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Abstract

Background: Coffee has been associated with modestly lower risk of cardiovascular dis-

ease and all-cause mortality in meta-analyses; however, it is unclear whether these are

causal associations. We tested first whether coffee intake is associated with cardiovascu-

lar disease and all-cause mortality observationally; second, whether genetic variations

previously associated with caffeine intake are associated with coffee intake; and third,

whether the genetic variations are associated with cardiovascular disease and all-cause

mortality.

Methods: First, we used multivariable adjusted Cox proportional hazard regression mod-

els evaluated with restricted cubic splines to examine observational associations in

95 366 White Danes. Second, we estimated mean coffee intake according to five genetic

variations near the AHR (rs4410790; rs6968865) and CYP1A1/2 genes (rs2470893;

rs2472297; rs2472299). Third, we used sex- and age adjusted Cox proportional hazard re-

gression models to examine genetic associations with cardiovascular disease and

all-cause mortality in 112 509 Danes. Finally, we used sex and age-adjusted logistic re-

gression models to examine genetic associations with ischaemic heart disease including

the Cardiogram and C4D consortia in a total of up to 223 414 individuals. We applied

similar analyses to ApoE genotypes associated with plasma cholesterol levels, as a posi-

tive control.

Results: In observational analyses, we observed U-shaped associations between coffee

intake and cardiovascular disease and all-cause mortality; lowest risks were observed in

individuals with medium coffee intake. Caffeine intake allele score (rs4410790 þ
rs2470893) was associated with a 42% higher coffee intake. Hazard ratios per caffeine in-

take allele were 1.02 (95% confidence interval: 1.00–1.03) for ischaemic heart disease,
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1.02 (0.99–1.02) for ischaemic stroke, 1.02 (1.00–1.03) for ischaemic vascular disease,

1.02 (0.99–1.06) for cardiovascular mortality and 1.01 (0.99–1.03) for all-cause mortality.

Including international consortia, odds ratios per caffeine intake allele for ischaemic heart

disease were 1.00 (0.98–1.02) for rs4410790, 1.01 (0.99–1.03) for rs6968865, 1.02 (1.00–

1.04) for rs2470893, 1.02 (1.00–1.04) for rs2472297 and 1.03 (0.99–1.06) for rs2472299.

Conversely, 5% lower cholesterol level caused by ApoE genotype had a corresponding

odds ratio for ischaemic heart disease of 0.93 (0.89–0.97).

Conclusions: Observationally, coffee intake was associated with U-shaped lower risk of

cardiovascular disease and all-cause mortality; however, genetically caffeine intake was

not associated with risk of cardiovascular disease or all-cause mortality.

Key words: Genetics, lifestyle, death, stroke, ischaemic heart disease, nutrition

Introduction

Coffee is one of the most widely consumed beverages in the

world. Multiple observational studies including large meta-

analyses have reported associations between high coffee in-

take and low risk of cardiovascular disease (CVD) and of

all-cause mortality.1–8 However, as observational studies

are often influenced by reverse causation and confounding,

it is unclear whether these represent causal associations.

We tested the hypothesis that high coffee intake is associ-

ated with low risk of CVD and all-cause mortality using a

Mendelian randomization study design. In this design, gen-

etic variations are used as instruments for the exposure vari-

able, and associations between the genetic variations and

the outcome variables are thus used to examine associations

between the exposure variable and the outcome variables.

Since genetic variations are inherited randomly at concep-

tion, reverse causation and most confounding are avoided,

exactly as in a randomized, double-blind controlled trial.9

The design is based on several assumptions, including:

(i) that the genetic variations are robustly associated with

the exposure variable; (ii) that the genetic variations are not

associated with possible confounding variables; and

(iii) that the genetic variations are only related to the out-

comes through the association with the exposure variable.10

Specifically, we used five genetic variations near the AHR

and CYP1A1/2 genes involved in caffeine metabolism; these

genetic variations have previously been associated with high

caffeine intake in genome-wide association studies,11–14 and

since coffee intake is the major source of caffeine consump-

tion in Denmark, we have previously used them to examine

potential effects of coffee intake on type 2 diabetes, obesity,

metabolic syndrome and components thereof.15

Using 95 366 to 112 509 individuals from three Danish

cohorts, we tested first whether coffee intake is associated

with CVD and all-cause mortality observationally; second,

whether the five genetic variations near AHR and CYP1A1/2

genes are associated with coffee intake; and third, whether

the five genetic variations are associated with CVD and all-

cause mortality indicating causal relationships; for ischaemic

heart disease (IHD), we additionally included the

Cardiogram and C4D consortia in a total of up to 223 414

individuals. To test our methods, we examined associations

between IHD and ApoE genotype groups using similar ana-

lytical strategies, since ApoE genotypes are associated with

plasma cholesterol levels and thus would be expected to be

causally associated with risk of IHD.16

Methods

Participants

The Copenhagen General Population Study (CGPS) started

in 2003, and the Copenhagen City Heart Study (CCHS)

Key Messages

• In 95 000–223 000 individuals, coffee intake was associated with U-shaped low risk of cardiovascular disease and all-

cause mortality in observational analyses, but not in genetic analyses.

