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ABSTRACT

Objectives (1) To describe the cardiorespiratory fitness
(CRF) in an adult cystic fibrosis population related to sex
and age, (2) to evaluate the cause of low CRF and (3)

to study the association between peak oxygen uptake
(V02peak) and forced expiratory volume in 1 s (FEV)).
Methods A total of 204 cardiopulmonary treadmill
exercise tests (CPETs) performed by 116 patients were
included. VO,peak, gas exchange, heart rate, oxygen
saturation and ventilatory variables were measured.

A low CRF was defined as a VOZpeak <80% of predicted,
ventilatory limitation was defined as a breathing reserve
<15%, exercise hypoxaemia was defined as an oxygen
saturation <88% and ventilation-perfusion mismatch was
defined as a minute ventilation/ventilatory equivalent for
carbon dioxide slope >34. In patients who had performed
three or more CPETS, the annual change in FEV1 and
V02peak were calculated using linear regression.
Results The VO,peak was 40.6+11.5and 35.2+8.9mL
kg™ min~', which was 87+23and 93+20 in percentage of
predicted for men and women, respectively. VO,peak was
moderately affected by age, for men (r=—0.36, p<0.001)
and women (r=—0.53, p<0.001), respectively. In 45 of 101
tests where CRF was low, no cardiorespiratory limiting
factors were identified. The correlation coefficient between
VO, peak and FEV, was r=0.64 (p<0.001). In participants
with a low CRF, FEV, ranged from 20% to 112% of
predicted.

Conclusions The correlation between VO, peak and
FEV1 was moderate. The majority of the tests resulted
ina V02peak within normal limits. Interestingly, 44%

of the tests with a low VO,peak could be explained by
deconditioning. Thus, exercise therapy may be beneficial
for these patients.

INTRODUCTION

In cystic fibrosis (CF) regular physical activity
represents an integral part of disease manage-
ment,' and as reduced exercise capacity has
been shown to be prognostically disadvanta-
geous, identifying patients in need of exercise
counselling seems important.” Pulmonary
disease, eventually progressing to respiratory
failure, is the leading cause of death in the CF
population. Forced expiratory volume in 1s
(FEV)) is used as the single most important
variable to monitor the development and

Dr Audun Os; auduos@ous-hf.no  progression of pulmonary disease in patients

,"#® Audun Os,*® Ole Henning Skjonsberg, "

What are the new findings?

» Somewhat surprisingly, two thirds of the tests re-
sulted in a peak oxygen uptake (VOZpeak) within the
reference limits of the general population.

> In almost half of the patients with a low VO, peak,
deconditioning seemed to be the cause.

» Forced expiratory volume in 1 s (FEV,) could not in-
variably predict the cystic fibrosis (CF) patients’ car-
diorespiratory fitness.

How might it impact on clinical practice in the

future?

» Cardiopulmonary exercise test provides valuable in-
sight beyond FEV1 in order to identify:
— Cardiorespiratory pathophysiology in CF.
— Patients that might benefit from exercise therapy.

with CF, and its decline is negatively associ-
ated with survival.>?® Although rising, the life
expectancy of patients with CF it is still mark-
edly reduced compared with the general
population in the western hemisphere.6

Clinical exercise testing7 is recommended
performed annually in the follow-up of
patients with CE*'" and a standardised
cardiopulmonary exercise test (CPET) is the
most reliable method for determining cardio-
respiratory fitness (CRF) by non-invasively
measuring cardiopulmonary response during
incremental exercise to maximum effort.” !
Peak oxygen uptake (VO peak) is considered
the most important variable during CPET
and provides valuable information about
the cardiorespiratory system, the causes of
dyspnoea and the prognosis of the patient.?'?
Desaturation during exercise testing is known
to correlate with both accelerated lung func-
tion decline and increased likelihood of
hospitalisation." It has recently been shown
that the VO,peak and other CPET derived
measures represent independent and signifi-
cant predictors of death or lung-transplant at
10-year follow-up.”
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Several studies have described CRF in the adult CF
population.” '*® However, most of these studies were
based on a limited number of participants,'*'° 1% or
described results in a population below the age of 30
years."™ In addition, CPET was conducted using a cycle
ergometer” 'Y 2% in all but one study.*” Cycle ergom-
etry, which is recommended for individuals with CF aged
>10 years, is the preferred method at most CF centres.'’
Although not shown in CF, a higher VO, peak is obtained
on a treadmill then when using cycle ergometry in both
patients with chronic obstructive pulmonary disease
and healthy subjects.” " To the authors’ knowledge, no
previous studies have described CRF and cardiopulmo-
nary response during maximal exercise on a treadmill in
a large number of adult patients with CF of varying age.

