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Abstract
a. Introduction: Non-exacerbating COPD patients are a less studied phenotype. We investigated clinical characteristics, mortality rates and causes of death among non-exacerbating compared with exacerbating COPD patients.
b. Methods: We used data from the Clinical Practice Research Datalink (CPRD), Hospital Episode Statistics (HES) and Office for National Statistics (ONS) between 01.01.2004-31.12.2018. Ever smokers with a COPD diagnosis with minimum 3 years of baseline information were included. We compared overall using Cox regression and cause-specific mortality rates using competing risk analysis, adjusted for age, sex, deprivation, smoking status, BMI, GOLD stage and comorbidities. Causes of death were identified using ICD-10 codes.
c. Results: Among 67,516 patients, 17.3% did not exacerbate during the 3-year baseline period. Mean follow-up was 4 years. Non-exacerbators were more likely to be male (63.3 vs 52.4%, p<0.001) and less often had a history of asthma (33.9 vs 43.6%, p<0.001) or FEV1 <50% predicted (23.7 vs 31.8%) compared with exacerbators. Adjusted hazard ratio (HR) for overall mortality in non-exacerbators compared with exacerbators was 0.62 (95%CI 0.56-0.70) in the first year of follow-up and 0.87 (95%CI 0.83-0.91) thereafter. Non-exacerbating COPD patients died less of respiratory causes than exacerbators (29.2% vs 40.3%) and more of malignancies (29.4% vs 23.4%) and cardiovascular diseases (26.2% vs 22.9%). HRs for malignant and circulatory causes of death were increased after the first year of follow-up.
d. Discussion: In this primary care cohort, non-exacerbators showed distinct clinical characteristics and lower mortality rates. Non-exacerbators were equally likely to die of respiratory, malignant or cardiovascular diseases.
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Key messages
What is already known on this topic? 
Non-exacerbators constitute a considerable proportion of COPD patients. Unlike exacerbators, little is known about their characteristics, mortality and causes of death.
What this study adds 
Non-exacerbating COPD patients more commonly die from malignant and circulatory diseases than exacerbating COPD patients. Non-exacerbators have overall lower mortality than exacerbators but their mortality risk from malignant and circulatory causes increases more over time.
How this study might affect research, practice or policy? 
Understanding differences in causes of death in non and exacerbating COPD patients provides opportunities for specific interventions to reduce risk. 



Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) is rising globally and thought to be 9-10% in adults aged 40 years or more (1) with differing estimates between countries and settings (2). People with COPD are at increased risk of death compared with the general population (3). It is estimated that 30,000 people die per year in the UK with COPD, with deaths attributable to COPD and respiratory deaths in COPD patients not decreasing over time (4, 5). According to the Global Burden of Disease (GBD) study, 3.2 million people died of COPD worldwide in 2015, which is eight times more deaths compared with asthma and represented the third most common cause of death globally (6). Globally, rates of respiratory-related death have decreased over time (7). However, compared with other European countries, the UK has consistently had the highest age-standardised mortality rates attributed to respiratory disease (8). 

COPD, whilst often considered a homogenous disease, does consist of various phenotypes. For example, for the same degree of airflow obstruction, patient presentation can differ with respect to respiratory symptoms, presence and extent of emphysema, eosinophil count, response to inhaled corticosteroids, comorbidities as well as frequency and severity of acute exacerbations (AECOPD) (9). Whilst there appears to be a distinct COPD phenotype susceptible to exacerbations, which remains relatively stable over time and can be identified through a history of previous exacerbations (10), there are data suggesting that a considerable number of COPD patients are less susceptible to exacerbation (10-12). Few investigators have tried to better understand the nature of this non-exacerbating COPD phenotype even though this group constitutes two out of four categories in the GOLD guidelines (13) and a significant proportion of patients included in studies. In the SPIROMICS study, more than half of COPD patients did not have any AECOPD over three years of follow-up (14). In a study using routinely collected primary care data in the UK, Rothnie and colleagues found that only 47.7% of patients who did not exacerbate during the first year did so later in their follow-up (11).

Previous studies investigating COPD mortality have usually been done without taking risk factors for mortality such as exacerbation history into account in the cause of death. Given that COPD is an umbrella term covering a spectrum of diseases and that mortality profiles are likely to differ in different subgroups, we hypothesised that causes of death differ according to exacerbation history.  Using routinely collected de-identified UK electronic healthcare record data, we aimed to compare mortality of non-exacerbating COPD patients with those who exacerbated by estimating the risk of death and comparing causes of death for these two phenotypes.