• Two studies from Copenhagen as well as Cardiogram and C4D international consortia were included in the genetic

analyses.

• Thus, genetic analyses do not support the hypothesis that coffee intake influences risk of cardiovascular disease or

all-cause mortality.
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started in 1976–78 with four follow-up examinations, were

essentially conducted by the same investigators using identi-

cal methods.17–19 At examination, all participants filled out

a questionnaire which was reviewed by an investigator in at-

tendance, and had a physical examination performed and

blood samples taken for biochemical analyses and DNA ex-

traction. We included 95 366 individuals from the CGPS

examined in 2003–13, all with information on coffee intake

and genetic variations, and 9743 individuals from the

1991–94 and 2001–03 examinations of the CCHS, all with

information on genetic variations. The Copenhagen

Ischaemic Heart Disease Study(CIHDS) included patients

referred for coronary angiography to Copenhagen

University Hospitals from 1989–2012, of whom we

included 7400 individuals, all with information on genetic

variations.19,20 All individuals were Whites of Danish des-

cent according to the Danish Central Person Registry. The

studies were approved by Herlev and Gentofte Hospital and

by Danish ethical committees, and were conducted accord-

ing to the Declaration of Helsinki. Written informed con-

sent was obtained from participants. Additionally and

specifically for IHD (¼ coronary heart disease) we down-

loaded genetic risk estimates on up to 80 517 and 30 433 in-

dividuals from the Cardiogram and C4D consortia,

respectively, as contributed by CARDIoGRAMplusC4D in-

vestigators at [http://www.cardiogramplusc4d.org/].21,22

In observational analyses to examine the association be-

tween coffee intake and risk of CVD and all-cause mortal-

ity, we included only the CGPS since information on coffee

intake was not available for CCHS, CIHDS, Cardiogram or

C4D (Supplementary Figure 1, available as Supplementary

data at IJE online). Similarly, only the CGPS was used in

the genetic analyses examining associations between the five

genetic variations and coffee intake. In genetic analyses

examining the association between the five genetic vari-

ations and CVD and all-cause mortality, we included the

CGPS, CCHS and CIHDS but not Cardiogram and C4D,

since the latter only included information on risk on IHD.

For these analyses, we matched 14 800 controls from among

individuals without IHD in the CGPS on sex and age 2:1

with CIHDS cases. Finally, to examine the association be-

tween the five genetic variations and IHD with maximum

statistical power, we also included Cardiogram and C4D.

To test associations between IHD and ApoE genotype

groups, as a positive control we included the CGPS, CCHS,

and CIHDS (not available in Cardiogram and C4D).

Coffee intake

Using the question ‘What is your average weekly consump-

tion of coffee(in cups)?’, coffee intake at study entry was

converted into cups/day.

Cardiovascular disease

We examined CVD with three endpoints: IHD, ischaemic

stroke(IS) and the combination of the two as ischaemic

vascular disease(IVD). Information on diagnoses of IHD

(World Health Organization International Classification

of Disease: ICD8 410–414; ICD10 I20–I25) and IS

(ICD8 433–34; ICD10 I63) were obtained from the na-

tional Danish Patient Registry covering all hospital con-

tacts in Denmark, validated as previously described,18,23

and from the national Danish Causes of Death Registry

(see below). We received register information on all indi-

viduals using the unique Danish Personal Identification

Number from 1977 to end of follow-up November 2014,

that is without losing track of even a single individual.

Cardiovascular and all-cause mortality

Information on death from CVD and from all causes was

obtained from the national Danish Civil Registration

System and the national Danish Cause of Death Registry.

The national Danish Civil Registration System records

date of death for people living in Denmark. The national

Danish Cause of Death Registry ranks main causes of

death and contributing causes of death reported by the at-

tending physician in general practice or at a hospital, or by

a physician in a forensic or pathology department.24,25 We

classified death from CVD as if one of the top three ranked

causes of death was CVD (ICD8 390–458; ICD10 I00–99)

and none had a diagnose of cancer (ICD8 140–209, ICD10

C00-C97), since cardiovascular complications could be

caused by cancer. We followed each participant using the

Personal Identification Number from study entrance to

November 2014. The national Danish Causes of Death

Registry lags behind the national Danish Civil Registration

System by 23 months. Therefore, CVD mortality was only

followed until December 2012, and participants with entry

after December 2012 were censored in the CGPS

(n¼ 5003) together with participants with no cause of

death registered in the CGPS (n¼ 1789), CCHS (n¼ 388)

and the CIHDS (n¼ 563) in analyses of CVD mortality.

