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         Effi  cacy of Nordic Walking in Obesity Management    

cant problem in term of subjects ’  adherence. 
Indeed, in overweight adults, a lower rate of adher-
ence to physical activity compared to their nor-
mal-weight counterparts has been reported  [15] . 
This might be explained by the activity being 
experienced as more laborious and less pleasant 
 [15]  and by prescribed continuous exercise 
monotony  [12] . Therefore, to limit the phenome-
non of poor adherence to a training program, 
intermittent exercise could represent a viable 
alternative to continuous exercise. In 2003, Jacob-
sen et   al.  [25]  examined adherence and attrition in 
previously sedentary overweight females during 
72 weeks of continuous or intermittent exercise. 
These authors demonstrated that, although attri-
tion did not appear to diff er between the 2 modes 
of training at the end of the experiment, intermit-
tent exercise elicited lower attrition rates during 
the fi rst 24 weeks of an exercise program com-
pared to continuous exercise. More recently, 
Coquart et   al.  [12]  reported fi rstly, that obese 
women, some of whom had type 2 diabetes, per-
ceived intermittent exercise as being less diffi  cult 
than continuous exercise; and secondly, that an 
intermittent exercise program (32   min, 3 days.
week     −    1 , during 10 weeks) had benefi cial eff ects 

 Introduction 
  ▼  
 Obesity, defi ned as a body mass index (BMI) 
greater than 30   kg.m     −    2   [41] , is a signifi cant and 
increasing health problem in industrialized coun-
tries. According to the World Health Organization 
 [51] , in Europe there are over 130 million obese 
adults and over 400 million people overweight. 
Weight reduction is the common goal in the treat-
ment of obesity, and to deal with this issue dietary 
intervention and combating a sedentary lifestyle 
seem to be the main proposals. The role of physi-
cal exercise in preventing and / or treating obesity 
has already been well documented (for review see 
Hill and Wyatt  [24] ). Results from epidemiological 
studies have revealed that people who are physi-
cally active are less likely to gain weight over time, 
compared with those who are physically inactive 
 [13,   20,   40,   48] . In the same way, randomized con-
trolled exercise trials in middle-aged overweight 
subjects have demonstrated a dose-response rela-
tionship between the amount of physical activity 
and the amount of weight change  [10,   42] . Thus, in 
obese subjects the prescription of physical activi-
ties in a body weight management strategy seems 
to be largely justifi ed but is impeded by a signifi -

 Authors    H.       Figard-Fabre   1        ,     N.       Fabre   1      ,     A.       Leonardi   1      ,     F.       Schena   1  ,    2     
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  Abstract 
  ▼  
 The eff ects of a Nordic walking (NW) program 
compared to those of a walking (W) program on 
physiological and perceptual variables in obese 
middle-aged women were investigated. Sub-
jects (n    =    12 NW group, n    =    11 W group) trained 
over 12 weeks 3 times.week     −    1 . Body mass, body 
mass index (BMI), body fat, heart rate (HR), 
resting blood pressure, peak oxygen consump-
tion (   ̇V O 2peak ) were measured before and after 
the training period. Moreover, HR, rating of 
perceived exertion (RPE) and adherence were 
recorded during all training sessions. After the 
training period body mass, body fat and diasto-

lic blood pressure decreased in both groups 
(P    <    0.05) whereas    ̇V O 2peak  increased in the NW 
group (    +    3.7   ml.min     −    1 .kg     −    1 ; P    =    0.005). During 
the training sessions, mean HR (P    =    0.021), HR at 
preferred walking speed (P    =    0.020) and     %  of time 
at high intensity (P    =    0.031) were higher in NW 
than in the W group. Finally, RPE was not infl u-
enced by the modality of exercise and NW group 
showed a higher rate of adherence (91    ±    19    %  vs. 
81    ±    29    % ; P    =    0.011). To conclude, NW activity 
in obese women allows an increase in exercise 
intensity and adherence to a training program 
without increasing the perception of eff ort lead-
ing to enhanced aerobic capacity.         
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in kilograms divided by height in meters squared had to 
be     >    30   kg.m     −    2 . In addition, all participants were classifi ed at 
baseline as  “ sedentary ” , which was defi ned as reporting exercis-
ing less than 1   h.week     −    1  over the previous 6 months. Participants 
were excluded if they met any of the following criteria: taking 
medication known to infl uence the variables measured and hav-
ing a medical condition that would limit exercise participation. 
All participants gave their written informed consent to partici-
pate in this study, which was approved by our University ethics 
committee, in accordance with required ethical standards  [22] .   

