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Abstract

Background: Low physical activity and a sedentary lifestyle are contributing to overweight/obesity in children. This
study aims to explore relationships between out of school physical activity, sedentary lifestyle and socioeconomic
status indicators with children’s weight status and adiposity.

Methods: Five hundred twenty-two children of ages 5 to 12 years were randomly selected in a school-based cross
sectional study in Bamenda, Cameroon. Weight and height were measured and BMI calculated. These variables
were standardized for age and gender. Socioeconomic variables and proxy measures of physical activity and
sedentary lifestyle of children were reported by parents using a structured questionnaire. Bivariate and multivariable
logistic regression was used to calculate odds ratios.

Quantile regression was used to compare median values of triceps skinfold thickness across the different factors.

Results: In bivariate analysis, physical activity >4 — 7 times/week was significantly (p = 0.010) associated with a
lower prevalence (5.9%) of overweight/obesity. In multivariable analysis, physical activity > twice a week

(OR 0.1, 95% Cl 0.05 — 0.3), sedentary lifestyle > 3 h/day (OR 2.4, 95% Cl 1.2 — 4.3) and being in the high occupation
class (OR 4.3,95% Cl 2.2 — 8.1) independently predicted overweight/obesity. With quantile regression, physical

activity >4 - 7 times/week was significantly (p = 0.023) associated with a 1.36 mm decrease in median triceps skinfold
thickness, while sedentary lifestyle (> 3 h/day) (p = 0.026) and being in the high occupation class (p = 0.007) were
significantly associated with a 1.37 mm and 1.86 mm increase in median triceps skinfold thickness respectively.

Conclusion: Physical activity is inversely related to BMI-defined overweight/obesity and triceps skinfold thickness. Also,
a high sedentary lifestyle and a high occupation class were associated with overweight/obesity and had the largest
significant relationship with triceps skinfold thickness. There is need to objectively assess physical activity and sedentary
lifestyle in our setting, in and out of school. Also longitudinal studies are warranted to understand the influence of
cultural and behavioral drivers of physical activity and sedentary lifestyle.
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Background

Overweight/obesity is affecting children in both devel-
oped and developing countries and had been described
as a global threat to health more than a decade ago [1].
It affects approximately one-tenth of school-age children
globally [2]. Increasing numbers in overweight/obese
children have been recorded in developing countries
undergoing an epidemiologic transition [3, 4], which is
characterized by adoption of a sedentary lifestyle,
physical inactivity, changes in dietary habits, rapid
urbanization and better income [5-7].

Physical activity influences energy balance and has
been shown to be beneficial to the health of school-age
children [8, 9], with the likelihood of the children be-
coming more active in adulthood [10]. For instance, a
follow-up study among US children between the ages of
10 and 15 years by Berkey et al. [11] revealed that when
activity increased, BMI dropped. Also, lower levels of ex-
ercise has been shown to be associated with increased
child adiposity [12, 13]. Despite the documented benefits
of physical activity, evidence relating physical activity
and overweight/obesity has not been consistent even in
cohort studies, which indicated either weak or no associ-
ations between physical activity and overweight/obesity
in children [14, 15].

Leisure time activities in children have changed over
the past years as a result of advances in technology. In
Cameroon, there is no documented evidence on leisure
time activities in children. However, evidence from other
countries indicate that children spend more time in sed-
entary activities like watching TV, internet and playing
video games [16]. A report revealed that TV watching
and playing of video games are common among younger
children, while internet activities are common among
adolescents, and a high proportion (> 80%) of the
children spend on average, one and a half hours a day
watching TV [17]. This is concerning because a recent
study indicated that the use of electronic media has been
associated with childhood overweight/obesity in school-
age children [18]. However, an Australian study did not
find such associations among adolescents [19].

In some African countries, less than half of children
and youths meet up with the WHO daily requirement of
60 min of moderate-to-vigorous intensity physical
activity [20]. Also, a study in Senegal indicated that ado-
lescents occupy themselves with sedentary activities for
half of their time [21]. The opportunities for physical
activity are influenced by socioeconomic, cultural and
even geographical factors, which contribute to differ-
ences in the numbers of individuals affected with over-
weight/obesity. For instance, a recent report in rural
South Africa indicated that sedentary time and physical
activity were independently predicted by socioeconomic
status (SES) [22]. Other, studies had revealed that
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subjects from urban settings were least active compared
to their rural peers [23, 24] and low physical activity level
was associated with attending a private school [25]. How-
ever, most of these studies used body mass index (BMI),
which does not directly reflect adiposity levels [26, 27].

