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Influence of food preparation behaviors on
5-year weight change and obesity risk in a
French prospective cohort
Caroline Méjean1,2*, Aurélie Lampuré2, Wendy Si Hassen2, Séverine Gojard3, Sandrine Péneau2,
Serge Hercberg2 and Katia Castetbon4

Abstract

Background: Food preparation behaviors may markedly determine dietary intake and consequently influence
weight status. However, the few available studies have found equivocal results. No study has prospectively
investigated the association between food preparation behaviors and weight change over time. We estimated the
associations of food preparation behaviors with the 5-year relative weight change and the risk of developing
obesity in 12,851 French adults participating in the NutriNet-Santé cohort study. The mediating effect of dietary
intake was also addressed.

Methods: Frequency and time for meal preparation, cooking skills, preparation from scratch, kitchen equipment,
cooking enjoyment, willingness to cook better/more frequently and dietary intake were assessed at baseline using
web-based questionnaire and 24 h records, respectively. Self-reported anthropometric data were collected using
questionnaire, at baseline and after 5 years of follow-up. Associations of such behaviors with 5-year relative weight
change and the mediation analyses were assessed through multivariate linear regression models, and obesity risk
was analyzed with logistic regression, stratified by sex and adjusted for age, household composition, education,
occupation, income, physical activity, smoking and history of dieting.

Results: In women, preparation from scratch was prospectively associated with a decreased risk of obesity over the
5-year follow-up (OR = 1.32 (1.08; 2.32)) after adjustment. After including dietary mediating factors, the association
between preparation from scratch and obesity risk in women did not remain significant (P = 0.08). This association
appeared to be partly mediated by dietary factors with a difference of 59% of the estimate, in the group with the
low score, between the adjusted model and those with mediators (OR = 1.13 (0.71; 1.77)). Regarding 5-year relative
weight change, after adjustment for confounding factors, all associations between indicators of food preparation
behaviors and weight change became non significant.
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Conclusions: In the context from reduced time spent preparing meals that could have an impact on dietary quality
and health in industrialized countries, our prospective study does not show effect of food preparation behaviors on 5-
year relative weight change and obesity risk, except for preparation from scratch on obesity risk in women. Our study
provides useful information about the long term implications of food preparation behaviors on health and should be
corroborated by future studies, particularly on the effect of food preparation behaviors on chronic diseases such as
incident diabetes, hypertension or cardiovascular diseases, compared with other determinants.

Trial registration: NCT03335644 on ClinicalTrials.gov

Keywords: Food preparation, Cooking practices, Weight change, Cooking skills, Diet

Background
Along with the worldwide change toward increased reli-
ance upon ultra-processed foods and increased away-
from-home intake, a shift in food preparation and cook-
ing behaviors has emerged in recent decades in industri-
alized countries, including France [1–7]. This change
could have an important impact on dietary quality and
therefore health. Previous studies have shown that lower
frequency [8–10] and less time spent on meal prepar-
ation [11, 12], lower cooking skills [13–17] and lower
cooking enjoyment [17–19] have been associated with
unhealthier diet, such as poorer adherence to nutritional
guidelines, more frequent fast-food use, higher intakes
of fat and lower intakes of fruits and vegetables, fiber,
folate, and vitamin A. Food preparation behaviors there-
fore appear to be a noteworthy determinant of dietary
intake and may consequently influence weight status.
In spite of beneficial changes in dietary intake (mainly

fruit and vegetables and energy intakes), intervention
studies on cooking and home food preparation rarely
highlight impact on adult Body Mass Index (BMI) [19–
23]. According to Reicks et al. [19], these results should
be interpreted with caution based on the weakness in
the study design, varying duration of follow up and the
lack of rigorous assessment. The few cross-sectional
studies in adults have shown that time spent in food
preparation was inversely related to BMI in women [2,
24] while higher consumption of foods prepared away
from home was associated with higher BMI [25–28].
This may be in relation with their higher content in total
fat and saturated fat compared with home prepared
foods [29]. As cross-sectional design does not allow
causal inferences, longitudinal studies assessing the in-
fluence of food preparation behaviors on weight change
are therefore needed. To our knowledge, no study has
investigated the association between food preparation
behaviors and weight change with a prospective design.
In addition, the contribution of dietary intake to explain
the influence of food preparation behaviors on weight
status has never been explored.
Food preparation behaviors are complex to define and

the research literature reports on a range of indicators

to assess food preparation [5, 30]. Most studies assessed
food preparation behaviors by measuring time spent on
food preparation [2, 11, 12, 24, 31–33] and cooking skills
and knowledge [13, 14, 17–19, 30, 34–36]. Some authors
were interested in enjoyment of cooking [17, 18, 31, 37,
38], others studied use of raw or fresh ingredients re-
quiring no or minimal processing [8, 17, 38, 39], or the
complexity of food preparation [10, 17]. Together, these
dimensions may reflect many important elements of a
food preparation behavioral pattern. However, most
studies used only one dimension to capture food prepar-
ation behaviors. The conceptual model developed by
Mills et al. [40] illustrates the complex, inter-linked rela-
tionships between potential determinants and outcomes
of home cooking. Thus, time spent on food preparation
is not only an indicator of food preparation behaviors
but also a determinant of food preparation behaviors as
time constraints play a major role in home cooking, par-
ticularly preparation from raw or fresh ingredients. Also,
this review underlined a probable conceptual misunder-
standing in that researchers conflate ‘cooking skills’ and
‘cooking’, and hence do not explicitly state and measure
both concepts because they assume the two to be inter-
changeable [40]. In addition, Short [5] explains that the
relationship between skills and knowledge and practices
is not straightforward: cooks do not necessarily use con-
venience foods because they cannot cook, but for other
reasons, including, for example, a lack of time or a lack
of enjoyment, that underlies the importance of consider-
ing all these dimensions together.
The aim of our study was therefore to assess the pro-

spective association between food preparation behaviors,
captured by several dimensions, and the 5-year relative
weight change and the risk of developing obesity, in a
large population of French adults. In addition, we also
investigated the mediating effect of dietary intake on the
relationship between food preparation behaviors and
weight status. Since literature has shown that gender is a
much stronger determinant of food preparation behaviors
than other socio-demographic variables [32–34, 38, 41],
the influence of food preparation behaviors on weight
change was assessed separately for men and women.
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Methods
Study design, setting and population
We used data from the NutriNet-Santé study, a large
web-based prospective observational cohort launched in
France in May 2009 among volunteers from the general
population of internet-using adults (> = 18 y). The co-
hort was designed to investigate the relationship be-
tween nutrition and health, as well as determinants of
dietary behavior and nutritional status. The design,
methods and rationale have been described in detail
elsewhere [42]. Briefly, eligible participants were re-
cruited by different means. At launching, a vast multi-
media campaign (television, radio, national and regional
newspapers, posters, and internet) called for volunteers
and provided details on the study’s specific website
(http://www.etude-nutrinet-sante.fr) [43]. Then, multi-
media campaigns were repeated every 6 months. Further
information is being maintained on a large number of
websites (national institutions, city councils, private
firms, web organizations). A billboard advertising cam-
paign is regularly updated via professional channels
(doctors, pharmacists, dentists, business partners, muni-
cipalities, etc.). The key message delivered in the call for
volunteers was the following: “The purpose of our study
is to identify nutritional risk factors or protective factors
for these diseases, which is an essential step in establish-
ing dietary recommendations to prevent the risk of dis-
ease and improve the health of the current and future
generations. This is the ambitious goal of the NutriNet-
Santé study and that is why researchers need you”. As-
pects related to convenience of participation (ie, <
20 min each month) and confidentiality were also
emphasized. In addition, a system of boosting motiv-
ation and retention was implemented [44]. In order to
forge a sense of community that helps advance research,
participants receive a NutriNet-Santé membership card
at inclusion and a «diploma» upon completion of each
follow-up year/wave. They also receive by monthly
e-mail with scientific information regarding health and
nutrition, and invitations to press conferences about the
study results. For purposes of retention, free screening
tests for cholesterol, triglycerides, and diabetes are of-
fered to participants (the results are sent back with a
special notice in case of abnormal test results). In case
of an “undelivered email” problem, participants are con-
tacted by telephone and by post to avoid drop-out. In
order to be included in the cohort, participants had to
complete a set of questionnaires assessing dietary intake,
physical activity, anthropometry, smoking and socio-eco-
nomic conditions, along with health status at baseline
and each subsequent year. Additionally, each month par-
ticipants were invited to complete complementary ques-
tionnaires related to the food behaviors, nutritional and
health status.

Ethics, consent and permissions
This study was conducted according to guidelines laid
down in the Declaration of Helsinki, and all procedures
were approved by the Institutional Review Board of the
French Institute for Health and Medical Research (IRB
Inserm n° 0000388FWA00005831) and the Commission
Nationale Informatique et Libertés (CNIL n° 908,450 and
n° 909,216). This study is registered in ClinicalTrials.gov
(n° NCT03335644). Written electronic informed consent
to participate in the study was obtained from all subjects.

Data collection
This longitudinal analysis focused on participants in-
cluded in the NutriNet-Santé cohort study between May
2009 and May 2011. Food preparation behaviors were
assessed in May 2011. Data regarding sociodemographic,
lifestyle and behavioral characteristics and dietary intake
used in this analysis were also collected in 2011. Weight
and height data were collected in 2011 and 5 years later,
in 2016.

