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ABSTRACT This study examines energy expenditure and physical activity levels for a sample of
40 adolescent girls of the Sereer ethnic group of rural Senegal. The girls were 13.3 + 0.5 years at the
start of the study (June 1997) and were followed annually for the next 2 years during puberty. Data
collected during each round included: 1) pubertal status (as assessed by breast development and
occurrence of menarche); 2) selected anthropometric dimensions (weight, stature, arm circumference,
and six skinfolds); and 3) physical activity levels quantitatively assessed using CSA accelerometers.
During rounds 1 and 3, activity was also qualitatively reported by direct minute-by-minute observa-
tions. A food consumption survey was performed once during the 3¢ round, using an individual food
weighing method. Girls of this sample had high levels of energy expenditure with daily physical
activity levels (PALs) ranging from 1.70 to 1.85 multiples of basal metabolic rate. Energy intakes were,
on average, sufficient to meet energy and protein requirements, although micronutrient deficiencies
were likely to exist. Activity levels declined with age between the 1% and 3" rounds. Stepwise re-
gression analyses showed that stature was negatively correlated with both total daily and day-time
activity, whereas the body mass index was positively associated with this measure. Pubertal status
and subcutaneous fatness were not significant predictors of activity levels. The contribution of these
adolescent girls to the everyday tasks of the household was considerable. They spent more than 3 hours

30 minutes per day in domestic duties. Am. J. Hum. Biol. 13:808-820, 2001. © 2001 Wiley-Liss, Inc.

In traditional poor societies, basic needs
such as food and energy allocation are sat-
isfied through investment in human labor.
Children are frequently involved in daily
domestic and agricultural tasks. Social
surveys showed that children’s work is of
economic value; children are constrained to
work when this is necessary for household
subsistence (Munroe et al., 1984). Chil-
dren's work provides a cheap and sustain-
able solution for the survival of the rural
poor (Giampietro and Pimentel, 1992). In
Africa, girls are precociously trained to un-
dertake strenuous and skilled domestic
tasks such as pounding millet or carrying
head-supported loads (Bril, 1986). This does
not mean that adults are resting, rather,
the work load must be shared among all the
family members, implying a clear age and
sex division. Men are responsible for activ-
ities requiring high-muscular power such as
hoeing, land clearing, and harvesting (Brun
et al.,, 1981). Women and children are
mostly employed in time-consuming tasks
that constitute the major part of daily du-
ties. Hence, different levels of analysis,

© 2001 Wiley-Liss, Inc.

namely ecological, societal, and individual,
should be taken into consideration when
evaluating energy expenditure in a popu-
lation from developing countries (Giampie-
tro and Pimentel, 1992). Heavy work loads
or a long working day may adversely affect
child growth (Ambadekar et al., 1999; Sat-
yanarayana et al., 1986). They also consti-
tute an impendiment to regular school
attendance with, as a result, poor school
performance and repetition of grades
(Jamison and Leslie, 1990). Thus, there is
an interaction and sometimes competition
between the energetic budget needed to
maintain a traditional society and the sat-
isfaction of individual requirements.
Stunting in growth is a common fea-
ture of most developing countries whose

Contract grant sponsor: The "Epidemiologie & Prévention"
Research Unit 024 of the IRD; Contract grant sponsor: the
Nestlé Foundation.

*Correspondence to: E. Bénéfice, Epidémiologie & Prévention,
Centre IRD de Montpellier, 911 av Agropolis, BP 5045, 34032
Montpellier, France. E-mail: benefice@mpl.ird.fr
Received 13 March 2001; Revision received 11 June 2001;
Accepted 19 June 2001



ACTIVITY OF SENEGALESE ADOLESCENT GIRLS

economy is based on human labor. From
the WHO database, approximately 38% of
children under 5 years of age are stunted
in West Africa (de Onis, 1993). African
societies have difficulties in meeting their
basic nutritional needs, and stunting is
thus considered as a general indicator of
health nutritional status, and living stan-
dard. It has been shown that work capacity
and productivity are decreased in children
of small body size (Satyanarayana et al.,
1977; Spurr et al., 1977). This could ex-
plain the vicious cycle of malnutrition:
Smaller individuals are less productive
than bigger persons. But the relationship
is not straightforward and it has been
shown that a high level of physical activity
is positively associated with an enhanced
working capacity even in stunted children
(Satyanarayana et al., 1979). On the other
hand, a reduction in physical activity was
observed in malnourished children (Rut-
ishauser and Whitehead, 1972). This is
sometimes considered to be the “first line
of defense” of the organism to restore the
energy balance as quoted by Spurr and
Reina (1987). This explanation is plausible
in preschool malnourished children, al-
though in this case, the reduction in ac-
tivity seems to be more closely related to a
delay in locomotor development than to
energy restriction (Meeks-Gardner and
Grantham-Mcgregor, 1994). In the case of
moderate malnutrition affecting older
children, a reduction in physical activity in
response to malnutrition is rarely reported.
In Colombia, moderately stunted girls as
well as boys were normally active (Spurr
and Reina, 1987). In Senegal, adolescent
girls, while presenting appreciable delays
in growth and maturation, maintained
high levels of activity (Benefice and Cames,
1999).

