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The pilot study design and report on the quantitative and qualitative methods

on family farming and lifestyle can be found in the following page. The paper is published in

Open Research Europe Journal and can be found here: https://open-research-
europe.ec.europa.eu/articles/1-135

Protocol is published here: https://www.protocols.io/view/protocol-of-the-pilot-study-generational-
issues-in-bydgps3w and is attached below

Other pilot data will be gathered in Vanuatu, Fiji and Solomon Islands by using similar method that will
be adjusted/completed according the specificity of each countries.

Page2/2



Open Research Europe

Open Research Europe 2022, 1:135 Last updated: 06 MAR 2023

CASE STUDY

'.) Check for updates

€D Generational issues in linking family farming

production, traditional food in diet, physical activity and

obesity in Pacific Islands countries and territories: the case of

the Melanesian population on Lifou Island [version 2; peer

review: 2 approved]

Olivier Galy

Guillaume Wattelez
Séverine Bouard?

1, Stéphane Frayon', Marco Goldin2, Paul Zongo?,
1, Sonny Lameta3, Alan Quartermain4, Jean Marie Fotsing?,

TInterdisciplinary Laboratory for Research in Education, EA 7483, University of New Caledonia, Noumea, New Caledonia
2TERAU: Territoires, acteurs et usages, Institut Agronomique néo-Calédonien (IAC), Pouembout, New Caledonia
3School of Agriculture and Food Technology, The University South Pacific, Samoa Campus, Fiji

4School of Science & Technology, The University of Goroka, Goroka, 1078, Papua New Guinea

SISEA, University of New Caledonia, Noumea, New Caledonia, 98800, New Caledonia

V2 First published: 11 Nov 2021, 1:135
https://doi.org/10.12688/openreseurope.13705.1

Latest published: 11 Oct 2022, 1:135
https://doi.org/10.12688/openreseurope.13705.2

Abstract

In the Melanesian culture, traditional activities are organized around
family farming, although the lifestyle transition taking place over the
last several decades has led to imbalances in diet and physical activity,
with both leading to obesity. The aim of this interdisciplinary study
was to understand the links between family farming (produced,
exchanged, sold, and consumed food), diet (focused on produced,
hunted, and caught food), physical activity (sedentary, light, and
moderate-to-vigorous physical activity) and obesity in Melanesian
Lifou Island families (parents and children). Forty families, including
142 adults and children, completed individual food frequency
qguestionnaires, wore tri-axial accelerometers for seven continuous
days, and had weight and height measured with a bio-impedance
device. A family farming questionnaire was conducted at the
household level concerning family farming practices and
sociodemographic variables. Multinomial regression analyses and
logistic regression models were used to analyze the data. Results
showed that family farming production brings a modest contribution
to diet and active lifestyles for the family farmers of Lifou Island. The
drivers for obesity in these tribal communities were linked to diet in
the adults, whereas parental socioeconomic status and moderate-to-
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vigorous physical activity were the main factors associated to being
overweight and obesity in children. These differences in lifestyle
behaviors within families suggest a transition in cultural practices at
the intergenerational level. Future directions should consider
seasonality and a more in-depth analysis of diet including macro- and
micro- nutrients to acquire more accurate information on the
intergenerational transition in cultural practices and its consequences
on health outcomes in the Pacific region.

Keywords
agriculture, nutrition, physical activity, lifestyle, health, overweight,
traditional knowledge

This article is included in the Marie-Sklodowska-

Curie Actions (MSCA) gateway.

This article is included in the Horizon 2020

gateway.

This article is included in the Sustainable

Farming collection.

This article is included in the Family Farming,

d

Lifestyle and Health in Small Islands, Countries

and Territories collection.

Page 2 of 25


https://open-research-europe.ec.europa.eu/gateways/msca
https://open-research-europe.ec.europa.eu/gateways/msca
https://open-research-europe.ec.europa.eu/gateways/msca
https://open-research-europe.ec.europa.eu/gateways/h2020
https://open-research-europe.ec.europa.eu/gateways/h2020
https://open-research-europe.ec.europa.eu/collections/sustainable-farming
https://open-research-europe.ec.europa.eu/collections/sustainable-farming
https://open-research-europe.ec.europa.eu/collections/sustainable-farming
https://open-research-europe.ec.europa.eu/collections/family-farming-lifestyle-health
https://open-research-europe.ec.europa.eu/collections/family-farming-lifestyle-health
https://open-research-europe.ec.europa.eu/collections/family-farming-lifestyle-health
https://open-research-europe.ec.europa.eu/collections/family-farming-lifestyle-health

O pen Research Euro pe Open Research Europe 2022, 1:135 Last updated: 06 MAR 2023

Corresponding author: Olivier Galy (olivier.galy@unc.nc)

Author roles: Galy O: Conceptualization, Data Curation, Funding Acquisition, Methodology, Project Administration, Resources,
Supervision, Validation, Visualization, Writing - Original Draft Preparation, Writing - Review & Editing; Frayon S: Conceptualization,
Visualization, Writing - Original Draft Preparation, Writing - Review & Editing; Goldin M: Investigation, Writing - Review & Editing; Zongo
P: Investigation, Writing - Review & Editing; Wattelez G: Formal Analysis, Visualization, Writing - Review & Editing; Lameta S: Writing -
Review & Editing; Quartermain A: Writing - Review & Editing; Fotsing JM: Funding Acquisition, Writing - Review & Editing; Bouard S:
Conceptualization, Funding Acquisition, Methodology, Project Administration, Supervision, Visualization, Writing - Review & Editing
Competing interests: No competing interests were disclosed.

Grant information: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sktodowska-Curie grant agreement No 873185: (Family farming, lifestyle, and health in the Pacific [FALAH]); and the

Pacific Island University Research Network grant 2016 N° 042016.
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Copyright: © 2022 Galy O et al. This is an open access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this article: Galy O, Frayon S, Goldin M et al. Generational issues in linking family farming production, traditional food
in diet, physical activity and obesity in Pacific Islands countries and territories: the case of the Melanesian population on Lifou
Island [version 2; peer review: 2 approved] Open Research Europe 2022, 1:135 https://doi.org/10.12688/openreseurope.13705.2

First published: 11 Nov 2021, 1:135 https://doi.org/10.12688/openreseurope.13705.1

Page 3 of 25


mailto:olivier.galy@unc.nc
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/openreseurope.13705.2
https://doi.org/10.12688/openreseurope.13705.1

1137832 Amendments from Version 1

In the revised version of our manuscript intitled Generational
issues in linking family farming production, traditional
food in diet, physical activity and obesity in Pacific Islands
countries and territories: the case of the Melanesian
population on Lifou Island, readers can find : 1- a change

in the type of research since this is a “pilot case study”; 2- a
clarification concerning the recruitment of the 40 families
including 142 participants in Lifou islands; 3- a clear statement
about how this research may contribute to the development
of policies on Lifou Island by reinforcing the vivacity of cultural
practices linked to family farming across the generations.

This should be accompanied in the development of civil and
customary policies of Lifou island.

Any further responses from the reviewers can be found at
the end of the article

Plain language summary

In the Pacific region, populations have gained faster access to
modern lifestyles in the past few decades, causing fundamen-
tal changes in the way people move about and eat (including
food choices, physical activity, and sedentary time) and a
dramatic increase in noncommunicable diseases. The Melanesian
population of New Caledonia is particularly exposed to the
changing life while contemporary family subsistence activities
have been maintained despite the growth in development
hubs. It is also important to understand the place of family
farming and its influence on health and the possible changes
of behavior between parent and children in the Melanesian
population. This pilot case study implicated forty Melanesian
Lifou Island families (parents and children) and showed that
family farming production brings a modest contribution to diet
and active lifestyles for the family farmers of Lifou Island and
suggest a transition in cultural practices between generations.

Introduction

Family farming is one of the pillars of cultures all over the world
and is at the heart of the United Nations 2019-2028 strategy,
Decade of Family Farming (http://www.fao.org/family-farming/
detail/en/c/1195619/), which highlights the crucial role of fam-
ily farming in eradicating hunger and shaping the future of food.
In the Pacific region, populations have gained faster access
to modern lifestyles in the past few decades, causing fundamen-
tal changes in the way people move about and eat (including
food choices, physical activity, and sedentary time) and a dra-
matic increase in noncommunicable diseases'. A recent study
from the Pacific region nevertheless showed that individuals
living on remote atolls had the most traditional lifestyles
and the healthiest lifestyles*. Yet overall, food consumption
has shifted from a traditional diet of mostly fresh fish, vegetables,
and tubers to a modern diet that includes canned meat or fish,
oil, sugar, rice, and processed foods’. The energy expenditure
of family farmers, which is associated with family farming
production and nutritional outcomes, is relatively unknown®,
especially in the Pacific region’. The influence of energy expend-
iture at individual and household levels is therefore still not
well understood and remains a “black box” for researchers®.
However, interdisciplinary approaches based on the agricultural,
food, exercise, and health sciences might comprise a set of com-
prehensive tools for opening this “black box”%. This has major
importance for societies in the Pacific region where family
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farming is one of the pillars of culture and the traditional
lifestyle.

