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Abstract

Objectives: Traditional jumping–dance rituals performed by Maasai men

involve prolonged physical exertion that may contribute significantly to overall

physical activity level. We aimed to objectively quantify the metabolic intensity

of jumping–dance activity and assess associations with habitual physical activ-

ity and cardiorespiratory fitness (CRF).

Methods: Twenty Maasai men (18–37 years) from rural Tanzania volunteered

to participate in the study. Habitual physical activity was monitored using

combined heart rate (HR) and movement sensing over 3 days, and jumping–
dance engagement was self-reported. A 1-h jumping–dance session resembling

a traditional ritual was organized, during which participants' vertical accelera-

tion and HR were monitored. An incremental, submaximal 8-min step test

was performed to calibrate HR to physical activity energy expenditure (PAEE)

and assess CRF.

Results: Mean (range) habitual PAEE was 60 (37–116) kJ day�1 kg�1, and

CRF was 43 (32–54) mL O2 min�1 kg�1. The jumping–dance activity was per-

formed at an absolute HR of 122 (83–169) beats�min�1, and PAEE of 283 (84–
484) J min�1 kg�1 or 42 (18–75)% when expressed relative to CRF. The total

PAEE for the session was 17 (range 5–29) kJ kg�1, �28% of the daily total.

Self-reported engagement in habitual jumping–dance frequency was 3.8 (1–7)
sessions/week, with a total duration of 2.1 (0.5–6.0) h/session.
Conclusions: Intensity during traditional jumping–dance activity was

moderate, but on average sevenfold higher than habitual physical activity.

These rituals are common, and can make a substantial contribution to overall

physical activity in Maasai men, and thus be promoted as a culture-specific

activity to increase energy expenditure and maintain good health in this

population.
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1 | INTRODUCTION

Physical activity in rural sub-Saharan Africa is high
(Assah et al., 2009; Christensen et al., 2009; Christensen,
Faurholt-Jepsen, et al., 2012) but likely declining
(Sobngwi et al., 2003). For example, Kenyan Maasai
(n = 341) have very high physical activity energy expen-
diture (PAEE) at an average of 78 and 74 kJ day�1 kg�1

in 40-year old men and women, respectively as measured
by combined heart rate (HR) and accelerometry
(Christensen, Faurholt-Jepsen, et al., 2012). This total
volume of activity is mainly comprised of relatively low
intensity activity; men and women only spend 13.5% and
13.2% of time in moderate-to-high intensity, respectively
(>3 times resting metabolic rate, or metabolic equivalents
of task [METs]) (Christensen, Faurholt-Jepsen,
et al., 2012). The intensity distribution is reflected in
moderate cardiorespiratory fitness (CRF) levels in
40-year old Maasai men (43 mL O2 min�1 kg�1) and
women (39 mL O2 min�1 kg�1), which is similar to other
rural populations in Kenya (Christensen, Faurholt-
Jepsen, et al., 2012). More recently, a smaller group of
rural and semi-urban Maasai men from Tanzania
(n = 21) with a mean age of 43 years were reported to
have substantially lower PAEE and CRF at
55 kJ day�1 kg�1 and 34 mL O2 min�1 kg�1, respectively
(Christensen et al., 2021). This could indicate a secular
decline in activity and fitness levels, perhaps as a result
of increased urbanization, highlighting the need to iden-
tify culturally relevant activities which allow maintaining
a higher level of physical activity.

The agro-pastoralist Maasai, who reside in Tanzania
and Kenya, are known for their unique frequent
jumping–dance activities (Adumu in the Maasai lan-
guage, Ol-Maa) in relation to social events. These could
be circumcision ceremonies (Emorata in Ol-Maa), or the
coming-of-age ceremony of the warriors (Eunoto in Ol-
Maa) where men around the age of 30 years become
junior elders. This social “graduation” allows them to
marry (Amin et al., 1987; Saitoti & Beckwith, 1980). A
typical jumping–dance event would see a group of men
stand in a line or half-circle and sing, and one to three of
them will step in front of the line and start jumping, then
re-join the line of fellow Maasai, shortly after which one
or more individuals will initiate another bout of jumps
(Amin et al., 1987; Saitoti & Beckwith, 1980). Jumping–
dance events may last up to several hours, even through
the night including breaks, and Maasai women some-
times join the events facing the men while singing and
dancing, but only men perform the jumping activities
(Amin et al., 1987; Saitoti & Beckwith, 1980). The pur-
pose of the jumps is to portray the athletic skills of the
Maasai by making the jumps look as effortless as possi-
ble, and to compete for height and number of repetitions

with the other participating Maasai. Furthermore, the
jumping–dance activities serve as an expression of mas-
culinity, displaying individual strength, courage and
endurance, which may ultimately determine status, both
current and later as a junior elder for each individual
(Amin et al., 1987). Formal ritual jumping–dance events
often take place close to an engan'g (cluster of homes for
men, women, and children), whereas informal events are
more likely to take place close to a manyatta (cluster of
homes for men only). Maasai men of all age groups do
jumping–dance activities, but only with individuals from
the same age group, that is, a circumcision group.

Our previous studies of PAEE did not specifically con-
sider ritual jumping–dance activity as part of the overall
physical activity pattern in traditional, male Maasai.
Therefore, the aim of this study was to objectively assess
PAEE during a jumping–dance ceremony in Maasai men
and quantify its contribution to habitual physical activity.
As this culture-specific jumping–dance activity has never
been studied before from a physical activity perspective,
we also aimed to quantify how common such events are,
in terms of frequency and duration.

