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Overview of major studies on alcohol consumption and CVD 

There are multiple systematic reviews and meta-analyses of the association between alcohol 

consumption and aggregated CVD1–7 as well as CVD biomarkers.4,8,9 Most have shown that moderate 

levels of alcohol intake are associated with a lower risk of CVD morbidity and mortality, as well as 

more favourable cardiovascular health profiles in general, than non-drinkers. However, there is a 

growing scepticism around this observation, with a series of recent commentary pieces pointing out a 

number of methodological shortcomings in the evidence that the U-shape is based on.10–12  These 

include failure to have decomposed the current non-drinking group into life-long abstainers, former 

drinkers and those who drink on an occasional (but not weekly basis). It is known that former drinkers 

have an increased risk of CVD mortality13 compared to life-long non-drinkers; therefore combining 

these two groups is likely to lead to the protective effects of moderate drinking being over estimated 

in being compared to a non-drinking group that consists of former drinkers, who may have quit for 

health reasons. Similarly, it has been shown that the onset of ill health is associated with a reduction 

in regular alcohol consumption to drinking on an occasional basis,14 therefore combining these 

individuals with non-drinkers also introduces bias. 

Evidence from short-term alcohol feeding interventions has shown that moderate drinking is related to 

higher levels of high-density lipoprotein cholesterol (HDL-C) and adiponectin, as well as lower levels 

of fibrinogen, for which it has been argued reflects indirect evidence of a causal association of 

moderate alcohol conferring a lower risk of experiencing CVD outcomes.8 However, findings from 

large scale Mendelian randomisation studies as well as pharmacological trials suggest that the causal 

role of these biomarkers in the development of CVD is at best unclear.15–19 Furthermore, a recent 

individual participant data Mendelian randomisation analysis of the association alcohol consumption 

(using the rs1229984 variant in the alcohol dehydrogenase 1B gene (ADH1B) as an instrumental 

variable) found that individuals with a genetic variant which predisposes them to low-level alcohol 

intake or non-drinking actually had a lower risk of CHD and a generally better cardiovascular health 

profile than those who did not carry the genetic variant.20 This is counter to the association typically 

found in observational studies. However, it should be noted that in a related paper from the same 

consortium, that non-linear associations were found for alcohol intake and a range of biomarkers 

associated (but not necessarily causally related) with CVD including  non-HDL cholesterol, BMI, 

waist circumference and C-reactive protein, but not for HDL-C, triglycerides or interleukin-6.21 

Given differences in the association of alcohol consumption and different CVD biomarkers, it could 

be hypothesised that moderate alcohol consumption may be protective for some CVDs but not 

others.22 However, the evidence base for specific CVD phenotypes is sparse in comparison to that of 

aggregated CVD outcomes – with the majority of research focussing on acute myocardial infarction 

or stroke (total and broad categories of ischaemic or haemorrhagic). There have been calls for further 

research into the association of alcohol consumption and deeper phenotypes of CVD23 to further our 

understanding of the role of alcohol consumption in the development or prevention of individual 

CVDs in order to improve risk prediction at both an individual and population level. However, few 

studies are sufficiently powered to examine individual CVDs and fewer still are in a position whereby 

they are also able to disaggregate the current non-drinker group into non-drinkers, former drinkers and 

occasional drinkers. We provide an overview of research from major investigator led prospective 

observational studies as well as meta-analyses of the topic of alcohol consumption and specific CVDs 

in Table A.  As noted above, there are a number of existing studies for primary endpoints such as 

myocardial infarction and ischaemic stroke, with meta-analyses and Mendelian randomisation studies 

also available for these topics. However, there is a substantially smaller evidence base for other 

outcomes such as heart failure, cardiac arrest/sudden coronary death, angina, transient ischaemic 
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attack, peripheral arterial disease, abdominal aortic aneurysm, unheralded CHD death and 

haemorrhagic stroke subtypes (subarachnoid or intracerebral haemorrhage), and many of the 

investigator led cohort studies have in some manner combined different current non-drinking groups 

into an aggregate category.24 
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Table A - Overview of major studies of alcohol consumption and individual CVDs 

Outcome Majora 

investigator led 

(IL) 

prospective 

observational 

studies / meta-

analysis 

Disaggregated 

non-drinking 

group in 

major IL 

study? 

Initial 

presentationb 

Electronic 

health 

records 

study 

Evidence before this study What this study adds 

Stable angina Yes25 Former 

drinkers not 

separated from 

non-drinking 

group. 

No No In a single study of US Male 

Physicians moderate alcohol 

consumption has been shown 

to be associated with a lower 

risk of developing stable 

angina. 

We show that the protective 

effect of moderate drinking 

holds even after decomposing 

the current non-drinker group 

into non-drinkers, former 

drinkers and occasional 

drinkers. We also observed 

evidence of a protective effect 

of heavy drinking for risk of 

initially presenting with stable 

angina - albeit non-significant. 

Unstable angina Yes26 Yes No No Regular moderate alcohol 

consumption associated with a 

lower risk of UA. 

