Utilization and determinants of use of non-pharmacological interventions in COPD: results of the COSYCONET cohort
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Background	
Guidelines for chronic obstructive pulmonary disease (COPD) recommend supplementing pharmacotherapy with non-pharmacological interventions. Little is known about the use of such interventions by patients. We analyzed the utilization of a number of non-pharmacological interventions and identified potential determinants of use.
Methods
Based on self-reports, use of interventions (smoking cessation, influenza vaccination, physiotherapy, sports program, patient education, pulmonary rehabilitation) and recommendation to use were assessed in 1410 patients with COPD. The utilization was analyzed according to sex and severity of disease. Potential determinants of utilization included demographic variables and disease characteristics and were analyzed using logistic regression models.
Results
Influenza vaccination in the previous autumn/winter was reported by 73% of patients. About 19% were currently participating in a reimbursed sports program, 10% received physiotherapy, 38% were enrolled in an educational program, and 34% had ever participated in an outpatient or inpatient pulmonary rehabilitation program. Out of 553 current or former smokers, 24% had participated in a smoking cessation program. While reports of having received a recommendation to use mainly did not differ according to sex, women showed significantly (p<0.05) higher utilization rates than men for all interventions except influenza vaccination. Smoking was a predictor for not having received a recommendation for utilization and also significantly associated with a reduced odds of utilization. We found a correlation between recommendation to use and utilization.
Conclusions
Utilization of non-pharmacological interventions was lower in men and smokers. A recommendation or offer to use by the physician could help to increase uptake.
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Introduction
Chronic obstructive pulmonary disease (COPD) carries a high burden and is currently the third leading cause of death worldwide [1, 2]. The prevalence of COPD in Germany is estimated at 13% in the adult population aged 40 years and older [3]. Current international and national COPD guidelines recommend non-pharmacological interventions – with different levels of evidence – to improve symptoms (cough, sputum production, and dyspnea), prevent exacerbations, enhance self-management behavior and optimize daily activity levels [1, 4]. These include preventive measures, such as smoking cessation and vaccination, interventions to promote physical activity and self-management (i.e. pulmonary rehabilitation, lung sports programs, patient education), together with oxygen therapy, ventilator support, and surgical interventions. Smoking cessation is the most effective intervention in the management of COPD, with positive effects on survival and the deceleration of lung function decline [5]. 
There is evidence for sex-specific differences in the diagnosis, phenotype and therapeutic response of COPD [6, 7]. With regard to non-pharmacological interventions, a Swedish register study found that women had higher utilization rates for education programs and contact with a physiotherapist or dietician [8]. Furthermore, Watson et al. reported, that women were more likely to receive smoking cessation advice [9].
In Germany, data on the pharmacological treatment of COPD [10] as well on the utilization of general healthcare services independent from COPD (e.g. doctor visits, hospital stays, rehabilitation measures) has been investigated [11, 12]. However, data on the uptake of specific guideline-recommended non-pharmacological interventions is lacking. The present analysis aimed to provide data on the use of recommended, COPD-specific, non-pharmacological interventions according to sex and GOLD groups A-D. A secondary aim was to identify determinants of utilization and to explore the association between recommendation by a physician and useutilization of interventions.
Material and methods
Study population and assessment of non-pharmacological interventions
We used data from the baseline visit and 36-month follow-up of the COSYCONET cohort (German COPD and Systemic Consequences – Comorbidities Network). In this prospective, observational, multicenter cohort study, 2,741 patients were included at baseline between 2010 and 2013 across Germany and reexamined after 6, 18, and 36 months, with ongoing follow-up visits. Subjects were included if they were ≥40 years and had physician-diagnosed COPD. A standard operating procedure (SOP) was developed to ensure comparability of the scheduled assessments and tests between all study centers. Furthermore, instruments including devices for lung function testing were homogeneous across study sites and clinical investigators participated in regular training. Detailed information on the recruitment process, the standardized data collection, and quality control measures baseline cohort has been givenis available elsewhere [13]. 
