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Appendix 1: Extended methods

Methods
Data source 
The UK’s GP-based primary care system lends itself to the capture of longitudinal patient data in electronic form, a process which has been ongoing since 1987. Patient data from participating GP practices are subjected to routine quality checks and anonymised by a third party before being made available to researchers via the Clinical Practice Research Datalink (CPRD). As of March 2016, CPRD data were available for nearly 14 million patients from 694 GP practices across the UK. This dataset includes details of all GP–patient interactions, clinical diagnoses (recorded by means of Read codes), referrals to secondary care and test results, as well as complete prescribing histories and information on selected lifestyle risk factors (e.g. smoking, alcohol consumption). The CPRD patient population has been shown to be representative of the UK population in terms of age, gender and geographical distribution.1 

Study population
A dynamic cohort of all patients with a GP-diagnosis of COPD made prior to 31 December 2015 was drawn from CPRD using a validated algorithm.2 Individuals who had a diagnosis of alpha-1-antitrypsin deficiency, were aged under 35 years at the time of their COPD diagnosis, had less than 365 days of continuous registration with the same GP and who had inconsistencies in their primary care records were subsequently excluded (Figure A1.1). For each COPD patient meeting the inclusion criteria, follow-up began at the latest of either: the study start date (1 January 2004), the start of a current registration with a participating GP practice (plus 365 days), the date on which CPRD deemed the GP practice to be “up-to-standard” or the date of diagnosis of COPD. Patient follow-up ended on either the study end date (31 December 2015), the date the practice last submitted data to CPRD, or when the patient died or transferred out of the participating practice, whichever came first. Individuals were accorded a smoking status (never, ex, current) based on information recorded in CPRD closest to their COPD diagnosis date. 

Definition of outcomes 
We defined 12 separate cardiovascular disease (CVD) outcomes as follows: abdominal aortic aneurysm (AAA), angina (stable and unstable), atrial fibrillation, heart failure, myocardial infraction (MI), peripheral artery disease (PAD), pulmonary artery hypertension (PAH), stroke (subdivided into all stroke excluding transient ischaemic attacks (TIAs), ischaemic stroke, haemorrhagic stroke and TIAs) and sudden cardiac arrest (SCA). Individuals experiencing any one of these outcomes were identified in CPRD by means of a set of Read codes. For the purposes of this study, diagnostic codes used to identify individuals with a given CVD were limited to those considered highly likely to denote an incident event (i.e. prevalent codes were excluded). Code lists are available on request.

