Temporal trends in the incidence of heart failure among patients with COPD and its impact on mortality
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Abstract
Rationale
Heart failure (HF) is a common comorbidity in the chronic obstructive pulmonary disease (COPD) population, but previous research has shown under recognition. 
Objectives
To determine the incidence of HF in a prevalent COPD cohort. To determine the impact of incident HF on short- and long-term mortality of patients with COPD.
Methods
Crude incidence of HF in the HF-naïve primary care COPD population was calculated for each year from 2006-2016 using UK data from the Clinical Practice Research Datalink (CPRD). Patients with COPD were identified using a validated code list and were required to be over 35 years old at COPD diagnosis, have a history of smoking, and have documented airflow obstruction. Office of National Statistics provided mortality data for England. Adjusted mortality rate ratios (aMRR) from Poisson regression were calculated for patients with COPD and incident HF (COPD-iHF) in 2006, 2011, and 2015 compared temporally and with patients with COPD and without incident HF (COPD-no HF) in those years. Regression was adjusted for age, sex, BMI, severity of airflow limitation, smoking status, history of cardiovascular disease, and diabetes.
Results
We identified 95,987 HF-naïve patients with COPD. Crude incidence of HF was steady from 2006-2016 (1.18 per 100 person-years (95%CI: 1.09, 1.27)). Patients with COPD-iHF experienced greater than threefold increase in one-year mortality and twofold increase in five-year and 10-year mortality compared with patients with COPD-no HF, with no change based on year of HF diagnosis. Mortality of patients with COPD-iHF did not improve over time, comparing incident HF in 2011 (1-year aMRR 1.26, 95%CI: 0.83, 1.90; 5-year aMRR 1.26, 95%CI: 0.98, 1.61) and 2015 (1-year aMRR 1.63, 95%CI: 0.98, 2.70) with incident HF in 2006.
Conclusions
The incidence of HF in the UK COPD population was stable in the last decade. Survival of patients with COPD and incident HF has not improved over time in England. Bespoke guidelines for the diagnosis and management of HF in the COPD population are needed to improve identification and survival of patients.

Introduction
Chronic obstructive pulmonary disease (COPD) and heart failure (HF) are both systemic disorders that share risk factors and pathophysiological pathways, with the ability of either condition to exacerbate the other leading to increased healthcare costs (1-3). Patients with COPD have an increased risk of developing HF, particularly HF with preserved ejection fraction (4, 5), and this could be attributed to common risk factors (e.g. smoking), COPD-driven systemic inflammation, and the high prevalence of HF precursors (e.g. diabetes, hypertension, atrial fibrillation, and ischaemic heart disease) in patients with COPD (6-9).

The crude incidence of HF, inclusive of all types, has increased in the general UK population (10), whereas the crude incidence of COPD has remained steady in the UK since 2008 (11). There is a large body of literature to suggest that the presence of COPD may hinder subsequent diagnosis of HF, as symptoms commonly associated with HF overlap with those of COPD (e.g., breathlessness, nocturnal cough and paroxysmal nocturnal dyspnoea) (12, 13). Studies have found anywhere from 10-46% previously unrecognised left HF with left ventricular dysfunction in COPD populations (14). Additionally, research is divided as to how incident HF impacts mortality in COPD patients. Newly diagnosed HF was found to significantly increase all-cause mortality in patients with COPD in one study (15); contrastingly, another study found no significant impact of incident HF on all-cause mortality among patients with COPD (16).

[bookmark: _GoBack]In order to assess whether the proportion of patients with COPD with diagnosed HF has changed over time, and therefore whether HF detection within the COPD population has improved, we determined the annual incidence of HF in the primary care COPD population in the UK from 2006 to 2016. Additionally, we investigated the impact of incident HF on short- and long-term mortality and on the underlying cause of death among patients with COPD in England.