Food preparation behaviors
Based on published literature available at the time [5, 13,
17, 30, 45], food preparation behaviors were captured by
several dimensions: cooking frequency, daily time spent
on food preparation, preparation from scratch, cooking
skills, cooking enjoyment, willingness to cook better or
more frequently, and kitchen equipment. Recently, the
area of measuring cooking skills and food preparation
behaviors has been advanced in terms of development
and validation, including new dimensions such as food
self-efficacy, food attitude and the influence of non-food
barriers [46, 47].
Face validity was assessed by experts and subjects. A

team of multidisciplinary researchers (nutritionists, dieti-
cians, economists and sociologists) developed the ques-
tionnaire. They evaluated whether the items were
relevant to assess the measured concept, and only that
concept, and whether they constituted a representative
sample of a set of items describing the concept. Experts
also evaluated the quality of the visible features of the
items: length, items’ wording, and categories of response.
Acceptability and feasibility were also measured in 100
subjects using specific questions on the perceived com-
plexity and difficulty of filling in the questionnaire and
whether the questionnaire was too long or any items
were redundant, using a 4-point Likert scale from “I
strongly disagree” to “I strongly agree”. For 97% of the
sub-sample who assessed the feasibility of the question-
naire, the questionnaire was not difficult; only 1% found
it difficult. For 93% of the participants, the questionnaire
was not annoying; only 6% found it annoying. Finally,
82% thought the questionnaire was not too long but 10%
found it too long. Test–retest reliability (repeatability)
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on variables was assessed in 22 subjects who filled out
the questionnaire twice at a two-week interval, by com-
puting the prevalence- and bias adjusted kappa coeffi-
cient (PABAK) for each item of the questionnaire [48].
Repeatability was considered satisfactory for a PABAK
higher than 0.40, with an interpretation similar to
Cohen’s kappa coefficient. Only four items had a PABAK
< 0.40 (Additional file 1: Table S1). PABAK for other
items was between 0.35 and 0.67.

Frequency and time for meal preparation Participants
were asked who the main cook in the household was
and how often they prepared meals during a typical
week, including preparation of a cold dish or reheating a
prepared dish (two or more times per day, once a day,
several times a week but not every day, once a week, less
than once a week, never). If participants answered never,
no further questions regarding food preparation behav-
iors were asked. Otherwise, participants were asked how
much time (in minutes) they usually spent preparing
meals, including cooking time. To assess average daily
time preparing food, we multiplied the duration for meal
preparation by the frequency and divided by 7.

Preparation from scratch The definition of “prepar-
ation from scratch” generally suggest cooking with raw,
fresh or minimally processed foods and without the use
of ultra-processed foods for which consumption is
known to be associated with lower nutritional quality
and higher risks of obesity and chronic diseases [49]. To
assess preparation from scratch participants were asked
about their use of foods (fruit, vegetable, fish and meat)
according to their processing level. In addition, among
unprocessed meat and fish, we have distinguished forms
of unprocessed meat or fish according to the investment
and the techniques to prepare them (for instance whole
fish not cleaned out vs. fish fillets, sliced, pavers or
steaks). Use of fruit or vegetables with no or minimal
processing was assessed with the questions “Among the
following fruits/vegetables, which ones do you use un-
peeled, uncut, unprocessed?”. The ten groups of vegeta-
bles proposed covered the foods more consumed in
France categorized by groups usually purchased by
French consumers (Additional file 1: Table S2) [50]. Use
of unprocessed fruit and use of unprocessed ‘tomato,
pepper, eggplant’, ‘cucumber, zucchini’, ‘garlic, onions,
shallots’ and potatoes were excluded from the score cal-
culation as more than 95% of the participants used these
items. When a participant self-reported the use of an
unpeeled, uncut, unprocessed vegetable group, 1 point
was allocated (Additional file 1: Table S2). For fish, par-
ticipants had to determine what forms of fish they usu-
ally use (whole fish not cleaned out, whole fish cleaned
out, fish fillets, sliced, pavers or steaks, breaded fish).

Participants also had to assess what forms of meat they
usually use (chunky uncut pieces, whole poultry not
cleaned out, whole poultry cleaned out, cut poultry or
meat, ready to cook poultry or meat such as ultra-
processed meat and nuggets). Participants were allowed
to select several types of fish and meat. When a partici-
pant self-reported the use of whole fish, 2 points were
allocated (Additional file 1: Table S2). When a partici-
pant self-reported the use of breaded fish and the use of
other forms, 1 point was allocated, whereas when partic-
ipants only reported breaded fish or no other form of
fish, no points were allocated. When a participant
self-reported the use of chunky uncut pieces, whole
poultry not cleaned out, whole poultry cleaned out, cut
poultry or meat (even if participant also used ready to
cook poultry or meat), 1 point was allocated whereas,
when participants only reported ready to cook poultry
or meat such as ultra-processed meat and nuggets, no
points were allocated. A score of preparation from
scratch was calculated from 0 to 12 points according to
answers regarding use of raw vegetables, forms of fish
and meat used (Additional file 1: Table S2).
As Pearson correlations are not adapted to non-

continuous variables and tend to underestimate the rela-
tionships between ordinal variables, polychoric correla-
tions were used in this analysis [51]. Internal consistency
for preparation from scratch was therefore estimated
with the ordinal alpha coefficient [52], which is more ac-
curate in estimating alphas for measurements involving
ordinal variables [52]. Although it is calculated using
polychoric correlations, it is conceptually equivalent to
Cronbach’s alpha and has a similar interpretation, i.e. a
value higher than 0.70 is considered adequate [53]. Or-
dinal alpha value was 0.72 for the dimension assessing
preparation from scratch, indicating adequate internal
consistency (Additional file 1: Table S3). Then, polychoric
correlations between the items and their respective di-
mension corrected for overlap (i.e., the modified subscale
after removal of the studied item) were also computed.
The aim of this analysis was to verify that items were sub-
stantially correlated with their assigned dimension. A
polychoric correlation ≥0.40, corrected for overlap, is con-
sidered adequate. For this dimension, corrected item total
polychoric correlations were all above 0.40 (Additional file
1: Table S3).

Cooking skills Participants were also asked to assess
their cooking skills regarding 7 dishes, 8 pastries and
sweets, 7 sauces and 4 cooking techniques (Additional
file 1: Table S2). A large range of foods was used, both
including generic items previously used in studies [9, 27,
54] and specific dishes/pastries frequently consumed in
France [50], to assess the ability to cook the dishes
rather than ability to choose the healthier dishes and to
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therefore avoid desirability bias to self-report prepar-
ation of healthy vs. unhealthy dishes/pastries. Skills to
cook dishes and pastries were evaluated using two types
of questions, according to the dishes/pastries and sweets.
For instance, to the question ‘Do you know how to make
pancakes or waffles?’ participants could answer “Yes, I
know”, “Yes, I know but only with ready for use pancake
batter”, “No, I don’t know” and “I’ve never tried”. Indi-
viduals tend to adopt a more time-efficient food prepar-
ation behavior that influence their cooking skills [40].
To reflect this behavior in assessment of cooking skills,
when a participant reported making the more complex
variant of the dish/pastry/sweet, i.e. entirely homemade,
without ready for use ingredients, 2 points were allocated
whereas, when participants reported preparing the variant
with ready for use ingredients, 1 point was allocated.
When ready for use preparation does not exist for a dish/
pastry, participants could answer “Yes, I know”, “No, I
don’t know” and “I’ve never tried”. Some dishes such as
omelet and vegetable soup were not included in the score
as more than 90% of the participants declared making
these dishes. The same answers were proposed to evaluate
cooking techniques. When a participant answered “Yes, I
know”, 1 point was allocated. Skills regarding sauces were
evaluated using the question “Among the following
sauces, which ones do you know how to prepare?”. Points
were allocated according to the skill complexity of the
sauces and the number of sauces reported: 4 points for
hollandaise sauce or sauce by reduction, 3 points for 3 or
4 simple sauces (mayonnaise, garlic butter, béchamel, to-
mato sauce), 2 points for 2 simple sauces, 1 point for 1
simple sauce, no point for salad dressing (Additional file 1:
Table S2). A score of cooking skills was calculated from 0
to 41 points based on skills to make dishes, pastries,
sauces and cooking techniques (Additional file 1: Table
S2). Internal consistency for cooking skills was also esti-
mated with the ordinal alpha coefficient [52] for which the
value found was 0.84, indicating adequate internal
consistency (Additional file 1: Table S3). For cooking
skills, corrected item total polychoric correlations were all
above 0.40 (Additional file 1: Table S3).

Kitchen equipment Kitchen equipment was assessed by
the question “Is your kitchen equipped with the follow-
ing utensils and appliances?”. Using data from French
statistics on income and living conditions [55], seven
utensils and appliances were proposed: pressure cooker,
zester, baking pan, measuring cup, food processor, gas
oven or electric oven. When a participant reported pos-
sessing kitchen equipment, 2 points were allocated, ex-
cept for common equipment such as gas oven or electric
furnace for which 1 point was allocated. Kitchen equip-
ment was transformed into a score from 0 to 11 points
(Additional file 1: Table S2).

Enjoyment for food preparation and willingness to
cook better and more frequently Participants were
asked to assess their enjoyment of food preparation
using the question: “Do you enjoy cooking?” (Yes, in-
cluding daily meal preparation; Yes, but not daily meal
preparation; No). They were also asked to assess their
willingness to improve their cooking skills, whatever the
skill level, and to cook more frequently using the follow-
ing questions: “Do you wish to cook better?” (Yes/No),
“Do you wish to cook more often?” (Yes/No).