For mortality endpoints we likewise did not lose track of

even a single individual.

Covariates

Income, alcohol intake, tea intake, cola intake, physical ac-

tivity, use of antihypertensive medication, use of lipid-

lowering medication and hormone replacement therapy

were self-reported. Smoking history was captured as smok-

ing status (never, former, current smokers), time since

smoking cessation (former smokers only) and cumulated
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smoking in pack-years (former and current smokers only);

one pack-year was 20 cigarettes or equivalent smoked

daily for 1 year. Physical inactivity was leisure time activity

less than 4 h weekly and predominantly sedentary work.

Plasma triglycerides, low-density lipoprotein (LDL) choles-

terol, high-density lipoprotein (HDL) cholesterol and glu-

cose were measured using standard hospital assays.

Systolic blood pressure, weight and height were measured

at examination. Body mass index (BMI) was measured

weight (kilograms) divided by measured height

squared(metres squared). Diabetes was registry-based diag-

nosis of type 1 or 2 diabetes, self-reported diabetes,

self-reported use of anti-diabetic medication and/or a non-

fasting baseline plasma glucose level above 11 mmol/l. Less

than 0.6% of covariates were missing. Missing values for

systolic blood pressure, triglycerides, LDL cholesterol,

HDL cholesterol and BMI were imputed using linear re-

gression analysis with age and sex as predictors, and miss-

ing values for income and alcohol intake were grouped

separately, when adjusted for in observational analyses;

however, if analyses only included individuals with all

covariates available, results were similar to those reported.

Genetic analyses

Participants were genotyped for two variations near the

AHR gene (rs4410790 and rs6968865) and for three vari-

ations near the CYP1A1/2 genes (rs2472297, rs2470893

and rs2472299), using TaqMan-based assays(Applied

Biosystems Inc., Foster City, CA), including positive con-

trols for each genotype verified by sequencing.15 Due to re-

runs, call rates were � 99.7%. Genotype distributions did

not differ from Hardy-Weinberg equilibrium (v2 test,

P� 0.1). As described previously, 76 069 participants were

also genotyped for the ApoE polymorphisms (rs7412 and

rs429358) which define six common ApoE genotypes asso-

ciated with plasma cholesterol levels.16,26

Statistical analyses

We used Stata/SE 13.1. In observational analysis to exam-

ine the associations between coffee intake and IHD, IS,

IVD, CVD mortality and all-cause mortality, we examined

individuals from the CGPS using Cox proportional hazards

regression models with age as underlying time scale

(referred to as age-adjusted) and delayed entry at examin-

ation (left truncation), multivariable adjusted for CVD risk

factors, including: sex; income; systolic blood pressure;

plasma triglycerides; LDL cholesterol; HDL cholesterol;

BMI; diabetes; smoking status; cumulated smoking in

pack-years; time since smoking cessation in former smok-

ers; alcohol intake; physical inactivity; use of

antihypertensive medication; use of lipid-lowering medica-

tion and hormone replacement therapy in post-

menopausal women. Totals of 5494 individuals with IHD

prior to or at study entry, 1231 with IS and 6476 with IVD

were excluded in these analyses (249 had both IHD and

IS). Associations were examined using cubic restricted

splines and, as categorical analyses of coffee intake, groups

in steps of one cup/day and two cups/day. For cubic re-

stricted splines, the number of knots between 3 and 7 were

chosen to balance best fit and overfitting. To test for pos-

sible reverse causation, categorical analyses were also

examined using delayed entry at 2 years after examination.

In genetic analyses to examine the effect of the five gen-

etic variations on coffee intake, we calculated mean coffee

intake according to genotype in the CGPS. We also

grouped each individual according to number of caffeine

alleles in an allele score.15 Since the two AHR variations

(rs6968865 and rs4410790) and the three CYP1A1/2

(rs2470893, rs2472297 and rs2472299) are in linkage

disequilibrium(Supplementary Figure 2, available as

Supplementary data at IJE online), only rs4410790 and

rs2472297 with the strongest association with coffee in-

take were included in the allele score. Test for trend was by

Cuzick’s extension of the Wilcoxon rank sum test. F- and

R2-values were estimated using linear regression models.

We applied similar analytical strategies for effect of ApoE

genotypes on plasma total cholesterol levels. ApoE geno-

types were grouped as e44 þ e43, e33 þ e42 and e32 to en-

sure sufficient number of individuals in each group; e22

individuals were excluded as e22 may cause remnant

hyperlipidaemia.

