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BACKGROUND: The 3-minute step test is a simple test of exercise capacity for children with cystic
fibrosis (CF), but no data have been reported regarding its usefulness in adults or its prognostic
value. OBJECTIVE: To determine the feasibility and acceptability of the 3-minute step test as a test
of exercise capacity in adults with CF and whether test performance is associated with 12-month
clinical outcomes. METHODS: From our out-patient clinic we prospectively recruited consecutive
adult patients with CF in stable health. The 3-minute step test was conducted with a standardized
protocol that included a 15-cm high step and external pacing at 30 steps/min. We measured heart
rate, dyspnea, and SpO2

. With multiple linear regression analyses we assessed the relationships
between step-test performance and change in FEV1 and hospital days at 12 months. RESULTS: The
participants were 101 adults: 56 male, mean � SD age 29 � 9 years, percent-of-predicted FEV1

61 � 23%, body mass index 22 � 4 kg/m2. Only 42% of the participants with mild CF achieved 70%
of the predicted maximum heart rate during the 3-minute step test, compared to 77% of those with
FEV1 < 60% of predicted. The 22 patients who desaturated to < 90% during the 3-minute step test
had a larger number of hospital days over the following 12 months than did those who did not
(median 28 d vs 11 d, P < .001). Those who desaturated also had a greater FEV1 decline (mean
difference �117 mL, 95% CI �215 to �19 mL). Desaturation during the 3-minute step test was an
independent predictor of both FEV1 decline and days spent in hospital. CONCLUSIONS: Desatu-
ration during the 3-minute step test is associated with long-term pulmonary deterioration and more
hospital days in adults with CF. The 3-minute step test may be a useful screening test for patients
with moderate to severe CF lung disease, who require increased intervention and monitoring. Key
words: cystic fibrosis; exercise test; prognosis; respiratory function tests. [Respir Care 2011;56(8):1137–
1142. © 2011 Daedalus Enterprises]

Introduction

Assessment of exercise capacity is an important element
of clinical management of adults with cystic fibrosis (CF).
Higher levels of physical fitness are associated with better
survival,1 and exercise training forms a critical part of the
treatment regimen.2 It has been recommended that a com-

prehensive exercise assessment be performed at least an-
nually in all patients with CF.3,4

There are a variety of methods available to measure
exercise capacity. Tests of maximal exercise performance
on a cycle ergometer provide a detailed cardiorespiratory
assessment and valid prognostic information.1 However,
these tests are complex, expensive, and may be onerous
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for patients. This has limited the application of maximal
tests in clinical practice. Field walking tests such as the
6-minute walk test and modified shuttle walk test have
also been used in CF.5,6 Although simple to perform, these
tests require substantial space and may not be applicable
across the lifespan in CF.

The 3-minute step test has been described as an alter-
native exercise capacity test in children with CF.7-9 It in-
volves stepping on and off a single level platform for
3 minutes at a set rate. This test is quick and easy to
perform, requires minimal space, and is externally paced.
The portable nature of this test makes it suited to the many
in-patient, out-patient, and home settings in which adults
with CF receive treatment. In children, the 3-minute step
test is reproducible and provokes a greater increase in
heart rate and breathlessness than does the 6-minute walk
test, and equivalent oxygen desaturation.7 It is also respon-
sive to change over the course of antibiotic treatment in
children with CF.9 No data have been reported regarding
these 3-minute step test variables in adults with CF. In
other populations the one-minute post-exercise recovery
heart rate following a step test is a reliable measure of
cardiorespiratory fitness,10 but the utility of this variable
has not been explored in CF. At present there is no con-
sensus regarding which variables should be measured dur-
ing a 3-minute step test in adults with CF.

Although the 3-minute step test is a simple measure-
ment tool, important questions regarding its clinical utility
have not been answered. To date, all the studies of the
3-minute step test have been in children, with step height
and cadence specifically chosen to suit this younger age
group, so it is unclear whether the 3-minute step test is
suitable for adults. Because there have been no longer-
term studies, it is not known whether the 3-minute step test
has predictive value similar to more complex exercise tests.
Desaturation during a 12-min-walk test is associated with
poorer long-term prognosis in children with CF,11 but it is
not known whether desaturation during the 3-minute step
test has similar predictive value. To date, the relationship
of variables measured during the 3-minute step test to
important clinical outcomes such as disease progression,
hospitalization, and survival has not been examined.