Assessment of weight and BMI
Height and weight data were collected at baseline and
each year thereafter by a self-administered anthropomet-
ric questionnaire [56]. BMI (kg/m2) was calculated as
the ratio of weight to the square of height. Obesity was
defined as body mass index greater than or equal to 30
kg/m2 in accordance with WHO reference values [57].
The 5-year relative weight change was computed as: ((5y
weight – baseline weight)/(baseline weight)) × 100 and
was expressed as a percentage of the baseline weight.

Assessment of dietary intake
At enrolment and each year thereafter, participants were
invited to provide three random 24 h dietary records dur-
ing a two-week period (1 weekend day and 2 weekdays)
[58]. Data used in this analysis were collected using 24 h
dietary records at the same time as data of food prepar-
ation behaviors in 2011. Participants were invited to de-
clare every beverage and food consumed during the day.
They estimated portion sizes using validated photographs
or usual containers [59], representing more than 250
foods (corresponding to 1000 generic foods) served in
seven different portion sizes. The values for energy were
estimated using published nutrient databases [60] and
completed for recent market foods and recipes. Under-re-
porters were excluded using the method proposed by
Black [61]. The accuracy of web-based 24 h dietary re-
cords has been assessed by comparing to interviews by
trained dietitians [58] and also against 24 h urinary bio-
markers [62, 63].

Sociodemographic, lifestyle and behavioral characteristics
Potential confounding factors of the relationship between
food preparation behaviors and the 5-year relative weight
change previously identified [64] were collected using
web-based questionnaires at the same time as data of food
preparation behaviors: age (years), household composition
(single, couple without a child, couple with ≥1 child, and
household without a child but with ≥3 adults), education
(primary education, secondary education, undergraduate,
corresponding to up to 3 years after the high school, and
post-graduate corresponding to more than 3 years after
the high school diploma), occupation (manual and office
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worker, intermediate profession, managerial staff, self-
employed and never-employed), monthly household in-
come (< 1200 €, 1200–1800 €, 1800–2700 € and > 2700 €,
plus a category for individuals who were unwilling to an-
swer), smoking status (never, former or current smoker),
history of dieting (never, former, or current dieter) and
physical activity level using the French version of the
International Physical Activity Questionnaire [65] (low,
moderate or high).

Statistics
Our analysis focused on participants included in the
NutriNet-Santé study between May 2009 and May 2011,
living in the French metropolitan area, who had
self-reported height and weight data at baseline (2011)
and 5 years later, who had completed three 24 h dietary
records at baseline, who were not energy under-re-
porters and who had no missing data for socioeconomic
and demographic factors (Fig. 1). The first set of ana-
lyses assessed the association between food preparation
behaviors and 5-year relative weight change in 12,851
subjects whatever their BMI at baseline. The second set
of analyses was restricted to non-obese subjects at base-
line (n = 11,502) and assessed the 5-year risk of becom-
ing obese. Regarding frequency for meal preparation, we
performed analyses on the whole sample, including
non-cooks (those who cook less than once a week or
never). Then, analyses for the other indicators of food
preparation were only conducted among regular and oc-
casional cooks.
Time for food preparation and each score (preparation

from scratch, cooking skills and kitchen equipment)
were transformed into tertiles. All analyses were per-
formed separately for men and women, since almost all
interactions between gender and the food preparation
indicators were significant (P interaction < 0.10). De-
scriptive comparisons between sexes were performed
using Student’s t test and the Chi-square test.

5-year relative weight change
The predictive value of each indicator of food prepar-
ation behaviors on the 5-year relative weight change was
assessed by multivariate linear regressions. The SAS pro-
cedure used was PROC GLM, where the dependent vari-
able was weight change as percentage of the baseline
weight, and the independent variables were indicators of
food preparation behaviors and all covariates. For each
indicator, two different models were used. The first
models were performed to study the independent effect
of each indicator of food preparation behaviors on
weight change. The second model was adjusted for age,
household composition, education, household income,
occupation, physical activity level, dieting to lose weight
and smoking status.

Obesity risk
In a second set of analyses, we estimated the odds ratios
(OR) and 95% confidence intervals (CI) of becoming
obese after 5 years of follow-up, after exclusion of 1348
obese subjects at baseline, using multivariate logistic re-
gressions, stratified by sex. The SAS procedure used was
PROC LOGISTIC, where the dependent dichotomous
variable was ‘being obese/ not being obese at the end of
follow-up’. Two models were used: model 1 was a base
model only including the indicator of food preparation be-
haviors; model 2 also included age, household compos-
ition, education, household income, occupation, physical
activity level, dieting to lose weight and smoking status.

Mediation analysis
Analyses on the mediating effect of dietary intake on the re-
lationship between indicator of food preparation behaviors
and 5-year relative weight change or obesity risk were only
performed when statistically significant association between
the indicator and weight change or obesity risk in adjusted
models was observed. To assess the mediating effect of
dietary intake, we selected food groups for which the intake
was associated with 5-year relative weight change or obesity

Fig. 1 Flowchart
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risk as well as the indicator of food preparation behaviors
using linear or logistic regression models, as appropriate
(P ≤ 0.01). Then, we fitted models for weight change or
obesity risk that included indicator of food preparation be-
haviors, confounders and, successively, the dietary factors
previously selected. The magnitude of the mediating effect
was assessed by the percentage change in the ORs or the β
of the different groups computed as [(OR/β base model –
OR/β base model + mediator) / (OR/β base model − 1)] ×
100. We applied a quantitative criterion to see whether
dietary intake had a mediating effect. To do so, a 10% re-
duction threshold was used to consider dietary intake as a
mediating factor.
To optimize the robustness of the statistical tests, we

performed sensitivity analyses. First, sensitivity analyses
were performed only in individuals who reported being
the main cook in the household for all dimensions of
food preparation behaviors. Second, we redefined the
outcome as the risk of becoming overweight in order to
overcome the potential misclassification bias. For these
analyses, we used an identical approach as described
above. A P-value < 0.05 was initially considered statisti-
cally significant. Data management and statistical ana-
lyses were performed using SAS (version 9.1; SAS
Institute, Inc., Cary, NC, USA).

Results
Participation
A total of 33,884 individuals had completed the comple-
mentary questionnaire measuring food preparation be-
haviors, i.e. 42% of participants included between May
2009 and May 2011 in the Nutrinet-Santé cohort who
were invited to fill in the questionnaire. This low partici-
pation rate was due to the optional nature of the ques-
tionnaire administration.

Baseline characteristics of participants
A total of 9222 women and 3629 men were included in
this analysis (Fig. 1). Comparisons between excluded and
included participants in the analysis showed that the
percentages of young participants (18–24 y.), individuals
living with at least one child, never-employed persons,
employees/manual workers and persons with income <
1200 euros were lower in the final sample used for ana-
lyses (all P values < 0.0001; data not shown). Difference
was observed between the overall sample and those with
missing data who were excluded (Additional file 1: Table
S4). The percentages of women, young adults, subjects
with low income, those with low physical activity level,
and current dieter were higher in excluded subjects,
compared to the overall sample (Additional file 1: Table
S4). The energy intake of excluded subjects was lower
while their intake of alcoholic beverages was higher,
compared to the overall sample.

Overall, weight evidenced a change of + 1.2% (6.9) in
women and + 0.6% (5.8) in men. At baseline, men were
twice as likely as women to be overweight while preva-
lence of obesity was equivalent in both genders (Table 1).
Men were slightly less likely to become obese by the
5-year follow-up (54 cases (1.7%) in men vs 154 cases
(1.9%) in women). Percentages of young adults, those
who lived with at least one child, participants with an
undergraduate educational level, manual workers and
office workers, never-employed and those in the lowest
income class were higher among women than among
men (Table 1).
Percentages of regular cooks, individuals who enjoy

cooking including daily meal preparation and those who
wished to cook better were higher in women than in
men while the percentages of non- and occasional cooks
were lower (Table 2). Women spent more time for meal
preparation and had higher scores of cooking skills and
kitchen equipment than men (Table 2).

Association between food preparation behaviors and 5-
year relative weight change
In base model in women, positive 5-year relative weight
change slightly decreased linearly from the lowest to the
upper tertiles of scores for cooking skills (− 0.47%, for in-
stance a decrease of 320 g for a subject with a weight of
70 kg at baseline) and preparation from scratch (− 0.82%,
linear trend P < 0.05) (Table 3). Individuals who wished to
cook better (+ 0.55% in women; + 0.68% in men) and
women who wished to cook more frequently (+ 0.60%,)
slightly gained more weight than those who did not. In
the fully adjusted models, all associations became non sig-
nificant (Table 3).

