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A B S T R A C T
IMPLICATIONS AND
Purpose: The prevalence of overweight/obesity among French Polynesian adolescents is alarming.
This study aims to prevent rises in obesity by modifying school food and the physical environment
of French Polynesian adolescents.
Methods: During the 5-month study, 240 adolescents from a Tubuai island college (in French Pol-
ynesia) received a balanced diet based almost exclusively on local agricultural products and fishing
by the island community. They were divided into three subgroups according to their college
attendance status: external (n ¼ 14), half residents (n ¼ 155), and residents (n ¼ 71). To increase
energy expenditure, weekly physical activity was augmented by 2e4 hours of training in Polynesian
Va’a canoes. Anthropometric parameterswere recorded, and blood samples collected at baseline and
after 5 months. Collegians from Rurutu, a neighboring island, were considered as controls (N ¼ 90).
Results: At baseline, overweight/obesity prevalence was 60% (with 28% obesity) in the intervention
group. After 5 months, adjusted weight gain was �.76 kg for residents (95% confidence interval [CI],
�1.59 to .08), 1.34 kg for half residents (95% CI, .84e1.83), 1.82 kg for externs (95% CI, .66e2.97), and
4.2 kg (95% CI, 3.4e5.0) in the controls. Our results indicate that the more adolescents were subjected
to food and physical activity commitments, the higher was the rate among thosewho lost weight.We
noted that theweight changemagnitude predicted insulin, glucose, and visceral obesitymodifications.
Conclusions: This 5-month school-based intervention slowedweight gain and improved thehealth of
Polynesian collegians. The implementation of longer school-based interventions deserves evaluation.
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This study indicates that a
school-based intervention
with community partici-
pation can be effective in
preventing excess weight
gain among adolescents.
Childhood and adolescent obesity is a major public health
concern [1]. Excess weight at a young age affects children’s
health [2], increases obesity-related chronic diseases at an early
age, predicts overweight/obesity risk in adulthood [3,4], and
could be a heavy burden on health care services in the future [1].
Causes of obesity are numerous, but unhealthy diets, physical
inactivity, and poor sleep are the main established risk factors
[5]. Some blame obesogenic or obesity-promoting environments
as the most significant contributor to the obesity epidemic in
many countries [6]. In this regard, Popkin [7,8] incriminated
nutritional transition (or “westernized” behavior) for the global
rise of obesity, particularly in developing countries or countries
in rapid transition. Obesity prevention is multilevel and
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multidisciplinary [9]. Schools are commonplace in promoting
healthy eating and physical activity policies [1] but are also ideal
environments for such interventions [10]. Schools are part of the
environmental influence on obesity [10,11].

Indigenous people of French Polynesia traditionally rely on
ocean products for their subsistence [12]. Like other isolated
communities, they share many problems specific to populations
in rapid transition [8]. Profound changes occurred in French
Polynesia after construction of the Faa’a International Airport (in
the 1960s). They translated into a swift move away from locally
produced or gathered foods to more processed and imported
foods, which represented 80% of available foods in 1995 and as
much as 90% in 2009 [13].

Studies indicate that the obesity rate is among the highest in
American adolescents [1]. According to Centers for Disease
Control and Prevention criteria (body mass index [BMI] for age
and gender) [14], 32.6% of American children (aged 12e19 years
old) were overweight (BMI�85th percentile) in 2009e2010, and
17.1%were obese (BMI�95th percentile) [15]. However, the 2007
health survey “Dietary and epidemiologic transition in French
Polynesia” showed alarming signs of excess weight among ado-
lescents (N ¼ 112; age, 12e17 years) [16]; overweight/obesity
was prevalent in 52.7% and obesity in 25%.

Observations over the last few years in French Polynesia
suggest that ongoing nutritional transition points toward an in-
crease of chronic conditions. This phenomenon impacts young
people more than older generations who still live according to
traditional practices. Adolescent obesity prevention in French
Polynesia is a public health imperative, but it is also important for
the implementation of intervention programs to be inexpensive
and easily reproducible. Among French Polynesian college stu-
dents, we conducted a school-based intervention that aimed to
promote healthy lifestyle environments through increased
availability of healthy local foods and physical activity facilities.
We examined if this 5-month school-based interventionwas able
to slow obesity growth and improve the health of collegians.