 Experimental design 
 The experimental protocol is summarized in       ●  ▶      Table     1  . 
 12 obese subjects trained in Nordic walking (NW) and 11 BMI-
matched obese subjects trained in walking (W) volunteered to 
take part in this study. As we recently showed that in non-expert 
obese middle-aged women, a learning period of NW technique 
is needed to enhance the diff erence in cardiovascular demand 
between NW and W locomotion  [16] , subjects from the NW 
group learned the correct use of NW poles during walking before 
beginning the study (4 weeks, 3 sessions.week     −    1  and 45   min.ses-
sion     −    1 ). According to the International Nordic Walking Federa-
tion guidelines, the length of the NW poles (mass 155   g each, 
Gabel X3, Ros à , Italy) was adjusted specifi cally for each subject 
to an appropriate length in which the elbow was at 90    °     while 
the pole was held in a vertical position and in contact with the 
ground. 
 Over a 12-week period, the subjects performed 3 programmed 
exercise sessions per week; 1 supervised by the study investiga-
tors, and 2 performed individually.   

on glycosylated hemoglobin, body mass, BMI, heart rate and dis-
tance limit during a 6-min walking test. 
 Moreover, to break up the monotony of exercise and to increase 
adherence to the training program, it is important to propose a 
physical activity that is not only eff ective from a physiological 
standpoint but also innovative and enjoyable from a psychologi-
cal perspective  [3,   6,   8] . From this point of view, walking with 
poles, called Nordic walking (NW) could meet these criteria. 
Indeed, NW is growing in popularity as an endurance activity. 
NW is widely used in health and leisure time sports  [38]  and 
elicits higher metabolic and cardiovascular demands than nor-
mal walking  [9,   16,   34,   35] . To our knowledge, comparison of the 
eff ects of a NW training program to those of a walking training 
program in obese adult individuals has never been investigated. 
 In light of the foregoing and since it has been demonstrated that 
overweight adults exhibit better adherence when physical activ-
ity is unsupervised and self-determined rather than supervised 
and prescribed  [33] , the main aim of this study was to compare 
the eff ects of a 12-week NW interval training program to those 
of a walking (W) interval training program, both performed pri-
marily in non-supervised mode and at preferred walking speeds, 
on the physical health and exercise capacity of obese middle-
aged women.   

 Methods 
  ▼   
 Subjects 
 23 healthy, middle-aged obese women volunteered for this 
study and went through a medical examination before inclusion. 
To be eligible for participation, baseline BMI, calculated as weight 

  Table 1              Experimental protocol. 
NW: Nordic walking; W: Walking; BP: blood  pressure; 
HR: heart rate; BMI: body mass index; 
IT: interval training.  
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 Training program 
 All exercise training sessions were performed outdoors and con-
sisted of warm-up (5 – 10   min), interval training (30   min) and 
appropriate cool-down (5 – 10   min). The training program, inspired 
by the Square Wave Endurance Exercise Test of Gimenez et   al.  [18]  
and by its the modifi ed version proposed by Tordi et   al.  [43] , con-
sisted of 6 successive bouts of 5   min each. During each bout, a 4-
min period of moderate exercise, corresponding to the individual 
preferred walking speed (with or without poles according to the 
group), was followed by a 1-min period of more intense exercise, 
corresponding to the individual maximal walking speed (with or 
without poles according to the group). The preferred and maxi-
mal walking speeds were explained to the participants by the 
same investigator using verbal descriptions: the preferred walk-
ing speed, corresponding to the speed for each individual that 
minimizes the amount of energy required to walk a given distance 
 [7] , was described as a walk at  “ comfortable walking pace ” . The 
maximal walking speed was described as the maximal speed 
achieved just before running and bearable during 1   min. During 
each exercise session, heart rate was continuously recorded (Polar 
Electro Oy, Kempele, Finland) for a subsequent assessment of 
exercise intensity (5-s recording interval). Before starting the 
training program, the exercise instructor gave instructions for the 
training sessions with advice on warm-up, cool-down and the use 
of the heart rate monitor. Even though heart rate monitors were 
worn in all training sessions, the subjects were advised to follow 
the monitor ’ s display only to check the duration of exercise.   

