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Association of Coffee Drinking With Mortality
by Genetic Variation in Caffeine Metabolism
Findings From the UK Biobank
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IMPORTANCE Prospective cohorts in North America, Europe, and Asia show consistent
inverse associations between coffee drinking and mortality, including deaths from
cardiovascular disease and some cancers. However, concerns about coffee, particularly
among people with common genetic polymorphisms affecting caffeine metabolism and
among those drinking more than 5 cups per day, remain.

OBJECTIVE To evaluate associations of coffee drinking with mortality by genetic caffeine
metabolism score.

DESIGN, SETTING, AND PARTICIPANTS The UK Biobank is a population-based study that invited
approximately 9.2 million individuals from across the United Kingdom to participate. We used
baseline demographic, lifestyle, and genetic data form the UK Biobank cohort, with follow-up
beginning in 2006 and ending in 2016, to estimate hazard ratios (HRs) for coffee intake and
mortality, using multivariable-adjusted Cox proportional hazards models. We investigated
potential effect modification by caffeine metabolism, defined by a genetic score of previously
identified polymorphisms in AHR, CYPIA2, CYP2A6, and POR that have an effect on caffeine
metabolism. Of the 502 641 participants who consented with baseline data, we included
those who were not pregnant and had complete data on coffee intake and smoking status

(n =498134).

EXPOSURES Total, ground, instant, and decaffeinated coffee intake.
MAIN OUTCOMES AND MEASURES All-cause and cause-specific mortality.

RESULTS The mean age of the participants was 57 years (range, 38-73 years); 271019 (54%)
were female, and 387 494 (78%) were coffee drinkers. Over 10 years of follow-up, 14 225
deaths occurred. Coffee drinking was inversely associated with all-cause mortality. Using
non-coffee drinkers as the reference group, HRs for drinking less than1,1,2t0 3,4 to 5,6 to 7,
and 8 or more cups per day were 0.94 (95% Cl, 0.88-1.01), 0.92 (95% Cl, 0.87-0.97), 0.88
(95% Cl, 0.84-0.93), 0.88 (95% Cl, 0.83-0.93), 0.84 (95% Cl, 0.77-0.92), and 0.86 (95% Cl,
0.77-0.95), respectively. Similar associations were observed for instant, ground, and
decaffeinated coffee, across common causes of death, and regardless of genetic caffeine
metabolism score. For example, the HRs for 6 or more cups per day ranged from 0.70 (95%
Cl, 0.53-0.94) to 0.92 (95% Cl, 0.78-1.10), with no evidence of effect modification across
strata of caffeine metabolism score (P = .17 for heterogeneity).

CONCLUSIONS AND RELEVANCE Coffee drinking was inversely associated with mortality,
including among those drinking 8 or more cups per day and those with genetic
polymorphisms indicating slower or faster caffeine metabolism. These findings suggest the
importance of noncaffeine constituents in the coffee-mortality association and provide
further reassurance that coffee drinking can be a part of a healthy diet.
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offee is one of the most commonly consumed bever-

ages worldwide. Epidemiologic studies have gen-

erally reported inverse associations with chronic
disease, including cardiovascular disease'-?; diabetes?; Par-
kinson disease*; and liver,® colorectal,® and endometrial”
cancer. Furthermore, prospective studies have consistently
observed inverse associations with all-cause and cause-
specific mortality.8'® Such evidence played a major role in
the 2015 US Dietary Guidelines Advisory Committee report,
which concluded that moderate coffee consumption of up
to 5 eight-ounce cups per day can be a part of a healthy

diet."”

Nevertheless, there remain concerns about the effects
of coffee drinking. Coffee is a major source of caffeine, and
between-person variation in caffeine metabolism is consid-
erable. Clinical and epidemiologic studies have identified
genetic variants that affect caffeine metabolism and coffee
consumption,'® and several studies have suggested that cof-
fee drinkers with common genetic polymorphisms affecting
caffeine metabolism may be at increased risk of cardiovas-
cular disease.!®-2° However, the impact of common genetic
polymorphisms that affect caffeine metabolism on the
coffee-mortality association is unknown. There is also con-
cern about heavy coffee drinking (=6 cups/d) more gener-
ally. However, prior studies have had a limited number
of participants in this intake range, precluding stable risk

estimates.