The flow-diagram (Figure 1) shows the inclusion criteria and study sample of the present analysis.
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Figure 1 Consort diagramOverview of the study population
At the 36-month follow-up, 1,427 patients (47.9% of baseline participants) were re-examined, with questions designed to assess the utilization of non-pharmacological interventions incorporated into the assessments for the first time. Questions were binary (yes/no) and covered different time frames. In detail, this included the following specifically for COPD (“[…] we ask you a number of questions about medical treatment and care for your COPD. However, they refer explicitly only to your COPD.”): influenza vaccination (previous autumn or winter), physiotherapy (currently), sports program that is reimbursed by your health insurance company (currently), patient educational program (ever), inpatient or outpatient pulmonary rehabilitation (ever), and smoking cessation (ever; only for current smokers or patients who quit smoking within the previous 10 years). Oxygen therapy, ventilator support and surgical intervention were not included in the present analysis. Additionally, we assessed whether patients reported to have ever received a recommendation for the use of influenza vaccination and, educational program, or an offer to participate in a and smoking cessation program expressed by their physician or insurance company.  
[bookmark: _Toc14350502]Assessment of covariables
Assessment of covariables was based on data of the baseline visit of the study. GOLD groups were defined according to ABCD scheme. Low/no symptom patients were classified as groups A and C (modified Medical Research Council dyspnea scale [mMRC] 0‑1). Highly symptomatic patients were assigned to groups B and D (mMRC ≥2). Based on exacerbations of all severities within the previous 12 months, patients were classified as group A or B (0 to 1 exacerbation), and as grade group C or D (>=1 inpatient (severe) or > 2 non-hospitalized exacerbations) [4]. 
Lung function was characterized by FEV1 expressed as percent predicted according to the Global Lung Function Initiative (FEV1%pred). The values were determined in a standardized post-bronchodilator spirometry following the standard operating procedures of COSYCONET, which align with established guidelines [13]. Information on age, sex, smoking status, body mass index, and level of education (basic education duration ≤9 years, secondary education 10-11 years, higher education >11 years) was assessed via standardized interviews, questionnaires, and examinations. Exacerbation history was assessed as the highest severity level of exacerbation that occurred in the 12 months prior to the examination. The severity levels were defined according to GOLD (acute respiratory worsening for several days and the need for specific measures; mild: self-managed, moderate: patient visited primary care physician, severe: led to hospital admission).
Information about the specialization of the patients’ main attending physician was collected at the 36-month follow-up by asking “What is the specialty of the physician who has treated you for the most part for your COPD in the last 12 months?”.
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Baseline characteristics of participants were summarized using unadjusted means and standard deviations (SD) for continuous variables and percentages for categorical variables. Analysis of variance (ANOVA) for continuous variables and chi2-tests for categorical variables were used to compare characteristics between participant groups. Descriptive measures were used to present utilization rates of non-pharmacological interventions. Results were stratified by sex and by GOLD groups A-D, and differences were assessed by chi2-tests. To identify determinants of recommendation and utilization of non-pharmacological interventions, multiple logistic regression models were used to generate odds ratios (OR) and 95% confidence intervals (CI). The models included FEV1%pred, age, sex, education, smoking status, BMI, exacerbation history, presence of dyspnea, time since COPD diagnosis, all assessed at the baseline visit of the study. The specialty of the attending physician was included only for the interventions with current use. 
Since we analyzed data from a follow-up visit of COSYCONET, a substantial proportion of patients had already left the cohort. To assess differences between the cohort at baseline and at the 36-month follow-up, descriptive analyses were undertaken to compare the baseline characteristics of participants included and those lost to follow-up. 
Statistical analyses were performed using SAS software (SAS Institute Inc., Cary, NC, USA, version 9.4), and p-values of 0.05 or less were considered to be statistically significant.
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The baseline characteristics of the study population are given in table 1. The majority of participants was male (59 %), with a mean age of 64.5 years at baseline. Current smoking was reported by 20 % of male and 26 % of female participants. Whereas lung function values and GOLD groups did not differ between sexes, females reported significantly higher levels of dyspnea (mMRC ≥2) and were more likely to have experienced an exacerbation in the preceding 12 months.
