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 Abstract 
  Background:  Research on the associations between walking and cycling with obesity-related 
phenotypes is growing but relies mostly on the use of BMI. The purpose of this study was to 
analyze associations of walking and cycling behaviors assessed separately with various obe-
sity markers in French adults.  Methods : In 12,776 adult participants (71.3% women) of the on-
going NutriNet Santé web-cohort, we assessed by self-report past-month walking and cycling 
(for commuting, errands and leisure), and obesity measures were taken during a visit at a 
clinical center (weight, height, waist circumference, and percent body fat by bioimpedance).  
Results : In analyses not taking into account other types of physical activity (household, lei-
sure), walking more than 2.5 h/week was associated in women with lower weight (–1.8 kg), 
waist circumference (–1.7 cm) and percent body fat (–1.1%) (all p < 0.001). Cycling more than 
1.5 h/week was associated in men and women with lower weight (–4.3 and –1.4 kg, respec-
tively), waist circumference (–4.4 and –2.1 cm, respectively), and percent body fat (–2.5 and 
–1.9 % respectively) (all p < 0.001). Results were unaltered when analyses were further ad-
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justed on household and leisure physical activity.  Conclusion : These results show important 
differences between walking and cycling in their association with obesity markers in men and 
women. These findings provide some evidence for the need to consider separately walking 
and cycling when designing public health measures for prevention of obesity in adults. 

 © 2018 The Author(s)
Published by S. Karger GmbH, Freiburg 

 Introduction 

 Obesity is responsible for more than 3 million death per year worldwide  [1]  and is the 
third cause of death in middle- and high-income countries  [2] . Worldwide, it was recently 
shown that obesity prevalence increased from 1975 to 2014 by 7.6% and 8.5% in men and 
women, respectively  [3] . In France, obesity in adults increased from 8.5% in 1997 to 15% in 
2012  [4, 5] . Obesity is an independent risk factor for a variety of chronic health conditions, 
including coronary heart disease, hypertension, diabetes, and certain cancers  [6] . Impor-
tantly, health risks associated with obesity depend on body fat distribution, which cannot be 
assessed only with BMI  [7, 8] . 

  Causes of obesity are multifaceted and include biological factors, individual behaviors 
(primarily dietary intake and physical activity level) and obesogenic environments. One of 
the strategies to increase physical activity is to find specific active behaviors to be included 
in daily routines. In such a context, active transportation is now considered as a key element 
of physical activity promotion for health  [9] . Walking and cycling in everyday life may help to 
achieve sufficient physical activity for health benefits at the population level  [10]  and have 
societal benefits such as positive impact on traffic, air pollution, and greenhouse gas emis-
sions  [11] . It has been shown in large cohort studies that walking and/or cycling were asso-
ciated with lower body weight, obesity prevalence, and percent body fat  [12–15] . In a recent 
study on data from the NutriNet-Santé Web-cohort  [16] , we showed that walking at least 30 
min/day or practicing any amount of cycling was associated with a lower BMI among French 
adults  [17] . As indicated by a recent meta-analysis based on 23 randomized controlled trials 
published up to September 2012 (for a total of 1,201 participants), results from intervention 
studies also showed that being in the walking group was associated with a significantly lower 
BMI  [18] . However, beyond associations with BMI, relations of walking and cycling separately 
with measured body fat or with markers of body fat distribution have been little studied. A 
better understanding of these differential associations may help in the near future to design 
more specific public health recommendations.

  Consequently, the objectives of the present cross-sectional study, in a large sample of 
French adults, were to study walking and cycling separately and in combination in relation to 
obesity markers (weight, BMI, waist circumference, and percent body fat).