We used the 500 000-participant UK Biobank cohort to in-
vestigate possible effect modification by caffeine metabo-
lism score, defined by previously identified polymorphisms

that affect caffeine metabolism.!®

Methods
Study Design

The UK Biobank study design has been described else-
where.?"?2 In brief, the study mailed invitations to approxi-
mately 9.2 million individuals in the United Kingdom’s
National Health Service (NHS), ages 40 to 69 years who re-
sided within 40 km of 22 assessment centers across the United
Kingdom.?' In total, 503 317 individuals visited assessment cen-
ters between 2006 and 2010%2; answered comprehensive
touchscreen questionnaires, including about diet; received
physical examinations; and provided biological samples. Data
from 502 641 participants were available for our study. We ex-
cluded participants with incomplete data on coffee intake
(n = 2269) or smoking status (n = 1866), women who were preg-
nant or unsure whether they were pregnant (n = 369), and
those with no follow-up time (n = 3), resulting in an analytic

cohort of 498 134 participants.

The UK Biobank study was approved by the National In-
formation Governance Board for Health and Social Care and
the NHS North West Multicenter Research Ethics Committee.
Written consent was obtained from all participants. Accord-
ing to the UK Biobank information leaflet for participants, par-
ticipation is “entirely voluntary” and participants are “free to

withdraw at any time later.”*"2
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Key Points

Question Moderate coffee consumption has been inversely
associated with mortality; however, does heavy intake, particularly
among those with common genetic polymorphisms that impair
caffeine metabolism, increase risk of mortality?

Findings This large prospective cohort study of a half million
people found inverse associations for coffee drinking with
mortality, including among participants drinking 1up to 8 or more
cups per day. No differences were observed in analyses that were
stratified by genetic polymorphisms affecting caffeine
metabolism.

Meaning This study provides further evidence that coffee
drinking can be part of a healthy diet and offers reassurance to
coffee drinkers.

Cohort Follow-up

Follow-up time was counted from the date of assessment cen-
ter visit until the date of death or the date of censor (ie, Janu-
ary 31, 2016, for England and Wales and November 30, 2015,
for Scotland), whichever came first. For cause-specific mor-
tality analyses, individuals who died from other causes were
censored at their date of death.

Death Ascertainment

Vital status, date, and underlying (primary) cause of death were
provided by the National Health Service (NHS) Information
Centre for participants from England and Wales and by the NHS
Central Register, Scotland, for those from Scotland. We de-
fined the following 3 broad categories (ie, causes with >500
deaths) of cause-specific mortality using the International Sta-
tistical Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10), codes: cancer (CO0-D48), cardiovas-
cular disease (I00-179), and respiratory diseases (JO9-J18 and
J40-J47). In addition, for cancer and cardiovascular disease,
we further defined the common causes of death (ie, causes with
>500 deaths) within these broad categories: colorectal can-
cer (C18-C20), bronchus and lung cancer (C34), female breast
cancer (C50), and pancreatic cancer (C25); ischemic heart dis-
eases (I120-125); and stroke (160-169).

Exposure Assessment
Participants were asked “How many cups of coffee do you drink
each day (including decaffeinated coffee)?” Participants se-
lected either the number of cups, “Less than 1,” “Do not know,”
or “Prefer not to answer.” If participants reported drinking more
than 10 cups, they were asked to confirm the response. For the
main analysis of coffee and all-cause mortality, we defined cof-
fee intake as follows: 0, lessthan1,1,2t03,4to5,6to 7, and
8 or more cups per day. The top 2 categories were collapsed
for secondary analyses, to preserve sample size. Coffee drink-
ers were also asked “What type of coffee do you usually drink?”
and were able to select 1 of 6 mutually exclusive responses in-
cluding “decaffeinated coffee (any type),” “instant coffee,” or
“ground coffee (include espresso, filter, etc).”