The primary goal of this study is to investigate the
contribution of selected factors (out of school physical ac-
tivity, out of school sedentary lifestyle and SES indicators)
to children’s weight status and adiposity, using body mass
index and triceps skinfold thickness respectively.

Methods

Subjects

This school-based cross sectional analysis included a ran-
domly selected sample of children (5 — 12 years) from 6
primary schools in Mezam Division of the North West
Region (NWR) of Cameroon. A list of both private and
public primary schools in Mezam Division of the NWR
was obtained from the North West regional delegation for
basic education. In order to have an adequate mix of so-
cioeconomic groups and taking into consideration the dis-
tribution of more schools in urban than rural settings, 4
schools in the urban (2 private, 2 public) and 2 schools in
the rural (1 private, 1 public) settings were randomly
selected and contacted. Any school that refused to partici-
pate was replaced by another randomly selected one on
the list. Based on the presumption that each class in
schools should have a maximum of 40 - 45 children, 20
children were randomly selected from the 6 classes in
each school. This was done to maximize the age distribu-
tion of the sample. A total of 720 children were randomly
selected. Consent information which included the objec-
tives of the study and also the study questionnaire were
sent to parents/guardians through their children. The con-
sent information was also given to the head teachers of
the different schools. 609 questionnaires were returned
giving a response rate of 84.6%. In addition, 87 partici-
pants were dropped because of missing data on physical
activity, sedentary lifestyle and some SES indicators.
However, there were no significant differences in an-
thropometric variables between those dropped and those
retained in the study. A final sample of 522 children (262
boys and 260 girls) was included in the analysis.

Ethical considerations

Ethical approval for this study was obtained from the in-
stitutional review board of the Catholic University of
Cameroon (CATUC), Bamenda. Administrative clear-
ances were obtained from the North West regional dele-
gations for basic education and public health. All head
teachers and parents/guardians gave written informed
consent before the study commenced. Verbal assent was
also obtained from each child before any study related
procedure was carried out.
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Data collection
Anthropometry
All measurement activities were carried out by trained
nurses using standardized protocol while children were in
school during morning hours. Body weight, to the nearest
0.1 kg of the children was obtained using a portable digital
scale (Omron BF 511, Japan) in light clothing and without
shoes. Height was measured to the nearest 0.1 cm using a
portable stadiometer (Seca 213, Germany) without shoes.
BMI, in kg/m? was calculated from weight and height and
used as a measure of the weight status of participants. Tri-
ceps skinfold thickness was measured half-way down and
parallel to the long axis of the flexed left arm (between the
acromion and olecranon) hanging on the child’s side using
a standard skinfold caliper (Holtain Ltd., Croswell,
Crymch, UK) to the nearest 0.2 mm that functioned under
a constant pressure of 10 g/mm? [28]. The skinfold mea-
surements were carried out in triplicates by one observer
(LKN) and the average value was recorded and used as a
measure of adiposity. The children’s dates of birth and
gender were obtained from school records during an-
thropometric measurements.

The information on school type (private or public) was
obtained from the school administration.

Parent/guardian questionnaire

Information on the children’s socioeconomic back-
ground, physical activity and sedentary lifestyle were
reported by parents/guardians using a pre-tested ques-
tionnaire. This questionnaire was established in both
English and French. In the absence of a validated instru-
ment to assess activity levels of school-age children in
our setting, the established physical activity and seden-
tary lifestyle components of our questionnaire were
similar to that of a previous study in Pakistan [29]. How-
ever, no validity test was carried out. We adapted the
questionnaire used in Pakistan in two ways. Firstly, in-
stead of asking participants to indicate the frequency of
participation in physical activity and sedentary lifestyle,
our questionnaire provided categories of frequency of par-
ticipation in both activities for participants to choose. Sec-
ondly, a sports activity that is not common among school
children in our setting, like playing cricket, was substituted
with football, which also involve physical movement.

