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Background: Previous observational studies have suggested
an association between coffee intake and reduced risk for
death, but these studies did not distinguish between coffee
consumed with sugar or artificial sweeteners and coffee con-
sumed without.

Objective: To evaluate the associations of consumption of
sugar-sweetened, artificially sweetened, and unsweetened coffee
with all-cause and cause-specific mortality.

Design: Prospective cohort study.
Setting: Data were extracted from the UK Biobank.

Participants: A total of 171616 participants (mean age,
55.6 years [SD, 7.9]) without cardiovascular disease (CVD) or
cancer at baseline were eligible. Baseline demographic, lifestyle,
and dietary data from the UK Biobank were used, with follow-
up beginning in 2009 and ending in 2018.

Measurements: Dietary consumption of sugar-sweetened,
artificially sweetened, and unsweetened coffee was self-reported.
All-cause, cancer-related, and CVD-related mortality were
estimated.

Results: During a median follow-up of 7.0 years, 3177 deaths
were recorded (including 1725 cancer deaths and 628 CVD
deaths). Cox models with penalized splines showed U-shaped
associations of unsweetened coffee, sugar-sweetened coffee,
and artificially sweetened coffee with mortality. Compared with
nonconsumers, consumers of various amounts of unsweetened

coffee (>0 to 1.5, >1.5 to 2.5, >2.5 to 3.5, >3.5 to 4.5, and >4.5
drinks/d) had lower risks for all-cause mortality after adjustment
for lifestyle, sociodemographic, and clinical factors, with respec-
tive hazard ratios of 0.79 (95% Cl, 0.70 to 0.90), 0.84 (Cl, 0.74 to
0.95), 0.71 (Cl, 0.62 to 0.82), 0.71 (Cl, 0.60 to 0.84), and 0.77
(Cl, 0.65 to 0.91); the respective estimates for consumption of
sugar-sweetened coffee were 0.91 (Cl, 0.78 to 1.07), 0.69 (Cl,
0.57 to 0.84), 0.72 (Cl, 0.57 to 0.91), 0.79 (Cl, 0.60 to 1.06), and
1.05 (Cl, 0.82 to 1.36). The association between artificially sweet-
ened coffee and mortality was less consistent. The association of
coffee drinking with mortality from cancer and CVD was largely
consistent with that with all-cause mortality. U-shaped associ-
ations were also observed for instant, ground, and decaffei-
nated coffee.

Limitation: Exposure assessed at baseline might not cap-
ture changes in intake over time.

Conclusion: Moderate consumption of unsweetened and
sugar-sweetened coffee was associated with lower risk for
death.
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Coffee is among the most widely consumed bever-
ages worldwide, and interest in its health effects has
been long-standing. Previous observational studies have
suggested an association between coffee intake and
reduced risk for death (1-5), but they did not distinguish
between coffee consumed with sugar or artificial sweet-
eners and coffee consumed without. Despite health
warnings, the consumption of sugar remains high in
many regions, and the growing consumption of sugar
or sweetener in coffee has raised concerns. Previous
observational evidence supports a link between the
consumption of sugar-sweetened beverages (SSBs)
and chronic diseases (6-14). Some research has also
suggested the need to discourage the consumption
of artificially sweetened beverages (ASBs) despite
their containing few or no calories (6-8, 10, 12, 13,
15). In addition to these uncertainties, previous stud-
ies are limited in their ability to examine individual cof-
fee types (including instant, ground, and decaffeinated
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coffee), and the effects of sugar or sweetener added to
different coffee types are unknown.

Because of limited evidence of the effect of sugar-
sweetened and artificially sweetened coffee intake on
health outcomes, more studies investigating the long-term
effects of such intake are needed. Therefore, the objectives
of this study were to evaluate the associations of sugar-
sweetened, artificially sweetened, and unsweetened coffee
with all-cause and cause-specific mortality and to further
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evaluate the associations between coffee types (including
instant, ground, and decaffeinated coffee) and mortality.

METHODS
Study Design

We used data from the UK Biobank (application
43795), a large prospective cohort study of 502 524 par-
ticipants aged 37 to 73 years recruited from 22 study
centers across the United Kingdom (England, Wales, and
Scotland) between 2006 and 2010. Participants completed
a touchscreen questionnaire, face-to-face interviews, and
physical measurements and provided biological samples,
as described in detail elsewhere (16, 17). They provided
informed consent to have their records linked to hospital
admissions, cancer registries, and death registries.