We aimed to determine the feasibility and acceptability
of the 3-minute step test as an exercise capacity test in
adults with CF, the physiologic variables that should be
recorded during the 3-minute step test, and whether the
3-minute step test predicts clinical outcomes at 12 months.

Methods

This study was approved by our hospital and university
human ethics committees, and all participants gave written
informed consent. We prospectively recruited patients from
our CF out-patient clinic in The Alfred Hospital, Mel-

bourne, Australia. Patients were considered eligible if they
had a diagnosis of CF confirmed by clinical criteria and
sweat testing or genotype analysis, were � 18 years old,
and had been clinically stable for the past 2 weeks (no
signs or symptoms of an exacerbation, such as increased
cough, change in sputum, decreased appetite or weight,
change in respiratory examination or respiratory rate).12

Participants were excluded if they had any comorbidities
that prevented exercise testing (eg, unstable cardiac dis-
ease, or severe musculoskeletal or neurological impair-
ments affecting the lower limbs).

Participants were studied in the CF out-patient clinic at
regular out-patient visits. Prior to the 3-minute step test we
recorded SpO2

(Onyx II 9550, Nonin Medical. Plymouth,
Minnesota) with the subject in the seated position, and
resting heart rate (RS400, Polar Electro, Kempele, Fin-
land). Supplemental oxygen was not administered during
the test. We recorded the time at which the participant last
took albuterol, and if this was more than 2 hours prior to
testing, the subject was asked to take 4 puffs of albuterol
via metered-dose inhaler and mouthpiece.

The step test involved stepping up onto and down off of
a 15-cm step for 3 minutes, per the previously described
protocol for children with CF.7 Stepping occurred at 30 steps
per minute, with the cadence controlled by a metronome.
The participant was instructed to place the full foot on the
step in each step up. The leading leg was changed each
minute, to reduce localized muscle fatigue. A short prac-
tice session was performed prior to the test, and standard-
ized instructions and encouragement were given.

We measured SpO2
continuously throughout the test. The

test was discontinued if SpO2
fell below 80%.7 The partic-

ipant could terminate the test if he or she became too
fatigued or breathless to continue. We recorded the time at
which the test ceased and the total number of steps. At
3 minutes the participant was asked to rate his or her
breathlessness and leg fatigue on the Borg scale.13 After
the test we recorded SpO2

once a minute for 3 minutes.
Following the test we downloaded the SpO2

and heart rate
to a computer. The minimum SpO2

, maximum heart rate,
and one-minute post-test recovery heart rate were recorded.
Desaturation was defined as SpO2

� 90% during the test.14

To establish the most useful desaturation threshold, we
repeated the analyses with desaturation defined as an SpO2

decrease of � 4% from baseline.7

To quantify the acceptability of the test, participants
were asked, “How difficult did you find this exercise test?”
Responses were recorded on a 10-cm visual analog scale
with the anchors “Not difficult at all, the easiest exercise
I have ever performed” and “Extremely difficult, the hard-
est exercise I have ever performed”.

We recorded lung function, height, weight, CF geno-
type, and sputum colonization at baseline. Lung function
tests were performed on the same day as the 3-minute step
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test and we classified impairment as mild (FEV1 60–79%
of predicted), moderate (FEV1 41–59% of predicted), or
severe (FEV1 � 40% of predicted).15 Twelve months fol-
lowing the 3-minute step test we again conducted lung
function testing and recorded the number of hospital ad-
missions and hospital days during the past 12 months. If a
participant had been transplanted or was deceased at the
end of 12 months, this was also recorded.

Statistical Analyses

To assess the relationships between SpO2
, heart rate, and

clinical variables at baseline, we calculated the Spearman
correlation coefficients (rS). We examined differences in
test performance between those with mild, moderate, and
severe lung disease with univariate analysis of variance.
We assessed the usefulness of the 3-minute step test to
predict clinical outcomes at 12 months with stepwise mul-
tiple linear regression analysis, using change in respiratory
function and total hospital days (in-patient and hospital in
the home days) as dependent variables, and oxygen de-
saturation to � 90% as a predictor. Other predictor vari-
ables we selected a priori were age, sex, and body mass
index (BMI), because these factors are known to influence
long-term outcomes in CF. Variables that were not signif-
icant were removed from the model, using a probability of
F to remove those � 0.200. Hospital days were not nor-
mally distributed and were transformed to natural loga-
rithms. We report the results as the total percentage of
variance in the dependent variable that could be explained
by the regression model (R2), the relative proportion of
that variance that could be attributed to each of the pre-
dictor variables (partial R2), and unstandardized coeffi-
cients for the predictors, together with their standard er-
rors. We also repeated the regression analyses with the
alternative definition of desaturation (SpO2

