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Abstract
Chronic obstructive pulmonary disease (COPD) is understood as a complex, heterogeneous and
multisystem airway obstructive disease. The association of deterioration in health-related quality of life
(HRQoL) with mortality and hospitalisation for COPD exacerbation has been explored in general terms.
The specific objectives of this study were to determine whether a change in HRQoL is related, over time,
to mortality and hospitalisation.
Overall, 543 patients were recruited through Galdakao Hospital’s five outpatient respiratory clinics. Patients
were assessed at baseline, and the end of the first and second year, and were followed up for 3 years. At
each assessment, measurements were made of several variables, including HRQoL using the St George’s
Respiratory Questionnaire (SGRQ).
The cohort had moderate obstruction (forced expiratory volume in 1 s 55% of the predicted value). SGRQ
total, symptoms, activity and impact scores at baseline were 39.2, 44.5, 48.7 and 32.0, respectively. Every
4-point increase in the SGRQ was associated with an increase in the likelihood of death: “symptoms”
domain odds ratio 1.04 (95% CI 1.00–1.08); “activity” domain OR 1.12 (95% CI 1.08–1.17) and
“impacts” domain OR 1.11 (95% CI 1.06–1.15). The rate of hospitalisations per year was 5% (95% CI 3–
8%) to 7% (95% CI 5–10%) higher for each 4-point increase in the separate domains of the SGRQ.
Deterioration in HRQoL by 4 points in SGRQ domain scores over 1 year was associated with an increased
likelihood of death and hospitalisation.

Introduction
Nowadays, chronic obstructive pulmonary disease (COPD) is understood not only as an airway obstruction
disease but also as a complex, heterogeneous and multisystem disease [1, 2]. Given that, there is a clear
need to have tools that enable us to evaluate all aspects of the disease in a broad and integrative approach.
Exacerbations and mortality are two of the key outcomes in COPD. Several factors and models have been
described and developed for predicting mortality in COPD patients [2, 3]. In recent years, multidimensional
instruments have been proposed seeking to capture as many of the aspects of the condition as possible and
improve the accuracy of prognosis regarding certain outcomes of the disease [4–7].

Several studies have focused on the impact of exacerbations and COPD exacerbation-related hospitalisation
(hCOPD) as factors associated with impairment of health-related quality of life (HRQoL) in COPD
patients [8–10]. In fact, hCOPD is the factor with the greatest influence on the deterioration of HRQoL in
COPD patients [11]. However, conversely, how changes in HRQoL impacts in suffering a hCOPD has
been less studied.
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TABLE 1 Sociodemographic and clinical characteristics of the cohort at the time of each assessment

Baseline 1 year 2 years p-value#

Patients 543 480 (88%) 428 (79%)
SGRQ score
Symptoms 44.5±22.2 42.5±22.4 43.1±23.5 0.363
Activity 48.7±24.9 45.9±25.0 46.6±25.0 0.111
Impacts 32.0±20.9 30.4±21.1 30.1±20.4 0.243
Total 39.2±20.1 37.1±20.5 37.2±20.4 0.188

Sex
Male 522 (96.1%) 459 (95.6%) 408 (95.3%) 0.820
Female 21 (3.9%) 21 (4.4%) 20 (4.7%)

Age, years 68.3±8.3 67.6±8.4 67.4±8.3 0.042
Body mass index, kg·m−2 28.3±4.4 28.3±5.2 28.1±4.4 0.659
mMRC dyspnoea score
0 69 (12.7%) 85 (17.7%) 75 (17.5%) 0.005
1 264 (48.6%) 248 (51.7%) 188 (43.9%)
2 166 (30.6%) 127 (26.5%) 142 (33.2%)
3–4 44 (8.1%) 20 (4.3%) 23 (5.4%)

FEV1, mL 1464±441 1470±501 1513±470 0.304
FEV1, % predicted 55.0±13.3 55.2±16.0 57.7±14.7 0.027
<30% predicted 18 (3.3%) 22 (4.6%) 13 (3.0%) 0.253
30–50% predicted 167 (30.8%) 131 (27.3%) 111 (25.9%)
⩾50% predicted 358 (65.9%) 327 (68.1%) 304 (71.0%)

Smoking history
Exposure, pack-years 46.8±27.3 46.3±26.4 46.5±26.0 0.989
Smokers 114 (23.0%) 91 (19.0%) 79 (18.5%) 0.622
Former smokers 414 (76.2%) 375 (78.1%) 338 (79.0%)
Never-smokers 15 (2.8%) 14 (2.9%) 11 (2.6%)