Methods 
Study population
We used data from the Clinical Practice Research Datalink (CPRD) GOLD primary care dataset. Linked mortality data from the ONS, socioeconomic data from the Index of Multiple Deprivation (IMD), and secondary care data from HES were provided for this study by CPRD for patients in England (15). CPRD is a research service of the UK Department of Health providing deidentified patient data from a network of UK primary care practices. The CPRD GOLD release from which this database was sampled contains information from over 800 practices about approximately 17 million patients, among which 2.8 million were actively registered. CPRD is representative of UK population in terms of age and sex (16). 

Patients were eligible for inclusion if they met the following criteria: age 35 years or older, a diagnosis of COPD as defined by specific Read codes in the CPRD-GOLD database (17), former or current smokers, certain quality data standards met in CPRD-GOLD, current registration at a GP, and eligibility for linkage with HES/ONS. 

The protocol for this research was approved by the Independent Scientific Advisory Committee (ISAC) for MHRA Database Research (protocol number 19_031). 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).

Study design
This was an open cohort study. Inclusion was from the latest of 1st January 2004, the patient’s first COPD diagnosis as defined above (17), or the date the practice fulfilled the necessary quality standards for research set by CPRD. Follow-up started three years after inclusion and ended on the earliest of 31st December 2018, the last collection date, the last linkage date or the date the patient died or transferred out of the GP. The study design is summarised in figure 1.

The main exposure was absence of COPD exacerbation. Patients were defined as non-exacerbators if they had no moderate or severe exacerbation in the first three years of available data after inclusion and before start of follow up.  Exacerbation was defined according to a previously validated algorithm for CPRD and HES data (18). Briefly, the following criteria were used for GP-diagnosed, moderate exacerbation: (1) a medical diagnosis of lower respiratory tract infection (LRTI) or exacerbation, or (2) a prescription of COPD-specific antibiotic combined with oral corticosteroids (OCS) for 5-14 days, or (3) a record of two or more respiratory symptoms of exacerbation along with a prescription of COPD-specific antibiotics and/or oral corticosteroids on the same day. Respiratory symptoms included cough, sputum production and breathlessness. Severe exacerbations requiring admission to hospital were identified using the International Classification of Diseases-10 (ICD-10) codes J44.0 (COPD with acute lower respiratory infection) and J44.1 (COPD with acute exacerbation, unspecified) in any position and J44.9 (COPD, unspecified) in the first position (19). If exacerbation resulted in a GP visit as well as a hospital admission, the most severe event was captured.
Mortality during follow-up was ascertained using patient underlying cause of death in any position identified from the death certiﬁcates from the Office for National Statistics (ONS). The identification of the underlying cause of death is based on ICD rules and is made from the condition(s) reported by the certifier, as recorded on the certificate (20). The underlying cause of death, as defined by WHO, is either the disease or injury that initiated the train of events directly leading to death, or the circumstances of the accident or violence that produced the fatal injury (19). These were then grouped by chapters of diseases.

Definition of covariates
COPD medication was determined using specific codes (18). For inhaled therapies at baseline, only the medications prescribed in the year preceding the baseline period were considered. Body mass index (BMI) was calculated as weight (kg)/height (m)2, and implausible values (>100, <5) dropped.  Where BMI calculation was not possible, recorded values in CPRD were considered. For the baseline population description, the BMI closest to the start of follow-up period was chosen. History of the following comorbidities were included: asthma, bronchiectasis, interstitial lung disease, lung cancer, ischemic heart disease(IHD), heart failure (HF), peripheral arterial disease (PAD), stroke, gastro-oesophageal reflux disease (GORD), depression and anxiety [Read codes available upon request].

Deprivation was defined using the Index of multiple deprivation (IMD), with patient-level data stratified by quintiles (21). Dyspnoea mMRC (0-4) scores were extracted from CPRD data using predefined codes, and the value closest to the start of the baseline period chosen. Only mMRC score values recorded in the two years preceding and following the start of the baseline period were considered. FEV1 as percent of predicted (%predicted) was calculated using the highest value on a single date nearest to the start of the baseline period and the ERS ’93 regression formulae (22). Severity of bronchial obstruction was defined according to GOLD (23): stage 1 if FEV1(%predicted) ≥80%, stage 2 if FEV1(%predicted) <80% and ≥50%, stage 3 if FEV1(%predicted) <50% and ≥30%, stage 4 if FEV1(%predicted)<30%.