2 | MATERIALS AND METHODS

2.1 | Study setting and population

Male Maasai in Monduli District, Arusha Region of
Tanzania were informed about the study and encouraged
to participate by one of the coauthors (Joseph Sironga),
who is Maasai. Eventually, 24 individuals agreed to par-
ticipate in the study and signed a consent form or in case
of illiteracy signed with a thumb print. Two were consid-
ered too young at 14 and 15 years of age based on their
own account as they were not yet circumcised, and
another two did not show up for the step test for assess-
ment of aerobic fitness, nor for the jumping–dance event.
Thus, 20 Maasai participated in the study, which took
place in January 2016 in Monduli Juu (upland Monduli,
about 30 min. drive outside of Monduli Town). We used
an indoor makeshift lab for all measurements except for
the jumping–dance event, which took place in a closed
compound just outside the makeshift lab at an altitude of
�1700 m above sea level. Ethical approval was granted
by Tumaini University, Moshi (certificate no. 507).

2.2 | Participant characteristics:
anthropometric and clinical
measurements

Anthropometric measurements (weight, height, waist,
and hip circumference) were carried out by a trained
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investigator (Dirk L. Christensen) using an electronic
scale, a portable stadiometer, and a nonstretchable tape,
respectively. Body mass index (BMI, kg/m2) and waist–
hip ratio were calculated.

Using a fully automated blood pressure device
(OMRON M8, Kyoto, Japan) blood pressure and HR were
measured three times by a trained nurse with each partici-
pant in the sitting position and after 15 min. of rest, and
allowing 2 min. between measurements. The first measure-
ment was used to familiarize each participant with the pro-
cedure, and thus not used for the final calculation. After
an overnight fast, a blood sample (10 mL) was taken in
order to analyze plasma glucose, standard lipid profile, and
C-reactive protein using Cobas 8000 modul c702 (Roche
Diagnostics International AG, Rotkreuz, Switzerland), and
serum insulin using Cobas 8000 c602 (Roche Diagnostics
International AG, Rotkreuz, Switzerland), as well as hemo-
globin using point-of-care device Hb 201 RT (HemoCue
AB, Ängelholm, Sweden). Insulin resistance was calculated
using the homeostasis model assessment insulin resistance
formula: fasting insulin (pmol/L) � fasting glucose
(mmol/L)/135 (Stumvoll et al., 2000).

2.3 | Assessment of cardiorespiratory
fitness

On a separate day prior to the jumping–dance session,
CRF was assessed using HR response to a submaximal
exercise test. HR was measured using a combined uniax-
ial accelerometer and HR sensor (Actiheart, Cambridge
Neurotechnology, Cambridge, UK). The monitor was
applied to the chest on two electro-cardiogram electrodes
(Unomedical A/S, Lejre, Denmark); a medial electrode
placed at the lower part of the sternum, and a lateral
electrode placed on the same horizontal level without
stretching the wire below the major pectoral muscle
(Brage et al., 2006). Each participant was asked to per-
form an 8-min step test stepping up and down a 21.5-cm
high step. The stepping frequency was increased from
15 step cycles (body lifts) in the first minute to 33 steps
per minute at the end. Upon termination, sitting recovery
was monitored for 2 min. The individual relationship
between HR and per-protocol-energy cost of stepping was
derived by linear regression, and recovery HR was sum-
marized as quadratic regression against recovery time up
to 90 s and solved for 1-min as previously described
(Brage et al., 2007). To obtain an estimate of CRF
(expressed as ml O2 min�1 kg�1), the individually estab-
lished submaximal HR to activity energy expenditure
relationship was extrapolated to age-predicted maximal
HR (Tanaka et al., 2001), to which we added an estimate
of resting metabolic rate (Henry, 2005), and converted
the result by the energetic value of oxygen. This approach

captures two thirds of the between-individual variation
in physiological response to longer lab-based treadmill
exercise tests performed to 90% of max (Brage
et al., 2007). Step test duration >4 min was required for
CRF estimation.

2.4 | Assessment of habitual physical
activity

The study participants were asked to wear the combined
HR and movement sensor continuously over the follow-
ing 3 days including nights, while continuing their nor-
mal daily activities. Data were collected in 1-min
resolution. HR data were preprocessed using a robust
Gaussian Process Regression method (Stegle et al., 2008).
Sleeping HR, average HR above sleep and body move-
ment (accelerometry) during free-living were calculated
from these data. Furthermore, PAEE was modeled using
step-test calibrated HR combined with movement in a
branched equation modeling framework (Brage
et al., 2007) as previously validated (Assah et al., 2011).
Time spent in physical activity intensity categories
(METs), that is, with thresholds 0.5, 0.5–3, and >3 METs
regarded as sedentary, time in light activity, time in
moderate-to-vigorous activity, were calculated, and the
physical activity data required 24 h of valid data to make
PAEE assessment.

2.5 | Jumping–dance event

The jumping–dance event took place immediately follow-
ing the habitual monitoring period. The event was orga-
nized for the purpose of the study, and was designed to
mimic a cultural celebration jumping–dance event as
closely as possible for a minimum of 1 h. In order to
ensure event-specific authenticity, the pre-event ritual of
consuming leshoro (boiled milk and white maize mixed
together), and roasted goat meat was organized in the
early morning of the event and was initiated at 11 am.
Two Maasai women turned up to dance and chant in front
of the Maasai men to mimic the common cultural framing
of the event (no measurements were done in the women).

