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Abstract
Background: Nutrition-related chronic diseases such as cardiovascular diseases and cancer are of multiple origin, and 
may be due to genetic, biologic, behavioural and environmental factors. In order to detangle the specific role of 
nutritional factors, very large population sample cohort studies comprising precisely measured dietary intake and all 
necessary information for accurately assessing potential confounding factors are needed. Widespread use of internet is 
an opportunity to gradually collect huge amounts of data from a large sample of volunteers that can be automatically 
verified and processed. The objectives of the NutriNet-Santé study are: 1) to investigate the relationship between 
nutrition (nutrients, foods, dietary patterns, physical activity), mortality and health outcomes; and 2) to examine the 
determinants of dietary patterns and nutritional status (sociological, economic, cultural, biological, cognitive, 
perceptions, preferences, etc.), using a web-based approach.

Methods/design: Our web-based prospective cohort study is being conducted for a scheduled follow-up of 10 years. 
Using a dedicated web site, recruitment will be carried out for 5 years so as to register 500 000 volunteers aged ≥ 18 
years among whom 60% are expected to be included (having complete baseline data) and followed-up for at least 5 
years for 240 000 participants. Questionnaires administered via internet at baseline and each year thereafter will assess 
socio-demographic and lifestyle characteristics, anthropometry, health status, physical activity and diet. Surveillance of 
health events will be implemented via questionnaires on hospitalisation and use of medication, and linkage with a 
national database on vital statistics. Biochemical samples and clinical examination will be collected in a subsample of 
volunteers.

Discussion: Self-administered data collection using internet as a complement to collection of biological data will 
enable identifying nutrition-related risks and protective factors, thereby more clearly elucidating determinants of 
nutritional status and their interactions. These are necessary steps for further refining nutritional recommendations 
aimed at improving the health status of populations.

Background
Numerous clinical, physiopathological and epidemiologi-
cal studies have underlined the important role of nutri-
tional factors in decreasing or increasing the incidence of
chronic diseases such as cardiovascular diseases, some

cancers, diabetes, obesity, hypertension and osteoporosis
[1,3]. These pathologies represent a heavy burden for
public health in France and other industrialized countries
due to the high mortality rate and high costs associated
with them [3,4]. Identifying nutrition-related risk and
protective factors is a necessary step for further improv-
ing nutritional recommendations aimed at benefiting the
health status of populations. These diseases have multiple
origins, involving genetic, biologic, behavioural and envi-
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ronmental factors. In order to assess the specific role of
nutritional factors involved, very large population sample
cohort studies, comprising precisely measured dietary
intake and all necessary information for effectively con-
trolling potential confounding factors, are needed [2,5].

Indeed, the use of internet offers a unique opportunity
for gaining access to a vast sample of volunteers. France
ranks in first place among European countries in use of
the internet [6]. In November 2009, 34.7 million French
citizens (about 65% of the population over 11) had been
connected to the internet during the previous month
irrespective of the connection site (home, work, public or
private location) [7,8]. One French internet user out of 4
is over 55 years of age and 29% of users belong to low
socio-professional categories [7]. Thus, the profile of
internet users would reflect an accurate representation of
the different age groups (especially seniors), socio-profes-
sional categories and regions. Indeed, the use of internet
offers the possibility of automatically gaining access to
immense samples of volunteers as well as gradually col-
lecting, saving and processing huge amounts of informa-
tion at reduced logistic burdens and costs.

The present paper describes the methodology of the
NutriNet-Santé Study, a large web-based prospective
study launched in France in May 2009.

Methods/Design
Aim
The objectives of the NutriNet-Santé Study are: 1) to
investigate the relationship between nutrition (nutrients,
foods, dietary patterns, physical activity, nutritional sta-
tus) and health outcome (incidence of cardiovascular dis-
eases, cancers, diabetes, obesity, hypertension, mortality,
etc.); and 2) to study the role of various determinants
(sociological, economic, cultural, biochemical, cognitive,
perception, food preferences, etc.) of dietary patterns and
nutritional status, and their interactions.