 Testing procedure and measurements 
 All tests and measurements described below were performed 
before and after the training period. Moreover, an incremental 
test to exhaustion was repeated half way through the training 
program (week 6). For subjects included in the NW group, incre-
mental tests were carried out in a counterbalanced order on dif-
ferent days separated by at least 48   h and tests were carried out 
at the same time of day for each subject. Subjects were instructed 
to avoid consuming any food, alcohol or smoking tobacco for 2   h 
before their assessment. Finally, during the study, the partici-
pants were advised not to change other lifestyle habits, espe-
cially not to lose weight by dieting.  

 Resting and anthropometric measures 
 Each subject ’ s physical level was assessed by physical examina-
tion performed by a medical doctor. Resting systolic and diasto-
lic blood pressures were determined from the left arm of the 
seated participant after 5   min of resting using a mercury sphyg-
mamometer (Erka, Bad T ö lz, Germany). These values were deter-
mined to the nearest millimeter of mercury (mmHg). 3 separate 
measurements were taken at 1-min intervals, and the mean of 
these 3 readings was recorded. Resting heart rate represented 
the minimal value of heart rate measured during the last 30   s 
after a seated rest period of 5   min. Anthropometric data was also 
collected during the medical examination. Body mass and height 
were measured in light clothing without shoes. Body mass was 
recorded to the nearest 0.1   kg and height was measured to the 
nearest centimeter. Body mass and height were then used to cal-
culate the BMI. The subject ’ s body fat percentage was predicted 
by measuring 4 skin-folds using a Holtain skin-fold caliper 
(Holtain LTD, Croswell, Crymych, UK) and following the Durnin 
and Womersley method  [14] : 4 skin-fold measurements were 
recorded from the right side of the body with the subject in a 
standing position.   

 Exercise intensity 
 For both types of training (NW and W) percentage of training 
time spent on exercise of a given intensity was assessed based 
on recordings from the heart rate monitor, and data on resting 
and peak heart rate measured during the baseline incremental 
test to exhaustion. Exercise intensity was subdivided into 5 cat-
egories (expressed in percentage of heart rate reserve (HRR)): 
very low, low, moderate, high and maximal intensities corre-
sponding to 0 – 19    %  HRR, 20 – 39    %  HRR, 40 – 59    %  HRR, 60 – 84    %  
HRR and 85 – 100    %  HRR, respectively  [29] .   

 Rating of perceived exertion (RPE) and adherence 
 After each training session subjects were asked to record their 
RPE using the 6 – 20 Borg scale  [5] . Standardized instructions on 
how to interpret the scale  [4]  were explained to all participants 
by the same investigator. Adherence was calculated as the 
number of sessions completed divided by the number of ses-
sions set per week and expressed as a percentage.   

 Incremental test 
 Maximal time to exhaustion, time at ventilatory threshold and 
relative and absolute peak oxygen consumption (   ̇V O 2peak ) were 
determined for each subject using an incremental test to exhaus-
tion on a motorized treadmill (belt dimensions of 2.5   m    ×    3.5   m, 
Rodby, Sodertalje, Sweden). Treadmill speed was held constant 
(4   km.h     −    1 ). After a fi rst step of 3   min at 0    % , inclination was 
increased by 1    %  every 1   min until voluntary exhaustion. At the 
end of the test, subjects were asked to evaluate their RPE on the 
6 – 20 Borg scale  [5] . Subjects from the NW group performed 2 
walking tests (with and without poles) in random order, whereas 
subjects from the W group were evaluated only without poles. 
Before beginning the test subjects were fully familiarized with 
walking on treadmill with or without poles and with the use of 
the safety harness. 
 During the incremental test to exhaustion, gas exchange and 
ventilatory parameters were collected breath-by-breath during 
all trials by means of a portable (mass 800   g) metabolic system 
(Cosmed K4 b  2 , Rome, Italy). Gas analyzers were calibrated before 
each test with ambient air (O 2  20.93    %  and CO 2  0.03    % ) and a gas 
mixture of known composition (O 2  16.00    %  and CO 2  5.00    % ). The 
face mask was equipped with a low-resistance, bidirectional 
digital turbine (diameter 28   mm) that was calibrated before each 
test with a 3-L syringe (Cosmed, Rome, Italy). Face masks allowed 
subjects to breathe simultaneously through the mouth and nose, 
for more comfort. Heart rate was monitored continuously using 
a wireless Polar monitoring system and was synchronized with 
the Cosmed system.    