Association between food preparation behaviors and
obesity risk
The only significant association between indicators of
food preparation behaviors and obesity risk concerns
preparation from scratch in women (Table 4). In base
model, women with low score for preparation from
scratch were more likely to become obese by the 5-year
follow-up than women with high score. This association
remained significant after adjustment for sociodemo-
graphic, lifestyle and behavioral factors and was not ob-
served in men.
Regarding mediation analysis, women with lower score

for preparation from scratch had lower intake of fruits
and vegetables (mean intake: 376.8 g/d (230.3) for low
score (LOW) and 487.9 g/d (231.2) for medium score
(MED) and. 528.9 g/d (217.9) for high score (HIGH);
P < 0.0001), whole-grain products (LOW: 30.2 g/d
(45.1), MED: 35.8 g/d (43.9), HIGH: 39.0 g/d (46.1);
P < 0.0001), oils (LOW:7.8 g/d (7.3), MED: 8.9 g/d
(7.7), HIGH: 9.9 g/d (8.5), P < 0.0001) and alcoholic
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beverages (LOW:68.4 g/d (105.5), MED: 74.9 g/d
(110.8), HIGH: 93.1 g/d (116.9); P < 0.0001) whereas
they had higher intake of fatty sweet foods (LOW:
23.5 g/d (30.4), MED: 20.5 g/d (25.9), HIGH: 16.9 g/d
(23.6); P < 0.0001) compared with participants with
higher scores. In addition, new obese subjects had lower
intake of fruits and vegetables (mean intake: 375.8 g/d
(282.1) vs. 458.3 g/d (291.8); P < 0.0001), whole-grain
products (27.1 g/d (36.6) vs. 35.8 g/d (45.3); P = 0.02), oils
(7.8 g/d (7.1) vs. 9.9 g/d (8.8); P < 0.0001) and higher in-
take of fatty sweet foods (11.0 g/d (20.5) vs. 12.0 g/d
(22.1); P = 0.001) and alcoholic beverages (85.9 g/d (144.6)
vs. 80.6 g/d (111.8); P < 0.0001) compared to those that
remained non-obese.
After including dietary mediating factors, the associ-

ation between preparation from scratch and obesity risk
in women did not remain significant (P = 0.08). This
association appeared to be partly mediated by dietary
factors with a difference of 81% of the estimate in the
group with the low score, between the base model and
those with mediators (OR = 1.13 (0.71; 1.77)) and 59% of
the estimate between the adjusted model and those with
mediators.
Sensitivity analysis that excluded individuals who were

not the main cook in the household did not change the
results (data not shown). Then, when the outcome was
the risk of overweight, all associations between indica-
tors of food preparation behaviors and risk to become
overweight were non-significant (data not shown). The
addition of overweight status as confounding factor in
the adjusted model that assessed associations between
food preparation behaviors and risk of becoming obese
after 5 years of follow-up very slightly changed the ORs.
In unadjusted model for baseline overweight status in
women, preparation from scratch was associated with a
decreased risk of obesity over the 5-year follow-up (OR
low score vs. high =1.32 (1.08; 2.32)). After the inclusion
of this variable in the adjusted model for women, the
ORs of preparation from scratch became: OR low score
vs. high = 1.31 (1.07; 2.46).

Table 1 Demographic and socioeconomic characteristics of the
sample at baseline and 5-year relative weight changea (n = 9222
women and n = 3629 men)

Women % or
mean (SD)

Men % or
mean (SD)

P-value2

5-year weight change (%) 1.2 (6.9) 0.6 (5.8) < 0.0001

BMI classes < 0.0001

Normal (< 25 kg/m2) 73.1 54.2

Overweight (< 30-≥ 25
kg/m2)

18.6 36.4

Obese (≥30 kg/m2) 8.3 9.4

Education < 0.0001

Primary 2.9 3.9

Secondary 32.9 35.7

Under-graduate 32.4 22.2

Post-graduate 31.8 38.2

Occupation < 0.0001

Never employed 3.0 1.1

Self-employed 2.5 4.2

Manual worker, office
worker

30.4 14.3

Intermediate profession 31.5 24.3

Managerial staff 32.6 56.1

Monthly household income
per household unit

< 0.0001

Unwilling to answer 9.7 4.7

< 1200 euros 13.0 9.5

1200–1800 euros 39.7 36.4

1801–2700 euros 9.6 11.8

> 2700 euros 28.0 37.6

Age < 0.0001

18–24 years 3.0 1.2

25–34 years 14.0 7.6

35–54 years 44.3 31.1

> 55 years 38.7 60.1

Household composition < 0.0001

Single 17.7 13.5

Couple without child 39.9 53.6

Couple with ≥one child 31.9 24.0

Household without child
and with ≥3 adults

10.5 8.9

Physical activity level < 0.0001

Low 31.9 45.3

Moderate 45.7 38.2

High 22.4 16.5

Smoking status < 0.0001

Never-smoker 53.6 41.2

Former smoker 34.3 48.5

Table 1 Demographic and socioeconomic characteristics of the
sample at baseline and 5-year relative weight changea (n = 9222
women and n = 3629 men) (Continued)

Women % or
mean (SD)

Men % or
mean (SD)

P-value2

Current smoker 12.1 10.3

Dieting to lose weight < 0.0001

Never dieter 17.9 32.1

Former dieter 70.6 61.5

Current dieter 11.5 6.4
2P-value represented the overall significance of each variable (Type 3 analysis
of effects)
a5-year relative weight change between 2011 and 2016

Méjean et al. International Journal of Behavioral Nutrition and Physical Activity          (2018) 15:120 Page 8 of 15



Discussion
To the best of our knowledge, this is the first pub-
lished study to investigate prospective associations
between food preparation behaviors and 5-year rela-
tive weight change. We highlighted that preparation
from scratch was prospectively associated with a slight
decreased risk of obesity in women and dietary intake
appeared to substantially explain this relationship. Re-
sults have also shown that there was no significant
association between other indicators of food prepar-
ation behaviors and 5-year relative weight change after
adjustment for sociodemographic, lifestyle and behav-
ioral factors, suggesting a poor impact of food prepar-
ation behaviors (as measured in this study) on weight
change over time.

No study has explored the influence of use of fresh or
minimally processed foods on weight change. However,
our finding is in line with previous works which reported
higher obesity prevalence in subjects with greater house-
hold availability and higher intake of ready-to-eat or
ready-to-heat foods known as ultra-processed foods, com-
pared with those who mainly used and consumed fresh or
minimally processed foods [66–68]. Indeed, ready-to-eat
foods are more energy-dense and stimulate overconsump-
tion by their hyper-palatability, large portion sizes, con-
venience, than the combination of foods and ingredients
made into freshly prepared meals [66]. Compared to those
with high score of preparation from scratch, women with
lower score had higher intake of ultra-processed
fatty-sweet products and lower intake of no or minimally
processed foods which are more likely to be prepared
from scratch, such as fruits and vegetables and whole-
grain products. Such dietary behaviors represent a nutri-
tional difference between women with high score and
those with low score of preparation from scratch (e.g. +
152 g/day in intake of fruits and vegetables) that could
have long-term consequences on body weight [69]. Unlike
for the risk of obesity, association between preparation
from scratch and 5-year relative weight change in women
was not significant after adjustment for sociodemographic
and lifestyle factors, due to the confounding effects of age,
education, smoking status and history of dieting. Indeed,
these factors were positively associated with score of prep-
aration from scratch and inversely associated with 5-year
relative weight change (lower weight change with in-
creased age and education and among never-smokers and
never-dieters) while they were not significantly associated
with obesity risk.
Women with greater cooking skills and women who did

not wish to cook better or more frequently gained less
weight than those with low skills and those with willing-
ness to cook better and more frequently, but this associ-
ation did not remain significant after adjustment for
confounding factors. In particular, we observed a strong
confounding effect of age in these relationships, when
adding this variable in the model. Descriptive analysis
showed that older women gained less weight over 5 years
than younger participants (0.15 (5.65) in subjects > 65y.
vs. 2.68 (7.78) in subjects < 25 years; P < 0.0001) that may
be explained by physiological changes [70]. Consistently
with previous studies [14, 34, 71], the group with high
score of cooking skills was mostly constituted of women
> 65 years (44% of the 3rd tertile while subjects < 25 y.
were 12%). The potential beneficial effect of cooking skills
on weight gain may therefore be due to generational influ-
ence. Compared with women of older generations, young
generations had less acquired cooking skills (score of
cooking skills in women < 25 years: 4.0 (1.1) vs. women >
65 years: 5.2 (1.3), P < 0.0001). This may be due to a

Table 2 Food preparation behaviors in men and womena

All subjects Women % or
mean
(SD)

Men % or
mean
(SD)

P-value2

Frequency of meal preparation n = 9222 n = 3629 < 0.0001

Non-cook (less than once/week
or never)

1.3 19.8

Occasional cook (less than once/
day but at least once/week)

17.3 35.6

Regular cook (once or more
times/day)

81.4 44.6

Occasional and regular cooks
only

n = 9097 n = 2911

Time for meal preparation
(min/day)

40.2 (23.3) 28.4 (22.0) < 0.0001

Cooking skills (0–41 point score) 21.9 (5.3) 18.4 (7.4) < 0.0001

Preparation from scratch
(0–12 point score)

7.7 (2.3) 7.4 (2.5) 0.08

Kitchen equipment
(0–11 point score)

8.2 (2.0) 7.2 (2.6) 0.002

Enjoy cooking 0.0002

Yes, including daily meal
preparation

70.3 68.7

Yes, but not daily meal
preparation

18.8 17.6

No 10.9 13.7

Willingness to cook better 0.006

Yes 65.0 62.1

No 35.0 37.9

Willingness to cook more
frequently

0.96

Yes 28.1 28.2

No 71.9 71.8
2P-value represented the overall significance of each variable (Type 3 analysis
of effects)
atime spent for food preparation, preparation from scratch cooking skills,
kitchen equipment, enjoy cooking, willingness to cook better and willingness
to cook more frequently were only assessed in occasional and regular
cooks (n = 12,008)