6MWD, m 409±92 421±118 412±116 0.002
Charlson comorbidity index score 2.41±1.42 2.46±1.42 2.47±1.41 0.630
<2 172 (31.7%) 145 (30.2%) 130 (30.4%) 0.765
2–3 264 (48.6%) 233 (48.5%) 208 (48.6%)
>3 107 (19.7%) 102 (21.3%) 90 (21.0%)

Previous hospitalisations
0 427 (78.6%) 406 (84.6%) 377 (88.1%) 0.033
1 80 (14.7%) 51 (10.6%) 30 (7.0%)
2 16 (3.0%) 14 (2.9%) 16 (3.7%)
3 9 (1.7%) 6 (1.3%) 4 (0.9%)
>3 11 (2.0%) 3 (0.6%) 1 (0.2%)

Treatment¶

0–1 73 (13.4%) 57 (11.9%) 48 (11.2%) 0.204
2 121 (22.2%) 91 (19.0%) 87 (20.3%)
3 349 (64.3%) 330 (68.8%) 293 (68.5%)

COPD group
A 284 (56.0%) 260 (62.4%) 205 (56.9%) 0.206
B 143 (28.2%) 89 (21.3%) 90 (25.0%)
C 35 (6.9%) 39 (9.3%) 33 (9.2%)
D 45 (8.9%) 29 (7.0%) 32 (8.9%)

Comorbidities
Coronary artery disease 32 (5.9%) 27 (5.6%) 23 (5.4%) 0.941
Angina 40 (7.4%) 34 (7.1%) 33 (7.7%) 0.937
Congestive heart failure 79 (14.6%) 73 (15.2%) 64 (15.0%) 0.956
Arrhythmia 73 (13.4%) 68 (14.2%) 61 (14.3%) 0.920
Hypertension 211 (38.9%) 200 (41.7%) 179 (41.8%) 0.557
Peripheral artery disease 49 (9.0%) 45 (9.4%) 38 (8.9%) 0.964
Cerebrovascular accident 39 (7.2%) 40 (8.3%) 40 (9.4%) 0.472
Diabetes 88 (16.2%) 85 (17.7%) 79 (18.5%) 0.637

Data are presented as mean±SD or n (%), unless otherwise stated. SGRQ: St George’s Respiratory Questionnaire;
mMRC: modified Medical Research Council; FEV1: forced expiratory volume in 1 s; 6MWD: 6-min walking distance.
#: significant difference of probability distribution at the three time points calculated for each variable using
nonparametric Kruskal–Wallis test; ¶: classified as 0–1 long-acting β2-agonist (LABA) or long-acting muscarinic
antagonist (LAMA), 2 out of LABA, LAMA and inhaled corticosteroid (ICS), or all 3 of them (LABA+LAMA+ICS).
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Furthermore, HRQoL is considered an important outcome itself and a predictor of other outcomes,
including mortality, in COPD patients [12, 13]. HRQoL is very often assessed in clinical trials, but its use
in and impact on routine clinical practice has yet to be properly or thoroughly investigated, especially
considering that HRQoL provides a broad picture of how the disease affects patients.

It is also well recognised that, as well as hCOPD, mortality is related to HRQoL. In this context, our
hypothesis was that HRQoL could be a useful prognostic instrument in the follow-up of COPD patients.
The aim of this study was to investigate these relationships in more detail, the specific objectives being to
explore whether these outcomes (mortality and hCOPD) are correlated with changes in HRQoL over time
and, hence, whether such changes might be useful as a warning sign in a cohort of COPD patients.

Methods
Participants and data collection
Patients were recruited after being treated for COPD in five outpatient respiratory clinics run by Galdakao
Hospital’s Dept of Respiratory Medicine. Patients were consecutively included in the study if they had
been diagnosed with COPD for ⩾6 months and had been stable for ⩾6 weeks. The inclusion of patients
started in 1999. Other inclusion criteria were forced expiratory volume in 1 s (FEV1) <80% of the
predicted value and FEV1/forced vital capacity ratio <70%.

Patients were not eligible for the study if they had been diagnosed with asthma, extensive pulmonary
tuberculosis, bronchiectasis, diffuse interstitial lung disease, cancer, or psychiatric or neurological problems
that might hinder effective collaboration. The protocol was approved by the Ethics and Research
Committees of the hospital (030906005). All candidate patients were given detailed information about the
study and all those included provided written informed consent.