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Figure 2 displays the percentages of unadjusted utilization of non-pharmacological interventions. Overall, utilization rates of >50% were found only for influenza vaccination in the previous autumn or winter. Females showed significantly higher utilization rates for every intervention compared to males with the exception of influenza vaccination (male 73.3% vs female 71.6%, p=0.48). The biggest difference with regard to proportions was found for smoking cessation programs (19.0% vs. 30.0%, p=0.0025). 
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Figure 2 Utilization of non-pharmacological interventions, stratified by gender 
* Significantly different according to Chi2-tests (p <0.01)  
a only for n=553 current smokers or patients who quit smoking ≤ 10 years ago
The utilization of non-pharmacological interventions across GOLD groups A-D can be found in Figure 3. Patients in GOLD group A were the least likely to have received all interventions while utilization was found highest for GOLD D.  
[image: ]
Figure 3 Utilization of non-pharmacological interventions, stratified by GOLD groups A-D (mMRC)
* Significantly different according to Chi2-tests (p <0.01)  
a only for n=553 current smokers or patients who quit smoking ≤ 10 years ago
Association between healthcare resource utilization and recommendation to use
[bookmark: _Toc14350508]Figure 4 shows the utilization rates of non-pharmacological interventions for patients who had been given a recommendation to use by their physician or insurance company compared to patients who had not received a recommendation. For all three interventions, a recommendation to use or offer to participate (smoking cessation) was associated with higher utilization rates. For example, 89 % of patients who indicated that a doctor recommended taking part in an educational program, reported utilization of such a program, while 13 % reported utilization without a previous recommendation.
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Figure 4 Association between utilization of non-pharmacological interventions and recommendation of use
(1) Has your doctor ever recommended you to be vaccinated against influenza? (Yes: 88 %)
(2) Has your doctor ever recommended taking part in a patient educational program for your COPD? (Yes: 33 %)
(3) Has your doctor or health insurance company ever offered you to take part in a smoking cessation program? (Yes: 25 %)
Determinants of utilization and recommendation to use
Determinants of utilization of non-pharmacological interventions are shown in Table 2. Values of FEV1%pred ≤ 50% (vs >80%) were a significant predictor of utilization regarding all interventions except smoking cessation. Moreover, patients aged ≥65 years (vs <55) were more likely to have received influenza vaccination, while on the other hand older age was associated with a lower probability of currently seeing a physiotherapist or having had pulmonary rehabilitation.
Consistent with the unadjusted results, females had significantly higher odds of utilization for every intervention except influenza vaccination and pulmonary rehabilitation.
Regarding the patient’s smoking status, being a current smoker (vs never smoker) was associated with a significantly reduced probability of utilization of influenza vaccination, sports program, educational program, and pulmonary rehabilitation. Obesity was also significantly associated with a reduced probability of utilization of some interventions.  
A history of moderate or severe exacerbations in the 12 months before the baseline study visit and mMRC ≥2 was significantly associated with higher probabilities of utilization for the majority of outcomes.  
With regard to determinants of previous recommendations by physicians, current smoking was significantly associated with a reduced odds of having received a recommendation for influenza vaccination or participation in an educational program. Female sex, on the other hand, was associated with a higher probability of having received a recommendation for influence vaccination.
Comparison between the study sample and the cohort at baseline 
At the 36-month follow-up, 1116 patients were still alive but no longer available. Compared to our study sample (n=1410 participants), these patients were older, had poorer lung function and reported higher levels of dyspnea (mMRC) at baseline. This was also reflected in greater proportions of patients in GOLD groups B and D (Table S1).
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In this study, we analyzed the utilization of non-pharmacological interventions for COPD and identified its determinants based on data from the established German COPD cohort COSYCONET. First, with the exception of influenza vaccination, fewer than half of the patients participated in the recommended panel of non-pharmacological interventions. Second, utilization was higher with increasing severity of COPD as determined by GOLD groups, and for female patients, while current smoking was associated with a reduced utilization. Third, current smoking was also significantly associated with a reduced probability of having received a recommendation to use by a physician.
