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ABSTRACT

Objective: Assess the relationship between adherence to long-term oxygen therapy
(LTOT) with mortality in patients with chronic obstructive pulmonary disease (COPD)
and chronic respiratory failure and their clinical features. Methods: Longitudinal
retrospective analysis of 254 patients with COPD and chronic respiratory failure from
2008 to 2016. At baseline, we evaluated the diagnosis, spirometry values, arterial blood
gas analysis, blood count, pulse oximetry, body composition and health questionnaires
(dyspnea, quality of life, anxiety and depression). For referred adherence analysis to
LTOT we included 199 patients, divided according to prescription of oxygen: 12h/day
(G1), 15h/day (G2) and 24h/day (G3). The cause of death and dates were studied over the
five-year period. Results: In five years we identified 124 deaths (62.3%). No significant
difference was found in mortality between the adherence groups (p=0.75) nor did we find
differences in the clinical parameters evaluated. LTOT prescription was not associated
with mortality (p=0.07). In Cox regression analysis, there was no association between
mortality and non-adherence to LTOT (HR: 0.75; IC95%: 0.21-2.70). The risk of mortality
was increased in G3 compared with G1 (HR: 7.16; IC 95%: 1.44-35.38) and in those with
a higher depression score (HR: 1.35; IC: 1.14-1.59). Conclusion: No association was
found between LTOT adherence and mortality in patients with COPD and respiratory
failure. There were no clinical differences between the adherence groups.

Keywords: Chronic obstructive pulmonary disease; Oxygen therapy; Cooperation and
treatment adherence; Morbidity and mortality indicators.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
disease characterized by progressive airflow obstruction
due to the inhalation of toxic particles or gases, especially
smoking, and is not fully reversible.®) The most serious
cases are characterized by chronic respiratory failure,
with indication for supplementation of long-term oxygen
therapy (LTOT), as it improves quality of life, physical
exercise capacity, cardiac output, pulmonary mechanics
and reduces hospitalizations due to exacerbations and
mortality.(>3)

However, the literature describes markers of worse
prognosis that are related to low or high PaCO,, low Pa0,,
presence of anemia and greater dyspnea symptoms.(*®
In addition, a study of 14,000 patients showed that
mortality was higher in the group that received an
LTOT indication during hospitalization compared to an
outpatient indication.”

In Brazil, data on survival and its related factors are
still scarce. A study carried out in Sdo Paulo showed a
15% survival rate after four years of follow-up, as well as
observing a lower survival rate for women compared to
men.® Another study with 118 patients showed survival

LTOT indications include when arterial oxygen pressure X ) =
of 75.9% in the first year and found an association of

(Pa0,) <55 mmHg or pulse oximetry (SpO,) < 88%.
In patients with PaO, between 56 and 59 mmHg
but with clinical repercussions such as polycythemia
(hematocrit > 55%) or cor pulmonale, LTOT is also
indicated to decrease the progression of hypoxemia
damage.®

lower survival in those with greater severity of hypoxemia
and dyspnea.®
On the other hand, a characteristic that can influence

the prognostic markers of these patients is adherence
to LTOT. Studies show that there is wide variation in
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the adherence rate, from 31 to 70%.°'Y Factors
associated with low adherence include age, low
education, polypharmacy, few symptoms, active
smoking, failure in the doctor-patient relationship and
lack of follow-up.*? Other difficulties are carrying the
equipment, social stigma, lack of perceived benefit,
fear of side effects, forgetfulness, discomfort, shyness
and fear of dependence. 31

In this context, few Brazilian studies have evaluated
the influence of adherence to LTOT use on mortality,
symptoms and disease evolution. Therefore, the aim
of this study was to assess the association between
adherence to LTOT use and clinical characteristics,
quality of life and mortality after five years of follow-up
in patients with very severe COPD.

METHODS

This retrospective longitudinal study evaluated all
the medical records of the oxygen therapy outpatient
clinic at “Hospital das Clinicas” of the “Faculdade de
Medicina de Botucatu” - UNESP between June 2008
and January 2016 (data obtained from the research
“Prognostic indicators in patients treated with long-term
home oxygen therapy”) same service.

