1 (41.7; 44.4) 43.1 (42.1; 44.1) 0.971

Habitual HR above sleep (beats mini21)
Women 19.4 (18.9; 19.9) 20.4 (20.0; 20.9)b 21.2 (20.6; 21.8)b <0.001
Men 20.1 (19.4; 20.7) 20.1 (19.3; 21.0) 19.1 (18.5; 19.8) 0.087

Accelerometric movement (m s22)
Women 0.13 (0.09; 0.17) 0.18 (0.15; 0.22) 0.15 (0.10; 0.19) 0.134
Men 0.17 (0.15; 0.18) 0.20 (0.19; 0.22)b 0.21 (0.20; 0.23)b <0.001

PAEEf (kJ day21 kg21)
Women 58.9 (55.0; 62.9) 67.4 (64.0; 70.8)b 74.5 (70.1; 78.9)b,c <0.001
Men 74.4 (70.8; 78.1) 80.9 (75.9; 85.9) 78.0 (74.2; 81.7) 0.110

PALf (TEE/RMR)
Women 1.81 (1.76; 1.86) 1.90 (1.86; 1.94)b 1.99 (1.94; 2.05)b,c <0.001
Men 1.93 (1.89; 1.96) 1.95 (1.90; 2.00) 1.95 (1.91; 1.99) 0.592

% Time spent <1.5 METf

Women 60.2 (58.8; 61.6) 59.2 (58.0; 60.5) 55.2 (53.6; 56.8)b,c <0.001
Men 59.4 (57.9; 60.8) 57.7 (55.7; 59.6) 58.9 (57.5; 60.4) 0.381

% Time spent >3 METf

Women 9.0 (8.2; 9.9) 11.4 (10.7; 12.2)b 13.2 (12.3; 14.2)b,c <0.001
Men 12.8 (11.9; 13.6) 13.3 (12.1; 14.5) 13.5 (12.6; 14.4) 0.501

Values are mean (95% CI), standardized to 40 years of age.
HR: heart rate; MET: metabolic equivalent; PAEE: physical activity expenditure; PAL: physical activity level; TEE: total energy expenditure; RMR: resting metabolic
rate.
aPvalue denotes overall difference between groups
bSignificantly different from Luo (P < 0.05) in post-hoc test (adjusted for age).
cSignificantly different from Kamba (P < 0.05) in post-hoc test (adjusted for age).
dRecovery heart rate at 1-min poststep test (based on 90-s regression), expressed above sleep HR.
eSample sizes are n 5 367 (Luo), n 5 358 (Kamba), and n 5 324 (Maasai).
fIndividually calibrated, except in those without valid step test where the following group calibration equation (based on all valid step tests) was used: Activity inten-
sity [J min21 kg21] 5 (6.80 2 0.005 age 1 0.30 gender 2 0.0009 SHR) 3 HRaS 2 0.02 age 1 16.1 gender 2 1.07 SHR 2 11.
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dominantly of low intensity (Gill, 2007). We measured
PAEE over �4 days and expressed it relative to RMR to
get an impression of the relative energy cost of daily activ-
ities. These results showed that the men spent roughly
13% of their time, or about 3 h day21, in MVPA (>3
METs). The same was true for the Maasai women and

MVPA was still over 2 h day21 in the Luo women, who
were the least active. This suggests that the intensity dis-
tribution of habitual physical activity in rural Kenyans of
today may be different than it was decades ago.

We also observed lower PAEE with in older compared to
younger in both genders. As for CRF, the difference was
most pronounced in the Maasai, and more so in men com-
pared to women. These differences point towards more pro-

Fig. 1. (a) The relationship between cardio-respiratory fitness (ml
min21 kg21) and age among women, stratified by ethnic group (poly-
nomial regression lines). For reference, a decline of �2 ml O2/10 years
denote the expected difference in CRF induced by using age-estimated
maximal HR. (b) The relationship between cardio-respiratory fitness
(ml min21 kg21) and age among men, stratified by ethnic group (poly-
nomial regression lines). For reference, a decline of �2 ml O2/10 years
denote the expected difference in CRF induced by using age estimated
maximal HR.