Study protocol
Data were recorded on participants’ sociodemographic characteristics and smoking habits, as well as
several clinical variables (table 1). Comorbidities were identified by reviewing the patients’ entire
electronic health record and summarised using the Charlson comorbidity index [14]. HRQoL was assessed
using the validated Spanish version of the St George’s Respiratory Questionnaire (SGRQ) [15, 16]. The
SGRQ comprises three dimensions (symptoms, impact and activity) and a global score. Each dimension
receives a score between 0 and 100, with 0 representing a complete lack of deterioration.

Complete pulmonary function tests included forced spirometry, bronchodilator testing and body
plethysmography, as well as measurements of carbon monoxide diffusing capacity and respiratory muscle
strength. These tests were performed in accordance with the standards of the Spanish Society of
Respiratory Medicine and Thoracic Surgery (SEPAR) [17]. For reference values, we considered those of
the European Community for Steel and Coal [18].

Follow up
Patients were assessed at baseline and the end of the first and second years, and were followed up for
3 years. Specifically, once a year during the study period, survivors were interviewed and measurements
were made of several variables, including HRQoL (using the SGRQ) and pulmonary function.
Furthermore, up to 3 years after the baseline assessment, patient health records and the hospital database
on hCOPD were reviewed. Vital status was established by reviewing health records, the hospital database
and public death registries. Deaths from any cause were considered confirmed if the name, sex and date of
birth on the record matched those of the participants. No interventions were performed in relation to this
study and the research team did not take part in patients’ routine treatment or the treatment of any
exacerbations.

Statistical analysis
Disease-specific quality of life was measured using the SGRQ. SGRQ scores are presented as mean±SD.
The outcome variables were: 1) vital status of the patient, recorded as alive or dead, for 1-year periods; and
2) hCOPD rate for 1-year periods. Data at baseline and the three immediately consecutive 1-year periods
were considered in the analysis. Generalised linear mixed models for repeated measurements were built
with SGRQ score as the covariate and the outcome in the following 1-year period for each domain [19].
A logistic model was fitted for vital status, whereas a generalised Poisson model accounting for
overdispersion was fitted for hospitalisations [20]. Results were expressed as the odds ratio of a 4-point
increase in SGRQ score, which is considered a clinically significant change, along with the 95%
confidence interval.
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Results
The cohort included 543 patients (mean age 68 years), mostly men (96%) with a moderate level of
obstruction (FEV1 55% of the predicted value), and 23% were active smokers. Using the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) classification [21], 56% of the cohort was classified as
GOLD group A and 28% as GOLD B. Regarding the HRQoL, the SGRQ total, symptoms, activity and
impact scores at baseline were 39.2, 44.5, 48.7 and 32.0, respectively. Table 1 summarises other
characteristics of the cohort at the three assessments.

During the follow-up, 37 (6.8%) patients died in the first year, 31 (6.4%) in the second year and 21 (4.9%)
in the third year (figure 1). The SGRQ symptoms, activity and impacts mean scores at the start of the
study in those who survived to the end of the follow-up (n=407) were 44.5, 45.9 and 30.5, respectively,
and during the follow-up, these values did not significantly increase (which would indicate worsening)
(figure 2). Conversely, the patients who died at any point during the 3 years of follow-up (n=89) had
SGRQ symptoms, activity and impacts mean scores at the start of the study of 45.5, 61.9 and 40.1,
respectively (figure 1). A similar pattern was observed in HRQoL in relation to hCOPD during follow-up.

Notably, a clinically relevant deterioration in quality of life as measured by SGRQ score at the annual
follow-up was seen in at least one of the domains in patients who died before the next assessment (figure
2). In the generalised linear mixed model for 1-year mortality over the 3-year follow-up based on the
HRQoL measurement before death (last measurement), it was shown that every 4-point increase in the
SGRQ was associated with a higher likelihood of death: “symptoms” domain odds ratio 1.04 (95% CI
1.00–1.08); “activity” domain OR 1.12 (95% CI 1.08–1.17); and “impacts” domain OR 1.11 (95%
CI 1.06–1.15) (table 2 and figure 2).

Furthermore, higher values in the three SGRQ domains were significantly related to a higher hCOPD rate
in the following 1-year period (p<0.001). The rate of hospitalisation per year was, depending on the

hCOPD=0 hCOPD>0 Deceased

Baseline

p-value

Symptoms:

0.001

Activity:

0.007

Impacts:

0.009

1 year

Symptoms:

0.002

Activity:

<0.001

Impacts:

<0.001

2 years

3 years

Symptoms:

<0.001

Activity:

<0.001

Impacts:

<0.001

n=427

Symptoms: 43±22

Activity: 47±25

Impacts: 31±21

n=79

Symptoms: 53±21

Activity: 53±24

Impacts: 38±20

n=37

Symptoms: 44±20

Activity: 59±23

Impacts: 36±23

n=394

Symptoms: 41±22

Activity: 43±24

Impacts: 28±20

n=55

Symptoms: 52±23

Activity: 57±28

Impacts: 40±23

n=31

Symptoms: 45±22

Activity: 57±26

Impacts: 41±24

n=274

Symptoms: 40±23

Activity: 43±23

Impacts: 27±19

n=133

Symptoms: 47±23

Activity: 50±26

Impacts: 33±21

n=21

Symptoms: 60±23

Activity: 78±19

Impacts: 54±20

hCOPD=0 hCOPD>0 Deceased

hCOPD=0 hCOPD>0 Deceased
n=26 withdrawn

n=543

n=21 withdrawn

FIGURE 1 Follow-up of patients and St Georges’ Respiratory Questionnaire scores (mean±SD) before death and hospitalisation due to COPD
(hCOPD) (considering events during the year following assessment of health-related quality of life).
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domain, 5% (95% CI 3–8%) to 7% (95% CI 5–10%) higher for each 4-point increase in SGRQ score
(table 3). Estimated values of the mean±SD overdispersion parameter of the generalised Poisson distribution
were 0.381±0.046, 0.365±0.045 and 0.362±0.045 for the symptoms, impacts and activity domains
respectively; all of them statistically significant (p<0.001).

Discussion
The main finding of our study was that maintaining HRQoL (keeping the same score) was related to
patient survival, while deterioration from one assessment to the next, that is, over a 1-year period,
corresponding to a more than 4-point decrease in score for any domains of the SGRQ, was associated with
a higher likelihood of death and hCOPD. Notably, this pattern was seen for all the domains of the
questionnaire, though especially in the activity and impacts domains for the mortality outcome (figure 2).

It is known from previous studies that there is an independent association between HRQoL measured by
SGRQ and mortality, this being applicable not only to all-cause mortality but also to respiratory mortality
[12, 22–25]. These results were mainly obtained in cross-sectional studies. In our study, when performing
separate analysis for those in the cohort who survived or died during follow-up, the latter had higher
scores at the start of the study in all the domains of the SGRQ, especially activity and impacts. In this
respect, our results are in line with those of the aforementioned studies.

One recent observational study went a step further and demonstrated an association between 1-year change
in SGRQ and mortality over a 10-year follow-up [26]. What is novel about our study is that the annual
change (deterioration) in SGRQ score was predictive of the risk of death during the next year of follow-up.
It was not the SGRQ domain scores, but the annual change therein that was associated with the higher
likelihood of death (specifically, 12% and 11% for the activity and impacts domains respectively for every
4-point increase in the score). Nonetheless, not all the domains of the SGRQ (the most widely used
specific questionnaire in clinical research in COPD) seem to be equally predictive of mortality. In our
patients, the activity and impacts domains showed the highest predictive capacity.
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FIGURE 2 Changes in scores in the three domains of the St Georges’ Respiratory Questionnaire (SGRQ) by study group depending on vital status
during the follow-up period.

TABLE 2 Results of the generalised linear mixed model for 1-year mortality over 3 years of follow-up based on
health-related quality of life (HRQoL) score before death (considering the most recent measurement, at the
start of the 1-year period) in a longitudinal study

HRQoL β±SD p-value OR (95% CI)

SGRQ symptoms 0.0386±0.0200 0.054 1.04 (1.00–1.08)
SGRQ activity 0.1135±0.0199 <0.001 1.12 (1.08–1.17)
SGRQ impacts 0.1000±0.0209 <0.001 1.11 (1.06–1.15)
SGRQ total 0.1113±0.0224 <0.001 1.12 (1.07–1.17)

Modelled on a 4-point increase in St George’s Respiratory Questionnaire (SGRQ) score.
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In line with this, ANTONELLI-INCALZI et al. [23] showed that, among the SGRQ scores, it was the impact
domain that was the best predictor of mortality and this performed better than FEV1 during the 53-month
follow-up of their cohort: hazard ratio 1.13 (95% CI 1.06–1.22). In our study, this domain had a similar
power as a predictor of mortality to that seen in the aforementioned study and the same power as that of
the activity domain, both of them being more valuable than the symptom domain. The impacts domain
covers issues related to social functioning but also aspects of psychological disturbances. However, the
activity score measures disturbances to daily physical activity (activities that cause or are limited by
breathlessness). The impacts score is the broadest component of the SGRQ. It correlates with the whole
range of disturbances that respiratory patients experience in their lives, from dyspnoea to anxiety and
depression, including limitations in exercise capacity. All these aspects are crucial as strong predictors of
mortality [27–29].