The combined HR and movement sensor was initial-
ized to collect data at 15-s resolution, and study partici-
pants also wore a tri-axial accelerometer (AX3, Axivity,
Newcastle upon Tyne, UK) taped onto their chest on the
upper part of the sternum. The raw tri-axial acceleration
data (measured at 800 Hz at ±4 g range) was calibrated
to local gravitational acceleration (in g) (van Hees
et al., 2013), from which Vector Magnitude was calcu-
lated. In order to isolate the activity-related acceleration
component, the gravitational acceleration component
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was removed by applying a high-pass filter (0.2-Hz fre-
quency threshold) to derive High-Pass Filtered Vector
Magnitude (White et al., 2016). We reduced this to aver-
ages over 15-s intervals, expressed in units m/s2.

Finally, a questionnaire (inter-active interview per-
formed in Ol-Maa) was used to assess habitual engage-
ment in jumping–dance activities, including age at first
formal or informal event, frequency and duration of events
in a typical week as well as injuries related to jumping.

2.6 | Statistics

Continuous variables were presented as mean (SD) or
median (25%; 75% IQR) depending on whether data had
normal or skewed distribution, respectively. We used lin-
ear regression analyses to determine the association
between habitual PAEE and ritual PAEE during
jumping–dance activity versus CRF, high (≥3.0) METs,
formal/informal jumping–dance frequency and duration.
P-value <0.05 was regarded as statistically significant,

and we used Stata 17.0® (College St., TX, USA) as soft-
ware for all analyses.

3 | RESULTS

Participant characteristics are shown in Table 1. Average
age was 25.4 (range 18–37) years, mean BMI was 19.1
(range 15.4–22.8) kg/m2, and mean hemoglobin level was
15.9 (range 13.4–18.1) g/dL. Anthropometric and cardio-
metabolic characteristics were similar to those, previously
found in Maasai men within same age range (Lee
et al., 2019).

An example of habitual monitoring of movement and
heart rate as well as an example from jumping–dance
activity from one study participant are shown in
Figure 1a,b, respectively. Summary statistics for CRF,
PAEE and jumping–dance data are presented in Table 2.
Jumping–dance activity was performed with a mean
absolute HR of 122 (range 83–169) beats�min�1, whereas
mean absolute HR during habitual PAEE was 76 (range

TABLE 1 Background

characteristics of male Maasai

jumpers (n = 20).

Variable Mean SD Range

Age (years) 25.4 5.5 18–37

Anthropometry/body compositiona

Height (cm) 170.1 7.1 152.0–181.7

Weight (kg) 55.5 6.6 43.3–69.6

Body mass index (kg/m2) 19.1 1.7 15.4–22.8

Waist circumference (cm) 74.6 4.3 69.4–87.4

Hip circumference (cm) 89.0 4.7 80.1–97.6

Waist-hip ratio 0.84 0.04 0.79–0.92

Hemodynamics

Systolic blood pressure (mmHg) 107.9 9.9 85–127

Diastolic blood pressure (mmHg) 75.7 9.0 55–95

Sitting heart rate (bts/min) 68.4 10.6 48–96

Biochemistrya

Hemoglobin (g/dL) 15.9 1.1 13.4–18.1

Plasma glucose (mmol/L) 4.7 0.7 3.4–7.0

Serum insulin (pmol/L)b 37 21;55 9–213

HOMA-IRb 1.3 0.7;1.9 0.3–11.0

Total plasma cholesterol (mmol/L) 3.5 0.6 2.4–4.7

Plasma HDL (mmol/L) 1.08 0.23 0.49–1.48

Plasma LDL (mmol/L) 2.0 0.7 0.9–3.3

Plasma triglyceride (mmol/L) 0.7 0.2 0.4–1.1

Plasma C-reactive protein (mg/L)b 0.9 0.3; 2.2 0.3–36.3

Abbreviations: HOMA-IR, homeostasis model assessment insulin resistance (fasting insulin [pmol/
L] � fasting glucose (mmol/L)/135); HDL, high density lipoprotein cholesterol; LDL, low density
lipoprotein cholesterol.
aAll measurements and analyses are based on fasting blood.
bSkewed distribution, presented as medium (IQR).
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63–86) beats�min�1. Mean PAEE during the jumping–
dance event was estimated at 283.1 (range 84.0–484.3)
J min�1 kg�1, whereas mean PAEE during free-living
was 41.8 (range 25.4–80.8) J min�1 kg�1. Mean jumping–
dance intensity was therefore 6.8-fold higher compared
to average daily PAEE.

When integrated over time, PAEE for the 1-h
jumping–dance session was 17.0 (range 5.0–29.1) kJ �
kg�1, amounting to about 28% of the daily energy spent
on physical activity.

Questionnaire data on jumping–dance activities are
presented in Table 3. Frequency and duration refers to a

FIGURE 1 (A) Example time series of uni-axial acceleration and heart rate data for study participant across 3 days. (B) Example time

series of heart rate, uni-axial and tri-axial acceleration during 1 h of jumping–dance activity.
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combination of formal and informal events. There were
no significant correlations between habitual or jumping–
dance PAEE intensity, self-reported frequency or dura-
tion of jumping. Six (30%) of the participants had a his-
tory of lower leg injury (right shin n = 4, left knee n = 1,
right knee n = 1), while one (5%) participant had a lower
leg injury (right foot) during the time of the study. Dur-
ing the jumping–dance event, we observed 10–30 syn-
chronized jumps in a bout to be the typical pattern.