Fig. 2. (a) The relationship between activity energy expenditure
(kJ day21 kg21) and age among women, stratified by ethnic group
(polynomial regression lines). (b) The relationship between activity
energy expenditure (kJ day21 kg21) and age among men, stratified by
ethnic group (polynomial regression lines). [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

TABLE 3. Age-related differences in cardio-respiratory fitness and physical activity energy expenditure for ethnic groups by sex

Women P value Men P value

CRFa (ml O2 min21 kg21)
Luo 21.6 (22.6; 20.7) 0.001 23.0 (24.0; 22.1) <0.001
Kamba 21.9 (22.9; 21.0) <0.001 21.9 (23.2; 20.4) 0.001
Maasai 22.1 (23.0; 21.2) <0.001 24.4 (25.2; 23.6) <0.001

PAEEb (kJ day21 kg21)
Luo 21.9 (24.7; 1.0) 0.204 210.1 (213.7; 26.5) <0.001
Kamba 22.0 (26.5; 2.6) 0.391 23.9 (29.5; 1.7) 0.169
Maasai 26.0 (29.4; -2.7) <0.001 211.9 (214.8; 29.0) <0.001

All data are mean differences (95% CI) per 10-year difference in age. For reference, a decline of � 2 ml O2/10 year (� 0.29 mlO2�kg21 beat21 3 7 beat/10 year) denotes
the expected difference in CRF induced by using age-estimated maximal HR.
aCRF: cardio-respiratory fitness (N 5 629 women, N 5 420).
bPAEE: physical activity energy expenditure (N 5 670 women, N 5 429 men).
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nounced age-related and gender-specific cultural changes
in the Maasai, compared to the Luo and Kamba people.

An accelerometer on the trunk as was used in the pres-
ent study cannot meaningfully measure physical activity
while an individual is carrying out work with his or her
arms (Hendelman et al., 2000) but picks up walking very
well (Brage et al., 2007). The lower values obtained in
accelerometric movement in the Luo compared to the
Kamba and Maasai participants may therefore be a result
of differences in mode of physical activity with more walk-
ing taking place among the Kamba and Maasai, as PAEE
was higher in these populations.

In general, the PAL values have to be interpreted with
caution in this study, as RMR and dietary-induced ther-
mogenesis are both estimated. Of particular note is RMR,
which has been estimated using only participants’ age,
sex, height, and weight (Henry, 2005). According to Henry
and Rees (Henry and Rees, 1991), there is some evidence
of an overestimation of basal metabolic rate in people
from tropical countries in general by using estimated val-
ues obtained from mainly other population groups. Basal
metabolic rate was overestimated by 6.5% in African
males—no data exist on African females—when compared
to the Schofield equations (Schofield, 1985), and the newer
equations only make up for part of this discrepancy
(Henry, 2005). A similar bias would impact on amount of
time spent between <1.5 METs and >3 METs.

The present study showed no difference in the preva-
lence of physical inactivity (PAL < 1.6) between the ethnic
groups among the men. However, Maasai women had the
lowest and the Luo women the highest prevalence of phys-
ical inactivity. These dichotomized data correspond well
with the mean values for PAEE, especially in the women.

The average PAL values in the present study popula-
tions ranged from 1.81 to 1.99. In contrast, the energy ex-
penditure of Gambian women and men measured during
peak agricultural activity using the doubly labeled water
method and HR measurement showed a mean PAL value
>2.3 in nonpregnant women (Singh et al., 1989) and 2.4
in men (Heini et al., 1996). Compared with our results
this dramatic difference may indicate a difference in ac-
tivity levels as a result of seasonal variation as we col-
lected data following but not during the harvest season.
Nonetheless, these activity levels from rural East African
populations are 15–20% higher than recent estimates
from rural West Africans (Assah et al., 2011) and >50%
higher than levels measured in 55-year-old Europeans
(Eur J Epidemiol, 2012), both studies using the same
assessment method for physical activity. To obtain a
more accurate picture of habitual PAEE, future work
should adopt a repeated measurement design to reflect
possible seasonal variation.