The parents/guardians reported the out of school
physical activity levels/sedentary lifestyle of their chil-
dren and also provided information on their socioeco-
nomic background (monthly income, professions and
level of education) as explained below:

Out of school physical activity

In this study, out of school physical activities included
the following; farm work, household chores, ball dodg-
ing, hopscotch, skipping rope, hide and seek, dancing,
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football, handball, jogging, tennis, cycling, play on the
playground and walking to school. The parents selected
the frequency of the children’s involvement in each of
the above activities in a week (Monday to Friday and
Saturday to Sunday) [30] from the following categories:
(i) one time/week, (ii) 2 times/week, (iii) 3 times/week,
(iv) 4 times/week, (v) 5 times/week, (vi) 6 times/week
and (vii) 7 times/week. The average of the number of
times involved in all the activities was calculated and
used to assign the children into the following groups;
low (<2 times/week), moderate (> 2 — 4 times/week) and
high (>4 — 7 times/week) physical activity.

Out of school sedentary lifestyle
The out of school sedentary lifestyle of the children in-
cluded; playing board games/cards, playing video games,
reading/doing homework, watching TV, using the com-
puter (internet), listening to music and motorization to
school. The parents also selected the number of hours
their children spend in the above activities during week-
days and weekend days from the following categories: (i)
one hour/day, (ii) 2 h/day, (iii) 3 h/day, (iv) 4 h/day, (v)
5 h/day and (vi) 6 h/day. The mean time (in hours/day)
[31] spent on all the activities was calculated and used to
stratify participants as follows; low (<1 h/day), moderate
(>1 -3 h/day) and high (> 3 — 6 h/day) sedentary lifestyle.
No significant differences were observed in physical
activity and sedentary lifestyle between weekdays and
the weekend days.

Socioeconomic status indicators

Occupation class: Parents/guardians were asked to
provide information on their monthly income and
professions. The Cameroon public service classification
system of civil servants based on income and profession
was used to determine the occupation class of the
parents. The civil servant categories A, B and C were
used to classify parents/guardians into the high, middle
and low occupation classes respectively [32]. Each

child was designated to the parent in the highest
occupational class.

Education level: The education level of parents was also
obtained from the questionnaire and they were
categorized as follows; illiterate, primary, secondary and
higher education after having spent none, < 6 years, 7
to 13 years, and > 13 years of education respectively.
The parent with the highest level of education was
used to assign the children to the appropriate
education group.

Statistical analysis
The distribution of continuous variables was assessed
using the Kolmogorov-Smirnov (K-S) test. Z-scores for
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weight, height and BMI were calculated using WHO
AnthroPlus software, which utilizes the WHO 2007
growth reference data for children of ages 5 to 19 years
[33]. A descriptive analysis was performed and values re-
ported as mean (minimum — maximum) for continuous
variables and proportions for categorized variables. Also, a
parametric independent samples ¢-test and non-parametric
Mann-Whitney U test were used to compare means of
anthropometric variables between boys and girls, and pro-
portions were compared using Chi square test.

Odds ratios, reported with their corresponding 95% con-
fidence intervals for weight status (overweight/obesity),
were calculated using bivariate and multivariable binary
logistic regression models. The bivariate analysis included
models which assessed the relationship between each
factor and weight status. In multivariable analysis, odds
ratios were adjusted for age, gender, design variables
(school and class) and all the factors that were significant
in the bivariate analysis. The design variables were included
in the model in order to avoid violating the assumption
of independence.

In addition, unadjusted analysis was carried out using
the Kruskal-Wallis test to compare the median triceps
skinfold thickness across the different factors. Further, the
median triceps skinfold thickness across the different fac-
tors were adjusted using multiple quantile regression ana-
lysis. Quantile regression was used because it assesses the
relationship across the distribution and the assumption of
normality is not a requirement. The Powell Kernel ap-
proach for estimating standard errors [34] was used to cal-
culate the regression estimates of the median of triceps
skinfold thickness. The quantile regression analysis in-
cluded all variables in the unadjusted analysis. The WHO
criteria was used to define overweight (BMI z-score > +1)
and obesity (BMI z-score > +2) [33] and statistical signifi-
cance was considered at p < 0.05 level. The statistical soft-
ware, R version 3.4.1 with QUANTREG package installed
[34] was used for all statistical procedures.