We found that non-drinkers 

and former drinkers had 

greater risk of developing 

unstable angina compared to 

moderate drinkers. We 

observed little difference in 

risk across current drinkers 

whether it be occasional or 

heavy drinking. 

Myocardial 

infarction 

Yes25–32 Varies 

between 

studies; most 

have combined 

non-drinkers, 

former 

drinkers and 

No No Most observational studies 

show a protective effect of 

alcohol consumption – even at 

high levels compared to non-

drinking. Mendelian 

randomisation studies are 

mixed.  

Our findings are concordant 

with existing epidemiological 

studies. We show that the 

protective effect of increasing 

alcohol consumption exists 

even when focussing only on 

initial presentation in the 
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occasional 

drinkers in 

some way.  

absence of intercurrent other 

cardiovascular disease. We are 

also the first to examine the 

association between alcohol 

consumption and MI subtypes, 

including STEMI, nSTEMI 

and MI, NOS – finding no 

heterogeneity across endpoints. 

Unheralded 

CHD death 

No -- No No No studies specifically on 

unheralded CHD death. 

We present the first findings of 

the association between 

alcohol consumption and 

unheralded CHD death, 

showing that non-drinkers are 

much more likely to more 

likely to present with coronary 

death with no prior 

symptomatic presentations 

than moderate drinkers. 

Similarly we see large 

increases in risk amongst 

former drinkers consistent with 

the sick quitting hypothesis. 

We also observed increases in 

risk amongst occasional 

drinkers and heavy drinkers in 

comparison to moderate 

drinkers. 

Heart failure Yes33–37 Largest study 

(126 236 

participants) 

split non-

drinkers into 

never, ex- and 

occasional. 

No  No Recent meta-analysis 

contained eight prospective 

studies, with a total of 202 378 

participants and 6211 cases of 

heart failure. A non-linear 

association was found such 

that moderate alcohol 

Our findings are consistent 

with the most recent meta-

analysis on the topic, seeing 

elevated risk of initially 

presenting with heart failure 

amongst non-, former and 

occasional drinkers. This holds 

in the present study that has 
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consumption was protective 

compared to non-drinking. 

more than double the number 

of heart failure events (14359) 

and excludes intercurrent 

presentations of CVD. We also 

demonstrate that heavy 

drinkers have an increased risk 

of heart failure. 

Cardiac 

arrest/SCD 

Yes38,39 In men; no 

non-drinking 

group (mixed 

with 

occasional 

drinkers). In 

women, 

former 

drinkers 

separated from 

never drinkers; 

occasional 

drinkers mixed 

with referent 

category. 

No No Protective effects observed for 

moderate consumption 

compared to non-drinking 

observed in US Male 

Physicians and Nurses. In men, 

risk decreases with increasing 

alcohol intake whilst in women 

the association was non-linear. 

In pooled analyses the 

association between each non-

drinking category and risk of 

initially presenting with 

cardiac arrest/SCD compared 

to moderate drinking was non-

significant. In in contrast to 

previous studies in men, we 

did not find a linear dose-

response association between 

alcohol intake and lower risk 

of SCD, in fact, we observed 

the opposite. 

Transient 

ischaemic attack 

Yes40 No; never, ex- 

and occasional 

drinkers mixed 

with moderate 

drinkers 

No No Little research on alcohol 

consumption and TIA. Single 

report found that heavy 

drinkers had an increased risk 

of experiencing a TIA 

compared to non-heavy 

drinkers. 

We are the first to report 

findings for the association of 

non-drinking and TIA, finding 

no protective effects of 

moderate drinking in 

comparison to non-drinking. 

We found a marginally 

significant increased risk of 

presenting with TIA amongst 

heavy drinkers. 

Ischaemic stroke Yes3,41–53 Varies 

between 

studies; many 

No  No Most recent meta-analysis 

consisted of 27 studies 

reporting data on 1 425 513 

In a sample larger than the 

most recent meta-analysis we 

show that non-drinkers have a 
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have combined 

non-drinkers, 

former 

drinkers and 

occasional 

drinkers in 

some way. 

individuals. Found moderate 

drinking was associated with a 

lower risk of ischaemic stroke 

compared to non-drinking (no 

significant difference observed 

for heavy drinking and 

ischaemic stroke). ADH1C 

γ1/γ2 polymorphism not 

associated with risk of 

ischaemic stroke. Carriers of 

ADH1B A-allele have lower 

odds of ischaemic stroke. 

higher risk of ischaemic stroke 

compared to moderate 

drinkers. We show a 

heightened risk of stroke in 

former drinkers in comparison 

to moderate drinkers and a 

marginally significantly 

elevated risk of ischaemic 

stroke amongst heavy drinkers. 

Subarachnoid 

haemorrhage 

Yes42,54–57  Former 

drinkers 

combined with 

never drinkers 

No No Evidence of a dose-response 

association between amount of 

alcohol consumed and risk of 

subarachnoid haemorrhage in 

the most recent meta-analysis. 

No accounting for former 

drinkers. 

In contrast to previous smaller 

studies, we observed no 

difference in risk of initially 

presenting with a subarachnoid 

haemorrhage in any drinking 

category as compared to 

moderate drinking. 