 Data analysis  
    ̇V O 2peak  criteria 
 The attainment of     ̇V O 2peak  was confi rmed by the achievement of 
at least 3 of the following criteria:    ̇V O 2  reaching a plateau with 
increasing work rate, a respiratory exchange ratio above 1.0, 
heart rate corresponding to 95    %  age-predicted maximal values 
and exhaustion with impossibility to continue despite verbal 
encouragements.   

 Ventilatory threshold determination 
 Two independent and blind reviewers were asked for the indi-
vidual determination of ventilatory threshold by visual analysis 
of the breakpoints of ventilator equivalent of carbon dioxide 
(   ̇V  E  /    ̇V CO 2 ), ventilator equivalent of oxygen (   ̇V  E  /    ̇V CO 2 ) and    ̇V  E  
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changes over time. The fi rst increase of     ̇V  E  with a rapid increase 
in    ̇V  E  /       ̇V CO 2  and with no concomitant increase in    ̇V  E  /       ̇V CO 2  corre-
sponds to ventilatory threshold  [45 – 47] . The modifi ed V-slope 
method where    ̇V CO 2  was plotted against    ̇V O 2  was also used to 
support the estimate of ventilatory threshold by ventilator 
equivalents  [2] . If there was disagreement over the determina-
tion of ventilatory threshold, the opinion of a third investigator 
was obtained.    

 Statistical analysis 
 Data for each dependent variable is expressed as mean    ±    standard 
deviation. Student ’ s t-tests were used to compare the character-
istics of NW and W training sessions. Anthropometric data, rest-
ing heart rate, resting blood pressure measurements and 
parameters obtained during incremental tests to exhaustion 
were analysed using a 2-way (training modality    ×    time) repeated-
measures analysis of variance (ANOVA). For statistically signifi -
cant analyses of variances, all pairwise comparisons among the 
groups were tested using Tukey studentized range adjustment. 
Before using parametric tests, the assumption of normality and 
sphericity were verifi ed. The alpha level of acceptance for the 
rate of committing a Type I error was 0.05. Statistical evaluations 
were carried out with the software package Sigma Stat version 
3.5 (St Louis, MO, USA).    

 Results 
  ▼  
 All patients enrolled in the study completed the training pro-
gram, and no adverse events were observed.  

 Subjects ’  characteristics 
 Subjects ’  characteristics are displayed in       ●  ▶      Table     2  . There were 
no signifi cant diff erences (P    >    0.05) between the NW and W 
groups for any variables at baseline and end tests. Signifi cant 
decreases were found among groups at end test for body mass, 

total skin-fold thickness, body fat and diastolic blood pressure (P 
value ranging from     <    0.001 to 0.045,       ●  ▶      Table     2  ).   

 Characteristics of exercise training sessions 
       ●  ▶      Table     3   presents comparisons between NW and W training 
sessions. Exercise sessions always began and ended with 5 –
 10   min of slow walking. Exercise time (without warm-up and 
cool-down) averaged 31    ±    7   min and 29    ±    1   min for the NW and 
W groups, respectively. Mean adherence to the exercise program 
was signifi cantly higher in the NW group (91    ±    19    % ) than in the 
W group (81    ±    29    % ; P    =    0.011). Moreover, higher values of mean 
heart rate (121    ±    10 vs. 107    ±    7 beats per minute for the NW and 
W groups, respectively; P    =    0.021), heart rate at preferred walk-
ing speed (120    ±    12 vs. 107    ±    7 beats per minute for NW and W 
groups, respectively; P    =    0.020) and percentage of time spent at 
high intensity exercise (17    ±    12 vs. 5    ±    3    %  for the NW and W 
groups, respectively; P    =    0.031) were observed during NW train-
ing sessions compared to W training sessions. Although exercise 
intensity was higher during NW training sessions than during W 
training sessions, a trend of a lower RPE during NW training ses-
sions was observed (P    =    0.057).   