Statistical methods
Patients were described with respect to demographics and clinical characteristics, and non-exacerbating COPD patients compared with exacerbating COPD patients. Distribution of continuous variables was checked graphically for normality, and descriptive data were reported as mean ± standard deviation (SD), median (interquartile range, IQR) or percentage, as appropriate. Comparisons between exposure groups were assessed using chi2-tests for categorical variables and two-sample t-tests for continuous variables. 

Mortality rates (death from any cause) were calculated from study start, i.e. after the three-year baseline period, using Cox proportional hazard models. The proportional hazards assumption was tested graphically and formally. Whilst the Nelson Aalen plot seemed to show relatively parallel hazard estimates from one year of follow-up on (supplemental figure S1), the formal test based on Schoenfeld residuals indicated deviation from the proportional hazard assumption (p<0.001). We therefore modelled mortality through time-to-event analysis using Cox proportional hazard regression splitting follow-up time at one year and creating an interaction term between COPD phenotype (non-exacerbator/exacerbator) and follow-up time. The multiple regression model was built in a stepwise approach, adding a priori, and identified confounders one by one to the baseline model and checking the model fit by likelihood ratio tests after each step. Age at inclusion, sex, smoking status, socio-economic status (IMD) and BMI were regarded as a priori confounders. Severity of obstruction by GOLD stage and comorbidities were tested for their association with the exposure and with the outcome as well as their capacity to improve the regression model through likelihood ratio tests. Thus, the regression model was adjusted accordingly for the following parameters: age at baseline, sex, IMD, smoking status, BMI, GOLD stage, diagnosis of asthma, ILD, lung cancer, IHD, heart failure, PAD, stroke, GORD, anxiety and depression. 
Possible effect modification by GOLD stage, sex and by smoking status (former/current) was investigated through stratified analysis as it may be suspected that the effect of non-exacerbation on mortality is different depending on degree of obstruction, in men compared with women and depending on whether smoking is actively continued or has been ceased. Heterogeneity was tested by building interaction terms into the final adjusted model between the main exposure (non-exacerbation) and the studied effect modifier and p-values for interaction reported. 
A stratified analysis was run to compare mortality and causes of death in non-exacerbators separately with moderate and severe exacerbators (at least one AECOPD leading to hospital admission).
As more than half of participants did not have an MRC dyspnoea score recorded within the two years before or after inclusion and approximately one quarter had no available data on inhaler therapy, these variables were not included in the final adjusted model but in sensitivity analyses. 
Non-exacerbating and exacerbating COPD patients were compared regarding the most frequent causes of death using chi2-tests. Hazard ratio (HR) for cause-specific mortality was calculated using Fine-Gray regression to obtain HRs adjusted for the same covariates as above whilst also accounting for deaths from other causes as competing risks. 
STATA 15 and STATA 16 were used to clean and analyse all data.


Results
Baseline characteristics of participants
Figure 2 illustrates the selection procedure for participants. The final cohort consisted of 67,516 COPD patients of whom 11,696 (17.3%) were non-exacerbators according to our definition. The baseline characteristics of non-exacerbators and exacerbators are shown in table 1. 6.64% (n=4481) remained non-exacerbators over the whole period of follow up. All variables were different between exposure groups according to conventional thresholds of significance (p<0.05), however, differences were numerically minimal and not regarded as clinically relevant. Among non-exacerbators, there were fewer women (37 vs 48%), less dyspnoea (more people in MRC classes 0-1), and more patients in GOLD classes 1 and 2. Of note, there were approximately 23% of non-exacerbating COPD patients in GOLD classes 3 and 4, suggesting that disease severity in terms of lung function was not strictly related to the exacerbating phenotype. Non-exacerbating patients were slightly more often current smokers (45% vs 42%) and had fewer comorbidities. With respect to comorbidities, differences were especially apparent for asthma (34% vs 44%), ischemic heart disease (IHD, 14% vs 18%), gastro-oesophageal reflux (GORD, 10% vs 14%), anxiety (15% vs 21%) and depression (20% vs 27%). Differences for inhaled treatments were generally small. Inhaled corticosteroids (ICS) were prescribed as often in non-exacerbating as in exacerbating COPD patients.

