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Abstract
Background: Obesity can be defined using body mass index (BMI) or waist (abdominal obesity).
Little information exists regarding its prevalence and determinants in Switzerland. Hence, we
assessed the levels of obesity as defined by BMI or waist circumference in a Swiss population-based
sample.

Methods: Cross-sectional, population-based non-stratified random sample of 3,249 women and
2,937 men aged 35–75 years living in Lausanne, Switzerland. Overall participation rate was 41%.

Results: In men, the prevalences of overweight (BMI ≥25 kg/m2) and obesity (BMI ≥30 kg/m2) were
45.5% and 16.9%, respectively, higher than in women (28.3% and 14.3%, respectively). The
prevalence of abdominal obesity (waist ≥102 in men and ≥88 cm in women) was higher in women
than in men (30.6% vs. 23.9%). Obesity and abdominal obesity increased with age and decreased
with higher educational level in both genders. In women, the prevalence of obesity was lower
among former and current smokers, whereas in men the prevalence of obesity was higher in
former smokers but did not differ between current and never smokers. Multivariate analysis
showed age to be positively related, and education and physical activity to be negatively related with
obesity and abdominal obesity in both genders, whereas differential effects of smoking were found
between genders.

Conclusion: The prevalence of abdominal obesity is higher than BMI-derived obesity in the Swiss
population. Women presented with more abdominal obesity than men. The association between
smoking and obesity levels appears to differ between genders.

Background
For almost 250 years, obesity has been defined as an
increased body fat [1], but as body fat has rarely been

directly assessed, surrogate variables such as body mass
index (BMI) or waist have been used. The most currently
used definition of obesity is based on BMI [1], although
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another definition, based on waist circumference (i.e.
abdominal obesity), is also frequently used [1]. Several
studies have shown that waist is more closely associated to
all-cause mortality or cardiovascular risk factors than BMI
[2-5] and that, in subjects with normal BMI, increased
waist is associated with higher levels of cardiovascular risk
factors [6,7]. There is little evidence whether using differ-
ent anthropometric indices can lead to similar estima-
tions of the prevalence of obesity in the general
population [8,9], and recent information on the preva-
lence and determinants of obesity and increased waist
(abdominal obesity) in the Swiss population are scarce.

In this study, we used data from a large, population-based
examination survey conducted in Lausanne to assess the
prevalence of obesity as measured by BMI and waist lev-
els.

Methods
The recruitment process of the CoLaus study has been
described elsewhere [10]. Briefly, the complete list of the
Lausanne inhabitants aged 35–75 years (n = 56,694) was
provided by the population registry of the city. A simple,
non-stratified random selection of the subjects was per-
formed and a random sample of 35% of the overall pop-
ulation was drawn. An invitation letter with a quick
description of the study and a formulary in a pre-stamped
envelope was sent to all randomized subjects. Subjects
interested in participating returned the formulary and
were contacted telephonically within 14 days by one of
the staff members who provided more information about
the study and arranged for an appointment. The study was
approved by the Ethics Committee of the University of
Lausanne and written informed consent was obtained
from participants before data collection.

Data on smoking, education (basic, apprenticeship, high
school and university) and physical activity (none vs at
least once/week) were collected by trained field interview-
ers. Body weight and height were measured with partici-
pants standing without shoes in light indoor clothes.
Body weight was measured in kilograms to the nearest
100 g using a Seca® scale, which was calibrated regularly.
Height was measured to the nearest 5 mm using a Seca®

height gauge. Obesity was defined as BMI ≥ 30 kg/m2 [1].

Waist was measured with a non-stretchable tape over the
unclothed abdomen at the narrowest point between the
lowest rib and the iliac crest [11]. Hip was measured as
recommended using a similar procedure [11]. Two meas-
ures were made and the mean (expressed in centimeters)
used for analyses. Obesity was defined as waist ≥ 102 cm
for men and ≥ 88 cm for women [1,11].