In genetic analyses to examine the association between

genetically high coffee intake and risk of IHD, IS, IVD,

CVD mortality and all-cause-mortality, we analysed the

GCPS, CCHS and CIHDS. We used Cox proportional haz-

ards regression models with age as underlying time scale

adjusted for sex to estimate hazard ratios per caffeine in-

take allele. For IHD, IS and IHD, follow-up time was from

1977, and for CVD mortality and all-cause mortality from

date of examination. Next, we performed random effect

meta-analyses of the estimates.

Further, to examine the association between genetically

high coffee intake and risk of IHD with maximum statis-

tical power, we also included Cardiogram and C4D. We

used logistic regression models adjusted for sex and age to

estimate odds ratios per caffeine intake allele for the gen-

etic variations separately in the CGPS, CCHS and the

CIHDS, and performed random effect meta-analyses

including downloaded risk estimates from Cardiogram and

C4D. As a positive control, we applied similar analytical

strategies for genetic associations between IHD and ApoE

genotype groups in the CGPS, CCHS and CIHDS.
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Finally, from the Cardiogram and CD4 consortia we

examined six additional genetic variations associated with

caffeine intake, as identified in a recent GWAS meta-ana-

lysis,14 for risk of IHD. A funnel plot of IHD risk estimates

as a function of allele effect size on coffee intake for all five

genetic variations available in the Copenhagen General

Population study and all 11 genetic variations available in

Cardiogram (C4D excluded due to inconsistent data) were

used to visually inspect for potential pleiotropic effects.27

Results

Baseline characteristics of the 95 366 individuals from the

CGPS varied according to coffee intake (Table 1) and at

most minimally according to caffeine intake allele score

(Table 2); allele score increase associated directly with

LDL cholesterol, BMI and alcohol intake, and inversely

with tea intake (the latter likely as heavy coffee drinkers

simply will not find time to drink tea). Allele score increase

associated inversely with age, hormone replacement ther-

apy in post-menopausal women and use of antihyperten-

sive medication in coffee abstainers (Supplementary Table

1, available as Supplementary data at IJE online). In

coffee-drinking individuals, allele score increase associated

directly with LDL cholesterol and hormone replacement

therapy in post-menopausal women, and inversely with tea

intake (Supplementary Table 2, available as

Supplementary data at IJE online).

Coffee intake, CVD and all-cause mortality:

observational analyses

Among 95 366 CGPS individuals we observed 3822 IHD

events during follow-up, 1708 IS events, 4973 IVD events,

971 CVD mortality events and 5422 all-cause mortality

events. Median follow-up time was 5.8 years for IHD, 5.9

for IS, 5.8 for IVD, 6.2 for CVD mortality and 6.0 for all-

cause mortality. Using cubic restricted splines, we observed

U-shaped associations with extent of coffee intake for

IHD, IS, IVD and all-cause mortality with lowest risks for

individuals with medium coffee intake compared with indi-

viduals with no coffee intake (Figure 1). In categorical ana-

lyses, using coffee intake groups in steps of one cup/day

and two cups/day, we observed similar U-shaped relation-

ships (Figures 2 and 3); however, cardiovascular mortality

appeared to be lower with higher coffee intake without a

U-shaped relationship (Figure 3, available as

Supplementary data at IJE online). When excluding events

up to 2 years after study entry, results were also similar

(Figure 2). Cubic spline models stratified for smoking sta-

tus are shown in Supplementary Figure 3; as statistical

power is lower in these analyses compared with the overall

analyses, these results should be read and interpreted

cautiously.

Genetic variations and coffee intake

For each of the genotypes we observed stepwise higher

mean coffee intake from non-carriers through heterozy-

gotes to homozygotes (P for trend� 4 x 10�19) (Figure 4).

For caffeine intake allele score we observed stepwise higher

mean coffee intake up to 42% from 0 to 4 alleles (P for

trend across five allele score groups¼ 3 x 10�178). When

stratified into current, former and never smokers, corres-

ponding relative higher coffee intakes were 26%, 53% and

41%, respectively, reflecting the mean higher coffee intake

among current smokers with similar absolute difference in

coffee intake from 0 to 4 alleles among all strata (approxi-

mately 1 cup/day). F-value for statistical strength of the

genetic instruments was 827 and R2 as a measure of ex-

plained variation in coffee intake was 0.009. For grouped

ApoE genotypes we observed a 10% lower mean plasma

total cholesterol for e32 versus e44 þ e43 (P for trend

across three genotype groups¼ 8 x 10�300); F-value was

1394 and R2 was 0.02. The per allele higher coffee intake

was 9%, whereas the per ApoE genotype group lower

plasma total cholesterol was 5%.