The baseline questionnaire also assessed potential con-
founding factors, including smoking, alcohol, tea, race, edu-
cation, physical activity, and body mass index (BMI) (calcu-
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lated as weight in kilograms divided by height in meters
squared). We created a 25-level detailed smoking variable by
combining data on smoking status, lifetime smoking, previ-
ous smoking intensity, current smoking intensity, time since
quitting for former smokers, type of tobacco smoked previ-
ously, and type of tobacco smoked currently. We created a
6-level variable for alcohol drinking by combining data on
drinking status and amount consumed. Less than 9% of the
cohort lacked data on any single covariate, and indicator vari-
ables were created to represent missing data categories in re-
gression models.

All UK Biobank participants were genotyped using genome-
wide arrays. The initial 50 000 participants were genotyped
using the Affymetrix UK BiLEVE Axiom array, while the re-
maining were genotyped using the Affymetrix UK Biobank
Axiom array. The 2 arrays were extremely similar and can be
imputed together. Quality control and imputation to the Hap-
lotype Reference Consortium (HRC), version 1.1, and UK10K
reference panels was performed centrally by the Wellcome
Trust Centre for Human Genetics as described elsewhere.?* Ge-
netic data were available from 403 816 participants in our ana-
lytic sample after excluding sample outliers based on hetero-
zygosity and missingness, participants with sex discrepancies
between the self-reported and X-chromosome heterozygos-
ity, and those potentially related to other participants, based
on estimated kinship coefficients for all pairs of samples. We
derived 2 genetic “caffeine metabolism” scores (CMS) by add-
ing the number of alleles of single base changes, or single-
nucleotide polymorphisms (SNPs), previously associated with
blood caffeine metabolite levels, and the map near genes with
plausible roles in caffeine metabolism.?* All SNPs were avail-
able from the HRC, version 1.1, imputation. CMSg, included
the 2 SNPs presenting with the largest effect sizes in a genome-
wide association study (GWAS) of caffeine metabolites?*:
152472297 (near CYPIA2) and rs6968554 (near AHR). CMSg,
alsoincluded rs17685 (in POR) and rs56113850 (near CYP2A6).
Corresponding weighted genetic “caffeine metabolism” scores
(WCMS,) were derived by summing the number of alleles mul-
tiplied by their B-coefficients. The latter were estimated by
z/{sqrt[p(1 - p)1}, where z is the SNP z-score for the paraxan-
thine to caffeine ratio®* and p is the SNP minor allele fre-
quency. Estimated B-coefficients for rs6968554, rs2472297,
1517685, and rs56113850 were 17.58, 21.58, 3.79, and 19.43, re-
spectively. Weighted scores were then calibrated such that both
CMS,, and wCMS,, ranged from O to 4 and both CMS, and
WCMS,, ranged from O to 8, with higher scores predicting faster
caffeine metabolism. All 4 SNPs have previously been linked
to coffee consumption in the UK Biobank.?*2> Because rs762551
(CYP1A2*1F) has been examined previously for interactions
with coffee and disease outcomes,'® we conducted a separate
analysis of this SNP.”

Statistical Analysis

We used Cox proportional hazard regression models to esti-
mate hazard ratios (HRs) and 95% CIs for mortality. Person-
years (ie, calendar time) of follow-up was used as the under-
lying time metric. We estimated the Spearman partial
correlation coefficients between coffee intake and each CMSg,
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adjusting for age, sex, smoking status, genotyping array, and
the first 5 genetic principal components. We tested the pro-
portional-hazards assumption by comparing the multivari-
able model with the interaction term between person-time and
coffee intake to the model without it; we observed no devia-
tions from this assumption. Statistical tests were 2-sided, and
P < .05was interpreted as statistically significant. We used SAS
software (version 9.4; SAS Institute Inc) and the computa-
tional resources of the National Institutes of Health’s (NIH)
High-Performance Computing Biowulf cluster to conduct
analyses.