Methods
Data source
Data were obtained from the Clinical Practice Research Datalink (CPRD), a primary care database of anonymised electronic health records from general practitioners representing 6.9% of the UK population and representative in terms of sex, age, body mass index (BMI), and ethnicity (17). Linked pseudonymised mortality data from the Office for National Statistics (ONS), socioeconomic data from the Index of Multiple Deprivation (IMD), and secondary care data from Hospital Episode Statistics (HES) were provided for this study by CPRD for patients in England. Data is linked by NHS Digital, the statutory trusted third party for linking data, using identifiable data held only by NHS Digital. Select general practices consent to this process at a practice level, with individual patients having the right to opt-out. Use of HES and ONS data is Copyright © (2018), re-used with the permission of The Health & Social Care Information Centre, all rights reserved.

Case ascertainment and exposure
We used a validated code list to identify patients with COPD within CPRD from 2006 to 2016 (18). Patients were required to have acceptable data for research as determined by CPRD. Patients must have had a COPD diagnosis over the age of 35 years,  a history of smoking, and documented airflow obstruction (forced expiratory volume in 1 second/forced vital capacity ratio (FEV1/FVC) < 0.70) per UK guidelines (19). HF was identified using a code list created by clinicians (Table E1). All patients with a diagnosis of HF (prevalent HF) prior to the start of follow up were excluded. Patients with incident HF were defined as those for whom the first occurrence of a HF diagnostic code in primary care occurred during the study period, 2006-2016. The start of follow-up was defined as the latest date of the following: 1) the date from which practice data was deemed eligible for research per CPRD, 2) the date from which the patient has continuous data, 3) the patient’s 35th birthdate, 4) the start of the study on 01 January 2006, or 5) the date of COPD diagnosis.

Covariates
The most recent measures for baseline characteristics were obtained at start of follow-up on 01 January 2006. BMI, in kg/m2, was measured continuously. Smoking was categorised as ‘current smoker’ and ‘former smoker’. Severity of airways limitation, within +/- 2 years of start of follow-up, was graded based on the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines and grouped as GOLD1 (mild), GOLD2 (moderate), GOLD3 (severe), and GOLD4 (severe-very severe) (20), validity of spirometry values has been previously assessed as high quality in CPRD (21). History of cardiovascular disease included prior diagnosis of ischaemic heart disease, peripheral artery disease, atrial fibrillation, hypertension, and/or stroke.

Statistical analyses
Baseline characteristics were expressed using mean ± standard deviation for continuous variables and percentages for categorical variables. We calculated sex, age group (35-64, 65-74, 75-84, and 85+ years), smoking status, and GOLD- specific, HF incidence rates per 100 person years at risk for each year (2006-2016) in patients with COPD.

To isolate the effect of incident HF on mortality, we calculated crude mortality rate ratios (MRR) by comparing mortality rates at 1, 5 and 10 years of follow-up of patients with COPD with incident HF (COPD-iHF) versus patients with COPD without incident HF (COPD-no HF) for the same time period. For example, patients with COPD with HF diagnosed in 2006 were followed for 1-year, 5-year, and 10-year mortality and compared to patients with COPD without HF diagnosed in 2006. A Kaplan-Meier survivor curve was produced comparing patients with COPD with and without incident HF diagnosis in 2006 over 10 years of follow-up. Furthermore, adjusted mortality rate ratios (1-, 5- and 10-year rates) of patients with COPD with and without incident HF were calculated stratified by GOLD. Censoring was defined as death, transfer from practice, last date for which practice data was available, last date for which linked ONS data was available, or the end of the study (Figure E1).

For the analysis of temporal trends in the short term mortality rates of patients with COPD-iHF, crude MRR were calculated comparing 1-year mortality rates of patients with COPD-iHF in 2011 and 2015, with patients with COPD-iHF in 2006 as the reference. Additionally, trends in long-term mortality rates (i.e., 5-year mortality rates) were evaluated by comparing 5-year mortality rates of patients with COPD-iHF in 2011 with the 5-year mortality rate of patients with COPD-iHF in 2006. This analysis was performed to evaluate the changes in the management of incident HF over a decade among patients with COPD. Mortality rate ratios adjusted for age, sex, BMI, GOLD, smoking status, history of cardiovascular disease, and diabetes (aMRR) were estimated using Poisson regression. Robust variance estimates were used in the Poisson regression to account for clustering on general practice (GP).