Methods

Study design

This Ressources Alimentaires et Santé aux Australes (RASA)
study was conducted between February and June 2011 among
adolescents (aged 10e18 years) attending college at Mataura
(Tubuai Island, Australes Archipelago, French Polynesia).
“College” in French-speaking countries does not mean the same
as “college” in other parts of the world. Hereafter, college refers
to the definition in French-speaking countries, that is, students
ranging in age from 10 to 18 years. Medical reasons or refusal to
participate were the only exclusion criteria of the RASA program.
Two of 242 collegians from the RASA intervention group were
excluded. Only one adolescent refused to participate, and one
was excluded for medical reasons. At baseline, the RASA inter-
vention group included 240 collegians divided into three sub-
groups according to their college attendance status. External
collegians (n ¼ 14; 6%) were those who never ate in the school
canteen and slept at home, half residents (n ¼ 155; 64.5%) were
those who ate in the school canteen (lunch only, every day from
Monday to Friday) and slept at home, whereas residents (n ¼ 71;
29.5%) were those who ate in the school canteen (3 meals/day,
every day) and slept at school (except during holidays). In the
240 collegians from the RASA intervention group, eight (3.3%)
quit college during the school year and were then considered as
lost to follow-up.

Collegians (N ¼ 90, aged 10e18 years) from the college at
Rurutu (Rurutu Island, Australes Archipelago, French Polynesia)
served as the controls, that is, where the RASA program was not
implemented. In the control group, 16 participants (17.7%) quit
during the school year and were lost to follow-up. Cost (staff,
travel, and so forth) is amajor limitation on remote islands such as
Tubuai and Rurutu. Complete anthropometricmeasurements and
clinical biochemistry were undertaken only on Tubuai (inter-
vention group), but some information (name, age, sex, weight,
and height) was obtained by the Rurutu College nurse. Moreover,
college attendance status on Rurutu was not comparable with
Tubuai. Therefore, the control group might be viewed as a con-
venience group rather than real controls. Comparisons of the
intervention and control groups are presented in Supplemental
materials. Parental/guardian consent was required for minor
children. The study was approved by the French Polynesia Ethics
Committee and the CHU de Québec Research Ethics Committee.

Intervention

The 5-month RASA intervention included two major compo-
nents: a school nutrition program and a physical activity facility.
The primary goal of the school nutrition program was to offer
healthier foods in the school canteen that had to come, as much
as possible, from local produce. We elaborated five cycle menus,
which took into account dietary rules tailored to teenagers’
needs (as recommended by the Department of Health of French
Polynesia) and the availability of fruits, vegetables, and fish on
the island. To achieve that, we brought together farmers and
fishermen to determine the seasonal availability of food re-
sources on the island. Canteen staff received recommendations
for food preparation (cooking, processing, seasoning, and so
forth) to reduce salt, sugar, and fat consumption. Every farmer
and fisherman signed an employment contract, which included a
delivery schedule for the program’s entire duration. Moreover,
the manager of the main store on Tubuai Island agreed to be an
intermediary between suppliers and the college. This allowed
fishermen and farmers to be paid promptly, which was previ-
ously identified as a major obstacle. Because collegians were free
to eat whatever they wanted during breaks and meals eaten at
home, we also added food access guidelines and community
sensitization to the RASA program. Before the study started, each
participant received documentation on healthy lifestyles. Each
month, volunteers from the community came to classes to
remember these tips. Moreover, food sellers surrounding the
college were sensitized to the promotion of fruit, water, and diet
drink sales. Because resident collegians received weekly pack-
ages (mainly foodstuffs) from their parents, we proposed rec-
ommendations for parents to ration their quantities and to limit
foodstuffs rich in fat and sugar. Finally, we scheduled several
information sessions before, during, and after the program to
advise parents about the benefits of healthy lifestyles.