In our analysis of coffee intake with all-cause mortality,
we first adjusted for age and sex, followed by additional ad-
justment for other potential confounders; adjustment for de-
tailed smoking history had the largest effect on risk esti-
mates. We tested for trends across increasing categories of
coffee intake by modeling the midpoint of each intake cat-
egory as a continuous variable, with the highest intake cat-
egories of 8 or more cups per day and 6 or more cups per day
assigned values of 8 and 6, respectively. We evaluated the mul-
tivariable-adjusted associations of coffee intake with cause-
specific mortality and with all-cause mortality by coffee type,
including non-coffee drinkers as the reference group in each
subgroup analysis. We also ran multivariable-adjusted mod-
els stratified by the following potential effect modifiers:
wCMSg, (0-1, >1to 2, or >2), CMS, (0-2,>2t0 3, >3to 4, or >4),
age (<55 or =55 years), sex (male or female), smoking status
(never, former, or current smoker), general health status (ex-
cellent/good or fair/poor health), BMI (18.5 to <25.0, 25.0 to
<30.0, or >30.0), history of diabetes (yes or no), and history
of cancer, heart attack, or stroke (yes or no). The thresholds
for strata of CMS; were based on the distribution of the scores;
however, we also considered a 1-unit and 2-unit increase in the
weighted scores (eTable 1in the Supplement). We assessed po-
tential effect modification by modeling the cross-product term
of the stratifying variable with coffee intake; the P value for
heterogeneity corresponds to the likelihood ratio test com-
paring the multivariable models with and without the cross-
product terms for each level of the stratifying variable with cof-
fee intake (continuous) except in the case of genetic caffeine
metabolism scores, which were modeled as continuous vari-
ables. Finally, to better understand the potential effect of re-
verse causality, we conducted a lag analysis in which we ex-
amined deaths occurring in O to less than 3 years, 3 to less than
5 years, and 5 or more years of follow-up.

. |
Results

In the UK Biobank cohort, 110 640 (22%) participants were non-
coffee drinkers. Among coffee drinkers, 214 119 (56%), 87 665
(23%), and 74 053 (19%) reported usually drinking instant,
ground, and decaffeinated coffee, respectively. Coffee drink-
ers, compared with non-coffee drinkers, were more likely to
be male, white, former smokers, and drink alcohol. Partici-
pants drinking 4 or more cups per day, compared with those
drinking less coffee and nondrinkers, were more likely to drink
instant coffee and be current smokers, whereas participants
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drinking 1 to 3 cups per day were older, more likely to have a
university degree, and more likely to report “excellent” health
(Table 1).

Over 10 years of follow-up (median, 7 years) and 3.4 mil-
lion person-years, 14 225 deaths occurred. After multivari-
able adjustment, we observed an inverse dose-dependent
association (P< .001 for trend) for total coffee intake and all-
cause mortality (Table 2). The HRs for drinking less than 1, 1,
2t03,4t05,6t07,and 8 or more cups per day were 0.94 (95%
CI, 0.88-1.01), 0.92 (95% CI, 0.87-0.97), 0.88 (95% CI,
0.84-0.93), 0.88 (95% CI, 0.83-0.93), 0.84 (95% CI,
0.77-0.92), and 0.86 (95% CI, 0.77-0.95), respectively. Ap-
proximately 8294 (58%), 2833 (20%), and 553 (4%) deaths in
the cohort were due to cancer, cardiovascular disease, and re-
spiratory disease, respectively. We observed inverse associa-
tions for coffee drinking with all-cancer and all-cardiovascu-
lar disease mortality. The number of deaths for specific types
of cancer and cardiovascular disease were modest, yet we did
observe potential inverse associations, without statistical sig-
nificance, for stroke, colorectal cancer, and female breast can-
cer. We observed inverse associations for each coffee type with
all-cause and cause-specific mortality; associations were gen-
erally stronger for ground coffee than for instant or decaffein-
ated coffee (Table 3).

