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Introduction

Morbidity and mortality due to smoking decrease life expectancy 
an average of  7 years [1]. Obesity further decreases it. Exercise 
can reduce the untoward physical and psychosocial effects asso-
ciated with both risk factors [1, 2]. Yet, only 20% of  American 
adults perform recommended amounts of  exercise [1].

Structured exercise rehabilitation programs of  six to eight weeks 
duration have been shown to improve quality of  life, increase ex-
ercise tolerance, and boost maximal oxygen consumption (VO2 
max) by 20% to 60% [3-5]. Although benefits can be maintained 

by 45 minutes of  daily maximal training on a cycloergometer [3-
5], most people stop exercising after discharge from the program 
[4, 5]. Lack of  time, motivation, and money to purchase equip-
ment are often cited as the main barriers [6].

Low-tech and low cost training modalities (e.g., walking and two-
step stool [7]) have been explored as alternatives to expensive 
ergometers and treadmills [6, 8, 9] Staircases are potentially cost-
effective options [8]. Stair climbing can be easily incorporated 
into city dwellers’ daily routines and used for exercise assessments 
[6-8]. Existing stair climbing protocols vary greatly though, and 
the lack of  target reference values has limited widespread adop-
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Abstract

Objectives: Compare two stair climbing protocols with each other and with an established cycle-ergometry protocol for 
smokers.
Methods: In an exercise physiology laboratory, 25 smokers’ maximal O2 consumption (VO2max) was determined by cycle-
ergometry at 30W/3 min increments. Then, randomly they performed either maximal fixed intensity (FiSC) or bi-level in-
tensity (BiSC) stair-climbing protocols at the same pace to exhaustion, before crossing-over to perform the other 1 to 3 days 
later. The sequence was repeated 6 weeks later. The FiSC was performed on a 10 flight staircase. The BiSC was performed 
by repeatedly climbing and descending a single flight. Outcome measures were exertional dyspnea (ED), leg pain (LP), 
respiratory rate (RR), heart rate (HR), peripheral pulse oximetry (SpO2), blood pressure, physiologic cost index (PCI), and 
self-reported preferences.
Results: All 25 subjects climbed the single-flight BiSC 10 times but no one could climb more than 8 consecutive flights 
(FiSC). Eighty to 95% of  heart rate at VO2max was achieved by both, but the BiSC was significantly better tolerated over ten 
flights with significantly lower HR (<.001), PCI (<.001), ED and LP (p <0.05), and higher RR (<.001) and SpO2 (<.004). In 
addition, using only one flight was more practical, for both de subjects himself  and for surveillance by the medical staff  to 
control the speed of  climbing, and the subjective and cardio respiratory responses.
Conclusion: The protocol of  Bi-level exercise repeatedly climbing one flight of  stairs is more practical, effective, and better 
tolerated than that of  continuous stairs climbing.

Keywords: Maximal Stair Climbing Test; Pulmonary Rehabilitation; Aerobic Exercise; Cycle Ergometry; Endurance.
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tion [6-9]. A second barrier can be insufficient stairs to climb. 
Physiologic benefits of  using short flights of  stairs have not been 
studied.

The objective of  this study were to compare two stair climbing 
protocols with an established cycle-ergometry protocol for smok-
ers.

Materials and Methods

This study was approved by the institution’s ethics committee and 
was conducted according to Declaration of  Helsinki standards. 
All potential study subjects except for one gave informed con-
sent. Thus, there were 25 subjects.

Unmedicated, active male smokers, with a history of  20 to 24 
pack-years (1 pack-year=20 cigarettes/day x 1 year), were recruit-
ed. Inclusion criteria were: age 18 and older, absence of  broncho-
constriccion based on the European Community for Steel and 
Coal questionnaire [10] and observation at rest and during exer-
cise to VO2 max on cycle-ergometry [11]. Exclusion criteria were 
insufficient cardiopulmonary, neuromuscular, medical, or physical 
capacity to permit strenuous exercise, abnormal spirometry, chest 
radiographs or electrocardiogram [10, 11], evidence of   broncho-
constriccion or not signing consent. A target sample size of  25 
was pre-determined to achieve 80% power. 