Patients diagnosed with COPD and clinical stability
(absence of exacerbation three months before the initial
evaluation), who agreed with the research conditions,
were included. The COPD diagnosis was realized
according to the guidelines of the Global Initiative for
Chronic Obstructive Lung Disease (GOLD).® Exclusion
criteria were: other respiratory diseases, cancer and
diagnosis for myocardial infarction four months before
the start of the study.

As a routine of the service, in the first consultation,
all patients are evaluated regarding demographic
characteristics, medical diagnoses, indication and
titration of oxygen and time of daily use. The flow
is prescribed according to the oxygen titration
at rest. In patients without severe hypoxemia at
rest, but with effort desaturation, we indicated the
use of oxygen therapy during efforts and at night
12h/day (Group G1/intermittent). Patients with severe
hypoxemia, but who tolerate some period without
oxygen supplementation, were prescribed 15 hours/day
(Group G2). Patients with the worst clinical condition
were prescribed 24 hours/day (Group G3).

After six months, patients were assessed for
quality of life, anxiety and depression and dyspnea
scores. Complete blood count, blood gas analysis
and anthropometric evaluation were also collected.
In addition, adherence to LTOT supplementation
treatment is assessed. All patients were evaluated
every six months for the maintenance of the LTOT
indication, as well as their titration.

Pulse oximetry was obtained by a portable oximeter.
Arterial gases were collected with the patient breathing
room air. Spirometry was performed using a computerized
system according to criteria established by the American
Thoracic Society.*”) The forced expiratory volume in
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the first second (FEV, ), the forced vital capacity (FVC)
and the FEV,/FVC ratio were determined before and
after the administration of inhaled salbutamol.

Clinical evaluation, height and weight were evaluated
and measured by a stadiometer. The body mass
index (BMI) was calculated applying the relationship
between weight in kilograms (kg) and height in meters
squared (m?).

Quality of life was assessed by the Saint’s George
Respiratory Questionnaire (SGRQ), considering the total
score, which corresponds to the sum of three domains:
symptoms, impact and activity.*® Dyspnea intensity
was assessed by the Baseline Dyspnea Index (BDI) and
also by the Modified Medical Research Council (MMRC)
dyspnea index, which rank dyspnea in relation to the
performance of day-to-day activities.(**?% The hospital
anxiety and depression scale (HADS) was used, consisting
of seven items aimed at assessing anxiety (HADS-A)
and seven for depression (HADS-D).(?V

Anemia was considered when women had hemoglobin
<12 g/dL or hematocrit <35% and for men when
hemoglobin <13 g/dL or hematocrit <40%.>?
We considered polycythemia when hematocrit> 55%.

Adherence to treatment was assessed during a
medical consultation every six months throughout the
follow-up. To consider adherence to the study protocol,
data were considered after six months of using LTOT
. Patients who adopted flow and number of hours
according to medical prescription were considered
adherent to the treatment. Adequate assessment of
cause and date of death were assessed by medical
records, family documents and the obituary system.
This study was approved by the Research Ethics
Committee of “Faculdade de Medicina de Botucatu”
(60430116.2.0000.5411).

The comparative statistical analysis between continuous
variables with normal distribution was expressed as
mean values and standard deviation using the Student'’s
t test. Mann-Whitney analysis was used to compare
non-parametric continuous variables. For multiple
group comparisons, ANOVA test followed by Tukey
test was used. The proportions test was performed
using the X? test. To assess adherence and survival
time, a Kaplan Meier curve was used, followed by
Log Rank Test analysis and a Cox proportional hazard
multiple regression model was constructed to assess
the clinical characteristics associated with follow-up
time and mortality. The level of significance was 5%.

RESULTS

425 patient records were evaluated, 66 of whom
were excluded with interstitial lung disease and 79 with
pulmonary arterial hypertension.

From the 280 patients included, 26 missed follow-up.
Table 1 shows the characteristics of the remaining
254 patients, of whom 124 (48.8%) died during the
five-year follow-up. Both groups showed similar age,
sex and active smoking status. Patients who died
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Table 1. Patient characteristics, separated by life status at the end of the study.