The objectives of the present study were (1) to
describe the CRF determined by treadmill testing in an
adult CF population related to sex and age, (2) to eval-
uate the causes of decreased CRF and (3) to study the
association between VO,peak and FEV| in all individ-
uals and longitudinally in patients having performed
three or more tests.

MATERIALS AND METHODS

Participants

CPETs performed between January 2006 and June 2017
were retrospectively included in an internal quality
registry database (EpiData software—V.2.0.8.56, The
EpiData Association, Odense, Denmark) at the Norwe-
gian Resource Centre for Cystic Fibrosis in Oslo,
Norway. CPET is an integrated part of the routine
assessment of adult patients with CF . In a minority
of the Norwegian CF population, chronic colonisa-
tion with Mycobacterium abscessus, Burkholderia sp,
methicillin-resistant Staphylococcus aureus or multidrug-
resistant Pseudomonas aeruginosa prevented CPET due
to hygienic considerations. CPET was not performed
during pulmonary exacerbations. No results from lung-
transplanted patients were included in the present
study for two reasons: (1) in Norway, the pulmonary
function of lung-transplanted patients, including CF, is
followed life-long by another institution (the national
referral centre for lung transplantation, Oslo University
Hospital Rikshospitalet) and (2) post-transplant CPET
data, although interesting per se, would not benefit
the aims of this study. Patients prescribed pancreatic
enzyme replacement therapy (PERT) were considered
pancreatic insufficient (PI), whereas those not on PERT
were considered pancreatic sufficient (PS).

In total, 204 CPETs performed by 116 adult patients,
aged 18-68 years, are listed in the database, and thus
included in the present study. Fifty-three patients were
tested three times or more. Results from patients tested
more than once were included if represented in sepa-
rate age-cohorts. In cases where the patient had several
CPETs within the same age-cohort, only the latest was
included.

Patient and public involvement

User involvement was provided through The Norwegian
Cystic Fibrosis Association representatives to the council
for Norwegian Resource Centre for Cystic Fibrosis.

Measurements

Height and body weight were measured to the nearest
0.5cm and 0.1kg, respectively, with participants wearing
light clothing and no shoes.

Spirometry were conducted (Sensor Medics, Yorba
Linda, California, USA) according to the American
Thoracic Society/European Respiratory Society guide-
lines.”® Maximal voluntary ventilation (MVV) was
measured by asking the patients to breathe as fast and
deep as possible for 12s in a standing position. In the
tests where the patients did not manage the MVV proce-
dure (n=14), FEV x40 was used as an estimate.

All tests (spirometry and CPET) were performed by
the same experienced exercise physiologist, using an
incremental protocol of uphill walking and running
on a treadmill (Jaeger LE 100, Wiirzburg, Germany or
Woodway, Wirzburg, Germany). Prior to each CPET,
complete volume and gas calibration was performed,
and all patients were familiarised with treadmill walking.
After a short warm-up at 3 km hourfl, speed and eleva-
tion were increased alternately every minute by 1 km
hour™! and 1% elevation, respectively, until exhaustion.
Gas exchange and ventilatory variables were continu-
ously determined by breath-by-breath sampling, averaged
over 30s intervals, through a Hans Rudolph two-way
breathing mask (Hans Rudolph, Kansas City, USA). The
breathing mask was connected to a Vmax SensorMedics
metabolic analyser (Yorba Linda, California, USA) to
assess ventilatory variables and the content of oxygen and
carbon dioxide of expired air. At rest in a sitting position,
during the entire exercise test, and in the recovery phase,
percutaneous oxygen saturation (SpO,) was measured
with a finger probe using a stationary pulse oximeter
(NONIN 8600, Medical, Minneapolis, USA). Maximal
heart rate (HR ) was measured through a 12-lead ECG
(Cardiosoft GE Marquette Medical Systems, Milwaukee,
Wisconsin, USA). Ratings of perceived exertion (RPE)
were recorded throughout the test using the BORG
6-20 scale,29 and the final rating during maximal effort
is presented.

