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BACKGROUND: Nocturnal desaturation in cystic fibrosis (CF) may have prognostic implications
because a significant and maintained nocturnal desaturation can contribute to the development
and progression of pulmonary hypertension with cor pulmonale. Its relation with the desatu-
ration in exercise has not been sufficiently studied. We aimed to determine whether desaturation
during 6MWT can be an indicator of nocturnal desaturation in adult subjects with CF. METHODS:
57 subjects were included: 50.9% male, 27.5 = 7.7 y old, mean FEV, = 2.37 = 0.74 L, and %FEV,
67 = 18.1%. Desaturation during 6MWT was defined as oxygen saturation (S,p) = 90% or a
decline of > 4 points in S, from baseline, and nocturnal desaturation as a desaturation index > 4
or > 5% of sleep time with S, = 90%. RESULTS: Desaturation observed during 6MWT in adult
subjects with CF did not correlate with nocturnal desaturation (P = .27). Subjects with %FEV,
= 55% and diffusion capacity of carbon monoxide (D o) = 50 mmol/min/mm Hg were at higher
risk of 6MWT desaturation. Nocturnal desaturation was more frequent in males, with P,q,
= 71 mm Hg in blood gas analysis. CONCLUSIONS: Desaturation observed in 6MWT cannot
predict desaturation at night in adults with CF. Other parameters were identified as predictors of
desaturation. Key words: saturation; walk; pulse oximetry; sleep; oxygen, exercise; hypoxemia. [Respir

Care 0;0(0):1—. © 0 Daedalus Enterprises]

Introduction

Cystic fibrosis (CF) is one of the most common genetic
diseases in whites,!2 with an incidence of about 1 in
5,000 live births in Spain.? It is an autosomal recessive
inheritance disease that affects exocrine glands of different
organs and systems, causing abnormal secretions that
produce obstruction and favor infection. Just a few de-
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cades ago, mortality in CF was high, with a median
survival < 4 y. However, significant improvement in
survival has been recently seen. In the United States in
2015, according to the Cystic Fibrosis Foundation, CF
median survival was 41.6 y.?

In subjects with respiratory diseases, exercise tests have
been extensively used to provide information about prog-
nosis and disability, to determine the presence of exercise
hypoxemia, and to assess response to treatment. Cardio-
pulmonary exercise testing is used as a standard test, but it
has many limitations due to technical complexity and costs;
therefore, in recent years the 6-min walk test (6MWT) has
been increasingly used. The 6MWT consists of measuring
the maximum distance a person can walk in 6 min. This
distance has been shown to indirectly predict morbidity
and mortality.*

The clinical value of the 6BMWT test in adults with CF
has been insufficiently studied. Most available studies have
been done in small groups or in assessments of lung trans-
plantations. The work of Martin et al> performed in adults
with stable CF and varying degrees of pulmonary obstruc-
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tion showed that a 6GMWT distance = 475 m or desatura-
tion (Spo, = 90%) during the test were associated with
increased risk of lung transplantation or death without trans-
plantation.

On the other hand, sleep studies show that hypoxemia
and hypercapnia occur as a result of a reduction in respi-
ratory activity and tidal volume and a loss of functional
residual capacity, especially during rapid eye movement
sleep.® Decreased S, that occurs during sleep is more
pronounced in patients with CF than in normal individuals.
A significant and maintained nocturnal desaturation can
contribute to a development and progression of pulmonary
hypertension with cor pulmonale.¢-8

CF guidelines recommend an annual exercise tolerance
test or measurement of blood gases (eg, pulse oximetry,
capnography, arterial blood gases).” In patients presenting
with an FEV, = 50% or with resting S, = 93-94%, noc-
turnal pulse oximetry is recommended.® There are few stud-
ies of subjects with CF where nocturnal desaturation were
measured.® Furthermore, there is no universally agreed def-
inition of desaturation, which complicates standardization.

To date, available studies linking desaturation during
sleep with that during exercise in subjects with CF have
been mostly performed in children.!®!" To our knowledge,
there are no reports exploring desaturation with 6MWT
and nocturnal pulse oximetry in adults with CF.