When stratified by sex, our analysis demonstrated that female patients participated to a higher degree in all non-pharmacological interventions, except influenza vaccination, which showed already high levels for men and women. Similar results have been published in previous reports, which showed that women tend to communicate more frequently with healthcare providers and utilize more healthcare resources than men [14-16]. This was also found in other chronic diseases such as diabetes [17, 18]. Similarly, Henoch et al. found higher participation rates for educational programs and physiotherapy for women compared to men and also higher vaccination rates [8]. Logistic regression models confirmed that female sex was a significant determinant of utilization by increasing the odds of participation in non-pharmacological interventions. Interestingly, female sex was not significantly associated with having received a recommendation for smoking cessation or educational program. This is in contrast to Watson et al., who found women to be more likely to get smoking cessation advice [9].
Smoking cessation is the most effective and cost-effective intervention in the management of COPD. In our study, not even a quarter of current or previous smokers had ever participated in a smoking cessation program. This is a concern, as smoking cessation fundamentally influences the course of COPD by attenuating the decline of lung function and improving survival [1, 19, 20]. Even within COPD, non-smoking patients tend to have less airflow limitation and gas exchange abnormalities and fewer symptoms than current smokers [21, 22]. In comparison, a Swiss study by Kaufmann et al. reported rates of 52 % for smoking cessation programs in 50 smokers with COPD in the outpatient setting [23] and according to a Swedish register study, 34 % of patients participated in a smoking cessation program [8]. Ourt data indicated, that smoking was also associated with reduced probabilities of participation in all other non-pharmacological interventions, which could lead to two different considerations: smokers with COPD in the cohort refuse to utilize the non-pharmacological therapy options as a somewhat non-compliant behavior. However, the participation in the cohort over several years might be an argument against a general rejection and non-adherence. On the other hand, smoking was also a predictor for not having received a recommendation for two interventions. This could indicate that a physician might be less likely to offer other non-pharmacological options if a patient continues smoking. An alternative explanation could also be that smokers forget about or pay less attention to recommendations they had been given. However, recall bias among smokers seems unlikely, as 98 % of all current smokers report that they had ever been advised by a physician to quit smoking.
Nearly three quarters of patients had received influenza vaccination in the previous autumn or winter. This is an important achievement, as influenza vaccination lowers the likelihood of respiratory infections and can reduce exacerbation rates [1, 24, 25]. Thus the result obtained for Germany can be considered acceptable, especially when compared to other reported vaccination rates in patients with COPD, such as 49 % in Swiss patients, or 34 % in population-based and 71 % in hospital-based patients in Norway [23, 26].
Structured education programs for outpatients include information on risk factors and their reduction or elimination, and in particular emphasize the importance of smoking cessation and have shown to improve inhalation technique, increase self-control of disease, reduce the frequency of acute exacerbations, and reduce costs while improving quality of life [4, 27, 28]. Consistent with this, use of other non-pharmacological interventions, especially smoking cessation, could be improved by higher participation rates in educational programs. In particular, participation in a patient education program is considered an important step towards behavioral change and improved self-management [1, 4, 29, 30]. According to a Swedish register study, the utilization rate of any patient education program was 22 %. In our study, forty percent of all patients had participated in an educational program while a third reported utilization of pulmonary rehabilitation. There might be an overlap between these two interventions, since pulmonary rehabilitation often includes aspects of patient education [31]. Progression of the disease, indicated by lower FEV1%pred, worse dyspnea, and severe exacerbations, was associated with utilization. 