The maximum of  three measurements was recorded for slow vital 
capacity, forced expiratory volume in the first second and maxi-
mum voluntary ventilation. Minute ventilation; tidal volumes; 
respiratory rate; and respiratory exchange, that is, oxygen uptake 
(VO2,) and carbon dioxide output (VCO2) [5, 7], were measured 
during the maximal exercise on cycleergometer protocol by Jae-
ger’s Oxycon Champion (Jaeger GmdH & Co., Wurzburg, Ger-
many) calibrated before and after each use [5, 11]. A bronchodila-
tor (i.e. Salbutamol 0.2 mg) was administered for a second round 
of  measurements to assess the absence of  bronchoconstriction.

The cycle-ergometry was performed on the 1000S (Medifit Inc, 
Maarn, the Netherlands) at increments of  30 watts/3 minute 
with cardiac monitoring (Multiscriptor EK; Hellige-France Inc, 
Strasbourg, France) [5, 11]. The peak work rate (PWR) was that 
achieved during the last full 3 min before exhaustion to deter-
mined VO2 max and the Ventilatory Anaerobic Threshold (VAT) 
[5, 11].  The VO2 max was recorded as the VO2 over the last 30 
sec before exhaustion [5, 11]. Oxygen pulse (O2P= VO2/HR) was 
calculated at rest and at each ergometry increment. Dyspnea, leg 

pain [12], pulse oxyhemoglobin Saturation % (SpO2), and heart 
rate were monitored to calculate the PCI [7].

Once the targeted heart rates VO2 max were determined, the sub-
jects began the stair climbing protocols 1 to 3 days later. They 
were randomly assigned to either FiSC or BiSC before crossing 
over.  A 10-story building was used for the FiSC with uniform 3 
meter flights with handrails. There were 20 steps on each flight 
with steps of  15 cm in height and 25 cm in breadth. A single flight 
with the same step dimensions was used for BiSC.

The subjects were instructed to climb until exhaustion. The FiSC 
and BiSC stair climbing rates were standardized to 12 sec per 
flight paced by metronome [7, 11]. The FiSC subjects rested 18 
sec between flights to undergo clinical assessment for a total of  
30 sec per flight. The BiSC subjects descended the flight in 8 sec 
paced by a metronome followed by 10 sec of  rest for clinical as-
sessment for 30 sec total per flight. The total number of  consecu-
tive flights or each protocol was recorded (Figure 1).

During the stair climbing exertional dyspnea and leg pain were 
measured by modified Borg scale [12], a 0-10 Likert scale with 10 
representing most severe [12], after each flight of  the FiSC and 
BiSC as well as after the cycleergometer exercise at PWR [5].

Blood pressures were measured at the end of  all these maximal 
tests. Pulse Oximetry, heart rate, respiratory rate, exertional dysp-
nea and leg pain were measured 10 min before the tests and after 
each flight of  the FiSC and BiSC. A physiatrist and a physiothera-
pist collected the data during the rest periods [12].

Six weeks later, to minimize the risk of  learning effects and train-
ing on the initial performances of  FiSC and BiSC, the 25 subjects 
crossed over to repeat the sequence in reverse order on subse-
quent days and were subsequently asked to compare FiSC and 
BiSC for tolerability and subjective intensity.  
	
The measured responses were summarized as means and standard 
deviations or medians and interquartile ranges (IQR) based on the 
data distribution [13]. T-test and Wilcoxon test for independent 
variables were used to compare FiSC and BiSC data [14]. Statisti-
cal significance was set at p <0.05. The arterial blood pressure and 
heart rate values at rest, after the 10th floor of  the BiSC, the 8th 
floor of  the FiSC and at PWR of  the incremental cycle ergometry 
were compared. The means were also estimated by means of  con-
fidence intervals at 95%. All statistical analyses were performed 
using the R package, version 3.0.1 (R Development Core Team, 
2013) [14].