We aimed to determine whether measurements of pulse
oximetry desaturation during the 6MWT could be a good
predictor of nocturnal desaturation in adult subjects with
CF. Secondary objectives were to determine the relationships
between 6OMWT and nocturnal desaturation with lung func-
tion, quality of life measured by the Cystic Fibrosis Ques-
tionnaire-Revised (CFQ-R), and body mass index (BMI).

Methods

We included subjects diagnosed with CF who were = 18y,
followed up in a specialized CF unit in Madrid, Spain.!2!3
Inclusion criteria were clinical stability during the previ-
ous 4 weeks (ie, no exacerbations requiring treatment mod-
ification or hospital admission), the ability to understand
and comply with the procedures, and the ability to give
informed consent. The research protocol was approved by
the Ethics Committee, and all participants provided writ-
ten informed consent. Exclusion criteria were patients re-
quiring home oxygen therapy, patients with previous lung
transplant and any motor neuromuscular disorder, and pa-
tients who could not perform the 6GMWT in the opinion of
the principal investigator.

Subjects were referred to the Functional Respiratory
Exploration Laboratory, where both a baseline arterial blood
gas analysis and 6OMWT were performed. Later, in the
sleep unit, subjects were given a pulse oximeter capable of
storing S, data overnight.
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Current knowledge

The clinical value of the 6-min walk (6MWT) test in
adults with cystic fibrosis has been insufficiently stud-
ied. Desaturations that occur during sleep are more pro-
nounced in individuals with cystic fibrosis. A signifi-
cant and maintained nocturnal desaturation can
contribute to the development and progression of pul-
monary hypertension with cor pulmonale.

What this paper contributes to our knowledge

We measured nocturnal desaturation via pulse oximetry
and 6MWT desaturation in adult subjects with cystic
fibrosis. Desaturation during 6MWT did not correlate
with nocturnal desaturation in this population.

Collected clinical variables included sex, age, genetic
mutation, pancreatic insufficiency, diabetes or glucose in-
tolerance, impaired bone mineral density, occurrence of
previous bronchial infection, and non-infectious respira-
tory complications (eg, massive hemoptysis, recurrent
pneumothorax, atelectasis or allergic bronchopulmonary
aspergillosis) and digestive complications. BMI was cal-
culated as weight in kilograms divided by height in meters
squared (kg/m?).'# Information about the number of exac-
erbations and treatment in the previous year, including the
use of health care resources, were collected.

The Shwachman-Kulczycki, !> Brasfield, !¢ and modified
Bhalla!'7 scores were used for the assessment of clinical
status. Spirometry was performed using a spirometer (Vmax
Sensormedics, CareFusion, San Diego, California). Col-
lected data consisted of FVC in L and as a percentage
compared to a theoretical value according to age, height,
and sex; FEV, in L and as a percentage of its theoretical
value, and the ratio FEV,/FVC. In addition, we registered
the results of the most recent plethysmography prior to the
study and determination of diffusing capacity for carbon
monoxide (D; p). The CFQ-R'® questionnaire was used
for the assessment of quality of life in subjects with CF.
The 6MWT was performed according to American Tho-
racic Society standards.'® We recorded distance walked,
Spoz’ and heart rate every minute and at the end of the test,
along with dyspnea using the Borg scale at the beginning
and end of testing. Our definition of desaturation during
the 6MWT was a minimum S,, = 90% or a drop of
> 4 points between initial and final baseline S, ."!

Pulse oximetry (PulseOx-7500, SPO, Kfar Saba, Israel)
was used with a digital sensor and a monitor, and the Spoz
and heart rate were registered during the night. Variation
in S, concentration was considered significant when ox-
ygen desaturation was = 4% over baseline saturation. The
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Patients considered
70

Excluded

13
»| Home O, therapy: 3
Lung transplant: 2
Declined to participate: 8

\i
Subjects enrolled

57
ABG: 47
6MWT and nocturnal
oximetry: 57
CFQ-R: 50

Fig. 1. Flow chart. ABG = arterial blood gas; 6WMT = 6-min walk
test; CFQ-R = Cystic Fibrosis Questionnaire-Revised.

number of these events per hour in the registry is known as
desaturation index. Desaturation in the sleep study was
defined when the desaturation index was > 4 or when the
sleep time with SpO2 = 90% was > 5%, as described
elsewhere.20-23

We analyzed the relationships between nocturnal de-
saturation and 6MWT with regard to gender, age, muta-
tions, and comorbidities.