For this analysis, participants who had completed
the online 24-hour dietary recall questionnaire on at least
1 occasion were eligible for inclusion. In total, 211020
persons completed at least 1 dietary questionnaire. We
excluded participants with an implausible energy intake
(defined as those in the highest or lowest 1% of the distri-
bution of the ratio of energy intake to estimated energy
requirement; n = 4236 [2.0%)]), those with cancer (n = 21 649
[10.3%]) at baseline, those with cardiovascular disease (CVD)
(including stroke and myocardial infarction; n= 6395 [3.0%])
at baseline, those who subsequently withdrew from the
study (n= 504 [0.2%]), and those who had overlap across
unsweetened, sugar-sweetened, and artificially sweetened
coffee (n= 6620 [3.1%]), leaving 171616 participants
(81.3%) eligible for inclusion in the study (Appendix Figure,
available at Annals.org).

Assessment of Coffee Consumption

Dietary information was collected using a web-based
24-hour dietary recall questionnaire called the Oxford
WebQ, which is similar to a 24-hour dietary recall assess-
ing the types and quantities of foods consumed, includ-
ing beverages and daily nutrient intake, and has been
validated in detail elsewhere (18). Participants were invited
to complete the questionnaire on 5 occasions over 1 year
to account for seasonal variations in dietary intake between
April 2009 and June 2012.

In each 24-hour dietary recall, participants indicated
how many drinks of coffee they had had in the previous
24 hours. If participants drank coffee, they could report
whether they added sugar or artificial sweeteners (any
brand) and how many teaspoons were added. Each dietary
recall had 4 groups of coffee consumers: nonconsumers,
unsweetened coffee consumers, sugar-sweetened coffee
consumers, and artificially sweetened coffee consumers.
Because participants could complete the 24-hour dietary
recall up to 5 times, we classified a participant drinking cof-
fee at any 1 dietary recall as a coffee consumer; all others
were classified as nonconsumers. We classified a partici-
pant drinking the same kind of coffee (unsweetened,
sugar-sweetened, or artificially sweetened) in different
dietary recalls as a sole consumer; others were classified
as overlapped consumers. Coffee consumer categories
are shown in Supplement Table 1 (available at Annals.
org). We excluded 6620 overlapped consumers. For
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sole consumers, we calculated an average number of
drinks across multiple dietary recalls as a marker of ha-
bitual intake. For example, if a participant completed
3 dietary recalls in total and drank 1, 2, and 1 drinks
of unsweetened coffee in the 3 recalls, then an average
number of drinks of unsweetened coffee per day was 1.33.

Coffee consumers were asked about the types of
coffee they usually drank and could select 1 of 7 mutually
exclusive responses (0.5, 1, 2, 3, 4, 5, or 6 or more drinks)
for each type, including instant coffee, ground coffee
(such as filter or cappuccino), and decaffeinated coffee
(any type). One drink was equal to approximately 250 mL.
The online diet questionnaire provided some specifications
for regular drinks (for example, mug or cup) to reduce con-
fusion about size. If participants reported drinking more
than 10 drinks from all types of coffee in total, they were
asked to confirm the response.

Assessment of Outcomes

Mortality data (19) were obtained from death certifi-
cates according to the National Health Service Information
Centre (England and Wales) and the National Health
Service Central Register Scotland (Scotland). Mortality
data were available through 25 February 2018 for England
and Wales and through 28 February 2017 for Scotland. We
censored participants in the mortality analysis at this date
or the date of death, whichever occurred first. Outcomes
were classified using the International Classification of
Diseases, 10th Revision. For this analysis, we measured
all-cause mortality and mortality due to CVD (codes 100
to 199) and cancer (codes C00 to D48).