It is obvious that social or peer pressure
and environment conditions influence be-
havior and physical activity. However,
these constraints do not exclude an inde-
pendent effect of the nutritional status. It is
possible that, within malnutrition degrees
ranging from light to moderate, relatively
large adolescents are more active and thus
more productive than smaller adolescents.
Therefore, the objective of this study was to
examine physical activity levels of adoles-
cent Senegalese girls living in a rural and
constraining environment in relation to
their growth and nutritional status.
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MATERIALS AND METHODS

Study area

Niakar is a Senegalese administrative
district located 120 km west of the capital
city of Dakar. This district belongs to the
Sahelian belt where the climate is charac-
terized by the alternating of a long dry
season (November to June) with a short
rainy season (July to October). The popu-
lation was 29,104 inhabitants in 1997,
scattered in 28 villages and hamlets. Since
1962 a yearly census is carried out in the
area. From 1987 until now, demographic
data have been regularly collected and
stored in an electronic database (Delaunay,
1998). Birth dates and family composition
are thus precisely known. This is important
in an area where the administrative records
are frequently inaccurate and delayed.

Inhabitants belong mainly to the Sereer
ethnic group. They subsist by both farming
and herding. They grow millet (Pennisetum
spp and Sorghum vulgare) in association
with beans (niébé or Vigna unguiculata) as
staple food and peanuts (Arachis hypogea)
for cash. Cultivation takes place during the
wet season. Herding is important. Cattle
can graze near the villages during the dry
season; in so doing, they manure the fields
before millet sowing. During the wet season
animals are led, in a long transhumance,
towards the Djoloff in the northern part of
Senegal by the young adolescent males.

This agricultural system is quite inten-
sive and allows peasants to subsist with
limited land under constraining environ-
mental and climatic conditions (Lericollais
et al.,, 1999). However, soil degradation,
demographic pressure, and persistent dry-
ness lead young adults and adolescents to
migrate to cities during the season in search
of wage labor.

Sample

Adolescent girls were drawn from a larger
sample of approximately 390, followed yearly
since 1995 within the framework of a longi-
tudinal study on a growth and maturation
events during puberty (Benefice et al.,
2001b). The sample consisted of 40 adoles-
cent girls (13.3 = 0.5 year old at the begin-
ning of the study in 1997) whose activities
were monitored for 3 yearly rounds (May—
June 1997; June 1998, and March—April
1999). Because of seasonal out-migration to
cities, nine girls were missing in 1999 and
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had tobe replaced by girls from the same area
and also belonging to the whole sample of
390. There were no differences in growth and
maturation between missing adolescents
and their substitutes. As a whole, the girls
are characterized by slow maturation and
growth compared with adolescents from in-
dustrialized countries. They also present
persistent stunting, although a clear catch-
up in body mass, fat mass, and body mass
index (BMI) occurs after mid-puberty (Ben-
efice et al., 2001b).

The study protocol was reviewed and ap-
proved by the Niakhar project board of the
Institut de recherche pour le developpement
(IRD) and authorized by the University
Ministry of Senegal. The aim of the surveys
were explained to the girls and their parents,
and individual oral consent was requested.

Growth and maturation

Adolescent girls were weighed at each
round, barefoot and lightly clothed, with an
electronic scale accurate to 100 g. Their
stature, standing upright, was measured
with a portable Harpenden anthropometer.
Midarm circumference was measured at the
left side after marking the site on the skin.
Six subcutaneous fatfolds were measured
using the Holtain caliper at the tricipital,
bicipital, subscapular, supra iliac, umbilical,
and calf sites. The sum of these six skinfolds
was used as an indicator of total fatness.
Each measure was done in duplicate ac-
cording to recommended techniques (Loh-
man et al., 1988). Standardization sessions
were organized between measurers (the
authors of the paper) at the beginning of
each round. The interobserver coefficients of
variation have already been published: They
were within the lower range of data reported
in the literature (Benefice et al., 2001b).

Girls were asked about the occurrence of
menstruation, and if positive, when it oc-
curred. Only 2 girls of 40 were menstruat-
ing at the beginning of the survey, whereas
11 of 40 were menstruating at the end of the
survey when they were 15.4 + 0.4 years old.
Thus, 80% of the adolescents were not
menstruating during the study. Sexual
maturity was determined according to the
stage of breast development (Tanner, 1962).