The Melanesian population of New Caledonia is particularly
exposed to the transitioning environment. New Caledonia, a
French territory in the Pacific, is fast approaching the socio-
economic level of Western countries’ because of French finan-
cial transfers, the recent growth in nickel mining, and local
transformation to ferronickel in the past few decades.

In Melanesian societies, contemporary family subsistence activi-
ties have been maintained despite the growth in development
hubs'®, increases in education levels, and improvements in
material conditions, as these have not been systematically
synonymous with a decline in agricultural activities, hunting,
and fishing'"'2. However, the food environment is changing how
people access, prepare, and consume food". Today, an increas-
ing demand for packaged imported foods, such as canned meats,
instant noodles, cereals, rice, and sugar-sweetened bever-
ages (SSBs), with the subsequently decreased consumption of
locally produced plants and animals, has led to a heightened
vulnerability to food insecurity®. Emergent food environ-
ments in low- and middle-income countries (LMICs) have
created conditions where “people often choose to eat lower-cost,
less-healthy, more energy-dense foods, choices that can lead to
people becoming overweight and obese as their means to access
healthy food diminish”'®. In New Caledonia, choices are even
more constrained in a context of high living costs linked to the
narrowness of the economy and its oligopolistic structure'.
The hyper-insularity of Lifou has further amplified the
transport costs and the difficulties of being supplied with healthy
products at affordable prices. Recent studies on adolescents
have reported specific dietary patterns including high
consumption of meat, fast food, fruits and vegetables, and
sweets, with few dairy products'’; low consumption of ener-
getic foods'; and high consumption of highly processed drinks
like SSBs" and energy drinks*. This has been accompanied
by breakfast skipping?' and relatively low physical activity>.
These changes might reflect an intergenerational nutrition tran-
sition within families and plays a major role in the high levels
of overweight and obesity in Melanesian families, especially
those living in rural areas on customary lands.

Yet, the Melanesian population has continued to maintain a
traditional Pacific tribal lifestyle, especially on the Loyalty
Islands, which are characterized by traditional family farming,
fishing, and cultural activities that follow tribal customs
(e.g., house construction, weddings, and mourning)** and generally
require vigorous daily physical activity. One of these Loyalty
Islands, Lifou, is inhabited mainly by Melanesian people
living on customary lands and is 40 minutes by plane from
Noumea, the capital of New Caledonia. Lifou’s small-scale
family farming predominates in the organization of the ancestral
agricultural system and is one of the pillars of the traditional
cultural practices that contribute directly and indirectly to
the sustainability of community living on customary lands.
Indeed, family farming contributes directly to the economy (by
ensuring food security and selling on local markets), sociali-
zation (strengthening social and family ties through daily
donations of plant production and mutual aid in the fields) and
culture (maintaining customary traditions and donations) of

the families within tribes'®.
Page 4 of 25


http://www.fao.org/family-farming/detail/en/c/1195619/
http://www.fao.org/family-farming/detail/en/c/1195619/

To sum up, New Caledonia today is in the earlier stages of
a transition already observed in countries like the USA and
those in the Pacific region (Australia, Fiji, and New Zealand).
“It is a nutrition transition, in which traditional food environ-
ments based on farming and hunting are being replaced by those
where foods are designed by chemists and food technologists to
appeal to human appetites, then manufactured and shipped to
every corner of the earth, always with the same consequences:
skills associated with traditional feeding habits are lost, and
obesity and associated diseases increase””. However, almost
nothing is known about the agricultural practices of families
(parents and children) living on customary lands and their influ-
ence on daily diet, physical activity, and health outcomes.
For this Suestin, we assumed that Lifou Island would offer a
valuable case study of what we might observe in advanced
transitioning Pacific Island countries and territories (PICTs),
which would then help in setting policies for future actions.
We therefore hypothesized that, in the current socioeconomic
context of transition, practices linked to family farming like
eating food from the sea, bush and garden (tubers, fruits,
vegetables, hunted animals and drinking water) and the related
physical activities (on the crop plot) are transitioning across
generations and are not strong enough to feed families and
counteract an insufficient energy expenditure. As a consequence,
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they do not play a sufficiently strong role in preventing over-
weight and obesity that has been shown to be high in the
Melanesian population of New Caledonia'”-*.

The aim of this study was to determine the links between
family farming (produced, exchanged, sold, and consumed food),
diet (focused on produced, hunted, and caught food), physical
activities (sedentary, light, and moderate-to-vigorous physical
activity) and obesity in Lifou Island families (parents and
children).

Methods

Ethics statement

We obtained informed written consent from all parents for
their participation and their children’s participation before their
children entered the study. The research met the legal require-
ments and the Declaration of Helsinki, and the protocol”’
was approved by the Consultative Ethics Committee of New
Caledonia: CCE 2018-06 01.

Data Collection and Participants

Our study was conducted on Lifou Island (Figure 1) in New
Caledonia. The eligibility of the participants was to live all
year round on Lifou Island, which is a customary land with

N Jokif N
Hnacadm
Fnanemuhaetra
» ®
Hanawaté Mucaweng Tingeting
(4
#-"Siloam St Pa.u]
¥ Easo ®
Xepenehe [<UMo,__*
Kirinata
® (
Luecila
Hnapalu
- (Ganoro K6
4 "‘\-Traput
2 .
~ o

|

Hnadro |
. /
Thuahaik | Wasghy
o Hnaeu|
Kejeny Inagoj
S
®

E N 0km

Tribes investigated in :

2010 & 2019 IAC surveys
[ 2010 IAC survey only
2019 IAC survey only

® Tribes

Roads
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one or more children in the public secondary school. Custom-
ary land is a Melanesian territory that follows both customary
and civil society rules. Among these rules, any initative done
by civil institutions, here a research program on Lifou families,
must be submitted to the customary authorities to get an
agreement. The customary authorities of Lifou island (Loyalties
Islands Province) were first contacted to get a approval to do
the study with the families among the three districts: Wetr,
Gaica and Lossi (Figure 1). Then, the study was proposed to
48 families from 16 tribes, all belonging to the three districts
of Lifou Island. Families were selected among the classes
(two classes of 25 children per level across four levels: 6
(11-12 years), 5%m (12-13 years), 4™ (13-14 years), and
3ieme (14-15 years)) of the public school of Lifou. In each
class, six families were randomly selected by grouping all the
families in each class into the three districts of Lifou and then
randomly selecting two from each district by pulling numbers
out of a box. The selected families were then contacted in
alphabetic order. This permits us to select six different
families among the two classes of each of the four levels of
the public school (total potential participating families — 48).
Calls and the first visit was done by a member of the research
team native from Lifou. At the end of the selection process,
40 families agreed to participate in this study. In each
household, all the adults over the age of 18 years old and any
children/adolescents aged 10 to 18 years old were invited
to participate.

We gathered data from June 2019 to July 2019 from
142 children and adults, aged from 11 years old to adulthood.
Data were collected during the simultaneous free time of parents
and children (at dusk, at the end of the work and school day, or
on the weekend). The questionnaires used in this study with
the families during face-to-face interviews can be found in the
extended data section® and were carried out by two research-
ers who were chosen for the following reasons. The first
researcher involved in this stage had previous expertise in family
farming survey and the other researcher had expertise in food
frequency questionnaires, anthropometrics, and accelerometry.
Moreover, the second researcher was native to Lifou Island
without any family relationships with any of the participants,
but was able to communicate in the native language with
participants when necessary. In each family surveyed, children
with missing data were then excluded from this study (n=3).
Table 1 presents the details of the data variables recorded
during the study.

Measures

Family farming questionnaire. Before visiting the family, a
member of the team native from Lifou contacted each family
by phone to explained that we were trying to understand
more about the situation in rural Lifou households and
that we would like to do a survey with the head of the
household or the person in the household that has the most
knowledge about agriculture activities and production. Once we
obtained the agreement of the family, a visit was scheduled.
Then, the questionnaire was O9uestion at home with the
heads of households in order to collect all the data in a single
operation. The household themselves identified the household
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head. Then, we asked if the household head would have an
hour to spare to complete the questionnaire®. If the house-
hold head was not available, then we asked to speak to some
of the adult household members only if these household
members felt they could represent the household situation well.

