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Short-term daily steps increment 
enhances submaximal exercise 
tolerance in healthy insuficiently 
active men
Incremento em curto prazo no número 
de passos diários melhora a tolerância 
ao exercício submáximo em homens 
saudáveis insuficientemente ativos
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AbstrAct
The 10000 steps/day message has been proposed as a minimum steps/day target for healthy 
adults. Nevertheless, this target does not seem feasible as an initial goal for inactive adults. 
New strategies to progressively increase daily steps should be evaluated. The study evaluated 
the effectiveness of increase a pedometer-measured 3500 steps/day on physical performance 
at anaerobic threshold (AT). Nineteen healthy insufficiently active men, 19-46 yrs, wore a 
pedometer for 2 weeks to quantify their habitual daily steps at baseline. Afterwards, subjects 
were instructed to increase 3500 steps/day above baseline during 3 weeks (intervention). Car-
diopulmonary exercise stress tests (CPX) were performed before and after the intervention. 
Submaximal exercise tolerance was analyzed by the heart rate at AT (HR-AT), the oxygen 
uptake at AT (VO2-AT), the time spent on CPX until AT onset and the reached distance. 
Nonparametric statistics were applied, expressing the results as median and minimum and 
maximum values. The variables were pair-wised compared by the Wilcoxon test. The diffe-
rences were considered statistically significant when a two-tailed P-value was less than 5%. At 
baseline, median (min-max) of daily steps was 7295 (4700–14752 steps), whereas it was 11772 
(8998–18620 steps) after the intervention (p=0.0001). On CPX, time until AT onset was 
higher after (359s; 179-521s) than before daily steps improvement (340s; 208-436s) (p=0.027). 
Similarly, the distance attained at AT was higher after (398.6m; 165.6–637.5m) than before 
the intervention (372.2m; 197.8–528.8m) (p=0.014). The increment of 3500 steps/day above 
baseline, during three weeks, was effective for improving exercise tolerance at AT.
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resumo
A mensagem dos 10000 passos diários tem sido proposta como meta mínima de passos para adultos sau-
dáveis. Entretanto, esta meta parece não ser factível como objetivo inicial para homens inativos. Novas 
estratégias de aumento progressivo nos passos diários devem ser avaliadas.  Este estudo avaliou a eficácia 
do incremento de 3500 passos por dia, medidos por pedômetro, no desempenho físico no limiar anaeróbi-
co (LA). Dezenove homens saudáveis insuficientemente ativos, 19-46 anos, usaram um pedômetro por 
2 semanas para quantificar o padrão habitual de passos diários.  Em seguida, foram orientados a au-
mentarem 3500 passos/dia acima do padrão usual, durante 3 semanas (intervenção). O teste de esforço 
cardiopulmonar (TE) foi realizado antes e após a intervenção. A tolerância ao esforço submáximo foi 
avaliada pela frequência cardíaca no LA (FC-LA), o consumo de oxigênio no LA (VO2-LA), o tempo 
e a distância percorrida até o LA. Estatística não-paramétrica foi usada, expressando-se os resultados 
como mediana e valores mínimo-máximo. As variáveis foram comparadas de forma pareada pelo teste 
de Wilcoxon. As diferenças foram significativas quando o valor bi-caudal de P foi menor que 5%. A 
mediana (min-max) antes da intervenção foi de 7295 (4700–14752 passos), enquanto após a inter-
venção foi de 11772 (8998–18620 passos) (p=0.0001). No TE, o tempo até o LA foi maior (359s; 
179-521s) depois que antes do aumento de passos (340s; 208-436s) (p=0.027). Da mesma forma, a 
distância percorrida até o LA foi maior após (398.6m; 165.6–637.5m), comparativamente a antes 
da intervenção (372.2m; 197.8–528.8m) (p=0.014). O incremento de 3500 passos por dia acima do 
padrão habitual, durante três semanas, foi eficaz para aumentar a tolerância ao exercício no LA. 
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IntroductIon