Méjean et al. International Journal of Behavioral Nutrition and Physical Activity          (2018) 15:120 Page 9 of 15



decline in the intergenerational transmission of basic
cooking skills at home [72]. Also, young women may as-
sume less the role of the main food provider for the family
and also due to increased exposure to convenience foods
[73]. This last may decrease the importance of homemade

traditions and the use of raw and unprocessed ingredients
(score of preparation from scratch in women < 25 years: 4.1
(1.0) vs. women > 65 years: 6.5 (1.4), P < 0.0001); there may
also be an age effect, those over 65 being retired, and less
subject to time pressure than the younger [74]. Regarding

Table 3 Associations between food preparation behaviors and 5-year relative weight change (n = 12,851)a

Base modelb Adjusted modelc

Women Men Women Men

Meand SEM P-value5 Meand SEM P-value5 Meand SEM P-value5 Meand SEM P-value5

Frequency of meal preparation

Non-cook (less than once/week or never) 0.90 0.63 0.12 0.46 0.22 0.67 1.28 0.88 0.29 1.15 0.49 0.60

Occasional cook (less than once/day
but at least once/week)

1.12 0.08 0.63 0.14 1.34 0.26 1.13 0.43

Regular cook (once or more times/day) 1.51 0.17 0.46 0.16 1.73 0.33 0.88 0.45

Time for meal preparation

Low (2–22 min/day in women;
2–13 min/day in men)

1.35 0.13 0.21 0.52 0.18 0.96 0.99 0.51 0.53 1.34 0.29 0.90

Medium (22–38 min/day in women;
13–30 min/day in men)

1.17 0.13 0.55 0.23 0.99 0.55 1.37 0.28

High (39–106 min/day in women;
30–50 min/day in men)

1.04 0.13 0.59 0.18 1.33 0.50 1.45 0.29

Cooking skills 0.03 0.81 0.26 0.76

Low 1.44 0.13 0.56 0.19 1.15 0.29 1.06 0.53

Medium 1.18 0.12 0.64 0.19 1.50 0.28 1.09 0.52

High 0.97 0.13 0.46 0.19 1.47 0.28 1.31 0.52

Preparation from scratch < 0.0001 0.05 0.81 0.72

Low 1.69 0.14 0.93 0.20 1.45 0.30 1.26 0.51

Medium 1.16 0.13 0.46 0.20 1.45 0.29 0.96 0.52

High 0.87 0.11 0.30 0.18 1.32 0.28 1.16 0.51

Kitchen equipment 0.05 0.70 0.90 0.42

Low 1.42 0.12 0.71 0.22 1.40 0.28 1.17 0.54

Medium 1.05 0.10 0.51 0.22 1.37 0.18 0.83 0.52

High 1.06 0.20 0.49 0.16 1.40 0.34 1.30 0.50

Enjoyment for food preparation 0.62 0.57 0.94 0.68

No 1.16 0.22 0.36 0.30 1.31 0.37 0.93 0.59

Yes, but not daily meal preparation 1.33 0.17 0.40 0.26 1.40 0.32 0.98 0.58

Yes, including daily meal preparation 1.16 0.09 0.63 0.13 1.40 0.26 1.22 0.48

Willingness to cook better 0.0003 0.003 0.33 0.10

No 0.83 0.12 0.13 0.18 1.26 0.23 0.83 0.33

Yes 1.38 0.09 0.81 0.14 1.46 0.21 1.33 0.32

Willingness to cook more frequently 0.0002 0.08 0.14 0.73

No 1.02 0.09 0.43 0.13 1.30 0.26 1.11 0.32

Yes 1.62 0.14 0.86 0.21 1.63 0.30 1.23 0.30
5P-value represented the overall significance of each variable (Type 3 analysis of effects)
atime spent for food preparation, preparation from scratch cooking skills, kitchen equipment, enjoy cooking, willingness to cook better, willingness to cook more
frequently were only assessed in occasional and regular cooks (n = 12,008)
bbase model only included only one indicator of food preparation behaviors
cAdjusted model: base model + adjustment for age, household composition, education, household income, occupation, physical activity level, dieting to lose
weight and smoking status
dValues are mean weight change expressed as the percentage of baseline weight (%)
In bold, results considered as significant, i.e. with a p-value < 0.05
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willingness to cook better and more frequently, less than
2% of 18–24 y. subjects did not wish to cook better or more
frequently versus more than half in old subjects (> 55 y), as

they already spent more time preparing meals. Indeed, after
adjustment for time spent preparing food, the associations
between willingness to cook better and more frequently

Table 4 Associations between food preparation behaviors and risk of becoming obese after 5 years of follow-up (n = 11,502)a

Base modelb Adjusted modelc

Women Men Women Men

OR 95%CId P-value5 OR 95%CId P-value5 OR 95%CId P-value5 OR 95%CId P-value5

Frequency of meal preparation 0.72 0.67 0.70 0.13

Non-cook (less than once/week or
never)

1.80 0.89–3.65 1.80 0.89–3.65 1.00 0.12–4.13 2.65 0.93–7.94

Occasional cook (less than once/day
but at least once/week)

1.57 0.84–2.94 1.57 0.84–2.94 0.81 0.44–1.49 2.41 0.90–6.42

Regular cook (once or more times/
day)

1.00 1.00 1.00 1.00

Time for meal preparation 0.81 0.94 0.93 0.24

Low (2–22 min/day in women;
2–13 min/day in men)

0.94 0.64–1.39 1.13 0.55–2.29 1.11 0.40–1.95 2.31 0.70–2.59

Medium (22–38 min/day in women;
13–30 min/day in men)

0.88 0.59–1.31 1.03 0.45–2.36 1.06 0.61–1.82 2.82 0.79–1.01

High (39–106 min/day in women;
30–50 min/day in men)

1.00 1.00 1.00 1.00

Cooking skills 0.72 0.08 0.49 0.13

Low 0.97 0.65–1.43 0.78 0.39–1.55 0.98 0.45–1.36 1.25 0.45–3.47

Medium 0.86 0.58–1.27 0.37 0.15–0.89 0.74 0.44–1.25 0.25 0.05–1.24

High 1.00 1.00 1.00 1.00

Preparation from scratch 0.008 0.98 0.02 0.67

Low 1.69 1.11–2.56 0.98 0.46–2.07 1.32 1.08–2.32 1.36 0.44–4.18

Medium 1.02 0.68–1.54 0.93 0.43–2.00 0.95 0.56–1.64 0.75 0.22–2.65

High 1.00 1.00 1.00 1.00

Kitchen equipment 0.25 0.55 0.56 0.31

Low 1.53 0.88–2.66 0.81 0.38–1.72 1.49 0.70–3.17 2.00 0.68–2.90

Medium 1.25 0.72–2.16 0.64 0.29–1.45 1.30 0.62–2.71 0.79 0.20–3.16

High 1.00 1.00 1.00 1.00

Enjoyment for food preparation 0.17 0.85 0.62 0.55

Yes, including daily meal preparation 1.31 0.75–2.28 1.20 0.46–3.11 1.43 0.60–3.67 1.33 0.28–2.33

Yes, but not daily meal preparation 0.86 0.44–1.71 0.97 0.29–3.20 1.49 0.67–3.29 0.69 0.18–2.67

No 1.00 1.00 1.00 1.00

Willingness to cook better 0.12 0.58 0.19 0.67

Yes 1.32 0.92–1.87 0.84 0.45–1.57 1.38 0.84–2.34 0.81 0.30–2.16

No 1.00 1.00 1.00 1.00

Willingness to cook more frequently 0.08 0.96 0.01 0.54

Yes 1.35 0.97–1.89 0.98 0.49–1.98 1.83 1.15–2.93 1.43 0.45–4.51

No 1.00 1.00 1.00 1.00
5P-value represented the overall significance of each variable (Type 3 analysis of effects)
atime spent for food preparation, preparation from scratch cooking skills, kitchen equipment, enjoy cooking, willingness to cook better, willingness to cook more
frequently were only assessed in occasional and regular cooks (n = 10,775)
bbase model only included the corresponding indicator of food preparation behaviors
cAdjusted model: base model + adjustment for age, household composition, education, household income, occupation, physical activity level, dieting to lose
weight and smoking status
d95% Confidence Interval
In bold, results considered as significant, i.e. with a p-value < 0.05
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and 5-year relative weight change did not remain significant
(results not shown).
Our findings showing no significant prospective associ-

ation between frequency or time for food preparation and
weight status over time, either in univariate and multivari-
ate analyses, did not reinforce results from cross-sectional
studies highlighting inverse relationships with BMI [2, 24,
75]. Such discrepancies may be explained by difference in
study design. The reverse causality cannot be excluded in
cross-sectional studies whereas the prospective design with
the 5 years of follow-up allows us to explore the inference
of causality between food preparation behaviors and weight
outcomes. This suggests a large nutritional heterogeneity
of home-prepared meals for the same time spent and bene-
ficial effect of food preparation behaviors on weight status
may be rather due to the choice to home-cook high dietary
quality meals than the time invested for preparation.
The non-significant associations between food prepar-