Assessment of Covariates

We used the baseline questionnaire to assess the fol-
lowing potential confounders: age, sex, ethnicity, Townsend
deprivation index (TDI), education level, smoking status,
pack-years of smoking, physical activity over the past week,
body mass index, waist circumference, hypertension, diabe-
tes, depression, family history of CVD, family history of can-
cer, long-standing illness, cholesterol-lowering drug use,
blood pressure drug use, vitamin and mineral supplement
use, and dietary intake of total energy, total sugar, fresh fruit,
vegetables, red meat, processed meat, alcohol, milk, tea,
SSBs, and ASBs. The TDI was used as an indicator of socio-
economic status, and negative TDI values indicated relative
affluence. The general definition of a pack-year of smoking
was the number of cigarettes smoked per day divided
by 20 and multiplied by the number of years of smoking.
Hypertension was defined as a self-reported history of
hypertension, systolic blood pressure of 140 mm Hg or
higher, diastolic blood pressure of 90 mm Hg or higher,
or use of antihypertensive drugs. Long-standing illness
was self-reported using the question “Do you have any
long-standing illness, disability, or infirmity?” (yes or no)
to assess overall health. According to the guidelines of
the International Physical Activity Questionnaire (20), we
categorized participants into low, moderate, and high
activity level groups based on categorical criteria, which
are shown in the footnotes of Supplement Table 2 (available
at Annals.org). The details of these assessments can be
found on the UK Biobank website (www.ukbiobank.ac.uk).
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Statistical Analysis

Detailed information on the missing covariates is
presented in Supplement Table 2, and we used multiple
imputation by chained equations to impute any missing
covariate values with 10 data sets. All variables, including
outcomes, were included in the multiple imputation
model. Baseline characteristics are presented as mean
(SD) for continuous variables and number (percentage)
for categorical variables. Pearson correlations were used
to demonstrate consistency across multiple assessments
of coffee consumption, and SDs were used to describe
variation (Supplement Table 3, available at Annals.org).
Consumption of sugar added to coffee, that of sweet-
eners added to coffee, and that of total sugar across mul-
tiple 24-hour dietary recalls are presented as mean (SD)
(Supplement Table 4, available at Annals.org).

Dose-response relationships were examined using
nonparametrically restricted cubic spline regression with
knots at the 25th, 50th, and 75th percentiles between
coffee consumption and mortality. The consumption was
then categorized into the following 5 groups: greater
than 0 to 1.5 drinks/d, greater than 1.5 to 2.5 drinks/d,
greater than 2.5 to 3.5 drinks/d, greater than 3.5 to 4.5
drinks/d, and greater than 4.5 drinks/day—equivalent to
averages of 1, 2, 3, 4, and 5 or more drinks/d, respec-
tively. Cox proportional hazards regression was used to
estimate hazard ratios and 95% Cls for the prospective
association of coffee consumption with mortality. The pro-
portional hazards assumption was tested using Schoenfeld
residuals. We adjusted for baseline age (continuous), sex
(male or female), TDI (continuous), education level (degree
or no degree), ethnicity (White or other), smoking status
(current, former, or never), pack-years of smoking (continu-
ous), physical activity level (low, moderate, or high), body
mass index (continuous), waist circumference (continuous),
hypertension (yes or no), diabetes (yes or no), depression
(yes or no), family history of CVD (yes or no), family history
of cancer (yes or no), long-standing illness (yes or no), cho-
lesterol-lowering drug use (yes or no), blood pressure drug
use (yes or no), vitamin and mineral supplement use (yes or
no [vitamin A, B, C, D, or E; folic acid; or multivitamins or
minerals]), and intake of total energy (including sugar
added to coffee), total sugar (including sugar added to
coffee), fresh fruit, vegetables, red meat, processed meat,
alcohol, tea, milk, SSBs, and ASBs.

We did the following sensitivity analyses to assess
the robustness of the results. We excluded participants
who had an outcome event during the first 2 years of fol-
low-up. We excluded a coffee measurement if a partici-
pant reported having an unusual coffee consumption
day on any of 5 occasions to maximize the representation
of participants' typical dietary habits. We excluded par-
ticipants with missing covariates. We removed the sugar
added to coffee from total sugar and the energy it pro-
duced from total energy. We excluded participants who
were drinking coffee the year prior but not drinking cof-
fee the day before. We additionally adjusted for environ-
mental factors, including particulate matter less than 2.5 um
in diameter, between 2.5 and 10 um in diameter, and
greater than 10 um in diameter; nitrogen dioxide; aver-
age 24-hour sound level of noise pollution; proximity to
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a major road; green space percentage; and distance to
coast. Last, the E-value (21) was estimated to examine
the magnitude of an unmeasured confounding factor that
could affect the association between coffee consumption
and mortality by random chance.

Analyses were done using SAS software, version 9.4
for Windows (SAS Institute). Statistical tests were 2-sided,
and P values less than 0.05 were considered statistically
significant.

Role of the Funding Source
The funders had no influence on the study design,
conduct, or reporting.