Study design
Our web-based prospective cohort study is scheduled for
a 10-year follow-up. Using a dedicated web site, recruit-
ment will be carried out for 5 years. The study is being
implemented in a general population targeting internet-
using adult volunteers aged 18 years or more. After regis-
tration, participants will be included and then followed
via a web site specifically created for this purpose. Ques-
tionnaires and forms are ready-made and can be directly
filled in online using a secure HTLM interface where all
security conditions of data and personal information are
provided (interface secured by an SSL certificate 128 bit).

In order to be considered as included, participants (or
"Nutri-netters") must completely fill in an initial set of
questionnaires aimed at assessing the following: diet (3
random records of 24 h food intake during a two-week

period), physical activity, anthropometry, lifestyle and
socio-economic conditions and health status. As part of
their follow-up schedule, the Nutri-netters will complete
this set of questionnaires every year. Moreover, they will
receive a monthly automated e-mail informing them of
the necessity of completing their files by filling out a new
questionnaire (which takes less than 20 min each month)
in their personal space on the website of the study. Data
will be regularly collected on determinants of food behav-
iour and nutritional status and on the health status of
participants (morbidity, quality of life, etc.). It will also be
possible to add to the basic protocol different question-
naires "à la carte" so as to develop ancillary protocols con-
cerning the whole population or subsamples chosen
according to a particular phenotype (age, sex, area of resi-
dence, health status, etc.).

Moreover, participants will be invited, via the website,
to go to one of the specific health centres involved in the
study, located in various French cities. During the visit,
they will undergo blood and urine sampling (used in part
to develop a biobank) and a clinical examination.

Concerning outcome, data concerning the participant's
eventual decease and cause of death will be obtained
from a national database on mortality of the French pop-
ulation [9]. Health events will be followed up using a dec-
laration by participants on the website and, after
collection of medical records, it will be validated by inde-
pendent committees of experts.

This study was approved by the International Research
Board of the French Institute for Health and Medical
Research (IRB Inserm n° 0000388FWA00005831) and the
"Comité National Informatique et Liberté" (CNIL n°
908450 and n° 909216).

Recruitment and inclusion
Eligible participants are adults 18 years or older, with
access to internet, recruited via different measures begun
in May 2009 and which will be ongoing for the 5 years of
inclusion. A vast multimedia campaign (television, radio,
national and regional newspapers, posters, internet) will
call for volunteers by providing details on the study's spe-
cific web-site http://www.etude-nutrinet-sante.fr where
volunteers can subscribe. A relay of information is being
maintained on a large number of websites (national insti-
tutions, city councils, private firms, web organisations) A
billboard advertising campaign is being regularly updated
through professional channels (doctors, pharmacists,
dentists, business partners, municipalities, etc.) An addi-
tional invitation to participate will be given to partici-
pants in the CONSTANCES cohort, another cohort study
which will be launched in 2011 (200,000 subjects aged 18
to 70 followed up at the national level at health examina-
tion centres of the French Social Security Health Insur-
ance System).

http://www.etude-nutrinet-sante.fr
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Sample size
The sample size was calculated to obtain strong power for
examining the various chronic disease risk factors of
interest. For instance, taking into consideration the selec-
tion bias (volunteers) and on the basis of half of the par-
ticipants being over 45 years of age, 18,000 to 20,000 new
cases of cancers, 25,000 to 30,000 new cases of cardiovas-
cular diseases and around 20,000 deaths during the 10
years of follow-up would be expected. The sample size
and recruitment of participants of all age groups, at a
national level will also enable us to examine the role of
various determinants of dietary patterns and nutritional
status.

During the five years of recruitment, we plan to enroll
500,000 adults 18-years-old or more, and among them, at
least 250,000 participants over 45.

Participation is considered firm once the participants
have completely filled in the "initial set" file (basic kit)
containing five types of questionnaires (socio-demo-
graphic and lifestyle data, health status, diet, physical
activity, anthropometry) which must be done in the 21
days following registration. From among the 500,000 reg-
istered volunteers, we are targeting a rate of inclusion of
60%, thereby attaining 300,000 persons having complete
baseline data. By using the national administrative mor-
tality database, no loss of follow-up can occur in terms of
this outcome in the sample of persons included. For the
other main outcomes, we foresee a loss rate of 20%
among included participants due to loss-to-follow-up
and dropouts, leading to a final total of 240,000 partici-
pant with complete follow-up.