Physical activity assessment

Physical activity was quantitatively as-
sessed using an electronic accelerometer
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worn by the girls for 3 consecutive days and
nights (4 days during the 1°* round). The
7164 CSA accelerometer (Computer Science
and Applications, Inc., Shalimar, FL) was
chosen because of its small size (5x3.8x1.5
cm), light weight (60 g), and ease of use. This
apparatus records body accelerations and
decelerations (i.e., movements) in a vertical
plane with a piezo-electric sensor and pro-
duces an electronic signal proportional to
the force acting on it. It records accelerations
ranging from 0.5 to 2 Gs. Data are stored in a
34-kb non-volatile RAM and then collected
in a computer through an interface unit. In
this study, the interval time was set at 1
minute. The apparatus was sent to the
manufacturer each year for revision and
calibration. Eight accelerometers were used
for the study. They were worn firmly fitted
at the level of the left hip with a linen belt.
Girls were instructed on how to fasten and
unfasten the belt for toilet or bathing.
During the first and last surveys (June
1997 and March 1999), the nature of the task
and the time spent in doing it were also
monitored minute by minute for 2 consecu-
tive days by young-women observers. These
women were specially recruited and trained
to observe the girls at a certain distance to
not interfere with their habits. They were
regularly controlled by a supervisor. They
were divided into two teams working con-
tinuously for 6 hours (7 aAM—1 PM and 2 PM—7
pPM). Results of the first survey were used to
validate accelerometry records (Benefice and
Cames, 1999). Intensity of activities was
coded according to a 10-point scale ranging
from 1 (lying in a bed) to 10 (very hard ac-
tivity such as dancing or sprinting). This
scale was inspired by previous work by
Bouchard et al. (1983). After adaptation, it
was proven to be reliable (Benefice et al.,
1999). To assign a practical meaning to the
results, energy spent in specific activities
were then expressed as multiples of basal
metabolic rate according to current recom-
mendations. Metabolic values were compiled
from sources relating to developing countries
(Bleiberg et al., 1980; FAO/WHO/UNU,
1985; Torun, 1989). It must be underlined
that published values for specific tasks ob-
served in Africa, like pounding, fetching, or
carrying water, are very rare. As far as we
are aware, there still do not exist specific
values for pubescent girls. Daily physical
activity was expressed as physical activity
level unit (PAL), which is the ratio of energy
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expenditure to basal metabolic rate (BMR).
BMR could be calculated according to age,
sex, and weight characteristics and then
energy expenditure calculated. In this study,
the Schofield equations suggested by the
FAO/WHO/UNU (1985) were used.

Validation study and threshold settings
of accelerometry counts

From previous studies, there is good
agreement between accelerometry counts
and either direct observation scores (Bene-
fice and Cames, 1999) or heart rate moni-
toring (Benefice et al., 2001a). It is difficult
to set a cut-off for intensity levels, since
values from the literature or those proposed
by the manufacturer do not apply to this
population of active, lean adolescent girls. It
was decided to determine specific thresholds
for the surveys. Results from the first round
were used for this purpose. Correlation co-
efficients between accelerometry counts and
observed scores were individually calculated
for each minute points (1,440 minutes per
subjects). The average correlation coefficient
was moderate: r = 0.67 = 0.16, but could be
considered acceptable under field condition.
After converting the observation score in
multiples of BMR from literature data, a
regression equation was established as:

1 unit of BMR = 1.437 + (1.30 * 107%) x
counts.min™’; (standard error of the esti-
mate = 0.042).

This equation was used during activity
time, defined by counts.min™' > 25. When
counts.min™! were <25, a value of 1 unit of
BMR was applied instead. Two cut-off
points were then calculated to represent
activity levels: 3 units of BMR correspond-
ing to 890 counts.min™! (limit between light
and moderate activity) and 6 units of BMR,
corresponding to 1,890 counts.min™' (limit
between moderate and vigorous activity).
Interestingly, these limits are close to the
cut-off points derived from the heart rate
monitoring study (843 counts.min™' for
light activity and 2,240 counts.min™! for
moderate activity) (Benefice et al., 2001a).
The percent of time spent at light, moder-
ate, or vigorous activities was calculated for
the daytime period (7 aAM—22 PMm).

Dietary habits of adolescent girls

During the last round (March 1999), a
detailed food consumption survey was per-
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formed (Caius, 2000). The survey was done
with a precise weighing technique of food
prepared for the meal, before and after
cooking, and of the leftovers. Because the
Sereer population is used to sharing a
common dish, adolescents were given plates
to ascertain their individual consumption.
Plates were weighed before and after eat-
ing, just as were the leftovers. In this way,
the proportion of the meal taken by the girl
could be calculated. Eight specially trained
Sereer women were in charge of the survey.
Food eaten outside the household was re-
corded by interview in the evening. Dietary
intakes were measured for 3 to 4 consecu-
tive weekdays. For bibliographic sources
used to convert quantities eaten into nu-
trient values and for requirement estima-
tion, see Table 1.

Energy adequacy was calculated on an
individual basis. Total daily energy expen-
diture was derived from the activity survey
and BMR calculated for each girls using the
Schofield equation suggested by the FAO/
OMS/UNU report as indicated over. Be-
cause these girls were moderately stunted
and wasted and also had an important work
loads, their daily energy expenditure was
increased by 10% to obtain an energy re-
quirement in accordance with a normal
growth and maturation status. Finally,
percent of adequacy was calculated as the
ratio of the observed intakes to the individ-
ual requirements. For nutrients, because of
the inaccuracy of food tables, percent of ad-
equacy was calculated only at a group level.