Figure 1. The Stair Climbing Protocols.
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Results

Of  the 25 subjects aged 39 to 66 none could climb more than 8 
flights on the FiSC but all could on the BiSC protocol (Figure. 2 
and 3). All subjects reached from 80 to 95% of  the VO2 max HR 
they had attained by cycle-ergometry [5, 11, 15].

Table 1 summarizes the subjects’ demographics, pulmonary func-
tion, and cycle-ergometry results.
 
Figures 2 and 3 demonstrate changes in heart rate, respiratory 
rate, PCI, exertional dyspnea, and leg pain as a function of  flights 
climbed during FiSC and BiSC. Note that the maximal level of  
exercise was achieved at the 10th flight for BiSC and the 8th flight 
for FiSC. There were differences in physiological parameters in-
cluding in self-reported leg pain and dyspnea. 

Table 2 demonstrates that while there was no difference in the 
BiSC 10 flight performance parameters, when measured after 6 
weeks, FiSC 8-flight performance were significantly different for 
respiratory rate, oxyhemoglobin saturation, and exertional dysp-
nea. The comparison BiSC over FiSC (**p of  Table 2) shows that 
all except one (ED) of  the variables are differents; Table 3 further 
demonstrates that while heart rates and blood pressures increase 
significantly during exercise (p<0.001) the increases in heart rate 
and in systolic blood pressures after 10-floor climb of  the BiSC 
were significantly less than the increases seen in the 8-flight FiSC 
and with maximal cycle-ergometry (PWR, p<0.05). Indeed, the 
increases in heart rates and blood pressure during the 8-flight 
FiSC were even significantly greater than those seen with maxi-
mal cycle-ergometry (PWR, p<0.05). While the diastolic blood 
pressures were highest at rest (p<0.05), it was during the 8-flight 
FiSC and the cycle-ergometry that the values of  diastolic blood 
pressure increased the most (p<0.05).

Table 4 shows the results of  a post-study stair climbing question-
naire comparing the BiSC and FiSC with the corresponding p.

Discussion

Achieving a heart rate at 80 to 95% of  that at the VO2 max dem-
onstrates that stair climbing can be high intensity exercise. All 
subjects climbed 20% more flights using the BiSC (p<0.05); it was 
better tolerated and achieved aerobic levels of  exercise by permit-
ting exercise close to VO2 max at lower heart rates, blood pres-
sure, and dyspnea and at higher respiratory rates, and peripheral 
oxyhemoglobin saturation (SpO2, Table 2, p<0.05), In addition, it 
was preferred by the subjects (Table 4).  
	
Thus, stair climbing can provide economical aerobic training 
without specialized equipment [17-20] and has been recommend-
ed to alleviate America’s and Europe’s obesity epidemic [1, 6, 9, 
17]. However, studies to date have been limited by heterogeneity 
of  stair climbing protocols and inadequate control of  confound-
ing factors [9, 17-20]. This study overcame some of  these limita-
tions. First, this was a homogenous group of  25 highly motivated 
unmedicated active male smokers of  similar age and health status 
with similarly low maximal exercise capacity because of  smok-
ing [5, 11]. There were strict inclusion criteria. The subjects were 
methodically instructed and the exercise strictly regimented. In-
dividual VO2 max parameters were verified by cycle-ergometry. 
A fixed stair climbing rate was implemented [7, 11]. In addition, 
the protocols were repeated to ensure reproducibility, especially 
on the BiSC.

Bi-level walking and cycling exercises have been reported to have 
achieved greater VE and VO2 for healthy subjects [11, 21, 22], 
people with chronic obstructive pulmonary disease (COPD)[11, 
23], and in pulmonary and cardiac transplant patients than has 
fixed intensity exercise [19, 24-27]. Our comparisons of  BiSC 
with FiSC over 8 flights were consistent with this. The BiSC pro-

Figure 2. Heart rate, Respiratory Rate, and Physiological Cost Index Changes by Flight.
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Table 1. Anthropometric, Pulmonary and Maximal Ergometry Parameters.