Survivors
N= Number 130
Gender (Female/Male) 74/56

Average follow-up time (days) 1377.4 + 1051.8

Active smoking (%) 18 (13.8)
Age (years) 67.12 £ 9.94
FEV, (L) 0.93 + 0.31
FEV, (%) 39.6 +13.1
FVC (L) 1.89 £5.6
FVC (%) 61.8 +16.6
FEV,/FVC 0.50 + 0.09
PaCO, (mmHg) 42.8+6.8
Pa0, (mmHg) 56.2 + 8.9
SGRQ (%) Symptoms 49.35 + 22.1
Activity 64.22 + 22.31
Impact 37.8 £17.6
Total 46.8 + 18.9
Anxiety 4.7 + 4.1
Depression 3.56 + 4.02
BDI 5.75+2.7
BMI (kg/m?) 26.2+ 6.4
Ht (%) 45.8 +7.4

Deaths p
124

59/65 0.17
1168.2 + 989.8 0.10
22 (17.7) 0.49
68.4 + 10.07 0.32
0.98 + 0.44 0.26
42.7 £16.7 0.10
2.03 + 0.74 0.08
68.7 +22.2 0.05
0.48 + 0.11 0.31

42.4+£8.9 0.7
53.4+9.9 0.02
56.3 + 21.9 0.031
65.9 +23.7 0.59
37.96 + 20.2 0.95
51.7 + 15.7 0.07
6.11 + 4.96 0.05
5.6 +5.3 0.07
4.38 £ 3.1 0.56
24.08 + 6.5 0.13
44.73 £+ 6.9 0.32

FEV,: forced expiratory volume in the first second; FVC: forced vital capacity; BMI: Body Mass Index; PaO,: partial
pressure of oxygen in arterial gas; PaCO,: partial pressure of carbon dioxide in arterial gas; SGRQ: Saint George’s
Hospital Questionnaire on Respiratory Iliness; Anxiety and Depression: values of the Hospital Anxiety and
Depression Scale; BDI: Baseline Dyspnea Index; BMI: Body Mass Index; Ht: hematocrit. “Student t” test, level of

significance: 5% (p<0.05).

had a worse baseline PaO, compared to survivors
(53.4 £ 9.9 vs 56.2 £ 8.9mmHg, p=0.02). When we
evaluated the SGRQ quality of life questionnaire, we
observed a statistically significant difference in the
score of the symptom domain, that is, those who died
had greater impairment from symptoms compared to
survivors (56.3 £ 21.9 vs 49.35 £ 22, 1%, p=0.03).
The same statistical difference between the groups was
not observed when assessed by the BDI dyspnea index
(p=0.56). We also observed no difference between the
groups for severity of spirometry, the mean values of
hematocrit, BMI or the scores of anxiety and depression.

The average follow-up time was 2.8 years
(1.14 - 4.8 years). Respiratory failure was the main
cause of death (46.8%), followed by cardiovascular
disease (12.1%), neoplasia (8.8%), and other causes
(8%). The cause of death was not identified in 22.6%.

To assess adherence and mortality, those who did
not have information about the prescription and those
who were not using LTOT due to active smoking were
excluded. Thus, 199 patients were separated between
adherent and non-adherent in each LTOT prescription
group (Table 2). The G1 group showed 27.16%
non-adherent individuals, G2 26.66% and G3 25.86%,
with no statistically significant difference between the
adherent and non-adherent groups according to the type
of LTOT prescription (p=0. 61). We did not identify any
statistically significant difference when comparing the
mortality rate in relation to the type of LTOT prescription

(G1: 36.36%, G2: 56.14%, G3: 44.68%, p=0.07)
(Table 2). When comparing the groups, we identified
that the patients in the G3 group experienced greater
impairment from airway obstruction, gas exchange and
quality of life and more intense dyspnea (Table 2).

We did not identify statistically significant differences
in age, BMI, PaO,, PaCO,, FEV,, hematocrit,
hemoglobin, quality of life, dyspnea index or patients’
anxiety and depression in relation to adherence to
LTOT (Table 3).