Next, we evaluated the effect of CMS, defined using 2 or
4 known caffeine-related SNPs. Each score was positively and
statistically significantly correlated with coffee intake, with
Spearman partial correlation coefficients of 0.07 (P < .001) for
both CMS;, and CMSg,, reflecting prior UK Biobank
reports.?*25 Using the weighted CMS,,,, based on variants in
AHR and CYPIA2, participants with a lower wCMSg, or
WCMSg, (ie, slower caffeine metabolizers) had similar asso-
ciations for coffee drinking and mortality as participants with
a higher wCMSg, (P = .75 for heterogeneity) or wCMSg, (P = .17
for heterogeneity) (ie, faster caffeine metabolizers), indicat-
ing no modification of the association between coffee drink-
ing and all-cause mortality by these common polymor-
phisms related to caffeine metabolism (Table 4). We found
similar results when limiting the CMS analyses to those with
white and/or British ancestry only (data not shown), using
different thresholds (ie, 1- or 2-unit increase) for wCMS strata
(eTable 1 in the Supplement), stratifying by CYPIA2*IF
only (eTable 2 in the Supplement), and using the unweighted
CMS,, (eTable 3 in the Supplement). In addition, we observed
a positive association between wCMS, and all-cause mortal-
ity in multivariable models with (HR for a 1-unit increase in
WCMS, = 1.02; 95% CI, 1.01-1.03) and without (HR for a 1-unit
increase in wCMSg, = 1.02; 95% CI, 1.00-1.03) adjustment for
coffee and tea intake.

Associations for coffee drinking and mortality did not
meaningfully differ by sex, age group, BMI, history of diabe-
tes, or previous diagnosis of cancer, heart attack, or stroke. We
did observe a statistically significant interaction between cof-
fee drinking and self-reported health, with a stronger inverse
association among those reporting worse health than those re-
porting better health (Table 5). Associations also seemed stron-
ger among former and current smokers than never-smokers,
with the latter association lacking statistical significance. How-
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ever, the formal test for interaction was not statistically sig-
nificant. Finally, inverse associations seemed stronger for
deaths occurring within the first 3 years of follow-up, al-
though similar patterns were also observed in later years
(eTable 4 in the Supplement).

.|
Discussion

In this large study of nearly 500 000 people in the United King-
dom, coffee drinking was inversely associated with all-cause
mortality, with statistically significant inverse associations ob-
served in participants drinking 1 to 8 or more cups per day. In-
verse associations were also observed for ground and instant
coffee, although were somewhat weaker for instant coffee, and
for cancer and cardiovascular disease mortality, the 2 most
common causes of death in the cohort. Common genetic poly-
morphisms predisposing individuals to slower or faster caf-
feine metabolism did not modify associations between cof-
fee drinking and mortality, although, as previously reported
in the UK Biobank,?#2> higher CMS was significantly corre-
lated with higher coffee intake. We also observed inverse as-
sociations for both caffeinated and decaffeinated coffee, fur-
ther suggesting the importance of noncaffeine compounds in
the association.

Our findings are consistent with prior, large, prospective in-
vestigations of coffee drinking and all-cause mortality conducted
in the United States,®!"'*> Europe,'° and Asia,'® as well as the most
recent meta-analyses'*!® and the 2015 US Dietary Guidelines
Advisory Committee report, which concluded that moderate cof-
fee consumption can be a part of a healthy diet.!”” However, it
should be noted that none of these prior studies were able to look
at potential effect modification by caffeine metabolism. In ad-
dition, our findings for all-cancer and all-cardiovascular disease
mortality are reflective of recent large prospective studies of cer-
tain cancers® and cardiovascular disease."