Statistical analysis

Analysis consisted of descriptive statis-
tics, multiple regression and stepwise re-
gression analysis, and analysis of variance
and co-variance. The NCSS statistical soft-
ware was used (Hintze, 1998). Analyses
were performed after taking into account
changes in body dimensions and physical
activity patterns from one visit to the other
by adjustments on age.

RESULTS

There was a significant increase in
weight, height, BMI, and arm circumfer-
ence but not in skinfolds among adolescents
during the 3 years of follow-up (Table 2).
Only active, apparently healthy girls were
chosen for the surveys. Despite this selec-
tion, a close examination of their anthro-
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TABLE 1. Daily intakes and nutritional value of food consumed by Sereer adolescent girls

Energy and Mean of Standard % of energy  Require-  Adequacy

nutrients observed intake deviation Min. Max. supplied ment’ (%)

Calories (Kcal) 2,681 795 1,201 4,700 2,398% 113

(Vegetal origin) 2,543 789 1,127 4,490 95

(Animal origin) 138 93 9 400 5

Protein (g) 85 21 39 126 13 40.6° 209
49.2¢ 173

(Vegetal origin) 63 21 26 124

(Animal origin) 22 13 2 53

Fat (g) 61 24 16 113 20 47 to 714 85 to 139

(Vegetal origin) 57 23 14 106

(Animal origin) 4 3.6 0.2 19

Carbohydrate (g) 448 156 215 867 67 292 to 318% 104 to 150

Fibers (g) 10 5 3 30

Calcium (mg) 54 37 11 181 650°¢ 8

(Vegetal origin) 43 34 8 175

(Animal origin) 11 12 1 65

Iron (mg) 36 14 17 78 40t 90

(Vegetal origin) 34 14 14 77

(Animal origin) 2 1 0.2 6

Phosphorus (mg) 196 54 98 338 800° 25

"Nutritional values of food were calculated using food composition tables for West Africa (FAO, 1970; Toury et al., 1967). For certain
rare foods other sources were referred to (FAO, 1976; Favier et al., 1993).

2Adolescents requirements in energy and nutrients were calculated according to recent recommendations compiled from various
sources (Dwyer, 1981; FAO/WHO/UNU, 1985; Giovannini et al., 2000; King and Burgess, 1993). Percent of adequacy was calculated

as (observed intake/requirement) x 100.

“FAO/WHO/UNU, 1985. Energy requirements calculated as exposed in the text.

bProtein intake as been set at 0.94 g protein/kg day for a mean weight of 43.2 kg among the adolescents.

“After correction for protein quality of foods, the requirement is 1.14 g/kg day (Giovannini et al., 2000).

4 Total fat should be between 20 to 30% of total calories. Carbohydrates should be between 55 to 60% of total calories (Giovannini

et al., 2000).
°Adapted from Dwyer, 1981.

Value proposed for a low iron availability diet (King and Burgess, 1993).

TABLE 2. Anthropometric characteristics of the Sereer adolescent girls during the survey

15¢ visit: 214 visit: 3" yisit:

June 1997 June 1998 March 1999 Mean values for

Variables (n = 40) (n = 40) (n = 40) F (2,119) (P) pooled variables
Age (year) 13.3% 14.3 15.4 14.4
0.5 0.5 0.5 1.0
Weight (kg) 35.4 40.3 43.2 11.1 39.7
6.1 9.2 7.0 (P < 0.0001) 8.2
Height (cm) 149.2 152.0 156.6 93 152.7
7.2 8.8 7.6 (P < 0.0001) 8.5
BMI (kg/m?) 15.8 17.3 17.6 6.7 16.9
1.9 2.8 2.2 (P < 0.0001) 2.5
Arm circumference (cm) 20.7 21.1 22.1 3.76 21.4
2.0 2.8 2.1 (P < 0.02) 2.4
Triceps skf (mm) 8.6 9.9 9.8 141 9.4
3.6 4.1 3.5 n.s 3.8
Sum 6 skf (mm) 48.4 49.9 50.1 0.11 49.5
16.5 20.3 15.5 n.s® 17.4

“Mean.
"Standard deviation.
“not significant.

pometric indices denoted a certain degree of
growth retardation compared with the
usual references for their age and sex
group. After pooling all values across the
rounds (last column, Table 1), the average
weight was between the 5™ and 10%" per-

centile and height was just at the 10%* per-
centile of the NCHS reference (Hamill et al.,
1979). The BMI was under the 15" per-
centile Must et al., 1991) and arm circum-
ference below the 5 percentile (Frisancho,
1981). Finally, the triceps skinfold was just
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over the 10" percentile (Johnson et al.,
1981). According to these standards, ado-
lescents could be considered as lightly-to-
moderately stunted and wasted. During the
last visit (1999), 29 adolescents (72%) were
reaching the end of puberty (breast stage
B4 and B5), but only 11 (27%) had experi-
enced menstruation.