Statistical analysis was conducted using Stata 9.2 for Win-
dows (Stata Corp LP, Texas, USA). Comparisons were con-
ducted using chi-square or logistic regression. Statistical
significance was established for p < 0.05.

Results
We assessed 3,249 women and 2,937 men (53.1 ± 10.8
years, mean ± SD). Men had higher BMI: 26.6 ± 4.0 (mean
± standard deviation) vs. 25.1 ± 4.9 kg/m2, p < 0.001 and
waist: 95.8 ± 11.3 vs. 83.4 ± 12.4 cm, p < 0.001 than
women. In men, the prevalences of overweight and obes-
ity were 45.5% and 16.9%, respectively, higher than in
women (28.3% and 14.3%, respectively, p < 0.001). In
both genders, the prevalence of obesity increased with age
(Table 1) and decreased with educational level: in
women, from 23.9% in basic to 6.0% in university (p <
0.001); the corresponding values for men were 24.6% and
7.9% (p < 0.001). In women, the prevalence of obesity
decreased from never smokers (17.8%) to former (12.9%)
and current smokers (9.4%), whereas in men the preva-
lence of obesity was higher among former smokers
(21.2%) than in never (14.6%) or current smokers
(13.8%).

The prevalence of abdominal obesity was higher in
women than in men (30.6% vs. 23.9%, p < 0.001),
increased with age (Table 1) and decreased with educa-
tional level: in women, from 43.6% in those with basic
education levels to 17.3% in those with university degrees
(p < 0.001); the corresponding values were 24.8% and
15.6% for men (p < 0.001). In women, the prevalence of
abdominal obesity decreased from never smokers
(33.9%) to former (31.6%) and current smokers (23.3%),
whereas, in men, it was higher among former (29.8%)
than in never (19.4%) or current smokers (21.3%).

Multivariate analysis showed age and lack of leisure-time
physical activity to be positively related and education to
be negatively related with obesity and abdominal obesity
in both genders, whereas a negative effect of smoking was
found in women only (Table 2). Interestingly, the preva-
lence of abdominal obesity showed a steeper increase
with age than BMI-derived obesity. In men, a steeper
decrease in the prevalence of BMI-derived obesity was
found with educational level (Table 2).

Discussion
The prevalence of obesity in the population of Lausanne
was lower than in neighboring countries [12,13] but
higher than previous estimations for Switzerland [14,15],
probably due to differences in age. The increase in obesity
levels with age is of concern, as it has been shown that
obese elderly are more likely to present with major
chronic health conditions and poor general health [14].
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Increased waist has been shown to be related to cardiovas-
cular risk factor levels [16] and all-cause mortality [17],
and to be a better risk indicator than BMI [2,4], although
this latter statement has been challenged [18]. In this
study, the prevalence of abdominal obesity was higher
than the prevalence of obesity defined by BMI. Those find-
ings indicate that a significant part of the population not
classified as obese based on BMI levels might actually be
at higher health risk due to increased waist. Further, and

similar to other studies [12,13,19], the differences
between BMI- and waist-defined obesity levels were
higher in women than in men ; whereas the prevalence of
obesity tended to plateau with age, abdominal obesity
increased dramatically between decades 3 and 4. These
findings indicate that the prevalence of obesity might be
considerably underestimated among middle-aged and
elderly women, which precludes them from benefiting
from preventive measures. As waist is a simple and inex-

Table 1: prevalence of obesity and abdominal obesity by gender and age group.

Age groups (years) [35–44] [45–54] [55–64] [65–75] Test

Women N = 868 N = 915 N = 941 N = 525
BMI status

Normal 597 (68.8) 540 (59.0) 480 (51.0) 248 (47.2) 86.4
Overweight 188 (21.7) 244 (26.7) 300 (31.9) 186 (35.4) ***
Obese 83 (9.5) 131 (14.3) 161 (17.1) 91 (17.3)

Abdominal obesity
No 714 (82.3) 682 (74.5) 573 (60.8) 287 (54.5) 165.7
Yes 155 (17.7) 233 (25.5) 370 (39.2) 238 (45.3) ***