Mortality 
In total, 2,604 patients (22.26%) died during follow-up in the non-exacerbating group and 15,790 patients (28.29%) in the exacerbating group. Overall mortality was 62.47/1000 (95%CI 60.53-64.48) up to one year of follow-up and 73.24/1000 (95%CI 72.06-74.44) thereafter. In the first year of follow-up, the crude HR was 0.56 (95%CI 0.51-0.62) for non-exacerbators compared with exacerbators. Thereafter, the crude HR was 0.81 (95%CI 0.77-0.84) for non-exacerbators compared with exacerbators. The model fit was improved by all covariates except the comorbidity bronchiectasis (supplemental table S2). The adjusted HR in the first time period (≤ 1 year) was 0.63 (95%CI 0.57-0.71) and in the second time period (> 1 year) 0.87 (95%CI 0.83-0.91) for non-exacerbators compared with exacerbators (table 2). Adjusted Kaplan-Meier survival estimates are shown in figure 3.
[bookmark: _Hlk106893177]Table 3a shows results from the stratified analysis by GOLD stage and table 3b from the stratified analysis by sex and by smoking status. Some heterogeneity was found only between GOLD stages 1 and 2 (p-interaction 0.017) but difference in HR was small. No effect modification by sex (p-interaction 0.179) nor by smoking status (p-interaction 0.818) was suggested.
When looking at HR for mortality, effect modification by exacerbation severity was suggested by p for interaction <0.001. HR for mortality of non-exacerbators compared with moderate exacerbators was 0.81 (95%CI 0.72-0.92) in the 1st year and 0.96 (95%CI 0.92-1.01) thereafter. HR for mortality of non-exacerbators compared with severe exacerbators was 0.33 (0.29-0.37) in the 1st year and 0.52 (0.49-0.55) thereafter.

Causes of death and cause-specific mortality
Supplemental table S3 shows the 22 most common causes of death in non-exacerbating and exacerbating COPD patients, according to ICD-10 classification, corresponding to approximately 70% of deaths. Diseases of the respiratory system (J00-99), malignant neoplasms (C00-97), diseases of the circulatory system (I00-99) and diseases of the digestive system (K00-93) accounted together for 89.59% of causes of death in non-exacerbators and for 90.79% of causes of death in exacerbators. Distribution of causes of death between these four main disease chapters as well as other causes by exposure group is shown in figure 4 and differed between non-exacerbating and exacerbating COPD patients (p <0.001 by chi2-test). Non-exacerbators died more often of malignancies (29.4 vs 23.7%) and cardiovascular diseases (26.2 vs 22.9%) whilst respiratory causes of death were more common among exacerbating COPD patients (40.3 vs 29.2%) (supplemental table S4).

Table 4 shows the results for cause-specific mortality in the first and the second time period of follow-up for the four most frequent ICD-10 chapters of disease occurring in both groups, as well as other causes (grouped) and, for comparison, the HR for all-cause mortality. After adjusting for competing risks and the same covariates as the main model, non-exacerbators had lower HR for respiratory death in the first year of follow-up (0.39, 95%CI 0.33-0.47) and thereafter (0.77, 95%CI 0.72-0.82) as well as in the first year for malignant and circulatory causes of death and death from other causes (non-ICD J, C, I or K). After the first year of follow-up, a higher HR for death from malignant and circulatory cause was observed in non-exacerbators compared with exacerbators.
Supplemental table S5 shows that non-exacerbators, as defined for the main analysis, who did have an exacerbation in the first year of follow-up, had a HR for all-cause and for respiratory mortality similar to exacerbators.
Causes of death stratified by exacerbation severity are shown in supplemental table S4, illustrating that respiratory causes of death were more frequent in severe compared with moderate exacerbators (52.8 vs. 35.3%) whilst other causes of death were less frequant in severe compared with moderate exacerbators.


Discussion
In this large, prospective primary care cohort based on routinely collected data, non-exacerbating COPD patients had overall lower all-cause mortality than exacerbators. Non-exacerbators had similarly high risks to die of either respiratory, malignant or cardiovascular disease. However, compared with exacerbating COPD patients, non-exacerbators died more often of malignancies and cardiovascular diseases. In contrast, respiratory causes of death were more common among exacerbating patients. These results are in line with previous literature showing that acute exacerbations of COPD are associated with increased mortality (24), presumably either as the direct cause of death or through accelerated FEV1 decline (25). It is also possible that in non-exacerbators the lower prevalence of asthma, and to a lesser extent of other respiratory comorbidities, played a role in the lower mortality rates of this group.