The survey design was deeply inspired by a wide survey
conducted in 2011 covering all of New Caledonia!'*3. As the
aim was to understand the roles and links of agricultural, fishing,
and hunting activities with food practices and diet, the observa-
tion unit was the household in order to focus on the traditional
social organization and noncontractual family farming with a
prevailing nonmarket dimension®. For family farming, the main
observation unit was the household, which comprised all the
people living on the same residential plot, sharing meals and some
of the agricultural work. The structure of the survey was based
on the “sustainable rural livelihoods™*'*? approach with a micro-
economic perspective. The multi-thematic questionnaire used
in this study was the questionnaire deployed in almost all tribes
in New Caledonia in 2011'"3° and made it possible to
quantitatively measure the agricultural volumes produced by
the tribal population in 2018, as well as the distribution of these
volumes between self-consumption, daily gifts, ceremonial
gifts, and market sales. The first goal of this survey, referenced
as the 2019 dataset in this paper®, was to define the household
composition (number of persons, education, land access and
ownership, monetary incomes). The second was to quantify
the agricultural production (plants, cattle, hunting, fishing,
and food gathering) and the allocation of these productions in
the eating and sharing (daily and ritual exchanges) habits of the
families. As the majority of the households do not weigh their
harvests and keep no accounting records, the questionnaire
relied on daily practices, taking into account the wide range
of tools used for harvesting purposes (plastic bags, tote bags,
palm-leaf baskets, etc.) and the harvesting practices (weekly,
monthly, during periods of traditional customs). These quanti-
ties were then converted into conventional units of measure using
charts created specifically for the study based on measurement
results taken from a sample of units used locally.

The production of each household was broken down accord-
ing to: (1) plant production, including the production of tubers
(taro, yam, cassava, etc.) from the tuber category in the data
file, the production of fruits and vegetables (avocado, star fruit,
lemon, salad, etc.) from the categories of fruit trees, bananas,
dessert bananas, poingo bananas, coconuts, field fruits, and
vegetables in the data file’, and the total crop production;
(2) animal production (pigs, poultry, etc.); 3) hunting produc-
tion (flying foxes, wild pigs, pigeons, etc.); and 4) fishing
production (sea fishing, shellfish and crabs, etc.). For each type
of production, a distinction was made according to the finality
of production: sale, personal consumption, exchange, or total
production.

In order to accurately acompare individual data, we converted
“farming data” according to the number of people in the
household. The proportion of adults, children, and adoles-
cents was not taken into account in this calculation. This
means that for a household comprising n people, the announced

Page 6 of 25



Open Research Europe 2022, 1:135 Last updated: 06 MAR 2023

Table 1. Description of the variables recorded during the study. Data concern family farming were recorded at the family level
and data concerning diet, physical activity via accelerometer, and descriptive variables of health were recorded at the individual level.
Variables, tools, methods, and units are detailed, including units.

Level of . .
Theme T Variables Tools Methods Units
Farming-related
tmei:'c‘)z‘;:eshg{d activities of each Questionnaire/ interview Mixed N/A
member
-zind usaer/;:mvated Questionnaire Quantitative Sq meters or acre
Agricultural
equipment, fishing Questionnaire Quantitative Local currency
gear
Crop, livestock
Family farming production, fisheries, Questionnaire Quantitative Kg
hunting
Household
Destination (auto-
consumption, ) . o
gift, personal Questionnaire Quantitative Local currency, kg
consumption)
Crop production,
livestock, hunting and Questionnaire Quantitative Local currency, kg
fishing costs
Monetary incomes Questionnaire Quantitative Local currency
; Members of : Food frequency L 0 .
Diet the household Diet qestionnaire Quantitative Categories, % of diet
Nature of activities, duration
Members of (min), frequency, time (min/day),
Physical activity Physical activity Wrist Accelerometry  Quantitative  bouts of activity for sedentary,
the household I :
ight, and moderate-to-vigourous
physical activity.
Descriptive variables:
Age, gender, Questionnaire Quantitative Year, N/A
education, occupation
Descriptive 0
Ul I e Wa?gr’ ‘iol(\j/lyuzaclte/ol\’/lgzgalPBhggéue
health_outcome Huz e Body composition Bioimpedancemetry/ Quantitative  Rating, Bone Mineral Mass, Basal
variables scale X :
Metabolic Rate, Metabolic Age,
Body Mass Index, Visceral Fat
Body height Height gauge/ruler Quantitative Cm

consumption was divided by n. For example, household one
had six members and the consumption of tubers is 139.9 kg.
We therefore associated this household with a consumption of
approximately 23.3 kg of tubers/person/year s*. Finally, the
ratio computation was mainly performed in order to avoid
an imbalance in production and consumption of production
between individuals belonging to large families and those
belonging to small families.

Food frequency questionnaire (FFQ). The short FFQ was
adapted from the validated version of the FFQ for Aboriginal
and Torres Strait Islanders by Gwynn et al.,**, in the absence of

a validated FFQ for New Caledonia. Minor modifications were
made by the research team to include foods identified as impor-
tant in the diet of Melanesians’® and described elsewhere'®
and in the extended data section®®. We then classified food in
the ‘traditional food’ category, and the ‘limited food’ and ‘lim-
ited drinks’ categories. The traditional food category helped
us estimate the proportions of tubers, fruits and vegetables,
meat, and fish eaten as well as water drank at home. We focused
on the consumption of traditional food like tubers, fruits and
vegetables, and fish, and of limited food and drinks classi-
fied as follows by the Pacific Community guidelines’: foods
to limit (butter + breakfast cereals + canned meat + cold
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cuts + noodle soup + fries + chips + hamburger + sweets +
cookies) and drinks to limit (SSBs). For the analyses, we
categorized individual consumption as follows: low tuber
consumption: <1 unit/week, medium tuber consumption: 1 to
<5 units/week, high tuber consumption: >5 units/week; low fruit
and vegetable consumption: <14 units/week, medium fruit and
vegetable consumption: >14 to <35 units/week, high fruit and
vegetable consumption: >35 units/week; low fish consumption:
<1 unit/week, medium fish consumption: >1 to <3 units/week,
high fish consumption: >3 units/week; low limited food
consumption: <2 units/week, medium limited food consump-
tion: >2 to <5 units/week, high limited food consumption:
>5 units/week; and low limited drinks consumption: <1 unit/week;
medium limited drinks consumption: >1 to < 10 units/week, high
limited drinks consumption: >10 units/week.

Physical activity. The weekly physical activity levels of each
family member were assessed via GENEActiv activity trackers
positioned on the nondominant wrist for seven days starting
on the day of the FFQ survey. This weekly physical activ-
ity level was not detailed per activity (i.e.: walking, hunting,
garden activity). The datasets from these trackers contained
60-Hz 3-dimensional accelerometer data. Raw data were
processed into one second epoch signal vector magnitude
data points of daytime activity and were then catego-
rized into physical activity (PA) levels: sedentary, light, and
moderate-to-vigorous PA (MVPA) for each second. PA was
analyzed according to the WHO recommendations* and a
more in-depth analysis for PA patterns in the adults was
conducted using Diaz and Yacef’s method®. For children, we
used Phillips’s cut points*. We focused on bouts of sedentary
activity, light activity, or MVPA occurring with a minimum
duration. A bout was defined as a continuous episode of
PA at a specific range of intensity, and the length of a bout
was the number of seconds spent at that intensity during that
episode. Thresholds for sedentary bouts (60 seconds mini-
mum duration), light bouts (10 seconds minimum duration),
and MVPA (three seconds minimum duration) were based on
the literature®.

Anthropometry. A trained researcher who is a native from Lifou
Island without any family relationships with any of the par-
ticipants and with an expertise in sports sciences collected the
anthropometric data in the homes as outlined in the data collec-
tion section. A portable stadiometer (Leicester Tanita HR 001,
Tanita Corporation, Tokyo, Japan) measured height to the near-
est 0.1 cm. Weight was assessed to the nearest 0.1 kg using a
11uestionnair scale (Tanita HA 503, Tanita Corporation, Tokyo,
Japan), with the participants wearing light clothing. From
these measurements, body mass index (BMI) was calculated
in adults as follows: BMI = weight [kg]/([height [m])>. Normal
weight was considered a BMI<25; overweight was a BMI>25
and obesity was a BMI>30. We used the International Obesity
Task Force (IOTF) criteria for children to define adolescents
as thin (underweight), normal weight, overweight, or obese®.
The IOTF criteria provide BMI cut-offs for weight status based
on BMI values according to age and sex®’.
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Sociodemographic status. Ethnicity was self-reported by each
family member and categorized as recommended in the
report on New Caledonia (INSERM, 2008) from the Institut
National de la Santé et de la Recherche Médicale (INSERM;
National Institute of Health and Medical Research). Three
socioeconomic (SES) categories were determined based on the
National statistics socio-economic classification: managerial
and professional occupations (high), intermediate occupations
(medium), and routine and manual occupations (low).