Men N = 880 N = 846 N = 762 N = 449
BMI status

Normal 427 (48.5) 345 (40.9) 209 (27.4) 122 (27.2) 116.5
Overweight 353 (40.1) 375 (44.3) 383 (50.3) 225 (50.1) ***
Obese 100 (11.4) 125 (14.8) 170 (22.3) 102 (22.7)

Abdominal obesity
No 773 (87.8) 682 (80.6) 509 (66.8) 270 (60.1) 175.2
Yes 107 (12.2) 164 (19.4) 253 (33.2) 179 (39.9) ***

Results expressed as number of subjects (percentage). Statistical analysis by chi-square: ***, p < 0.001.

Table 2: factors related to obesity and abdominal obesity, by gender.

Women (n = 3,249) Men (n = 2,937)

Obesity Abdominal obesity Obesity Abdominal obesity

Age groups
[35 – 44] 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
[45 – 54] 1.56 [1.15 – 2.11] 1.55 [1.23 – 1.96] 1.23 [0.92 – 1.64] 1.61 [1.23 – 2.11]
[55 – 64] 1.75 [1.31 – 2.35] 2.79 [2.23 – 3.49] 2.03 [1.54 – 2.68] 3.25 [2.52 – 4.21]
[65 – 75] 1.50 [1.07 – 2.09] 3.19 [2.48 – 4.12] 1.91 [1.40 – 2.62] 4.27 [3.21 – 5.67]

Test for trend 6.3 * 101.7 *** 24.0 *** 125.5 ***
Educational level

Basic 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Apprenticeship 0.64 [0.50 – 0.81] 0.69 [0.57 – 0.84] 0.75 [0.58 – 0.96] 1.18 [0.92 – 1.52]
High school 0.41 [0.30 – 0.55] 0.48 [0.38 – 0.60] 0.55 [0.40 – 0.74] 1.07 [0.81 – 1.42]
University 0.27 [0.18 – 0.40] 0.38 [0.29 – 0.50] 0.30 [0.21 – 0.43] 0.70 [0.51 – 0.96]

Test for trend 45.2 *** 52.5 *** 47.5 *** 5.58 *
Smoking status

Never 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Former 0.74 [0.58 – 0.95] 0.99 [0.82 – 1.19] 1.36 [1.08 – 1.73] 1.42 [1.15 – 1.76]
Current 0.46 [0.35 – 0.61] 0.63 [0.51 – 0.77] 0.79 [0.60 – 1.04] 0.99 [0.78 – 1.26]

Test for trend 29.3 *** 20.1 *** 2.75 NS 0.01 NS

Leisure time PA
≥1/week 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
None 2.06 [1.67 – 2.53] 1.74 [1.48 – 2.05] 1.54 [1.25 – 1.89] 1.77 [1.47 – 2.13]

Results are expressed as Odds ratio and [95% confidence interval]. PA: physical activity. Statistical analysis by logistic regression: NS, not significant; 
*, p < 0.05; ***, p < 0.001.
Page 3 of 5
(page number not for citation purposes)



BMC Public Health 2008, 8:330 http://www.biomedcentral.com/1471-2458/8/330
pensive measurement significantly related to cardiovascu-
lar risk factor levels [16] and all-cause mortality [17], it
could be preferred to BMI or to body fat measurements to
screen subjects at risk, but it is difficult to assess and may
have a wide inter-observer variation. Another potential
explanation for the considerable difference in BMI- or
waist-derived obesity prevalences between genders could
be related to the fact that BMI-related obesity is based on
a single cut-off for both genders, whereas gender-specific
cut-offs were used for waist-derived obesity. Indeed, it has
been suggested that a single BMI cut-off might not be ade-
quate to define obesity, and that ethnic [20,21], gender
[21], age [22] and even socio-economic [23] specific levels
might be preferable.