To increase energy expenditure among collegians, weekly
physical activity volume was enhanced by the addition of
2e4 hours of training in Polynesian Va’a canoes. The choice of
Va’a activity was based on considerable attractiveness of this
sport among young Polynesians, identified by collegians’ answers
in the 2007 health study [16]. Thus, six Va’a (with six places each)
were built for the occasion. Mataura College physical education
teachers and volunteers belonging to the Island’s Va’a club



Table 1
Baseline characteristics according to attendance status among adolescents of the
school-based intervention Ressources Alimentaires et Santé aux Australes

Attendance status pa

Externs
(N ¼ 14)

Half residents
(N ¼ 155)

Residents
(N ¼ 71)

Age, mean � SD, year 12.9 � 1.5a 13.2 � 1.6a 14.4 � 1.5b <.001
Female, n (%) 7 (50) 74 (48) 38 (54) .72
Height, mean � SD, cm 165 � 12 167 � 9 168 � 9 .31
Weight, mean � SD, kg 63.5 � 23.1 69.4 � 20.2 72.6 � 16.9 .22
BMI, mean � SD, kg/m2 22.9 � 6 .4 24.7 � 5.9 25.5 � 4.6 .27
Weight status, n (%)b .65
Normal weight 8 (57) 62 (40) 26 (36)
Overweight 4 (29) 48 (30) 24 (34)
Obese 2 (14) 45 (29) 21 (30)

Mean values with dissimilar online alphabets were significantly different
(p < .05).
ANOVA¼ analysis of variance; BMI¼ body mass index; SD ¼ standard deviation.

a The chi-square test analyzed categorical variables and ANOVA continuous
variables.

b According to International Association for the Study of Obesity classification.
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supervised the training sessions. In response to resident inquiries,
they were allowed to train in Va’a several times during their free
time and weekends. Training was conducted in accordance with
regulations relating to Va’a practice in French Polynesian schools.

Outcomes

Anthropometric measurements. In the RASA intervention group,
body weight and composition were assessed with a bioelectrical
impedance analyzer (Tanita TBF-300; Tanita, Arlington Heights,
IL). In the control group, weight was determined with an analog
weighing machine. Height was measured barefoot on a hard
surface with a freestanding stadiometer. We adopted Interna-
tional Association for the Study of Obesity (IASO) criteria [17] to
ascertain overweight/obesity, extrapolating thresholds of over-
weight/obesity in adults to create specific BMI values for chil-
dren’s age and gender.Waist circumference (WC)was determined
only in the intervention group by a standardized measurement
technique. It was ascertained after exhalation with the tape
placed horizontally to where the abdomen curves in. If WC was
not sufficiently defined for any participant, it was measured at
roughly the location of the last floating rib [18]. All the foregoing
measurements were recorded to the nearest centimeter.

Clinical biochemistry. Fasting blood samples were drawn only
from the intervention group. Within 3 hours of sample collec-
tion, the tubes were labeled and refrigerated at 4�C before
centrifugation. Blood samples were stored at either �20�C
or�80�C until analysis. The tubes were sent in styrofoam coolers
packed with ice to the Lipid Research Centre (CHU de Québec
Research Centre, Québec, Canada) where they were analyzed for
plasma lipids, glucose, and insulin. Fasting plasma glucose was
measured by hexokinase enzymatic assay, and fasting insulin
was quantified by commercial double-antibody radioimmuno-
assay (LINCO Research, St. Louis, MO) with the Roche Modular
Analytics E170 (Elecsys module) autoanalyzer system (Roche
Diagnostics GmbH, Mannheim, Baden-Württemberg, Germany).
Homeostasis model assessment-estimated insulin resistance
(HOMA-IR) was defined as follows: fasting insulin � fasting
glucose/22.5 [19]. Hyperinsulinemia was considered as fasting
insulin �90 pmol/L.