  Material and Methods 

 Ethics Statement  
 This study was approved by the ‘Comité National Informatique et Liberté’ (CNIL n°908450, n° 909216 

and DR-2012–576). The NutriNet-Santé Study (see below) was approved by the Institutional Review Board 
of the French Institute for Health and Medical Research (IRB Inserm no 0000388FWA00005831). Written 
informed consent was obtained from all subjects. All procedures were approved by the ‘Consultation 
Committee for the Protection of Participants in Biomedical Research’ (C09–42 on May 5, 2010) and the CNIL 
(no 1460707).
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  Study Design and Participants 
 We analyzed cross-sectional data from participants in the NutriNet-Santé Study, a web-based prospective 

observational cohort launched in France in 2009, focusing on the relationships between nutrition and chronic 
disease risk as well as on the determinants of dietary behaviors. Volunteers aged 18 years or older (age range 
18–96 years) living in France (urban and rural areas) and having access to the internet fill in self-adminis-
tered web-based questionnaires at baseline and then regularly during follow-up using a dedicated, secured 
website. A detailed description of the NutriNet-Santé study has been published previously  [16] .

  Participants in the present study were subjects from the NutriNet-Santé cohort who completed the 
Sedentary, Transportation, and Activity Questionnaire (STAQ), a questionnaire on habitual physical activity, 
administered from February 15 to August 15, 2013 (n = 55,694; 48.5% participation rate) in the framework 
of the ACTI-Cites project  [17, 19] . This questionnaire assessed physical activity and active transport in 
everyday life over the past 4 weeks  [20] . Among the participants who filled in this questionnaire, 1,730 were 
excluded because of physical limitations to mobility, such as self-reported motor impairment (n = 927) or 
self-reported limitations to walking (item ‘Ability to walk 100 m’ n = 803). In addition, we excluded partici-
pants who were pregnant (n = 730) or reported implausible physical activity values (n = 2,817).

  All participants in the NutriNet-Santé study were invited, on a voluntary basis, for a visit in one of the 
local clinical centers specifically set up for biological sampling and clinical examination in each region (as of 
November 2012, 44 hospital-located centers were participating in the collection). Electronic and paper 
written informed consents were obtained from all subjects attending the visit. 

  From the 19,621 participants who underwent the clinical examination up to June 1, 2014, 14,426 had 
completed the STAQ. Finally, we excluded 1,650 participants who had missing data regarding the covariates 
used in multivariable analyses, reaching a final sample of 12,776 subjects whose data were analyzed in the 
present study.

  Measures 
 Walking, Cycling, and Other Types of Physical Activity 
 The STAQ is based on the Recent Physical Activity Questionnaire (RPAQ)  [21] , with additional specific 

items on transport-related activities and sedentary behaviors by domains (commuting to work and for 
errands), as described in detail elsewhere  [20] . Total walking and cycling during the past 4 weeks (sum of 
commuting, errands, and leisure in hours/week) were each divided into a three-class variable; the non-
practice, below the median excluding the null values, and above the median excluding the null values. The 
median values were 2.5 h/week for walking and 1.5 h/week for cycling (median values were similar for men 
and women). We considered it was not possible not to practice walking; consequently, the non-practice of 
walking was defined as between 0 and 30 min/week. In the present study, when analyses were performed 
using other thresholds for walking (the non-practice of walking being defined by 0 h/week or 1 h/week), 
similar results were observed (data not shown). 

  For household physical activity, a question was asked about the time spent per week usually doing 
moderate to vigorous activities such as cleaning the floor or using vacuum. Based on the median value, this 
variable was dichotomized as ±7 h/week (i.e., 1 h/day). Leisure time physical activity was obtained by 
summing weekly durations of each activity reported in the leisure section of the questionnaire (except for 
walking for leisure and cycling for leisure that they were part of the walking and cycling variables). The 
resulting leisure time physical activity variable was categorized based on WHO guidelines for physical 
activity  [22] , resulting in a three-class variable (0–0.5 h/week, >0.5 and  ≤ 2.5 h/week, and >2.5 h/week).

  Anthropometry and Body Composition 
 Clinical examination was performed by a trained technician and included standardized measures of 

weight, height, waist circumference, and body fat. Height was measured with a calibrated wall-mounted 
stadiometer to the nearest 0.5 cm  [23] . Waist circumference was measured using an inelastic tape as the 
circumference midway between the lower ribs and iliac crests on the midaxillary line. Weight (to the nearest 
0.1 kg) and percent body fat were measured using a bioimpedance analyzer (BC-418MA, TANITA © , Tokyo, 
Japan), with participants wearing indoor clothes, barefoot. 