We observed that severity of bronchial obstruction was generally lower at baseline in the non-exacerbating group, placing these patients at lower risk. It is true that mortality in COPD patients is known to be associated with the degree of airflow obstruction (26) but the multiple regression analysis in this study did adjust for GOLD stage, which was indeed the main positive confounder even if its effect remained relatively small. Furthermore, severe COPD was represented in the non-exacerbating group, too, as 24% of non-exacerbating patients belonged to GOLD stages 3 and 4, characterised by FEV1 <50%. Interestingly, when splitting exacerbators by exacerbation severity in the baseline period, HR for mortality in non-exacerbators was substantially more reduced when compared with severe exacerbators. This suggests that differences between non-exacerbators and exacerbators were driven by the severe exacerbators.

One hypothesis to explain the non-exacerbating COPD phenotype may be that these individuals suffer from poor lung growth and failure to achieve maximal lung function due to risk factors other than smoking, possibly occurring in early life. Such lung function trajectories may contribute to low lung function in adulthood (27, 28), with relatively less importance of exacerbations for disease progression in this group. Interestingly, in our cohort non-exacerbators had very similar inhaled treatments compared with exacerbators, also regarding inhaled corticosteroids (ICS). Differences in mortality seemed therefore unrelated to differences in inhaled treatment.

Causes of death in non-exacerbators
Non-exacerbating patients in our cohort died less often of respiratory diseases than exacerbators, and cardiovascular, malignant and digestive causes of death were more common in this group.  Non-exacerbators generally had fewer comorbidities at baseline, including non-respiratory diseases. In particular, ischemic heart disease and reflux disease (GORD) were less prevalent in non-exacerbators. It is possible that comorbidities were underdiagnosed in non-exacerbating COPD patients as this group likely uses less often health care facilities and is therefore less often exposed to strategies of screening and medical disease prevention compared with exacerbators (29). Alternatively, comorbidities may have emerged in non-exacerbators over time after inclusion. Whilst the relationship between comorbidities and exacerbations has been studied (30, 31), comorbidities in non-exacerbating COPD patients have not been a focus of research. The question arises whether the systemic inflammation, which is one postulated mechanism linking COPD with comorbidities (30) and thought to be increased in exacerbations (32), also applies to non-exacerbating patients and if yes, to what extent.

In this study, cause-specific mortality rates were lower in non-exacerbators regarding respiratory, cardiovascular and malignant diseases in the first year of follow-up. In turn, malignant and circulatory causes of death were more frequent after the first year in non-exacerbators compared with exacerbators. 

Strengths and limitations
Literature comparing non-exacerbating with exacerbating COPD patients is scarce, and the non-exacerbating phenotype has been little studied up to now. As non-exacerbators constitute a considerable proportion of all COPD, 17% in the present analysis over three years and 26% over 1 year in the work done by Rothnie et al. (11), the understanding of this phenotype is paramount for optimal management of this patient group and public health considerations including healthcare utilisation and need for specialist follow-up. Further strengths of our study are its large size, reducing random error, as well as its representativeness of UK primary care population.

Although validated algorithms were used to define exacerbation, some non-differential misclassification remains possible and could have diluted differences between non-exacerbators and exacerbators. It may also be that the increasing HR after one year, approaching 1 and possibly reflecting converging mortality rates, is due to development of exacerbations in the non-exacerbator group. Indeed, additional analysis showed that non-exacerbators who exacerbated in the first year of follow-up had an all-cause and respiratory mortality similar to exacerbators after the first year. This is an inherent risk to our case definition; however, the three-year baseline period was the best cut-off to differentiate the two phenotypes considering available literature. Another limitation is immortal time bias as participants were required to be alive for at least three years so may be a slightly healthier COPD population. Information on comorbidities was record-based and could not be objectified by the investigators. Similarly, causes of death were based on death certificates and therefore possibly subject to some degree of misclassification. Finally, some factors that could not be adjusted for, such as genetic and environmental influences, may have impacted the results through unmeasured confounding.

Conclusion 
In this prospective primary care cohort, non-exacerbating COPD patients have distinct clinical characteristics, lower mortality and different causes of death compared with exacerbating patients. Given that non-exacerbating patients constitute a non-negligible proportion of all COPD patients, a better understanding of their health trajectory would be valuable in order to tailor health care to this group of patients which is little understood to date.
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Figures
Figure 1: Study design for the longitudinal cohort analysis comparing non-exacerbating with exacerbating COPD patients. CPRD GOLD, 01.01.2004 to 31.12.2018.

Figure 2: Inclusion flow chart for exacerbating and non-exacerbating COPD patients. CPRD GOLD, 01.01.2004 to 31.12.2018.