There has been concern about the health effects of heavy
coffee drinking, particularly in participants with common ge-
netic polymorphisms that affect caffeine metabolism. For ex-
ample, prior studies have suggested that variants in CYP1A2,
encoding the enzyme responsible for more than 95% of caf-
feine metabolism, may alter associations of coffee drinking with
cardiovascular-related outcomes, with slower caffeine me-
tabolizers having higher risk of developing hypertension?° or
having a myocardial infarction!® relative to their nondrinking
counterparts, whereas faster caffeine metabolizers who drink
coffee are at no or lower risk of these outcomes. However, prior
large prospective cohorts have lacked genetic data on most par-
ticipants, such that it was not possible to examine how ge-
netic variation in caffeine metabolism affects associations be-
tween coffee drinking and mortality. With genetic data on more
than 400 000 participants in the UK Biobank, we were able to
stratify each participant based on their genetic susceptibility
for slower or faster caffeine metabolism. We found very simi-
lar associations between coffee drinking and mortality across
levels of examined caffeine metabolism scores. Genetic caf-
feine metabolism scores are also associated with coffee and di-
etary caffeine intake behavior'®-24-2> and have therefore been
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Table 5. Association Between Coffee Intake and All-Cause Mortality in the UK Biobank Stratified by Potential Risk Factors

Baseline Coffee Consumption, Cups/d P Value

Characteristic Hetero-

Subgroup 0 <1 1 4-5 26 Trend® geneity®

Men (n = 227 115)

Deaths, No. 2001 611 1579 2486 1239 711

HR (95% Cl)© 1 [Reference] 0.97 (0.88-1.06)  0.93 (0.87-0.99) 0.88 (0.83-0.94)  0.88 (0.81-0.95) 0.84 (0.77-0.92) <.001 43

Women (n = 27 1019)

Deaths, No. 1394 383 1115 1612 718 376

HR (95% CI)© 1 [Reference] 0.91 (0.81-1.02)  0.91 (0.84-0.98)  0.89 (0.83-0.96)  0.88 (0.80-0.97) 0.86 (0.76-0.97) .005

<55 Years of Age (n = 209 103)

Deaths, No. 735 168 407 666 386 258

HR (95% Cl)¢ 1 [Reference] 0.84 (0.71-1.00)  0.87 (0.77-0.98)  0.86 (0.77-0.96)  0.88 (0.77-1.00) 0.85 (0.72-0.99) .05 89

255 Years of Age (n = 289 031)

Deaths, No. 2660 826 2287 3432 1571 829

HR (95% Cl)¢ 1 [Reference] 0.97 (0.90-1.05)  0.93 (0.88-0.99)  0.89 (0.84-0.94)  0.88 (0.82-0.94) 0.85 (0.78-0.92) <.001

Never-Smoker (n = 272 715)

Deaths, No. 1271 392 1144 1628 634 240

HR (95% CI)¢ 1 [Reference] 0.95 (0.85-1.06) 0.96 (0.88-1.04) 0.94 (0.87-1.01) 0.93 (0.84-1.03) 0.93 (0.80-1.07) .14 29

Former Smoker (n = 172 716)

Deaths, No. 1392 436 1168 1805 824 395

HR (95% CI)¢ 1 [Reference] 0.97 (0.87-1.08)  0.92 (0.85-0.99)  0.89 (0.83-0.96)  0.86 (0.79-0.95) 0.83 (0.73-0.93) <.001

Current Smoker (n = 52703)

Deaths, No. 732 166 382 665 499 452

HR (95% Cl)¢ 1 [Reference] 0.91 (0.77-1.08)  0.88 (0.77-0.99)  0.78 (0.70-0.87)  0.80 (0.71-0.91) 0.76 (0.67-0.87) <.001

Excellent/Good Health (n = 368 941)

Deaths, No. 1561 527 1459 2361 1086 528

HR (95% CI)© 1 [Reference] 0.95 (0.86-1.05)  0.89 (0.83-0.96)  0.89 (0.83-0.95)  0.89 (0.82-0.97) 0.89 (0.80-0.99) .01 01