Convincing evidence is available for measures promoting physical activity and its benefits in COPD patients including improving strength, endurance, agility and coordination [1, 4]. Utilization rates of physiotherapy (9.5 %) and participation in sports programs (18.5 %) were rather low and might be explained by the shorter time horizon in the respective question compared to those referring to the other interventions (“currently” vs “ever”). Furthermore, it is important to note that the questionnaire specifically assessed participation in a reimbursed sports program and therefore, conclusions regarding daily activity levels of patient are not supported by our data. 
Our results are consistent with previous publications, in that therapy options requiring a high degree of behavioral change (such as smoking cessation or physical activity) are recognized as difficult for patients to adopt [32, 33]. Physician`s advice or offer to utilize non-pharmacological options was found to be significantly associated with utilization. One should also keep in mind, that a physician`s recommendation could be an indicator for access to certain interventions, especially with regard to smoking cessation and educational programs, which could explain part of the positive correlation.
We found a trend towards higher participation in guideline-recommended non-pharmacological interventions, iIf patients reported pulmonologists vs GPs as attending physicians. This was adjusted for pulmonary function and symptoms., this resulted in a trend towards higher participation in guideline-recommended non-pharmacological interventions. This Our finding result is consistent with that obtained reported by Garcia-Aymerich et al., showing that COPD patients treated by a pulmonologist were more likely to receive pharmacological and non-pharmacological treatments and were more likely to perform inhalation maneuvers correctly [34]. Pothirat et al. [35] compared the management of patients with COPD by pulmonologists vs internists and also found higher guideline adherence by pulmonologists as well as significantly lower rates and frequencies of severe adverse events in patients managed by them. Other studies, however, did not observe differences in resource utilization intensity or patient survival [36, 37]. Nevertheless, the overall results suggest that in order to maximize treatment efficiency it might be beneficial to integrate specialists early into the treatment process [38].
Potential limitations of our study should be kept in mind when interpreting the findings. First, selection bias is likely as there was a substantial dropout of nearly 50 % between baseline and the 36-month follow-up visit. Previous analyses had already indicated that Ppatients who did not attend the follow-up visits were older and more severely ill [12, 39], thus the study population most likely demonstrates healthy participation bias during follow-up. This was also confirmed in previous longitudinal analyses [12, 39]. We might therefore underestimate the utilization in the general population of patients with COPD. FurthermoreOn the other hand, patients who continuously participate in a cohort study over four visits might be more interested in the management of their chronic condition and the available treatment options, leading to higher utilization compared to the general COPD population. Second, the utilization data was collected at the 36-month follow-up visit with different monitoring periods. Although we temporally separated the assessment of outcomes from the independent variables by using baseline variables for the characterization of patients, causal relationships cannot be drawn based on the analyzed dataset, especially, when referring to the time frame “ever”. Third, there is a chance for recall bias when surveying self-reported information on healthcare utilization tending towards underestimation of utilization [40]. However, it is unlikely that binary questions (yes/no) about whether patients participated in interventions are markedly susceptible to recall bias. Finally, there is a lack of standardization of non-pharmacological interventions within our study and in comparison to other studies. To avoid different interpretations within the data assessment, additional descriptions were included in the questionnaire. 
The main strength of our study is the large and well-characterized patient sample, which included a panel of determinants and subgroups of different severity. The high number of female patients provided enough power to investigate differences from men regarding the utilization of non-pharmacological interventions. 
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With the exception of influenza vaccination, our findings indicate relatively low levels of use of guideline-recommended, non-pharmacological interventions for COPD in Germany. Women demonstrated higher participation rates than men, while active smoking was associated with reduced utilization. Recommendations or offers to use non-pharmacological interventions by the physician might help to increase uptake, especially in men and smokers. Future efforts could explore cost-efficient ways to inform and encourage patients to undertake guideline-recommended, non-pharmacological interventions for COPD.
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[bookmark: _Ref13237540]Table 1: Baseline characteristics of the study population, stratified by sex
	