Cause of death
ONS mortality data was analysed to assess the trends in the cause of death for COPD-iHF and COPD-no HF over a decade (2006-2010 and 2011-2016). Cause of death by severity of airflow limitation (GOLD1-2 vs GOLD3-4) was also assessed from 2006-2016 for COPD-iHF in 2006. ONS derives the underlying cause of death from death certificates using standardised guidelines and coded using the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10) (22).

Ethics approval
Protocols for this research were approved by the Independent Scientific Advisory Committee (ISAC) for MHRA Database Research (protocol numbers: 18_006R2 and 18_074RARA2) and the approved protocols were made available to the journal and reviewers during peer review. Generic ethical approval for observational research using the CPRD with approval from ISAC has been granted by a Health Research Authority (HRA) Research Ethics Committee (East Midlands – Derby, REC reference number 05/MRE04/87).

Results
Baseline Characteristics
We identified 95,987 patients with COPD without a HF diagnosis at the start of follow-up (Figure 1). Patients with COPD-iHF were more likely to be older, male, obese, former smokers and have moderate to severe airflow limitation (Table 1) compared to patients with COPD-no HF. Patients with COPD-iHF were more likely to have traditional risk factors for HF including atrial fibrillation, diabetes, hypertension, and vascular disease (ischaemic heart disease and/or peripheral artery disease) at the start of follow-up. Average length of follow up and the descriptive information regarding the 2006, 2011, and 2015 COPD-iHF cohorts and their comparator COPD-no HF cohorts are outlined in Tables E2-E5.

Incidence of HF among patients with COPD 
The crude incidence of HF in the COPD population was steady from 2006 to 2016 (Figure 2; Supplementary Table 6), averaging 1.18 per 100 person-years (95%CI: 1.09, 1.27). The incidence of HF was higher for males compared with females, at older ages, for former smokers compared with current smokers, and for patients with higher airflow limitation (GOLD3-4 vs GOLD1-2) (Tables E7-E10).

Mortality
Comparison of mortality rates; COPD-iHF vs COPD-no HF 
The crude 1-year, 5-year, and 10-year mortality rates for patients with COPD-iHF and COPD-no HF in 2006, 2011, and 2015, as appropriate, can be found in Supplementary Tables 11-13. In 2006, patients with COPD-iHF experienced over three times greater 1-year mortality than patients with COPD-no HF (Figure 3a; Table E14). The trends where similar in 2011 and 2015 (Figure 3a; Table E14). Patients with COPD-iHF in 2006 experienced a greater than two-fold increase in 5-year mortality compared with COPD-no HF in 2006, with similar trends observed in 2011 (Figure 3b; Table E14). Similarly, incident HF was associated with a two-fold increase in 10-year mortality among COPD patients compared with those without incident HF (Figure 3c; Table E14). The difference in mortality rates between patients with COPD-iHF diagnosed in 2006 compared to patients with COPD without incident HF in 2006 was consistent over 10 years of follow-up (Figure 4).

Comparison of mortality rates COPD-iHF vs COPD-no HF stratified by severity of airflow limitation
There was a non-significant trend towards higher 1-year, 5-year, and 10-year mortality in patients with COPD-iHF with more severe airflow limitation (Figure 5a, 5b, and 5c). The overall 1-year, 5-year and 10-year mortality rates of patients with COPD-iHF were significantly higher than the COPD-no HF patients, regardless of severity of airflow limitation (Figure 5a, 5b and 5c; Table E15).

Temporal trends in the mortality rates of patients with COPD-iHF from 2006 to 2016 
COPD-iHF patients in 2011 and 2015 experienced 1-year mortality rates that was no different from those patients with COPD-iHF in 2006 (Figure 6a; E16). Similarly, the 5-year mortality rate among patients with COPD-iHF in 2011 was no different than seen in patients with COPD-iHF in 2006 (Figure 6b; Table E16).