Regarding mortality after five years, among adherents,
we observed 79 (54.86%) live patients and 65 (45.13%)
deaths. Among non-adherents, 26 remaining alive
(50.98%) and 25 (49.01%) deaths (p=0.75).

Regarding survival according to LTOT adherence,
we found that there was no statistically significant
difference between groups (Log Rank Test: p=0.80)
(Figure 1).

We also did not identify any difference in mortality
according to the type of LTOT prescription (Log Rank
Test: p=0.22) (Figure 2).

When Cox multiple regression was analyzed, we
identified that patients with a 24-hour LTOT indication
had a higher risk of mortality over time when compared
to those with a 12-hour indication (HR: 7.16; 95%
CI: 1, 45-35.4). The variation in the depression score
also presented a risk of mortality (HR: 1.35; 95%
CI: 1.14-1.59) (Table 4).
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Table 2. Relation between LTOT prescription and adherence, mortality and clinical characteristics.

Status G1 (12h)
Adherent (%) 59 (72.83)
Non-adherent (%) 22 (27.16)
Alive (%) 49 (63.63)
Deaths (%) 28 (36.36)
Age (y) 69.6 +9.2
Pa0, (mmHg) 62.8 £5.7a
PaCO, (mmHg) 40.0 + 5.5a
Spo, 91.7 £ 3.7a
FVC (L) 2.02 + 0.6%a
FVC (%) 65.7 + 20.1
FEV, (L) 0.96 + 0.3%a
FEV, (%) 40.9 + 15.6
FEV,/FVC 0.47 + 0.09
HT (%) 43.6 £7.1a
HB (g/dL) 14.3+£1.9
Symptoms 46.5 + 18.0
Activity 63.3 +20.5
Impact 34.6 + 17.6a
Total 45.7 + 15.2a
MMRC 1.88 + 0.87a
BDI 6.27 +2.2a
Anxiety 4.95 £ 4.32
Depression 3.83 £4.63

G2 (>15h)
44 (73.33)
6 (26.66)
25 (43.85)
32 (56.14)
67.4 +10.2
52.5 +7.4b
42.4 £ 9.0a
85.8 + 6.7b
2.01 + 0.58a
66.4 + 18.7
0.98 + 0.37a
41.0 £ 14.5
0.48 + 0.10
44.6 + 5.9ab
14.7 £ 1.9
54.0 + 22.9
67.0 + 26.2
38.8 £ 19.9ab
49.4 + 20.0ab
2.29 + 1.16ab
4.84 + 2.54a
6.41 £ 4.94
5.43 £+ 4.76

G3 (24h)
43 (74.13)
15 (25.86)
26 (55.31)
21 (44.68)
66.1+11.9
45.6 + 6.9c
45.8 £+ 9.2b
79.4 + 8.3c
1.69 + 0.50b
60.6 + 19.9
0.82 + 0.27b
37.9+14.0
0.49 + 0.11
46.9 + 5.9b
15.2 £ 1.9
60.4 +21.5
74.9 £+ 16.2
48.5 + 16.8b
58.5 + 16.1b
2.61 + 1.03b
3.96 + 2.71b
4.85 + 3.94
4.47 + 4.72

p
0.61

0.07

0.25
<0.001
<0.001
<0.01

0.002

0.175

0.021

0.382

0.425

0.027

0.049

0.054

0.122

0.034

0.038

0.029
<0.001

0.171

0.152

G1: patients with a 12-hour oxygen prescription per day; G2: patients with a 15-hour oxygen prescription per day;
G3: patients with a 24-hour oxygen prescription; PaO,: partial pressure of oxygen in arterial gas; PaCO,: partial
pressure of carbon dioxide in arterial gas; SpO,: pulse oximetry; FEV,: forced expiratory volume in the first second;
FVC: forced vital capacity; HT: hematocrit; HB: hemoglobin; MMRC: Modified Medical Research Council dyspnea

index; BDI: Baseline Dyspnea Index. X? test to compare proportions. Significance level:

5% (p=0.05). For the

comparison of the means between the groups, the ANOVA test was used, followed by the Tukey test for the pair
comparisons. Different letters (a, b, ¢) mean statistically significant differences between the groups, with p<0.05.