The lower average PAL among the women compared to
the men (except in the Maasai) may be a result of an
energy-saving mechanism, and thus not necessarily less
physical activity per se as Maloiy et al. (1986) found low
energy costs of carrying heavy loads on the heads among
Luo and Kikuyu women. These findings have been con-
firmed later by others (Cavagna et al., 2002; Heglund
et al., 1995). To some extent, similar results have been
found in Gambian men, who had a 3% greater net effi-
ciency of walking at level and 10% elevation on a treadmill
compared to European men (Minghelli et al., 1990).
Nevertheless, the combined overall lower accelerometric
movement, lower PAEE and PAL measurements in

women provide some evidence that the females in our
study were less physically active than the males.

No questionnaire-based studies on physical activity in
African populations have investigated ethnic differences
(Aspray et al., 2000; Ezenwaka et al., 1997; Mbalilaki
et al., 2007; Sobngwi et al., 2002) but confirm our findings
that men are more physically active than women (Ezen-
waka et al., 1997; Kruger et al., 2002).

Certain limitations of this study should be acknowl-
edged. First of all, potential selection bias cannot be ruled
out due to not being able to use a random sampling frame.
Second, the key variables, CRF and PAEE, although based
on objective measurements, are still the results of estima-
tions by modeling; they are not measured directly.

In conclusion, this is the first epidemiological study to
objectively measure habitual physical activity in East
African populations. In combination with other changes in
lifestyle, age-related declines in physical activity and
CRF, especially in the Maasai and in the men, this may
increase the risk of noncommunicable diseases in rural
populations of low income.

ACKNOWLEDGMENTS

The authors are grateful to all study participants, the
local chiefs and subchiefs, the local elder councils and dis-
trict politicians. They kindly thank local assistants and
especially Robert Omondi of KEMRI for excellent social
mobilization of study participants. Likewise, they are
indebted to local assistants for their skilful collection of
physical activity data, and to Kate Westgate of MRC Epi-
demiology Unit, Cambridge, UK for assistance in data
processing. They acknowledge the permission by the
Director of KEMRI to publish this manuscript.

LITERATURE CITED

Aspray TJ, Mugusi F, Rashid S, Whiting D, Edwards R, Alberti KG,
Unwin NC. 2000. Rural and urban differences in diabetes prevalence in
Tanzania: the role of obesity, physical inactivity and urban living. Trans
R Soc Trop Med Hyg 94:637–644.

Assah FK, Ekelund U, Brage S, Mbanya JC, Wareham NJ. 2011. Urbaniza-
tion, physical activity, and metabolic health in sub-Saharan Africa. Dia-
betes Care 34:491–496.

Assah FK, Ekelund U, Brage S, Wright A, Mbanya JC, Wareham NJ. 2011.
Accuracy and validity of a combined heart rate and motion sensor for
the measurement of free-living physical activity energy expenditure in
adults in Cameroon. Int J Epidemiol 40:112–120.

Biss K, Taylor CB, Lewis LA, Mikkelson B, Hussey LK, Jey-Ho K. 1970.
The Masai’s protection against atherosclerosis. Pathol Microbiol (Basel)
35:198–204.

Brage S, Brage N, Ekelund U, Luan J, Franks PW, Froberg K, Wareham
NJ. 2006. Effect of combined movement and heart rate monitor place-
ment on physical activity estimates during treadmill locomotion and
free-living. Eur J Appl Physiol 96:517–524.

Brage S, Brage N, Franks PW, Ekelund U, Wong MY, Andersen LB, Fro-
berg K,Wareham NJ. 2004. Branched equation modeling of simultane-
ous accelerometry and heart rate monitoring improves estimate of
directly measured physical activity energy expenditure. J Appl Physiol
96:343–351.

Brage S, Ekelund U, Brage N, Hennings MA, Froberg K, Franks PW,
Wareham NJ. 2007. Hierarchy of individual calibration levels for heart
rate and accelerometry to measure physical activity. J Appl Physiol
103:682–692.

Cavagna GA, Willems PA, Legramandi MA, Heglund NC. 2002. Pendular
energy transduction within the step in human walking. J Exp Biol 205
(Part 21):3413–3422.