Statistical Analysis

Given a type one error of 5%, with 19.3% of 6MWT
desaturation and 57.9% of nocturnal desaturation, and the
obtained sample size of 57 subjects, we determined that
there was enough statistical power (99.6%) to detect sig-
nificant changes. We compared categorical variables with
chi-square tests. The Kolmogorov-Smirnov test was per-
formed to check the normality of continuous variables. For
normally distributed data, we compared means using para-
metric tests such as Pearson, Student ¢, and analysis of
variance. For non-normally distributed data, we used non-
parametric tests such as Spearman, Friedman, and Mann-
Whitney depending on the variables. In the descriptive
analysis, the results were expressed as mean = SD for
quantitative variables and as percentage for qualitative vari-
ables. Statistical significance was considered as P < .05.
Results were analyzed with the statistical package SPSS
version 15.0. (SPSS, Chicago, Illinois).

Results

Of 70 patients assessed for inclusion, 57 subjects were
finally included. Thirteen patients were excluded: 3 sub-
jects had home oxygen therapy, 2 were transplanted, and
8 declined to participate (Fig. 1). Males comprised 50.9%
of the subjects, with a mean age of 27.5 = 7.7 y and a
mean of FEV, of 2.37 = 0.74 L and %FEV, 67 = 18.1%.
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Table 1.  Demographic and Clinical Characteristics of Subjects
Characteristics Mean = SD Range
Age, y 275 *7.7 18-54
Body mass index, kg/m? 219 £29 16.8-31.4
Exacerbations in the previous year, no. 26+ 1.7 0-7
Hospital admissions in the previous 04 *+0.7 0-4
year, no.
Shwachman-Kulczycki score (n = 50) 82.1 = 11.9 53-100
Brasfield score (n = 54) 19.0 = 3.9 10-25
Bhalla score (n = 54) 147 = 3.8 9-25
FEV,, L 2.37 = 0.74 0.9-4.5
%FEV, 67.0 = 18.1 30-108
Characteristics Frequency, n (%)
Male 29 (50.9)

6MWT desaturation 11(19.3)

Nocturnal desaturation 33 (57.9)

CFTR genotype
F508del/F508del 20 (35.1)
F508del/unknown 14 (24.6)
F508del/other 12 (21.0)
Other/other 5(8.7)
Other/unknown 3(5.3)
Unknown/unknown 3(5.3)

N = 57 subjects.
CFTR = cystic fibrosis transmembrane conductance regulator

Table 1 summarizes the demographic and clinical charac-
teristics of the study subjects.

Although the total lung capacity of all subjects remained
within normal limits, the existence of air trapping was
confirmed in 75.4% of subjects. Moreover, 71.9% of the
subjects had lung hyperinflation (functional residual ca-
pacity > 120%). Only 47 (82.5%) subjects in the study
consented to perform a baseline arterial gasometry before
the 6MWT.

Fifty subjects (87.7%) completed the CFQ-R (see the
supplementary materials at http://www.rcjournal.com),
of whom 96% were of Spanish white origin, and 86% of
the subjects had education levels higher than primary
studies. The mean scores in the different sections of the
CFQ-R ranged between 51.3 and 85.7, being lower in
the sections of burden of treatment, weight loss, respi-
ratory symptoms, and health perception scores.

In the 6MWT, minimum saturations were obtained with-
out having to stop walking, with a low of 78% in some
subjects. According to the definition of desaturation in the
6MWT, 11 subjects (19.3%) presented desaturation in the
test, and 46 (80.7%) did not.