Statistical analysis
All statistical analyses were conducted using Stata version 14 (StataCorp, TX, USA).
Analysis strategy: We conducted two separate analyses. First, we estimated age- and gender-specific incidence rates for 12 CVDs in people with a diagnosis of COPD. We then used a matched cohort study design and a Cox regression model to compare CVDs risks in people with and without COPD. 
Incidence rates: Demographic characteristics of the base COPD cohort were summarised as simple proportions. Incidence rates (and 95% CIs) of each of the 12 CVD outcomes were calculated for people with COPD for each calendar year between 2004 and 2015, and separately by gender and for five age groups (35–54, 55–64, 65–74, 75–84, 85 years and over) by dividing the number of events by the number of person-years at risk contributing to each age and gender grouping. We used the first recorded clinical diagnosis of a specific CVD as the date of the incident event. For each of our 12 outcomes, we excluded those individuals with a prior diagnosis of that particular CVD from the rate calculations; we did not exclude individuals who had a different CVD. Thus for MI, we excluded people who had an MI before their COPD diagnosis but not anyone who had a prior diagnosis of, for example, angina or PAD.  
Relative risks: In order to create a control group for our Cox regression analysis, each patient with a diagnosis of COPD was matched to three individuals of the same sex and registered with the same GP practice but with no history of COPD (the index date for matching was the date of COPD diagnosis or study start date). Individuals were not matched on age; instead we allowed for the effect of age in the analysis. Controls were selected at random (with replacement) from a pool of eligible CPRD patients. The same exclusion criteria were applied to the potential controls as were applied to the COPD cohort. 
Twelve separate matched cohorts of slightly different sizes were generated, one for each CVD subtype, in which patients with COPD with a prior diagnosis of the CVD outcome under investigation were excluded prior to matching. COPD-free individuals with a prior diagnosis of the same CVD outcome prior to the index date for matching were also excluded. 
Hazard ratios (HRs) for each CVD outcome were calculated using a Cox regression model which took account of the matching by stratifying on the matched sets. Given that age is likely a strong confounder of the association between COPD and CVD outcomes, and also an effect modifier, we allowed for the effect of age by fitting Cox models in which age was included as a covariate and an interaction term in order to estimate HRs stratified by five age bands (i.e. 35–54, 55–64, 65–74, 75–84, 85 and over). Similarly, we computed HRs for three consecutive four-year time periods (2004–2007; 2008–2011; 2012–2015). 
In addition to our main analysis, which adjusted for the matching variables only (sex and GP practice), we constructed a further set of Cox models which additionally adjusted for the effect of smoking. Control subjects were categorized as never-, ex- or current smokers according to their recorded status closest to the index date.  Consistency with the proportional hazards assumption was tested using log-log plots.
Sensitivity analysis:  Given the high proportion of patients, especially in the matched controls, who had no recorded smoking status, a sensitivity analysis was conducted to explore the effects of missing data and misclassification of smoking status in the adjusted analysis. In brief, in addition to conducting a complete case analysis (i.e. including only those patients with a recorded smoking status), we repeated the Cox regression analyses re-categorising those with no smoking status as ex-smokers in the case of the exposed group (COPD) and as never smokers in the case of the controls (COPD-free).  We also dichotomised smoking status into current and non-current smokers, with missing smoking status recoded as non-current smokers, in line with previously published methodology.3 
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Figure A1.1: Baseline COPD cohort 
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Figure A2.1	Incidence rates of 12 cardiovascular disease outcomes in a population-based 
cohort of people with a diagnosis of COPD, by age group, 2004–2015 
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Figure A2.1	continued
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Figure A2.2: Hazard ratios (HRs) for 12 cardiovascular disease outcomes, by calendar time, comparing people with and without COPD (HRs are derived from Cox proportional hazard models adjusted for sex and GP practice by matching only)
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Appendix 3: Extended strengths and limitations
_____________________________________________________________________
The use of a large, representative population-based COPD cohort is a key strength of our study design. The large sample size allows investigation of separate CVD outcomes, including disaggregation of stroke by subtype. The use of a validated algorithm with a positive predictive value (PPV) of 86.5% (95% CI, 77.5–92.3%) to identify people with COPD in CPRD represents another major strength.1 The high accuracy of this algorithm can be attributed to the introduction of the Quality and Outcomes Framework (QoF) codes for COPD in 2004, a measure which also ensured routine spirometric confirmation of COPD diagnoses in GP practices. 
Difficulties in characterising smoking status is one of the main limitations of the study. Data on smoking status were missing for a high proportion of subjects, especially in the matched controls. Furthermore, detailed information on smoking habits, such as duration and number of cigarettes smoked, is not available in CPRD. These shortcomings weaken our ability to adequately adjust for the effect of smoking and in adopting a simple approach to dealing with unobserved smoking data we cannot exclude the possibility of residual confounding. We acknowledge that use of more rigorous imputation strategies would be desirable. However, attempts to impute missing smoking data under both MAR and MNAR assumptions in CPRD have produced mixed results.2 We thus opted to conduct a sensitivity analysis to explore the effects of missing data and misclassification of smoking status in the adjusted analysis. On the basis of this analysis, we judge our main conclusions relating to CVD risks in COPD to be robust. 
Differential misclassification of CVD outcomes represent an additional source of potential error. While several studies have confirmed the validity of diagnostic coding in the CPRD database,3,4 some researchers have expressed concern that the completeness and accuracy of the recording in CPRD of acute outcomes such as MI and stroke, which tend to be treated in a hospital setting, is not as good as it is for chronic diseases which are managed in primary care.5 By relying solely on primary care data, we risk underestimating the incidence of MI and stroke. However, our relative risk estimates for these acute outcomes are unlikely to be affected. 
We acknowledge that our analysis would benefit from additional adjustment for risk factors over and above gender, GP practice and smoking, and also for the presence of other cardiovascular diseases and medications. However, our primary aim was to quantify the magnitude of CVD risks, rather than to establish COPD as an independent risk factor for specific CVDs. The latter requires analyses of considerably more complexity as well as complete follow-up data for a wide range of risk factors and potential confounders, and was considered to be beyond the scope of the present analysis. 