The decrease in obesity prevalence with increasing educa-
tional level is in agreement with the literature [24-26] and
might partly be related to differences in dietary intake,
subjects with a lower socioeconomic level being more
prone to buy cheaper, energy-dense foods [27,28]. The
decrease in obesity prevalence with smoking has also been
repeatedly reported [25], and has been related to a higher
resting metabolic rate [29] and to a different dietary intake
among smokers relative to non-smokers [30]. The differ-
ential effects of smoking on obesity levels between men
and women were unexpected, and might be related to the
fact that heavy smoking increases BMI [31] or that women
smoke, in part, to control weight, but further studies are
needed to better assess this point.

The present study suffers from some limitations. First, the
participation rate was rather low (41%), which might
limit the generalizability of our findings. However, low
participation is typical of surveys in Western countries and
is comparable with the MONICA surveys conducted in
Switzerland and in other countries [32]. The magnitude of
the non-participation bias is not proportional to the per-
centage of non-participants [33] and a study on represent-
ativeness observed that people with risky behaviours
participated in the same proportions as people without
risk factors [34]. Second, only subjects of Caucasian origin
were included in this study, and our findings therefore do
not apply to other ethnic groups. It may be argued thatthe
genetic mix of Caucasians in Lausanne is not representa-
tive of the whole country. However, a considerable pro-
portion of the Lausanne population is non-Swiss or
comes from other cantons, including individuals of Ital-
ian or Germanic origin: in 2006, out of the 128,231
Lausanne inhabitants, 49,330 (38%) were non-Swiss,
38,513 (30%) came from other cantons, and only 40,388
subjects (32%) were actually from the canton of Vaud
[35]. We thus believe that the genetic mix of the CoLaus
sample is relatively large and that the results may be
extrapolated with reasonable confidence to the Swiss pop-
ulation.

Conclusion
The prevalence of abdominal obesity is higher than BMI-
derived obesity in the Lausanne population. Women
present with more abdominal obesity than men. The
effect of smoking on obesity levels appears to differ
between genders.

Competing interests
Vincent Mooser is a full-time employee of GlaxoSmithK-
line.

Authors' contributions
PMV and MB made the statistical analysis and wrote part
of the article. FP, VM, GW and PV contributed to the sta-
tistical analysis design, wrote part of the article and made
major corrections.

Acknowledgements
The CoLaus study was supported by research grants from GlaxoSmithKline 
and from the Faculty of Biology and Medicine of Lausanne, Switzerland. We 
thank Yolande Barreau, Anne-Lise Bastian, Binasa Ramic, Martine Moran-
ville, Martine Baumer, Marcy Sagette, Jeanne Ecoffey and Sylvie Mermoud 
for data collection. Conflict of interest: none reported. Vincent Mooser is 
a full employee of GlaxoSmithKline. Murielle Bochud is supported by grants 
from the Swiss National Foundation for Science (PROSPER: 3200BO-
111362/1 and 3233BO-111361/1).

References
1. World Health Organization: Obesity: preventing and managing the global

epidemic: report of a WHO consultation. Geneva, Switzerland 1999.
2. Janssen I, Katzmarzyk PT, Ross R: Waist circumference and not

body mass index explains obesity-related health risk.  Am J Clin
Nutr 2004, 79:379-384.

3. Stolk RP, Suriyawongpaisal P, Aekplakorn W, Woodward M, Neal B:
Fat distribution is strongly associated with plasma glucose
levels and diabetes in Thai adults-the InterASIA study.  Dia-
betologia 2005, 48:657-660.

4. Menke A, Muntner P, Wildman RP, Reynolds K, He J: Measures of
adiposity and cardiovascular disease risk factors.  Obesity 2007,
15:785-795.

5. Simpson JA, MacInnis RJ, Peeters A, Hopper JL, Giles GG, English DR:
A comparison of adiposity measures as predictors of all-
cause mortality: the Melbourne Collaborative Cohort Study.
Obesity (Silver Spring) 2007, 15:994-1003.

6. Ito H, Nakasuga K, Ohshima A, Sakai Y, Maruyama T, Kaji Y, Harada
M, Jingu S, Sakamoto M: Excess accumulation of body fat is
related to dyslipidemia in normal-weight subjects.  Int J Obes
Relat Metab Disord 2004, 28:242-247.