decrease of � 4%
from baseline). A P value of � .05 was considered statis-
tically significant. All the analyses were undertaken with
statistics software (SPSS 17.0, SPSS, Chicago, Illinois).

Results

We recruited 101 adults (56 males) with CF between
April 2007 and March 2008 (Table 1). This represented
43% of the total clinical population. Twenty-two partici-
pants had severe CF lung disease, 34 had moderate dis-
ease, 22 had mild disease, and 23 had normal lung func-
tion. Forty percent of the participants were homozygous
for DF508, and 91% were colonized with Pseudomonas
aeruginosa. There were no significant differences between
the sample and the clinic population for the distribution of
age, sex, lung function, or BMI.

Response to the 3-Minute Step Test at Baseline

Ninety-seven participants completed the entire 3-minute
step test. All 4 non-completers had severe lung disease.
Reasons for non-completion were excessive dyspnea (3 pa-
tients) and leg fatigue (1 patient). There were no adverse
events and the test was well tolerated, with a median vi-
sual-analog-scale difficulty score of 1.2 (0–9.1) and a me-
dian Borg dyspnea score of 3.0, which indicates moderate
dyspnea (range 0–8). Greater difficulty performing the
3-minute step test was associated with a lower percent-of-
predicted FEV1 (rS � 0.40, P � .001) and older age
(rS � 0.24, P � .02). A lower percent-of-predicted FEV1

was also associated with more dyspnea at the end of the
test (rS � �0.46, P � .001).

Desaturation was common during the 3-minute step test
and the mean SpO2

reduction was 4% (range 0–13%). The
nadir SpO2

was strongly associated with percent-of-pre-
dicted FEV1 (r � 0.75, P � .001). Twenty-two partici-
pants (22%) desaturated to � 90%, and all of those pa-
tients had moderate or severe lung disease (Fig. 1).

A lower percent-of-predicted FEV1 was also associated
with a higher resting heart rate (r � �0.25, P � .01),
higher maximum heart rate (r � �0.25, P � .01) and a
higher one-minute post-test recovery heart rate (r ��0.313,
P � .003). There was no relationship between change in
heart rate and disease severity. There was little heart-rate
response in those with mildly impaired or normal lung
function: 26 of 45 participants in those categories did not
reach 70% of their predicted maximum heart rate, com-
pared to 23% of those with FEV1 � 60% of predicted.

Relationship Between 3-Minute Step Test and
Clinical Changes at 12 Months

Two participants died during the 12-month period after
the 3-minute step test. Spirometry was repeated in the
remaining 99 participants at 12 months. The group data
showed no significant change in FEV1 at 12 months (mean
decrease of –40 mL, 95% CI �90 to 12 mL); however,

Table 1. Subjects (n � 101)*

Mean � SD Range

Age (y) 29.1 � 9.3 18–63
FEV1 % predicted 61 � 23 23–122
FVC % predicted 80 � 20 14–131
FEV1/FVC (%) 63 � 14 37–95
BMI (kg/m2) 22.2 � 4.2 14.1–51.3
Resting SpO2

(%) 95 � 2 89–100

* 56 males.
FVC � forced vital capacity
BMI � body mass index
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there was significant inter-individual variation. Participants
who desaturated (nadir SpO2

� 90%) during the 3-minute
step test had a greater FEV1 decline at 12 months than
those who did not (mean difference �117 mL, 95% CI �215
to �19 mL). There were no significant relationships between
change in FEV1 at 12 months and test completion, dyspnea
score, or heart rate response to the 3-minute step test. In a
stepwise multiple regression model that included age, sex,
BMI, baseline FEV1, and desaturation to � 90%, the only
significant predictors of FEV1 decline were baseline FEV1

and desaturation (Table 2). This model explained 16% of the
variation in change in FEV1 at 12 months, with 10% of this
variation explained by desaturation alone. When the regres-
sion analysis was repeated with the alternative definition of
desaturation (SpO2

decrease of � 4% from baseline), both
baseline FEV1 and desaturation remained significant predic-
tors; however, the model explained less of the change in
FEV1 (R2 � 0.10, model not shown).