Table 3. Adherence in relation to clinical characteristics.

Age (years)

BMI (kg/m?)

Pa0, (mmHg)

PaCO, (mmHg)

FEV, (L)

FEV, (%)

FVC (L)

FVC (%)

FEV,/FVC

Hematocrit (%)
Hemoglobin (g/dL)
Total SGRQ (%)
Dyspnea - MMRC (0-4)
HADS-anxiety (0-21)
HADS-depression (0-21)

Adherent
N=146
67.6 + 10.6
24.7 + 6.3
55.2 £+ 9.6
42.2+7.8
0.94 + 0.36
40.7 + 14.4
1.92 + 0.62
64.7 + 18.8
0.49 + 0.11
44.9 + 6.8
14.8 +2.2
48.0 + 18.7
2.20£1.2
5.35+4.4
4.48 + 4.8

Non-adherent

N=53
67.4+9.3
26.7 + 6.6
53.3+9.3
43.8 + 8.5
1.01 + 0.44
42.6 + 18.3
2.02 +0.74
2.02 +0.74
0.49 + 0.09
46.0 + 8.7
14.8 + 2.1
45.9 + 16.1

2.0+1.0
5.21 +4.8
3.34+ 4.0

p

0.90
0.05
0.21
0.22
0.26
0.34
0.36
0.34
0.69
0.42
0.92
0.53
0.26
0.86
0.41

N= number of patients; BMI: Body Mass Index; PaO,:

partial pressure of oxygen; PaCO,:

partial pressure of

carbon dioxide; FEV,: forced expiratory volume in the first second; FVC: forced vital capacity; SGRQ: Saint
George’s Hospital Questionnaire on Respiratory Iliness; MMRC: Modified Medical Research Council dyspnea index;
HADS: Hospital Anxiety and Depression Scale. Student’s “t” test, significance level: 5% (p<0.05).
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Figure 1. Kaplan Meier curve of survival time according
LTOT adherence.
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Figure 2. Kaplan Meier curve in survival time according
to the type of LTOT prescription.

DISCUSSION

The findings of the present study show that adherence
to LTOT was not associated with mortality, nor did we
identify clinical differences between groups. Prescribing
hours of LTOT use has also not been shown to be
associated with LTOT adherence.

The adherence found in the present study was higher
than that described in the scientific literature, which
ranges from 31 to 70%.¢" This may be associated
with our service offering multidisciplinary treatment
for care of LTOT dependents, in addition to medical
assistance, individualized guidance by social service
professionals, nutritionist, physiotherapist and nurse
and home visits. In fact, a recent study shows that
the role of nurses in the management of LTOT is
essential for the follow-up of these patients, showing
the importance of multiprofessional care for patients
who have multi-comorbidities in respiratory diseases.®

However, the method used to assess adherence to
treatment is subjective because it does not directly
assess how great the patient’s adherence is. In a review
article by Bourbeau and Bartlett? the interview was
the most used means in studies to assess adherence
in COPD patients, due to the ease of application. Other
forms of assessment exist, such as electronic devices
capable of measuring oxygen therapy, providing more
reliable data, but they are expensive and subject to
technical malfunction.?%

We can speculate whether the modification of the
pharmacological treatment of COPD over the past few
years has not also changed survival of patients with
hypoxemia, as adherence to oxygen therapy did not
improve survival and also did not show better clinical
characteristics in this sample. In this regard, we asked
whether changes in survival in patients with hypoxemia
and who are adherent to the LTOT treatment, can
really benefit from the large studies of the 1980s of
the last century. It is possible that adherence to drug
treatments involving inhalation devices has a greater
impact on survival even in those with hypoxemia.