Coffee intake, CVD and all-cause mortality:

genetic analyses

Among 112 509 individuals from the CGPS, CCHS and

CIHDS, we observed 18 997 IHD events, 4589 IS events,

21 695 IVD events, 3671 CVD mortality events and

12 656 all-cause mortality events. Median follow-up time

was 37.6 years for IHD, 37.8 for IS, 37.6 for IVD, 6.2 for

CVD mortality and 6.0 for all-cause mortality. Per caffeine

intake allele and 9% higher coffee intake meta-analysed

hazard ratios were 1.02 (95% confidence interval: 1.00–

1.03) for IHD, 1.02 (0.99–1.05) for IS, 1.02 (1.00–1.03)

for IVD, 1.02 (0.99–1.06) for CVD mortality and 1.01

(0.99–1.03) for all-cause mortality (Figure 5).

When including Cardiogram and C4D together with the

Copenhagen studies, up to 223 414 individuals and 55 689

IHD events/cases were examined. In meta-analyses, odds

ratios per one caffeine intake allele were 1.00 (0.98–1.02)

for AHR rs4410790, 1.01 (0.99–1.03) for AHR

rs6968865, 1.02 (1.00–1.04) for CYP1A1/2 rs2470893,

1.02 (1.00–1.04) for CYP1A1/2 rs2472297 and 1.03

(0.99–1.06) for CYP1A1/2 rs2472299 (Figure 6). In con-

trast, a 5% lower cholesterol level caused by ApoE geno-

type had a corresponding odds ratio for IHD of 0.93

(0.89–0.97) in the Copenhagen studies. For each genetic

variation we had 80% power at two-sided P< 0.05 to
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detect a causal odds ratio per allele of 0.97 for the approxi-

mately 8% higher genetic coffee intake per allele, com-

pared with an observed hazard ratio of 0.86 for an

approximately 350% higher observational coffee intake

(0 cups/day versus 4–5 cups/day).

Sensitivity analyses

When individuals with a coffee intake of 0–1 cups/day

where used as reference group in observational analyses,

results were similar to those presented in Figure 2. In gen-

etic analyses, when adjusting for smoking status in the

CGPS since this might influence CYP1A1/2 activ-

ity,11,13,28,29 results were similar to those presented in

Figure 5. Genetic results were also similar when adjusting

for LDL cholesterol, BMI, alcohol intake and tea intake in

all individuals, when adjusting for age, hormone replace-

ment therapy in post-menopausal women and use of anti-

hypertensive medication in coffee-abstaining individuals,

and when adjusting for LDL cholesterol, tea intake and

hormone replacement therapy in post-menopausal women

in coffee drinkers (data not shown). Further, when stratify-

ing individuals from the GCPS into coffee abstainers,

coffee drinkers, coffee drinkers excluding tea and cola

drinkers, genetic results were similar (Figure 7).

Since the completion of our study an additional six gen-

etic variations have been shown to associate with caffeine

intake. We have included associations of these genetic vari-

ations with IHD from Cardiogram and C4D consortia in

Supplementary Figure 4, available as Supplementary data

at IJE online. Further, we have included odds ratios for

IHD per effect allele as a function of coffee intake incre-

ment per effect allele for all available genetic variations in

the CGPS and the Cardiogram consortium (C4D excluded

due to inconsistent data) to examine for potential pleio-

tropic effects in Figure 8; on visual inspection, no clear evi-

dence for pleiotropic effects was evident.

Discussion

As examined in 95 000–223 000 individuals, observation-

ally coffee intake was associated with U-shaped low risk of

cardiovascular disease and all-cause mortality; however,

genetically coffee intake was not associated with risk of

cardiovascular disease or all-cause mortality. The latter are

novel findings.

Table 2. Baseline characteristics of the 95 366 individuals from the Copenhagen General Population Study according to allele

score

Allele score 0 1 2 3 4 P for trend

No. of individuals 5844 26 691 39 302 20 263 3266

Age (years) 58 (48–67) 58 (48–67) 58 (48–67) 58 (48–67) 58 (48–67) 0.56

Men (%) 45 45 45 45 46 0.98

Income below 400,000 DKK (%) 35 36 37 36 34 0.23

Systolic blood pressure (mmHg) 140 (126–155) 140 (126–155) 140 (126–155) 140 (126–155) 140 (126–153) 0.37

Plasma triglycerides (mmol/l) 1.38 (0.96–2.02) 1.39 (0.96–2.06) 1.39 (0.96–2.05) 1.40 (0.97–2.05) 1.39 (0.96–2.01) 0.28

LDL cholesterol (mmol/l) 3.20 (2.56–3.80) 3.20 (2.60–3.81) 3.20 (2.60–3.80) 3.20 (2.60–3.90) 3.24 (2.60–3.88) 6*10�5