The association between regular physical activity practice and health has been 
well established since the early 50’s, particularly with regard to the prevention 
of cardiovascular diseases(1, 2). The known benefits of an active life style have 
supported several health intervention programs with the main purpose of re-
ducing physical inactivity, which is one of the major public health problems 
and modifiable health risk factors worldwide(3). Despite several initiatives to 
promote physical activity (PA) and to evaluate adherence and dose-response 
issues(4), changing physical activity behavior is still a great challenge(5). In 
the challenging scenario, walking appears as a simple, practical and safe PA 
modality that could be stimulated in public health programs(6, 7) and as an 
effective form of preventive medicine(8). Apart from that, walking programs 
that use pedometers as an intervention tool seem to be effective in increasing 
walking patterns at the community level(9)   

The shift from the continuous exercise paradigm to the new concept of 
accumulated PA(1) has had a great impact on public health promotion actions.  
Based on the recommendation that every healthy adult should accumulate at 
least 30 minutes of moderate-intensity PA per day(1), different quantification 
tools, such as pedometers and questionnaires, have been employed to evaluate 
PA patterns(10, 11). Recent studies have investigated the pedometer-measured 
amount of steps necessary for good health or for the “30-minute message” 
equivalence(12-14).  The proposed target of 10,000 steps per day(15, 16) may repre-
sent an unattainable task for some sedentary people. Therefore, other strate-
gies for PA improvement have been evaluated, such as the Canada on the Move 
campaign that suggests additional 2000-steps/day(11). In parallel, studies involv-
ing subjects with some chronic diseases, such as diabetes, hypertension and 
obesity, have focused on physiological issues associated with an enhancement 
of the physical activity level(6, 16-18). Despite some recent advances(12-15), the ac-
cumulated daily steps strategy still deserves better characterization regarding 
the amount of steps, duration, intensity and associated physiological effects.  

Considering some physiological responses to regular PA practice, the de-
termination of the ventilatory anaerobic threshold (AT) by the respiratory gas 
exchange protocol(19) may be employed as a marker of metabolic efficiency 
at a sub-maximal level of physical exercise. Commonly employed in sports 
field, the evaluation of the AT can contribute in the evaluation of physiolog-
ical modifications induced by low-to-moderate physical activity. Moreover, 
AT could represent a reference of safety during exercise training in a reduced 
myocardial oxygen demand, as is usual on walking programs.

Therefore, we aimed to investigate the effects of a short-term pedome-
ter-quantified 3500 steps per day increment on exercise tolerance at the AT in 
healthy insufficiently active men. 

methods

Subjects
A sample of 19 men, aged 19 to 46 years (mean ± sd: 31.1 ± 9.5 yrs), with 
homogeneous clinical and cardiovascular conditions, included participants 
of a health promotion program sponsored by the Supreme Labour Court of 
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Brazil, named “TST on the Move” (26%), and university students (74%). The 
subjects were clinically healthy, non-smokers, with a body mass index (BMI) 
between 18.5 and 29.9 kg/m2 (mean ± sd: 24.6 ± 2.7 kg/m2) and normal systol-
ic / diastolic blood pressure (mean ± sd: 110 ± 9 / 76 ± 6 mmHg). All subjects 
were insufficiently active at baseline, as characterized by the International 
Physical Activity Questionnaire (IPAQ) - Portuguese version. Considering 
the relatively small sample size, a question was added to the questionnaire in-
quiring if the responses to IPAQ represented the pattern of volunteers’ PA in 
the last two months. Volunteers should have been out of any regular exercise 
for the same period of time. The experimental protocol was approved by the 
Ethics Committee on Human Beings Research of the University of Brasília 
Faculty of Medicine (CEP-FM-049/2005). All subjects gave their written in-
formed consent to participate in the study.  

Experimental protocol 
Volunteers were asked to refrain from caffeine and exercise for 12 hours prior 
to the laboratory evaluation. To characterize volunteers’s clinical conditions, 
a complete clinical inquiry followed by an extensive physical examination and 
a 12-lead electrocardiogram registration was proceeded by one of the au-
thors (LFJJ) at the beginning of the experimental session. Subsequently, each 
subject executed a 20 steps test to find their optimal pedometer attachment 
site(10), avoiding possible differences associated with pedometer placement in 
the body(20). In all cases the pedometer was used in the midline of the right 
thigh, as recommended by the manufacturers. 