Data collection techniques
Once the registration form is completed and the consent
form signed (mandatory steps), the participant will
receive a confirmatory e-mail providing an individual
identification number and password. At this stage, he/she
will have 21 days to connect via the "member access"
rubric using his/her individual identification number and
password. When the participant connects for the first
time, dates for the three 24 h dietary records are automat-
ically randomly selected (during a 2-week period) and the
participant is notified.

1. Information collected at inclusion and every year as part 
of the "initial set "
The "initial set" file inclusion contains five types of ques-
tionnaires: alimentary questionnaires (3 × 24 h recall);
socio-demographic and lifestyle questionnaires; health
questionnaires; anthropometric questionnaires; and
physical activity questionnaires

These have to be filled in within the 21 days following
drawing of the dietary survey dates. The order when fill-
ing out these questionnaires is at the discretion of the

participant, except for the randomly selected 3 days of the
dietary survey. General instructions on how to fill out the
questionnaires automatically appear when they are
opened, are in the form of texts and illustrations. Some
questions are programmed to lead the postulant through
specific fields, i.e. the answer to a given question may
trigger a "jump" which would engender a new and specific
question, or it might skip over the next questions depend-
ing on the person's answer. For most questions, an answer
will trigger the following question. Nevertheless, some
questions contain the option "I don't know" or "I don't
want to answer". If the participant forgets to click on an
answer, an error message appears before the he/she can
go on to the next page; it points out the item to be com-
pleted. Some questions are subject to control (e.g. a hos-
pitalisation date cannot be posterior to the date of filling
in the questionnaire). In such cases, an error message
appears pointing out which answer should be corrected.
1. 1. Dietary assessment
At inclusion, the participants complete three 24 h dietary
records. The interactive record is designed for self-
administration on the internet. It is based on a secured
user-friendly interface and includes detailed instructions
in several forms (PDF user's guide, video, tips included
within the questionnaire, etc.). It relies on a meal-based
approach, recording all foods and beverages consumed
(nature and quantity) at each time food is eaten: break-
fast, lunch, dinner and all other eating occasions. Time
and place of each eating occasion is systematically
recorded. First, the participant fills in the names of all
food items eaten, with 3 possibilities: 1) a food browser in
which foods are grouped by category (vegetables, dairy
products, etc.) into a classification tree in which the par-
ticipant browses each branch until reaching the con-
sumed food item; 2) a search engine that accepts spelling
errors; and 3) manual typing (in case the food has not
been found by the first two methods). For specific foods
with potentially high nutrient variability, participants are
asked to provide the brand name.

In order to avoid omissions, supervision is integrated at
two levels: 1) for each food entered, the software pro-
poses a list of other items usually associated with it (e.g.
sugar in coffee); and 2) at the end of the food entry step of
each eating occasion, it proposes a reminder of usually
consumed items, such as water, bread, sugar, salt, etc.

Next, the participant estimates portion sizes for each
food and beverage previously listed using photographs
directly included in the computerized interface. These
photographs, from a validated picture booklet [10], repre-
sent more than 250 foods (corresponding to 1,000 generic
foods) proposed in three different portion sizes. Along
with the two intermediate and two extreme quantities,
there are seven choices of amounts. Instead of using the
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photographs, the participant can directly enter the quan-
tity consumed in grams or the volume, if known.