Parameters at rest and exercise Active men smokers
N = 25

Age, years 47.0 (45.2 ; 48.0)
Weight, kg 74.1 (70.2 ; 80.0)
Height, cm 174 (172 ; 177)
BMI, kg/m2 24.4 (23.5 ; 25.7)
VC L 5.2 (5.0 ; 5.5)
VC % 119.8 (114.3 ; 126.2)
FEV1 L 3.8 (3.7 ; 4.1)
FEV1 % 126.9 (121.6 ; 133.9)
FEV1/VC % 73.3 (71.7 ; 74.9)
VO2 max (cycle) (ml/min) 2449 (2350 ; 2681)
VO2 max (cycle) (ml/(kg/min) 34.2 (29.8 ; 38.6)
PWR (Watts) 180 (180 ; 210)

Values are presented as medians (IQR); BMI= body mass index; VC = slow vital capacity; FEV1 = forced expiratory volume in the 
first sec; VO2 max = maximal Oxygen consumption; PWR = Peak Work Rate on cycleergometer. 

Figure 3. Exertional Dyspnea and Leg Pain as a Function of  Flights Climbed.
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Table 2. Stair Climbing Protocols: Reproducibility and Comparisons of  Clinical and Physiologic Parameters of  Both 
Maximal Tests at Baseline and after 6 Weeks.

Parameters Phase
BiSC-10 (n=25) FiSC-8 (n=25)

**p
Median (IQR) *p Median (IQR) *p

HR (beats/min) Baseline
+6 weeks

168 (166; 170)
167 (161; 170) 0.543 171 (169; 174) 

172 (170; 174) 0.593 < .001
< .001

RR (breaths/min) Baseline
+6 weeks

48.5 (46.2; 51.7)
49 (46; 50.7) 0.963 40.5 (39; 42.7)

45 (43; 47.7) < .001 < .001
< .001

SpO2 (%) Baseline
+6 weeks

96 (96 ; 97) 
96 (96; 97) 0.868 94 (94; 95) 

94 (93; 94) 0.004 < .001
< .001

ED (Borg scale) Baseline
+6 weeks

7 (7; 7) 
7 (7; 8) 0.140 7 (7; 8) 

8 (7.25; 8) 0.001 0.209
0.009

Leg pain
(Borg scale)

Baseline
+6 weeks

8 (7.25; 8) 
8 (7 ; 8) 0.811 8 (8; 9) 

8 (8 ; 9) 0.578 0.041
< .018

PCI Baseline
+6 weeks

2.57 (2.48; 2.64) 
2.51 (2.39; 2.58) 0.183 2.67 (2.49; 2.76) 

2.68 (2.56; 2.74) 0.797 0.054
0.001

BiSC-10 = Bilevel intensity stair-climbing protocol for 10 flights of  stairs (see text); FiSC-8 = Fixed intensity stair-climbing protocol (8 flights of  stairs); SD = 
standard deviation; IQR = interquartile range; HR= Heart rate; RR= Respiratory rate; SpO2 = pulse oximeter oxyhemoglobin saturation; ED= Exertional dyspnea; 

PCI=Physiological cost index. *p value is from comparing each protocol initially with the subsequent performance at 6 weeks and between them; the **p value com-
pares each parameter of  the FiSC-8 with the corresponding parameter of  the BiSC-10 both at baseline, and at six weeks.
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tocol also had a desirable cardiovascular profile [7, 11] and was 
best tolerated.

While there are no published standardized physiologic studies of  
bi-level stair-climbing, a best approximation might be from studies 
of  bi-level Square-Wave Endurance Exercise Training (SWEET) 
which is 45 minutes of  bi-level cycle-ergometry [5, 11, 21, 23].  
The SWEET is very well tolerated because its short 1 min cycles 
of  maximal exertion (i.e., 60% of  VO2 max) do not provoke in-
tolerable dyspnea or leg pain. Using the SWEET protocol, at the 
45th min with maximal heart rate, measured lactic acidosis was 
only 50% of  that observed at VO2 max and arterial hydrogen ion 
concentration remained around normal resting values [5, 11, 21].   