HDL cholesterol (mmol/l) 1.57 (1.25–1.95) 1.57 (1.25–1.94) 1.57 (1.25–1.93) 1.55 (1.24–1.94) 1.56 (1.25–1.93) 0.07

Body mass index (kg/m2) 25.5 (23.2–28.4) 25.6 (23.2–28.4) 25.6 (23.2–28.5) 25.6 (23.3–28.5) 25.6 (23.3–28.5) 0.02

Diabetes mellitius (%) 5 7 7 7 6 0.18

Ischaemic vascular disease (%) 5 5 6 5 5 0.61

Current smokers (%) 18 18 18 18 19 0.22

Cumulated smoking (pack-years)a 15 (5–30) 15 (5–30) 15 (5–30) 15 (5–30) 15 (5–30) 0.42

Time since smoking cessation (years)b 17 (7–29) 17 (7–28) 17 (7–28) 17 (7–28) 17 (8–30) 0.43

Alcohol intake (g/week) 96 (48–180) 96 (48–180) 96 (48–180) 96 (48–180) 108 (48–192) 0.001

Tea intake (cups/week) 3 (0–10) 3 (0–10) 2 (0–10) 2 (0–10) 2 (0–10) 4*10�17

Cola and cola light drinkers (%) 14 13 13 13 14 0.75

Physical inactivity (%) 54 54 54 55 54 0.33

Antihypertensive medication (%) 20 20 20 20 20 0.38

Lipid-lowering medication (%) 11 12 12 12 12 0.02

Hormone replacement therapy (%)c 15 16 16 17 17 0.12

Values are median (interquartile range) for continuous variables. To convert triglyceride values to mg/lL, multiply values in mmol/l by 88. To convert choles-

terol values to mg/dl, multiply values in mmol/l by 38.6.

DKK, Danish Kroner as income per year; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
aCurrent and former smokers only.
bFormer smokers only.
cPost-menopausal women only.
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U-shaped associations between coffee intake and CVD

and all-cause mortality have previously been described in

observational studies.1,2,5,7 Coffee is a complex mixture,

and several biological mechanisms have been examined to

explain both beneficial and harmful effects of coffee intake

on risk of CVD and all-cause mortality.1,6,30,34 It has been

proposed that potential beneficial effects are dominant

with moderate coffee intake, whereas harmful effects in-

crease with high coffee intake, which produces the

observed U-shaped association with CVD. As also sug-

gested elsewhere,35 associations could be heavily con-

founded by smoking as U-shaped associations are less

prominent in never smokers compared with former and

current smokers (Supplementary Figure 3, available as

Supplementary data at IJE online). In line with this, we be-

lieve that our genetic results also suggest confounding as

possible explanations for the previously observed ‘benefi-

cial’ associations with moderate coffee intake, and thus

that coffee intake is unlikely to influence risk of CVD or

all-cause mortality. Since observational results were similar

when excluding events up to 2 years after study entry, re-

verse causation is less likely to explain any differences be-

tween observational and genetic results.

Strengths of our study include the large sample size of

individual participant data and the fact that all participants

in the Copenhagen studies were Whites of Danish descent,

which ensures a homogeneous population and excludes

genetic admixture. Conversely, this might limit the general-

izability of our results, although it is reassuring that the

findings for Cardiogram and C4D, including individuals

from other countries,21,22 were similar to those for the

Copenhagen studies. Another strength of the Copenhagen

studies is that we did not lose track of even a single individ-

ual. Further, it is notable that mean coffee intake in indi-

viduals with respectively 0 and 4 caffeine intake alleles

were 2.2 and 3.1 cups/day, thus a 42% higher coffee in-

take, and that the statistical F-value for allele score was

very high at 827, suggesting large statistical power to ex-

clude associations of coffee intake with the endpoints stud-

ies. In support, genetic variations with comparable effect

sizes on intermediate variables have been used in

Mendelian randomization studies to document causal asso-

ciations of BMI and smoking on endpoints.36,39 Finally, it

is also reassuring that in our studies low cholesterol level

caused by ApoE genotype associated causally with the ex-

pected low risk of IHD.

Limitations include pleiotropic effects of the genetic

variations, since AHR and CYP1A1/2 genes are involved

in the metabolism and regulation of several components

besides caffeine, although our use of five different genetic

variations close to three different genes with similar results

argues against this as a major problem.10 Also, Figure 8

using a funnel plot of 11 different caffeine alleles provided

no clear evidence for pleotropic effects. In our study,

higher caffeine intake allele score was associated positively

with LDL cholesterol, BMI and alcohol intake, and in-

versely with tea intake, but when adjusting for these poten-

tial confounding variables, genetic results were similar to

those in the overall analyses. That said, it is interesting that

genetic analysis suggests that higher coffee intake causes a

slightly higher levels of LDL cholesterol, although the
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Figure 1. Hazard ratios for cardiovascular disease and all-cause mortal-

ity according to coffee intake as cubic restricted spline models.