Participants who desaturated during the 3-minute step
test had more hospital days in the ensuing 12 months than
those who did not desaturate (median 28 d vs 11 d, P � .001).

A similar relationship was seen when comparing those
who could not complete the 3-minute step test to those
who completed the entire 3 minutes (median 61 d vs 18 d,
P � .02). A higher resting heart rate was associated with
more hospital days (rS � 0.26, P � .01). There was no
relationship between total hospital days and dyspnea score,
difficulty score, or heart rate response to 3-minute step
test.

In a stepwise multiple regression model that included
age, sex, BMI, resting heart rate, baseline FEV1 and de-
saturation, the only significant predictors of total hospital
days were baseline FEV1 and desaturation to � 90% (Ta-
ble 3). This model explained 34% of the variation in hos-
pital days, of which 4% was attributable to desaturation
alone. When the regression analysis was repeated with the
alternative definition of desaturation (SpO2

decrease of � 4%
from baseline), desaturation was no longer a significant
predictor of hospital days, and the model explained less of
the variance (R2 � 0.30, model not shown).

Discussion

This study shows that the 3-minute step test is a feasible
and acceptable test for adults with CF. Oxyhemoglobin
saturation and heart rate response are associated with dis-
ease severity, with little heart rate response evident in
patients with mildly impaired or normal lung function.
Oxyhemoglobin desaturation and FEV1 are independent
predictors of decline in lung function and hospital days at
12 months. These results suggest that desaturation to � 90%
during the 3-minute step test may be a useful indicator of
risk of clinical deterioration in patients with moderate to
severe disease, although the test gives little information in
those with better preserved lung function.

Although the 3-minute step test has been evaluated ex-
tensively in children,7-9,16 there have been few data regard-
ing its utility in adults with CF. The current study shows
that the test was acceptable to adults and could be per-
formed by almost all participants, regardless of disease

Fig. 1. Nadir SpO2
during the 3-minute step test versus baseline

percent-of-predicted FEV1.

Table 2. Stepwise Multiple Linear Regression Model for Change in
FEV1 Over 12 Months

B
Standard

Error of B
P

Partial
R2*

Constant 0.236 0.073 .002 –
Baseline FEV1 –0.104 0.028 � .001 0.053
SpO2

� 90% on 3-min
step test

–0.224 0.065 .001 0.103

* The partial R2 is the proportion of variation in change in FEV1 (in liters) explained by
individual variable. R2 (the proportion of variation in change in FEV1 explained by the model)
for the model is 0.16.
B � unstandardized coefficient

Table 3. Stepwise Multiple Linear Regression Model for Natural
Log of Total Hospital Days Over 12 Months

B
Standard

Error of B
P

Partial
R2*

Constant 4.077 0.405 � .001 –
Baseline FEV1 –0.790 0.157 � .001 0.300
SpO2

� 90% on 3-min
step test

0.847 0.362 .02 0.037

* The partial R2 is the proportion of variation in change in FEV1 explained by an individual
variable. R2 (the proportion of variation in change in FEV1 explained by the model) for the
model is 0.34.
B � unstandardized coefficient

DESATURATION DURING THE 3-MINUTE STEP TEST

1140 RESPIRATORY CARE • AUGUST 2011 VOL 56 NO 8



severity. Physiological responses to the 3-minute step test
were similar to those reported in 54 children with CF and
similar disease severity,7 with comparable changes in oxy-
hemoglobin saturation, heart rate, and dyspnea scores. This
suggests that it may be feasible to use the 3-minute step
test across the lifespan in CF.