Figure 3: Adjusted Kaplan-Meier survival curves for non-exacerbating and exacerbating COPD patients, CPRD GOLD, 01.01.2004 to 31.12.2018.

Figure 4: Distribution of causes of death in non-exacerbating and exacerbating COPD patient groups by the four main chapters of diseases (ICD-10). CPRD GOLD, 01.01.2004 to 31.12.2018.












Tables
Table 1: Comparison of baseline characteristics between non-exacerbators (no exacerbation during the first 3 years after inclusion) and exacerbators.  CPRD, study period 01.01.2004 to 31.12.2018.  

	
	Non-exacerbators

	Exacerbators


	N total (%)
	N=11,696 (17.32%)
	N=55,820 (82.68%)

	
	
	

	Age at inclusion (mean ± SD)
	65.99 (± 10.89)
	66.81 (± 10.83)

	Years of follow-up (median, (IQR))
	3.46 (1.56-6.00)
	3.25 (1.44-5.81)

	Female, N (%)
	4,291 (36.69)
	26,546 (47.56)

	BMI (median, (IQR))
Missing, N (%)
	26.44 (23.14-30.36)
238 (2.03)
	26.72 (23.24-30.81)
938 (1.68)

	IMD 2015, N (%)
1
2
3
4
5
Missing
	
1,748 (14.95)
2,164 (18.50)
2,339 (20.00)
2,664 (22.78)
2,752 (23.53)
29 (0.25)
	
7,956 (14.25)
10,195 (18.26)
11,103 (19.89)
12,521 (22.43)
13,968 (25.02)
77 (0.14)

	MRC score, N (%)
0
1
2
3
4
Missing
	
1,622 (13.87)
2,375 (20.31)
1,073 (9.17)
386 (3.30)
49 (0.42)
6,191 (52.93)
	
5,330 (9.55)
10,623 (19.03)
6,488 (11.62)
3,175 (5.69)
610 (1.09)
29,594 (53.02)

	Obstruction severity, N (%)
GOLD 1
GOLD 2
GOLD 3
GOLD 4
Missing
	
3,311 (28.31)
4,534 (38.77)
2,220 (18.98)
554 (4.74)
1,077 (9.21)
	
13,122 (23.51)
20,542 (36.80)
13,280 (23.79)
4,454 (7.98)
4,422 (7.92)

	Smoking status, N (%)
Current smoker
Former smoker
	
5,232 (44.73)
6,464 (55.27)
	
23,695 (42.45)
32,125 (57.55)

	
	
	








Table 1 (following): Comparison of baseline characteristics between non-exacerbators (no exacerbation during the first 3 years after inclusion) and exacerbators.  CPRD, study period 01.01.2004 to 31.12.2018.  

	
	Non-exacerbators

	Exacerbators


	N total (%)
	N=11,696 (17.32%)
	N=55,820 (82.68%)

	
	
	

	Comorbidities
Asthma
Bronchiectasis
ILD
Lung cancer
IHD
Heart failure
PAD
Stroke
GORD
Anxiety
Depression
None reported
	
3,957 (33.93)
133 (1.14)
76 (0.65)
43 (0.37)
1,630 (13.98)
431 (3.70)
588 (5.04)
603 (5.17)
1,132 (9.71)
1,763 (15.12)
2,358 (20.22)
33 (0.28)
	
24,283 (43.61)
1,422 (2.55)
533 (0.96)
305 (0.55)
10,084 (18.11)
3,072 (5.52)
3,202 (5.75)
3,243 (5.82)
7,839 (14.08)
11,785 (21.17)
14,901 (26.76)
140 (0.25)

	Inhaled therapy
SABA
SABA_SAMA
SAMA
SABA_ICS
LABA
LABA_ICS
LABA_LAMA
ICS
LAMA
None reported
	
3,659 (31.28)
658 (5.63)
760 (6.50)
1 (0.01)
398 (3.40)
1,304 (11.15)
1 (0.01)
1,207 (10.32)
1,023 (8.75)
2,685 (22.96)
	
15,440 (27.66)
3,150 (5.64)
3,096 (5.55)
0 (0.00)
2,041 (3.66)
7,149 (12.81)
1 (0.00)
5,163 (9.25)
4,950 (8.87)
14,830 (26.57)

	
	
	