References
1.	Quint JK, Müllerova H, DiSantostefano RL, et al. Validation of chronic obstructive pulmonary disease recording in the Clinical Practice Research Datalink (CPRD-GOLD). BMJ Open 2014; 4(7).
2.	Marston L, Carpenter JR, Walters KR, et al. Smoker, ex-smoker or non-smoker? The validity of routinely recorded smoking status in UK primary care: a cross-sectional study. BMJ Open 2014; 4(4): e004958.
3.	Herrett E, Thomas SL, Schoonen WM, Smeeth L, Hall AJ. Validation and validity of diagnoses in the General Practice Research Database: a systematic review. British Journal of Clinical Pharmacology 2010; 69(1): 4-14.
4.	Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within the General Practice Research Database: a systematic review. Br J Gen Pract 2010; 60(572): e128-36.
5.	Herrett E, Shah AD, Boggon R, et al. Completeness and diagnostic validity of recording acute myocardial infarction events in primary care, hospital care, disease registry, and national mortality records: cohort study. BMJ : British Medical Journal 2013; 346.



image4.emf
0

100

200

300

Rate (per 10,000 pyrs)

2005 2010 2015

Atrial fibrillation


image5.emf
0

20

40

60

Rate (per 10,000 pyrs)

2005 2010 2015

AAA


image6.emf
40

60

80

100

120

Rate (per 10,000 pyrs)

2005 2010 2015

Angina


image7.emf
20

40

60

80

100

Rate (per 10,000 pyrs)

2005 2010 2015

PAD


image8.emf
0

5

10

15

20

Rate (per 10,000 pyrs)

2005 2010 2015

35-54 years 55-64 years

65-74 years 75-84 years

85 years  and over

Sudden cardiac arrest


image9.emf
5

10

15

20

25

30

Rate (per 10,000 pyrs)

2005 2010 2015

35-54 years 55-64 years

65-74 years 75-84 years

85 years and over

PAH


image10.emf
0

50

100

150

200

Rate (per 10,000 pyrs)

2005 2010 2015

All stroke (excluding TIAs)


image11.emf
0

50

100

150

Rate (per 10,000 pyrs)

2005 2010 2015

Ischaemic stroke (including stroke NOS)


image12.emf
0

5

10

15

20

25

Rate (per 10,000 pyrs)

2005 2010 2015

Haemorrhagic stroke


image13.emf
20

40

60

80

100

Rate (per 10,000 pyrs)

2005 2010 2015

35-54 years 55-64 years

65-74 years 75-84 years

85 years and over

TIA


image14.emf
Angina

2004-2007

2008-2011

2012-2015

Myocardial infarction

2004-2007

2008-2011

2012-2015

Heart failure

2004-2007

2008-2011

2012-2015

Sudden cardiac arrest

2004-2007

2008-2011

2012-2015

Years

4207

4807

5152

3873

4549

4448

5211

6253

6762

503

511

593

Events

2.68 (2.51, 2.86)

2.26 (2.12, 2.41)

2.24 (2.10, 2.40)

3.22 (3.09, 3.56)

2.99 (2.80, 3.21)

2.76 (2.56, 2.97)

5.36 (5.05, 5.69)

4.36 (4.12, 4.61)

4.11 (3.88, 4.34)

4.03 (3.36, 4.85)

3.93 (3.23, 4.78)

3.76 (3.10, 4.56)

ratio (95% CI)

hazard

2.68 (2.51, 2.86)

2.26 (2.12, 2.41)

2.24 (2.10, 2.40)