The mean time spent sleeping at night was 6 h and
13 min. The desaturation index was 6.4 = 6.5 events per
h, the minimum Spoz during sleep was 85.0 = 5.3%, and
sleep time with S, = 90% was 13.7 = 26.7%. According
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Table 2.  Relationship Between Nocturnal Desaturation and 6MWT

Nocturnal Desaturation

No Yes Total P=.27
6MWT Desaturation
No 21 (45.6) 25(54.4) 46 (80.7)
Yes 3(23.3) 8 (72.7) 11 (19.3)
Total 24 (42.1)  33(57.9) 57 (100.0)
Data are presented as n (%).
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Fig. 2. Minimum oxygen saturation (So,) during sleep and 6-min
walk test (BMWT).

to the definition of desaturation during the sleep study,
33 subjects (57.9%) presented nocturnal desaturation mea-
sured by pulse oximetry, and 24 subjects did not (42.1%).

No relationship was observed between desaturation dur-
ing the 6MWT and nocturnal desaturation (P = .27; P
value relates patients with nocturnal desturation and 6SMWT
desaturation) (Table 2). Therefore desaturation cannot be
considered a predictor of response between these 2 phe-
nomena. In 11 subjects with desaturation in the 6MWT,
8 (72.7%) had nocturnal desaturation versus 3 (27.3%)
who did not. This was not a statistically significant differ-
ence. Only 14% of subjects presented desaturation in both
tests (Table 2, Fig. 2). No association (P = .30) between
the nocturnal desaturation measured by pulse oximetry
with lung function (FEV, measured as a percentage of the
theoretical value) was found. However, functional resid-
ual capacity was higher in subjects with desaturation
statistically significant (P = 0.05) and also had higher
RV (Table 3).

Of the 47 subjects who underwent blood gas analysis,
10 (21.2%) had desaturation in the 6MWT. The mean
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baseline values of P, , P,co, and S, in subjects with
and without desaturation are shown in Table 3. Moreover,
26 subjects (55.3%) presented with nocturnal desaturation.
These subjects had higher mean levels of carbon dioxide and
lower oxygen levels than those who did not desaturate. There
were significant differences in the P, and P, levels, but
not in baseline S, (P = .002, P = .01, and P = .055,
respectively) (Table 3).

The average score of the respiratory symptoms item in
the CFQ-R in subjects with desaturation during the 6SMWT
was 64.2 = 17.1, which was slightly less than those who
did not desaturate without reaching a significant difference
(P = .60) (see the supplementary materials at http://
www.rcjournal.com).

Neither nocturnal desaturation nor the respiratory do-
main of the CFQ-R were significantly related (P = .37).
The average score that item was lower in subjects with
nocturnal desaturation (64.7 = 16.4) compared to other
subjects (68.4 = 16.8). A significant relationship with
other items on the questionnaire were found as digestive
(P = .009) and emotional (P = .050).

No association between BMI and 6MWT (P = .24) was
identified, although the mean BMI of subjects with de-
saturation in the 6MWT (21.0 *+ 3.1 kg/m?) tended to be
lower than that of subjects who did not desaturate
(22.1 + 2.8 kg/m?).

There was no association between nocturnal desatura-
tion and BMI (P = .42), and in this case the mean BMI of
subjects with nocturnal desaturation (22.2 *+ 3.2 kg/m?)
was not significantly higher that the BMI of those who did
not desaturate (21.6 + 2.5 kg/m?).

Finally, there were statistically significant differences in
the nocturnal desaturation by sex (P = .02); male subjects
had higher nocturnal desaturation than female subjects (Ta-
ble 4; P value relates nocturnal desaturation and male). We
found no association of nocturnal desaturation with all
other variables, such as the type of mutation, pancreatic
insufficiency, or diabetes.

Discussion

We observed that desaturation during 6MWT in subjects
with CF did not predict desaturation at night. However, sub-
jects with FEV| = 55%, D ¢ = 50 mmol/min/mm Hg, and
baseline S, = 94% have a higher risk of desaturation in the
6MWT. Furthermore, being male with a P,o, = 71 mm Hg
in arterial blood gas analysis increases the risk of nocturnal
desaturation. We suggest that the lower frequency in noctur-
nal desaturation in women may be due to anatomical or hor-
monal factors.