Fair/Poor Health (n = 126 888)

Deaths, No. 1789 453 1211 1697 862 546

HR (95% CI)© 1 [Reference] 0.94 (0.85-1.04)  0.94 (0.87-1.01)  0.86 (0.80-0.93)  0.83 (0.76-0.91) 0.78 (0.70-0.86) <.001

BMI 18.5 to <25.0 (n = 156 785)

Deaths, No. 886 282 749 1050 457 281

HR (95% CI)© 1 [Reference] 0.99 (0.86-1.13)  0.93 (0.84-1.03)  0.88 (0.80-0.97)  0.88 (0.78-0.99) 0.88 (0.76-1.02) .01 19

BMI 25.0 to <30.0 (n = 209 107)

Deaths, No. 1281 366 1046 1673 777 404

HR (95% Cl)© 1 [Reference] 0.88 (0.78-0.99)  0.88 (0.81-0.96)  0.86 (0.80-0.93)  0.85 (0.77-0.93) 0.82 (0.73-0.93) <.001

BMI 230.0 (n = 120 665)

Deaths, No. 968 8104 775 1162 611 330

HR (95% CI)© 1 [Reference] 1.00 (0.88-1.14)  1.03 (0.94-1.13)  0.93 (0.85-1.02)  0.91(0.81-1.01) 0.83(0.73-0.95) .001

No History of Diabetes (n = 470 575)¢

Deaths, No. 2867 867 2348 3575 1695 922

HR (95% CI)© 1 [Reference] 0.95 (0.88-1.03)  0.92 (0.87-0.97)  0.88 (0.84-0.93)  0.88 (0.82-0.94) 0.83 (0.77-0.90) <.001 18
(continued)

used in Mendelian randomization studies of coffee and
health.26-27 In the present study, we observed a weak positive
association between wCMS, and all-cause mortality, which
may indicate that slower caffeine metabolism is beneficial.
However, results of these Mendelian randomization studies
warrant careful interpretation because CMS; explains only a
very small proportion of the variance in coffee intake?® and,
importantly, also reflects biological exposure to caffeine,?*28
which is how we have applied it in the present study.

The UK Biobank presented a unique opportunity to as-
sess potential differences between drinking instant vs ground
coffee because 55% of coffee drinkers reported usually drink-
ing instant coffee. Associations for ground coffee and all-
cause mortality were generally stronger than those for in-

jamainternalmedicine.com

stant coffee. This observation may be explained by residual
confounding owing to unmeasured or poorly measured con-
founders. For example, instant coffee was more common
among participants without a college degree than among col-
lege graduates. Alternatively, instant coffees have been shown
to have lower amounts of bioactive compounds, including poly-
phenols, than ground coffees,?® which may have an effect on
observed associations. Mechanisms hypothesized to explain
the potential protective effect of coffee drinking on mortality
risk include reduced inflammation,®° improved insulin
sensitivity,®! and effects on liver enzyme levels®' and endo-
thelial function.?? Further studies with more detailed infor-
mation on coffee type and preparation may provide insight into
the mechanisms underlying coffee-chronic disease associa-
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Table 5. Association Between Coffee Intake and All-Cause Mortality in the UK Biobank Stratified by Potential Risk Factors (continued)

Baseline Coffee Consumption, Cups/d P Value
Characteristic Hetero-
Subgroup 0 <1 1 4-5 26 Trend® geneity®
History of Diabetes (n = 26 063)¢

Deaths, No. 505 124 336 503 253 159

HR (95% CI)© 1 [Reference]  0.89 (0.73-1.09) 0.91 (0.79-1.05)  0.86 (0.75-0.98)  0.82 (0.69-0.96) 0.88 (0.72-1.06) .06

No History of Cancer, Heart Attack, or Stroke (n = 447 064)°

Deaths, No. 2325 684 1831 2841 1413 781

HR (95% CI)© 1 [Reference]  0.94 (0.86-1.02) 0.88 (0.83-0.94)  0.85(0.80-0.90)  0.87 (0.81-0.93) 0.84 (0.77-0.92) <.001 19
History of Cancer, Heart Attack, or Stroke (n = 51 070)"