Intracerebral 

haemorrhage 

Yes42,57,58 Former 

drinkers 

combined with 

never drinkers 

No No Meta-analysis revealed 

increased risk of ICH with 

increasing alcohol intake. 

Large scale study of subtype of 

intraparenchymal haemorrhage 

showed non-drinkers as well as 

regular drinkers had an 

increased risk of IHS 

compared to occasional 

drinkers.  

We found that heavy drinkers 

have a much larger risk of 

initially presenting with 

Intracerebral haemorrhage than 

moderate drinkers after 

excluding incurrent 

cardiovascular conditions. 

Peripheral 

arterial disease 

Yes59 Never, former 

and occasional 

drinkers were 

combined.  

No No In US male physicians, 

increasing alcohol 

consumption was associated 

with a lower risk of PAD; 

however, this was compared to 

a mixed reference group and 

We observed elevated risk of 

initially presenting with PAD 

amongst all types of non-

drinker in comparison to 

moderate drinkers. We are also 

the first the report the 
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did not specifically separate 

heavy drinkers from those who 

drink in moderation. 

association between heavy 

drinking and PAD, finding that 

heavy drinkers are more likely 

to initially present with PAD 

than their moderate drinking 

counterparts. 

Abdominal 

aortic aneurysm 

Yes60–62 In largest and 

most recent 

study, never 

and former 

drinkers 

separated but 

occasional 

drinkers 

combined with 

moderate. 

No No Moderate alcohol consumption 

was associated with a lower 

hazard of AAA. The 

association between higher 

doses of alcohol (> 120g and 

60g per week for men and 

women, respectively) and risk 

of AAA remain unknown. 

We are the first to report on the 

association between heavy 

drinking and AAA, finding no 

significant difference in risk of 

initial presentation between 

moderate and heavy drinkers. 

a Major defined as a prospective observational study with a sample size ≥ 10,000 participants and validated clinical events. b Defined as assessing the first 

presentation in the absence of intercurrent other cardiovascular disease. 

SCD; sudden coronary death.
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Study description 

 

We included 1,937,360 anonymised patients from the CALIBER (CArdiovascular research using 

LInked Bespoke studies and Electronic health Records) programme.63 The cohort used in the present 

study was drawn from patients registered with Clinical Practice Research Datalink (CPRD)64 general 

practices in England that consented to data linkage (approximately 5% of the UK population). We 

used an open cohort design, where participants joined the cohort when they met the inclusion criteria 

at any point between 1st January 1997 and 25th March 2010 (the last CPRD data submission). 

Patients were included in cohort if they were aged ≥ 30 years, had at least one year of electronic 

health record data which met CPRD data quality standards, and had no record indicating any 

cardiovascular disease prior to study entry. Patients for who sex was not recorded and those pregnant 

within six months of the eligibility date were also excluded. Patients were followed up until the date 

of an initial presentation of one of our cardiovascular endpoints or were censored on the date of 

leaving the practice/last data submission from their practice. Patients who died before 1st January 

2001 were excluded as cause-specific mortality data was not available for them (see study flow 

diagram; Figure A). Patient CPRD data were further linked with three other data sources; the 

Myocardial Ischaemia National Audit Project registry (MINAP);65 Hospital Episodes Statistics (HES); 

and the Office for National Statistics (ONS). CPRD provides primary care data on health behaviours, 

diagnoses, investigations, procedures and prescriptions; and its accuracy and completeness are 

regularly audited. MINAP is a national registry of patients hospitalised with acute coronary 

syndromes in England and Wales. HES provides information on all hospital admissions and ONS 

cause-specific mortality records for all deaths in England and Wales. Information is coded using the 

hierarchical clinical coding schemes (Read66, the International Statistical Classification of Diseases 

and Health Related Problems, 10th revision67, and Office of the Population Censuses and Surveys 

Classification of Interventions and Procedures68). 

 

 

 

5 372 790 CALIBER patients 

4 703 682 patients met research quality standards 

1 937 360 patients included 

Patients excluded: 

 Missing sex = 135 

 Age <30 years = 1 858 924 

 <1 year follow-up prior to study entry = 709 

006 

 History of CVD prior to entry date = 39 018 

 Pregnant within 6 months of eligibility date = 

159 239 

669 108 suboptimal research quality data 

Figure A - Study flow diagram 
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Assessment of alcohol consumption in CALIBER 

 

Self-reported alcohol consumption was collected prospectively and coded by general practitioners or 

practice nurses on the consultation date in CPRD. The most recent alcohol consumption record in the 

five years before entry into the study was used to classify participants drinking behaviour. In light of 

current debates on the U/J-shaped relationship observed between alcohol consumption and aggregated 

CVD outcomes10 five drinking categories were defined including: (1) non-drinkers (Read66 codes such 

as "tee-total" and "non-drinkers"), former drinkers (those with codes for "stopped drinking alcohol" 

and/or "ex-drinker"), occasional drinkers (those with codes for "drinks rarely" and/or "drinks 

occasionally"), current moderate drinkers (those who had a code for current alcohol consumer and an 

indicator of whether they drank within daily [32g or 24g of alcohol for men and women respectively] 

and/or weekly [168g of alcohol for men and 112g for women] recommended sensible drinking limits 

for the UK at the time of observation69) and current heavy drinkers (defined as those who exceeded 

daily and/or weekly sensible drinking limits). We also utilised data fields with information entered on 

daily and/or weekly amount of alcohol consumed to define participants as non-drinkers, moderate 

drinkers (drank within daily and/or weekly guidelines) and heavy drinkers. Weekly alcohol data was 

available as a continuous variable, so we were able to classify consumption using standard thresholds 