Upon completion, the participant declares whether the
reported items were fairly representative of his/her usual
diet or strongly differed due to specific events (illness, a
social event, etc.).
1. 2. Social, demographic, economic and lifestyle 
questionnaires
Information is being collected concerning marital status,
number of children and grandchildren, number and char-
acteristics of family members, current (or last occupied)
job, diploma, spouse's professional status and education
level, income, tobacco smoking (type, quantity, duration,
passive smoking, etc.), alcohol consumption (type, quan-
tity, frequency, etc.)
1.3. Health questionnaires
Information is collected concerning past medical history,
past and current use of medication, dietary supplements,
familial medical history, causes of death of first-degree
relatives (when appropriate) and, for women, obstetrical
history, pregnancies, menopausal status, contraception
and hormone replacement therapy at menopause when
applicable.
1.4. Anthropometric questionnaires
The NutriNet-Santé anthropometric questionnaires
include questions dealing with self measurement of cur-
rent height, weight, hip and waist circumferences, weight
history, practice of restrictive diets (type and reason, his-
tory), body self-perception.
1.5. Physical and sedentary activity questionnaires
The self-administered questionnaire on physical activity
is a web version of the "International Physical Activity
questionnaire" (IPAQ) [11]. Physical activity is described
according to 3 levels of exercise intensity (walking, mod-
erate or vigorous), frequency of exercising per week
(days/week) and daily duration of each performed activ-
ity. Following the recommendations of the IPAQ research
committee, and using information collected in these 3
categories of energy expenditure, it is possible to estimate
weekly energy expenditure in metabolic equivalent
expenditure expressed in MET-minutes/week. Moreover,
a sedentary life pattern is roughly evaluated by time spent
in front of a screen (TV, computer, etc.).

Every year, the participant will once again fill in the
basic questionnaire kit and three 24 h dietary records.
Questionnaires will be adapted for measuring changes
when applicable.

2. Additional questionnaires
Between two annual reports, the participant will be asked
each month to fill in complementary questionnaires. A
semi-quantitative food frequency questionnaire will be
implemented 6 month after inclusion. Other question-
naires will enable collecting data on quality of life (SF-36),

living conditions, food storage and dietary habits, behav-
ior and restrictions, knowledge of nutritional recommen-
dations, food preferences, etc.

3. Information on health status
Data on patient's eventual decease and cause of death will
be obtained following the procedure described in the
decree 98-37 that authorizes access to the French data-
base on vital statistics [9].

Moreover, via the website, participants are invited to
systematically provide information on all major health
events. In case of declaration of a health event, medical
records will be requested (hospitalization, diagnosis, etc.)
to validate the information. If necessary, the medical
team of the Nutrinet-Santé Study will collect additional
information from the participant's treating physician or
the medical structures which he or she frequented. They
will collect hospital notes, treatment reports, laboratory
reports, etc. Such data will be reviewed by independent
committees of experts for validation.

4. Biological and clinical assessment and biobank
From a subsample of volunteers, biological samples will
be collected for a wide range of laboratory investigations.
The methods of sampling and collection of biological
samples adopted by the NutriNet-Santé biobank largely
reproduce those used by the UK biobank (national ongo-
ing British biobank recruiting 500,000 participants from
whom biological samples are collected at 35 different
centres [12]).

Participants will be asked to visit the local sample col-
lection centres (LSCC) of the NutriNet-Santé Study spe-
cifically set up for blood and urine sampling in each
region (about 30 hospital-located centres are participat-
ing in the collection; at any given time, 6 centres will be in
operation). The contact and the appointments will be
managed by a centrally computerized system. The system
will function through the internet connexion and will
contact study participants on a specially designed web-
site. Individuals will be encouraged to undergo a series of
check-ups, including blood cholesterol (total, HDL and
LDL), triglycerides and blood glucose levels (a copy of the
results will inform them of abnormal values if present).
Samples will be collected from 40 participants in each of
the 6 LSCC per day, giving a total of 240 participants per
day, 40,000 a year and 200,000 participants over the 5-
year period.

Blood samples will be collected using vacutainer sys-
tems. A total of 43 ml of blood will be collected from each
volunteer to be distributed into 5 vacutainers. A urine
sample will be collected at the same time. A variety of
tubes containing different kinds of anti-coagulants and
separators will be used. Anticoagulants such as EDTA K2
and lithium-heparin and the obtained sera will augment
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the possibility of future use of samples. From each volun-
teer, blood will be collected into two 9 ml tubes contain-
ing EDTA K2, one 9 ml tube containing lithium-heparin
and two 8 ml plastic collection tubes. These vacutainers
will be used to obtain plasma, serum, buffy coat (for DNA
extraction) and red blood cells. The tubes will then be
fractionated into sufficient aliquots to serve for future
analyses not yet scheduled in the study. In addition, the
lithium-heparin tube and plastic tubes containing an
inert gel for facilitating separation of blood cell compo-
nents will be used to prevent potential changes in plasma
and serum during the time which elapses from tube cen-
trifugation at local centres to aliquot production at the
central processing laboratory.