Deaths, No. 1070 310 863 1257 544 306

HR (95% CI)© 1 [Reference]  0.96 (0.84-1.09) 1.00 (0.92-1.10)  1.00 (0.92-1.09)  0.91 (0.82-1.02) 0.87 (0.75-0.99) .03

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); GCSE, General Certificate of Secondary
Education; HNC, Higher National Certificate; HND, Higher National Diploma;
HR, hazard ratio; NVQ, National Vocational Qualification.

2 P value for trend corresponds to the x? test statistic for coffee intake as a
continuous variable, using the midpoint of each category and a value of 6 for
=6 cups/d.

b pvalue for heterogeneity corresponds to the x? test statistic for the likelihood
ratio test comparing the models with and without the interaction term
between coffee (continuous) and the stratifying variable of interest
(categorical).

€ Multivariable model is adjusted for age, sex, detailed smoking history (25-level
variable incorporating current smoking status, smoking intensity [current and
former smokers]; time since quitting [former smokers], and cigar and pipe use
[current and former smokers]); race/ethnicity (white, black, Asian, mixed, or
other race); alcohol drinking (never drinker, former drinker, infrequent drinker

[<1drink/wk], occasional drinker [>1 drink/wk but <1 drink/d], moderate daily
drinker [1-3 drinks/d], or heavy daily drinker [>3 drinks/d]); general health
status (excellent, good, fair, or poor); education level (college or university
degree, A levels/AS levels or equivalent, O levels/GCSE or equivalent, CSE,
NVQ or HND or HNC equivalent, or other professional qualifications); and
body mass index (calculated as weight in kilograms divided by height in

meters squared) (<18.5, 18.5 to <25.0, 25.0 to <30.0, 30.0 to <35.0, or =35.0);
physical activity (0, 1-2, 3-4, or =5 d of >10 min of moderate- or
vigorous-intensity activity); tea intake (O, <1,1,2 or 3, 4 or 5, or =6 cups/d) less
the stratifying variable.

9 Age and smoking subgroups (ie, former and current smokers) are adjusted for
all variables including age and detailed former or current smoking.

¢ Self-reported diagnosis of diabetes by a physician.

f Self-reported diagnosis of cancer, other than nonmelanoma skin cancer, or
heart attack, or stroke by a physician.

tions. For example, information on coffee preparation (ie, fil-
tered, cappuccino, espresso, and latte) is available on a sub-
set of approximately 70 000 UK Biobank participants who
completed 24-hour dietary recalls at baseline and will be use-
ful as the cohort matures.

Strengths and Limitations

Strengths of this study include its prospective design, large
sample size, wide range of coffee intake, and availability of
genotype and coffee type data. Limitations include the
study’s low participation rate, approximately 5.5%; conse-
quently, the cohort is not demographically representative of
the general UK population, with evidence of a “healthy vol-
unteer” selection bias.?? Nevertheless, valid estimation of
exposure-disease relationships does not require a represen-
tative population,?? and our results reflect those from prior
studies in different populations worldwide. Despite the

ARTICLE INFORMATION

Critical revision of the manuscript for important

large size of the cohort, there were relatively few deaths
from specific types of cancer and cardiovascular disease.
However, future analyses of these end points will be pos-
sible as the UK Biobank cohort matures.

. |
Conclusions

In the very large UK Biobank cohort, coffee drinking was as-
sociated inversely with all-cause mortality, including in those
drinking at least 8 cups per day, in both slow and fast metabo-
lizers of caffeine, and in consumers of ground, instant, and de-
caffeinated coffee. Our results are based on observational data
and should be interpreted with caution. Nevertheless, these
results provide further evidence that coffee drinking can be
part of a healthy diet and may provide reassurance to those
who drink coffee and enjoy it.
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