RESULTS

Baseline Characteristics

Among 171616 participants, 130132 (75.8%) were
coffee consumers. Unsweetened coffee (55.4%) was the
most commonly consumed, followed by sugar-sweetened
coffee (14.3%) and artificially sweetened coffee (6.1%).
Consumers of sugar-sweetened and artificially sweetened
coffee added an average of 1.1 teaspoons (SD, 0.6) and
1.4 teaspoons (SD, 0.6) of sugar and sweetener, respec-
tively. Nonconsumers of coffee were more likely to be
drinking tea. Sugar-sweetened coffee consumers were
more likely to be male, from a lower social class, and
current smokers and generally had less healthy diets.
Artificially sweetened coffee consumers were more
likely to be older, former heavy smokers, and obese and
to report hypertension, diabetes, depression, and a fam-
ily history of CVD. Unsweetened coffee consumers were
of a higher social class and generally had healthier diets
(Table 1).

Coffee Consumption and All-Cause Mortality

During a median follow-up of 7.0 years (IQR, 6.6 to
7.8 years; total person-years, 1212322), we recorded
3177 deaths (including 1725 cancer deaths and 628 CVD
deaths). Cox models with penalized splines showed statisti-
cally significant U-shaped associations for unsweetened
coffee and sugar-sweetened coffee with all-cause mortality
(P< 0.001), and the U-shaped association was not statisti-
cally significant for artificially sweetened coffee (Figure).
When we categorized coffee consumption into 5 groups,
compared with nonconsumers, consumers of different
amounts of unsweetened coffee (>0 to 1.5, >1.5 to 2.5,
>2.5to0 3.5, >3.5 to 4.5, and >4.5 drinks/d) had lower risks
for all-cause mortality after adjustment for lifestyle, sociode-
mographic, and clinical factors, with respective hazard
ratios of 0.79 (95% Cl, 0.70 to 0.90), 0.84 (Cl, 0.74 to 0.95),
0.71 (Cl, 0.62 to 0.82), 0.71 (Cl, 0.60 to 0.84), and 0.77 (Cl,
0.65 to 0.91); the respective estimates for consumption of
sugar-sweetened coffee were 0.91 (Cl, 0.78 to 1.07), 0.69
(Cl, 0.57 to 0.84), 0.72 (Cl, 0.57 to 0.91), 0.79 (Cl, 0.60 to
1.06), and 1.05 (Cl, 0.82 to 1.36) (Table 2). Findings for
instant, ground, and decaffeinated coffee were consistent
with our primary results (Table 3). The association between
artificially sweetened coffee and mortality was less consist-
ent and conclusive, with wide 95% Cls that included 1.0 in
some cases (Figure and Tables 2 and 3).
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Table 1. Baseline Characteristics of Participants