The set of tubes (blood and urine) collected from each
participant will be fractionated into a total of 28 aliquots
to be stored at very low temperature (-80°C) at the central
laboratory of the biobank.

During the medical visit, in addition to blood collec-
tion, a clinical examination will be performed and will
include blood pressure, grip test, weight, height, waist
and hip perimeters and bio-impedance measurements).

5. Ancillary protocols
In the context of ancillary protocols dealing with different
themes of scientific interest, it will be possible to include
specific questionnaires for the overall population or sub-
samples chosen according to particular phenotypes (age,
sex, region, health status, etc.). Participants will be
invited to fill in these questionnaires once they are con-
nected to the study's web site. An interface on the web
site will permit the administrators to create research
groups and determine whether participants have a profile
or a manner of answering questions which falls within
certain categories or corresponds to certain selected cri-
teria for grouping participants (e.g. all non-smoking
males over 45).

Discussion
Nutritional epidemiology is of crucial importance when
investigating nutrition-health relationships. It provides
direct information exposure to certain dietary factors as
related to the development of pathologies in everyday life.
Use of the internet in the NutriNet-Santé Study is
enabling the setting up of a prospective study conducted
on a large sample of subjects, with maximum control of
confounding factors via detailed phenotyping of subjects
[13,14].

The NutriNet-Santé Study, the first international web-
based cohort study, will provide an immense depository
for phenotypic data, with long-term follow-up. This stor-
age will include different data collected via internet ques-
tionnaires (dietary exposure, physical activity,
determinants of nutritional status, health events, etc.)

and those obtained through data linkage with mortality
registries. Moreover, combining this data with biological
samples (blood and urine) on which many kinds of analy-
ses can be done (genetic, proteomic, metabolomic, bio-
chemical, etc.) will offer an exceptional resource for
validating numerous hypotheses, especially those con-
cerning physiopathological mechanisms, and for evaluat-
ing biomarkers and integrating genetic procedures into
the analysis of the relationship between nutrition and
health.

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

Authors' contributions
SH and PG designed the study; SH, PG, KC, SC, EK, MT and CM participated in
the elaboration of the protocol. SH, PG, KC, SC, MT, CM, EK and AM will partici-
pate in the acquisition of data and drafted the manuscript.
All authors have read and have approved the final manuscript.

Acknowledgements
This study is being supported and granted by the following institutions: 
Ministère de la Santé (DGS), Institut de Veille Sanitaire (InVS), Institut National 
de la Prévention et de l'Education pour la Santé (INPES), Fondation pour la 
Recherche Médicale (FRM), Institut de Recherche en Santé Publique (IRESP), 
Institut National de la Santé et de la Recherche Médicale (INSERM), Institut 
National de la Recherche Agronomique (INRA), Conservatoire National des Arts 
et Métiers (CNAM) and Université Paris 13.
The authors thanks Gweanael Monot, Frédérique Ferrat, Clothilde Pollet, Anne-
Sylvie Berroyer, Alexandra Lisi, Soizic Gueho, Laudine Brico, Paul Flanzy, 
Mohand Ait Oufella and Thomas Czernichow for their contribution to this proj-
ect; and Voluntis, MXS, Vidal, Proteines, BrainSonic and Elie Papiernik (Centde-
grés) for their technical support.
The authors wish to thank the International Scientific Committee of the Nutri-
net-Santé Study: Heiner Boeing (Institute of Nutritional Science, DIFE Potsdam, 
Germany); Serge Briancon (CHU de Nancy, France); Robert Clarke (University of 
Oxford, UK); William Dab (CNAM, Paris, France); Marcel Goldberg (Inserm, Paris, 
France); Diederick Grobbee University Medical Center, Utrecht, The Nether-
lands); Elio Riboli (Imperial College, London UK); Amy Subar (National Cancer 
Institute, Washington, USA);Arthur Schatzkin (National Cancer Institute Wash-
ington, USA); Christophe Tzourio (Inserm, Hôpital Salpetrière, Paris, France); 
Alicja Wolk, Karolinska Institute, Stockholm, Sweden