 Exercise capacity 
       ●  ▶      Fig.     1   presents the results of the maximal incremental tests 
performed with and without poles for the NW group and with-
out poles for the W group. Whereas no signifi cant training 
modality    ×    time interaction was found for Time at ventilatory 
threshold and absolute    ̇V O 2peak  (L.min     −    1 ), a signifi cant training 
modality    ×    time interaction was found for maximal time to 
exhaustion (P    =    0.045) and relative    ̇V O 2peak  (ml.min     −    1 .kg     −    1 ) 
(P    =    0.047). For the NW group tested with and without poles and 
the W group, maximal time to exhaustion reached during half-
way and end tests signifi cantly increased compared to maximal 
time to exhaustion reached during the baseline test 
(P    <    0.05,       ●  ▶      Fig.       1a  ). Moreover, maximal time to exhaustion dur-
ing end test in the NW group tested with poles was signifi cantly 
higher than that of the W group (P    =    0.049,       ●  ▶      Fig.       1a  ). Time at 

   Table 2       Mean (SD) body mass, 
body mass index (BMI), total 
skin-fold thickness, percentage 
body fat, heart rate, systolic and 
diastolic blood pressure (BP) 
measurements for the Nordic 
Walking group (NW) and Walking 
group (W) at Baseline test 
and End test. 

   Variable  Baseline test  End test  Changes 

         NW  P-level  W   P-level  

     body mass (kg)   
   NW  86.1 (15.2)  84.6 (15.3) *       −    1.4  0.036      −    1.8  0.045 
   W  84.9 (8.32)  83.0 (8.3) *          
     BMI (kg / m 2 )   
   NW  34.2 (4.4)  33.7 (4.6)      −    0.5  0.132      −    0.7  0.060 
   W  32.3 (2.6)  31.6 (2.2)         
     total skin-fold thickness (mm)   
   NW  95.7 (25.3)  88.6 (18.7) *       −    7.1  0.028      −    8.0  0.020 
   W  91.4 (17.8)  83.3 (14.2) *          
     body fat (    % )   
   NW  41.5 (3.9)  40.6 (3.1) *       −    0.9  0.039      −    1.2  0.011 
   W  41.1 (2.8)  39.9 (2.4) *          
     heart rate (bpm)   
   NW  76 (16)  79 (13)  3  0.428  1  0.428 
   W  80 (12)  81 (16)         
     systolic BP (mmHg)   
   NW  139 (15)  136 (12)      −    4  0.085      −    7  0.085 
   W  136 (13)  129 (12)         
     diastolic BP (mmHg)   
   NW  86 (9)  79 (8) *  *  *       −    7      <    0.001      −    12      <    0.001 
   W  85 (7)  73 (7) *  *  *          
      *    P    <    0.05 and  *  *  *    P    <    0.001, signifi cantly diff erent from the Baseline test   
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         Fig. 1           Maximal time to exhaustion (panel  a ), time at ventilatory threshold (Time at VT, panel  b ) and peak oxygen consumption (relative    ̇V O 2peak  
(ml.min     −    1    .kg     −    1    ) panel  c ; absolute    ̇V O 2peak  (L.min     −    1    ) panel  d ) measured during incremental test to exhaustion. 
  *    P    <    0.05,  *  *    P    <    0.01 and  *  *  *    P    <    0.001, signifi cantly diff erent from the baseline test.  #    NW group tested with poles signifi cantly diff erent from the W group 
at P    <    0.05;   $     NW group tested with poles signifi cantly diff erent from the NW group tested without poles at P    <    0.05.  

  Table 3       Characteristics of the 
Nordic Walking (NW) and Walking 
(W) training sessions. 