Characteristic Total Nonconsumers Coffee Consumers

Unsweetened Sugar-Sweetened Atrtificially

Sweetened
Participants, n (%) 171 616 (100.0) 41 484 (24.2) 95135(55.4) 24607 (14.3) 10 390 (6.1)
Mean age (SD), y 55.6(7.9) 54.2(8.0) 56.0(7.7) 55.7 (8.3) 57.1(7.8)
Male sex, n (%) 76 527 (44.6) 17 343 (41.8) 39 803 (41.8) 14 795 (60.1) 4586 (44.1)
Mean Townsend deprivation index (SD) -1.6(2.9) -1.3(3.0) -1.8(2.8) —-1.4(3.0) -1.5(2.9)
Ethnicity, n (%)
White 163 674 (95.7) 37918(91.8) 92714(97.8) 23038(94.0) 10 004 (96.6)
Other 7322 (4.3) 3388 (8.2) 2114 (2.2) 1463 (6.0) 357 (3.4)
Education, n (%)
Degree 74 633 (43.7) 15 686 (38.0) 47 054 (49.6) 8700 (35.6) 3193 (30.9)
No degree 96 179 (56.3) 25535 (62.0) 47 761 (50.4) 15743 (64.4) 7140 (69.1)
Smoking status, n (%)
Never 99 047 (57.9) 25 667 (62.1) 56 206 (59.2) 12577 (51.3) 4597 (44.3)
Former 58 920 (34.4) 12881 (31.1) 32932(34.7) 8467 (34.5) 4640 (44.8)
Current 13222(7.7) 2815 (6.8) 5794 (6.1) 3486 (14.2) 1127 (10.9)
Mean pack-years of smoking for current or former smokers (SD) 20.0 (16.4) 20.5(17.0) 18.0(15.0) 22.8(17.3) 24.5(18.7)
Physical activity level, n (%)
Low 31352(18.3) 8197 (19.8) 16404 (17.3) 4632(18.9) 2119 (20.5)
Moderate 72 209 (42.2) 16 908 (41.0) 41102 (43.3) 9930(40.5) 4269 (41.2)
High 67 550 (39.5) 16 182 (39.2) 37 442 (39.4) 9960 (40.6) 3966 (38.3)
Mean BMI (SD), kg/m2 26.9 (4.6) 27.0(4.9) 26.7 (4.5) 26.5(4.2) 28.8(5.0)
Mean waist circumference (SD), cm 89.1(13.1) 89.0(13.3) 88.5(13.0) 90.1(12.0) 93.6(14.0)
Hypertension, n (%) 97 312 (56.7) 22 891 (55.2) 53 447 (56.2) 14 355 (58.3) 6619 (63.7)
Diabetes, n (%) 7254 (4.2) 1855 (4.5) 3847 (4.0) 414 (1.7) 1138 (11.0)
Depression, n (%) 17 747 (10.3) 4743 (11.4) 9317 (9.8) 2489 (10.1) 1198 (11.5)
Family history of CVD, n (%) 44 567 (26.0) 10243 (24.7) 25270(26.6) 6252 (25.4) 2802 (27.0)
Family history of cancer, n (%) 39739 (23.2) 9092 (21.9) 22540 (23.7) 5799 (23.6) 2308 (22.2)
Long-standing illness, n (%) 45 958 (27.3) 12 048 (29.7) 23 677 (25.3) 6563(27.3) 3670 (36.1)
Cholesterol-lowering drug use, n (%) 25429 (14.8) 5618(13.5) 13649 (14.4) 3572(14.5) 2590 (24.9)
Blood pressure drug use, n (%) 30266 (17.6) 7310(17.6) 16074 (16.9) 4177 (17.0) 2705 (26.0)
Vitamin and mineral supplement use, n (%) 55500 (32.4) 13797 (33.3) 30530(32.1) 7429(30.2) 3744 (36.1)
Mean intake (SD)
Energy, kcal/d 2098.8 (565.2) 2054.5(589.5) 2086.3(541.2) 2235.6(589.4) 2066.6 (574.0)
Total sugar, g/d 119.5(47.0) 119.2 (50.1) 115.8(43.8) 136.4(49.8) 114.9 (47.3)
Fruit, servings/d 2.3(1.5) 2.2(1.6) 2 4(1.5) 1 9(1.5) 2.2(1.5)
Vegetables, servings/d 4.9(3.2) 4.9(3.4) 1(3.2) 5(3.1) 5.0(3.3)
Red meat, servings/d 0.6 (0.7) 0.5(0.7) O 6(0.7) 6(0.7) 0.6 (0.8)
Processed meat, servings/d 1.0(1.4) 0.8(1.4) 1.0(1.4) 0(1.5) 1.0(1.5)
Alcohol, g/d 18.6 (21.4) 15.4(21.7) 20.1(20.9) 19 0(22.1) 17.6(21.7)
Milk, drinks/d* 0.1(0.4) 0.1(0.4) 0.1(0.3) 1(0.4) 0.1(0.4)
Tea, drinks/d* 2.9(2.1) 3.9(2.1) 2.7 (2.0) 5(1.9) 2.2(1.9)
SSBs, drinks/d* 0.5(0.9) 0.6 (1.0) 0.5(0.9) 7(1.0) 0.6 (1.0)
ASBs, drinks/d* 0.3(0.7) 0.3(0.8) 0.3(0.7) 2(0.6) 0.6 (1.0)
Coffee on average in past year, (drinks/d)* 2.0(2.0) 0.4 (0.9) 2.6(1.9) 3(2.0) 2.8(2.1)
Coffee, drinks/d* 1.8 (1.5) - 2.4(1.3) 2(1.3) 2.5(1.4)
Instant 1.1(1.4) - 1.5(1.5) 5(1.4) 2.0(1.5)
Ground 0.6 (0.9) - 0.9 (1.0) 6(0.9) 0.5(0.9)
Decaffeinated 0.3(0.9) - 0.4(1.1) 3(0.8) 0.6(1.2)
Mean sweetener added to coffee (SD), teaspoons/d
Sugar 0.2 (0.4) - - 1.1 (0.6) -
Artificial sweetener 0.1(0.4) - - - 1.4 (0.6)
Mean completed 24-h dietary recalls (SD), n 22(1.2) 1.9(1.1) 23(1.2) 2.1(1.2) 2.1(1.1)
ASB = artificially sweetened beverage; BMI = body mass index; CVD = cardiovascular disease; SSB = sugar-sweetened beverage.
* 1 drink is equal to approximately 250 mL.
Coffee Consumption and Cause-Specific were observed only for cancer mortality in some cases,
Mortality but the 95% Cls for artificially sweetened coffee were
Among 3177 participants with an ascertained cause wider (Figure and Table 2).
of death, 1725 died of cancer and 628 of CVD. The asso-
ciation of coffee drinking with cancer and CVD mortality Subgroup and Sensitivity Analyses
was largely consistent with that with all-cause mortality The Supplement Figure (available at Annals.org) presents
(Figure and Table 2). U-shaped associations of unsweet- results from our subgroup analyses, which did not suggest
ened coffee with cancer and CVD mortality were statisti- effect modification, except potentially by alcohol consump-
cally significant (P < 0.001). For sugar-sweetened and tion and sex for some outcomes. Supplement Tables 5 to 10
artificially sweetened coffee, the inverse associations (available at Annals.org) present results from our sensitivity
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Figure. Dose-response associations of coffee consumption with all-cause (top), cancer (middle), and CVD (bottom) mortality.
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Multivariable Cox regression model with penalized splines adjusted for age, sex, Townsend deprivation index, education level, ethnicity, smoking status,
pack-years of smoking, physical activity level, body mass index, waist circumference, hypertension, diabetes, depression, family history of CVD, family history
of cancer, long-standing illness, cholesterol-lowering drug use, blood pressure drug use, vitamin and mineral supplement use, and intake of total
energy, total sugar, fresh fruit, vegetables, red meat, processed meat, alcohol, tea, milk, sugar-sweetened beverages, and artificially sweetened beverages.