Similar to SWEET [21, 23], BiSC involves brief  intervals of  posi-
tive work (i.e., 12 seconds of  ascend), negative work (i.e., 8 sec-
onds of  descend) and produces a high respiratory rate (Table 2) 
yet at lower heart rates than previously reported for exercise to 
VO2 max or PWR (Table 3) [5, 11, 27-29].

Six minute walks, too, are often used to estimate aerobic exer-
cise capacity [31, 34]. Continuous walking has also been recom-
mended by some health professionals for endurance training [6]. 
However, 6 minute walk studies have up to 42% variability [31], 
and have not been standardized for endurance training. 

Limitations of  this study include its small sample size and ho-
mogeneous male population so the results cannot be generalized 
to females. A confounding factor for standardizing stair climbing 

energy consumption was the use of  handrails which have been 
reported to have prolonged total treadmill time and can result in 
an overestimation of  attainable stair climbing VO2 max [30-33]. 
While the actual VO2 max can be significantly reduced by handrail 
use in submaximal exercise [32], it has not been reported to be 
affected by maximal exertion [30]. Manfre et al., [30]. measured 
oxygen consumption while 11 healthy men performed two symp-
tom-limited treadmill tests, one with limited handrail support and 
one prohibiting contact with the front handrail [30]. There was no 
significant (p ≤ 0.05) difference between the measured VO2 max 
and percent of  predicted maximal heart rates for both protocols. 
The few occasions our subjects used handrails were transient and 
limited to the FiSC protocol.

Conclusion

The protocol of  exercise climbing stairs with two levels one flight 
is more practical, for the subject and the specialized Staff  that 
survey the subjective and cardiorespiratory responses, and is bet-
ter tolerated than that of  the FiSC.
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Table 3. Comparison of  Blood Pressures and Heart Rates at rest and during Eercises.

Rest and exercises (n = 25) Systolic BP
mmHg

Diastolic BP
mmHg

Heart rate
Beats/min

At rest 142 (138; 144) 80 (78; 82) 84 (81; 84)
E1) After 10th floor of  BiSC-10 165 (163; 168) 76 (75; 78) 162 (159; 164)
E2) After 8th floor of  FiSC-8 190 (188; 194) 84 (82; 85) 172 (170; 173)

E3) After 8th of  10 floors of  BiSC-8 152 (149; 154) 74 (73; 76) 142 (140; 144)
E4) After PWR (cycle ergometer) 180 (178; 182) 78 (77; 79) 168 (166; 169)

E = Exercise; BP = Blood Pressure; BiSC-10 = Bi-level intensity stair-climbing 10 floors; FiSC = Fixed intensity stair-climbing for 8 
floors; BiSC-8 = Bi-level intensity stair-climbing over 8 floors; PWR = Peak Work Rate. Data are medians (IQR)

Table 4. Post - Study Stair Climbing Questionnaire.

Question Posed
(N = 25)

“Yes” Answer Count
p

BiSC-10 FiSC-8
Do you consider this test rapid (in time)? 25 (100) 19 (73.1) 0.050

Do you consider this test reproducible (at home)? 25 (100) 23 (88.5) 0.235
Do you consider this test safe? 25 (100) 18 (69.2) 0.040

Do you consider this test easy to understand? 25 (100) 24 (96.3) 0.490
Do you consider this test maximally intense? 25 (100) 25 (100) -
Do you consider this test home use friendly? 25 (100) 8 (30.8) < .001

Do you consider this test economic? 25 (100) 25 (100) -

BiSC-10 = Bi-level intensity stairs climbing over 10 floors; FiSC-8 = Fixed intensity stairs climbing over 8 floors. 
Data are frequencies (%)
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