Statistics

We first tested correlations between the consumption of tradi-
tional foods (tuber, fruits and vegetables, fish) and processed
foods (limited food and SSBs), and family farming activi-
ties, namely, the garden surface per family member, as well
as the tuber, fruit and vegetable, fish, hunting and animal pro-
ductions per family member. Multinomial regression analyses
were used to study these relations and the effect plots of the
significant variables are presented. Secondly, we examined the
relationships between agriculture and PA (quantity of MVPA, light
activity, sedentary time, and following WHO recommendations)
through linear regressions for the continuous explained factors
and logistic regressions for the binary explained factors. Lastly,
relationships of agriculture, nutrition and PA with weight
status were analyzed by consecutive logistic regressions with
factor selections. The final models are presented. All analy-
ses were adjusted by socioeconomic factors (sex, age, size of
family, and the highest school level of the household head) in
both adults and children.

Analyses were conducted using R 3.5.1.%, with an accepted
type I error probability set at 0.=0.05. The multinomial regres-
sions were computed thanks to the multinom function from the
nnet package®. The effects package was used to draw the effect
plots***2. The linear regressions were computed with the Im
function, the logistic regressions with the glm function, and
the factor selection with the step function.

Results

Sample characteristics

In the traditional foods of the adult group, vegetables, leg-
umes, fruits, and tubers were present in the daily adult diets
and were largely above the recommendations for vegeta-
bles, legumes, and fruits, while a low tuber consumption was
observed. The duration and intensity of PA were largely below
the WHO’s international recommendations for both sexes. In
addition, more than 85% of the adult group was overweight
or obese.

In the traditional foods of the children’s group, vegetables, leg-
umes, fruits, and tubers were present in their daily diets and
largely above the recommendations for vegetables, legumes and
fruits, while a low tuber consumption was observed. Figure 2
shows the frequency of consumption in terms of percentage
of pasta, rice, and tubers for adults and children. Concerning
PA, girls were largely below the international recommendations
for MVPA in terms of duration and percentage. We also note
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Figure 2. Frequency of consumption of pasta, rice and tubers for adults and children on Lifou Island in 2019.

that more than 30% of the children’s group was overweight
or obese, with more than 25% of the girls overweight and obese.

Characteristics of households

In comparison with the 2010 national survey conducted in the
three provinces and on Lifou, our results appear similar for total
crop, animal, and fishery production. With the Wilcoxon rank
sum test, we can see differences in the destinations of crop pro-
duction: between 2010 and 2019, exchanged crop production
decreased in favor of consumption. For hunting (wild pigs,
green pigeons, and flying foxes), we can see that the two sets
of data are statistically different, with fewer total quantities
hunted in 2019. This decrease in hunting activity would need
to be studied in more detail and verified with a larger sample,
but it was also observed on the mainland of the archipelago,
among 77 tribal households in the Northern province®. This
variability between personal consumption and customary
exchange can be explained by the annual variability of cus-
tomary ceremonies from one year to the next. Indeed, when
households have weddings planned for the following year, the
quantities of tubers planted and harvested are greater in order
to satisfy customs. The split between personal consumption
and gifts may also vary according to the number of mourning
events in the year. The situation is not so mechanical,
however: symbolic tubers that were not exchanged during these

mourning ceremonies, which cannot be predicted, were then
switched to consumption.

Indeed, Figure 3 shows the stability of tuber production at the
household level. This figure is a very efficient illustration of
the symbolic and cultural dimension of the Melanesian soci-
ety and lifestyle. Melanesian people continue to grow yams,
at least a minimal quantity, around 400 plants/year, but for their
symbolic dimension.

Relationships between traditional food consumption
and family production in adults

Figure 4 shows that in the adult population, consumption
of tubers was positively related to the production of tubers
(P<0.03), and negatively to fruits and vegetables (P<0.01).
More surprisingly, the consumption of fruits and vegetables
was not linked to a social or agricultural variable. Fish con-
sumption was negatively linked to age (P<0.04) and fruit
and vegetable production (P<0.002), and positively linked
to fish production (P<0.01). The consumption of SSBs was
linked to sex (males consumed significantly more SSB than
females, P>0.03) positively to livestock production (P<0.02),
and negatively to age (P<0.03). The consumption of limited
foods was linked to sex (male consumed significantly less
SSB than females, P<0.02), to livestock production (P<0.01),
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Figure 3. Comparison of the average quantities of the main agricultural products planted on Lifou by households in 2010 and

2019.

positively to age (P<0.007) and positively to tuber production
(P =0.05).

Relationships between traditional food consumption
and family production in children

Figure 5 shows that in children, consumption of tubers was
linked to sex (P<0.03). The consumption of fruits and veg-
etables was linked to sex with a higher consumption in boys
(P<0.001) and positively linked to fish production (P<0.03),
and linked to surface of the garden for agriculture with a non-
monotone relation (P<0.01)*. Fish consumption was posi-
tively linked to fish production (P<0.03) and negatively linked
to off-farm gains (P<0.03). The consumption of SSBs was
positively linked to age (P>0.04), surface of the garden for

agriculture (P<0.03), production of fruits and vegetables
(P<0.02) and hunted products (P<0.001). The consumption of
SSBs is also linked to the educational level of the head of the
family (P<0.02). The consumption of limited food was linked
to sex (girls consumed significantly more limited food than
boys P<0.01), and positively to age (P>0.01) and to hunting
production (P>0.04).

Relationships between agriculture and physical activity
in adults

The models to explain MVPA, sedentary behavior, and inter-
national recommendations for PA did not find significant rela-
tionships with agricultural variables in adults. However, in one
of the models, light PA was significantly related to age (P<0.01).
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Relationships between agriculture and physical activity
in children

The model to explain MVPA was significantly linked to sex
(male, P<0.001), age (P<0.04), and family production of tubers
(P<0.02). The model to explain light PA was significantly
related to age (P<0.01) and the surface used for farming
(P<0.02). The model to explain sedentary behavior did not
find any significant relationships. The model to explain the
international recommendation for PA per day was significant
in the children and showed significant links between sex (male,
P<0.01) and area of the garden used for agriculture (P<0.02).

Selected variables and logistic analysis for
anthropometry, diet, physical activity and family
farming in adults

The general model showed that consumption of fruits, cheese,
red meat, and pig were significantly related to overweight
and/or obesity. Red meat was positively related to overweight
and obesity (OR=7778.73, P<0.043), and pig consumption
was significantly inversely related to overweight and obesity
(OR=2.64 E-4, P<0.014).

Selected variables and logistic analysis for
anthropometry, diet, physical activity and family
farming in children

The general model showed that in children, fruit and vegeta-
ble production was positively linked to overweight and obes-
ity (OR=1.01, P=0.013) and MVPA time was negatively
linked to overweight and obesity (OR = 7.39 E-3, P=0.030).
For children whose household head had a low or medium
educational level, hunting production was positively linked to
overweight and obesity, while the relationship was the reverse
but weak for children whose household head had a high
educational level. In girls, an average consumption of potato
chips was positively associated with overweight and obesity,
while in boys, the relationship appeared to be the opposite.
Sedentary activity time was positively associated with
overweight and obesity in girls and negatively in boys.

Discussion

The main result of this study was that family farming produc-
tion modestly contributed to healthy diets and active lifestyles
for family farmers on Lifou Island. Moreover, the drivers for
obesity in this rural community were diet in adults, whereas
socioeconomic status and physical activity played an important
role in as drivers for being overweight and obesity in
children. These differences in lifestyle behaviors within families
suggest an intergenerational transition in cultural practices.

Family farming production, diet, physical activity, and
obesity

We observed that family farming production of fruits and veg-
etables, animals, and fishing were mainly oriented toward
personal consumption and exchanges rather than selling
(Table 3). Indeed, tribal family farming contributes directly
to the economy and food security'®. Some production was des-
tined for gift-giving and contributed to socialization (strength-
ening social and family ties through daily donations of plant
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production and mutual aid in the fields) and culture (main-
taining customary traditions and donations)!’. The main
differences compared to the last New Caledonian survey done in
the three provinces were related to hunting and can be explained
by the absence of deer on the island. Our results showed both a
lower overall fruit and vegetable production and a trend toward
reducing exchanges to the benefit of personal consumption®.
This is probably due to the sampling process: the households sur-
veyed in 2019 were relatively young with children in secondary
school and slightly higher incomes (Table 3). These households
were likely to be slightly less agriculturally oriented than if we
had sampled from the general tribal population of Lifou. In
addition, in terms of crop production, we need to take into
account the variability of yields, which may have been some-
what lower due to several years of drought between 2015 and
2019. Thus, if we look at the average quantities planted, the fig-
ures are relatively stable between the two survey rounds (2010
and 2019). Indeed, Figure 3 is a very efficient illustration of
the symbolic and cultural dimension of the Melanesian society
and lifestyle. Melanesians continue to grow yams, at least a
minimal quantity and around 400 plants/year for their sym-
bolic dimension. Nevertheless, these cultural and traditional
activities are not static but are changing, sometimes to the
benefit of modern activities'™® in which both parents and
children are implicated, even in rural areas. We thus assume
that we are seeing a transition in cultural practices.