CVD = cardiovascular disease; HR = hazard ratio.

analyses, which largely showed consistent results when we
excluded participants with missing covariates (Supplement
Table 7), removed the sugar added to coffee from total
sugar and the energy it produced from total energy
(Supplement Table 8), and accounted for environmental fac-
tors (Supplement Table 10). Results were slightly attenuated
when we excluded participants who had an outcome event
during the first 2 years of follow-up and when we excluded a
coffee measurement if a participant reported having an un-
usual coffee consumption day. After excluding participants
who were drinking coffee the year prior but not drinking cof-
fee the day before, the inverse associations were slightly
strengthened. The E-values (Supplement Table 11, available
at Annals.org) of unsweetened, sugar-sweetened, and
artificially sweetened coffee consumers ranged from 1.67
(SD, 1.29)t0 2.26 (SD, 1.67).

DiscussioN
In this prospective, population-based cohort of
171 616 persons without prior CVD or cancer events, we
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found that moderate consumption of unsweetened cof-
fee and that of sugar-sweetened coffee were associated
with similar reductions in risk for death. However, the
associations for artificially sweetened coffee intake were
less consistent and conclusive across outcomes because
of imprecise estimates. For instant, ground, and decaf-
feinated coffee, the results were consistent with our pri-
mary results. These associations were independent of
measures of potential confounders, including sociode-
mographic factors, lifestyle behaviors, comorbid condi-
tions, and environmental factors.

The current findings were consistent with findings
from previous meta-analyses of observational studies
(2, 3, 22) that moderate coffee consumption was associ-
ated with a U-shaped low risk for all-cause mortality. In
contrast to our findings, Mendelian randomization studies
showed that genetically predicted high coffee consump-
tion was not associated with all-cause or CVD mortality
(23-25), which means that coffee consumption does not
have considerable health effects and that most of the
observed associations between coffee consumption
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Table 2. Associations of Coffee Consumption With All-Cause and Cause-Specific Mortality

Outcome

Nonconsumers

Coffee Consumers*

>0-1.5 Drinks/d

>1.5-2.5 Drinks/d

>2.5-3.5 Drinks/d

>3.5-4.5 Drinks/d

>4.5 Drinks/d

Unsweetened coffee (n = 136 619)
All-cause mortality
Events, n (%)
Basic modelt
Multivariable modelt
Cancer mortality
Events, n (%)
Basic modelt
Multivariable modelt
CVD mortality
Events, n (%)
Basic modelt
Multivariable modelt