Our results suggest that oxyhemoglobin saturation may
be the most important outcome measurement for the 3-min-
ute step test. As well as being a sensitive marker of disease
severity, desaturation to � 90% was an independent pre-
dictor of change in both FEV1 and hospital days. Desatu-
ration to � 90% explained more of the change in FEV1 at
12 months than did baseline FEV1 (10% vs 6%). This
result is consistent with previous reports of a strong rela-
tionship between desaturation during exercise testing, dis-
ease progression, and survival in patients with CF11 and
other chronic lung diseases.17,18 This may reflect greater
ventilation/perfusion mismatch and intrapulmonary shunt
in patients with more advanced CF.19 However, when de-
saturation was defined as � 4% decrease from baseline
SpO2

, this relationship with prognosis was no longer evi-
dent. It is likely that use of a threshold value of SpO2

� 90% identifies a group with lower absolute oxyhemo-
globin saturation during exercise and may reflect a greater
impairment of the pulmonary vasculature, thought to occur
frequently in end-stage CF.20 This highlights the impor-
tance of using standardized definitions for desaturation, in
order to compare data across trials.

It is important that the relationship between desaturation
and clinical decline can be detected with a simple field
exercise test that is widely applicable and easy to admin-
ister. This allows important information about prognosis to
be easily accessible to clinicians across the wide variety of
settings where people with CF receive care. Although the
proportion of variance at 12 months that could be ex-
plained by the regression models was small, desaturation
provided additional information about prognosis that was
not available from FEV1 alone. Thirty-five participants
with FEV1 � 60% did not desaturate (see Fig. 1); our data
suggest that those individuals are less at risk of clinical
deterioration than others with moderate to severe disease.
This may be useful information for the treating team.

Although heart rate and dyspnea scores were associated
with disease severity at baseline, these variables did not
predict outcomes at 12 months. Recent data from a retro-
spective study suggest that resting heart rate may be more
important than heart rate response to exercise, and there is
a significant relationship between resting sinus tachycar-
dia and mortality in individuals with advanced CF.21 Al-
though we found an association between resting heart rate
and hospital days, this was not a significant predictor of
clinical deterioration. Despite the lack of association be-
tween heart rate or dyspnea score and longer term out-
comes, these variables are sensitive to change following

intravenous antibiotic treatment in children with CF.9 These
variables may therefore be more suited to evaluating change
following an intervention.

It is evident from this study that the 3-minute step test
has both floor and ceiling effects. Four participants were
not able to complete the test, indicating that the load ap-
plied may be too great for those with advanced disease.
However, all 4 of those participants desaturated to � 90%
during the test, so clinically relevant information was still
obtained despite the shortened test duration. The ceiling
effect is likely to be of greater clinical importance. The
heart rate response to the 3-minute step test in those with
mild disease indicates that the test imposed little cardio-
vascular load, with more than half of these participants
failing to achieve 70% of their maximum predicted heart
rate. This is consistent with the findings of a previous
study in children with mild CF lung disease,8 which found
that clinically relevant desaturation during an incremental
exercise test was not detected by a 3-minute step test. Our
data confirm that the 3-minute step test is most useful as a
screening tool for those at risk of clinical deterioration, but
provides little information about those who are not clas-
sified as at risk.

An additional limitation of the 3-minute step test is that
the work imposed by the test is unknown. No studies have
quantified the percentage of peak oxygen uptake during
the test by comparison with a maximal test of exercise
capacity. The test load is not constant across individuals
because of the varying relationship between leg length,
body weight, and the fixed 15 cm step height. Because of
these factors the 3-minute step test is not useful for pre-
scription of exercise training work rates. Regular exercise
therapy is an integral part of CF management,2 so other
exercise tests, such as the modified shuttle walk test or an
incremental exercise test on a cycle ergometer, will be
required to prescribe safe and effective training loads. A
further limitation is the lack of data regarding the repro-
ducibility of the 3-minute step test in adults with CF,
which we did not investigate. Although previous data in-
dicate that the 3-minute step test has acceptable reliability
in children with CF,7 further research with adults is needed.

Conclusions

The 3-minute step test is a feasible and acceptable test
of exercise performance in adults with CF. Oxyhemoglo-
bin saturation appears to be the most useful outcome to
record, with desaturation to � 90% being associated with
greater FEV1 decline and more hospital days in the fol-
lowing 12 months. The 3-minute step test appears to be
less useful in adults with normal or mildly decreased lung
function. Our results provide a preliminary rationale for
use of the 3-minute step test as a screening tool in CF
clinics. Further investigation of the utility of the 3-minute
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step test over and above routine pulmonary function mea-
surements is needed, along with more information regard-
ing the ability of this simple test to predict clinical out-
comes in adults with CF.
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