Celis-Morales CA, Perez-Bravo F, Ibanes L, Sanzana R, Hormazabal E,
Ulloa N, Calvo C, Bailey ME, Gill JM. 2011. Insulin resistance in Chil-
eans of European and indigenous descent: evidence for an ethnicity x
environment interaction. PLoS One 6:e24690.

Christensen DL, Eis J, Hansen AW, Larsson MW, Mwaniki DL, Kilonzo B,
Tetens I, Boit MK, Kaduka L, Borch-Johnsen K, Friis H. 2008. Obesity

728 D.L. CHRISTENSEN ET AL.

American Journal of Human Biology



and regional fat distribution in Kenyan populations: impact of ethnicity
and urbanization. Ann Hum Biol 35:232–249.

Christensen DL, Friis H, Mwaniki DL, Kilonzo B, Tetens I, Boit MK,
Omondi B, Kaduka L, Borch-Johnsen K. 2009. Prevalence of
glucose intolerance and associated risk factors in rural and urban popu-
lations of different ethnic groups in Kenya. Diabetes Res Clin Pract
84:303–310.

Church TS, Earnest CP, Skinner JS, Blair SN. 2007. Effects of different
doses of physical activity on cardiorespiratory fitness among sedentary,
overweight or obese postmenopausal women with elevated blood pres-
sure: a randomized controlled trial. JAMA 297:2081–2091.

Darr KC, Bassett DR, Morgan BJ, Thomas DP. 1988. Effects of age and
training status on heart rate recovery after peak exercise. Am J Physiol
254(2, Part 2):H340–H343.

Davies CT. 1973. Relationship of maximum aerobic power output to pro-
ductivity and absenteeism of East African sugar cane workers. Br J Ind
Med 30:146–154.

Davies CT, Van Haaren JP. 1973. Maximum aerobic power and body com-
position in healthy East African older male and female subjects. Am J
Phys Anthropol 39:395–401.

di Prampero PE, Cerretelli P. 1969. Maximal muscular power (aerobic and
anaerobic) in African Natives. Ergonomics 12:51–59.

Ekblom B, Gjessing E. 1968. Maximal oxygen uptake of the Easter Island
population. J Appl Physiol 25:124–129.

Ezenwaka CE, Akanji AO, Akanji BO, Unwin NC, Adejuwon CA. 1997.
The prevalence of insulin resistance and other cardiovascular disease
risk factors in healthy elderly southwestern Nigerians. Atherosclerosis
128:201–211.

Forrest KY, Bunker CH, Kriska AM, Ukoli FA, Huston SL, Markovic N.
2001. Physical activity and cardiovascular risk factors in a developing
population. Med Sci Sports Exerc 33:1598–1604.

Gill JM. 2007. Physical activity, cardiorespiratory fitness and insulin re-
sistance: a short update. Curr Opin Lipidol 18:47–52.

Gill JM, Malkova D. 2006. Physical activity, fitness and cardiovascular dis-
ease risk in adults: interactions with insulin resistance and obesity. Clin
Sci (Lond) 110:409–425.

Hansen AW, Christensen DL, Larsson MW, Eis J, Christensen T, Friis H,
Mwaniki DL, Kilonzo B, Boit MK, Borch-Johnsen K, Tetens I. 2011. Die-
tary patterns, food and macronutrient intakes among adults in three
ethnic groups in rural Kenya. Public Health Nutr 14:1671–1679.

Heglund NC, Willems PA, Penta M, Cavagna GA. 1995. Energy-saving
gait mechanics with head-supported loads. Nature 375:52–54.

Heini AF, Minghelli G, Diaz E, Prentice AM, Schutz Y. 1996. Free-living
energy expenditure assessed by two different methods in rural Gambian
men. Eur J Clin Nutr 50:284–289.

Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS, Jr. 1991. Physical
activity and reduced occurrence of non-insulin-dependent diabetes mel-
litus. N Engl J Med 325:147–152.