791(1.9)
1 (Reference)
1 (Reference)

423 (1.0)
1 (Reference)
1 (Reference)

151 (0.4)
1 (Reference)
1 (Reference)

Sugar-sweetened coffee (n = 66 091)
All-cause mortality
Events, n (%)
Basic modelt
Multivariable modelt
Cancer mortality
Events, n (%)
Basic modelt
Multivariable modelt
CVD mortality
Events, n (%)
Basic modelt
Multivariable modelt

791 (1.9)
1 (Reference)
1 (Reference)

423 (1.0)
1 (Reference)
1 (Reference)

151(0.4)
1 (Reference)
1 (Reference)

Artificially sweetened coffee (n = 51 874)

All-cause mortality
Events, n (%)
Basic modelt
Multivariable modelt
Cancer mortality
Events, n (%)
Basic modelt
Multivariable modelt
CVD mortality
Events, n (%)
Basic modelt
Multivariable modelt

791(1.9)
1 (Reference)
1 (Reference)

423(1.0)
1 (Reference)
1 (Reference)

151 (0.4)
1 (Reference)
1 (Reference)

378 (1.6)
0.72(0.64-0.81)
0.79 (0.70-0.90)

199 (0.8)
0.70(0.59-0.83)
0.77 (0.65-0.91)

74(0.3)
0.74 (0.56-0.97)
0.79 (0.60-1.05)

192 (2.2)
0.90 (0.77-1.06)
0.91(0.78-1.07)

108 (1.3)
0.98(0.79-1.21)
0.95(0.76-1.18)

32(0.4)
0.74(0.51-1.09)
0.78(0.53-1.16)

77 (2.9)
1.16 (0.92-1.47)
0.95(0.75-1.21)

40 (1.5)
1.13(0.82-1.57)
0.97(0.70-1.35)

23(0.9)
1.75(1.12-2.71)
1.32 (0.84-2.07)

463(1.7)
0.78(0.70-0.88)
0.84 (0.74-0.95)

277 (1.0)
0.87 (0.75-1.01)
0.93(0.79-1.09)

84 (0.3)
0.74 (0.56-0.96)
0.76 (0.57-1.00)

127(1.8)
0.72(0.59-0.86)
0.69 (0.57-0.84)

63(0.9)
0.69 (0.53-0.90)
0.62(0.47-0.82)

28(0.4)
0.77 (0.52-1.16)
0.77 (0.51-1.18)

77 (2.8)
1.18(0.93-1.49)
0.94 (0.73-1.19)

37(1.4)
1.06 (0.76-1.49)
0.87(0.61-1.23)

15 (0.6)
1.15 (0.68-1.96)
0.88(0.51-1.52)

302 (1.5)
0.70(0.61-0.80)
0.71(0.62-0.82)

157(0.8)
0.68 (0.56-0.81)
0.69(0.57-0.84)

58(0.3)
0.69 (0.51-0.94)
0.66(0.48-0.91)

83(2.0)
0.82(0.65-1.02)
0.72(0.57-0.91)

45(1.1)
0.86(0.63-1.17)
0.71(0.51-0.98)

17(0.4)
0.82(0.49-1.35)
0.75(0.44-1.28)

58(2.8)
1.17(0.90-1.53)
0.88(0.67-1.16)

26(1.3)
0.99(0.67-1.47)
0.76(0.50-1.15)

17(0.8)
1.72(1.04-2.85)
1.24(0.73-2.10)

197 (1.6)
0.74(0.63-0.87)
0.71(0.60-0.84)

108 (0.9)
0.76(0.62-0.94)
0.73(0.59-0.92)

44.(0.4)
0.86 (0.62-1.21)
0.75(0.53-1.08)

56 (2.3)
0.96 (0.73-1.25)
0.79 (0.60-1.06)

35(1.5)
1.17(0.82-1.65)
0.90(0.62-1.30)

10(0.4)
0.83(0.44-1.58)
0.72(0.37-1.41)

34 (2.4)
0.95(0.68-1.34)
0.65 (0.45-0.92)

14(1.0)
0.74(0.44-1.27)
0.51(0.30-0.89)

12(0.8)
1.68(0.93-3.02)
1.06 (0.57-1.98)

211(1.9)
0.89(0.77-1.04)
0.77(0.65-0.91)

120 (1.1)
0.95(0.78-1.16)
0.83(0.67-1.04)

36(0.3)
0.79 (0.55-1.14)
0.62(0.42-0.91)

81(3.6)
1.58(1.25-1.98)
1.05(0.82-1.36)

49(2.2)
1.87 (1.39-2.52)
1.14(0.82-1.60)

14(0.6)
1.33(0.77-2.31)
0.90(0.49-1.65)

50 (3.4)
1.47 (1.11-1.96)
0.89 (0.65-1.20)

24(1.6)
1.34(0.89-2.02)
0.84 (0.54-1.30)

13(0.9)
1.93(1.09-3.40)
1.07 (0.58-1.96)

CVD = cardiovascular disease.