Results of the dietary survey are sum-
marized in Table 1. During the survey 75
different food items were identified. Gener-
ally, girls ate three times per day with
quantities evenly distributed between
meals. A rich variety of different recipes,
more then 20, was recorded generally as-
sociating a cereal (millet or rice) and a sauce
made with either peanuts, beans, fresh and
dried fish, or, exceptionally, goat or chicken
meat. Consumption of milk products was
very low, and eggs were never eaten. The
most frequently eaten meals consisted of
rice with dried fish for lunch (Tieebu guedj)
and a gruel of millet, called couscous, with
peanuts, niébé or dried fish (Tiere” Neuxeul
or Bassé) for dinner. Subjects used the left-
overs from the evening meal for breakfast.

As a whole, girls met their basic energy
and protein needs (Table 1). Individual
calculations showed that their total daily
expenditure was 2,180 + 291 kcal giving a
requirement of 2,398 + 320 kcal. The per-
cent of adequacy in energy was thus equal
to 112.9 + 34.2%. However, the range of
values was wide, and 41% of the girls did
not meet their own energy requirements. It
is important to note that 95% of the food
energy originated from plant origin. Ado-
lescent energy intake essentially stemmed
from cereals with low fat and animal pro-
tein contribution. Approximately 67% of the
calories were from carbohydrates, only 20%
from lipids, and 13% from proteins. Intakes
of micronutrients like calcium and phos-
phorus were insufficient. This could be ex-
plained by the very low consumption of milk
and meat. Iron intakes were also insuffi-
cient with reference to the low bioavail-
ability of iron from nonanimal foods.

Day-to-day reliability of accelerometers
has been checked on the basis of the intra-
class correlation coefficient (ICC) (Baum-
gartner, 1989). Coefficients were calculated
separately at each round. In June 1997, ICC
was equal to 0.67 for 1 day and 0.89 for 4
days. Because the improvement between
the 3" and 4'® days was minimal (0.85 to
0.89), only 3 days of monitoring were un-
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TABLE 3. Indices of physical activity among Sereer
adolescent girls (n = 40 at each visit)

Parameters Mean SD F@2117 P
Total daily activity (PALs)
1st visit 1.84 0.24 5.89 0.003
2nd visit 1.72 0.18
3rd visit 1.68 0.16
Activity during day (PALs)
1st visit 2.13 0.33 3.52 0.033
2nd visit 2.01 0.26
3rd visit 1.97 0.24
Activity during night (PALSs)
1st visit 1.24 0.13 16.08 0.000
2nd visit 1.16 0.10
3rd visit 1.11 0.08
Time spent in light activity (%)
1st visit 70.88 9.22 2.25 0.110
2nd visit 74.30 7.94
3rd visit 74.46 8.50
Time in moderate activity (%)
1st visit 21.08 6.07 2.02 0.137
2nd visit 18.79 6.26
3rd visit 18.61 6.12
Time in vigorous activity (%)
1st visit 8.04 4.19 1.24 0.294
2nd visit 6.92 3.21
3rd visit 6.93 3.57

dertaken in the subsequent surveys. In
1998, ICC was 0.56 for 1 day and 0.79 for 3
days. Finally it was 0.82 for 1 day and 0.93
for 3 days in 1999. This denotes an excellent
reliability of the method. Interestingly,
values of the coefficients seemed to increase
from 1997 to 1999, suggesting more mo-
notony in the physical activity pattern and
less variety of the tasks to be undertaken.
Mean values of the different indices of
activity according to the year of visit are
indicated in Table 3. As a whole, physical
activity intensity expressed in PAL was
high: 1.7 to 1.8 multiples of BMR. Interest-
ingly there was a significant decrease from
the 1% visit to the last. This decline was es-
pecially clear-cut for the nighttime period
(defined as the period between 22 PM and
6:59 AM). After separating activity intensity
into three categories, a non-significant in-
crease in time spent at light activity (<3
multiples of BMR) and a decrease in mod-
erate (3—6 multiples of BMR) and vigorous
activity (>6 multiples of BMR) could be ob-
served. After pooling together values of the
2™ and 3" rounds, differences with the 1%
round became significant in time spent at
light activity: 70.8 + 9.2% versus 74.3 = 8.1%
(t=2.12, P<0.03), and at moderate activity:
21.0 = 6.6 versus 18.7 = 6.1 (t = 2.01, P <
0.04). Time spent at vigorous activity did not
change. On an average, time spent at mod-
erate and vigorous activity was consider-
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Agricuiture

Domestic: heavy p<0.001
Domestic: light ] p<0.001
Moving p<0.001

Social & personal

3rd visit
0O st visit

p<0.001

Percent of time

40 60 80

Fig. 1. Percent of time spent in different groups of activities by adolescent Senegalese girls.

able: it represented more than 2 hours 30
minutes per day of moderate activity and 50
minutes of vigorous activity.