Causes of death
There was no difference in the proportion of deaths attributed to cardiovascular causes in patients with COPD-iHF in 2011 vs patients with COPD-iHF in 2006 (42% vs 39%) (Figure 7). Approximately one third of all deaths were attributed to COPD, regardless of whether a patient experienced incident HF or not (Table E17). Among those with COPD-iHF, over 10 years of follow-up, the proportion of deaths attributed to cardiovascular causes was not affected by severity of airflow limitation (33% GOLD1-2 vs 33% GOLD3-4; Figure 7).

Discussion
This study of a large, nationally representative population in the UK over one decade provides vital insights into trends in the incidence of HF within the primary care COPD population. We also investigate the impact of incident HF on mortality among patients with COPD and how this has changed over time and with the severity of airflow limitation.

The major findings of the study could be summarised as follows: 1) in the UK, the crude incidence of HF in the COPD population was 1.18 per 100 persons years and this has remained steady over the past decade; 2) in patients with COPD, the incidence of HF was much higher among men, the elderly, and those with severe airflow limitation (GOLD3-4); 3) in patients with COPD, incident HF was associated with a greater than three-fold increase in 1-year mortality and a two-fold increase in 5- and 10-year mortality compared with those who did not develop HF; and 4) the effect of incident HF on the short- and long-term mortality of patients with COPD did not improve over time, nor was it different in relation to severity of airflow limitation.

COPD and the risk of incident HF: mechanistic explanation
Previous studies have demonstrated an association between COPD and incident HF. A large population-based study of patients in the community revealed a linear relationship between severity of airflow obstruction and impaired left ventricular filling without significant changes in left ventricular ejection fraction (23). Our results are similar to those of large community cohorts and registries where the incidence of HF was 1-1.5 per 100 person years at risk in patients with severe airflow limitation (4). There have been several potential explanations for the increased risk of HF in patients with COPD. Firstly, multiple traditional risk factors are associated with both COPD and HF; for instance, smoking, the most common cause of COPD (24), has been associated with a 50% increased risk of HF (25). Secondly, there is a high prevalence of subclinical cardiac dysfunction (23, 26) and HF precursors (e.g., diabetes mellitus, atrial fibrillation, hypertension etc.) in patients with COPD (27). Furthermore, patients with COPD and cardiovascular disease (e.g., ischemic heart disease, atrial fibrillation etc.) are systemically under-prescribed cardiovascular medications including beta-blockers, statins, and aspirin (28), which may hasten development of HF, especially in patients with antecedent subclinical cardiac dysfunction. Thirdly, while COPD has been associated with an increased risk of both HF reduced ejection fraction and HF preserved ejection fraction, there appears to be a differential predilection to HF preserved ejection fraction (4, 5, 29). This raises the role of comorbidity (COPD)-specific systemic inflammation in the development of HF preserved ejection fraction (30, 31). The role of arterial hypoxemia due to lung disease has also been shown to influence outcomes in patients with HF preserved ejection fraction (32). Finally, cor pulmonale and the effect of pulmonary hyperinflation on ventricular hemodynamics could be other plausible explanations for this association (33).