BMI: Body mass index. IMD 2015: Index of multiple deprivation, version 2015 (1=least deprived). MRC score: Modified Medical Research Council dyspnoea score. ILD: Interstitial lung disease. IHD: Ischemic heart disease. PAD: Peripheral arterial disease. GORD: gastro-oesophageal reflux disease. SABA: short-acting beta-agonist. ICS: inhaled corticosteroids. LAMA: long-acting muscarinic antagonist. LABA: long-acting beta-agonist. GORD: gastro-oesophageal reflux. IQR: Interquartile range. Missing percentages are expressed as proportions of the respective exposure group. *BMI and GOLD stage: nearest to inclusion date. **MRC score: within 2 years before or after inclusion (nearest). ***Inhaled medication at baseline: within the year preceding inclusion. Chi2-test for categorical variables and Student’s t-test for continuous variables with p<0.05 for all comparisons but not specifically stated in the table as differences were numerically minimal and not regarded as clinically relevant.
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Table 2: Adjusted hazard ratios (95% confidence intervals) for all-cause mortality in the first and the second time period of follow-up in non-exacerbating (vs. exacerbating) COPD patients as well as for all covariates of the model. CPRD GOLD, study period 01.01.2004 to 31.12.2018.
	Covariates in the model
	HR for 1st year of follow-up (95% CI)
	HR for follow-up after 1 year (95% CI)

	Non-exacerbators 
	0.63 (0.57-0.71)
	0.87 (0.83-0.91)

	Age at baseline
	1.08 (1.07-1.09)
	1.47 (1.30-1.67)

	Sex‡
	0.88 (0.85-0.90)
	1.20 (1.05-1.36)

	IMD*
2
3
4
5
	
1.01 (0.95-1.07)
1.08 (1.02-1.14)
1.13 (1.07-1.19)
1.18 (1.12-1.25)
	
1.38 (1.20-1.58)
1.47 (1.29-1.69)
1.54 (1.35-1.76)
1.62 (1.41-1.85)

	Former smoker$
	0.77 (0.74-0.79)
	1.37 (1.21-1.54)

	BMI
	0.98 (0.98-0.98)
	1.34 (1.18-1.52)

	GOLD stage#
2
3
4
	
1.34 (1.27-1.40)
1.92 (1.83-2.01)
3.06 (2.89-3.24)
	
1.83 (1.60-2.09)
2.62 (2.29-2.99)
4.18 (3.65-4.79)

	Comorbidities
	
	

	Asthma
	0.96 (0.93-0.99)
	1.31 (1.56-1.49)

	ILD
	1.55 (1.35-1.77)
	2.12 (1.76-2.54)

	Lung cancer
	1.80 (1.51-2.14)
	2.46 (1.98-3.05)

	IHD
	1.17 (1.13-1.22)
	1.60 (1.41-1.82)

	Heart failure
	1.67 (1.58-1.77)
	2.29 (2.00-2.62)

	PAD
	1.42 (1.34-1.50)
	1.94 (1.70-2.22)

	Stroke
	1.26 (1.18-1.33)
	1.72 (1.50-1.97)

	GORD
	0.94 (0.90-0.99)
	1.29 (1.13-1.48)

	Anxiety
	1.02 (0.98-1.07)
	1.40 (1.22-1.59)

	Depression
	1.06 (1.02-1.10)
	1.45 (1.27-1.65)


IMD: index of multiple deprivation, BMI: body mass index, ILD: interstitial lung disease, IHD: ischemic heart disease, PAD: peripheral arterial disease, GORD: gastro-oesophageal reflux disease. ‡Reference: male. *Reference: IMD score 1. $Reference: current smoker.  #Reference: GOLD stage 1. 
Table 3: Adjusted hazard ratios (95% confidence intervals) for all-cause mortality in the first year, after the first year and throughout the follow-up in non-exacerbating (vs. exacerbating) COPD patients a) stratified by GOLD stage and b) stratified by sex and smoking history. CPRD GOLD, study period 01.01.2004 to 31.12.2018.
a)
	GOLD stage
	HR for 1st year of follow-up (95% CI)
	HR for follow-up after 1 year (95% CI)
	HR for entire follow-up (95% CI)

	1
	0.54 (0.40-0.72)
	0.82 (0.73-0.92)
	0.77 (0.69-0.85)

	
	
	
	

	2
	0.71 (0.60-0.84)
	0.93 (0.86-1.01)
	0.89 (0.83-0.95)

	
	
	
	

	3
	0.60 (0.49-0.75)
	0.82 (0.75-0.90)
	0.78 (0.72-0.85)

	
	
	
	

	4
	0.62 (0.43-0.88)
	0.89 (0.77-1.03)
	0.84 (0.74-0.96)