     NW group  W group   P-level  

   session duration a  (min), mean (SD)  31 (7)  29 (1)   0.449  
   RPE, mean (SD)  10.98 (1.47)  11.44 (1.78)   0.057  
   adherence b  (    % ), mean (SD)  91 (19) *   81 (29)   0.011  
   mean HR (bpm)  121    ±    10 *   107    ±    7   0.021  
   HR1 ’     c  (bpm)  142    ±    7  122    ±    10   0.267  
   HR4 ’     d  (bpm)  120    ±    12 *   107    ±    7   0.020  
   percentage of time at maximal intensity exercise (85 – 100    %  HRR e )  1  0   0.089  
   percentage of time at high intensity exercise (60 – 84    %  HRR)  17 *   5   0.031  
   percentage of time at moderate intensity exercise (40 – 59    %  HRR)  51  44   0.591  
   percentage of time at low intensity exercise (20 – 39    %  HRR)  27  40   0.197  
   percentage of time at very low intensity exercise (0 – 19    %  HRR)  4  11   0.301  
     SD: standard deviation; RPE: rating of perceived exertion; HR: heart rate; bpm: beats per minute; HRR: heart rate reserve; MS: maximal 
walking speed; PS: preferred walking speed   
      a    Without time dedicated to warm-up and cool-down   
      b     Adherence to the exercise program was calculated as the number of sessions completed divided by the number of sessions prescribed 

per week and expressed as a     %    
      c Mean heart rate measured during the last 10   s of the 1-min bouts at maximal walking speed   
      d Mean heart rate measured during the 4-min bouts at preferred walking speed   
      e     Heart rate reserve calculated from resting heart rate and peak heart rate measured during maximal test to exhaustion   
      *    P    <    0.05 signifi cantly diff erent from the Walking group   
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ventilatory threshold recorded during halfway and end tests 
was signifi cantly increased compared to that measured during 
the baseline test for the NW group tested with poles and the W 
group (P    <    0.05,       ●  ▶      Fig.       1b  ). Time at ventilatory threshold was 
also increased for NW subjects tested without poles during the 
end test in comparison with the baseline test (P    <    0.01,       ●  ▶      Fig.       1b  ). 
Relative    ̇V O 2peak  (ml.min     −    1 .kg     −    1 ) signifi cantly increased in the 
NW group tested with poles between the baseline and end tests 
(25.8    ±    4.9 vs. 29.5    ±    6.4   ml.min     −    1 .kg     −    1 , P    =    0.005;       ●  ▶      Fig.       1c  ). Fur-
thermore, during the end test, relative    ̇V O 2peak  achieved by the 
NW group tested with poles (29.5    ±    6.4 vs. 24.9    ±    4.0   ml.min     −    1 .
kg     −    1 ) was signifi cantly higher than that achieved by the same 
subjects without poles (26.27    ±    6.5   ml.min     −    1 .kg     −    1 , P    =    0.048) and 
by the W group (P    =    0.045;       ●  ▶      Fig.       1c  ). Finally,       ●  ▶      Fig.       1d   shows 
that absolute    ̇V O 2peak  (L.min     −    1 ) was signifi cantly higher during 
halfway (P    =    0.019) and end (P    =    0.017) tests in the NW group 
tested with poles compared to values obtained during the same 
baseline test.    

 Discussion 
  ▼  
 This study was designed to investigate the eff ects of a NW train-
ing program on the physical health and exercise capacity of 
obese middle-aged women in comparison with a W training 
program. Our results showed that 12 weeks of 3-weekly either 
NW or W exercise sessions without dietary intervention elicited 
an improvement in anthropometric parameters. More interest-
ingly, only the NW training program increased cardiovascular 
fi tness, at the same time signifi cantly increasing adherence rate 
to the exercise program.  