Statistical analysis

Our primary outcome was to compare differences in weight
changes between the intervention groups after 5 months
(difference ¼ Dhalf residents � Dresidents; difference ¼ Dexterns �
Dresidents). The group of residents was chosen as the reference
group because they best represented RASA intervention. To test
this hypothesis, adjusted differences in weight changes between
the intervention groups were calculated by least squared mean
estimates in generalized linear models and based on generalized
estimating equations. Analyses were adjusted for key covariables,
such as baseline weight, age (<14 and �14 years), and gender. To
take attrition into account,we imputedmissing values at 5-month
follow-up with multiple imputation of the Markov Chain Monte-
Carlo algorithm implemented in SAS MI and MIANALYZE (SAS
Institute, Inc., Cary, NC) [20,21]. Briefly, the multiple imputation
procedure replaces each missing value with a set of plausible
values that represent uncertainty about the right value to impute.
Thereafter, plausible values and data sets were analyzed by
standard procedures, such as SAS GLM. Valid statistical inferences
about the parameters of interest were generated by combining
the resultswith SASMIANALYZE. Similar analyseswere conducted
for height, BMI, body composition (fat and lean mass, water, and
WC), and blood parameters (insulin, glucose, and HOMA-IR).
Changes in body composition and clinical biochemistry out-
comes were analyzed only in the intervention group. For clinical
biochemistry outcomes, 11 nonfasted participants were excluded
from the analysis. Furthermore, winsorisation at the 99th
percentile was performed for outliers on insulin (n ¼ 3) and
glucose (n ¼ 3). As complementary analyses, we compared the
adjusted differences in changes (weight, height, and BMI) be-
tween the intervention and control groups after 5 months
(Supplemental Tables 1 and 2). All statistical analyses were
conducted with SAS software, version 9.2. Differences between
groups and associations were considered significant at p < .05
(bilateral).

Results

Excepted age among residents, baseline characteristics of
adolescents were not statistically different between groups
(Table 1). Overall, overweight/obesity prevalence was 60% (with
28% obesity) in the intervention groups. Although adolescents in
the control group had similar age and percentage of females, they
were not comparable with regard to anthropometric character-
istics of adolescents in the intervention group (Supplemental
Table 1). Compared with the control group, adolescents in the
intervention groupwere 3 cm taller,11.5 kg heavier, and therefore
had a higher BMI. The results weremainly influenced in boys.We
noted no significant differences in height for girls between the
intervention and control groups (163.1 � 6.7 vs. 162.0 � 8.3 cm;
p ¼ .42), whereas boys in the intervention group were 5.3 cm
taller than those in the control group (170.6 � 10.2 vs. 165.3 �
12.1 cm; p ¼ .003; data not reported). Differences in weight be-
tween the intervention and control groups were 8.4 kg for girls
(65.9�18.0 vs. 57.5�15.6 kg; p¼ .01) and 14.8 kg for boys (74.0�
20.2 vs. 59.2 � 17.8 kg; p < .001; data not included). In the con-
trols, overweight/obesity prevalence was 29% (with 12% obesity).

Table 2 summarizes the anthropometric outcomes. Weight
increased significantly in all groups except for residents after
5 months of follow-up. After 5 months, unadjusted weight gain



Table 2
Anthropometric measures of adolescents at baseline and after 5-month follow-up of the school-based intervention Ressources Alimentaires et Santé aux Australes

Outcomes Baselinea 5-month follow-upa Unadjusted changeb Adjusted differences in changes
(95% CI)c compared with residents

p

Weight (kg)
Residents 72.6 (68.7e76.6) 71.9 (68.3e75.5) �.7 (�1.6, .1) d

Half residents 69.4 (66.2e72.6) 70.7 (67.7e73.8) 1.3 (.8, 1.8) 2.1 (1.1e3.1) <.001
Externs 63.5 (50.1e76.9) 65.4 (53.4e77.3) 1.8 (.7, 3.0) 2.6 (1.2e4.0) <.001

Height (cm)
Residents 168.1 (166e170) 169 (167e171) 1.0 (.7, 1.2) d

Half residents 166.5 (165e168) 168 (167e169) 1.4 (1.2, 1.7) .5 (.1e.8) .006
Externs 164.6 (158e172) 166 (160e172) 1.5 (.8, 2.2) .6 (�.2 to 1.3) .16

BMI (kg/cm2)
Residents 25.5 (24.4e26.6) 24.9 (24.0e25.9) �.5 (�.8, �.2) d

Half residents 24.7 (23.8e25.7) 24.8 (23.9e25.7) .1 (�.1, .3) .6 (.3e.9) .002
Externs 22.9 (19.2e26.6) 23.2 (19.8e26.5) .3 (�.1, .7) .8 (.3e1.3) <.001

The numbers of subjects at baseline and 5months were as follows: residents, baseline ¼ 71 and follow-up¼ 69; half residents, baseline¼ 155 and follow-up¼ 150; and
externs, baseline ¼ 14 and follow-up ¼ 13.
BMI ¼ body mass index.

a Arithmetic means and their 95% confidence intervals (95% CI) after a Marcov Chain Monte-Carlo multiple imputation procedure.
b Unadjusted mean differences between follow-up and baseline.
c Adjusted differences in changes (D ¼ T1 � T0) between half residents and residents (difference ¼ Dhalf residents � Dresidents), and between externs and residents

(difference ¼ Dexterns � Dresidents) after 5 months were calculated by least squared mean estimates under generalized linear models and based on generalized estimating
equations. Analyses were adjusted for age (<14 and �14 years), gender, and baseline characteristics of the outcome analyzed.