Nocturnal pulse oximetry is a clinically useful test to
detect hypoxemia during sleep, as shown in previous stud-
ies such as Montgomery et al,>> where it was reported that
subjects with CF whohad aP,, concentration < 60 mm Hg
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Table 3.  Test Results for 6MWT Desaturation and Nocturnal Desaturation Groups

6MWT Desaturation Group

Nocturnal Desaturation Group

No Yes P No Yes P
Subjects, n (%) 46 (80.7%) 11 (19.3%) 24 (42.1%) 33 (57.9%)
FEV,, L 2.50 = 0.71 1.82 £0.59 .004 2.31 = 0.41 2.41 +0.90 .62
9%FEV | 702 £ 154 533 +224 .004 69.8 = 144 64.9 £ 20.3 .30
FVC, L 3.66 = 0.86 291 £0.53 .001 3.36 £ 0.61 3.63 £ 0.99 21
9%FVC 83.5 £ 12.8 67.8 = 13.0 .001 833+ 11.8 784 £ 155 .20
FEV,/FVC 68.8 £ 9.3 62.4 = 16.1 .09 69.2 £ 9.8 663 = 11.9 .35
TLC, L 5.77 = 1.06 5.76 £ 1.01 .99 5.29 = 0.94 6.10 £ 0.99 .057
%TLC 103.6 = 12.3 107.8 £ 10.2 35 104.5 = 10.5 104.3 £ 13.1 95
Residual volume/TLC 140.7 = 35.3 164.2 = 31.8 .07 133.6 = 30.0 152.7 = 37.4 .07
D; co,» mmol/min/mm Hg 60 = 12.75 50.25 £9.0 .041 57.75 = 12.0 59.25 £ 13.5 74
%D\ o 81.2 £ 14.7 69.5 =104 .03 81.7 £ 13.1 774 £ 15.6 31
Body mass index 22.15 =282 20.99 = 3.11 24 21.57 =£2.49 22.19 £ 3.16 43
Arterial blood gases, n (%) 37 (78.8%) 10 (21.2%) 21 (44.7%) 26 (55.3%)
Po,, mm Hg 80.9 = 10.2 74.0 = 12.2 .08 84.7 = 9.6 753 £10.2 .002
Pco,, mm Hg 355+ 4.6 34.9 + 37 69 336+ 3.7 36.8 + 4.4 01
Suoz-, baseline (%) 95.5 £ 1.7 939 x£25 .054 958 = 1.8 94.7 £2.0 .047
Data are presented as mean * SD unless noted as n (%).
%FEV| = % of the theoretical value of FEV,
%FVC = % of the theoretical value of FVC
TLC = total lung capacity
%TLC = % of the theoretical value of TLC
Dy o = diffusing capacity for carbon monoxide
%Dy co = % of the theoretical value of Dy o
Table 4. Sex and Nocturnal Desaturation = 71 mm Hg. We observed nocturnal desaturation in a
' high percentage of subjects without clinical suspicion. Per-
Nocturnal Desaturation haps this is why more factors that can predict nocturnal
No Yes P=.02 desaturation should be studied as a factor in disease pro-
Sex gression.
Male (n = 29) 8 (27.6) 21 (72.4) According to Coffey et al,?> hypoxemia in CF occurs
Female (n = 28) 16 (57.1) 12 (42.9) more frequently during sleep than during exercise, sug-
Total (N = 57) 24 (42.1) 33(57.9) gesting that sleep studies may be indicated in patients with

Data are presented as n (%).

daily experienced > 80% of sleeping time with an S
< 90% on a daily basis. In the study by Frangolias and
Wilcox,2° while 40% of the subjects had nocturnal desatu-
ration, which was related to clinical, radiological, and spi-
rometric variables, the investigators were unable to find a
predictive factor for nocturnal desaturation and thus con-
cluded that nocturnal desaturation with %FEV, > 65%
was infrequent butexpected when baseline S, was <93%.
Two other studies suggested that an FEV, < 65% pre-
dicted could predict hypoxemia during sleep in subjects
with CF.2425 Another study in a pediatric population in
which pulse oximetry was used correlated S, < 90% at
night with FEV .26 These results are consistent with ours
in that subjects with nocturnal desaturation usually present
with an FEV, < 65% predicted, along with a P,
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CF and hypoxemia during exercise. However, in our study,
no 6MWT clinical marker was found to predict nocturnal
desaturation. It is likely that the mechanisms of hypoxemia
during exercise differ from those during sleep, as demon-
strated by the absence of a correlation between measure-
ments in the studies. Another reason for this lack of cor-
relation may be the type of exercise test or submaximal
effort by subjects. Different mechanisms, including hy-
poventilation and changes in ventilation-perfusion rela-
tionships, are related to sleep desaturations. On the other
hand, exercise-induced desaturations are associated with
increased expiratory air-flow resistance and increased dead-
space ventilation.?>-27