4 | DISCUSSION

We measured intensity and energy expenditure of
jumping–dance activity for 1 h in a group of rural,

Tanzanian Maasai men, and showed that this typical cul-
tural activity is of moderate-to-high intensity, with con-
siderable interindividual variation. Expressed relative to
fitness, jumping–dance intensity was �42%, ranging
between 18% and 75%. Even though this is low on aver-
age, jumping–dance session durations typically last at
least 2 h, and the total extra energy expended amount to
at least 28% of the total daily activity energy for each
hour of jumping–dance activity.

We also estimated the total physical activity energy
expenditure during the 1-h jumping–dance event
(17 kJ kg�1) to amount to over a quarter of the daily
energy spent on activity, suggesting this type of activity
could be promoted for increasing or maintaining high
levels of activity in this population, particularly in the

TABLE 2 Cardiorespiratory fitness, habitual physical activity, and jumping–dance activity levels in male Maasai (n = 20).

Variable Mean/median SD/IQR Range

Fitness and physical activitya

Sleeping heart rate (bts min�1)b 54 5 44–63

Post-step recovery heart rate above sleep
(bts min�1)b,c

27 12 6–48

Cardiorespiratory fitness (mlO2 min�1 kg�1) 43.0 4.9 32.4–53.9

Habitual heart rate above sleep (bts min�1)b 22 3 18–28

PAEE (kJ day�1)b,d 3371 1262 2013–7083

PAEE (kJ day�1 kg�1)b,d 60.1 19.5 36.6–116.3

PAEE (J min�1 kg�1)b,d 41.8 13.5 25.4–80.8

Sedentary time (%)b,e 56.4 10.2 26.2–73.7

Time in light activity (%)b,f 28.3 6.3 15.1–38.6

Time in moderate-to-vigorous activity (%)b,g 15.4 7.7 6.3–36.8

Jumping-dance activitya,h

Heart rate above sleep (bts min�1)i 68 20 26–106

Uni-axial movement (m s�2)a,j,k 0.36 0.08;1.34 0.35–1.68

Tri-axial movement (m s�2)h,j,k 0.67 0.28;2.38 0.69–2.31

PAEE (J min�1 kg�1)d,l 283.1 150.8 84.0–484.3

Proportion of daily habitual PAEE (%)m 28.3 10.1 8.4–48.3

Relative intensity (%)n 41.8 13.6 18.4–74.7
aData based on heart rate, accelerometry, or combined heart rate and uni-axial (vertical) accelerometry.
bn = 19.
cRecovery heart rate at 1-min post-step test (based on 90-s regression), expressed above sleep heart rate.
dPAEE, physical activity energy expenditure.
eTime spent at intensity <1.5 Metabolic Equivalent of Task (MET).
fTime spent at intensity 1.5–3.0 METs.
gTime spent at intensity >3.0 METs.
hBased on tri-axial accelerometry.
iNet heart rate is heart rate above sleep.
jn = 15.
kSkewed distribution, presented as median (IQR).
lActivity intensity during jumping-dance activity without resting energy expenditure.
mPAEE during jumping as percentage of daily habitual PAEE.
nActivity intensity relative to aerobic fitness.
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face of rapid urbanization. From a health perspective,
participation in such events will improve the overall
cardio-metabolic health as shown in Kenyan Maasai (Lee
et al., 2019). We have previously estimated that for every
10 kJ kg�1 day�1, which amounts to one 35-min
jumping–dance session per day, waist circumference was
1.8 cm lower, systolic blood pressure 1.5 mmHg lower,
fasting insulin 0.27 pmol/L lower, and 2-h glucose follow-
ing an oral glucose tolerance test 0.17 mmol/L lower in
the Maasai. These are all established risk factors for car-
diovascular disease and diabetes, suggesting a daily ses-
sion of jumping–dance may significantly lower the risk of
developing such diseases. Importantly, the same study
also showed that very low activity levels had a more det-
rimental effect in Maasai compared to other ethnic
groups in Kenya (Lee et al., 2019), emphasizing the
importance of maintaining the jumping–dance events in
Maasai culture for health purposes.

Nevertheless, we were not able to show any correla-
tion between self-reported jumping–dance frequency, time
spent on jumping–dance sessions with neither habitual
PAEE nor jumping–dance PAEE, indicating a weak inter-
correlation between habitual and ritual activity patterns.

Jumping activity is based on alternating between near
maximal counter movement jumping bouts and waiting
while standing up and chanting. As indicated by the
example given in Figure 1b, there was no HR drift, and
thus full recovery between the jumping bouts. Each indi-
vidual had to wait his turn before initiating a new jump-
ing bout alone or with others. This may at least partly
explain why there is a lack of relationship between habit-
ual PAEE, CRF, and activity intensity during the
jumping–dance event. Ritual jumping–dance events are
based on structured order of movement patterns where
each participant can only fully display his jumping abili-
ties within this frame. It is of note that mechanical effi-
ciency is higher in counter-movement jumps as
performed in repetitive jumping by the Maasai compared
to repetitive static jumping, which may reflect optimal
muscle-tendon unit kinetics and usage of stored elastic
energy (McCaulley et al., 2007).