Figure 1. Percentage of participants according to weight change category and
their college attendance status.
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was �.76 kg for residents (95% confidence interval [CI], �1.59 to
.08), 1.34 kg for half residents (95% CI, .85e1.83), and 1.82 kg for
externs (95% CI, .66e2.97). Compared with the residents, the
adjusted difference inweight changewas 2.1 kg for half residents
(95% CI, 1.1e3.1) and 2.6 kg for externs (95% CI, 1.2e3.8).

In the controls, adjusted weight gain was 4.2 kg (95% CI,
3.4e5.0) after 5months (data not presented). Comparedwith the
controls, the adjusted difference in weight change with inter-
vention was �3.4 kg (95% CI, �4.3 to �2.5) and was the highest
for comparisonwith the residents (�4.9 kg; 95% CI, �6.1 to�3.8;
Supplemental Table 2).

Height increased significantly in all groups after 5 months of
follow-up. Unadjusted mean height gain was 1.44 cm (95% CI,
1.23e1.66) in half residents compared with .97 cm (95% CI,
.71e1.22) in the residents (data not included), which resulted in
an adjusted difference in height changes of .5 cm (95% CI, .1e.8).
Compared with the residents, the adjusted difference in BMI
changewas .6 kg/m2 (95% CI, .3e.9) for half residents and .8 kg/m2

(95% CI, .3e1.3) for externs. The rate of adolescents who lost
weight increased (p < .001) with exposure to food and physical
activity commitments: 17% of externs; 24% of half residents; and
58%of residents (Figure 1). The proportion of adolescentswho lost
�2 kg was the highest in residents (36%). Lean mass and water
mass increased significantly among externs and half residents but
not among residents (Table 3). In the whole intervention group,
WC decreased by .9 cm (95% CI, �1.60 to �.12) but did not reach
statistical significance according to college attendance status.

Only glucose decreased significantly after 5 months of inter-
vention (Table 3). However, we observed a significant trend of
glucose and insulin changes according to the magnitude of
weight change (Figure 2). After 5 months of intervention, we
failed to find any significant changes in other blood parameters,
such as total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, and apolipo-
protein A1 and B100 (data not included).

Discussion

The RASA school-based intervention was effective in slowing
down weight gain in collegians. The RASA program was not
intended to act on weight loss among adolescents but rather to
slow downweight gain and, therefore, restrain the progression of
overweight/obesity. Adolescents in the RASA program gained
.75 kg (95% CI, .32e1.17) after 5 months, and weight gain was the
lowest among residentsethose with greater exposure to food
and physical activity commitments. In comparison, adolescents
in the control group gained 4.2 kg (95% CI, 3.4e5.0) after
5 months. The small weight gain seen in the RASA group is
encouraging because it is not easy to slow the progression of
obesity in adolescents from Pacific countries, in which the
prevalence of overweight/obesity is already high [22]. Indeed,
the Ma’alahi Youth Project (part of the overall Pacific Obesity
Prevention in Communities program) [23], conducted among
adolescents of Tonga Island, not only failed to note weight loss
after 3 years of action but also noted a 10% increase in over-
weight/obesity prevalence [24].