(outlined above and in Figure B). Data on daily alcohol intake was entered using categories of: (1) < 1 

UK unit (8 grams of ethanol), (2) 1-2 UK units, (3) 3-6 UK units, (4) 7-9 UK units, and (5) > 9 UK 

units [Read66 codes 1362.00-1366.00], for which we defined moderate drinking as anything >1 UK 

unit but less than 3 (women) or 7 (men) UK units.  Unfortunately information on binge drinking was 

only available for a select minority of the cohort (~100 people) therefore a separate category for this 

drinking behaviour was not defined (but these patients were coded as heavy drinkers). We reclassified 

non-drinkers as former drinkers if they had any record of drinking recorded in their entire clinical 

record entered on CPRD prior to study entry (in cases whereby non-drinkers had no record of 

drinking before entering the study we assumed that they were not former drinkers). This resulted in 

19,853 (out of 184,747; 10.7%) non-drinkers being recoded as former drinkers, a further 6,826 (3.7%) 

participants were reclassified through having a positive history of alcohol abuse. A flow diagram 

outlining our coding algorithm is presented in Figure B and the exact Read codes used to define 

drinking categories are presented in Table B. 
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Figure B - Alcohol coding algorithm in CALIBER 
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Table B - Read codes used to construct the clinically recorded alcohol consumption variable 

Read 

code 

Read term Drinking category 

1361.00 Teetotaller Non-drinker 

1361.11 Non drinker alcohol Non-drinker 

1361.12 Non-drinker alcohol Non-drinker 

136M.00 Current non drinker Non-drinker 

1367.00 Stopped drinking alcohol Former drinker 

136A.00 Ex-trivial drinker (<1u/day) Former drinker 

136B.00 Ex-light drinker - (1-2u/day) Former drinker 

136C.00 Ex-moderate drinker - (3-6u/d) Former drinker 

136D.00 Ex-heavy drinker - (7-9u/day) Former drinker 

136E.00 Ex-very heavy drinker-(>9u/d) Former drinker 

1362.11 Drinks rarely Occasional drinker 

1362.12 Drinks occasionally Occasional drinker 

136F.00 Spirit drinker Moderate drinker 

136G.00 Beer drinker Moderate drinker 

136H.00 Drinks beer and spirits Moderate drinker 

136I.00 Drinks wine Moderate drinker 

136J.00 Social drinker Moderate drinker 

136L.00 Alcohol intake within recommended sensible limits Moderate drinker 

136N.00 Light drinker Moderate drinker 

136O.00 Moderate drinker Moderate drinker 

1D19.00 Pain in lymph nodes after alcohol consumption Moderate drinker 

2577.00 O/E - breath - alcohol smell Moderate drinker 

2577.11 O/E - alcoholic breath Moderate drinker 

136K.00 Alcohol intake above recommended sensible limits Heavy drinker 

136P.00 Heavy drinker Heavy drinker 

136Q.00 Very heavy drinker Heavy drinker 

136S.00 Hazardous alcohol use Heavy drinker 

136T.00 Harmful alcohol use Heavy drinker 

136W.00 Alcohol misuse Heavy drinker 

13ZY.00 Disqualified from driving due to excess alcohol Heavy drinker 

E23..12 Alcohol problem drinking Heavy drinker 

E250.00 Nondependent alcohol abuse Heavy drinker 

E250000 Nondependent alcohol abuse, unspecified Heavy drinker 

E250100 Nondependent alcohol abuse, continuous Heavy drinker 

E250300 Nondependent alcohol abuse in remission Heavy drinker 

E250z00 Nondependent alcohol abuse NOS Heavy drinker 

ZV11311 [V]Problems related to lifestyle alcohol use Heavy drinker 

136R.00 Binge drinker Heavy drinker 

E250200 Nondependent alcohol abuse, episodic Heavy drinker 

E250.11 Drunkenness NOS Heavy drinker 

E250.12 Hangover (alcohol) Heavy drinker 

E250.13 Inebriety NOS Heavy drinker 
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E250.14 Intoxication - alcohol Heavy drinker 

R103.00 [D]Alcohol blood level excessive Heavy drinker 

U81..00 [X]Evidence of alcohol involvement determined by level 

of intoxication 

Heavy drinker 

 

We provide analyses of the association of these drinking categories with cardiovascular traits as 

means of validating the clinically recorded alcohol consumption measure we derived using CPRD 

data in Figure C (with adjustments for age, age-squared and sex). Consistent with observational 

studies we found that higher alcohol intake was associated with increased levels of HDL-C and total 

cholesterol as well as elevated blood pressure.20 We also observed that heavy drinkers were more 

likely to be smokers. Diabetes was more prevalent in non, former and occasional drinkers at baseline, 

consistent with the sick-quitter70 and sick-non-starter71 hypotheses. Higher alcohol intake was also 

associated with lower odds of prevalent diabetes and HbA1c levels which is concordant with cross-

sectional studies72,73  Increased alcohol consumption was also associated with lower levels of 

creatinine,74 but non- and former-drinkers did not have elevated levels compared to moderate 

drinkers. Non-drinkers, former drinkers and occasional drinkers all had higher BMI than moderate 

drinkers whereas heavy drinkers did not significantly differ from those who drank in moderation. 