 Anthropometric parameters and blood pressure 
 In the present study, both exercise training modalities (NW and 
W) caused modest, but signifi cant, decreases in body mass. The 
eff ects of physical activity on weight reduction, without a con-
comitant low-energy diet, are already well-documented (for 
reviews, see  [17,   36,   37,   49] ). Our results are in accordance with 
those described in the meta-analysis of Garrow and Summerbell 
 [17] . Indeed, analysing 28 papers, the authors showed that aero-
bic exercise without dietary restriction among overweight 
women elicited a weight loss of 1.4   kg in 12 weeks compared 
with sedentary controls. The concomitant drop in BMI (not sta-
tistically signifi cant in the present study;     −    0.5   kg.m     −    2  
and     −    0.7   kg.m     −    2  for the NW and W groups, respectively), was 
similar to that described by Wing in 1999  [49] . More recently, 
Grant et   al.  [19]  reported a signifi cant reduction in body mass 
(    −    1.7   kg) and BMI (    −    0.6   kg.m     −    2 ) in overweight middle-aged 
women after a 12-week exercise program (40   min of aerobic 
exercises combined with muscular strength, endurance and 
fl exibility exercises, 2 times.week     −    1 ). However, in this study, 
subjects received advice on diet improvement from a practice 
nurse. Thus, in this case it is diffi  cult to know whether it is really 
the exercise that produced the weight loss, or whether partici-
pants changed their dietary routine, or both. 
 Additionally, in our study, measurements of body fat using the 
skin-fold thickness method showed a decreased percentage of 
body fat in both groups (    −    0.9    %  and     −    1.2    %  for the NW and W 
groups, respectively). These fi ndings are in agreement with 
those of Hagner et   al.  [21] , who demonstrated a signifi cant 
decrease in total fat mass in postmenopausal obese women after 
a 12-week, moderate intensity NW program. However, our 

results must be taken with caution. Indeed, as in the study of 
Grant et   al.  [19] , we encountered problems with the supra-iliac 
skin-fold site, such as diffi  culty in palpating fat-muscle inter-
faces and in positioning the caliper tips at the appropriate depth. 
But, despite the existence of limitations in skin-fold caliper use 
in obese subjects  [30]  and the presence of more accurate meth-
ods of measuring body fat (i.   e., hydrostatic weighing), the skin-
fold technique was the only method which could be used in our 
context. 
 A statistically signifi cant improvement also occurred after the 
training period in both groups for diastolic blood pressure values 
(    −    8    %  and     −    12    %  for the NW and W groups, respectively), 
whereas no changes were observed for systolic blood pressure. 
Our fi ndings are in agreement with those of Schjerve et   al.  [39] , 
who showed that 12 weeks of aerobic endurance training at high 
(85 – 95    %  of maximal heart rate) or moderate intensity (60 – 70    %  
of maximal heart rate) in healthy obese adults signifi cantly 
decreased diastolic blood pressure without modifying systolic 
blood pressure values. Nevertheless and to our knowledge, there 
is no study dealing with the eff ect of a NW training program on 
blood pressure control. Thus, it is important to consider that NW 
might represent a physical activity able to act on cardiovascular 
risk factors implicated in metabolic syndrome such as hyperten-
sion. However, despite having a signifi cant excess of body weight, 
subjects included in our experiment were  “ healthy ”  at baseline, 
taking into account the diastolic blood pressure values recorded 
during the baseline test (    <     90   mmHg). Since obesity is usually a 
condition associated with the development of diastolic dysfunc-
tion in the absence of evidence of systolic dysfunction  [50] , we 
consider that further investigations are needed to assess the 
impact of a NW training program in obese hypertensive  subjects.   