All volunteers were instructed to use the pedometer (Yamax DigiWalker 
SW 700, Yamax Corp., Tokyo, Japan) during approximately 2 weeks without 
any habit or PA change, in order to quantify their usual daily steps pattern. 
The numbers of steps in both weeks, including the weekends, were registered 
by the volunteers during wakefulness periods on a specific paper form, and the 
pedometer was reset to zero every day.  After this baseline period, the subjects 
returned to the laboratory with their daily steps records in order to start the 
intervention. The new daily steps target was then calculated by adding 3500 
steps to the mean steps performed on weekdays at baseline.  Thereafter, func-
tional and anthropometric data were recorded and the first cardiopulmonary 
exercise stress test (CPX) was performed, at the Exercise Physiology Labo-
ratory of the Faculty of Physical Education. Following this first CPX, where 
the anaerobic threshold (AT) was determined, the volunteers were oriented to 
achieve their new daily step target during 3 weeks (intervention). At the end 
of this period, functional and anthropometric data were evaluated again and a 
second CPX was performed to evaluate the intervention. 

Daily steps counts and exercise tolerance before and after the intervention 
were pair-wised compared, each subject being his own control. Daily steps 
counts were analyzed separately in weekends/holidays and in weekdays. In 
case of missing records, data were interpolated by the number of steps report-
ed by the same subject on a correspondent weekday. There were only 25 out 
of 706 monitored days (3.5%) with missing records for all subjects.

As an inclusion criterion, volunteers had to achieve at least 75% of the 
calculated steps target during the intervention. A full adherence (100%) was 
attainted when the volunteers were able to accumulate 3500 steps per day, 
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every day during the intervention, above their own mean steps accumulated  
on week days at baseline. Two volunteers were not included due to cardiovas-
cular abnormalities at the baseline evaluation and only one volunteer failed 
to achieve at least 75% of the established steps target and was excluded. The 
experimental protocol design is depicted in the Figure 1.

FIgure 1 – Experimental protocol design. CPX: cardiopulmonary exercise stress test; AT: anaer-
obic threshold, BMI: body mass index, ECG: 12-lead electrocardiogram.

The CPX consisted of a graded submaximal treadmill exercise test, fol-
lowing a protocol specifically designed for this study, with the use of an Im-
brasport-ATL ergometer (Imbrasport, Brazil). After a 3-minute adaptation 
period to the treadmill and the gases analyzer equipment, the test started at a 
treadmill speed of 3 km/h and at a fixed 3% inclination. The treadmill speed 
was increased by 1 km/h every 2-minute stage until the end of the test. The 
CPX was interrupted one or two stages after the AT has been estimated in a 
online visual analysis during the test. Expired gases were collected and ana-
lyzed with a portable indirect calorimeter (AeroSport TEEM 100 Metabolic 
Analysis System, USA). 

In accordance with the method proposed by Wasserman et al(19), the AT 
was identified as the moment in which exercise intensity caused the first in-
crement of the ventilatory equivalent for oxygen (VE/VO2) without a concur-
rent increment of the ventilatory equivalent for carbon dioxide (VE/VCO2), 
combined with the first observed inflection on the minute-ventilation (VE) 
curve. The final identification of the AT in each CPX was done by the same 
expert author (KEF), on a offline mode, only after all tests have been per-
formed, blinded to the volunteer identity and to the order of the CPX (if at 
the beginning or at the end of the intervention).

To evaluate exercise tolerance, we analyzed the heart rate at AT (HR-AT), 
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the oxygen uptake at AT (VO2-AT), the time spent on CPX until AT onset 
and the reached distance. That distance, covered until AT onset, was used to 
quantify the total physical performance of each volunteer, in the two CPX. 
Even all stages on CPX had the same length, the CPX performed before and 
after the intervention could attained different stages. For that reason we also 
analyzed the distance covered until AT in order to adjust for differences in the 
amount of time spent by each subject at different stages (intensities).