Data handling
The predicted spirometry values were calculated using the
Global Lung Function Initiative 2012 reference values.”
End criteria used for evaluation of maximal effort were
respiratory exchange ratio (RER =1.10) or RPE (BORG
scale >17).”' Predicted VO,peak values were calculated
according to Edvardsen et al, which was considered the
most suitable reference material, being derived from a
large Norwegian population using a treadmill.”

The ventilatory threshold (VT) was calculated using the
ventilatory equivalent method,”” and expressed as VO
(L min™") and in percentage of VO,peak. The breathing
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reserve (%) was calculated using the following equa-
tion: ((MVV-V,)/MVV)x100, where V_ is the maximal
minute ventilation. The oxygen pulse was calculated by
dividing VO,peak (in mL) by the HR . The V_ and CO,
responses during exercise were used to calculate the V,/
VCO, slope, where we excluded the values after the respi-
ratory compensation point.?’2

Alow CRF was defined asa VO, peak <80% of predicted,’
ventilatory limitation was defined as a breathing reserve
<15%, exercise hypoxaemia at maximal effort was defined
as a SpO,, <88% and signs of ventilation perfusion (VQ)
mismatch (gas exchange limitation) was defined as a VE/
VCO, slope 234.

Statistical analysis

Results are presented as mean+SD for continuous data
and median and range for not normally distributed
data. Cross-sectional data are reported by gender and
age groups (b-year age cohorts). Analysis of variance
(ANOVA) was used to evaluate differences in the cardio-
pulmonary variables between age cohorts tested by linear
trends. Differences between groups based on exocrine
pancreas status, RER and gender were tested with the
Student’s t-test. Correlations between VOQpeak, age, F EV1
and annual changes in FEV, and VO,peak were assessed
by Pearson’s correlation coefficient. In patients who had
performed three or more CPETs, the annual change in
FEV, and VO, peak was calculated using linear regression.
Statistical significance level was set to <0.05. Data were
analysed using IBM SPSS Statistical Data Editor, V.24.0.

RESULTS

Sixty-nine men (aged 18-68 years) and 47 women (aged
18-65 years) performed 204 CPETs using a treadmill until
exhaustion, and no adverse events were observed. One
hundred and fifty-two CPETs (75%) were performed by
the patients with PI.

Baseline characteristics, spirometry and MVV values are
listed in tables 1 and 2 for men and women, respectively.
FEV | was significantly lower in patients with PI compared
with PS (64% vs 80% of predicted; p<0.001).

Tables 3 and 4 show the physiological variables of
cardiopulmonary response during CPET, including end-
criteria RER and RPE for men and women, respectively.
RER and RPE were high throughout all age cohorts for
both genders, indicating excellent effort during CPET. In
the 34 tests (17%) in which the RER >1.10 criterion was
not achieved, both FEVl and VO2peak were significantly
lower as compared with the tests that reached RER >1.10
(44% vs 73% of predicted (p<0.001) and 69% vs 91% of
predicted (p<0.001), respectively).

VO,peak was <50% of predicted in 9 tests (4%),
50%-79% of predicted in 62 tests (30%), 80%—-119% of
predicted in 121 tests (59%) and >120% of predicted
in 11 tests (5%). A tendency towards lower VOZpeak in
percentage of predicted was observed in patients with PI
compared with PS (86%+22% vs 91%+20%, p=0.057). In
CPETs with a low CRF (<80% of predicted) (n=71, 35%),
a ventilatory limitation was found in 16 (23%), exer-
cise induced hypoxaemia in 33 (46%) and signs of VQ
mismatch in 6 (8%). In 14 CPETs more than one limiting
factor was identified. Three limiting factors was found in
2 CPETs. In 31 tests (44%), no cardiopulmonary limiting
factors could be identified.