7. Miyawaki T, Abe M, Yahata K, Kajiyama N, Katsuma H, Saito N: Con-
tribution of visceral fat accumulation to the risk factors for
atherosclerosis in non-obese Japanese.  Intern Med 2004,
43:1138-1144.

8. Akpinar E, Bashan I, Bozdemir N, Saatci E: Which is the best
anthropometric technique to identify obesity: body mass
index, waist circumference or waist-hip ratio?  Coll Antropol
2007, 31:387-393.

9. Himes JH, Bouchard C, Pheley AM: Lack of correspondence
among measures identifying the obese.  Am J Prev Med 1991,
7:107-111.

10. Firmann M, Mayor V, Marques-Vidal P, Bochud M, Pécoud A, Hayoz
D, Paccaud F, Preisig M, Song KS, Yuan X, et al.: The CoLaus study:
a population-based study to investigate the epidemiology
and genetic determinants of cardiovascular risk factors and
metabolic syndrome.  BMC Cardiovasc Disord 2008, 8:6.

11. Lean ME, Han TS, Morrison CE: Waist circumference as a meas-
ure for indicating need for weight management.  BMJ 1995,
311:158-161.
Page 4 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14985210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14985210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15744533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15744533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15744533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17372330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17372330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17426335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17426335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14610531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14610531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15645647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15645647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15645647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17847914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17847914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17847914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1910884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1910884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18366642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18366642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18366642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7613427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7613427


BMC Public Health 2008, 8:330 http://www.biomedcentral.com/1471-2458/8/330
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

12. Haftenberger M, Lahmann PH, Panico S, Gonzalez CA, Seidell JC,
Boeing H, Giurdanella MC, Krogh V, Bueno-de-Mesquita HB, Peeters
PH, et al.: Overweight, obesity and fat distribution in 50- to 64-
year-old participants in the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC).  Public Health Nutr 2002,
5:1147-1162.

13. Kapantais E, Tzotzas T, Ioannidis I, Mortoglou A, Bakatselos S, Kakla-
manou M, Lanaras L, Kaklamanos I: First national epidemiological
survey on the prevalence of obesity and abdominal fat distri-
bution in Greek adults.  Ann Nutr Metab 2006, 50:330-338.

14. Andreyeva T, Michaud PC, van Soest A: Obesity and health in
Europeans aged 50 years and older.  Public Health 2007,
121:497-509.

15. Kyle UG, Kossovsky MP, Genton L, Pichard C: Overweight and
obesity in a Swiss city: 10-year trends.  Public Health Nutr 2007,
10:914-919.

16. Lorenzo C, Serrano-Rios M, Martinez-Larrad MT, Gonzalez-Villal-
pando C, Williams K, Gabriel R, Stern MP, Haffner SM: Which obes-
ity index best explains prevalence differences in type 2
diabetes mellitus?  Obesity (Silver Spring) 2007, 15:1294-1301.

17. Bigaard J, Frederiksen K, Tjønneland A, Thomsen BL, Overvad K,
Heitmann BL, Sørensen TI: Waist circumference and body com-
position in relation to all-cause mortality in middle-aged
men and women.  Int J Obes (Lond) 2005, 29:778-784.

18. Rexrode KM, Buring JE, Manson JE: Abdominal and total adipos-
ity and risk of coronary heart disease in men.  Int J Obes Relat
Metab Disord 2001, 25:1047-1056.

19. Booth ML, Hunter C, Gore CJ, Bauman A, Owen N: The relation-
ship between body mass index and waist circumference:
implications for estimates of the population prevalence of
overweight.  Int J Obes Relat Metab Disord 2000, 24:1058-1061.

20. Ko GT, Tang J, Chan JC, Sung R, Wu MM, Wai HP, Chen R: Lower
BMI cut-off value to define obesity in Hong Kong Chinese: an
analysis based on body fat assessment by bioelectrical
impedance.  Br J Nutr 2001, 85:239-242.