The rapid economic growth that New Caledonia has experi-
enced since the 1990s has led to the spread of wage employ-
ment in many tribes and has favored the monetarization of
Kanak society. In 2010, 60% of household monetary income
came from wages'!. Despite the large disparities between rural
and urban areas*'*?, this gives families the purchasing power
necessary to change their habits even though traditional and
cultural practices stay in place at home. Moreover, Lifou
Island has specific features that cannot be ignored. Lifou
supports its double insularity and concentrates employment
opportunities in the public and private sectors. In terms of con-
sumption, everyday consumer goods and manufactured goods
are transported by sea freight from the main island and/or are
imported from overseas after a stopover on the main island.
Indeed, all products not manufactured or produced on Lifou
Island come by sea trade from the main island and/or are imported
from overseas after a stop in the main island. This strongly
increases the cost and availability of imported products that
are often essential not only for everyday consumption, but also
for economic development, even for agricultural development.
Importing agricultural equipment (power tillers, irrigation
systems, etc.) is costly and complex, with limited repair
possibilities due to the lack of mechanical parts and skills.

Concerning diet, the 40 families surveyed reflect regional
trends: diets on Lifou are moving away from traditional tropi-
cal tuber-based diets and increasingly include processed and
imported products: rice, noodles, canned goods, frozen meat
and chicken, temperate fruits and vegetables (apples, pears, gar-
lic, onions, carrots), coffee, sugar, and oil, as well as a range of
sweet and salty products. Although they may maintain their
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own consumption habits, households are becoming increas-
ingly dependent on shops and the cash economy to meet
their food needs. Figure 2 shows the respective consumption
frequencies for pasta, rice and tropical tubers. This probably
illustrates the final phase in the gradual transformation of the
eating habits of Lifou families.

Tubers, which were until recently the basis of the Kanak
and Oceanian diet, seem to be decreasing in importance in
comparison with imported products such as pasta or rice. The
consumption of tubers is not disappearing but, probably because
of the long preparation time, it is becoming less frequent, while
most of the surveyed households consume pasta or rice on a
daily basis. These are relatively simple foods that are quick to
prepare and remain cheap even though they are purchased. The
most worrisome aspect of Figure 5 is the generational effect,
since fewer children eat tubers several times a week (less than
1/2, compared with 2/3 of adults) and more than 7% say they
never eat them. At the same time, we observed the high con-
sumption of limited food and drinks in both adults and children,
with a more pronounced consumption of limited food and drinks
by girls regarding the international recommendations
(Table 2)°. Similar observations were made in a larger group of
Melanesian adolescent girls'"'® and confirm this trend. These
results showed a juxtaposition of traditional food with highly
processed food and drinks, with both contributing to “food
over-abundance for meals”***. We might also assume that we
are at a cross-point of malnutrition due to this superposition
of traditional and processed foods in the daily diet of Lifou
Islanders. Indeed, both high quantities of food intake and
the highly caloric diet (mainly in processed food and drinks)
contribute to future chronic diseases>'”.

In this rural community, only 48% of the adults and 22% of
children (with significantly lower values for girls compared
to boys) met the international recommendations for MVPA
(Table 2). The distribution of PA in adults or children showed
that most daily activities are sedentary or qualify as only
light PA (Table 2). These data confirm previous observations
reported in adolescents via accelerometry?. Physical activity
levels in rural agricultural areas and livelihood activities are
known to be higher compared with sedentary urban living, but
these activities predominantly involve light and moderate levels
of activity rather than moderate-to-vigorous activity*®. This is
the case of family farmers in the PICTs, where rurality plays
an important role in the societies. Very recently, studies have
pointed to the important place of PA in small-scale farmers in
rural areas of India, Nepal, and Ghana**%. In Bolivia, the Tsi-
mane, who are forager-horticulturalists of Amazonian Bolivia
living traditional lifestyles, reportedly engage in vigorous daily
activity that protects against noncommunicable diseases and
show minimal heart disease and diabetes®*. Throughout the
year, physical activity remains high and Tsimane men show
higher physical activity levels than women at all ages. In our
study, the overall diet and PA observed in the adults in our study
showed the superposition of traditional and modern diets, with
high consumption of limited food and drinks, although 48% of
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them reached the international recommendations for PA. Mean-
while, the children showed a similar diet pattern but less than
22% of them reached the PA recommendations. This suggests a
less active life, with parents doing the family farming and little
involvement from the children.

We observed that more than 85% of the adults and more
than 30% of the children were overweight or obese. For this
reason, a deeper analysis of the specific relationships between
family farming, diet, and physical activity are needed to better
understand this intergenerational lifestyle transition.

Relationships between family farming and traditional
diet

In adults, fishing activities were found to make a large contri-
bution to the traditional diet (Figure 4), with links observed
between consumption of tubers and fishing activity in the adult
group. This result confirms the place of traditional tribal and
cultural activities that are supported by adults. We also observed
the high consumption of limited foods, mainly by women
and older adults. This has already been observed in other
contexts and might be explained by who does the cooking,
which is often women in Pacific communities’®'; the time
dedicated to cooking in working families®®>, which is decreas-
ing with the spread of wage employment; and having the
money to buy imported food, which can save time in the kitchen
and satisfy the tastes of children used to collective catering.
Eating limited foods can also be seen as a way of diversitying
menus, sometimes wrongly. Last, but not least, for the
elderly in the community, it can also be a way of ostensi-
bly showing their personal purchasing power>'®. These many
factors thus contribute to the co-existence of traditional and
modern diets.

In children, the consumption of tubers, fruits, and vegeta-
bles was greater in boys and increased with the surface of
family farming production (Figure 5). This can be explained by the
place of boys in family tasks and the nutritional needs of
active children with the consumption of energetic products
(tubers). Net fishing, sparrowhawk fishing, underwater hunt-
ing, and diving are part of the tasks assigned to boys in the
community, while fishing from the shore and angling are more
feminine practices®, and this would explain why fish consump-
tion in boys was likely to be linked to the fish production of
the family. Another interesting point was that limited drinks
consumption was likely to be related to the educational level
of the family head. A possible explanation may be that having
money to buy food may well be a way to ostensibly show
the personal earning power of families with high levels of
education and money income in the community'*1°.

Relationships between family farming and energy
expenditure

We observed that in the adult family farmers, light physical
activity increased with age, indicating that older generations
spend more time in family activities and gardening. In children,
MVPA was more likely to be high in boys, increasing with age
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Table 3. Family farming productions and their destinations: sale, personal consumption, or
exchange for: (1) the last national study on Melanesian family farming in New Caledonia
concerning Lifou Island (IAC, 2010), and (2) for the present study in 2019. Concerning production,
tubers (taro, yam, cassava, etc.), fruits and vegetables (avocado, star fruit, lemon, salad, etc.), and total crop
production are presented. The same descriptive data can be found for hunting and fishing. Garden soil
was analyzed by its surface.

Details of the category

Production on customary
land and destination in

Production on customary
land and destination on

2010 (IAC, 2014) Lifou for the study (2019)
Family Family members (n) 4,09+ 2.65 543 +1.08
Active members (15 to 65 3.18+1.13
years old)
School No diploma (n) 1
level
Primary school diploma (n) 2
Secondary school diploma (n) 25
Degrees or higher diploma (n) 12
Plant Total (kg/yr) 3903+4693 3181.28 + 2007.46
production
Sold (kg/yr) 343+967 163.64 + 444.39
Exchange (kg/yr) 852+1522 336.36 + 284.66
Consumed (kg/yr) 971+1085 1697.48 + 895.84
Animal Total (kg/yr) 1274752 135.05 + 175.55
production
Sold (kg/yr) 97+649 14.7 £ 65.59
Exchange (kg/yr) 1214219 98.7 £ 121.63
Consumed (kg/yr) 59+116 21.65+ 7294
Hunting Total (kg/yr) 318495 139.93 + 296.05
Sold (kg/yr) 8+63 1.25+7.91
Exchange (kg/yr) 137+285 24.4+£71.36
Consumed (kg/yr) 1724267 114.28 + 274.98
Fishing Total (kg/yr) 670+1115 631.63 £ 1099.97
Sold (kg/yr) 168+572 8.38 £28.16
Exchange (kg/yr) 1204335 41.46 + 154.49
Consumed (kg/yr) 3794575 581.79 + 1055.33
Off-farm Gains (M XPF) 5473.56+5412.93 4441.65 +3143.08
gains

and related to the family production of tubers. Light PA was
more likely to be high with age and with the surface of the gar-
den exploited by the family. In addition, meeting the international
recommendations for PA per day was likely to be high in boys
and with the surface of the family garden. Combining energy
expenditure data from accelerometry devices with time-use
data provides a window into rural agricultural and liveli-
hood activities that had once been unavailable*®, as it links
how food is produced with nutritional aspects*®>>. This link has
often been neglected, even though most smallholder farmers,

especially in developing countries, rely on hand tools for
farming®. A similar traditional approach to family farming
without mechanization persists in the Pacific region and on
Lifou Island, even though income per capita is above that of
developing countries.