  Covariates  
 Sociodemographic variables were assessed by a self-administered questionnaire completed by partici-

pants at inclusion. Data included age, gender, educational level (classified as <2 years of university,  ≥ 2 years 
of university), and home address. Weekly number of working hours was asked during the past 4 weeks, and 
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the weekly mean duration was computed. The type and amount of physical activity at work was assessed 
with a 4-category qualitative question from the STAQ (sedentary, standing, manual, or heavy manual work), 
and a binary variable was created (sedentary or standing work, manual or heavy manual work). A 5-class 
work variable was then created (do not work, have a sedentary job and work less than 35 h/week, have a 
sedentary job and work more than 35 h/week, have a strenuous job and work less than 35 h/week, have a 
strenuous job and work more than 35 h/week).

  Leisure screen time activities were derived from questions asking participants to report hours/day 
(excluding working hours) usually spent on an average work/non-work day over the past 4 weeks watching 
television, DVDs or videos and using a computer, a tablet or playing screen-based video games  [24] . The sum 
of all the mean durations per week of these activities was categorized as less than 2 h/day, between 2 and 4 
h/day and more than 4 h/day.

  Urban density (number of inhabitants/surface) of the residential neighborhood was obtained from the 
French Census databases ( www.insee.fr ) and categorized as follows: 0–300 people/km² (rural area), 
300–2,000 people/km² (urban density), and more than 2,000 people/km² (high urban density). The 
perception of presence of destinations/amenities around participant residence was assessed by a separate 
questionnaire (administered at the same period as the STAQ) on perception of residential environment. The 
question included 9 amenities (grocery store, supermarket, bank, post office, school, bakery, restaurant, 
coffee shop, and pharmacy) and a binary variable was created ( ≤ 6 and >6 unique destinations, based on the 
median value).

  Each year, participants are asked to complete three non-consecutive self-administered web-based 
24-hour dietary records, the days for which are randomly assigned during a 2-week period (2 days during 
the week and 1 day during the weekend). All foods and beverages consumed at breakfast, lunch, dinner, and 
at all other occasions are recorded. The participants are asked to estimate the portion size for each reported 
food and beverage item using validated photographs  [25] . Daily dietary intakes of energy, lipids, and alcohol 
are then calculated using the NutriNet-Santé food composition table, which includes more than 2,500 
different foods  [26,   27] . Dietary variables used in the analyses included total energy intake (kcal/day), fat 
intake (%), and alcohol consumption. The alcohol consumption variable was divided into 3 classes (none, 
between 0 and 16 g/day, more than 16 g/day).

  Statistical Analyses 
 Continuous variables were summarized as means ± standard deviations (SD), and categorical variables 

as percentages. Associations between practice of walking, cycling, household or leisure physical activity with 
body weight, BMI, waist circumference and percent body fat were assessed using two-step multivariate 
linear regression models. Model 1 included all covariates with one specific physical activity (walking, cycling, 
household or leisure). Model 2 included all covariates and all physical activity. Results were expressed as 
betas (standard error; SE). We initially identified potential correlates and covariables in models through 
bivariate analyses and existing literature. Covariates included age, educational level, smoking status, leisure 
time and household physical activity, leisure screen time, urban density, destinations around residential 
address, type of work as well as daily energy, lipid, and alcohol intake. Models were also adjusted on the time 
period between physical activity reporting and clinical examination. Among all studied covariates, only sex 
was found to be a significant interaction factor (data not tabulated). Consequently, we also performed 
analyses stratified on sex. For all analyses, the significance level was set at 0.05, and all tests were two-tailed. 
All statistical analyses were performed using SAS software (version 9.3; SAS Institute Inc., Cary, NC, USA).