Sample data were tested for normality using the Shapiro-Wilk test. Con-
sidering that the majority of the data were non-normally distributed, we uni-
formly employed nonparametric statistics and tests, expressing the results as 
median and minimum - maximum values. Anthropometric and clinical data 
were compared between the three evaluations using the Friedman test with  
Dunn’s multiple comparison. Medians of weekends/holidays and week days 
steps counts and those of all functional variables were pair-wised compared 
before and after the daily steps increment, using the Wilcoxon signed-rank 
test. Considering that each subject was his own control, with no changes on 
individual ages during the protocol, no adjustment for age was done when 
comparisons of data before and after intervention were performed. The dif-
ferences were considered statistically significant when a two-tailed  value was 
less than 5% (< 0.05). The Prism® 4 for Windows (GraphPad Software, Inc., 
USA, 2005) software package was used for data processing and analysis.                  

results

Resting functional variables did not change during the study period. Medians 
of the rest heart rate in the three evaluations varied between 59 – 64 beats.
min-1 (p=0.14), and the arterial pressure varied from 108 to 110 mmHg for 
systolic (p=0.76) and 72 to 78 mmHg for diastolic (p=0.17). The BMI showed 
median values of 24.9 kg/m² in the three evaluations (p=0.79).

The daily steps data are show in Table 1. Before the intervention, in dai-
ly steps baseline period, the median (minimum - maximum) of accumulated 
steps during weekdays was significantly higher (7780; 5370 – 15225 steps) as 
compared to weekend days (6683; 3073 – 14211 steps) (p = 0.01). Differently, 
during the intervention, the number of accumulated steps during weekdays 
(11545; 8080 – 18640 steps) was similar to the weekend ones (11482; 8500 – 
18300 steps) (p=0.28).  However, the median percent increment of daily steps 
was higher in weekend days (80.5%; 14.4 – 234.6) than in weekdays (51%; 
2.9 – 87.8) (p=0.007).   

The median adherence of the subjects to the protocol was 106.2% (83.4 – 
119.9%), which means that the proposed steps goal was attained and exceeded 
by 6.2%. Only one subject showed adherence below 75% and was excluded 
from the analysis. 

Comparison of cardio-respiratory variables at AT in the CPX test before 
and after the intervention did not show statistical differences.  Median (mini-
mum - maximum) of HR-AT in the second test was 120 beats/min-1 (95 – 145) 
against 112 beats.min-1 (94 – 143) in the first one (p=0.12), and the VO2-AT was, 
respectively, 17.6 ml/kg/min-1 (13.4 – 26.0) and 16.2 ml/kg/min-1 (14.2 – 22.9) 
(p=0.15).  
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tAble 1 – Median, quartiles and extreme values of the number of daily steps before and after the 
increment intervention according to the period of week in 19 healthy insufficiently active men. 

Total steps Steps
during week

Steps
during weekend

Before
intervention

After
Intervention

Before
intervention

After
intervention

Before
intervention

After
intervention

Minimum 4700 8998 5360 8080 3073 8500

Lower quartile 6195 10341 6001 10672 4940 10151

Median 7295 11772 7780 11545 6683 11482

Upper quartile 9402 13350 10205 14395 7555 12431

Maximum 14752 18620 15225 18640 14211 18300

< 0.0001 < 0.0001 < 0.0001

* In each period the data before and after daily steps increment were pair-wised compared by the 
Wilcoxon signed-rank test. 

However, exercise tolerance at AT enhanced after the period of steps in-
crement. The time for attaining the AT onset was 340 s (208 – 436 s) before 
and 359 s (179 – 521) after the intervention (p=0.027), and the distance cov-
ered until AT was 372 m (198 – 529 m) before and 399 m (166 – 638) after it 
(p=0.014), as illustrated in Figure 2. Apart from that, sixty eight percent of the 
volunteers showed increment in the time and distance attained at AT.