ation behaviors and weight status over 5 years in men
(except for willingness to cook better in base model)
were concordant with previous studies showing signifi-
cant associations between indicators of food preparation
(time for food preparation, complexity of food prepar-
ation, cooking skills) and diet quality or BMI in women
rather than in men [2, 14, 24, 76]. A large body of litera-
ture studied the relationship between gender and food
preparation behaviors. Women were more likely than men
to be involved with cooking, spend time to cook and feel
confident cooking [40]. A previous French study also
showed that men perceived food preparation as both a
chore and a leisure activity while women perceived food
preparation as a way to eat healthy [77]. Unlike women,
male cooks may prepare more frequently traditional dishes,
rich in fats that not healthier than ready-to-eat meals and
consequently food preparation behaviors in men may be
not a lever for healthier dietary intake and better weight
status. In addition, absence of such association in men may
result of the low proportion of main cooks among male in-
dividuals (14% vs 85% in women). Our findings indicated
that interventions targeted at women may have greatest
impact on health, but interventions to engage men further
in food preparation behaviors are an opportunity to ad-
dress gender issues and the sharing of household activities.
The strengths of our study pertained to its prospective

design, its large sample size, and the quantitative assess-
ment of dietary intake. Nevertheless, some limitations
should be acknowledged. First, caution is needed regarding
the extrapolation of these results to the entire French popu-
lation since this study included adults involved in a
long-term cohort study investigating the association be-
tween nutrition and health, with overall more health-
conscious behaviors and higher socio-professional and edu-
cational levels [44, 78, 79]. In addition, subjects included in
the analysis sample were less likely to be current dieters

and were more physically active than the overall sample.
Thus, weight changes may have been underestimated in
this study compared with the general population, which
may have weakened the associations. In addition, the
web-based design might not increase, but possibly even
mitigate recruitment biases [80]. Indeed, a previous work
regarding participants in our cohort showed that the exclu-
sive use of the Internet for data collection and follow-up
may help to increase the proportion of population groups
which are often underrepresented in volunteer cohorts such
as men and older subjects [44]. In addition, previous work
showed a great geographic and socio-demographic diversity
in participants at baseline in the NutriNet-Santé study,
which showed resemblance in terms of age and income dis-
tribution with the French general population [78].
As food preparation behaviors and confounding factors

have been assessed at baseline, we did not have the evolu-
tion of food preparation behaviors over the 5-year period,
which could vary differently in subjects who became obese
during the follow-up, compared with others. However,
baseline food preparation behaviors of excluded obese in-
dividuals and participants who became obese were com-
pared and no significant difference has been found (data
not shown). This suggests that causal relationships be-
tween food preparation behaviors and risk to become
obese is explained by differential exposure at baseline to
specific dimensions of food preparation behaviors. Al-
though the follow-up time was appropriate to perform
our analyses, it did not necessarily guarantee this sufficient
delay. In addition, this study was based on an observa-
tional cohort and thus residual confounding cannot be en-
tirely ruled out even though a wide range of confounding
factors were taken into account. Another limitation was
that the data were self-reported, which may induce misre-
porting. Bias associated with social desirability is lower in
studies using self-reported questionnaires, rather than face
to face interviews, because it introduces distance between
the investigator and the subject [81]. In addition, another
study performed on a NutriNet-Santé cohort sample has
demonstrated the validity of web-based self-reported
anthropometric data by comparison with clinical data
(n = 2513), and has shown that the reporting bias was
reasonably small [82].
One strength of our study is the assessment of food

preparation behaviors using an original questionnaire
measuring various dimensions, while most previous stud-
ies have evaluated only one dimension. Food preparation
behaviors are complex to define and measure [5, 15],
therefore this questionnaire was carefully developed by ex-
perts, following the definition of one of the components
of food literacy which fell into the “preparation” domain.
This component includes being able to prepare commonly
available foods, efficiently use common pieces of kitchen
equipment and having a sufficient repertoire of skills to
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adapt recipes to experiment with food and ingredients
[39]. An extensive literature review on different indicators
such as frequency and time spent preparing food,
self-estimated cooking skills and knowledge, enjoyment of
cooking, preparation from scratch or complex food prep-
aration techniques was performed to develop the ques-
tionnaire. However, the validity and reliability of the
questions used to assess food preparation behaviors have
not been explored. Although cooking skills and prepar-
ation from scratch showed adequate internal consistency,
questions used here may not adequately capture these
complex constructs, particularly cooking skills. Even
though cooking skills regarding several common dishes,
pastries and sweets, sauces and cooking techniques were
assessed, they may be too specific to capture the full com-
plexity of cooking skills. Also, people with different cook-
ing skills may have responded similarly to the same
questions because some people may prepare their meals
from basic ingredients, while others may use ready to use
foods. However, to avoid this bias, participants could re-
port preparing the dishes entirely homemade or preparing
the variant with ready for use ingredients. However, a
comprehensive and validated measure of cooking skills is
necessary for future studies. At last, external validity may
be limited because this questionnaire was developed in a
French cultural setting and cross-cultural adaptations may
be required before submitting it to other cultures.

Conclusions
In the unfavorable context from reduced time spent pre-
paring meals over recent decades [1], our prospective
study does not show effect of food preparation behaviors
on relative weight change and obesity risk over 5 years,
except for preparation from scratch. Our findings
highlighted that preparation from scratch was associated
with a decreased risk of obesity after 5 years of follow up
in women and healthier dietary intake in women with
greater preparation from scratch largely explained this
relationship. Our study therefore provides useful infor-
mation about the long term implications of food prepar-
ation behaviors on health and should be corroborated by
future studies. In addition, as suggested by several re-
views [16, 19, 40], there is a clear need for longitudinal
studies to identify causal relationships, particularly to es-
tablish whether food preparation behaviors are associ-
ated with risk of chronic diseases such as incident
diabetes, hypertension or cardiovascular diseases, com-
pared with other determinants. Our findings emphasize
the need to consider the use of fresh and minimally
processed foods in the management and prevention of
obesity. In addition to the health impact, the displacement
of minimally processed foods and home prepared dishes
and meals by ultra-processed products may be troublesome
from social, cultural, economic, political and environmental

points of view [49]. Further researches focusing on the im-
pact of food preparation behaviors on these dimensions
should be conducted.

Additional file

Additional file 1: Table S1 Repeatibility indicator of all items. Table S2.
Computation of scores of food preparation behaviors. Table S3. Internal
consistency of preparation from scratch and cooking skills. Table S4.
Comparison of sociodemographic characteristics and dietary intake
between the overall sample and the excluded subjects. (DOCX 28 kb)

Abbreviation
BMI: Body Mass Index

Acknowledgements
We thank Younes Esseddik, Thi Duong Van, Frédéric Coffinieres, Mac
Rakotondrazafy, Régis Gatibelza and Paul Flanzy (computer scientists); and
Nathalie Arnault, Véronique Gourlet, Dr. Fabien Szabo, Julien Allegre, Anouar
Nechba and Laurent Bourhis (data-manager/biostatisticians) for their
technical contribution to the NutriNet-Santé study.
We thank all the volunteers of the NutriNet-Santé cohort.

Funding
The Nutrinet-Santé study is supported by the following institutions: Ministere
de la Sante (DGS), Institut de Veille Sanitaire (InVS), Institut National de la Pre-
vention et de l’Education pour la Sante (INPES), Fondation pour la Recherche
Medicale (FRM), Institut de Recherche en Santé Publique (IRESP), Institut Na-
tional de la Sante et de la Recherche Medicale (INSERM), Institut National de
la Recherche Agronomique (INRA), Conservatoire National des Arts et Metiers
(CNAM) and Université Paris 13. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the
manuscript.

Availability of data and materials
Not applicable.

Authors’ contributions
CM designed the study, performed the statistical analysis, interpreted data
and wrote the manuscript. AL and KC were involved in the conception and
design of the study and interpretation of the data, and helped to draft the
manuscript. WSH, SG, SP were involved in the interpretation of the data, and
helped to draft the manuscript. SH designed and coordinated the cohort
study and supervised the study. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
This study was conducted according to guidelines laid down in the
Declaration of Helsinki, and all procedures were approved by the Institutional
Review Board of the French Institute for Health and Medical Research (IRB
Inserm n° 0000388FWA00005831) and the Commission Nationale
Informatique et Libertés (CNIL n° 908,450 and n° 909,216). This study is
registered in ClinicalTrials.gov (n° NCT03335644). Written electronic informed
consent to participate in the study was obtained from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1MOISA, Univ Montpellier, INRA, CIRAD, CIHEAM-IAMM, Montpellier SupAgro,
Montpellier, France. 2Université Paris 13, Sorbonne Paris Cité, Equipe de

Méjean et al. International Journal of Behavioral Nutrition and Physical Activity          (2018) 15:120 Page 13 of 15

https://doi.org/10.1186/s12966-018-0747-4


Recherche en Epidémiologie Nutritionnelle, Centre de Recherche en
Epidémiologies et Biostatistiques, Inserm (U1153), Inra (U1125), Cnam,
F-93017 Bobigny, France. 3INRA (USC 1429), Centre Maurice Halbwachs,
CNRS, EHESS, ENS, PSL Research University (UMR 8097), F75014 Paris, France.
4Université Libre de Bruxelles (ULB), Ecole de Santé Publique, Route de
Lennik 808, CP 598, B-1070 Bruxelles, Belgium.

Received: 18 January 2018 Accepted: 4 November 2018

References
1. De Saint Pol T, Ricroch L. Le temps de l’alimentation en France. INSEE

Première. 2012;1417:1–4.
2. Kolodinsky JM, Goldstein AB. Time use and food pattern influences on obesity.