21. Al-Lawati JA, Jousilahti P: Body mass index, waist circumference
and waist-to-hip ratio cut-off points for categorisation of
obesity among Omani Arabs.  Public Health Nutr 2008,
11:102-108.

22. Janssen I: Morbidity and mortality risk associated with an
overweight BMI in older men and women.  Obesity (Silver Spring)
2007, 15:1827-1840.

23. Kaluski DN, Keinan-Boker L, Stern F, Green MS, Leventhal A, Gold-
smith R, Chinich A, Berry EM: BMI may overestimate the prev-
alence of obesity among women of lower socioeconomic
status.  Obesity (Silver Spring) 2007, 15:1808-1815.

24. Cournot M, Ruidavets JB, Marquie JC, Esquirol Y, Baracat B, Ferrières
J: Environmental factors associated with body mass index in
a population of Southern France.  Eur J Cardiovasc Prev Rehabil
2004, 11:291-297.

25. Marques-Vidal P, Dias CM: Trends in overweight and obesity in
Portugal: the National Health Surveys 1995–6 and 1998–9.
Obes Res 2005, 13:1141-1145.

26. Pikhart H, Bobak M, Malyutina S, Pajak A, Kubinova R, Marmot M:
Obesity and education in three countries of the Central and
Eastern Europe: the HAPIEE study.  Cent Eur J Public Health
2007, 15:140-142.

27. Darmon N, Drewnowski A: Does social class predict diet qual-
ity?  Am J Clin Nutr 2008, 87:1107-1117.

28. Drewnowski A, Monsivais P, Maillot M, Darmon N: Low-energy-
density diets are associated with higher diet quality and
higher diet costs in French adults.  J Am Diet Assoc 2007,
107:1028-1032.

29. Audrain JE, Klesges RC, DePue K, Klesges LM: The individual and
combined effects of cigarette smoking and food on resting
energy expenditure.  Int J Obes 1991, 15:813-821.

30. Padrão P, Lunet N, Santos AC, Barros H: Smoking, alcohol, and
dietary choices: evidence from the Portuguese National
Health Survey.  BMC Public Health 2007, 7:138.

31. Chiolero A, Jacot-Sadowski I, Faeh D, Paccaud F, Cornuz J: Associa-
tion of cigarettes smoked daily with obesity in a general
adult population.  Obesity (Silver Spring) 2007, 15:1311-1318.

32. Wolf HK, Kuulasmaa K, Tolonen H, Ruokokoski E: Participation rates,
quality of sampling frames and sampling fractions in the MONICA surveys.
Helsinki, Finland 1998.

33. Galea S, Tracy M: Participation rates in epidemiologic studies.
Ann Epidemiol 2007, 17:643-653.

34. Taylor AW, Dal GE, Gill T, Chittleborough CR, Wilson DH, Adams
RJ, Grant JF, Phillips P, Ruffin RE: Do people with risky behaviours
participate in biomedical cohort studies?  BMC Public Health
2006, 6:11.

35. Evolution mensuelle de la population   [http://www.lausanne.ch/
view.asp?docId=22884&domId=63584&language=F]

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/8/330/pre
pub
Page 5 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12639224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12639224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12639224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16825761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16825761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16825761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17544467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17544467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17381938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17381938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17495206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17495206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17495206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15917857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15917857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15917857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11443505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11443505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10951546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10951546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10951546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11242492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11242492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11242492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17572936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17572936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17572936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17636102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17636102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17636100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17636100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17636100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15292762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15292762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16076982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18251227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18251227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18251227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18469226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18469226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17524726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17524726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17524726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1794924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1794924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1794924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17608935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17608935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17608935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17495208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17495208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17495208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17553702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16426463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16426463
http://www.lausanne.ch/view.asp?docId=22884&domId=63584&language=F
http://www.lausanne.ch/view.asp?docId=22884&domId=63584&language=F
http://www.biomedcentral.com/1471-2458/8/330/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