Higher levels of alcohol intake were also associated with higher levels of gamma-glutamyl 

transferase.75
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Figure C - Association of clinically recorded alcohol consumption categories and cardiovascular related traits 
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Overview of codes/data sources used to define each cardiovascular endpoint 

 

As outlined in the main text we used multiple endpoints based on the first recorded diagnosis of the 

12 most common symptomatic CVD manifestations, including: chronic stable angina (SA), unstable 

angina (UA), acute myocardial infarction (MI), unheralded coronary heart disease death (UCD), heart 

failure (HF), cardiac arrest/sudden cardiac death (SCD), transient ischaemic attack (TIA), ischaemic 

and haemorrhagic (subarachnoid and intracerebral haemorrhages) stroke, peripheral arterial disease 

(PAD), and abdominal aortic aneurysm (AAA). We were interested in only the first occurrence of any 

CVD, so subsequent events (e.g. ischaemic stroke occurring after TIA) were not analysed.  

Diagnoses could occur in primary or secondary care, or at death, and were defined/validated using 

multiple sources; including a combination of symptoms, diagnoses (including the use of additional 

information from ECG findings and troponin values) and medication prescriptions. There is an 

extensive literature demonstrating that CPRD patients are representative of the UK population in 

terms of age, gender, ethnicity and overall mortality as well as the validity of risk factor and disease 

endpoints defined using multiple electronic health record (EHR) sources.76–84 We have further 

confidence in the validity of linked EHR in having seen in this study, and others,85–89 that associations 

were broadly similar when restricting analysis to data sources; each of which will have different 

health care practitioners who are responsible for entering diagnoses. 

Details of the data sources and relevant codes used to define each endpoint are outlined in Table C.
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Table C - Codes and data sources used for cardiovascular diseases in CALIBER 

Endpoint  CPRD – Read codes  MINAP – specific 

disease registry  

HES – OPCS 4 

hospital procedures  

HES – ICD 10 

hospital diagnoses†  

ONS – ICD 10 causes 

of death‡  

Stable angina  G33..00: Stable 

Angina.  

G33z.00: Angina 

pectoris NOS + 25 

other codes for 

diagnosis of stable 

angina pectoris.  

30 codes for evidence 

of coronary artery 

disease at angiography 

(CT,MR, invasive or 

not specified).  

151 Read codes for 

evidence of 

myocardial ischaemia 

(Resting ECG, 

exercise ECG, stress 

echo, radioisotope 

scan).  

Two or more 

successive 

prescriptions for anti-

anginals.  

N/U  K40-K46: Coronary 

artery bypass graft.  

K49,K50 and K75: 

Percutaneous coronary 

intervention, not 

within 30 days of an 

acute coronary 

syndrome.  

I20: Stable angina 

pectoris excluding 

unstable angina 

(I20.0).  

N/U  

Unstable angina  G311.13/G311100: 

Unstable angina.  

G233200: Angina at 

rest.  

G311400: Worsening 

angina + 13 other 

codes.  

Discharge diagnosis of 

unstable angina, no 

raised ST elevation.  

No raised troponin 

levels.  

N/U  I20.0: Unstable or 

worsening angina.  

I24: Acute ischaemic 

heart disease.  

I24.0: Coronary 

thrombosis not 

resulting in MI.  

I24.8: Other forms of 

ischaemic heart  

N/U  
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Endpoint  CPRD – Read codes  MINAP – specific 

disease registry  

HES – OPCS 4 

hospital procedures  

HES – ICD 10 

hospital diagnoses†  

ONS – ICD 10 causes 

of death‡  

    disease.  

I24.9: Acute ischaemic 

heart disease, 

unspecified. 

 

Coronary heart 

disease not otherwise 

specified  

G3…00: Ischaemic 

heart disease + 90 

other codes including 

CHD NOS, chronic 

ischaemic heart 

disease, silent 

myocardial infarction.  

N/U  N/U  CHD NOS, chronic 

ischaemic heart 

disease, silent MI (I25) 

excluding.I25.2, old 

MI.  

N/U  

Acute Myocardial 

Infarction (MI)  

G30X000: Acute ST 

segment elevation 

myocardial infarction.  

G307100: Acute non-

ST segment elevation 

myocardial infarction.  

G30..14: Heart attack.  

G30..15: MI Acute 

myocardial infarction 

+ 60 other codes as 

Acute MI not 

otherwise specified.  

MI with or without ST 

elevation based on 

initial 

electrocardiogram 

findings, raised 

troponins and clinical 

diagnosis.  