ANOVA for VO peak (mL kg™' min™') between the
defined age cohortsdid notreveal anyage-related decrease
in men or women. When correcting for the expected
physiological reduction of VO peak with increasing age
by using VO,peak in percentage of predicted, no age
dependent reduction could be established, neither when
both genders were pooled nor when split.

The correlation between VO,peak and age for men
and women was —0.46 and -0.34, respectively (both

Table 1
year age cohorts

Baseline characteristics, spirometry and maximal voluntary ventilation (MVV) values for men; all and divided by 5-

Age (years), cohorts

18-22 23-27 28-32 33-37 38-42 43-68 All
Number of patients (%) 34 (27) 22 (18) 20 (16) 20 (16) 8 (6) 21 (17) 125
Age, years 204+1.4  253+1.5 31.3+1.0 35315  40.7+1.3  50.6+7.1 31.8+11.0
BMI, kg/m? 22.0+45  21.8+4.3 22.6+2.7 24337  24.3:24 24435 22.8+3.7
PI, N 31 21 19 16 6 10 103
FEV,, L 2.7+1.2 2.8+1.2 2.7+1.3 3.0+1.3 2.8+0.8 2.8+1.2 3.1+1.3
FEV,% of predicted 5923 6123 6127 6727 6821 6921 68+26
FVC, L 4.3+1.4 4.4+1.4 4.4+1.6 4.8+1.4 4.7+0.8 4.4+1.1 4.6+1.4
FVC% of predicted 7722 78+21 8127 88+23 92+14 85+16 8522
FEV,/FVC % 62+11 63+11 60+10 60+12 59+13 62+14 64+13
MVV, L min™" 127+50 12750 13158 14758 14025 13045 13852

Data are presented as mean+SDor N (%).

BMI, body mass index; FEV,, forced expiratory volume after 1 s; FVC, forced vital capacity; Pl, pancreatic insufficient.
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Table 2 Baseline characteristics, spirometry and maximal voluntary ventilation (MVV) values for women; all and divided by

5-year age cohorts

Age (years), cohorts

18-22 23-27 28-32 33-37 38-42 43-65 Al
Number of patients (%) 20 (25) 13 (16) 10 (13) 14 (18) 9 (11) 13 (16) 79
Age, years 20.4+1.3 257+1.8  31.3x1.5  352+1.5  41.1+1.1  50.8:7.6  32.6+11.0
BMI, kg/m? 20.9+2.5 21.5:4.4  21.8+3.9  224:3.0  21.9+1.7  21.9+1.9  21.7x3.0
PI, N 15 8 9 6 5 6 49
FEV,, L 2.7+0.8 2.3:0.7 2.4+0.8 2.3:0.9 1.9+1.0 1.7£0.7 2.3:0.9
FEV,% of predicted 78+23 6619 7423 7124 58+27 6019 6923
FVC, L 3.8+0.7 3.3+0.5 3.7+0.8 3.4+0.7 3.1+0.9 2.8+0.7 3.4+0.8
FVC% of predicted 93+16 82+11 94+16 8815 7919 8114 87+16
FEV,/FVC % 72+14 69+15 66+12 64+14 58+14 58+12 65+14
MVV, L min™" 110+28 97+28 106+30 10234 78+37 8129 97+32

Data are presented as mean+SDor N (%).