 Exercise capacity 
 Our fi ndings showed that    ̇V O 2peak  was signifi cantly higher in the 
NW group in comparison with the W group after the 12-week 
training program. The positive eff ects of a NW exercise program 
on exercise capacity and fi tness have been recently documented 
but mainly in subjects presenting cardiovascular pathologies 
(such as peripheral arterial disease)  [11,   29,   32] . To our knowl-
edge, only one study published in 2009 by Hagner et   al.  [21] , has 
investigated the eff ect of a 12-week NW training program (three 
90-min sessions, heart rate between 100 – 140 beats per minute) 
in 53 obese women (62.5    ±    5.43 years). These authors also 
reported a signifi cant increase in maximal    ̇V O 2  in response to 
NW administration. The originality of our present work lies in 
the fact that we compared cardiorespiratory responses to NW 
training program to those induced by a walking training pro-
gram. A similar experimental design was conducted by Kukko-
nen-Harjula et   al. in non-obese middle-aged sedentary women 
 [31] . After a 13-week training program, the authors concluded 
that both training modes (W and NW, four 40-min sessions) 
similarly improved    ̇V O 2peak  values. This discrepancy could be 
explained by the exercise intensity measured during the train-
ing period. In the study of Kukkonen-Harjula et   al.  [31] , in which 
subjects of both groups were asked to  “ walk briskly so that 
breathing is enhanced ” , the average heart rate was 123    ±    10 beats 
per minute in the NW group and 120    ±    9 beats per minute in the 
W group, corresponding to a similar exercise training intensity 
(54    ±    6    %  HRR and 52    ±    7    %  HRR for the NW and W groups, respec-
tively). In our study, all subjects were asked to walk six 4-min    +    
1-min periods at their individual preferred walking speed and at 
their individual maximal walking speed, respectively. Mean 
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heart rate reached 51    %  HRR in our NW group, whereas it reached 
only 39    %  HRR in the W group. For a given level of perceived 
exertion, the increase in cardiopulmonary work when using NW 
poles in comparison with normal walking is well-documented 
 [16,   26 – 28] . Therefore, we can suppose that the NW technique 
was not suffi  ciently mastered by the subjects involved in the 
study of Kukkonen-Harjula et   al. to induce an increase in cardio-
vascular demand in comparison with normal walking  [31] . 
Indeed, we recently showed that in non-expert, obese middle-
aged women, a period spent learning the NW technique, consist-
ing of at least 12 sessions of 45   min each, led to an increase in the 
diff erence in cardiovascular demand between NW and W loco-
motion  [16] . In the present study, the increased exercise inten-
sity elicited by NW poles for the same exercise instruction in 
both groups, could have important clinical implications for obese 
subjects. Indeed, when following the American College of Sports 
Medicine recommendations  [23] , adult subjects should be 
encouraged to walk briskly for 30   min.day     −    1 , 5 days.week     −    1 . 
Unfortunately, this aim is often diffi  cult to achieve for obese peo-
ple, who generally cannot walk far enough or fast enough to pro-
vide a suffi  cient cardiopulmonary exercise stimulus. Moreover, 
we must underline that the use of NW poles when walking is a 
benefi cial means of enhancing exercise intensity without 
increasing the sense of exertion. Indeed, RPE values recorded 
during training sessions were similar in both groups.   

 Adherence 
 Although high body weight, BMI and adiposity are currently 
associated with lower levels of physical activity participation 
and lower adherence to activity programs  [1,   44] , our fi ndings 
showed that both training modalities elicited a signifi cant rate of 
adherence (81    ±    29    %  and 91    ±    19    %  for the W and NW groups, 
respectively). This fact can be explained fi rstly by the training 
used. Indeed and as we previously described in the introduction, 
the effi  ciency of the interval training program on compliance in 
overweight or obese subjects has been clearly highlighted 
 [12,   25] . Secondly, the elevated rate of adherence observed in our 
study might be induced by the intensity of the exercise. Since 
Ekkekakis and Lind  [15]  demonstrated that obese women (mean 
age 43    ±    5.4 years) asked to walk at a pace set 10    %  higher than 
the pace they would have self-selected themselves reported a 
signifi cant decline in pleasure, we asked our subjects to walk 
mainly at their preferred walking speed. The 1-min repetitions 
at maximal walking speed were certainly imposed but not 
directly controlled by the investigator, subjects adjusting their 
walking intensity to achieve a speed that they perceived as 
 “ maximal ” . Finally, it is important to mention that mean adher-
ence rate to the NW program was signifi cantly higher than that 
observed during the W program. This fi nding bears evidence of 
keen interest in a new physical activity never practiced by our 
subjects before enrolment in the study. After debriefi ng, subjects 
verbally declared that NW is clearly tolerable and enjoyable from 
a psychological perspective. Thereby, in addition to being safe 
and eff ective from a physiological standpoint, NW appears to 
represent a suitable type of exercise for obese people in terms of 
ensuring long-term adherence.    

 Conclusion 
  ▼  
 To conclude, it should be emphasized that the present fi ndings 
demonstrate that NW could be a useful tool for improving car-
diovascular fi tness in previously sedentary obese middle-aged 
women who are usually unable to walk fast enough or long 
enough for this response to occur. Moreover, to obtain the health 
benefi ts of exercise, not only is it important for individuals to 
initiate a physical activity program, but they must adhere to the 
program, creating a lifestyle change. In the light of our fi ndings, 
NW activity clearly seems to meet this criterion.  
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