N/U  I21: Acute myocardial 

infarction.  

I23: Current 

complications of acute 

MI.  

N/U  

Unheralded coronary 

death  

Any CVD excluded.  Any CVD excluded.  Any CVD excluded.  Any CVD excluded.  I20: Angina Pectoris.  

I21: Acute MI.  

I22: Subsequent MI.  

I23: Certain current 

complications 

following acute MI.  

I24: Other acute 

ischaemic heart 

diseases.  

I25: Chronic ischaemic  
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Endpoint  CPRD – Read codes  MINAP – specific 

disease registry  

HES – OPCS 4 

hospital procedures  

HES – ICD 10 

hospital diagnoses†  

ONS – ICD 10 causes 

of death‡  

     heart disease. 

Heart failure  G58..00: Heart Failure 

+ 92 other Read codes 

for heart failure 

diagnosis.  

N/U  N/U  I50: Heart failure.  

I11.0: Hypertensive 

heart disease with 

(congestive) heart 

failure.  

I13.0: Hypertensive 

heart and renal disease 

with (congestive) heart 

failure.  

I13.2: Hypertensive 

heart and renal disease 

with both (congestive) 

heart failure and renal 

disease.  

I50 Heart failure.  

I11.0 Hypertensive 

heart disease with 

(congestive) heart 

failure.  

I13.0: Hypertensive 

heart and renal disease 

with (congestive) heart 

failure.  

I13.2: Hypertensive 

heart and renal disease 

with both (congestive) 

heart failure and renal 

disease  

Ventricular 

arrhythmias, cardiac 

arrest and sudden 

cardiac death  

G574.00: Ventricular 

fibrillation and flutter.  

G757.00: Cardiac 

arrest + 35 other Read 

codes for ventricular 

fibrillation, asystole, 

cardiac arrest, cardiac 

resuscitation, electro-

mechanical 

dissociation.  

G575100: Sudden 

cardiac death.  

N/U  X50: Implanted 

cardiac defibrillation 

device.  

K59: Implantation, 

revision and renewal 

of cardiac defibrillator.  

I46: Cardiac arrest.  

I47.0: Re-entry 

ventricular arrhythmia.  

I47.2: Ventricular 

tachycardia.  

I46: Cardiac arrest.  

I47.0: Re-entry 

ventricular arrhythmia.  

I47.2: Ventricular 

tachycardia  

Transient ischaemic 

attack  

Fyu5500: [X]Other 

transient cerebral 

ischaemic attacks + 

related symptoms + 5 

other Read codes.  

N/U  N/U  G458: Other transient 

cerebral ischaemic 

attacks and related 

syndromes.  

G459: Transient 

cerebral ischaemic  

N/U  
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Endpoint  CPRD – Read codes  MINAP – specific 

disease registry  

HES – OPCS 4 

hospital procedures  

HES – ICD 10 

hospital diagnoses†  

ONS – ICD 10 causes 

of death‡  

    attack, unspecified.  

Ischaemic stroke  G64..11: CVA – 

cerebral artery 

occlusion, G64..13 

Stroke due to cerebral 

arterial occlusion.  

G6W..00: Cerebral 

infarction due to 

unspecified 

occlusion/stenosis of 

precerebral arteries.  

G6X..00: Cerebral 

infarction due to 

unspecified 

occlusion/stenosis of 

cerebral arteries plus 8 

other codes. 

N/U  Stroke NOS with 

carotid endarterectomy 

or stenting within 90 

days (OPCS codes 

L294, L295, L311, 

L314; Read codes 

7A20300 + 4 others).  

I63: Cerebral 

infarction.  

I63: Cerebral 

infarction.  

Subarachnoid 

haemorrhage  

G601.00:Subarachnoid 

haemorrhage from 

carotid siphon and 

bifurcation.  

G602.00: 

Subarachnoid 

haemorrhage from 

middle cerebral artery.  

G60X.00: 

Subarachnoid 

haemorrhage from 

intracranial artery, 

unspecified.  

N/U  N/U  I60: Subarachnoid 

haemorrhage.  

I60: Subarachnoid 

haemorrhage.  
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Endpoint  CPRD – Read codes  MINAP – specific 

disease registry  

HES – OPCS 4 

hospital procedures  

HES – ICD 10 

hospital diagnoses†  

ONS – ICD 10 causes 

of death‡  

Intracerebral 

haemorrhage  

Gyu6F00: [x] 

Intracerebral 

haemorrhage in 

hemisphere, 

unspecified + 16 other 

codes.  

N/U  N/U  I61: Intracerebral 

haemorrhage.  

I61: Intracerebral 

haemorrhage.  

Stroke not otherwise 

specified  

G66..11: 

Cerebrovascular 

accident unspecified + 

14 other Read codes.  

N/U  U54.3: Delivery of 

rehabilitation for 

stroke.  

I64: Stroke not 

specified as 

haemorrhage or 

infarction.  

G463-G467: Stroke 

syndromes.  

I64: Stroke not 

specified as 

haemorrhage or 

infarction.  

I672: Cerebral 

atherosclerosis.  

I679: Cerebrovascular 

disease, unspecified.  