  Results 

 Characteristics of the Study Population 
 Subjects were mostly middle-aged, with a majority of women, and 63.9% being highly 

educated. Employment was reported for 56.5% of men and 65.8% of women, which was of a 
sedentary type for a majority of them. Overall, walking was performed by 76.0% of partici-
pants and cycling by 19.1%. For participants who reported working and walking, time spent 
walking for commuting to work accounted for 49.6% of the total time spent walking (68.7% 
for cycling) ( table 1 ).

http://dx.doi.org/10.1159%2F000488532
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  Association of Walking, Cycling, and Other Physical Activity with Obesity Markers 
 Globally, there was a linear trend towards lower adiposity markers with higher level of 

walking and cycling, with a sex interaction. Models fitted separately for walking, cycling, 
leisure or household separately (model 1) or with all physical activity variables in the same 
model (model 2) showed similar results ( tables 2 ,  3 ). Compared to women who walked less 

 Table 1.  Characteristics of the study population

Men (n = 3,669) Women (n = 9,107)
% or mean (SD) % or mean (SD)

Age 58.3 (12.9) 52.8 (13.1)

Education (≥2 years  of university) 61.0 65.1

Current smoker 10.2 10.7

Sedentary work 47.2 60.5

Physical activity 
Walking 

Less than 0.5 h/week 24.8 23.6
Between 0.5 and 2.5 h/week 37.7 38.2
More than 2.5 h/week 37.5 38.2

Cycling 
No 72.6 84.2
Between 0 and 1.5h/week 13.8 7.9
More than 1.5h/week 13.7 7.8

Walking and cycling 
Neither walking (<0.5 h/week) nor cycling (0 h/week) 18.5 20.5
Either walking (≥0.5 h/week) or cycling (>0 h/week) 60.3 66.9
Both walking (≥0.5 h/week)  and cycling (>0 h/week) 21.2 12.7

Leisure-time physical activity
0–0.5 h/week 18.9 26.8
0.5–2.5 h/week 32.2 38.6
More than 2.5 h/week 48.9 34.6

Household activity (>7 h/week) 32.9 48.3
Leisure screen time (per day)

0–2 h 18.7 26.9
2–4 h 39.8 37.8
More than 4 h 41.5 35.4

Diet
Energy intake, kcal/day 2,295 (569) 1,804 (471)
Lipids, % 36.8 (6.4) 38.4 (6.5)
Alcohol

No 21.3 36.8
Between 0 and 16 g/day 39.2 31.6
More than 16 g/day 39.5 31.6

Obesity markers
Weight, kg 77.5 (12.1) 63.0 (11.7)
Height, cm 174.8 (6.7) 162.5 (6.1)
BMI, kg/m² 25.3 (3.6) 23.9 (4.4)
Waist circumference, cm 90.7 (10.6) 79.8 (11.1)
Percent body fat 20.3 (6.5) 29.9 (7.6)
Obesity (BMI ≥ 30 kg/m²), % 9.1 8.9

http://dx.doi.org/10.1159%2F000488532
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than 30 min/week, those who walked more had significantly lower body weight, BMI, waist 
circumference, and percent body fat (all p  ≤  0.001). The same trend was seen in men but only 
for BMI (p < 0.03). Moreover, women walking more than 2.5 h/week had lower obesity 
markers than those who walked between 0.5 h and 2.5 h/week. Also, men and women who 
reported cycling had significantly lower obesity markers compared to their counterparts who 
did not cycle (all p  ≤  0.01). On average, more than 1.5 h/week of cycling was associated with 
a lower body weight of 4.10 kg in men and of 0.92 kg in women. Also, weight, BMI, waist 
circumference, and percent body fat were lower when the duration of cycling was higher.

  Discussion  

 In a sample of middle-aged French adults, we found that different obesity markers were 
associated with walking, and these associations were more consistent in women than in men. 
Obesity markers were also associated with cycling in both sexes, with greater effects seen in 
men (up to a factor 4). Analyses were performed according to sex, with multivariable 
adjustment including socioeconomic indicators, different domains of physical activity and 
sedentary behaviors, residential environment characteristics, and dietary intake. These 
results bring new evidence in favor of considering walking and cycling as distinct behaviors 
towards potential effects on body weight and health status.