In a study by DOMINGO-SALVANY et al. [12], in their final model for all-cause and respiratory mortality, only
the activity domain reached statistical significance. In our study, activity was the domain that was the
strongest predictor of mortality, probably because it reflects dyspnoea of pulmonary and/or cardiac origin,
and our cohort had a high level of comorbidities, including cardiovascular conditions. As noted above,
dyspnoea has shown to be a strong predictor of mortality [27], and these two domains of the SGRQ
capture not only the importance of the symptom itself but also of its relationship with physical and
psychological limitations, which seem to be the most important issue [30, 31].

These findings are noteworthy bearing in mind that symptoms in COPD patients are important in several
aspects of disease burden [32], and moreover, productive cough is a prognostic marker of outcomes in
COPD patients, including respiratory mortality [33]. The SGRQ symptoms domain is focused on the
frequency and severity of respiratory symptoms. Hence, a higher predictive capacity of the symptoms
domain could have been expected in the mortality of our cohort.

Although less widely reported than the association of mortality with HRQoL, a relationship between
hospitalisation and quality of life has also been described in patients with COPD. For example, FAN et al.
[22] showed that the score on a specific HRQoL instrument (the Seattle Obstructive Lung Disease
Questionnaire) [34] was an independent predictor of hospitalisation and death, the physical function scale
of the questionnaire being the best predictor of hospitalisation. These findings are partially in agreement
with ours, but we observed no differences between the three domains of the SGRQ in this respect. Similar
findings were reported in another study which showed that all SGRQ domains were independent predictors
of hospitalisation [25].

The main limitation of this study is the uncertainty in determining the cause of death. For this reason, we
have analysed only general mortality. Furthermore, our cohort was mainly composed of men but this has
been a common finding in Spanish COPD cohorts to date because, in our country, women started to
smoke relatively late in the 20th century. We cannot currently translate our results to other HRQoL
questionnaires, such as the COPD Assessment Test (CAT), which would give us a more practical point of
view of the usefulness of the tool.

No other confounders, although recorded, have been included in the analysis. The reason is the goal of the
study, where the effect of a patient-reported outcome, such as HRQoL, is being tested as a surrogate
indicator of prognosis as regards to mortality and hospitalisations. Summarising, the purpose was to show
the usefulness of the HRQoL in the prediction of prognosis apart from other factors.

TABLE 3 Results of the generalised Poisson mixed model for 1-year chronic obstructive pulmonary disease
exacerbation-related hospitalisations over 3-years of follow-up based on health-related quality of life (HRQoL)
score before hospitalisation (considering the most recent measurement, at the start of the 1-year period) in a
longitudinal study

HRQoL β±SD p-value eβ (95%CI) τ±SD

SGRQ symptoms 0.0513±0.0113 <0.001 1.05 (1.03–1.08) 0.381±0.046
SGRQ activity 0.0594±0.0107 <0.001 1.06 (1.03–1.08) 0.365±0.045
SGRQ impacts 0.0694±0.0120 <0.001 1.07 (1.05–1.10) 0.362±0.045
SGRQ total 0.0774±0.0127 <0.001 1.08 (1.05–1.11) 0.365±0.045

Modelled on a 4-point increase in St George’s Respiratory Questionnaire (SGRQ) score.
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The use of generalised linear mixed models for the statistical analysis of repeated measurements over time,
in this particular case using binary and count outcomes, accounting for overdispersion, which is quite
common in this kind of data, adds robustness to the results and conclusions.

Our results have two main implications. First, we can interpret deterioration by 4 points in SGRQ scores,
particularly those for certain domains (activity and impacts), from one year to the next, as a possible
warning of hCOPD and/or death. Hence, if any clinically significant deterioration in HRQoL is detected in
the follow-up of COPD patients (especially in the activity domain of the SGRQ), this change should be
considered a warning concerning the clinical status of the patient, and efforts should be made to identify
the cause of the deterioration and take measures to reverse the situation.

Second, there is a need for further research to investigate whether our findings with the SGRQ are
replicated with other measures, in particular, with specific HRQoL questionnaires that are easier to
administer in routine clinical practice, such as the CAT or the Clinical COPD Questionnaire. If similar
patterns were found with simpler tools, routinely measuring HRQoL would be not only useful but feasible.
To sum up, our findings emphasise the importance of quantifying HRQoL as a prognosis tool in COPD
and allow a new perspective on the measurement of HRQoL in that it may provide a tool for general
prognosis in the routine clinical assessment of COPD patients.
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