Peripheral arterial 

disease  

63 codes for lower 

limb peripheral arterial 

disease diagnosis 

(including diabetic 

PAD, gangrene, 

arterial thrombosis of 

the leg and intermittent 

claudication).  

Evidence of 

atherosclerosis of iliac 

and lower limb arteries 

based on angiography 

or Dopplers.  

N/U  L50-L54: Bypass, 

reconstruction and 

other open operations 

on iliac artery.  

L58-L60, L62: Bypass, 

reconstruction, 

transluminal 

operations or other 

open operations of 

femoral artery.  

L65: Revision of 

reconstruction of 

artery.  

I70.2: atherosclerosis 

of arteries of 

extremities.  

I73.9: Peripheral 

vascular disease 

intermittent 

claudication  

E10.05,E11-E14: 

Peripheral 

complications of 

diabetes including 

gangrene, insulin 

dependent diabetes 

mellitus, non-insulin-

dependent diabetes 

mellitus, malnutrition-

related diabetes 

mellitus, other 

specified diabetes  

I70.2: Atherosclerosis 

of arteries of 

extremities.  

I73.9: Peripheral 

vascular disease 

intermittent 

claudication.  

Peripheral 

complications of 

diabetes including 

gangrene 0.5 suffix of 

E10: Insulin dependent 

diabetes mellitus, E11: 

Non-insulin-dependent 

diabetes mellitus, E12: 

Malnutrition-related 

diabetes mellitus, E13: 

Other specified 

diabetes mellitus, E14:  
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Endpoint  CPRD – Read codes  MINAP – specific 

disease registry  

HES – OPCS 4 

hospital procedures  

HES – ICD 10 

hospital diagnoses†  

ONS – ICD 10 causes 

of death‡  

    mellitus, unspecified 

diabetes mellitus. 

Unspecified diabetes 

mellitus 

Abdominal aortic 

aneurysm  

G714.00: AAA 

without mention of 

rupture + 12 more 

codes for AAA 

diagnosis.  

42 codes for AAA 

procedures.  

N/U  L16: Extra anatomic 

bypass of aorta.  

L18-L23: Replacement 

of aneurysmal segment 

of aorta, bypass of 

segment of aorta, 

plastic repair of aorta.  

L25-L28: 

Transluminal or 

endovascular insertion 

of stent on aneurysmal 

segment of aorta 

I71.3: Ruptured AAA.  

171.4: AAA without 

rupture.  

I71.5: Ruptured 

thoraco-abdominal 

aortic aneurysm.  

I71.6: 

Thoracoabdominal 

aortic aneurysm 

without mention of 

rupture.  

I71.8: Aortic aneurysm 

of unspecified site, 

ruptured.  

I71.9: Aortic aneurysm 

of unspecified site, 

without mention of 

rupture.  

I71.3: Ruptured AAA.  

I71.4: AAA without 

rupture.  

I71.5: Ruptured 

thoraco-abdominal 

aortic aneurysm.  

I71.6: 

Thoracoabdominal 

aortic aneurysm 

without mention of 

rupture.  

I71.8: Aortic aneurysm 

of unspecified site, 

ruptured.  

I71.9: Aortic aneurysm 

of unspecified site, 

without mention of 

rupture.  

Note: AAA, aortic abdominal aneurysm; CVD, cardiovascular disease; MI, myocardial infarction; NOS, not otherwise specified; N/U = not used in definition; OPCS, Office 

of Population Censuses and Surveys Classification of Interventions and Procedures. †Primary cause of admission. ‡Underlying cause of death.



Multiple imputation 

 

22 

 

Multiple imputation 

 

Multiple imputation was carried out using the mi command in the statistical package Stata, to replace 

missing values in exposure and risk factor variables under a missing at random assumption. 

Imputation models were estimated separately for men and women and included: 

1. All the baseline covariates used in the main analysis (alcohol consumption, age, quadratic age, 

socioeconomic deprivation, smoking status, systolic blood pressure, height and weight separately, 

whether provided dietary advice and diabetes status); 

2. Baseline values of auxiliary variables not considered in the main analysis (ethnicity, number of 

consultations, diastolic blood pressure, pulse pressure, mean arterial pressure, high density lipoprotein 

cholesterol, total cholesterol, white cell count, haemoglobin, creatinine, glycated haemoglobin and 

gamma-glutamyl transferase) 

3. Prior (between 1 and 4 years before study entry) averages of continuous covariates in the main 

analysis plus auxiliary variables; 

4. Baseline medications (statins, antihypertensive medication, low-dose aspirin, loop diuretics, oral 

contraceptives and hormone replacement therapy); 

5. Coexisting medical conditions (history of depression, anxiety, alcohol abuse, renal disease, 

dementia, liver disease or chronic obstructive pulmonary disease); 

6. The Nelson-Aalen hazard and the event status for each endpoint analysed in the data.90 

Non-normally distributed variables were log-transformed for imputation and exponentiated back to 

their original scale for analysis. Five multiply imputed datasets were generated, and Cox proportional 

hazard models were fitted to each dataset. Coefficients were combined using Rubin’s rules.91 We 

checked whether the imputations were plausible by comparing plots of the distribution of observed 

and imputed values. 