  The relations of walking and cycling with obesity markers observed in our study are 
consistent with a growing and recent body of evidence. Data from the Nurses’ Health Study 
showed a 16-year association of increase in walking and cycling with lower weight gain over 
time in premenopausal women  [28] , while another recent 3-year longitudinal study did not 
find such association  [29] . In a nationally representative survey of UK residents (n = 12,796), 
Laverty et al.  [30]  found negative associations for walking and cycling to work (assessed sepa-
rately) with both BMI and likelihood of overweight or obesity. Similar results were found in 
an Indian population by Millett et al.  [14]  as well as recently for BMI and percent body fat in 
a large UK population  [12] . Our findings extend these recent results by showing specific asso-
ciations according to sex with waist circumference and percent body fat. 

  Our results highlight that time spent walking can possibly provide sex-specific benefits 
on obesity markers. We found associations with walking mostly in women. Limited evidence 
exists from large observational cohorts to compare with this finding, and previous results 
appear largely inconsistent. Recently, Flint et al.  [12]  showed in more than 72,000 men and 
83,000 women from the UK Biobank that using mainly walking or cycling for commuting, 
compared to using the car, was associated with lower BMI and percent body fat in both sexes. 
Several studies focused their analyses according to sex using pooled walking and cycling vari-
ables to describe overall active transportation behavior and found a negative association with 
BMI, percent body fat, or waist circumference for both sexes  [31–33] . Only Gordon-Larsen et 
al.  [13]  found dissimilar associations according to sex in 2,364 participants of the CARDIA 
study, with lower odd ratios to be obese or overweight for participants reporting active 
commuting only in men. The lack of a significant association between walking and obesity 
markers in men in our study could be due to potential specific confounding factors which 
were not properly measured and which would differ according to sex. Further studies would 
be needed to better understand these sex differences in the relation between walking and 
obesity markers.

  We found that cycling behaviors seemed to be more strongly associated with obesity 
markers than walking. Few studies have investigated the differential association between 
different mode of transportation (including cycling) and obesity markers, probably because 
of the low prevalence of cycling in these studies  [34] . The recent study from the UK Biobank 
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found that, compared to participants who only used the car, associations with BMI and percent 
body fat seemed stronger for those using active transport compared to public and active 
transport  [12] . Lusk et al.  [28]  showed that the longitudinal weight gain change was nega-
tively associated with increase of cycling in premenopausal women, but not with increase of 
slow walking. Although the evidence is scarce and indirect, it is plausible that cycling has 
greater impact on obesity markers than walking for equal duration, based on higher physical 
activity-related energy expenditure induced by cycling compared to walking  [35] . Studies are 
needed to compare absolute effects on obesity markers of walking and cycling separately for 
comparable travelled distances. 

  Strengths and Limitations 

 Strengths of this study include a large sample size allowing assessment of both walking 
and cycling (according to sex) in relation to anthropometric and body composition indicators. 
Some limitations must be noted. Measures of walking and cycling were self-reported, which 
might introduce misclassification bias mostly because of documented over-reporting of 
physical activity  [36] . Estimates of self-reported physical activity duration are subject to 
recall errors, social desirability bias, and difficulties with correctly estimating the amount of 
individual walking and cycling. The relatively low prevalence of cycling in our cohort did not 
allow us to detail more specifically the combined effects of walking and cycling with obesity 
markers. Environmental variables such as weather or slope were not available at the whole 
country level at the time of the study. Our sample included proportionally more women and 
more individuals of high educational levels, as observed in general in volunteer-based studies 
 [37] . For these reasons extrapolation of these findings must be done cautiously. Finally, the 
cross-sectional design of this study does not allow causal interpretations of the results.

  Conclusion 

 In this study, we showed that active transportation associations with obesity markers 
may differ across walking or cycling behavior and according to sex. In women, walking was 
associated with lower obesity markers, and the associations of combined walking and cycling 
with obesity markers seem to be more pronounced compared to only cycling. In men, cycling, 
but not walking behaviors, was found to be associated with obesity markers. Although cause 
and effect relationships cannot be inferred from cross-sectional data, this study emphasizes 
the importance of public health measures aimed at increasing active transportation in 
preventive strategies to tackle obesity. 
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