This is of importance when jumping–dance activities
last for several hours, and each participant must preserve
energy. In Africa, such energy preserving mechanisms
for habitual physical tasks have previously been
observed. Two separate studies, (Heglund et al., 1995;

TABLE 3 Self-reported frequency

and duration of jumping-dance activity,

and correlations with objectively

measured habitual and jumping-dance

physical activity energy expenditure

levels in male Maasai (n = 20).

Variable Mean SD Range

Self-reported jumping-dance activity

Frequency/week 3.8 2.0 1–7

Duration per session (hours) 2.1 1.9 0.5–6.0

Hours/week (frequency � duration per
session)

8.8 10.1 1–30

Regression analysesa,b β 95% CI p-Value

Habitual PAEE and frequency/weekc �0.7 �5.8;4.3 .76

Habitual PAEE and duration/sessionc �0.2 �5.3;4.9 .94

Habitual PAEE and hours/weekc �0.1 �1.0;0.9 .88

Habitual PAEE and jumping-dance PAEEc 0.01 �0.01;1.0 .86

Habitual PAEE MV intensity and frequency/
weekc

�0.7 �2.7;1.3 .46

Habitual PAEE MV intensity and duration/
sessionc

0.4 �1.6;2.4 .67

Habitual PAEE MV intensity and hours/
weekc

0.02 �0.4;0.4 .92

Habitual PAEE MV intensity and jumping-
dance PAEEc

0.0 �0.03;0.04 .81

Jumping-dance PAEE and frequency/week 17.7 �5.4;40.9 .13

Jumping-dance PAEE and duration/session 14.4 �10.9;39.7 .25

Jumping-dance PAEE and habitual PAEE 2.9 �1.8;7.7 .21

aPAEE, physical activity energy expenditure.
bMV intensity, moderate-vigorous physical activity intensity = Time spent at intensity >3.0 METs.
cn = 19.
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Maloiy et al., 1986) have shown experimentally that
women of Luo and Kikuyu ethnicity in Kenya have
developed an energy-saving gait while carrying loads on
their head. More specifically, these African women were
able to carry loads up to 20% of their body weight without
increasing their rate of energy consumption (Heglund
et al., 1995; Maloiy et al., 1986). Furthermore, young men
from The Gambia had higher net efficiency compared to
European men (23.2% vs. 20.1%) when walking on a
treadmill at 3.2 km h�1 at 0% and 10% elevation
(Minghelli et al., 1990). As the jumping–dance activities
are of high social importance in Maasai culture, includ-
ing also impressing the opposite sex for marriage pur-
poses (Amin et al., 1987), it is likely that energy
preservation has become an important trait in order to
endure long-term jumping activity.

CRF was similar (43.0 vs. 43.1 mL O2 min�1 kg�1) in
the Tanzanian compared to Kenyan Maasai aged 40 years.
It is of note that we previously showed an inverse age-
related fitness change of 4.4 mLO2 min�1 kg�1 for every
10 years difference in the Kenyan Maasai (Christensen,
Faurholt-Jepsen, et al., 2012). All in all, and taking the
age-difference between the Tanzanian and Kenyan study
populations into account (25 vs. 40 years of age, respec-
tively), CRF seems to be maintained from young adult-
hood to mature adulthood; thus in Maasai culture from
the stage of being warrior (moran in Ol-Maa) to the stage
of becoming an elder (payiani in Ol-Maa) (Saitoti &
Beckwith, 1980). Similar CRF (±10%) results in other
populations have been shown such as in young indige-
nous Siberians (Evenki and Keto) (Katzmarzyk
et al., 1994), and in middle-aged indigenous Mexican Tar-
ahumara/Rar�amuri individuals (Christensen, Alcala-
Sanchez, et al., 2012). Similarly, occupational groups, that
is, former and present cattle herders compared to noncat-
tle herders among East African Turkana had an impact
on CRF in young as well as middle-aged men (20–
49 years of age) (Curran-Everett, 1994). In relation to
work capacity, Spurr et al. showed a positive relationship
between CRF and productivity among Columbian sugar
cane cutters, and that with increasing age, a greater per-
centage of CRF had to be utilized in order to maintain
productivity (Spurr et al., 1977).

Absolute habitual PAEE was substantially lower com-
pared to previous results in Kenyan Maasai, which we
collected a decade earlier (78 vs. 60 kJ day�1 kg�1,
respectively) despite the fact that the results given for the
Kenyan Maasai were based on 40-year old individuals
(Christensen, Faurholt-Jepsen, et al., 2012), whereas the
average age in the current study participants was
25 years. Whether the difference is due to a chance find-
ing, reflects a decline in current activity patterns, or other
factors can only be speculated upon at this stage. More

systematic and comparative studies need to be carried
out in order to answer the question. On the other hand,
absolute habitual PAEE based on 41-year old Mexican
Tarahumara/Rar�amuri, an indigenous people with a tra-
dition for high activity levels (Christensen, Alcala-
Sanchez, et al., 2012), was similar to the current results
(64 vs. 60 kJ day�1 kg�1, respectively), indicating that rel-
atively high activity levels in rural Maasai are maintained
when compared to other indigenous populations living in
rural areas.