	
	Male
(n= 833)
	Female
(n= 577)
	Total 
(n= 1410)
	p-value

	Age (years)
	Mean age
	65.3 (8.2)
	63.4 (8.5)
	64.5 (8.4)
	<0.0001 a

	Spirometry 
	FEV1%pred 
	60.0 (20.3)
	61.1 (20.5)
	60.5 (20.3)
	0.3100 a

	
	FVC%pred
	81.8 (18.4)
	81.8 (17.2)
	81.8 (17.9)
	0.9943 a

	GOLD group (mMRC)
	A
	405 (48.9)
	242 (42.1)
	647 (46.1)
	0.0896 b

	
	B
	173 (20.9)
	133 (23.1)
	306 (21.8)
	

	
	C
	118 (14.2)
	90 (15.7)
	208 (14.8)
	

	
	D
	133 (16.0)
	110 (19.1)
	243 (17.3)
	

	Smoking status
	Current smoker
	170 (20.4)
	147 (25.5)
	317 (22.5)
	<0.0001 b

	
	Former smoker
	614 (73.7)
	361 (62.6)
	975 (69.2)
	

	
	Never smoker
	49 (5.9)
	69 (12.0)
	118 (8.4)
	

	BMI (kg/m2)
	Mean BMI
	27.7 (4.7)
	26.5 (5.6)
	27.3 (5.1)
	< 0.0001 a

	
	Normal weight
(18.5≤BMI<25)
	237 (28.5)
	232 (40.2)
	469 (33.3)
	< 0.0001 b

	
	Overweight
(25≤BMI<30)
	358 (43.0)
	189 (32.8)
	547 (38.8)
	

	
	Obese
(BMI≥30)
	230 (27.6)
	135 (23.4)
	365 (25.9)
	

	
	Underweight
(BMI<18.5)
	8 (1.0)
	21 (3.6)
	29 (2.1)
	

	Education
	Basic education
	439 (52.7)
	301 (52.2)
	740 (52.5)
	<0.0001 b

	
	Secondary education
	203 (24.4)
	195 (33.8)
	398 (28.2)
	

	
	Higher education
	191 (22.9)
	81 (14.0)
	272 (19.3)
	

	Exacerbation historyc 
	None/ Mild
	484 (58.1)
	277 (48.0)
	761 (54.0)
	0.0002b

	
	Moderate/ Severe
	349 (41.9)
	300 (52.0)
	649 (46.0)
	

	mMRC
	mMRC ≥2
	306 (36.9)
	243 (42.3)
	549 (39.1)
	0.0434 b

	Years since COPD diagnosis
	
	8.1 (7.3)
	7.2 (6.4)
	7.7 (6.9)
	0.0152 a


Notes: Data are mean (SD) or n (percentage).
a p-value based on ANOVA 
b p-value based on Chi2-Test
c Previous 12 months before study visit


Table 2: Determinants of healthcare resource utilization of non-pharmacological interventions in COPD
	

	
	Influenza vaccination
	Physiotherapy
	Sports program
	Educational program
	Pulmonary rehabilitation
	Smoking cessation

	Covariate
	
	OR
[95% KI]
	OR
[95% KI]
	OR 
[95% KI]
	OR 
[95% KI]
	OR 
[95% KI]
	OR 
[95% KI]

	FEV1%pred 
	>80%
	ref.
	ref.
	ref.
	ref.
	ref.
	ref.

	
	50-80%
	1.02
[0.74-1.41]
	1.77
[0.86-3.65]
	1.17
[0.76-1.81]
	1.30
[0.95-1.79]
	1.43
[1.00-2.04] 
	0.67
[0.38-1.18]

	
	30-50%
	1.57
[1.06-2.32]
	2.83
[2.36-5.89]
	2.09
[1.31-3.32]
	1.96
[1.37-2.81]
	2.60
[1.77-3.84]
	1.13
[0.60-2.13]

	
	<30%
	2.87
[1.29-6.36]
	2.64
[1.03-6.73]
	1.53
[0.74-3.15]
	3.35
[1.85-6.05]
	3.04
[1.63-5.64]
	1.18
[0.37-3.79]

	Age (years)
	<55
	ref.
	ref.
	ref.
	ref.
	ref.
	ref.