Hendelman D, Miller K, Baggett C, Debold E, Freedson P. 2000. Validity of
accelerometry for the assessment of moderate intensity physical activity
in the field. Med Sci Sports Exerc 32(9 Suppl):S442–S449.

Henry CJ. 2005. Basal metabolic rate studies in humans: measurement
and development of new equations. Public Health Nutr 8:1133–1152.

Henry CJ, Rees DG. 1991. New predictive equations for the estimation of
basal metabolic rate in tropical peoples. Eur J Clin Nutr 45:177–185.

InterAct Consortium. Validity of a short questionnaire to assess physical
activity in 10 European countries. 2012. Eur J Epidemiol 27:15–25.

Kruger HS, Venter CS, Vorster HH, Margetts BM. 2002. Physical inactiv-
ity is the major determinant of obesity in black women in the North
West Province, South Africa: the THUSA study. Transition and health
during urbanization of South Africa. Nutrition 18:422–427.

Maloiy GM, Heglund NC, Prager LM, Cavagna GA, Taylor CR. 1986. Ener-
getic cost of carrying loads: have African women discovered an economic
way? Nature 319:668–669.

Mann GV, Shaffer RD, Rich A. 1965. Physical fitness and immunity to
heart-disease in Masai. Lancet 2:1308–1310.

Mbalilaki JA, Hellenius ML, Masesa Z, Hostmark AT, Sundquist J,
Stromme SB. 2007. Physical activity and blood lipids in rural and urban
Tanzanians. Nutr Metab Cardiovasc Dis 17:344–348.

Mbalilaki JA, Masesa Z, Stromme SB, Hostmark AT, Sundquist J, Wandell
P, Rosengren A, Hellenius ML. 2010. Daily energy expenditure and car-
diovascular risk in Masai, rural and urban Bantu Tanzanians. Br J
Sports Med 44:121–126.

McLarty DG, Swai AB, Kitange HM, Masuki G, Mtinangi BL, Kilima PM,
Makene WJ, Chuwa LM, Alberti KG. 1989. Prevalence of diabetes and
impaired glucose tolerance in rural Tanzania. Lancet 1:871–875.

Minghelli G, Schutz Y, Charbonnier A, Whitehead R, Jequier E. 1990.
Twenty-four-hour energy expenditure and basal metabolic rate meas-
ured in a whole-body indirect calorimeter in Gambian men. Am J Clin
Nutr 51:563–570.

Rode A, Shephard RJ. 1984. Ten years of ‘‘civilization’’: fitness of Canadian
Inuit. J Appl Physiol 56:1472–1477.

Schofield WN. 1985. Predicting basal metabolic rate, new standards and
review of previous work. Hum Nutr Clin Nutr 39 (Suppl 1):5–41.

Shetty PS, Henry CJ, Black AE, Prentice AM. 1996. Energy requirements
of adults: an update on basal metabolic rates (BMRs) and physical activ-
ity levels (PALs). Eur J Clin Nutr 50(Suppl 1):S11–S23.

Singh J, Prentice AM, Diaz E, Coward WA, Ashford J, Sawyer M, White-
head RG. 1989. Energy expenditure of Gambian women during peak ag-
ricultural activity measured by the doubly labeled water method. Br J
Nutr 62:315–329.

Sobngwi E, Mbanya JC, Unwin NC, Kengne AP, Fezeu L, Minkoulou EM,
Aspray TJ, Alberti KG. 2002. Physical activity and its relationship with
obesity, hypertension and diabetes in urban and rural Cameroon. Int J
Obes Relat Metab Disord 26:1009–1016.

Stegle O, Fallert SV, MacKay DJ, Brage S. 2008. Gaussian process robust
regression for noisy heart rate data. IEEE Trans Biomed Eng 55:2143–
2151.

Tanaka H, Monahan KD, Seals DR. 2001. Age-predicted maximal heart
rate revisited. J Am Coll Cardiol 37:153–156.

Wareham NJ. 2001. Commentary: measuring physical activity in Sub-
Saharan Africa. Int J Epidemiol 30:1369–1370.

729PHYSICAL ACTIVITY AND FITNESS IN KENYANS

American Journal of Human Biology