Results

The overall prevalence of overweight/obesity among the
children in this study was 18.0%. When overweight and
obesity were combined, more boys were affected than girls.
However, this difference was not significant (p =0.131)
(Table 1). On the basis of the type of school attended, there
was no significant difference in prevalence of overweight/
obesity between children attending private schools (19.4%)
and those in public schools (16.4%) (p=0.330). Even
though a higher proportion of urban subjects (18.4%) were
overweight/obese compared to the rural subjects
(17.1%), this difference was also not statistically signifi-
cant (p = 0.775). In addition, Table 1 reveals that the mean
BMI z-score was significantly higher for boys than
girls (p <0.001). On the contrary, mean triceps skinfold
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Table 1 Summary characteristics of the study population

by gender
Characteristics Boys Girls
N = 262 N =260

Age (years) 9.1 (50-120) 89 (9.0 - 120)
Weight (kg) 308 (164 - 64.5) 308 (17.8 - 59.8)
Height (cm) 133.0 (1046 - 176.1) 1324 (109.2 - 161.2)
BMI (kg/mz) 17.1 (132 - 26.3) 17.2 (11.6 - 29.5)
Triceps skinfold (mm) 76 (3.0 -235)° 102 (3.0 - 2457
Weight z-score 0.22 (-2.81 - 3.60) 0.16 (=3.30 - 3.76)
Height z-score —0.02 (-3.73 - 4.13) 0.05 (-3.91 - 6.19)
BMI z-score 039 (-2.20 - 2.88)° 020 (-3.62 - 361)°
BMI categories

Severe thinness 0 (0.0) 2 (0.8)

Thinness 1(04) 3(1.2)

Normal weight 211 (80.5) 211 (81.2)

Overweight 45 (17.2) 33 (12.7)

Obese 509 11 4.2)
Type of school

Public 125 (47.7) 129 (49.6)

Private 137 (52.3) 131 (504)
Area of residence

Urban 182 (69.5) 182 (70.0)

Rural 80 (30.5) 78 (30.0)

Values = mean (min - max) for continuous variables and n (%) for
categorized variables
p < 0.001, ®p < 0.05. BMI categories were defined using WHO criteria [33]

thickness was significantly higher for girls than boys
(p = 0.018). No significant differences were observed for
the other anthropometric variables.

Table 2 shows the associations between the different fac-
tors with overweight/obesity as dependent variable. In
bivariate analysis, moderate (> 2 — 4 times/week) (p < 0.001)
and high (>4-7 times/week) (p = 0.010) physical
activities were significantly associated with a lower preva-
lence of overweight/obesity. Also, children in the middle
(p<0.001) and high (p<0.001) occupation classes and
those with a moderate (> 1 — 3 h/day) (p <0.001) and high
(>3 -6 h/day) (p=0.012) sedentary lifestyle were signifi-
cantly more likely to be overweight/obese compared to
those in the low occupation class and those with a low
sedentary lifestyle (<1 h/day). Children attending private
schools had higher odds of being overweight/obese when
compared to their peers in public schools. However, this as-
sociation was not significant. After controlling for age, gen-
der, design variables (school and class) and all significant
variables in the bivariate analysis (physical activity, sedentary
lifestyle and occupation class), the multivariable analysis in-
dicated that there was a significant independent inverse re-
lationship between physical activity (> 2 — 4 times/week)
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Table 2 Prevalence and odds ratios (95% Cl) for the association of factors with weight status of school children (N = 522)

Factors N Overweight/obesity
Prevalence Bivariate (95% Cl) p-value® Multivariable (95% Cl) p-value®
(%) OR OR
Physical activity < 0.001 < 0.001
< 2 times/week 209 27.8 Ref. Ref.
> 2 — 4 times/week 194 149 0.2 (0.1-03) 0.1 (0.05-023)
> 4 - 7 times/week 119 59 04 0.1-08) 02 0.1 -06)
Sedentary lifestyle < 0.001 0.001
<1 h/day 196 1.2 Ref. Ref.
> 1 -3 h/day 203 172 3.1 (1.8-59) 33 (18-69)
> 3 -6 h/day 123 30.1 20 (1.2 -34) 24 (1.2 -43)
Occupation class < 0.001 < 0.001
Low 239 7.1 Ref. Ref.
Middle 149 14.8 9.7 (53-179) 8.6 (44 -16.9)
High 134 410 4.0 (23-77) 43 (22 -181)
Parental education 0.765
llliterate 129 202 Ref.
Primary 107 159 0.8 04 -1.7) - - -
Secondary 146 19.2 1.0 (05 -20) - - -
Higher education 140 164 08 04 -1.5) - - -
Type of school 0.330
Public 254 164 Ref.
Private 268 194 12 (0.8 - 20) - - -
Area of residence 0.774
Rural 158 17.1 Ref.
Urban 364 184 09 (06 - 1.5) - - -