Table 4. Analysis of regression of survival time and adherence and LTOT prescriptions by Cox regression model.

p
Age years) 0.19
BMI (kg/m?) 0.08
Pa02 (mmHg) 0.05
FEV, (L) 0.64
12h/day (reference) --
15h/day 0.13
24h/day 0.01
Non-adherence 0.66
Total SGRQ 0.44
Hematocrit (%) 0.63
BDI 0.22
Depression <0.001
Anxiety 0.09

HR IC 95%
1.03 0.98-1.09
0.90 0.80-1.01
0.90 0.82-1.00
0.99 0.95-1.02
5.92 0.57-60.7
7.16 1.44-35.4
0.75 0.21-2.70
1.02 0.96-1.08
0.98 0.91-1.05
1.24 0.87-1.77
1.34 1.14-1.59
0.85 0.71-1.02

BMI: Body Mass Index; PaO2: partial pressure of oxygen; FEV,: forced expiratory volume in the first second;
12-24h/day: time in hours of oxygen therapy per day; SGRQ: Saint George’s Hospital Questionnaire on Respiratory
Iliness; BDI: Baseline Dyspnea Index; Depression and Anxiety: scores on the Hospital Anxiety and Depression
Scale; HR: Hazard Ratio; 95% CI: 95% confidence interval. Statistically significant difference of p values <0.05.
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This assumption still needs to be confirmed by other
clinical studies.

Although adherence is not related to the mortality
rate, which was still high and in agreement with
previous studies on the topic,(®#2° these very serious
patients, who already have failure of the compensatory
mechanisms responsible for adequate oxygenation, are
at increased risk of mortality. In addition, the symptoms
in these very severe patients show greater impact than
those of lesser severity. The present study identified
that the quality of life of patients who died, suffered
greater impact due to symptoms, compared to those
who survived, pointing to this parameter as a possible
marker of worse prognosis. A Brazilian study with
118 patients showed that more intense dyspnea was
related to mortality.®® Another study with 142 patients
with respiratory failure also showed that hypoxemia
and dyspnea were determinants for the highest risk
of mortality.(® This finding points to the importance of
a detailed assessment of the intensity of dyspnea and
the impact of the disease on the patient’s quality of life.

The presence of anxiety and depression can be
associated with adherence or mortality,*® but that was
not observed in the present study. In addition, anxiety
can influence the intensity of the sensation of dyspnea.
A Turkish study evaluated 54 patients with COPD
grade IV and use of LTOT, finding that 63% suffered
major depression. Depression was proportionally more
frequent in patients who did not adhere correctly to
LTOT (90.6%) compared to adherents (22.7%). This
suggests that depression can affect adherence to
treatment and the prognosis of the disease.®

The other clinical parameters evaluated in the study
were also not associated with adherence to LTOT.
Similarly, a study by Hernandez et al.**) demonstrated
that there was no relationship between poor adherence
and disease severity (blood gas analysis, spirometry
or Charlson’s comorbidity index). However, the
same study identified characteristics associated with
non-adherent patients: greater use of health services,

less assessments of disease severity (lung function,
symptoms and comorbidities), more physical activity,
less dependence, less fragility and better quality of
life. Another French study of 930 patients found that
31.9% of patients reduced the duration of oxygen use
because they believed that the therapy was ineffective.?”

Our study did not identify the influence of adherence
to LTOT on mortality, but we found that patients who
needed to use 24h/day had a higher risk of mortality
when compared to those who use 12h/day. However,
by comparing groups, we observed that patients who
need 24h/day present more severe COPD, which is
associated with a higher risk of mortality. In the scientific
literature, a recent study by Ahmadi et al.*® with
2,249 patients with severe COPD, found no difference
between the use of 15 to 16 h/day compared to use
for more than 15 h/day.

The present study has limitations such as a failure
to assess hospitalizations and exacerbations that
may have influenced adherence and, consequently,
mortality. Thus, other studies that take into account
the influence of these variables must be carried out.
The patients’ follow-up time was also short, and cannot
be definitive for longer periods. We did not identify any
great variation in quality of life between adherent and
non-adherent groups, which demonstrates the need to
increase the sample size so that we can in fact confirm
the null hypothesis of the study.

In conclusion, the present study showed that adherence
to LTOT and the type of prescription were not associated
with mortality rates. The clinical characteristics of the
patients were not associated with adherence to LTOT
and a high mortality rate was identified in patients
with COPD using LTOT in five years.
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