BMI, body mass index; FEV1, forced expiratory volume after 1 s; FVC, forced vital capacity; PI, exocrine pancreas insufficiency.

p<0.001) (figure 1A,B). Between VOZpeak and FEV,
(both in %-predicted) for both genders combined the
correlation was r=0.63 (p<0.001) (figure 1C). For the 53
patients that had performed three or more tests, linear
regression was used to calculate longitudinal data for
FEV, and VO%peak (expressed as annual change in mL
and mL min~ kg’l, respectively). The median observa-
tion period for the longitudinal data was 7.9 (2-17) years.
The mean annual change in FEV, and VO2peak was
-31mL (95% CI -212-132) and -0.52mL min "' kg™ (95%
CI -3.66-1.51), respectively (figure 2B) and the correla-
tion between the two parameters was r=0.23 (figure 2A).
In the 71 CPETs where VO, peak was low (VO,peak <80%

of predicted), the corresponding FEV, varied from 20%
to 112% of predicted.

DISCUSSION

The present study describes the CRF in a large adult CF
population age 18-68 years, and evaluates the cause of low
CREF. In addition, the association between VOQpeak and
FEV, and between the annual changes in VO,peak and
FEVl, were assessed. The main findings were that CRF, as
measured by VOQpeak, was well preserved, as two-thirds
of the tests resulted in scores within the reference limits
of healthy Norwegians.” In tests demonstrating a low
CRF, 44% showed a normal cardiorespiratory response

Table 3 Cardiopulmonary response during exercise on a treadmill for men; all and divided by 5-year age cohorts

Age, years

18-22 23-27 28-32 33-37 38-42 43-68 All
VO, peak, L min~"' 3.15+0.99 2.72+0.86 2.76+1.07 3.15£1.08  3.17x0.71 2.76+1.06  2.95+0.99
VO, peak, mL kg™ min™ 46.4+11.0 39.3x10.9  38.4+13.1 40.0+10.7  41.8+7.9 34.0+10.6  40.5%+11.6
VO, peak, % predicted 89+21 79+22 81+28 87+23 96+18 87126 86+23
VT, L min™ 2.03+0.59 1.97+0.42 1.96+0.56 2.13+0.45 2.08+0.40 1.97+0.50 2.02+0.50
VT, % of VO, peak 58+9 68+15 69+19 62+15 66+14 72+14 65+14
HR_ .. beats min~’ 186+12 173+16 17714 178+18 174+7 166+13 177+15
Oxygen pulse, mL beat™ 16.8+4.8 15.4+4.2 15.4+5.5 17.5+4.9 18.2+3.8 16.5+6.1 16.5+5.0
VE, L min™' 112+36 92+33 93+39 108+42 11731 95+34 102+37
Breathing reserve, % 24+14 26+12 25+19 23+15 169 26+12 24+14
SpO,, % 93+4 91+4 88+7 88+8 8915 9115 90+6
RER 1.23+0.11 1.21+0.13 1.18+0.15 1.19+0.09 1.23+0.09 1.18+0.09  1.20+0.11
RPE (BORG 6-20) 18 (15-19) 18 (13-19) 17 (15-20) 18(16-19) 185(17-20) 18 (17-19) 18 (13-20)
VE/VCO, slope 25.1+3.6 24.5+3.9 25.4+2.6 25.4+2.9 26.6+1.8 26.6+3.8 25.5+3.3

Data are presented as mean+SD, median (range) or N.
HR maximal heart rate; RER, respiratory exchange ratio (VCOZV02'1); RPE, ratings of perceived exertion; SpO,, peripheral capillary

max’

oxygen saturation; VE, minute ventilation; VE/VCO,, ventilatory equivalent for carbon dioxide; VO,peak, peak oxygen uptake; VT, ventilatory

threshold.
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Table 4 Cardiopulmonary response during exercise on a treadmill for women; all and divided by 5-year age cohorts