FIgure 2 –  Time (left) and distance (right) to attain the anaerobic threshold (AT) during the cardiopulmonary exercise stress testing before 
(CPX-1) and after (CPX-2) the 3-week intervention of increment of 3500 steps by day.  For each moment are shown the median,  interquar-
tile range and extremes values for 19 subjects. The effects of the intervention were  tested by the Wilcoxon test. 

dIscussIon

In this short-term analysis we found a significant improvement of exercise 
tolerance at the AT after a walking program that showed a high degree of 
adherence. The observed alterations represented a median increment of 6% 
in CPX time until AT onset and of 8% for the reached distance in 68% of the 
volunteers. Together, these findings suggest that the physiological adjustment 
observed had a potential impact on daily physical activities performance of 
the participants. The relevance of those results must be analyzed considering 
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the age and the clinical status of the volunteers. The fact that healthy young 
and middle-aged men have showed improvement in their exercise tolerance 
at AT associated with a very simple and low-cost physical activity program 
opens good perspectives in a scenario where almost one third of worldwide 
adults are inactive (21).

To explain these findings we have to consider the possibility that the sub-
jects were in a very low fitness level at baseline. The low values of VO2-AT 
observed are compatible with the PA status of the volunteers and corroborate 
this possibility.  Similarly, a recent study demonstrated that subjects improved 
their maximal VO2 and treadmill duration test in a 30-minute training pro-
gram based on a low-intensity effort during a 12 weeks intervention period(22). 
At the same time, the observed improvement of the tolerance to exercise at 
AT in our study was not associated with statistical changes in the VO2-AT. 
This was probably due to the relatively small size of the sample and/or the 
short time of the intervention. 

Another possibility is that interventions based on daily activities, such as 
short and intermittent walking, are frequently dependent on both aerobic and 
anaerobic metabolism. In physical activities that are not continuous, an adap-
tation on the lactic acid buffering mechanism could have an important role on 
improvement of exercise tolerance at AT. In fact, accumulative data concerning 
the physical activity and health association shows that it is possible to attain 
health benefits of exercise without reaching high levels of aerobic fitness. In 
this idea, the amount of activity seems to prevail about the intensity and the 
effectiveness of the intermittent exercise is reinforced(23). However, it should 
be observed that on younger the influence of PA intensity on health outcomes 
might prevail about the quantity of PA(24). Apart from that, the apparent dis-
crepancy between better exercise tolerance with similar oxygen consumption at 
AT could mean that we were probably facing an intermediary physiological ad-
justment. Because of the short intervention period, we probably saw an adjust-
ment that was sufficient to improve the exercise tolerance based on local energy 
production mechanism, but insufficient to increase the central oxygen uptake.

An additional important observation was the fact that the type of inter-
vention proposed was absolutely effective to abolish the significantly small 
number of daily steps usually performed on holidays/weekend days. This 
“weekend effect” has been already observed(25), but in the present research 
it was noted only in the baseline phase. This lack of weekend effect during 
the intervention period may be due to the characteristics of the proposed PA 
intervention and confirms its efficiency. Those data reinforce the utility of 
a moderate daily steps increment plan as a health promoting action(8). The 
pattern of daily steps observed during the baseline phase was similar to others 
studies(8, 10, 15, 18). In this context, our observations reinforce the finding that the 
pattern of usual daily steps in previously healthy inactive men is far below the 
10000 steps widely proposed as convenient. 

Some previous studies that aimed to find equivalences between the “30 
minutes” and the “10000 steps” messages have found increment estimations 
around 3100 and 4000 steps(13, 14). In the present study, the definition of the 
target increment in the number of steps was based on a classification sug-
gested by Tudor-Locke and colleagues for a moderate intensity activity(13). 
According to this study, the exact value obtained in the intermediate steps/
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minute cut-off value would be 3300 steps per day to be taken above the usual. 
To facilitate some operational aspects with the volunteers, we chose to round 
it to 3500 daily-steps. This target almost completely met the public health 
recommendations(1), including a minimum of physical activity (that could be 
the number of steps equivalent to 30 minutes) on a specific frequency (daily or 
at least 5 days/week), above the sedentary pattern. The only difference, pur-
posefully included, was the fact that we did not determinate any intensity to 
perform the new goal of daily steps. The reason for that methodological op-
tion was to evaluate a most feasible way to accumulate daily steps. On a similar 
approach, Iwane and colleagues have observed that walking at least 10000 
steps/days was effective in reducing blood pressure and increasing exercise 
capacity in hypertensive men, irrespective of exercise intensity or duration16.   