As jumping–dance intensity is �sevenfold higher
than daily habitual PAEE, this traditional event specific
to Maasai culture is likely to contribute substantially to
overall PAEE taking self-reported data of frequency (3.8
times/week) and duration (2.1-h/event) into account.
Even if quantification of events or activity need to be
interpreted with caution, as the Maasai do not have a tra-
dition for quantifying such matters based in our experi-
ence, all in all the data at hand seem convincing. Add to
this that one coauthor (Joseph Sironga) himself being a
Maasai, has first-hand experience with jumping–dance
events, and he confirms the interpretation put forward.

4.1 | Cultural implications

Pagel (2012) suggested that transmitting skills is a sur-
vival strategy for humans. While transmitting jumping–
dance skills among the Maasai may not be a direct sur-
vival strategy from a biological perspective, it is likely
that these skills are an important trait for defining Maa-
sai identity, and in effect favor those individuals whose
jumping–dance skills are superior in relation to social
status, and possibly choice of partner. Furthermore, as
courage is one of the traits shown in a jumping–dance
event (Amin et al., 1987), skillful jumpers may also have
been good warriors during the days when this was essen-
tial. Thus, all these aspects put together, the jumping–
dance tradition may be a biological–cultural interaction
survival strategy linked to traditional Maasai culture.

There are limitations to the study. While >1 h of
activity would have been optimal and closer to common
cultural events, we were still able to capture jumping–
dance duration at the low end based on self-reported
information (min. 0.5 h). Lastly, we cannot exclude the
possibility that the lack of statistically significant findings
could be due to the low number of study participants as
variation in intensity during jumping and habitual physi-
cal activities was substantial. Nevertheless, we believe
that a representative group of Maasai participated in the
study based on the substantial variety of self-reported
time (duration 0.5–6.0 h per event) and frequency (1–7
times/week) spent on jumping–dance activities.
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5 | CONCLUSION

In conclusion, Maasai men performing 1 h of their tradi-
tional jumping–dance activity did this at moderate inten-
sity and �sevenfold higher intensity than activity
intensity during daily life. Only an average of 42% of the
CRF level was utilized while doing bouts of repeated near
maximal counter-movement jumping combined with
breaks while standing up; still a single 1 h jumping–
dance session amounts to over a quarter of daily activity
energy, and can thus play a role in reducing the burden
of cardio-metabolic disease in this population. The cur-
rent study is the first to quantify jumping–dance activity
(energy expenditure and intensity) in Maasai men, and
shows that it can play a substantial part in maintaining a
healthy level of daily activity.

AUTHOR CONTRIBUTIONS
Dirk L. Christensen, Jorgen Jensen, and Soren Brage con-
ceptualized the study; Joseph Sironga and Dirk
L. Christensen organized the field study; Dirk
L. Christensen, Jorgen Jensen, and Joseph Sironga col-
lected the data; Kate Westgate and Lewis Griffiths pro-
cessed and “translated” the raw physical activity data
into formal units; Dirk L. Christensen and Soren Brage
did the statistical analyses; Venance P. Maro, Jørn
W. Helge, Steen Larsen, Ib C. Bygbjerg and Kaushik
L. Ramaiya assisted in the coordination of the study
including ethical approval of the protocol; Dirk
L. Christensen drafted the manuscript; All authors have
read and approved the final version of the manuscript,
and agree with the order of presentation of the authors.

ACKNOWLEDGMENTS
The authors thank all the study participants for their
kind collaboration, and to local research assistants
Racher Kivumba and Mary Kassim Himiri for excellent
support during data collection. The authors also wish to
thank Pastor Zablon Sima for making his school facilities
available to us for the study. Finally, the authors are
thankful to former District Medical Officer in Monduli
District, Dr. Bariki Sumuni for his support and endorse-
ment of the study.

FUNDING INFORMATION
Dr. Thorvald Madsen's Grant for the Advancement of
Medical Sciences. Kate Westgate, Lewis Griffiths, and
Soren Brage were supported by the U.K. Medical
Research Council (unit programme numbers
MC_UU_12015/3 and MC_UU_00006/4) and the NIHR
Biomedical Research Centre in Cambridge (IS-BRC-
1215-20014). The funding bodies did not play any role in
the interpretation of the results of the study.

CONFLICT OF INTEREST STATEMENT
None of the authors have a conflict of interest to declare.

DATA AVAILABILITY STATEMENT
Research data are not shared, as ethical approval and per-
mission to publish has been granted to the corresponding
author and co-authors of this research article. Any exter-
nal access to the data will have to be granted via the ethi-
cal committee at Tumaini University (Kilimanjaro
Christian Medical University College) in Moshi, Tanzania.

ETHICS STATEMENT
Ethical approval was granted by Tumaini University,
Moshi, Tanzania (certificate no. 507). Participation was
based on informed consent and signing the consent infor-
mation or in case of illiteracy with a thumb print. Partici-
pation was voluntary and participants were informed
that they could withdraw from the study at any time.
Inclusion criteria were being of male sex as women do
not perform the jumping–dance activities, and to have
been circumcised, as non-circumcised individuals are not
considered as adults in Maasai culture. Thus, participa-
tion in jumping–dance activities would therefore be less
frequent in non-circumcised individuals, who would not
be allowed to participate in certain rituals as active
jumping–dancers, and thus not be representative of full
integration of jumping-dance events into daily or ritual
life activities.

ORCID
Dirk L. Christensen https://orcid.org/0000-0003-2142-
522X

REFERENCES
Amin, A., Willetts, D., & Eames, J. (1987). The last of the Maasai.