Obesity (Silver Spring). 2011;19:2327–35.
3. Lang T, Caraher M. Is there a culinary skills transition? Data and debate

from the UK about changes in cooking culture. J Home Econ Inst Aust.
2001;8:2–14.

4. Popkin BM. Global nutrition dynamics: the world is shifting rapidly toward a
diet linked with noncommunicable diseases. Am J Clin Nutr. 2006;84:289–98.

5. Short F. Domestic cooking skills-what are they? J Home Econ Inst Aust.
2003;10:13–22.

6. Smith LP, Ng SW, Popkin BM. Trends in US home food preparation and
consumption: analysis of national nutrition surveys and time use studies
from 1965-1966 to 2007-2008. Nutr J. 2013;12:45.

7. Warde A, Cheng S-L, Olsen W, Southerton D. Changes in the practice of
eating. Acta Sociologica. 2007;50:363–85.

8. Larson NI, Perry CL, Story M, Neumark-Sztainer D. Food preparation by
young adults is associated with better diet quality. J Am Diet Assoc.
2006;106:2001–7.

9. Larson NI, Story M, Eisenberg ME, Neumark-Sztainer D. Food
preparation and purchasing roles among adolescents: associations with
sociodemographic characteristics and diet quality. J Am Diet Assoc.
2006;106:211–8.

10. McLaughlin C, Tarasuk V, Kreiger N. An examination of at-home food
preparation activity among low-income, food-insecure women. J Am Diet
Assoc. 2003;103:1506–12.

11. Chu YL, Addo OY, Perry CD, Sudo N, Reicks M. Time spent in home meal
preparation affects energy and food group intakes among midlife women.
Appetite. 2012;58:438–43.

12. Monsivais P, Aggarwal A, Drewnowski A. Time spent on home food
preparation and indicators of healthy eating. Am J Prev Med. 2014;47:796–802.

13. Flego A, Herbert J, Waters E, Gibbs L, Swinburn B, Reynolds J, et al. Jamie’s
Ministry of Food: quasi-experimental evaluation of immediate and sustained
impacts of a cooking skills program in Australia. PLoS One. 2014;9:e114673.

14. Hartmann C, Dohle S, Siegrist M. Importance of cooking skills for balanced
food choices. Appetite. 2013;65:125–31.

15. Hutchinson J, Watt JF, Strachan EK, Cade JE. Evaluation of the effectiveness of
the Ministry of Food cooking programme on self-reported food consumption
and confidence with cooking. Public Health Nutr. 2016;19:3417–27.

16. Reicks M, Trofholz AC, Stang JS, Laska MN. Impact of cooking and home
food preparation interventions among adults: outcomes and implications
for future programs. J Nutr Educ Behav. 2014;46:259–76.

17. Wrieden WL, Anderson AS, Longbottom PJ, Valentine K, Stead M, Caraher M,
et al. The impact of a community-based food skills intervention on cooking
confidence, food preparation methods and dietary choices - an exploratory
trial. Public Health Nutr. 2007;10:203–11.

18. Crawford D, Ball K, Mishra G, Salmon J, Timperio A. Which food-related
behaviours are associated with healthier intakes of fruits and vegetables
among women? Public Health Nutr. 2007;10:256–65.

19. Reicks M, Kocher M, Reeder J. Impact of cooking and home food
preparation interventions among adults: a systematic review (2011-2016). J
Nutr Educ Behav. 2018;50:148–72.e1.

20. Hermann J, Brwon B, Heintz S. Impact of a nutrition promotion program on
dietary beahviours, dietary intake and health measures in adults over 55
years of age. J Nutr Elder. 2000;19:1–14.

21. McKellar G, Morrison E, McEntegart A, Hampson R, Tierney A, Mackle G,
et al. A pilot study of a Mediterranean-type diet intervention in female
patients with rheumatoid arthritis living in areas of social deprivation in
Glasgow. Ann Rheum Dis. 2007;66:1239–43.

22. McMurry MP, Hopkins PN, Gould R, Engelbert-Fenton K, Schumacher C, Wu
LL, et al. Family-oriented nutrition intervention for a lipid clinic population. J
Am Diet Assoc. 1991;91:57–65.

23. Sorensen LB, Greve T, Kreutzer M, Pedersen U, Nielsen CM, Toubro S, et al.
Weight maintenance through behaviour modification with a cooking
course or neurolinguistic programming. Can J Diet Pract Res. 2011;72:181–5.

24. Zick CD, Stevens RB, Bryant WK. Time use choices and healthy body weight:
a multivariate analysis of data from the American time use survey. Int J
Behav Nutr Phys Act. 2011;8:84.

25. Boutelle KN, Fulkerson JA, Neumark-Sztainer D, Story M, French SA. Fast
food for family meals: relationships with parent and adolescent food intake,
home food availability and weight status. Public Health Nutr. 2007;10:16–23.

26. Fulkerson JA, Farbakhsh K, Lytle L, Hearst MO, Dengel DR, Pasch KE, et al.
Away-from-home family dinner sources and associations with weight status,
body composition, and related biomarkers of chronic disease among
adolescents and their parents. J Am Diet Assoc. 2011;111:1892–7.

27. van der Horst K, Brunner TA, Siegrist M. Ready-meal consumption: associations
with weight status and cooking skills. Public Health Nutr. 2011;14:239–45.

28. Bes-Rastrollo M, Basterra-Gortari FJ, Sanchez-Villegas A, Marti A, Martinez JA,
Martinez-Gonzalez MA. A prospective study of eating away-from-home meals
and weight gain in a Mediterranean population: the SUN (Seguimiento
Universidad de Navarra) cohort. Public Health Nutr. 2010;13:1356–63.

29. Guthrie JF, Lin BH, Frazao E. Role of food prepared away from home in the
American diet, 1977-78 versus 1994-96: changes and consequences. J Nutr
Educ Behav. 2002;34:140–50.

30. Engler-Stringer R. Food, cooking skills, and health: a literature review. Can J
Diet Pract Res. 2010;71:141–5.

31. Levy J, Auld G. Cooking classes outperform cooking demonstrations for
college sophomores. J Nutr Educ Behav. 2004;36:197–203.

32. Moser A. Food preparation patterns in German family households. An
econometric approach with time budget data. Appetite. 2010;55:99–107.

33. Mancino L, Newman C. United States Department of Agriculture, Economic
Research Service; 2007. Who has time to cook? How family resources
influence food preparation. http://www.ers.usda.gov/publications/err-
economic-research-report/err40.aspx#.U4-AB_m-1cY.

34. Adams J, Goffe L, Adamson AJ, Halligan J, O’Brien N, Purves R, et al.
Prevalence and socio-demographic correlates of cooking skills in UK adults:
cross-sectional analysis of data from the UK National Diet and nutrition
survey. Int J Behav Nutr Phys Act. 2015;12:99.

35. Barton KL, Wrieden WL, Anderson AS. Validity and reliability of a short
questionnaire for assessing the impact of cooking skills interventions. J Hum
Nutr Diet. 2011;24:588–95.

36. Caraher M, Dixon P, Lang T, Carr-Hill R. The state of cooking in England: the
relationship of cooking skills to food choice. Br Food J. 1999;101:590–609.

37. Laska MN, Larson NI, Neumark-Sztainer D, Story M. Does involvement in
food preparation track from adolescence to young adulthood and is it
associated with better dietary quality? Findings from a 10-year longitudinal
study. Public Health Nutr. 2012;15:1150–8.

38. Wolfson JA, Smith KC, Frattaroli S, Bleich SN. Public perceptions of cooking
and the implications for cooking behaviour in the USA. Public Health Nutr.
2016;19:1606–15.

39. Pettinger C, Holdsworth M, Gerber M. Meal patterns and cooking practices
in southern France and Central England. Public Health Nutr. 2006;9:1020–6.

40. Mills S, White M, Brown H, Wrieden W, Kwasnicka D, Halligan J, et al. Health
and social determinants and outcomes of home cooking: a systematic
review of observational studies. Appetite. 2017;111:116–34.

41. Adams J, White M. Prevalence and socio-demographic correlates of time
spent cooking by adults in the 2005 UK time use survey. Cross-sectional
analysis. Appetite. 2015;92:185–91.

42. Hercberg S, Castetbon K, Czernichow S, Malon A, Mejean C, Kesse E, et al.
The Nutrinet-Sante study: a web-based prospective study on the
relationship between nutrition and health and determinants of dietary
patterns and nutritional status. BMC Public Health. 2010;10:242.

43. Kesse-Guyot E, Andreeva V, Castetbon K, Vernay M, Touvier M, Mejean C,
et al. Participant profiles according to recruitment source in a large web-
based prospective study: experience from the Nutrinet-Sante study. J Med
Internet Res. 2013;15:e205.

44. Mejean C, Szabo de Edelenyi F, Touvier M, Kesse-Guyot E, Julia C, Andreeva
VA, et al. Motives for participating in a web-based nutrition cohort
according to sociodemographic, lifestyle, and health characteristics: the
NutriNet-Sante cohort study. J Med Internet Res. 2014;16:e189.