From the observational surveys organized
during the 1% and 3™ visit, it was possible
to investigate which group of activities
changed over time. Results are summarized
in Figure 1. Activities were classified into
six principal groups. Differences were test-
ed with Fisher's exact test and found to be
significant between visits for all activity
groups except agricultural production.
When younger, adolescent girls spent less
time at personal occupations (including
school and rest time) and more at domestic
tasks. Time spent performing agricultural
activities was always low (0.6-0.7% of the
daily observations, less than 5 minutes). It
must be emphasized that there was virtu-
ally no agricultural activity during the dry
season, apart from cattle herding and wa-
tering, which were performed by boys.

To study the relationship between physi-
cal activity indices and individual charac-
teristics of adolescent girls, a stepwise
regression was performed. Because body
dimensions and maturity status progressed
from one visit to the other, analysis was
performed using age as a weight variable.
Results are presented in Table 4. The fol-
lowing variables were entered into the

model: breast stage, stature, BMI, arm cir-
cumference (as a proxy for muscle mass),
and the sum of six skinfolds (as a proxy for
adiposity). There was a moderate but sig-
nificant relationship, explaining 7 to 9% of
the variance, between indices of physical
activity and stature and BMI. The BMI was
a significant and positive predictor of 24-
hour energy expenditure and energy ex-
pended during the daytime, whereas stat-
ure had a negative effect on those indices.
Shorter girls were more active than taller
girls, and those with a greater BMI were
also more active than the leaner girls. The
breakdown of activity in different levels
provides another insight. Stature and BMI
were again the unique predictors of time
spent at light or moderate activity, but the
signs of the regression coefficients were
opposite. While light activity was positively
associated with a small size and negatively
with the BMI, the reverse was true for
moderate activity. Vigorous activity levels
were not predicted by any of the individual
characteristics entered in the model. Inter-
estingly, pubertal development, subcutane-
ous fatness, and arm circumference were
not predictive of activity levels.

BMI is considered a useful indicator of
nutritional status in adolescents (de Onis
and Habicht, 1996). In the present study, it
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TABLE 4. Results of a stepwise regression between indices of physical activity and stature, pubertal stage, BMI,
arm circumference, and the sum of 6 skinfolds (using age as a weight variable to take account differences
in body dimensions between visits)

Standardized
Independent regression
variables® coefficient ° P R*c
Total 24-h activity
Stature -0.27 2.7 0.007 0.08
BMI 0.19 2.0 0.04
Activity during daytime
Stature -0.27 2.9 0.003 0.08
BMI 0.18 2.0 0.04
Activity during nighttime
No variables selected
% time spent in light activity
Stature 0.27 2.9 0.005 0.08
BMI -0.20 2.2 0.028
% time spent in moderate activity
Stature -0.26 2.8 0.005 0.09
BMI 0.24 2.6 0.011

% time spent in vigoroous activity

No variables selected

20nly selected variables with significant effect are presented in the table.

PTest of significance for the variable.
“Coefficient of determination for the current model.

had an independent effect on energy ex-
penditure estimates and physical activity
levels. To make this effect more evident,
girls were divided into three groups ac-
cording to their specific age percentile rank:
<5 percentile, 5-15"" percentile, >15%
percentile, using values of Must et al. (1991).
For greater contrast, only low BMI girls
(BMI < 5 percentile) and normal BMI girls
(BMI > 15" percentile) were compared.
Comparisons were done after adjusting for
age by covariance analysis. Total 24-hour
energy expenditure and energy expended
during the daytime were greater for normal
BMI girls than for low BMI girls. Interest-
ingly, there was a significant interaction
between age and activity level during the
night. Slopes between age and energy ex-
penditure at night were compared between
the two BMI groups and found to be differ-
ent. Separate analysis proved that, what-
ever their corpulence, younger adolescents
expended more energy then older adoles-
cents during the night. Finally, normal BMI
girls spent more time in moderate activity
and less in light activity than low BMI girls.
There was no difference in vigorous activi-
ties between BMI groups.

DISCUSSION

This study confirms the high level of daily
energy expenditure of these adolescents,