Age, years

18-22 23-27 28-32 33-37 38-42 43+ All
VO, peak, L min~"' 2.21+0.67  2.15+0.37  2.20+0.51 2.02+0.42 1.77+0.49 1.63+0.45 2.02+0.54
VO, peak, mL kg™ min™ 37.4+8.8 36.8+7.0 37.9+8.7 33.4+6.0 29.1+6.8 27.6+5.8 34.1£8.2
VOzpeak, % predicted 90+22 92+17 99+22 9117 83+19 86+16 90+19
VT, mL kg™ min™" 1.60+0.43 1.39+0.26 1.42+0.40 1.49+0.21 1.45+0.30 1.23+0.24 1.45+0.34
VT, % of VO, peak 72+12 67+12 68+9 71+12 80+9 78+8 72+11
HR .. beats min~! 179+14 184+12 181+9 181+11 170+10 167+12 178+13
Oxygen pulse, mL beat™  12.2+3.3 11.7+£2.2 12.2+3.1 11.2+2.4 10.3+2.6 9.9+2.3 11.4+2.8
VE, L min™' 7718 79+13 81+19 71+20 58+18 5617 7119
Breathing reserve, % 29+13 15+15 22+12 29+10 19+15 28+15 24+14
SpO,, % 92+4 91+4 90+4 88+5 87+7 87+7 90+5
RER 1.19+0.11 1.21+0.13 1.25+0.09 1.20+0.12 1.14+0.05 1.14+0.09 1.19+0.11
RPE (BORG 6-20) 17 (15-19)  19(14-19) 19 (16-19) 18 (10-19) 17 (17-19) 18 (13-19) 18 (10-19)
VE/VCO, slope 27.6+£5.5 27.4+3.2 26.7+3.4 26.5+4.2 24.3+2.3 25.9+5.4 25.6+4.4

Data are presented as mean+SD, median (range) or N (%).

HR_ ., maximal heart rate; RER, respiratory exchange ratio (VCOZVOZ’1); RPE, ratings of perceived exertion; SpO,,, peripheral capillary
oxygen saturation; VE, minute ventilation; VENCOZ, ventilatory equivalent for carbon dioxide; VOZpeak, peak oxygen uptake; VT, ventilatory

threshold.

without any sign of ventilatory limitation, hypoxaemia or
VQ mismatch (gas exchange limitation). The R-squared
value between VO,peak and FEV, both in percentage
of predicted, was 0.41, indicating that 41% of the vari-
ance in VO,peak could be predicted by FEV,. Further,
there was no significant correlation between the calcu-
lated annual changes in FEV, and VO peak, where only
5% of the variance in annual VO,peak change could be
attributed to annual FEV| change.

Cardiorespiratory fitness

The CRF in the majority of the CF population was found
to be within the reference values of healthy Norwe-
gians.31 Surprisingly, a normal CRF could be achieved
despite a markedly reduced FEV, (as low as 35% of
predicted). Our data showed markedly higher VO,peak
than previously reported in CF populations consisting
of adolescents and young adults from Germany and

r=+0.34, p<0.001 6004

VO, (ML-kg2min-)
VO, gy (ML-kg--min't)

Women All

Switzerland,'® in young adults from Belgium23 and in
adults from UK.** This difference cannot be explained
by a better preserved FEV | in our population, but may
partly be due to the use of a treadmill instead of a cycle
ergometer in the present study.”® ?’ It is well known that
VO,peak is task specific, and is most reliably measured
during dynamic work that uses large muscle groups such
as uphill walking and running. Consequently, VOQpeak
is 10%—-20% higher during uphill walking and running
compared with cycling in both healthy individuals®” ** **
and in patients with lung disease.?

In addition to high RER and RPE (BORG scale score), a
high HR in the present study indicates excellent effort by
the patients in the vast majority of tests and good validity
of our data. Even though satisfactory RER levels were
reported in the two above-mentioned previous studies'® **
as well, the use of a cycle ergometer implies higher RER

r=:0.46, p<0.001 1=0.63, p<0.001
°

V0,155 (% predicted)

00— T T T T
15 % 55 & 15

% 5
Age (year)

3‘5 :'=
Age (year)

T T T T T T T T
55 65 20 40 €0 80 100 120
FEV, (% predicted)

Figure 1 Correlation between peak oxygen uptake (VOzpeak) and age for men (A), women (B) and for forced expiratory volume

after 1 s (FEV,) for all patients (C).
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levels at lower physical effort due to earlier contribution
of anaerobic metabolism.” We find a significantly lower
FEV | in the subgroup of patients not reaching RER 21.10,
which is in accordance with the previous finding that RER
is of limited value as a sole end-criterion for maximal
effort in patients with severely reduced lung function.”’
Our database does not include any measurement of daily
physical activity. Thus, the possibility of a higher physical
activity level in our CF population contributing to the
higher VO, peak in the present study, cannot be clarified.