Méjean et al. International Journal of Behavioral Nutrition and Physical Activity          (2018) 15:120 Page 14 of 15

http://www.ers.usda.gov/publications/err-economic-research-report/err40.aspx#.U4-AB_m-1cY
http://www.ers.usda.gov/publications/err-economic-research-report/err40.aspx#.U4-AB_m-1cY


45. Wolfson JA, Bleich SN, Smith KC, Frattaroli S. What does cooking mean to
you?: perceptions of cooking and factors related to cooking behavior.
Appetite. 2016;97:146–54.

46. Lahne J, Wolfson JA, Trubek A. Development of the cooking and food
provisioning action scale (CAFPAS): a new measurement tool for individual
cooking practice. Food Qual Pref. 2017;62:96–105.

47. Lavelle F, McGowan L, Hollywood L, Surgenor D, McCloat A, Mooney E,
et al. The development and validation of measures to assess cooking skills
and food skills. Int J Behav Nutr Phys Act. 2017;14:118.

48. Byrt T, Bishop J, Carlin JB. Bias, prevalence and kappa. J Clin Epidemiol.
1993;46:423–9.

49. Monteiro CA, Cannon G, Moubarac JC, Levy RB, Louzada MLC, Jaime PC.
The UN decade of nutrition, the NOVA food classification and the trouble
with ultra-processing. Public Health Nutr. 2018;21:5–17.

50. USEN. Situation nutritionnelle en France en 2006 selon les indicateurs
d’objectif et les repères du Programme national nutrition santé (PNNS).
Saint Maurice: Institut de veille sanitaire, Université de Paris 13,
Conservatoire national des arts et métiers; 2007.

51. Holgado–Tello F, Chacón–Moscoso S, Barbero–García I, Vila–Abad E.
Polychoric versus Pearson correlations in exploratory and confirmatory
factor analysis of ordinal variables. Qual Quant. 2010;44:153–66.

52. Gadermann AM, Guhn M, Zumbo BD. Estimating ordinal reliability for Likert-
type and ordinal item response data. A conceptual, empirical, and practical
guide. Practical assessment. Res Eval. 2012;17:1–13.

53. Kline RB. Principles and practice of structural equation modeling. New York:
Guildford Press; 2011.

54. Brunner TA, van der Horst K, Siegrist M. Convenience food products. Drivers
for consumption. Appetite. 2010;55:498–506.

55. Morer N. La consommation des ménages est encore convalescente en
2014. Paris: INSEE Premiere; 2015.

56. Touvier M, Mejean C, Kesse-Guyot E, Pollet C, Malon A, Castetbon K, et al.
Comparison between web-based and paper versions of a self-administered
anthropometric questionnaire. Eur J Epidemiol. 2010;25:287–96.

57. WHO. Physical status: the use and interpretation of anthropometry. Geneva:
WHO; 1995.

58. Touvier M, Kesse-Guyot E, Mejean C, Pollet C, Malon A, Castetbon K, et al.
Comparison between an interactive web-based self-administered 24 h
dietary record and an interview by a dietitian for large-scale
epidemiological studies. Br J Nutr. 2011;105:1055–64.

59. Le Moullec N, Deheeger M, Preziosi P, Montero P, Valeix P, Rolland-Cachera
MF, et al. Validation du manuel photos utilisé pour l’enquête alimentaire de
l’étude SU.VI.MAX. Cah Nutr Diet. 1996;31:158–64.

60. Arnault N, Caillot L, Castetbon K, Coronel S, Deschamps V, Fezeu L, et al.
Table de Composition des aliments NutriNet-Santé. Paris: Editions
Économica; 2013.

61. Black AE. Critical evaluation of energy intake using the Goldberg cut-off for
energy intake:basal metabolic rate. A practical guide to its calculation, use
and limitations. IntJ Obes Relat Metab Disord. 2000;24:1119–30.

62. Lassale C, Castetbon K, Laporte F, Camilleri GM, Deschamps V, Vernay M,
et al. Validation of a web-based, self-administered, non-consecutive-day
dietary record tool against urinary biomarkers. Br J Nutr. 2015;113:953–62.

63. Lassale C, Castetbon K, Laporte F, Deschamps V, Vernay M, Camilleri GM,
et al. Correlations between Fruit, Vegetables, Fish, Vitamins, and Fatty Acids
Estimated by Web-Based Nonconsecutive Dietary Records and Respective
Biomarkers of Nutritional Status. J Acad Nutr Diet. 2015. https://doi.org/10.
1016/j.jand.2015.09.017.

64. Mejean C, Si Hassen W, Gojard S, Ducrot P, Lampure A, Brug H, et al. Social
disparities in food preparation behaviours: a DEDIPAC study. Nutr J. 2017;16:62.

65. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35:1381–95.

66. Monteiro CA, Moubarac JC, Levy RB, Canella DS, Louzada M, Cannon G.
Household availability of ultra-processed foods and obesity in nineteen
European countries. Public Health Nutr. 2017:1–9.

67. Mendonca RD, Pimenta AM, Gea A, de la Fuente-Arrillaga C, Martinez-
Gonzalez MA, Lopes AC, et al. Ultraprocessed food consumption and risk of
overweight and obesity: the University of Navarra Follow-up (SUN) cohort
study. Am J Clin Nutr. 2016;104:1433–40.

68. Canella DS, Levy RB, Martins AP, Claro RM, Moubarac JC, Baraldi LG, et al.
Ultra-processed food products and obesity in Brazilian households (2008-
2009). PLoS One. 2014;9:e92752.

69. Mytton OT, Nnoaham K, Eyles H, Scarborough P, Ni Mhurchu C.
Systematic review and meta-analysis of the effect of increased
vegetable and fruit consumption on body weight and energy intake.
BMC Public Health. 2014;14:886.

70. Hughes VA, Frontera WR, Roubenoff R, Evans WJ, Singh MA. Longitudinal
changes in body composition in older men and women: role of body
weight change and physical activity. Am J Clin Nutr. 2002;76:473–81.

71. McGowan L, Pot GK, Stephen AM, Lavelle F, Spence M, Raats M, et al. The
influence of socio-demographic, psychological and knowledge-related
variables alongside perceived cooking and food skills abilities in the
prediction of diet quality in adults: a nationally representative cross-
sectional study. Int J Behav Nutr Phys Act. 2016;13:111.

72. Lyon P, Sydner Y, Fjellström C, Janhonen-Abruquah H, Schröder M,
Colquhoun A. Continuity in the kitchen: how younger and older women
compare in their food practices and use of cooking skills. Int J Consum
Stud. 2011;35:529–37.

73. Moisio R, Arnould E, Price LL. Between mothers and markets: constructing
family identity through homemade food. J Consum Culture. 2004;4:361–84.

74. Jabs J, Devine CM, Bisogni CA, Farrell TJ, Jastran M, Wethington E. Trying to
find the quickest way: employed mothers’ constructions of time for food. J
Nutr Educ Behav. 2007;39:18–25.

75. Taillie LS, Poti JM. Associations of cooking with dietary intake and obesity
among supplemental nutrition assistance program participants. Am J Prev
Med. 2017;52:S151–S60.

76. Larson N, MacLehose R, Fulkerson JA, Berge JM, Story M, Neumark-Sztainer
D. Eating breakfast and dinner together as a family: associations with
sociodemographic characteristics and implications for diet quality and
weight status. J Acad Nutr Diet. 2013;113:1601–9.

77. Escalon H, Bossard C, Beck F. Baromètre santé nutrition 2008. Baromètres
santé. Saint-Denis: INPES; 2009.

78. Andreeva VA, Salanave B, Castetbon K, Deschamps V, Vernay M, Kesse-Guyot
E, et al. Comparison of the sociodemographic characteristics of the large
NutriNet-Sante e-cohort with French census data: the issue of volunteer
bias revisited. J Epidemiol Community Health. 2015;69:893–8.

79. Andreeva VA, Deschamps V, Salanave B, Castetbon K, Verdot C, Kesse-Guyot
E, et al. Comparison of dietary intakes between a large online cohort study
(etude NutriNet-Sante) and a nationally representative cross-sectional study
(etude Nationale nutrition Sante) in France: addressing the issue of
generalizability in E-epidemiology. Am J Epidemiol. 2016;184:660–9.

80. Ekman A, Litton J. New times, new needs; e-epidemiology. Eur J Epidemiol.
2007;22:285–92.

81. Vergnaud AC, Touvier M, Mejean C, Kesse-Guyot E, Pollet C, Malon A, et al.
Agreement between web-based and paper versions of a socio-
demographic questionnaire in the NutriNet-Sante study. Int J Public Health.
2011;56:407–17.

82. Lassale C, Peneau S, Touvier M, Julia C, Galan P, Hercberg S, et al. Validity of
web-based self-reported weight and height: results of the Nutrinet-Sante
study. J Med Internet Res. 2013;15:e152.

Méjean et al. International Journal of Behavioral Nutrition and Physical Activity          (2018) 15:120 Page 15 of 15

https://doi.org/10.1016/j.jand.2015.09.017
https://doi.org/10.1016/j.jand.2015.09.017

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design, setting and population
	Ethics, consent and permissions
	Data collection
	Food preparation behaviors
	Assessment of weight and BMI
	Assessment of dietary intake
	Sociodemographic, lifestyle and behavioral characteristics

	Statistics
	5-year relative weight change
	Obesity risk
	Mediation analysis


	Results
	Participation
	Baseline characteristics of participants
	Association between food preparation behaviors and 5-year relative weight change
	Association between food preparation behaviors and obesity risk

	Discussion
	Conclusions
	Additional file
	Abbreviation
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