Analyses included 95 366 individuals from the Copenhagen General

Population Study: 5494 individuals with IHD, 1231 with IS and 6476 with

IVD prior to or at study entry were excluded in the analyses. Also, 6792

individuals with study entry after December 2012 or with no registered

cause of death were excluded from the analyses of CVD mortality.

Hazard ratios were adjusted for age, sex, income, systolic blood pres-

sure, plasma triglycerides, LDL cholesterol, HDL cholesterol, BMI, dia-

betes, smoking status, cumulated smoking in pack-years, time since

smoking cessation in former smokers, alcohol intake, physical inactiv-

ity, use of antihypertensive medication, use of lipid-lowering medica-

tion and hormone replacement therapy in post-menopausal women.

IHD, ischaemic heart disease; IS, ischaemic stroke; IVD, ischaemic vas-

cular disease; CVD, cardiovascular disease; HR, hazard ratio; CI, confi-

dence interval.
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Figure 2. Hazard ratios for cardiovascular disease and all-cause mortality according to coffee intake in steps of one cup/day, including all events and

after excluding events occurring within 2 years of examination. Analyses included 95 366 individuals from the Copenhagen General Population

Study: 5494 individuals with IHD, 1231 with IS and 6476 with IVD prior to or at study entry were excluded in the analyses including all events; corres-

ponding numbers after excluding events occurring within 2 years of examination were 13 243, 8746 and 14 303, respectively, that is after additionally

excluding events occurring prior to or at 2 years after study entry or exclusion of individuals with less than 2 years’ follow-up time. Also, 6792 (8840)

individuals with study entry after December 2012 or with no registered cause of death (or CVD mortality prior to or at 2 years after study entry or less

than 2 years’ follow-up time) were excluded from the analyses of CVD mortality, and 7237 individuals with mortality prior to or at 2 years after study

entry or less than 2 years’ follow-up time were excluded in lag analyses of all-cause mortality. Hazard ratios were adjusted for age, sex, income, sys-

tolic blood pressure, plasma triglycerides, LDL cholesterol, HDL cholesterol, BMI, diabetes, smoking status, cumulated smoking in pack-years, time

since smoking cessation in former smokers, alcohol intake, physical inactivity, use of antihypertensive medication, use of lipid-lowering medication

and hormone replacement therapy in post-menopausal women. IHD, ischaemic heart disease; IS, ischaemic stroke; IVD, ischaemic vascular disease;

CVD, cardiovascular disease; HR, hazard ratio; CI, confidence interval.
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extent of LDL cholesterol increase would be considered to

be clinically unimportant.

Since the five genetic variants are associated with

caffeine consumption and not only coffee consumption,

genetic results could be confounded by other caffeine-

containing beverages such as tea and cola. Reassuringly

though, coffee was the major source of dietary caffeine in

terms of quantity with mean coffee, tea and cola intakes in

the CGPS of 2.6 cups/day, 1.1 cups/day and 58 ml/day, re-

spectively. Further, approximate caffeine contents for cof-

fee, tea and cola are 85, 25 and 15 mg/dl, respectively, in

Denmark,40 and the present genetic results were similar

when excluding tea and cola drinkers. In other countries

with other patterns of beverage consumption, tea and soft

drinks might be a larger source of caffeine intake, and thus

results from Cardiogram and C4D consortia are more

likely to be influenced from other caffeine sources. It

would be informative to perform similar Mendelian ran-

domization analyses in, for example, the UK to examine

whether high tea intake is associated with CVD or all-

cause mortality and a possible confounding variable.

Unfortunately, we do not have the data to distinguish be-

tween caffeinated and decaffeinated coffee in our cohorts.

However, in Denmark decaffeinated coffee comprises only

0.5% of total coffee import, and thus is not a common

beverage.

Another concern is linkage disequilibrium; however, al-

lele score included only two genetic variations with no

linkage in between. In our study we did not ask partici-

pants about type, strength or size of the cups of coffee, and

it is therefore possible that individuals with high coffee in-

take drink bigger coffee servings of stronger coffee, com-

pared with those with low coffee intake. Observationally,

such a scenario would likely lead to overestimated associ-

ations. In genetic analyses, such inconsistency would most

likely affect mean coffee intake by genotype, but would

not influence the association between caffeine intake allele

score and risk of CVD or all-cause mortality. Additionally,

if U-shaped associations between coffee intake and CVD

and all-cause mortality indeed are true, then a Mendelian

randomization approach might not detect an eventual as-

sociation, since this approach is based on the assumption

of linearity between all coffee intake categories and thus

will not be capturing non-linear differences between very

low and very high coffee intakes. Finally, it is a limitation

that we did not include all genetic variations previously

associated with coffee intake in all of our genetic ana-

lyses;14 however, these additional genetic variations would

only capture a small proportion of additional variance

compared with the five genetic variants already included in

our main analyses.