Camarapix Publishers International.
Assah, F. K., Ekelund, U., Brage, S., Mbanya, J. C., &

Wareham, N. J. (2009). Free-living physical activity energy
expenditure is strongly related to glucose intolerance in
Cameroonian adults independently of obesity. Diabetes Care,
32(2), 367–369. https://doi.org/10.2337/dc08-1538

Assah, F. K., Ekelund, U., Brage, S., Wright, A., Mbanya, J. C., &
Wareham, N. J. (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.
International Journal of Epidemiology, 40(1), 112–120. https://
doi.org/10.1093/ije/dyq098

Brage, S., Brage, N., Ekelund, U., Luan, J., Franks, P. W.,
Froberg, K., & Wareham, N. J. (2006). Effect of combined
movement and heart rate monitor placement on physical activ-
ity estimates during treadmill locomotion and free-living.
European Journal of Applied Physiology, 96(5), 517–524. https://
doi.org/10.1007/s00421-005-0112-6

Brage, S., Ekelund, U., Brage, N., Hennings, M. A., Froberg, K.,
Franks, P. W., & Wareham, N. J. (2007). Hierarchy of

CHRISTENSEN ET AL. 9 of 10

https://orcid.org/0000-0003-2142-522X
https://orcid.org/0000-0003-2142-522X
https://orcid.org/0000-0003-2142-522X
https://doi.org/10.2337/dc08-1538
https://doi.org/10.1093/ije/dyq098
https://doi.org/10.1093/ije/dyq098
https://doi.org/10.1007/s00421-005-0112-6
https://doi.org/10.1007/s00421-005-0112-6


individual calibration levels for heart rate and accelerometry to
measure physical activity. Journal of Applied Physiology, 103(2),
682–692. https://doi.org/10.1152/japplphysiol.00092.2006

Christensen, D. L., Alcala-Sanchez, I., Leal-Berumen, I., Conchas-
Ramirez, M., & Brage, S. (2012). Physical activity, cardio-
respiratory fitness, and metabolic traits in rural Mexican Tara-
humara. American Journal of Human Biology, 24(4), 558–561.
https://doi.org/10.1002/ajhb.22239

Christensen, D. L., Faurholt-Jepsen, D., Boit, M. K., Mwaniki, D. L.,
Kilonzo, B., Tetens, I., Kiplamai, F. K., Cheruiyot, S. C.,
Friis, H., Borch-Johnsen, K., Wareham, N. J., & Brage, S.
(2012). Cardiorespiratory fitness and physical activity in Luo,
Kamba, and Maasai of rural Kenya. American Journal of
Human Biology, 24(6), 723–729. https://doi.org/10.1002/ajhb.
22303

Christensen, D. L., Friis, H., Mwaniki, D. L., Kilonzo, B., Tetens, I.,
Boit, M. K., Omondi, B., Kaduka, L., & Borch-Johnsen, K.
(2009). Prevalence of glucose intolerance and associated risk
factors in rural and urban populations of different ethnic
groups in Kenya. Diabetes Research and Clinical Practice, 84(3),
303–310. https://doi.org/10.1016/j.diabres.2009.03.007

Christensen, D. L., Jørgensen, S. W., Koch, L. S., Nordsborg, N. B.,
Sironga, J., Ramaiya, K. L., Larsen, S., Brage, S., Bygbjerg, I. C.,
Maro, V. P., & Helge, J. W. (2021). Directly measured aerobic
fitness in male Maasai of Tanzania. American Journal of
Human Biology, 34, e23674. https://doi.org/10.1002/ajhb.23674

Curran-Everett, L. S. (1994). Accordance between V̇O(2) max and
behavior in Ngisonyoka Turkana. American Journal of Human
Biology, 6(6), 761–771. https://doi.org/10.1002/ajhb.1310060610

Heglund, N. C., Willems, P. A., Penta, M., & Cavagna, G. A. (1995).
Energy-saving gait mechanics with head-supported loads.
Nature, 375(6526), 52–54. https://doi.org/10.1038/375052a0

Henry, C. J. (2005). Basal metabolic rate studies in humans: Mea-
surement and development of new equations. Public Health
Nutrition, 8(7A), 1133–1152. https://doi.org/10.1079/
phn2005801

Katzmarzyk, P. T., Leonard, W. R., Crawford, M. H., &
Sukernik, R. I. (1994). Predicted maximal oxygen consumption
of indigenous Siberians. American Journal of Human Biology,
6(6), 783–790. https://doi.org/10.1002/ajhb.1310060612

Lee, J. C., Westgate, K., Boit, M. K., Mwaniki, D. L.,
Kiplamai, F. K., Friis, H., Tetens, I., Christensen, D. L., &
Brage, S. (2019). Physical activity energy expenditure and cardi-
ometabolic health in three rural Kenyan populations. American
Journal of Human Biology, 31(1), e23199. https://doi.org/10.
1002/ajhb.23199

Maloiy, G. M., Heglund, N. C., Prager, L. M., Cavagna, G. A., &
Taylor, C. R. (1986). Energetic cost of carrying loads: Have Afri-
can women discovered an economic way? Nature, 319(6055),
668–669. https://doi.org/10.1038/319668a0

McCaulley, G. O., Cormie, P., Cavill, M. J., Nuzzo, J. L.,
Urbiztondo, Z. G., & McBride, J. M. (2007). Mechanical effi-
ciency during repetitive vertical jumping. European Journal of

Applied Physiology, 101(1), 115–123. https://doi.org/10.1007/
s00421-007-0480-1

Minghelli, G., Schutz, Y., Charbonnier, A., Whitehead, R., &
Jequier, E. (1990). Twenty-four-hour energy expenditure and
basal metabolic rate measured in a whole-body indirect calo-
rimeter in Gambian men. The American Journal of Clinical
Nutrition, 51(4), 563–570. https://doi.org/10.1093/ajcn/51.4.563

Saitoti, T. O., & Beckwith, C. (1980). In M. Donovan (Ed.), Maasai.
Harry N. Abrams, Inc.