As CF is a progressive disease, a more pronounced
age-related reduction of VO peak than in the general
population would be expected. However, by studying
VO,peak in percentage of predicted, thereby correcting
for the age-related fall in VO,peak in the general popu-
lation, no significant difference between the age cohorts
were observed. This finding might be caused by a
combination of effects leading to the skewing towards
milder disease phenotypes in the higher age cohorts.
Patients with severe phenotypes are less likely to be
represented in the highest age cohorts of the study due
to higher mortality at young age, increased prevalence
of bacterial colonisation which prevented CPET due to
hygienic concerns and a higher likelihood of being lung-
transplanted.

CF disease-severity is known to correlate with exocrine
pancreatic function status, and patients with PS most
often present a milder disease course as compared with
patients with P1.”” This is in accordance with our results,
showing lower FEV and a tendency towards lower
VO,peak in patients with PI. Unfortunately, our database
does not include information regarding other disease
manifestations (eg, CT scores, bacterial colonisation,
diabetes, inhaled antibiotics) that might influence CRF.

Causes of low CRF

VO,peak has been shown to correlate well with prognosis
and survival in CE.2'* As shown by others, and confirmed
by our data, FEV, measurement alone will not allow for
an invariable identification of individuals with impaired
CRE.” Further, whereas many exercise tests will identify a

low CREF, only more complex measures, such as a CPET,
will provide detailed information about the underlying
cause.” ¥’ In tests with a low CRF (<80% of predicted)
(n=101), a ventilatory limitation was found in 23%,
exercise induced hypoxaemia in 46% and signs of VQ
mismatch in 8%. In 44% of the tests, no cardiopulmo-
nary limiting factors could be identified, and the low CRF
in this group is probably due to deconditioning. Thus,
CPET may provide valuable guidance for the clinician in
order to choose an adequate intervention measure, in
this case exercise therapy.

Correlation between VO,peak and FEV,

The correlation between VO,peak and FEV,, both in
percentage of predicted, indicates that 41% of the reduc-
tion in VO,peak can be explained by FEV,. The annual
change in VO peak could not be attributed to changing
FEV . In some cases, patients with a low CRF had well-
preserved lung function, as defined by FEV . Vice versa,
some patients with a severely reduced FEV, achieved a
normal CRF. This is in accordance with studies in patients
with obstructive lung diseases,’ finding FEV, a poor indi-
cator of the patients physical function.

Strengths and limitations
The present study includes a high number of tests and
covers a large age-span for both men and women with
CF. In addition, all test were performed on a treadmill,
which is shown to results in a higher VO,peak than cycle
ergometer testing in patients with other lung diseases.*®
All measurements were performed by the same exercise
physiologists using the same equipment and test protocol
throughout the whole data collection period of 12 years.
Regarding limitations, some patients may have higher
impact on the overall results due to a higher number of
CPETs performed in the data collection period, even
though no patient were represented more than once
in each age-cohort. Unfortunately, we did not measure
exercise tidal flow-volume loops for detection of exercise
induced dynamic hyperinflation and flow-limitation, a
phenomenon which may have a negative impact on CRF.
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CONCLUSIONS

To our knowledge, no previous studies have described
CRF in an adult CF population of this size and age-span
measured on a treadmill. Two-thirds of the tests resulted
in a VO,peak within the reference limits of the general
population. In those with impaired CRF, no cardiore-
spiratory limitation could be identified in a surprisingly
large proportion, indicating deconditioning as a major
contributor to reduced CRF in CF. Thus, CPET can be
used to identify a patient group in which exercise therapy
will be especially beneficial. The latter notion represents
an incentive for future intervention trials. CRF in patients
with CF cannot invariably be predicted by FEV .
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