already reported for the Sereer population
(Benefice and Cames, 1999; Benefice et al.,
2001a). During the first round, they reached
the “heavy” activity category (PAL > 1.85
multiples of BMR) suggested by Torun et al.
(1996). In subsequent rounds, they lay be-
tween the “moderate” and “heavy” catego-
ries (1.65-1.85 multiples of BMR). However,
it must be underlined that these values are
only an indirect estimate of energy expen-
diture under field conditions and do not
strictly represent the current situation.
Limitations of accelerometers have al-
ready been described. Accelerometer counts
reflect changes in kinetic energy according
to Newton's mechanical laws rather than
energy expenditure in a thermodynamic
sense (Meijer et al., 1991; Tryon and Wil-
liams, 1996). Energy expenditure during
static work such as carrying a load or lifting
an object may be considerable and is not
accurately recorded by motion sensors, es-
pecially those with a single axis. Static work
constitutes an important part of daily do-
mestic tasks. These tasks are apparently
better captured with a triaxial accelerome-
ter (Westerterp, 1999). However, in real-life
conditions, both kinds of apparatus report
equally spontaneous activity (Trost, 2001).
The most commonly observed static tasks,
like supervising the cooking of meals or
waiting a turn at the tap during water col-
lection, generally do not entail an important
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TABLE 5. Comparison of physical activity indices between constrasted groups of BMI,
after adjusting for age difference by covariance analysis
Physical BMI < 5%t BMI > 15t
activity percentile percentile F (1,90)
indices (n = 38) (n = 55) (P)
Total daily EE (Mets) 1.67% 1.77 5.01
0.03" 0.02 0.02
EE during day (Mets) 1.94 2.07 4.3
0.04 0.02 0.04
EE during night® (Mets) 1.14 1.19 3.7
0.01 0.01 0.05
% Light activity 76.0 72.4 4.08
1.3 1.1 0.04
% Moderate 17.3 20.1 4.8
0.9 0.8 0.03
% Vigorous 6.6 7.4 1.1
0.6 0.5 ns

“Adjusted Mean
*Standard error of the mean.
“Significant interaction with age.

energy cost, but because of their frequency
(girls spent approximately 20% of their time
in light domestic activity), energy expendi-
ture reported here was certainly underes-
timated. However, it should be emphasized
that until now, no field method has been
accurate enough to measure oxygen con-
sumption of children at low ventilation rate.
The doubly labeled water method, consid-
ered to be the gold standard, gives a global
estimate for several days but does not dis-
tinguish different levels of activity during
the day. If the outcome sought more the
physical activity patterns than the energy
expended, as is the case in this study, ac-
celerometry is a method of choice (Trost,
2001). In population studies, accelerometers
have important advantages, especially for
children: they are light to carry, not cum-
bersome and do not disrupt spontaneous
activity (Janz, 1994). A recent paper found a
good correlation between accelerometry
counts and energy calculated from indirect
calorimetry (Eston et al., 1998).

A recent compilation of studies on energy
expenditure using different methods (dou-
bly labeled water, observation, or heart-rate
recording) indicates that for 14- to 15-year-
old girls from both industrialized countries
and developing countries, the average PALs
are between 1.33 and 1.66 (Torun et al.,
1996). These values are well below those
presented here. This is not surprising since
African studies usually report a high level
of energy expenditure among rural women

(Bleiberg et al., 1981; Henderickx et al.,
1990; Lawrence and Whitehead, 1987,
Schultink et al., 1993; Singh et al., 1989).
Unfortunately, to our knowledge, there ex-
ist no specific studies on rural African ado-
lescents for comparison purposes.

The absence or presence of a relationship
between body composition or fatness and
indices of activity remains a controversial
issue. Generally the relationship is weak
with results depending on the choice of
method used (Rowlands et al., 2000). In
children there is a small negative although
significant relationship between activity
when recorded with motion sensors and
fatness (LeMura et al., 2000; Rowlands et
al., 1999). A similar relationship exists but
it is weaker when a heart-rate monitoring
method is used instead (Janz et al., 1992).
Almost all studies done were carried out in
industrialized countries. Their conclusions
do not necessarily apply to developing
countries where the relationships between
maturation, growth, body composition, and
activity are obscured by the presence of
chronic malnutrition. This is apparent in
the present study where subcutaneous fat-
ness had no independent effect on activity;
instead, BMI, sometimes considered to be
an adiposity indice, was positively associ-
ated with energy expenditure. In these
slightly malnourished adolescent girls, a
limited amount of fat mass does not consti-
tute an overload during moving or weight
lifting activities, as could be the case in
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fatty adolescents where fat mass constitutes
a brake to spontaneous activity. On the
contrary, a higher BMI, which is a marker
of either muscle or fat mass, reflects a bet-
ter nutritional status and is positively as-
sociated with greater intensity of activity.
The decline in activity throughout the
years reported in Table 3 is in line with
other observations on adolescents (Sallis,
1993). This decline is especially clear-cut
during the nighttime. The most plausible
explanation is that during the first round,
younger girls have to get up early (between
5 and 6 AM) to prepare millet for pounding.
They have to extract the ears from the loft
and to separate the grains. Husking and
pounding, two especially heavy tasks, are
mostly in charge of women or older adoles-
cents thereafter. A sharp peak in the daily
curve of accelerometry counts could be not-
ed at that time (Benefice and Cames, 1999).
Smaller, younger girls were more active
than taller, older adolescents. But for a
given size, those with a higher BMI dis-
played higher indices of activity. Smaller
girls spent also more time in light than
moderate activity, and time spent in vigor-
ous levels of activity was apparently inde-
pendent of body dimensions. Thus, a
complex interaction between behavioral or
social and physiological influences appears
to take place. The younger girls are
prompted to be active, but within limits
assigned by their own nutritional status.
This energy adjustment seems to be more
efficient for children than for adults. In an
experimental study done in a respiratory
chamber, no differences in energy expendi-
ture or basal metabolic rate (BMR) nor
other evidence of metabolic adaptation were
found between male Gambian farmers
having low or normal BMI after adjusting
for differences in fat-free mass (Bianca et
al., 1994). A decrease in energy expenditure
and BMR was observed in rural Benin
(West Africa) during a field study but only
in very thin women having a BMI < 18 kg/
m? (Schultink et al., 1993). Results from
population studies are also conflicting. In a
nutritionally deprived rural area of Ethio-
pia a significant association between low
levels of activity and low BMI has been re-
ported in adults. Men, but not women, were
nevertheless able to increase their energy
expenditure during the pre-harvest period
(Alemu and Lindtjorn, 1995). In central
Mali, in an area obviously less nutritionally
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stressed than Ethiopia, adult males lost
body weight and at the same time increased
their energy expenditure during the rainy
season (agricultural works). They were able
to recover a normal body and muscle mass
thereafter. Seasonal variations were less
marked among women. The authors con-
cluded that farmers responded by modest
weight loss to the seasonal energy imbal-
ance (Adams, 1995).