Multivariable odds ratios have been adjusted for age, gender, design variables (school and class), and all significant variables in bivariate analysis

OR Odds ratio, CI confidence interval. °p-value for whole variable significance

(p < 0.001) and >4 — 7 times/week (p = 0.010) with over-
weight/obesity. In addition, a significant independent posi-
tive association was observed between the high occupation
class (p < 0.001) and high sedentary lifestyle (> 3 — 6 h/day)
(p = 0.016) with overweight/obesity.

The unadjusted analysis in Table 3 shows the median
of triceps skinfold thickness across the different factors.
The overall median of triceps skinfold thickness was
8.0 mm. The median triceps skinfold thickness was sig-
nificantly (p = 0.001) higher among children with low
physical activity (<2 times/week) compared to those
with high physical activity (>4 — 7 times/week). The
factors that had the largest significant relationship with
triceps skinfold thickness were sedentary lifestyle and
occupation class: children in the high occupation
class (p < 0.001) and those with a high sedentary lifestyle
(> 3 — 6 h/day) (p < 0.001) had the highest median triceps
skinfold thickness of 9.0 mm compared to 7.0 mm for
those in the low occupation class and those with a low
sedentary lifestyle (< 1 h/day). Also, the children in the

urban area and those attending private schools had sig-
nificantly higher median triceps skinfold thickness com-
pared to their peers in the rural area and those attending
public schools.

Table 4 presents the findings of quantile regression
estimates of the median of triceps skinfolds with their
corresponding standard errors. A significant negative
association was observed between high physical activity
and triceps skinfold thickness (p = 0.023). The factors
that had the largest significant relationship with triceps
skinfold thickness were sedentary lifestyle: median
triceps skinfold thickness of those with high sedentary
activity (>3 — 6 h/day) was 1.37 mm higher than those
with a low sedentary activity (<1 h/day) (p = 0.029); oc-
cupation class: those in the high occupation class had a
1.86 mm higher median triceps skinfold thickness than
those from the low occupation class (p = 0.007).

The differences in the proportions of physical activity
and sedentary lifestyle with respect to occupation class
are presented in Table 5. Both physical activity and
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Table 3 Comparison of median of triceps skinfold thickness of
school-age children (N = 522)
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Table 4 Multiple quantile regression estimates of the median of
triceps skinfold thickness of school children (N = 522)

Factors Triceps skinfold (mm) Factors Median
Median p-value® Estimate SE p-value

Physical activity 0.001 Intercept 561 1.02 < 0.001

< 2 times/week 8.0 Physical activity

> 2 — 4 times/week 7.0 < 2 times/week 0 - -

> 4 - 7 times/week 7.0 > 2 — 4 times/week -1.16 0.59 0.044
Sedentary lifestyle < 0.001 > 4 — 7 times/week -1.36 0.60 0.023

<1 h/day 7.0 Sedentary lifestyle

> 1 -3 h/day 8.0 <1 h/day 0 - -

> 3 -6 h/day 9.0 > 1 -3 h/day 1.22 044 0.006
Occupation class < 0.001 > 3 -6 h/day 137 062 0.029

Low 70 Occupation class

Middle 8.0 Low 0 - -

High 9.0 Middle 0.57 047 0.224
Parental education 0625 High 1.86 0.68 0.007

llliterate 7.8 Parental education

Primary 80 lliterate 0 - -

Secondary 8.0 Primary 0.34 0.68 0619

Higher education 7.8 Secondary 034 0.58 0.559
Type of school 0.008 Higher education -0.16 063 0.795

Public 7.0 Type of school

Private 8.0 Public 0 - -
Area of residence 0.045 Private 0.06 071 0.929

Rural 73 Area of residence

Urban 8.0 Rural 0 - -
®Kruskal-Wallis test used to compare median triceps skinfolds across all Urban —-1.16 063 0.07

groups. The 10th and 90th percentiles of triceps skinfold of all study
participants were 3.6 and 16.0 mm respectively

sedentary lifestyle were significantly associated with occu-
pation class. Also, low physical activity (< 2 times/week)
and high sedentary lifestyle (> 3 — 6 h/day) were more
common among children in the high occupation class. On
the contrary, high physical activity (> 4 — 7 times/week)
and low sedentary lifestyle (< 1 h/day) were more com-
mon among children in the low occupation class.