In coffee-abstaining individuals from the CGPS, allele

score increase was associated inversely with age, use of anti-

hypertensive medication and hormone replacement therapy

in post-menopausal women (Supplementary Table 1,

available as Supplementary data at IJE online). These asso-

ciations are likely explained by collider stratification bias,

since age is strongly associated directly with coffee intake

among coffee consumers only, use of antihypertensive

medication and hormone replacement therapy. In coffee

drinkers, direct associations with LDL cholesterol and hor-

mone replacement therapy were observed. Interestingly,

direct associations with LDL cholesterol were more pro-

nounced in coffee drinkers than in all individuals (compare

Table 2 and Supplementary Table 2), suggesting that coffee

intake has an LDL cholesterol- and perhaps a minor BMI-

increasing effect. Associations with hormone replacement

therapy could be explained by possible pleiotropic effects of
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Figure 3. Hazard ratios for cardiovascular disease and all-cause mortal-

ity according to coffee intake in steps of two cups/day. Analyses

included 95 366 individuals from the Copenhagen General Population

Study: 5494 individuals with IHD, 1231 with IS and 6476 with IVD prior

to or at study entry were excluded in the analyses. Also, 6792 individ-

uals with study entry after December 2012 or with no registered cause

of death were excluded from the analyses of CVD mortality. Hazard

ratios were adjusted for age, sex, income, systolic blood pressure,

plasma triglycerides, LDL cholesterol, HDL cholesterol, BMI, diabetes,

smoking status, cumulated smoking in pack-years, time since smoking

cessation in former smokers, alcohol intake, physical inactivity, use of

antihypertensive medication, use of lipid-lowering medication and hor-

mone replacement therapy in post-menopausal women. IHD, ischaemic

heart disease; IS, ischaemic stroke; IVD, ischaemic vascular disease;

CVD, cardiovascular disease; HR, hazard ratio; CI, confidence interval.
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Figure 4. Coffee intake according to caffeine intake genotypes and caffeine intake allele score, and plasma total cholesterol according to ApoE geno-

type groups. Analyses included 95 366 individuals from the Copenhagen General Population Study. Values represent mean 7 standard error. P-val-

ues are for trend using Cuzick’s extension of the Wilcoxon rank sum test. F test is for statistical strength of the genetic instruments. R2 is a measure of

explained variation in coffee intake by genotype or allele score. Plasma total cholesterol levels by ApoE genotype groups were added as a positive

control. SE, standard error; EAF, exposure allele frequency.
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Figure 5. Hazard ratios per caffeine intake allele for cardiovascular disease and all-cause mortality, including rs441079 and rs2472297. Analyses
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the genetic variations on estrogen metabolism and signal-

ling.41 Tea and alcohol intake were associated inversely

with allele score increase in all individuals, tea intake was

associated inversely with allele score increase in coffee

drinkers, and neither was associated with allele score of cof-

fee abstainers. This suggests that tea and alcohol intake are

related to coffee-drinking habits, that is coffee drinkers

drink less tea and more alcohol in a Danish context.

Although the present study does not provide genetic evi-

dence that coffee intake is causally associated with risk of

CVD and all-cause mortality, it is not possible to entirely

negate the hypothesis. The genetic associations with coffee
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intake used in the present study are relatively small (we

could exclude odds ratio per allele of 0.97 for 8% higher

coffee intake with 80% power and two-sided P< 0.05)

compared with observational differences in coffee intake

(we observed odds ratio of 0.86 for approximately 350%

higher coffee intake), and thus even more individuals and

events are required to thoroughly exclude a causal associ-

ation from moderate coffee intake to reduced risk of CVD

and all-cause mortality using genetic instruments. With a

42% higher coffee intake, from 0 to 4 alleles a 1:1 case-

control study size of approximately 225 000 cases and

225 000 controls would be needed to exclude the observed

hazard ratio of 0.86 for an approximately 350% higher

coffee intake (0 cups/day versus 4–5 cups/day), and thus

to exclude a potential effect of coffee intake on CVD and

all-cause mortality at two-sided P< 0.05 and 80%

power.42

In conclusion, genetic coffee intake was not associated

with risk of CVD or all-cause mortality and does therefore

not support the hypothesis that coffee intake influences

risk of CVD and all-cause mortality.
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