	
	55–64
	1.40
[0.94.2.07] 
	0.70
[0.40-1.25]
	1.63
[0.96-2.77]
	1.32
[0.90-1.93]
	0.97
[0.65-1.46]
	0.65
[0.38-1.14]

	
	65–74
	1.94
[1.30-2.90]
	0.47
[0.26-0.87]
	1.77
[1.04-3.02]
	1.31
[0.89-1.92]
	0.67
[0.44-1.00]
	0.94
[0.52-1.72]

	
	>74
	1.91
[1.11-3.30]
	0.44
[0.18-1.07]
	1.55
[0.79-3.06]
	1.01
[0.61-1.68]
	0.50
[0.29-0.86]
	1.56
[0.45-5.37]

	Sex
	male
	ref.
	ref.
	ref.
	ref.
	ref.
	ref.

	
	female
	1.08
[0.83-1.40]
	1.84
[1.24-2.75]
	1.99
[1.47-2.68]
	1.36
[1.07-1.73]
	1.28
[0.99-1.66]
	1.75
[1.13-2.71]

	Education 
	basic
	ref.
	ref.
	ref.
	ref.
	ref.
	ref.

	
	secondary
	1.14
[0.84-1.53]
	0.96
[0.61-1.52]
	0.96
[0.69-1.35]
	1.49
[1.14-1.94]
	0.88
[0.66-1.18]
	0.99
[0.62-1.59]

	
	higher
	1.12
[0.80-1.57]
	1.28
[0.77-2.14]
	0.81
[0.54-1.21]
	0.94
[0.69-1.29]
	1.09
[0.78-1.51]
	0.81
[0.44-1.50]

	Smoking status 
	never smoker
	ref.
	ref.
	ref.
	ref.
	ref.
	

	
	Current smoker
	0.54
[0.32-0.90]
	0.48
[0.20-1.16]
	0.40
[0.22-0.74]
	0.44
[0.28-0.71]
	0.31
[0.18-0.52]
	0.65
[0.42-1.01]

	
	former smoker
	1.01
[0.62-1.64]
	1.32
[0.67-2.60]
	0.89
[0.55-1.46]
	0.64
[0.42-0.97]
	0.91
[0.59-1.42]
	ref.

	Weight (BMI)
	normal 
	ref.
	ref.
	ref.
	ref.
	ref.
	ref.

	
	overweight
	0.94
[0.69-1.26]
	0.89
[0.58-1.37]
	1.14
[0.82-1.58]
	0.93
[0.71-1.22]
	1.03
[0.77-1.38]
	0.97
[0.59-1.61]

	
	obese
	1.12
[0.80-1.58]
	0.39
[0.21-0.72]
	0.61
[0.40-0.93]
	0.99
[0.73-1.34]
	0.70
[0.50-0.98]
	1.03
[0.59-1.80]

	
	underweight
	0.46
[0.20-1.06]
	1.98
[0.74-5.34]
	0.72
[0.25-2.06]
	0.63
[0.28-1.44]
	1.33
[0.56-3.19]
	1.23
[0.39-3.86]

	Exacerbation history
	None/mild
	ref.
	ref.
	ref.
	ref.
	ref.
	ref.

	
	Moderate/severe 
	1.22
[0.94-1.59]
	1.75
[1.15-2.65]
	1.19
[0.88-1.61]
	1.35 
[1.07-1.70]
	1.64
[1.28-2.11]
	1.60
[1.04-2.48]

	mMRC >= 2
	
	1.10
[0.83-1.46]
	1.91
[1.26-2.90]
	1.46
[1.07-1.99]
	1.11
[0.86-1.42]
	1.94
[1.49-2.52]
	1.44
[0.91-2.27]

	Years since COPD diagnosis
	Per 5 years
	1.03
[0.93-1.13]
	1.17
[1.02-1.33]
	0.98
[0.88-1.09]
	1.07
[0.98-1.16]
	1.06
[0.97-1.16]
	1.33
[1.10-1.59]

	Attending physician
	General practitioner
	ref.
	ref.
	ref.
	