Author Details
1Unité de Recherche en Epidémiologie Nutritionnelle; UMR U 557 Inserm/U 
1125 Inra/CNAM/Université Paris 13; CRNH Idf, 74 rue Marcel Cachin, F-93017, 
Bobigny, France, 2Unité de Surveillance et d'Epidémiologie Nutritionnelle; 
Institut de Veille Sanitaire, Université Paris 13; F-93017, Bobigny, France and 
3Département de Santé Publique, Hôpital Avicenne, F-93017 Bobigny, France

References
1. World Health Organization: Diet, Nutrition and the Prevention of 

Chronic Diseases.  In Joint WHO/FAO Expert Consultation. WHO Technical 
Report Series Geneva: WHO; 2003. 

2. World Cancer Research Fund/American Institute for Cancer Research: 
Food, nutrition, physical activity, and the prevention of cancer: a global 
perspective.  AICR, Washington DC; 2007. 

3. World Health Organization: The challenge of obesity in the WHO 
European Region and the strategies for response.  Copenhagen: WHO 
Regional Office for Europe; 2007. 

4. World Cancer Research Fund/American Institute for Cancer Resaerch: 
Policy and action for cancer prevention.  AICR, Washington DC; 2009. 

5. Willett W: Nutritional Epidemiology 2nd edition. Oxford University Press, 
New York, Oxford; 1998. 

Received: 24 April 2010 Accepted: 11 May 2010 
Published: 11 May 2010
This article is available from: http://www.biomedcentral.com/1471-2458/10/242© 2010 Hercberg et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Public Health 2010, 10:242

http://www.biomedcentral.com/1471-2458/10/242
http://creativecommons.org/licenses/by/2.0


Hercberg et al. BMC Public Health 2010, 10:242
http://www.biomedcentral.com/1471-2458/10/242

Page 6 of 6
6. European Interactive Advertising Association  2009 [http://eiaa.net/
index.asp]. 

7. Médiamétrie - Internet   2009 [http://www.mediametrie.fr/internet/].
8. Ipsos Media  Ipsos Media 2009 [http://www.ipsos.fr/canalipsos/poll/

8273.asp/].
9. Centre d'épidémiologie sur les causes médicales de décès   [http://

www.cepidc.vesinet.inserm.fr/]
10. Le Moullec N, Deheeger M, Preziosi P, Montero P, Valeix P, Rolland-

Cachera MF, Galan P, Hercberg S: Validation du manuel-photos utilisé 
pour l'enquête alimentaire de l'étude SU.VI.MAX (Validation of the 
photography manual of servings used in dietary collection in the 
SU.VI.MAX study).  Cah Nutr Diet 1996, 31:158-164.

11. Craig CL, Marshall AL, Sjostrom M, et al.: International physical activity 
questionnaire: 12-country reliability and validity.  Med Sci Sports Exerc 
2003, 35:1381-1395.

12. Elliott P, Peakman TC: The UK Biobank sample handling an storage 
protocol for the collection, processing and archiving of human blood 
and urines.  Int J Epidemiol 2008, 37(2):234-44.

13. Schatzkin A, Subar AF, Moore S, Park Y, Potischman N, Thompson FE, et al.: 
Observational epidemiologic studies of nutrition and cancer: the next 
generation (with better observation).  Cancer Epidemiol Biomarkers Prev 
2009, 18(4):1026-1032.

14. Ekman A, Litton JE: New times, new needs; e-epidemiology.  Eur J 
Epidemiol 2007, 22(5):285-292.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/242/prepub

doi: 10.1186/1471-2458-10-242
Cite this article as: Hercberg et al., The Nutrinet-Santé 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

http://eiaa.net/index.asp
http://eiaa.net/index.asp
http://www.mediametrie.fr/internet/
http://www.ipsos.fr/canalipsos/poll/8273.asp/
http://www.ipsos.fr/canalipsos/poll/8273.asp/
http://www.cepidc.vesinet.inserm.fr/
http://www.cepidc.vesinet.inserm.fr/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12900694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18381398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19336550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17505896
http://www.biomedcentral.com/1471-2458/10/242/prepub


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