Discussion
This study describes out of school physical activity and
sedentary lifestyle of Cameroonian school-age children
for the first time. The purpose of the study was to inves-
tigate whether there are relationships between out of
school physical activity, sedentary lifestyle and socioeco-
nomic status indicators with weight status and adiposity
of school children after adjusting for different variables.
This study found that physical activity (> 2 times/week)
had an independent inverse relationship with overweight/
obesity and triceps skinfold thickness. Physical activity had
a similar relationship with BMI-defined overweight/

SE standard error. Age, gender and all factors were included in the quantile
regression analysis. The estimate associated with each category is the
difference in triceps skinfold thickness compared to the reference category

obesity in a sample of Pakistani primary school children
[29]. Children in our study exhibiting low physical activity
had significantly higher median triceps skinfold thickness
compared to those with high physical activity. A report in-
dicated that children who were moderately active were at
risk of accumulating excess body fat compared to those
who were active [35]. Also, a recent US study revealed that
children who did not meet the physical activity guidelines
were at risk of being overweight/obese [36]. It is a well-
known fact that energy expenditure in children is in-
creased when they are involved in physical activity, and
apart from reducing the risk of overweight/obesity [8], it
could also lead to a favorable body composition. However,
a study in Nigeria did not record any association between
physical activity and BMI [37]. In the Nigerian study, there
could have been recall bias because physical activity was
self-reported by the children and also, the study had a
small number of overweight/obese participants. In our
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Table 5 The association of physical activity and sedentary lifestyle with occupation class (N = 522)

Occupation class [%(95% Cl)] p-value®
Low Middle High
Physical activity
< 2 times/week 37.2 (314 -435) 389 (315 -469) 463 (381 -547) 0.016
> 2 — 4 times/week 35.1 (294 - 414) 403 (32.7 - 483) 373 (29.6 - 45.8)
> 4 — 7 times/week 276 (22.3 - 336) 20.8 (15.1 - 28.0) 164 (11.1 = 236)
Sedentary lifestyle
<1 h/day 431 (37.0 - 494) 389 (315 -46.9) 26.1 (194 - 34.2) 0.001
> 1 -3 h/day 36.8 (309 - 43.1) 396 (32.1 - 476) 418 (33.8-50.2)
> 3 -6 h/day 20.1 (155 - 256) 215 (15.6 — 28.7) 321 (24.8 — 404)

2Chi square test. CI confidence interval

study, physical activity was reported by parents, and we
cannot rule out the possibility of recall bias. However, this
was limited by asking children to hand in the question-
naires only to their parents/guardians (who are presumed
to be most familiar with the children and have a higher
ability to recall their activity levels) to complete the
questionnaires.

In the current study population, out of school sedentary
lifestyle and occupation class were also independent pre-
dictors of overweight/obesity after controlling for age,
gender, design variables and all variables that were signifi-
cant in the bivariate analysis. When all the variables in the
unadjusted analysis plus age and gender were included in
quantile regression analysis, sedentary lifestyle and occu-
pation class had the largest significant relationships with
triceps skinfold thickness. A report on English children
showed a positive association between sedentary behavior
(which was questionnaire-based) and BMI. However, the
authors observed no association between objectively mea-
sured sedentary behavior and BMI [38]. Also, a recent
Cameroon study indicated that SES was significantly asso-
ciated with BMI-defined overweight/obesity and central
obesity in children [39]. A recent systematic review
associated objectively and subjectively measured sedentary
activities to unfavorable body composition [40]. The asso-
ciations observed in our study could be explained by the
fact that in Cameroon, high income earners can easily
afford for items that, could contribute to a sedentary life-
style to some extent like a TV set, computer and
motorization to and from school. These items are readily
available in urban than rural settings. During the study
period, it was also observed that these items are common
in private schools where fees are higher than public
schools. Most children in some private schools in urban
settings use bus services to school and spend their play
time in school watching TV and these, to an extent, con-
tribute to higher levels of sedentary lifestyle. However, we
did not examine the independent contribution of these
aspects to sedentary lifestyle. These children in private

schools can therefore accumulate more body fat as a report
had confirmed that children attending private schools had
higher odds of not meeting physical activity guidelines [41].