Temporal trends in the incidence of HF in patients with COPD in the UK: stable incidence or continued under recognition?
The crude incidence of HF in the COPD population was steady over time; meanwhile, the crude incidence of HF in the general UK population is increasing (10). Crude incidence was higher in males, at older ages, in former smokers, and in those with more severe airflow limitation (GOLD3-4). Higher crude incidence in former smokers and in those with more severe airflow limitation may, at least in part, be attributed to age as older persons are more likely to be former smokers than current smokers and have more severe disease than younger persons.  The stable incidence of HF in the past decade observed in our study could be a consequence of under recognition and lack of improvement in the diagnosis of HF in patients with COPD. It has previously been demonstrated that HF is often underdiagnosed in the COPD population (14, 15, 34, 35), despite patients with COPD being at greater risk for developing HF and HF precursors, such as angina and myocardial infarction, than people without COPD (27). There are a number of possible explanations for this under-recognition. Firstly, HF and COPD share dyspnoea as a primary complaint, and determining the exact mechanism for dyspnoea is difficult (36). Secondly, there is no single diagnostic test for HF (37, 38). In contrast to HFrEF, where the diagnosis is reasonably straightforward, the diagnosis of HF preserved ejection fraction is cumbersome, especially in patients presenting with dyspnoea and multiple co-morbidities. For diagnosing HF preserved ejection fraction, dyspnoea and a normal left ventricular ejection fraction need to be coupled with additional measures of left ventricular diastolic dysfunction (e.g. left ventricular hypertrophy, increased left atrial diameter, tissue Doppler studies etc.), and plasma levels of natriuretic peptides (31, 37, 38). This diagnosis is even more challenging in patients with COPD as the interpretation of echocardiogram is hindered by poor acoustic windows and inadequate Doppler estimation in patients with a high residual lung volume (39, 40). Furthermore, the diagnostic accuracy of natriuretic peptides is also limited in COPD, particularly in those with HF preserved ejection fraction (41).  As previous research has shown that HF is often under-diagnosed in the COPD population and that patients with COPD experience higher risk for HF than the general population, the lack of a similar trend in HF incidence in the COPD population as seen in the general population suggests that HF may still be under-recognised.

Impact of incident HF on mortality in COPD patients
In patients with COPD, incident HF was associated with a greater than three-fold increase in 1-year mortality rate and a two-fold increase in 5-year and 10-year mortality rates. While the incidence of HF was higher in patients with severe airflow limitation, the impact of incident HF on mortality was not modified by the degree of airflow limitation. The effect of incident HF on the mortality of patients with COPD did not improve over time, contrary to improved survival following incident HF in the general population (42, 43). The increased mortality of patients with COPD-iHF could be related to HF; however, this may not be the only driver. Previous research has shown that patients with COPD and concomitant HF experience greater numbers of additional concomitant conditions, beyond COPD and HF, compared to patients with COPD without concomitant HF and that increased levels of comorbidity result in greater mortality (44, 45). When it is recognised, diagnosis of HF in the COPD population is often delayed, which may mean HF is more severe and the provision of treatment delayed (46), negatively impacting survival. Additionally, it is well known that HF and other cardiovascular conditions are under-treated in the COPD population, with patients with COPD less likely to be prescribed survival-modifying cardiovascular medication than the general population (28). Our findings underscore the importance of identification of HF in patients with COPD early in the course of the disease where initiation of disease-modifying HF therapy, especially in HF reduced ejection fraction, may improve long term outcomes.

Causes of death and temporal trends in cardiovascular mortality among COPD-iHF 
There no difference in cardiovascular mortality in patients with COPD-iHF over the study period. This contrasts the trend seen in the wider COPD population towards decreasing cardiovascular deaths (47). Taylor et al. looked at the causes of death in patients with HF from the general UK primary care population from 2000-2017 but did not look at changes over time (42). Taylor et al. found that 55.7% of deaths of patients with HF were attributed to cardiovascular causes (42), which is much more than the 36% of deaths attributed to cardiovascular causes in the COPD-iHF population from 2011-2016 seen here. The difference does appear to be made up by a greater proportion of deaths attributed to respiratory causes in the COPD-iHF population than in the wider HF population (COPD-iHF [presented here] vs wider HF population (42): 39% vs 16%) as proportions of death attributed to all other causes were similar in the two populations.