	
	

	
	Internal specialist
	0.77
[0.45-1.31]
	1.00
[0.38-2.67]
	1.03
[0.50-2.12]
	
	
	

	
	Pulmonologist
	1.29
[0.95-1.75]
	1.52
[0.86-2.67]
	1.52
[1.01-2.28]
	
	
	


Numbers of patients with missing information for the independent variables: influenza vaccination (n=4), physiotherapy (n=10), sports programs (n=9), educational programs (n=3), pulmonary rehabilitation (n=12), and smoking cessation programs (n=4)

27

26

[bookmark: _Toc14350523]Table 3: Determinants of recommendations for the use of non-pharmacological interventions in COPD
	


	
	Recommendation for Influenza vaccination
	Recommendation to participate in an Educational program
	Offer to participate in a Smoking cessation program

	Covariate
	
	OR
[95% KI]
	OR 
[95% KI]
	OR 
[95% KI]

	FEV1%pred 
	>80%
	ref.
	ref.
	ref.

	
	50-80%
	1.62
[1.08-2.42]
	1.36
[0.98-1.88]
	1.25
[0.71-2.19]

	
	30-50%
	2.80
[1.65-4.75]
	1.61
[1.11-2.31]
	1.37
[0.72-2.61]

	
	<30%
	3.41
[1.23-9.47]
	2.85
[1.59-5.10]
	1.07
[0.35-3.29]

	Age (years)
	<55
	ref.
	ref.
	ref.

	
	55–64
	1.01
[0.61-1.68] 
	1.08
[0.74-1.57]
	0.85
[0.50-1.43]

	
	65–74
	1.54
[0.90-2.63]
	0.99
[0.68-1.45]
	0.67
[0.37-1.21]

	
	>74
	1.32
[0.64-2.72]
	0.94
[0.57-1.57]
	2.02
[0.67-6.13]

	Sex
	male
	ref.
	ref.
	ref.

	
	female
	1.48
[1.03-2.13]
	1.26
[0.99-1.60]
	1.11
[0.73-1.68]

	Education 
	basic
	ref.
	ref.
	ref.

	
	secondary
	1.04
[0.70-1.53]
	1.23
[0.94-1.61]
	0.81
[0.51-1.28]

	
	higher
	1.38
[0.86-2.21]
	0.80
[0.58-1.11]
	0.77
[0.43-1.38]

	Smoking status 
	never smoker
	ref.
	ref.
	

	
	Current smoker
	0.45
[0.22-0.94]
	0.51
[0.32-0.81]
	--

	
	former smoker
	0.95
[0.47-1.92]
	0.57
[0.38-0.86]
	--

	Weight (BMI)
	normal 
	ref.
	ref.
	ref.

	
	overweight
	0.88
[0.59-1.32]
	1.06
[0.80-1.40]
	1.19
[0.73-1.93]

	
	obese
	1.26
[0.78-2.02]
	1.16
[0.85-1.58]
	1.25
[0.73-2.13]

	
	underweight
	0.49
[0.18-1.31]
	1.05
[0.47-2.32]
	1.02
[0.31-3.37]

	Exacerbation history
	None/mild
	ref.
	ref.
	ref.

	
	Moderate/severe 
	1.16
[0.82-1.65]
	1.16
[0.92-1.47]
	1.57
[1.04-2.39]

	mMRC >= 2
	
	0.87
[0.59-1.26]
	1.00
[0.78-1.29]
	0.97
[0.62-1.52]

	Years since COPD diagnosis
	Per 5 years
	1.04
[0.91-1.18]
	1.02
[0.94-1.12]
	1.17
[0.98-1.39]
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