This study has also shown that sedentary lifestyle and
physical activity were associated with occupation class. A
higher proportion of children with low physical activity
and high sedentary lifestyle were in the high occupation
class, while a higher proportion of children with high phys-
ical activity and low sedentary lifestyle were in the low
occupation class. In Cameroon, low income earners and
those in rural settings are usually involved in more long
distance walking and they carry out high intensity activities
like farming, which extends to children. Also, available data
in Cameroon shows that daily energy expenditure is higher
among rural subjects that urban subjects [5]. A report had
associated sedentary lifestyle with living in an urban setting
and high income background [42].

Parental level of education was not significantly associ-
ated with overweight/obesity in the bivariate analysis.
Matsudo et al. [41] reported a similar observation
among Brazilian children. Education level does not seem
to be a good indicator of socioeconomic status in
Cameroon as being educated does not assure a better re-
muneration as indicated in a previous study [32]. How-
ever, a significant inverse association between parental
level of education and overweight/obesity was recorded
in a US study [43]. The area of residence (rural and
urban) and type of school (public and private) were not
associated with overweight/obesity in our study. How-
ever, a recent systematic review revealed that urban resi-
dence may be positively associated with overweight/
obesity in Sub-Saharan Africa [44]. Also, a study in
Kenya (which included a convenient sample of school
children) indicated that children attending private
schools had higher odds of being overweight/obese [25].
These inconsistencies may be explained by small sample
sizes of studies and differences in sampling procedures.

Our study had limitations worth mentioning. This
study presents results of out of school physical activity
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levels in children, which were not assessed with respect
to physical activity domains. For instance, when school
hours was included in a recent report as one of the
domains of objectively measured physical activity, it
contributed to 55 and 46% of total sedentary and
moderate-to-vigorous physical activity respectively [45].
The sample of children was not nationally representative
and causal relationships cannot be established using a
cross sectional design. It was also not possible to control
for the confounding effect of puberty. In addition,
parental occupation class was established using the
Cameroon government classification system, which may
not be similar to that of the private service. Further, the
findings of this study should be interpreted with caution
because calorie intake, which is an important determin-
ant of body weight, was not assessed. A WHO report
had indicated that the evidence showing a positive asso-
ciation between overweigh/obesity and the consumption
of energy dense foods poor in micronutrients is convin-
cing [46]. Other studies have indicated the association of
low intakes of fruits and vegetables, large portion sizes
[47] and high consumption of sugar-sweetened bever-
ages [48] with changes in weight. But it is still a debate if
reducing intake of sugar-sweetened beverages can lead
to weight loss [49]. These suggest that the associations
observed in this study could change if dietary intake and
eating habits are included in the multivariable models.

Despite the above limitations, this study presents data
on out of school physical activity, sedentary lifestyle and
adiposity measured using triceps skinfold thickness
among school children for the first time in Cameroon.
The use of quantile regression in the analysis allowed us
to determine the effect of the different factors on the
median of triceps skinfold thickness. Even though the
study uses proxy reporting, a review had indicated that
proxy measures can predict physical activity levels in
children [50] and may also complement objective mea-
surements because they can provide information on the
type of physical activity [44]. The data sets the basis for
future studies, especially with initiatives aimed at estab-
lishing and validating an instrument that can be used to
assess physical activity and sedentary lifestyle of children
in our setting.

Conclusion
This study has shown an inverse relationship between
physical activity and overweight/obesity. It also shows
that sedentary lifestyle and occupation class were
positively associated with overweight/obesity and had
the largest significant relationship with triceps skin-
fold thickness.

In order to understand the activity patterns of children
in our setting, domain-specific physical activity and
sedentary lifestyle need to be assessed objectively and
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subjectively, in and out of school. Also longitudinal stud-
ies are warranted to understand the influence of envir-
onmental, cultural and behavioral drivers of physical
activity and sedentary lifestyle in our multiethnic setting,
where fatness is still being regarded as a sign of good
health and wellbeing. In addition, the school environ-
ment can significantly influence the development of
obesity if renovations or adjustments are made to pro-
vide not just nutrition education, but also opportunities
for physical activity and enough time for physical educa-
tion especially in urban-private schools.
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