Worldwide, 10% of adolescents are overweight/obese ac-
cording to International Association for the Study of Obesity



Table 3
Body composition and blood parameters of adolescents at baseline and 5-month follow-up of the school-based intervention Ressources Alimentaires et Santé aux
Australes

Baselinea Follow-upa Unadjusted changeb Adjusted differences in changes
(95% CI)c compared with residents

p

Body composition
Fat mass (kg)
Residents 18.5 (16.2e20.9) 18.1 (15.7e20.5) �.4 (�1.1, .3) Referent
Half residents 17.9 (16.1e19.8) 18.3 (16.5e20.1) .4 (�.1, .8) .8 (�.03 to 1.6) .06
Externs 16.8 (10.4e23.3) 17.5 (11.0e24.0) .7 (�.2, 1.6) 1.2 (.01e2.3) .05*

Lean mass (kg)
Residents 53.4 (50.6e56.2) 53.7 (50.8e56.6) .3 (�.8, 1.4) Referent
Half residents 51.1 (49.5e53.4) 52.4 (50.4e54.4) 1.0 (.5, 1.4) .6 (�.6 to 1.8) .32
Externs 53.4 (50.6e56.2) 53.7 (50.8e56.6) 1.0 (.3, 1.7) .6 (�.8 to 2.0) .38

Water (kg)
Residents 40.6 (38.1e43.0) 39.3 (37.2e41.4) �1.3 (�2.7, .2) Referent
Half residents 37.7 (36.2e39.1) 38.4 (36.9e39.8) .7 (.4, 1.0) 2.0 (.5e3.4) .008
Externs 34.2 (29.2e39.1) 34.9 (29.6e40.2) .7 (.2, 1.2) 1.9 (.4e3.4) .01

WC (cm)
Residents 83.6 (81.1e86.0) 82.2 (79.9e84.4) �1.4 (�3.1, .3) Referent
Half residents 81.6 (79.4e83.8) 81.3 (79.3e83.2) �.4 (�1.3, .6) 1.0 (�.9 to 3.0) .28
Externs 78.5 (70.9e85.9) 77.7 (70.3e85.1) �.8 (�2.0, .4) .6 (�1.4 to 2.7) .55

Blood parameters
Insulin (pmol/L)
Residents 92.3 (81.1e103.5) 98.6 (85.3e111.9) 6.3 (�3.2, 15.9) Referent
Half residents 116.2 (104.0e128.3) 109.4 (98.7e120.2) �6.7 (�17.2, 3.7) �12.3 (�26.5 to 1.9) .09
Externs 94.8 (56.8e132.7) 91.3 (56.7e125.9) �3.5 (�23.7, 16.7) �9.8 (�32.1 to 12.6) .39

Glucose (mmol/L)
Residents 4.8 (4.7e4.8) 4.5 (4.4e4.5) �.30 (�.39, �.21) Referent
Half residents 5.0 (4.9e5.0) 4.8 (4.7e4.8) �.20 (�.26, �.14) .10 (�.01 to .21) .07
Externs 5.0 (4.8e5.1) 4.8 (4.6e4.9) �.17 (�.33, �.02) .12 (�.06 to .30) .18

HOMA-IR
Residents 2.8 (2.5e3.2) 2.8 (2.4e3.2) �.04 (�.34, .27) Referent
Half residents 3.7 (3.3e4.2) 3.4 (3.0e3.7) �.37 (�.76, .01) �.31 (�.80 to .18) .21
Externs 3.1 (1.8e4.3) 2.8 (1.7e3.9) �.23 (�.92, .46) �.19 (�.95 to .56) .61

The numbers of subjects at baseline and 5 months were as follows: residents, baseline ¼ 71 and follow-up ¼ 69; half residents, baseline ¼ 155 and follow-up ¼ 150;
externs, baseline ¼ 14 and follow-up ¼ 13.
WC ¼ waist circumference.
*p ¼ .048.

a Arithmetic means and their 95% confidence intervals (95% CI) after a Marcov Chain Monte-Carlo multiple imputation procedure.
b Unadjusted mean differences between follow-up and baseline.
c Adjusted differences in changes (D ¼ T1 � T0) between half residents and residents (difference ¼ Dhalf residents � Dresidents), and between externs and residents

(difference ¼ Dexterns � Dresidents) after 5 months were calculated by least squared mean estimates under generalized linear models and based on generalized estimating
equations. Analyses were adjusted for age (<14 and �14 years), gender, and baseline characteristics of the outcome analyzed.
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definitions [17], and the United States is leading, with a preva-
lence of 32% [1], a rate similar to that observed in the control
group (29% at baseline and 35.2% after 5 months). However,
prevalence of overweight/obesity in the intervention group was
far higher (60% at baseline and 62% after 5 months). At baseline,
adolescents in the intervention group were on average 11.5 kg
heavier and 3 cm taller than the controls. Because we did not
measure puberty at baseline, it is likely that higher weight and
height at baseline in the intervention group could have been
because of sexual maturity (mainly among boys). Although we
cannot infer causality, it is reasonable to propose that lifestyle on
each island could explain the difference in weight gains because
these adolescents are almost identical genetically.