Distribution of initial presentations by drinking category 

 

23 

 

Distribution of initial presentations by drinking category 

 

Figure D - Stacked bar chart of the distribution of 114,859  initial presentations by clinically recorded alcohol category amongst a cohort of 1.93 

million adults 
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Hazard ratios for non-CVD mortality and, CHD and stroke, not otherwise specified 

 

 

Figure E - Multivariable adjusted hazard ratios for non-CVD mortality and, CHD and stroke, 

not otherwise specified comparing non, former, occasional and hazardous drinkers with 

moderate drinkers in a cohort of 1.93 million adults 
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Hazard ratios for myocardial infarction subtypes 

 

 

Figure F - Multivariable adjusted hazard ratios for myocardial infarction subtypes comparing 

non, former, occasional and hazardous drinkers with moderate drinkers in a cohort of 1.93 

million adults 

 

CI indicates confidence interval; STEMI, ST-elevated myocardial infarction; NSTEMI, non-ST-

elevated myocardial infarction; NOS, not otherwise specified. 
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Tests of heterogeneity across CVD endpoints by drinking category 

 

Table D - I2 tests of heterogeneity in the association of drinking categories and 12 CVDs presented in the main analysis 

Drinking category I2 (95% confidence interval) p-value 

Non-drinker 78% (62%, 87%) < 0.001 

Former drinker 42% (0%, 70%) 0.064 

Occasional drinker 45% (9%, 72%) 0.05 

Heavy drinker 86% (78%, 92%) < 0.001 
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Supplementary analyses 

 

We also calculated hazard ratios and 95% confidence intervals for the association of alcohol 

consumption and different CVDs adjusting for age and sex only. 

In secondary analyses, we additionally adjusted for systolic blood pressure, diabetes mellitus status 

and body mass index which were not included as standard due to concerns of overadjustment bias 

given it is likely that they lie on the causal pathway between alcohol consumption and CVDs.92  

We tested for effect modification by gender via including interactions between drinking category and 

sex for each endpoint.  

In sensitivity analyses we re-analysed data (1) ignoring diagnoses obtained using primary care data, 

(2) limited to fatal endpoints only, and (3) using information collected after 2004 when financial 

incentives were introduced for recording patient data on alcohol consumption. We also compared 

findings obtained using imputed and complete case methods. We carried out a series of post-hoc 

analyses within subgroups defined by smoking status, BMI and diabetes. 

Our referent category in all models was moderate drinkers.93 All analyses, here and in the main paper, 

were conducted using Stata v14.
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Adjusted for age and sex only 

 

Figure G – Age and sex adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 1.93 million adults
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Additional adjustment for systolic blood pressure, diabetes status, body mass index, HDL-cholesterol, use of statins or blood pressure lowering 

medication, and whether offered dietary advice 

 

Figure H - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 1.93 million adults
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Analyses by gender 

P-values for interactions by sex 

 

Table E - P-values for interaction between drinking categories and sex across all endpoints  

Outcome p-value 

 Stable angina 0.008 

 Unstable angina 0.1828 

 MI 0.0195 

 Unheralded CHD death 0.4048 

 Heart failure 0.0014 

 Cardiac arrest/SCD 0.729 

 Transient ischaemic attack 0.4054 

 Ischaemic stroke 0.0037 

 Subarachnoid haemorrhage 0.8122 

 Intracerebral haemorrhage 0.2258 

 Peripheral arterial disease 0.5539 

 Abdominal aortic aneurysm 0.8873 

 Non-CVD mortality 0.0005 

 CHD, NOS 0.0367 

 Stroke, NOS 0.0398 

 

Only heart failure and non-CVD mortality meet the Bonferroni corrected significance p-value of 

0.0033 (0.05/15). Analyses restricted to samples of the same sex are presented below in Figures I and 

J.
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Main analyses limited to men 

 

Figure I - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 958, 329 men 
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Main analyses limited to women 

 

Figure J - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 979,031 women 
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Using only secondary care and mortality based endpoints 

 

Figure K - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 1.93 million adults 
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Fatal endpoints only 

 

Figure L - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 1.93 million adults  
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Analyses using data collected post-2004 

 

Figure M - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 597,027 adults  
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Complete case analysis 

 

Figure N - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 1,009,578 adults 



Supplementary analyses 

 

37 

 

Analysis restricted to never smokers 

 

Figure O - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 599,148  adults with no history of smoking (observed data) 
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Analysis restricted to smokers 

 

Figure P - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 234,942 current smoking adults (observed data)  
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Analysis restricted to those with BMI values in the normal range 

 

Figure Q - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 221,322 adults with a BMI in the normal range (observed data)  
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Analysis restricted to those with BMI values considered overweight 

 

Figure R - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 178,413 adults with a BMI in the overweight range (observed data)  
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Analysis restricted to those with BMI values considered obese 

 

Figure S - Multivariable adjusted hazard ratios of 12 CVDs comparing non, former, occasional and heavy drinkers with moderate drinkers in a 

cohort of 97,692 adults with a BMI in the obese range (observed data)  
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