What are the drivers for obesity in family farming
production, diet, and physical activity?

The general model showed that diet and especially fruits,
cheese, red meat, and pig were the main drivers of adult
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overweight and/or obesity (see extended data - supplementary
multinomal analysis data file)*®. The protein leverage hypothesis
holds that dietary protein is positively related to overweight
and obesity”’. There is now strong evidence that excess protein
intakes are associated with lifestyles with low physical activ-
ity and accelerated aging, which would seem to be the perfect
combination to drive to obesity and cardiometabolic diseases®®
and would explain the main observation in this general model.
The general model for children underlined that MVPA was the
main driver to prevent the development of obesity (see extended
data - supplementary multinomal analysis data file)®. Indeed,
physical activity in children and adolescents is associated with
improved physical, mental, and cognitive health outcomes>.
The evidence shows clearly that increased time in aerobic
MVPA increases cardiorespiratory fitness and that increased
muscle-strengthening activities increase muscle fitness, with
some evidence showing incremental benefits of doing both™.
In the present study, this was reinforced by the role of the
family environment since obesity was inversely related to
the level of education of the family head. In transitioning
countries, a high educational level plays an important role in
preventing overweight and obesity in households and con-
tributes to global development’. Moreover, we observed that
limited foods and high sedentary time in girls were the drivers to
overweight and obesity. This has frequently been observed to
be related to adverse health outcomes™. Indeed, the associa-
tion between sedentary behavior and adverse health outcomes
is generally stronger with high media use and associated
snacking, with both contributing to total sedentary time>*.

This interdisciplinary study, which included researchers in the
exercise and health sciences, nutrition, geography, agriculture,
and informatics disciplines, provided data that enriches our
understanding of the complex relationships between family
farm production, traditional food in diet, physical activity,
and obesity. The study enabled us to analyze the data at indi-
vidual and family scales to make sense of our results in such
a way that we were able to gain insight into family farming,
diet, physical activity, and a health ecosystem at the scale of a
community.

Limitations

Although our sample was small, which calls for caution in
generalizing to the whole rural community of Pacific Islands
Countries and Territories, the Melanesian community is well
represented among the Lifou family farmers, and the amount
and quality of data collected per household and individual
brought important information.

As described in the method section, for accurately compar-
ing individual data, we converted “farming data” according
to the number of people in the household. The proportion of
adults/children was not taken into account because in the ques-
tionnaire the family members number is the only information
we get without distinction between the number of adults and
children. In addition, children’s consumption is very variable

Open Research Europe 2022, 1:135 Last updated: 06 MAR 2023

according to age. Usually, a child before adolescence eats a
smaller quantity of food than an adult whereas during adoles-
cence a higher consumption can be observed when compared to
adulthood. As a consequence, discriminating production and
consumption of production of a household according to, not
only its size, but according to its composition too, would raise
complex issues in analyses that are beyond the scope of the
current study. Finally, we used the ratio computation accord-
ing to the household size in analyses as a reasonable alterna-
tive to avoid an imbalance between individuals belonging to
large families and those belonging to small families when
analyzing production and consumption of production.

While the data from accelerometry did not permit us to iden-
tify the time and intensity dedicated to family farming
tasks, we extracted data including these daily tasks plus
other daily activities for a continuous period of 24 hours
per day over seven days. We assume that the quantity and
quality of the data added to the robust data mining analysis,
which brought reliable information on PA.

Conclusion

We conclude that family farming makes a modest contribu-
tion to the diet and daily activity of the family farmers on Lifou
Island. Today, family farming is still a vital activity, though
more for its social and cultural dimensions than for subsist-
ence. The differences in lifestyle behaviors within families
suggest an intergenerational transition in cultural practices.
For example, we found that the drivers of obesity in adults
were related to diet, whereas the socioeconomic status of the
parents and MVPA played an important role in preventing being
overweight and obesity in children. So, reinforcing the vivac-
ity of cultural practices linked to family farming across the
generations should be accompanied in the development of
civil and customary policies of Lifou island.

Future studies should take a broader approach to family farming
lifestyle and health in Melanesia, including Vanuatu, Fiji,
Solomon Island, and Papua New Guinea. In addition, the
seasonality of family farming and a more in-depth analysis of
diet including macro- and micro-nutrients would yield more
accurate information on the intergenerational transition in
cultural practices and its consequences for noncommunicable
diseases. Moreover, more interdisciplinary approaches should
be developed since we effectively identified adapted scales
between agriculture, diet, exercise, and health by using mixed
methods.

Data availability

Underlying data

Zenodo: Generational issues in linking family farming pro-
duction, traditional food in diet, physical activity and obesity
in Pacific Islands countries and territories: the case of the
Melanesian population on Lifou Island. https://doi.org/10.5281/
zenodo.5516813%.
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The project contains the following underlying data:

- PIURN_households_openData_2021-08-31. (CSV files
containing household composition including number of
persons, education, land access and ownership, mon-
etary incomes; the quantification of agricultural produc-
tion : plants, cattle, hunting, fishing, and food gathering
and; the allocation of these productions in the eating
and sharing (daily and ritual exchanges) habits of
the families).

- PIURN_individual_openData_2021-08-31. (CSV files con-
taining individual data of chidren and parents extracted
from the food frequency questionnaire, anthropometry,
and accelerometry).

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Extended data

Zenodo: Generational issues in linking family farming
production, traditional food in diet, physical activity and obes-
ity in Pacific Islands countries and territories: the case of the
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In the manuscript “Generational issues in linking family farming production, traditional food in
diet, physical activity and obesity in Pacific Islands countries and territories: the case of the
Melanesian population on Lifou Island” the Authors tried to determine the links between family
farming, diet, physical activity and obesity in Melanesian Lifou Island families. The pilot study
included forty families, including 142 adults and children, from Lifou Island.

The manuscript provides valuable information, However, I have some questions.

The introduction introduces the reader well to the subject of the study, pointing out problems
related to modern lifestyles in the Pacific region, followed by negative consequences such as
fundamental changes in eating behaviors and physical activity and major increase in the
noncommunicable diseases. In this context, the Authors refer to the effect of family farming in
health and the possible changes of behavior between parents and children in Melanesian
population.

I have a question about participants. Why the Authors have chosen people who lived all year
round on Lifou Island? You mean they could not leave the Island even for a short time? Explain,
please.

The families which took part in the study were randomly selected by pulling numbers out of a box.
This is important in research because random selection allows us to relate the results obtained in
the sample to the general population.

However, I have a question about the age of children. Why have the Authors selected families
among the classes in which children were 11-15 years old? Why not also younger?

The Authors describe step by step what they did in the study, as well as who was responsible for
what and why which is important from the point of view of other researchers who would like to
repeat this study.

The limitations of this study are that the proportion of adults, children, and adolescents was not
taken into account in this calculation.

The results are presented clearly, which are supported by many figures and tables.

Is the background of the case’s history and progression described in sufficient detail?
Yes

Is the work clearly and accurately presented and does it cite the current literature?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
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Is the case presented with sufficient detail to be useful for teaching or other practitioners?
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

olivier Galy

We thank the reviewer for her appraisals. We have done our best to address the concerns
and hope that the manuscript is now suitable for publication.

In the manuscript “Generational issues in linking family farming production, traditional food in
diet, physical activity and obesity in Pacific Islands countries and territories: the case of the
Melanesian population on Lifou Island” the Authors tried to determine the links between family
farming, diet, physical activity and obesity in Melanesian Lifou Island families. The pilot study
included forty families, including 142 adults and children, from Lifou Island. The manuscript
provides valuable information, However, I have some questions. The introduction introduces the
reader well to the subject of the study, pointing out problems related to modern lifestyles in the
Pacific region, followed by negative consequences such as fundamental changes in eating
behaviors and physical activity and major increase in the noncommunicable diseases. In this
context, the Authors refer to the effect of family farming in health and the possible changes of
behavior between parents and children in Melanesian population.