The 6MWT can be viewed as a submaximal exercise,
but it is considered to be inaccurate in older subjects with
poorer lung function. In the study by Gruet et al,?® subjects
with CF had worse outcomes than controls, unlike previ-
ous studies such as that performed by Chetta et al.?° Gruet
et al?® observed that one third of subjects with CF desatu-
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rated during the 6MWT but not during cardiopulmonary
exercise testing. These subjects also walked less than the
control group. The results of this study suggest that 6CMWT
desaturation is a better predictor of the maximum cardio-
pulmonary exercise outcome. However, in the study by
Chetta et al,>® CF participants with mild/moderate lung
function walked the same distance as control subjects but
experienced a significant drop in S, and a greater per-
ception of dyspnea during exercise. They concluded that
the 6MWT could be valuable to identify patients who
could experience oxygen desaturation and dyspnea during
daily activities that require greater effort.

In our study, 6MWT desaturation was associated with
FEV, % predicted and D . These results were similar to
those of other studies, although in previous studies, the
distance walked in the 6BMWT was the associative factor.
Martin et al® found that the 6MWT correlated with FEV,,
indicating that exercise capacity decreased with increase
of air-flow limitation in adults with CF. Other studies,
such as that by Okuro et al,’® showed the importance of
distance walked in the 6MWT as both a complementary
outcome and tool to provide information on exercise re-
sponse.

The 6MWT may not require enough effort to produce
desaturation, which may be why a relationship with noc-
turnal desaturation was not found. There is another exer-
cise test, the 6-min step test, that requires more effort and
may produce more frequent desaturation. It could be a
good predictor test and could be validated for patients with
CF as it has been for patients with COPD.3!-32 This is a
relatively new area that deserves further study.

Quality of life for patients with CF may be influenced
by low oxygen levels in the blood.?* When exploring de-
saturation in the 6MWT and the sleep study with the re-
spiratory section of the CFQ-R questionnaire, we found no
association. The CFQ-R questionnaire is a useful and easy
tool to study quality of life in patients with CF, but there
is no research on using the CFQ-R questionnaire in rela-
tion to desaturation. The only study of quality of life and
home oxygen therapy in subjects with CF showed that, for
12 months, attendance at school and at work remained at
83% for the oxygen-treated group, compared to 20% in
those who did not receive oxygen.?3 It was further noted
that both sleep quality and duration have a correlation with
nighttime S, . However, no relation to mortality, hospi-
talizations, or disease progression was found.

We believe that the subjects in our study constitute a
representative sample of the overall population of adults
with CF because they came from the catchment population
of our hospital plus various regions in Spain, and they
included a broad spectrum of subjects of both sexes and a
wide age range.

However, some potential limitations deserve discussion.
CF is not a highly prevalent disease, so the study sample
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is reduced. This was an adult population in stable condi-
tion, so many of them enjoy an optimal respiratory status.
In addition, subjects who already had home oxygen ther-
apy were excluded. The potential exclusion of these more
serious cases could lead to an underestimation of the true
impact of the disease on desaturation in the 6MWT and at
night. In the future, we can extend this study with other
hospitals to obtain a larger sample size, to confirm the
results, and to include participants with greater disease
severity.

Conclusion

Desaturation observed during the 6MWT in subjects
with CF does not predict desaturation at night. %FEV | and
D (¢ are factors that influence desaturation in the 6MWT.
Nocturnal desaturation occurs more often in males with
low levels of P, in blood gases. Nocturnal pulse oxim-
etry can be a useful test to detect nocturnal desaturation in
patients without clinical suspicion.
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