Increasing airflow limitation saw no change in the proportion of deaths attributed to cardiovascular causes in patients with COPD-iHF. These trends are different to those seen in the wider COPD population, where deaths due to respiratory causes increase and deaths due to cardiovascular causes decrease with increasing airflow limitation (48). This may represent the increased morbidity in our cohort due to HF comorbidity, potentially shifting mortality patterns in patients with less severe airflow limitation towards trends seen in patients with greater airflow limitation. Previously, Lawson et al. found the effect of COPD on mortality of patients with incident HF increased with increasing airflow limitation compared to patients with incident HF without COPD with a median follow-up of 2.6 years (49). When looking only at patients with incident HF with COPD, Lawson et al. found significantly greater adjusted odds of mortality for patients with more severe airflow limitation (GOLD3-4) compared with those with milder airflow limitation (GOLD1-2) (49). Here, we found increased effect of HF on the mortality rate of patients with COPD with more severe airflow limitation in the short-term (1-year), but the difference was not significant and attenuated when looking at longer-term mortality rates. The cohort from Lawson et al. had a higher proportion of patients with severe-to-very-severe airflow limitation than our cohort, which may also contribute to the differences (49).

Strengths and Limitations
A major strength of this study is the use of one of the largest longitudinal, nationally representative databases in the world, CPRD (17), linked with mortality data from ONS that is nearly 100% complete (50). There is a potential for misclassification of cause of death; however, in a review undertaken by ONS, the proposed and confirmed underlying cause of death matched at ICD chapter level in 88% of cases and there was exact agreement (to 4 digits) in 78% of cases, rising to 80% when records matching to 3 digits were included (51). A potential limitation is the validity of case definitions within electronic health care records. We used a validated case definition for COPD (18); however, although no validation of a case definition for HF has been undertaken in CPRD we used Read codes reviewed by two cardiologists and two respiratory physicians. Another limitation is that measurements of ejection fraction and biomarkers used to determine the severity or type of HF are not available in CPRD data. As we cannot determine type of HF reliably, we are unable to determine if patients with HF reduced ejection fraction are being managed according to guidelines.

Conclusions
The incidence of HF in the UK primary care COPD population in the last decade was steady, contrary to increasing incidence of HF seen in the general population of the UK (10). Patients with COPD-iHF experienced a significantly higher mortality than patients with COPD-no HF. The mortality rates in England of patients with COPD-iHF have not improved over the last decade, indicating that patients with COPD-iHF have not seen the same increases in survival previously seen in the general population with incident HF (42, 43). This survival differential may be explained by previous research showing that patients with COPD and cardiovascular conditions are often under-managed compared to the general population (28). Our results, coupled with previous research, suggest that HF remains under-diagnosed in the COPD population and that, when recognised, may be under-treated resulting in poorer survival. Bespoke clinical guidelines for the diagnosis and management of HF in the presence of COPD, and implementation tools with audit to support quality improvement, are needed in order to improve diagnosis and outcome.
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Figure Legends
Figure 1. Defining the study population from the Clinical Practice Research Datalink (CPRD). Chronic obstructive pulmonary disease (COPD). Heart failure (HF).
Figure 2. Crude incidence of heart failure (HF) in the chronic obstructive pulmonary disease (COPD) population, 2006-2016. Incidence per 100 person-years. 95% confidence intervals shown.
Figure 3. Adjusted mortality rate ratios (aMRR) with 95% confidence intervals comparing the a) 1-year, b) 5-year, and c) 10-year mortality of patients with chronic obstructive pulmonary disease (COPD) and incident heart failure (HF) in 2006, 2011, and 2015 with the 1-year, 5-year, and 10-year mortality of patients with COPD without incident HF in 2006, 2011, and 2015, respectively. Estimates from Poisson regression adjusted for age, sex, body mass index, severity of airflow limitation, smoking status, history of cardiovascular disease, and diabetes.
Figure 4. Kaplan-Meier survivor curve with 95% confidence intervals (CI) comparing patients with chronic obstructive pulmonary disease (COPD) with (hf_2006 = 1) and without (hf_2006 = 0) incident heart failure (HF) in 2006 over 10 years of follow-up.
Figure 5. Adjusted mortality rate ratios (aMRR) with 95% confidence intervals comparing the 1-year, 5-year, and 10-year mortality of  patients with COPD and incident HF in 2006 with the mortality of patients with COPD without incident HF in 2006 stratified by severity of airflow limitation. Global Initiative for Chronic Obstructive Lung Diseases (GOLD) staging of COPD severity (20) where GOLD1-2 is mild-to-moderate airflow limitation and GOLD3-4 is severe-to-very severe airflow limitation. Estimates from Poisson regression adjusted for age, sex, body mass index, smoking status, history of cardiovascular disease, and diabetes.
Figure 6. Adjusted mortality rate ratios (aMRR) with 95% confidence intervals comparing the 1-year and 5-year mortality of patients with chronic obstructive pulmonary disease (COPD) with incident heart failure (HF) in 2011 and 2015 with the mortality of patients with COPD with incident HF in 2006. Estimates from Poisson regression adjusted for age, sex, body mass index, severity of airflow limitation, smoking status, history of cardiovascular disease, and diabetes.
Figure 7. The proportion of deaths attributed to respiratory (J), circulatory (I), neoplasm (C, D00-D49), and all other causes for patients with chronic obstructive pulmonary disease (COPD) with incident heart failure (HF) in (A) 2006 and (B) 2011 over five years of follow-up and for patients with COPD with incident HF in 2006 over ten years of follow-up stratified by severity of airflow limitation (C) mild-to-moderate airflow limitation (GOLD1-2) and (D) severe-to-very severe airflow limitation (GOLD3-4). Chapters defined according to the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10). Global Initiative for Chronic Obstructive Lung Diseases (GOLD) staging of COPD severity (20).