3.22 (3.09, 3.56)

2.99 (2.80, 3.21)

2.76 (2.56, 2.97)

5.36 (5.05, 5.69)

4.36 (4.12, 4.61)

4.11 (3.88, 4.34)

4.03 (3.36, 4.85)

3.93 (3.23, 4.78)

3.76 (3.10, 4.56)

ratio (95% CI)

hazard

   

1 .5 1 2 4 8


image15.emf
Atrial fibrillation

2004-2007

2008-2011

2012-2015

AAA

2004-2007

2008-2011

2012-2015

PAD

2004-2007

2008-2011

2012-2015

PAH

2004-2007

2008-2011

2012-2015

Years

6130

8084

9585

1272

1754

1866

3058

3529

3469

543

738

652

Events

3.61 (3.42, 3.80)

3.25 (3.09, 3.41)

2.92 (2.78, 3.06)

5.31 (4.71, 5.98)

5.11 (4.58, 5.70)

4.99 (4.47, 5.57)

4.44 (4.12, 4.79)

4.25 (3.94, 4.58)

4.02 (3.71, 4.35)

13.36 (10.64, 16.77)

10.12 (8.38, 12.23)

9.73 (7.91, 11.98)

ratio (95% CI)

hazard

3.61 (3.42, 3.80)

3.25 (3.09, 3.41)

2.92 (2.78, 3.06)

5.31 (4.71, 5.98)

5.11 (4.58, 5.70)

4.99 (4.47, 5.57)

4.44 (4.12, 4.79)

4.25 (3.94, 4.58)

4.02 (3.71, 4.35)

13.36 (10.64, 16.77)

10.12 (8.38, 12.23)

9.73 (7.91, 11.98)

ratio (95% CI)

hazard

   

1 .5 1 2 4 8 16 32


image16.emf
All stroke (excluding TIAs)

2004-2007

2008-2011

2012-2015

Ischaemic stroke

2004-2007

2008-2011

2012-2015

Haemorrhagic stroke

2004-2007

2008-2011

2012-2015

TIA

2004-2007

2008-2011

2012-2015

Years

4149

5241

5526

3714

4749

4996

609

716

818

2875

3316

3373

Events

2.73 (2.56, 2.92)

2.60 (2.44, 2.76)

2.44 (2.29, 2.60)

2.90 (2.71, 3.10)

2.67 (2.50, 2.85)

2.42 (2.27, 2.59)

1.91 (1.61, 2.27)

2.18 (1.85, 2.57)

2.17 (1.84, 2.56)

2.64 (2.45, 2.86)

2.59 (2.40, 2.80)

2.26 (2.09, 2.45)

ratio (95% CI)

hazard

2.73 (2.56, 2.92)

2.60 (2.44, 2.76)

2.44 (2.29, 2.60)

2.90 (2.71, 3.10)

2.67 (2.50, 2.85)

2.42 (2.27, 2.59)

1.91 (1.61, 2.27)

2.18 (1.85, 2.57)

2.17 (1.84, 2.56)

2.64 (2.45, 2.86)

2.59 (2.40, 2.80)

2.26 (2.09, 2.45)

ratio (95% CI)

hazard

   

1 .5 1 2 4 8


image1.jpeg
299,039

Al subjects with at least one evert code for COPD in

their CPRD record before stud end

Excuded 938 subjects who alsohare 3
diagnosis o alphal antitrypsin deficiency

208,101

3

Excluded 5,331 subjects aged under 35 years
on the dste of theirdiagnosis of COPD

202,770

Subjects aged over 35 yearswith a diagnosis

of COPD

Excuded 15,448 subjectswho have less
than one year of same-GP registration

277,322

v

Excluded 67,413 subjects because of
inconsistencies in their CPRD records

209,909

Subjects with COPD and eligible for inclusion

inthe matched cohart stugy





image2.emf
0

50

100

150

Rate (per 10,000 pyrs)

2005 2010 2015

Myocardial infarction


image3.emf
0

100

200

300

400

Rate (per 10,000 pyrs)

2005 2010 2015

Heart failure