Sobngwi, E., Gautier, J. F., & Mbanya, J. C. (2003). Exercise and the
prevention of cardiovascular events in women. The New
England Journal of Medicine, 348(1), 77–79; author reply 77-79.
https://doi.org/10.1056/NEJM200301023480116

Spurr, G. B., Barac-Nieto, M., & Maksud, M. G. (1977). Productivity
and maximal oxygen consumption in sugar cane cutters. The
American Journal of Clinical Nutrition, 30(3), 316–321. https://
doi.org/10.1093/ajcn/30.3.316

Stegle, O., Fallert, S. V., MacKay, D. J., & Brage, S. (2008). Gaussian
process robust regression for noisy heart rate data. IEEE Trans-
actions on Biomedical Engineering, 55(9), 2143–2151. https://
doi.org/10.1109/TBME.2008.923118

Stumvoll, M., Mitrakou, A., Pimenta, W., Jenssen, T., Yki-
Järvinen, H., van Haeften, T., Renn, W., & Gerich, J. (2000).
Use of the oral glucose tolerance test to assess insulin release
and insulin sensitivity. Diabetes Care, 23(3), 295–301. https://
doi.org/10.2337/diacare.23.3.295

Tanaka, H., Monahan, K. D., & Seals, D. R. (2001). Age-predicted
maximal heart rate revisited. Journal of the American College of
Cardiology, 37(1), 153–156. https://doi.org/10.1016/s0735-1097
(00)01054-8

van Hees, V. T., Gorzelniak, L., Dean Le�on, E. C., Eder, M.,
Pias, M., Taherian, S., Ekelund, U., Renström, F., Franks, P. W.,
Horsch, A., & Brage, S. (2013). Separating movement and grav-
ity components in an acceleration signal and implications for
the assessment of human daily physical activity. PLoS One,
8(4), e61691. https://doi.org/10.1371/journal.pone.0061691

White, T., Westgate, K., Wareham, N. J., & Brage, S. (2016). Estima-
tion of physical activity energy expenditure during free-living
from wrist accelerometry in UK adults. PLoS One, 11(12),
e0167472. https://doi.org/10.1371/journal.pone.0167472

How to cite this article: Christensen, D. L.,
Westgate, K., Griffiths, L., Sironga, J., Maro, V. P.,
Helge, J. W., Larsen, S., Bygbjerg, I. C., Ramaiya,
K. L., Jensen, J., & Brage, S. (2023). Energy
expenditure and intensity of ritual jumping–
dancing in male Maasai. American Journal of
Human Biology, e23907. https://doi.org/10.1002/
ajhb.23907

10 of 10 CHRISTENSEN ET AL.

https://doi.org/10.1152/japplphysiol.00092.2006
https://doi.org/10.1002/ajhb.22239
https://doi.org/10.1002/ajhb.22303
https://doi.org/10.1002/ajhb.22303
https://doi.org/10.1016/j.diabres.2009.03.007
https://doi.org/10.1002/ajhb.23674
https://doi.org/10.1002/ajhb.1310060610
https://doi.org/10.1038/375052a0
https://doi.org/10.1079/phn2005801
https://doi.org/10.1079/phn2005801
https://doi.org/10.1002/ajhb.1310060612
https://doi.org/10.1002/ajhb.23199
https://doi.org/10.1002/ajhb.23199
https://doi.org/10.1038/319668a0
https://doi.org/10.1007/s00421-007-0480-1
https://doi.org/10.1007/s00421-007-0480-1
https://doi.org/10.1093/ajcn/51.4.563
https://doi.org/10.1056/NEJM200301023480116
https://doi.org/10.1093/ajcn/30.3.316
https://doi.org/10.1093/ajcn/30.3.316
https://doi.org/10.1109/TBME.2008.923118
https://doi.org/10.1109/TBME.2008.923118
https://doi.org/10.2337/diacare.23.3.295
https://doi.org/10.2337/diacare.23.3.295
https://doi.org/10.1016/s0735-1097(00)01054-8
https://doi.org/10.1016/s0735-1097(00)01054-8
https://doi.org/10.1371/journal.pone.0061691
https://doi.org/10.1371/journal.pone.0167472
https://doi.org/10.1002/ajhb.23907
https://doi.org/10.1002/ajhb.23907

	Energy expenditure and intensity of ritual jumping-dancing in male Maasai
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study setting and population
	2.2  Participant characteristics: anthropometric and clinical measurements
	2.3  Assessment of cardiorespiratory fitness
	2.4  Assessment of habitual physical activity
	2.5  Jumping-dance event
	2.6  Statistics

	3  RESULTS
	4  DISCUSSION
	4.1  Cultural implications

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