Q1.1 have a question about participants. Why the Authors have chosen people who lived all year
round on Lifou Island? You mean they could not leave the Island even for a short time? Explain,
please.

R1: People can leave Lifou island when they want and for the duration they want. We
included people who are living most of the time in Lifou island because they are the part of
Lifou population that is active for farming and hunting. Another part study and/or work in
mainland and go back to Lifou for short periods that does not permits to be regularly
involved in family farming activities.

Q2:The families which took part in the study were randomly selected by pulling numbers out of a
box. This is important in research because random selection allows us to relate the results
obtained in the sample to the general population. However, I have a question about the age of
children. Why have the Authors selected families among the classes in which children were 11-15
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years old? Why not also younger?

R2: Studies done in nutrition usually shows that children are able to do a survey alone
around 10 to 11 years old. Our group has a large expertise in experimentations in this age
group, mainly in the Pacific region and native language can add a difficulty if children are
youngest. That is why we choose adolescents between 11 and 15 years old.
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Dear Author(s),
An interesting paper that is well-written (in most sections). Thank you for the opportunity to read
through the manuscript to provide feedback and recommendations:

> Grammatical errors - Plural on end of Melanesian population (to Melanesian populations).

Research design is not clear. Is it a pilot case study? It has been called a pilot study in the
abstract and case study in the methods.

o Methods: 142 participants is substantial. Well done. What was the recruitment % (of those
who you asked to participate in the study and those who consented?). What was the
population % (142 participants of how many on Lifou)? 142 Melanesian families of how
many in the Melanesia and the PICTs?

Results: Were you able to map objective PA data to farming activities (regular farming
activities) to get an indication of how much of the MVPA was attributed to farming and
other activities?

Discussion and conclusion: A clear statement about how this research may contribute to the
development of policies on Lifou Island. What is needed to reduce the intergenerational
transition?

Thank you,

Reviewer.
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Is the background of the case’s history and progression described in sufficient detail?
Yes

Is the work clearly and accurately presented and does it cite the current literature?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Is the case presented with sufficient detail to be useful for teaching or other practitioners?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Health and Physical Education, Physical Activity and Populations.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

olivier Galy

We thank the reviewer for her appraisals. We have done our best to address the concerns
and hope that the manuscript is now suitable for publication.

Q1.Grammatical errors - Plural on end of Melanesian population (to Melanesian populations).
R1: An harmonisation had been done in the manuscript to keep “the Melanesian
population”.

Q2. Research design is not clear. Is it a pilot case study? It has been called a pilot study in the
abstract and case study in the methods.

R2: Effectively, the term “pilot case study” is more appropriate. This has been changed
throughout the manuscript.

Q3.Methods: 142 participants is substantial. Well done. What was the recruitment % (of those
who you asked to participate in the study and those who consented?). What was the population %
(142 participants of how many on Lifou)? 142 Melanesian families of how many in the Melanesia
and the PICTs?

R3: We recruited 48 families and 40 families accepted to participate and compose the
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sampling of 142 participants. This is detailed in the “data collection participants” section.

Q4.Results: Were you able to map objective PA data to farming activities (reqular farming
activities) to get an indication of how much of the MVPA was attributed to farming and other
activities?

R4: Unfortunately, we were not able to map different daily activities in this pilot case study.
This is planned later in the next works. This has been addressed in the manuscript, please
see in “discussion section” in the last paragraph.

Q5.Discussion and conclusion: A clear statement about how this research may contribute to the
development of policies on Lifou Island. What is needed to reduce the intergenerational
transition?

R5: This is now addressed in the conclusion.

Competing Interests: No competing interests were disclosed.
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Olivier Galy

In the Melanesian culture, traditional activities are organized around family farming,
although the lifestyle transition taking place over the last several decades has led to
imbalances in diet and physical activity, with both leading to obesity. The aim of this
interdisciplinary study was to understand the links between family farming
(produced, exchanged, sold, and consumed food), diet (focused on produced,
hunted, and caught food), physical activity (sedentary, light, and moderate-to-
vigorous physical activity) and obesity in Melanesian Lifou Island families (parents
and children). Forty families, including 142 adults and children, completed individual
food frequency questionnaires, wore tri-axial accelerometers for seven continuous
days, and had weight and height measured with a bio-impedance device. Family
farming questionnaire was conducted at the household level concerning family
farming practices and sociodemographic variables. Multinomial regression analyses
and logistic regression models were used to analyze the data. Results showed that
family farming production brings a modest contribution to diet and active lifestyles
for the family farmers of Lifou Island. The drivers for obesity in these tribal
communities were linked to diet in the adults, whereas parental socioeconomic
status and moderate-to-vigorous physical activity were the main factors associated
to overweight and obesity in children. These differences in lifestyle behaviors within
families suggest a transition in cultural practices at the intergenerational level.
Future directions should consider seasonality and a more in-depth analysis of diet
including macro- and micro- nutrients to acquire more accurate information on the
intergenerational transition in cultural practices and its consequences on health
outcomes in the Pacific region.
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Data collection and participants

Our study was conducted on Lifou Island in New Caledonia. The eligibility of the participants was
to live all year long in Lifou Island on a customary land with one or more child in a school. Among
them, 40 families from 16 tribes, all belonging to the three districts were randomly selected and
accepted to participate to this work. In each household, all the adults more than 18 years old and
children/adolescents from 10 to 18 year old were invited to participate. We gathered data from
June 2019 to July 2019 from 142 children and adults, from 11 years old to adulthood. Data were
collected during the simultaneous free time of parents and children (at dusk, at the end of the
work and school day, or on the weekend). The questionnaires with the families can be found in
materials section and were carried out by two researchers. The first one had an expertise in
family farming survey and the other one got an expertise in the passation of food frequency
questionnaire, anthropometrics, and accelerometry. Moreover, he was native from Lifou Island
without any family relationship with participants but he can communicate in native language with
participants when necessary. In each family, children with missing data were then excluded from
this study (n=3).

Family Farming Questionnaire

Information Family Farming Questionnaire (FFQ) was collected during face-to-face with the
heads of households in order to collect all the data in a single operation. When we made contact
with households we explained that we were trying to understand more about the situation in rural
Lifou households and that we would like to interview the head of the household or the person in
the household that has the most knowledge about agriculture activities and production. The
household should identify the household head. Then, we asked if the household head have an
hour to spare to realise the questionnaire. If the household head was not available then we asked
for speaking to some of the adult household members only if household members feel they can
represent the household situation well. The survey design was deeply inspired by a wide survey
conducted in 2011 covering all of New Caledonia [1-3]. As the aim was to understand the roles
and links of agricultural, fishing, and hunting activities with food practices and diet, the
observation unit was the household in order to focus on the traditional social organization and
noncontractual family farming with a prevailing nonmarket dimension [4]. For family farming, the
main observation unit was the household, which comprised all the people living on the same
residential plot, sharing meals and some of the agricultural work. The structure of the survey was
based on the “sustainable rural livelihoods” [5,6] approach with a microeconomic perspective.
The multi-thematic questionnaire was the questionnaire deployed in almost all tribes in New
Caledonia in 2011 [2,3] and made it possible to quantitatively measure the agricultural volumes
produced by the tribal population in 2018, as well as the distribution of these volumes between
self-consumption, daily gifts, ceremonial gifts, and market sales.The first goal of this survey,
referenced as the 2019 dataset in this paper, was to define the household composition (number
of persons, education, land access and ownership, monetary incomes). The second was to
quantify the agricultural production (plants, cattle, hunting, fishing, and food gathering) and the
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allocation of these productions in the eating and sharing (daily and ritual exchanges) habits of
the families. As the majority of the households do not weigh their harvests and keep no
accounting records, the questionnaire relied on daily practices, taking into account the wide
range of tools used for harvesting purposes (plastic bags, tote bags, palm-leaf baskets, etc.) and
the harvesting practices (weekly, monthly, during periods of traditional customs). These
quantities were then converted into conventional units of measure using charts created
specifically for the study based on measurement results taken from a sample of units used
locally. The production of each household was broken down according to: (1) plant production,
including the production of tubers (taro, yam, cassava, etc.) from the tuber category in the data
file, the production of fruits and vegetables (avocado, star fruit, lemon, salad, etc.) from the
categories of fruit trees, bananas, dessert bananas, poingo bananas, coconuts, field fruits, and
vegetables in the data file, and the total crop production; (2) animal production (pigs, poultry,
etc.); 3) hunting production (flying foxes, wild pigs, pigeons, etc.); and 4) fishing production (sea
fishing, shellfish and crabs, etc.). For each type of production, a distinction was made according
to the finality of production: sale, personal consumption, exchange, or total production. For
comparison with the individual data, we reported data according to the number of people in the
household. This means that for a household comprising n people, the announced consumption
was divided by n. For example, household one has six members and the consumption of tubers
is 139.9 kg. We therefore associated this household with a consumption of approximately 23.3
kg of tubers/person/year. The proportion of adults/children was not taken into account because
in the questionnaire. The family members number is the only information we get without
distinction between the number of adults and children. In addition, children’s consumption is very
variable according to age. Usually, a person eat less quantity of food than at an adult before
adolescence whereas during adolescence a higher consumption can be observed when
compared to adult. As a consequence, knowing the number of adults and children would not be
sufficient to get more accurate results but we should also get the children age breakdowns.
Finally, the ratio computation was mainly performed in order to avoid an unbalancement in
production and consumption of production between large families and small families.