	
	
	
	


[bookmark: _Hlk107235782]Stratified Cox-regression analysis, with all-cause mortality set as failure outcome, adjusted for age at baseline, sex, IMD, smoking status, BMI, diagnosis of asthma, ILD, lung cancer, IHD, heart failure, PAD, stroke, GORD, anxiety and depression. HR: hazard ratio. 95%CI: 95% confidence interval.

b)
	Sex and smoking history
	HR for 1st year of follow-up (95% CI)
	HR for follow-up after 1 year (95% CI)
	HR for entire follow-up (95% CI)

	Female current smoker
	0.67 (0.50-0.89)
	0.90 (0.79-1.02)
	0.85 (0.76-0.96)

	
	
	
	

	Female former smoker
	0.51 (0.38-0.68)
	0.82 (0.74-0.92)
	0.77 (0.69-0.85)

	
	
	
	

	Male current smoker
	0.72 (0.59-0.89)
	0.84 (0.76-0.92)
	0.81 (0.75-0.89)

	
	
	
	

	Male former smoker
	0.62 (0.51-0.74)
	0.90 (0.83-0.98)
	0.85 (0.79-0.91)

	
	
	
	


Stratified Cox-regression analysis, with all-cause mortality set as failure outcome, adjusted for age at baseline, IMD, BMI, GOLD stage, diagnosis of asthma, ILD, lung cancer, IHD, heart failure, PAD, stroke, GORD, anxiety and depression. HR: hazard ratio. 95%CI: 95% confidence interval.





[bookmark: _Hlk107051381]Table 4: Adjusted hazard ratios (95% confidence intervals) for cause-specific mortality by competing risk analysis (Fine and Gray model) in the first and second time period of follow-up for the main ICD-10 chapters of disease in non-exacerbating (vs. exacerbating) COPD patients. CPRD GOLD, study period 01.01.2004 to 31.12.2018.

	[bookmark: _Hlk107608877]Chapters of disease 
ICD-10
	HR for 1st year of follow-up (95% CI)
	[bookmark: _Hlk104542613]HR for follow-up after 1 year (95% CI)
	HR for entire follow-up (95% CI)

	Respiratory (J)
	0.39 (0.33-0.47)
	0.77 (0.72-0.82)
	0.69 (0.65-0.74)

	
	
	
	

	Neoplasms (C)
	0.64 (0.54-0.75)
	1.11 (1.03-1.19)
	1.00 (0.94-1.07)

	
	
	
	

	Circulatory (I)
	0.67 (0.56-0.79)
	1.13 (1.04-1.22)
	1.02 (0.95-1.09)

	
	
	
	

	Gastrointestinal (K)
	1.26 (0.92-1.73)
	1.06 (0.88-1.27)
	1.10 (0.93-1.29)

	
	
	
	

	Other* 
	0.75 (0.59-0.95)
	1.12 (1.00-1.24)
	1.04 (0.94-1.15)

	
	
	
	

	All-cause mortality
	0.63 (0.57-0.71)
	0.87 (0.83-0.91)
	0.82 (0.79-0.86)


Each regression analysis performed separately as competing risk analysis, with cause-specific mortality set as failure outcome, adjusted for age at baseline, sex, IMD, smoking status, BMI, GOLD stage, diagnosis of asthma, ILD, lung cancer, IHD, heart failure, PAD, stroke, GORD, anxiety and depression. HR: hazard ratio. 95%CI: 95% confidence interval. *Other causes (ICD-10 chapters of disease other than J, C, I or K). HR for all-cause mortality as calculated by multivariate Cox regression is shown for comparison.











This work is based in part on data from the Clinical Practice Research Datalink (CPRD) obtained under license from the United Kingdom (UK) Medicines and Healthcare products Regulatory Agency (MHRA). The data is provided by patients and collected by the National Health Service (NHS) as part of their care and support. The interpretation and conclusions contained in this study are those of the authors alone.

Data Availability
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.
Data are available on request from the CPRD. Their provision requires the purchase of a license, and this license does not permit the authors to make them publicly available to all. This work used data from the version collected in February 2019 and have clearly specified the data selected each Methods section. To allow identical data to be obtained by others, via the purchase of a license, the code lists will be provided upon request. Licenses are available from the CPRD (http://www.cprd.com): The Clinical Practice Research Datalink Group, The Medicines and Healthcare products Regulatory Agency, 10 South Colonnade, Canary Wharf, London E14 4PU.
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