Our results indicate that the more the adolescents were
subjected to food and physical activity commitments (externs <
half residents< residents), the higher was the rate of weight loss.
We also noted that changes in glucose and insulin were associ-
ated with the magnitude of weight change. Other studies also
observed that moderate weight modulation impacted cardio-
vascular risk factors, such as insulin resistance. Grulich-Henn
et al. [25] reported that moderate weight reduction decreased
insulin resistance and dyslipidemia among 58 severely obese
children and adolescents (8e17 years old) after a 6-month pro-
gram, which included behavioral treatment, dietary education,
and specific physical training. After a 1-year intervention pro-
gram among 57 obese children (6e14 years old), Reinehr et al.
[26] discerned similar results as in our study. They observed that
insulin sensitivity increased only if the BMI standard deviation
score decreased by >.5 and decreased among those with
increased weight.

Our study has limitations, and the results should thus be
interpreted with caution. Given the small sample size, interpre-
tation of the results on the external subgroup is hazardous. For
financial and logistical reasons, blood measurements were un-
dertaken only in the intervention group, which restrains us from
comparing the intervention and control groups’ anthropometric
measurements. However, the significant weight difference be-
tween intervention and control groups strongly affects their
comparability. Other limitations were because of the fact that we
had no control over the food supply of adolescents outside the
school and no details about physical activities performed every
week (type, hours, and intensity), especially for residents who
were allowed to train in Va’a during their weekends. Even if we
obtained encouraging results after 5-month follow-up, longer



Figure 2. Adjusted mean (95% CI) plasma glucose (A) and insulin (B) change
according to weight change categories after 5-month follow-up. Means were
adjusted for age (<14 and �14 years) and gender. Mean values with dissimilar
superscript letters were significantly different (analysis of covariance with
Bonferroni correction, p < .0083).
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intervention would have given better perception of long-term
environmental changes in adolescents’ health. Another limita-
tion is that our intervention was very culture specific (local diets
and food preferences, and canoeing as a form of physical activity)
and might be difficult to apply to obesity interventions among
adolescents living in other settings. It emphasizes the impor-
tance of finding solutions based on cultural preferences.

For Tahitians, eat well means eat lots. Although the fattening
ritual (ha’apori) was recorded among these Pacific Ocean soci-
eties in the 19th century, it was mainly tradition among selected
young men and women, usually from high-ranking families [27].
Serra-Mallol [28] described very well the socio-cultural factors
that encourage obesity among Polynesians. Overeating, for a
Polynesian, is away to gain freedom, to get rid of modern societal
constraints. There is also a strong link between obesity and the
sense of belonging to the Ma’ohi community. However, these
phenomena are mainly encountered among Polynesian and have
nothing to do with other ethnic groups, in which models of
thinness prevail.

In conclusion, the 5-month school-based intervention
RASAdthat aims to promote healthy lifestyle environments
through increased availability of healthy local foods and physical
activity facilitiesdwas able to slow down weight gain and
improve the health of Polynesian collegians. Implementation of
longer school-based interventions deserves evaluation and could
be viewed as useful to fight against the obesity epidemic
affecting Polynesian adolescents.
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Supplemental Table 1.  Baseline characteristics of intervention and control groups 

 Intervention 

(n=240) 

 Control 

(n=90) 

Pa 

Age, mean ± SD 13.5 ± 1.6  13.3 ± 1.3 0.35 

Female, n (%) 119 (49.6)  37 (41) 0.17 

Height, cm 167 ± 9  164 ± 11 0.02 

Weight, kg 70.0 ± 19.5  58.5 ± 16.9 <.001 

BMI, mean ± SD, kg/m2 24.9 ± 5.6  21.5 ± 4.8 <.001 

Weight status, n (%)b    <.001 

   Normal weight 96 (40)  64 (71)  

   Overweight 76 (32)  15 (17)  

   Obese 68 (28)  11 (12)  
aThe Chi-square test analyzed categorical variables, and Student t-test continuous variables. 
bAccording to IASO classification. 
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