All these studies tended to show that
adults could adapt easily to a range of en-
ergy stresses without restraining their ac-
tivity. However, the consequences of weight
lost are certainly much more serious among
children in terms of growth and develop-
ment of functional capacity. This implies a
more precise mechanism of energy regula-
tion to protect them from environmental
constraints. This regulation seems to be
completed by either cultural or behavioral
adjustments. Younger, weaker girls are
more active but in less energy-demanding
tasks, and by Dbiological conformation,
stronger girls expend more energy in ac-
tivity. This implies a well-structured society
with a fair sharing of tasks within the
household. The importance of the household
as a determinant of child nutritional and
health status has recently been stressed
(Panter-Brick, 1998).

The dietary survey performed once in
March 1999 showed that adolescents cor-
rectly met their energy requirements. This
is interesting, since an important deficit in
energy intake is often reported in African
studies (Bleiberg et al., 1981; Singh et al.,
1989). This could be due to precise individ-
ual weighing method used. However, it
must be pointed out that approximately
41% of the girls did not meet their energy
requirements and that the survey was per-
formed after harvest when grain provisions
were sufficient. The situation tends to de-
teriorate at the end of the dry season. A food
frequency questionnaire used in June 1998
indicated less variability in foods consumed,
whereas the quantities eaten were consid-
ered to be insufficient by the children. In
some cases, the number of meals was re-
duced from 3 to 2 (Sernit, 1998). In the
present survey, there existed deficiencies in
important nutrients like calcium and iron
and probably vitamin A. The vitamin A
content of foods consumed was not calcu-
lated here because values proposed by the
foot tables were not obtained with modern
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techniques of determination. However, vi-
tamin A deficiency was documented in the
area: 20% of 865 preschool children exam-
ined during an epidemiological survey were
considered to be at-risk of vitamin A defi-
ciency and 11% were classified as deficient
(Carlier et al., 1991). Local consumption of
food rich in retinol precursors such as pa-
paya or mango fruits is seasonal and mar-
ginal, due to the dryness.

It is quite certain that nutritional stress
occurred during the rainy season in this
adolescent group, where a slight decrease in
arm circumference, triceps skinfold, and
BMI has already been reported (Benefice
and Cames, 1999). However, their growth
and maturation processes were not arrest-
ed. Sereer farmers used efficient subsis-
tence strategies, for example, the out-
migration to the cities when the situation
worsened minimizes the nutritional impact
on adolescent health (Benefice et al., 1999).

The working activity of adolescent girls
plays an important role in everyday life.
Their participation in productive agricul-
tural tasks was minimal during the surveys
(4.0 and 4.5 minute per day), but they spent
between 194 and 223 minutes (more than 3
hours 30 minutes per day) in domestic ac-
tivities. This no doubt constitutes an im-
portant help to the mothers. Very often, it is
stated that African women are overbur-
dened by their multiple domestic and ex-
tradomestic  activities ~(McGuire and
Popkin, 1988). This is true, but the contri-
bution of children and adolescents of both
sexes is considerable and should be ac-
counted for in the energy budget of the
household. Younger adolescent girls are not
spared and are involved in heavy domestic
tasks such as carrying loads, washing
clothes, winnowing grain, and pounding.
However, present findings show that the
weaker girls are more often engaged in light
and less in moderate activities than the
stronger girls. Along this line, the work
pace is an important aspect of this activity.
It has been shown that working a long time
but at a low level of intensity, with frequent
rests, is an efficient way to avoid exhaustion
and to decrease energy expenditure (Pan-
ter-Brick, 1998).

In conclusion, these adolescent girls play
an important role in the maintenance of the
energy homeostasis of the household. They
are able to sustain their activity despite
suffering from light-to-moderate degrees of
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malnutrition. However, their workloads
seem to be well adjusted to their physical
capacity.
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