Moreover, we observed a very high level of adherence to the protocol. This 
was probably due to the fact that the protocol was established on a walking 
activity, with low-to-moderate increment of the total amount of PA, done 
during a short intervention period. It is clear that our short-term period of 
analysis could represent a study limitation. However, our focus was exactly on 
the shift from a sedentary or an insufficiently active condition to a more active 
functional stage. In that sense, evaluations of short-term functional modifica-
tions may be helpful to better understand some physiological effects associat-
ed with such physical activity interventions and might be useful for long-term 
physical activity program planning.

It should be also outstanding that simple and low physical activity inter-
ventions, such as walking 3500 steps/day more than usual, which approxi-
mately correspond to the “30-minute” message(26), could be an efficient strat-
egy for modifying life habits of inactive subjects. 

One limitation of our study is that it was restricted to young and mid-
dle-aged insufficiently active healthy men. Only an expectative may be sought 
that the observations can extend to women and subjects with older ages and 
to those with some clinical conditions. Other restrictions could be the short 
period of the intervention and the sample size. Despite the inherent limita-
tions to evaluate long-terms behavior changes, our objective was to detect the 
occurrence of possible physiological short-term functional changes. It means 
that we were interested on the shifting period from a insufficiently active 
behavior to a more active condition. As to the sample, its homogeneity was 
privileged over its size. Rigorous clinical criteria of inclusion were carried out 
to ensure a group of subjects really insuficiently active and clinically healthy. 

Another important issue that must be considered is the possible influence 
of a mechanical technique improvement or a learning effect on the second 
CPX as compared to the first one, since their occurrence or magnitude are 
still open questions on the field. On the other hand, the AT reliability has 
been already demonstrated in apparently healthy individuals(27). Apart from 
that, every volunteer did a 3-minute adaptation period to treadmill and gases 
analyzer equipment on both tests. In addition, we observed a high percent-
age of volunteers who showed improvement on their exercise performance (± 
70%) with a high statistical level of significance. In conclusion, the possible 
influence of a technique improvement or a learning effect is reduced con-
sidering the observed results and the exercise protocol that was employed. 
Concerning to the use of pedometer, one limitation is the impossibility to 
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measure activities that do not involve vertical displacement of the hip, such as 
those carried out by the upper members, and the possibility of misreporting 
of steps data. As to the precision level of data recording, the pedometer used 
in this study is considered as a tool with adequate accuracy in evaluating ac-
cumulated daily steps(14). Furthermore, none of the volunteers practiced any 
other previous PA on a systematic fashion. 

Although these relative limitations, the proposed intervention was shown to 
be very efficient, since the “weekend effect” had been abolished and a high level 
of adherence had been reached. By following the ̀ one-step-ahead model’(28), the 
intervention attended the minimal recommendations for PA pattern change in 
a feasible way, with potentiality for practical and easy application. It is hopeful 
to consider the impact of an increase of exercise tolerance on both personal and 
public health perspectives. Quantification of non-structured PA has been shown 
to be one of the challenges in the scenario of exercise program evaluation. Our 
data reinforce some evidences that unstructured PA, even of low-to-moderate 
intensity, may have important influence on health outcomes(29). 

In conclusion, the pedometer-quantified increment of 3500 steps per day 
above the individual usual daily steps pattern, during a 3-week period, was ef-
fective in improving the volunteer’s PA level and was associated with a signif-
icant favorable impact on exercise tolerance at AT, in previously insufficiently 
active young and middle-aged healthy men. 
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