Tables

	 
	Incident HF                                                    n (%)
	No Incident HF                                 n (%)

	 
	
	

	Number of Patients (N)
	4,862
	91,125

	     % of patients with COPD
	5.1
	94.9

	 
	
	

	Female
	1,733 (35.6)
	40,606 (44.6)

	 
	
	

	Age at COPD Diagnosis, years
Median (interquartile range)
	68.8 (61.2, 75.9)
	64.5 (56.9, 72.3)

	
	
	

	Age at HF Diagnosis, years
Median (interquartile range)
	75.9 (69.0, 81.8)
	~

	 
	
	

	Smoking Status
	
	

	     Current Smoker
	1,660 (34.1)
	41,325 (45.4)

	     Former Smoker
	3,202 (65.9)
	49,800 (54.6)

	 
	
	

	Body Mass Index 
	
	

	     Underweight (< 18.5)
	166 (3.4)
	4,923 (5.4)

	     Healthy Weight (18.5-24.9)
	1,461 (30.1)
	33,728 (37.0)

	     Overweight (25.0-29.9)
	1,655 (34.0)
	29,454 (32.3)

	     Obese (>= 30)
	1,512 (31.1)
	21,518 (23.6)

	     Missing Data
	68 (1.40)
	1,502 (1.7)

	
	
	

	GOLD Stage
	
	

	     1: Mild
	1,527 (31.4)
	32,761 (36.0)

	     2: Moderate
	1,819 (37.4)
	36,241 (39.8)

	     3: Severe
	1,231 (25.3)
	18,108 (19.8)

	     4: Very Severe
	285 (5.9)
	4,015 (4.4)

	
	
	

	HF Risk Factors*
	
	

	     Atrial Fibrillation
	659 (13.6)
	4,201 (4.6)

	     Diabetes
	769 (15.8)
	9,030 (9.9)

	     Hypertension
	2,345 (48.2)
	43,463 (47.7)

	     Ischaemic Heart Disease
	1,499 (30.8)
	13,162 (14.4)

	     Peripheral Artery Disease
	493 (10.1)
	5,371 (5.9)

	     Stroke
	411 (8.5)
	5,089 (5.6)



Table 1. Descriptive statistics.
Presented for patients with chronic obstructive pulmonary disease (COPD) with incident heart failure (HF) during the study period and those without incident HF during the study period. Interquartile range (IQR). Global Initiative for Chronic Obstructive Lung Diseases (GOLD) staging of COPD severity (20).  *Recorded at start of follow-up; patients could have multiple risk factors.
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