1-Apithy L, Guyard S, Bouard S, Passouant M, Sourisseau J-M, Bélieres J-F. Adapter les

méthodes d'enquétes a une agriculture principalement non marchande: un exemple en

Nouvelle-Calédonie. Cahiers Agricultures. 2016;25.

2- Apithy L, Guyard S, Bouard S, Passouant M, Sourisseau J-M, Bélieres J-F. L'informel et le

non-marchand dans les systemes d’activités: enquéte représentative sur les ménages kanak

en tribus de Nouvelle-Calédonie. 2018.

3- Bouard S, Apithy L, Guyard S. Family Farming in Contemporary Kanak Society. In: Bosc P-M,

Sourisseau J-M, Bonnal P, Gasselin P, Valette E, Béliéres J-F, editors. Diversity of Family

Farming Around the World: Existence, Transformations and Possible Futures of Family Farms.

Dordrecht: Springer Netherlands; 2018. pp. 285-296. doi:10.1007/978-94-024-1617-6_25

4-Bouard S, Sourisseau J-M. Stratégies des ménages kanak: hybridations entre logiques

marchandes et non marchandes. Natures Sciences Sociétés. 2010;18: 266—-275.

5-Scoones I. Sustainable rural livelihoods: a framework for analysis. 1998.

6-Chambers R, Conway G. Sustainable rural livelihoods: practical concepts for the 21st

century. Institute of Development Studies (UK); 1992.

Food Frequency Questionnaire (FFQ)
The short FFQ was adapted from the validated version of the FFQ for Aboriginal and Torres
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Strait Islanders by Gwynn et al/,[7], in the absence of a validated FFQ for New Caledonia.
Minor modifications were made by the research team to include foods identified as important
in the diet of Melanesians [8] and described elsewhere [9] and in extended data section. We
then classified food in the ‘traditional food’ category, and the ‘limited food’ and ‘limited drinks’
categories. The traditional food category helped us estimate the proportions of tubers, fruits
and vegetables, meat, and fish eaten as well as water drunk at home. We focused on the
consumption of traditional food like tubers, fruits and vegetables, and fish, and of limited food
and drinks classified as follows by the Pacific Community guidelines [8]: foods to limit (butter
+ breakfast cereals + canned meat + cold cuts + noodle soup + fries + chips + hamburger +
sweets + cookies) and drinks to limit (SSBs). For the analyses, we categorized individual
consumption as follows: low tuber consumption: <1 unit/week, medium tuber consumption: 1
to <5 units/week, high tuber consumption: >5 units/week; low fruit and vegetable
consumption: =14 units/week, medium fruit and vegetable consumption: >14 to <35
units/week, high fruit and vegetable consumption: >35 units/week; low fish consumption: <1
unit/week, medium fish consumption: >1to =3 units/week, high fish consumption: >3
units/week; low limited food consumption: =2 units/week, medium limited food
consumption: >2 to <5 units/week, high limited food consumption: >5 units/week; and low
limited drinks consumption: <1 unit/week; medium limited drinks consumption: >1 to < 10
units/week, high limited drinks consumption: >10 units/week.

7-Gwynn JD, Flood VM, D’Este CA, Attia JR, Turner N, Cochrane J, et al. The reliability and
validity of a short FFQ among Australian Aboriginal and Torres Strait Islander and non-
Indigenous rural children.

8-Pacific guidelines for a healthy living: a handbook for health professionals and educators /
by The Public Health Division of the Pacific Community. Available:
https://spccfpstorel.blob.core.windows.net/digitallibrary-
docs/files/b1/b1587e0faf44b55fac38db51951b0005.pdf?sv=2015-12-
11&sr=b&sig=3g6xJ%2BC%2B3msQxFyWup9LtUrKAQKZ1bQsrFqUw0aC84c%3D&se=2020-
06-01T00%3A51%3A10Z&sp=r&rscc=public%2C%20max-age%3D864000%2C%20max-
stale%3D86400&rsct=application%2Fpdf&rscd=inline%3B%20filename%3D%22Pacific%20guid
elines%20for%20healthy%20living.pdf%22

9-Galy O, Paufique E, Nedjar-Guerre A, Wacalie F, Wattelez G, Le Roux P-Y, et al. Living in Rural
and Urban Areas of New Caledonia: Impact on Food Consumption, Sleep Duration and
Anthropometric Parameters Among Melanesian Adolescents. Nutrients. 2020;12: 2047.
doi:10.3390/nu12072047

Physical activity

The weekly physical activity levels of each family member were assessed via GENEActiv
activity trackers positioned on the nondominant wrist for seven days starting on the day of
the FFQ survey. The datasets from these trackers contained 60-Hz 3-dimensional
accelerometer data. Raw data were processed into one second epoch signal vector
magnitude data points of daytime activity and were then categorized into physical activity
(PA) levels: sedentary, light, and moderate-to-vigorous PA (MVPA) for each second. PA was
analyzed according to the WHO recommendations [10]. For children, we used Phillips’s cut
points [12]. We focused on bouts of sedentary activity, light activity, or MVPA occurring with a
minimum duration. A bout was defined as a continuous episode of PA at a specific range of
intensity, and the length of a bout was the number of seconds spent at that intensity during



that episode. Thresholds for sedentary bouts (60 seconds minimum duration), light bouts (10
seconds minimum duration), and MVPA (three seconds minimum duration) were based on
the literature [11].

10. 9789240014886-eng.pdf. Available:
https://apps.who.int/iris/bitstream/handle/10665/337001/9789240014886-eng.pdf?
sequence=18&isAllowed=y

11. Diaz C, Galy O, Caillaud C, Yacef K. A Clustering Approach for Modeling and Analyzing
Changes in Physical Activity Behaviors From Accelerometers. IEEE Access. 2020;8: 224123-
224134. doi:10.1109/ACCESS.2020.3044295

12. Phillips LR, Parfitt G, Rowlands AV. Calibration of the GENEA accelerometer for
assessment of physical activity intensity in children. Journal of science and medicine in sport.
2013;16: 124-128.

2.3 Anthropometry
A trained researcher native from Lifou Island without any family relationship with participants
with an expertise in sports sciences collected the anthropometric data in the homes. A
portable stadiometer (Leicester Tanita HR 001, Tanita Corporation, Tokyo, Japan) measured
height to the nearest 0.1 cm. Weight was assessed to the nearest 0.1 kg using a
bioimpedence scale (Tanita HA 503, Tanita Corporation, Tokyo, Japan), with the participants
wearing light clothing. From these measurements, body mass index (BMI) was calculated as

follows: BMI = weight [kg]/([height [m])z. Normal weight was considered a BMI<25;
overweight was a BMI>25 and obesity was a BMI>30. We used the International Obesity Task
Force (IOTF) criteria for children to define adolescents as thin (underweight), normal weight,
overweight, or obese [13]. The IOTF criteria provide BMI cut-offs for weight status based on
BMI values according to age and sex [13].

13- Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness,
overweight and obesity. Pediatric obesity. 2012;7: 284-294.

2.4 Sociodemographic status
Ethnicity was self-reported by each family member and categorized as recommended in the
report on New Caledonia (INSERM, 2008) from the Institut National de la Santé et de la
Recherche Médicale (INSERM; National Institute of Health and Medical Research). Three
socioeconomic (SES) categories were determined based on the National statistics socio-
economic classification: managerial and professional occupations (high), intermediate
occupations (medium), and routine and manual occupations (low).

3 We first tested correlations between the consumption of traditional foods (tuber, fruits and
vegetables, fish) and processed foods (limited food and SSBs), and family farming activities,
namely, the garden surface per family member, as well as the tuber, fruit and vegetable, fish,
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