* 1 drink is equal to approximately 250 mL.
T Estimates are hazard ratios (95% Cls) from Cox regression models adjusted for age (continuous) and sex.

1 Estimates are hazard ratios (95% Cls) from multivariable Cox regression models additionally adjusted for Townsend deprivation index (continu-
ous), education level (degree or no degree), ethnicity (White or other), smoking status (current, former, or never), pack-years of smoking (continu-
ous), physical activity level (low, moderate, or high), body mass index (continuous), waist circumference (continuous), hypertension (yes or no),
diabetes (yes or no), depression (yes or no), family history of CVD (yes or no), family history of cancer (yes or no), long-standing illness (yes or no),
cholesterol-lowering drug use (yes or no), blood pressure drug use (yes or no), vitamin and mineral supplement use (yes or no [vitamin A, B, C, D,
or E; folic acid; or multivitamins/minerals]), and intake of total energy, total sugar, fresh fruit, vegetables, red meat, processed meat, alcohol, tea,
milk, sugar-sweetened beverages, and artificially sweetened beverages.

and mortality may be due to confounding or reverse
causation. Moderate coffee consumption may be an
indicator of a normal and healthy lifestyle, as sug-
gested elsewhere (24, 26); associations could be heav-
ily confounded by lifestyle behavior. Nevertheless,
Mendelian randomization studies on coffee consump-
tion are also prone to bias, and the results of genetic
studies should be interpreted in light of the observa-

tional results.

Of note, many of the observed associations (includ-
ing our findings) between high coffee consumption and
morbidity and mortality are present with caffeinated as

6 Annals of Internal Medicine

well as decaffeinated coffee, and thus it seems unlikely
that caffeine alone can explain all potential health effects
of coffee (3). Coffee is a complex mixture, and several bi-
ological mechanisms have been examined to explain
both the beneficial and the harmful effects of coffee
intake on risk for death. It has been proposed that poten-
tial beneficial effects are seen mostly with moderate cof-
fee intake, whereas harmful effects increase with high

intake, which produces the observed U-shaped associa-

tion with mortality (22, 27-29). Previous studies have
shown that intake of SSBs and ASBs may contribute to
risk for death by inducing cardiometabolic and chronic
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Table 3. Associations of Coffee Consumption With All-Cause Mortality, by Type of Coffee

Type of Coffee Nonconsumers

Coffee Consumers*

>0-1.5 Drinks/d

>1.5-2.5 Drinks/d

>2.5-3.5 Drinks/d  >3.5-4.5 Drinks/d  >4.5 Drinks/d

Unsweetened coffeet
Instant (n = 107 862)
Ground (n =97 772)
Decaffeinated (n = 58 733)

0.86(0.74-1.00)
0.69(0.57-0.82)
0.95(0.75-1.19)

1 (Reference)
1 (Reference)
1 (Reference)

Sugar-sweetened coffeet
Instant (n = 59832)
Ground (n =52 828)
Decaffeinated (n = 44 885)

0.89(0.73-1.08)
0.93(0.73-1.20)
0.79(0.53-1.19)

1 (Reference)
1 (Reference)
1 (Reference)

Artificially sweetened coffeet
Instant (n =50 111)
Ground (n = 45 594)
Decaffeinated (n = 43 807)

1.00 (0.76-1.30)
0.84(0.53-1.35)
0.77 (0.45-1.31)

1 (Reference)
1 (Reference)
1 (Reference)

0.86 (0.75-0.99)
0.80 (0.69-0.93)
0.89(0.71-1.11)

0.69 (0.56-0.86)
0.71(0.54-0.94)
0.62(0.37-1.01)

0.98(0.76-1.27)
0.83(0.55-1.25)
1.11(0.71-1.75)

0.74(0.64-0.86)
0.68(0.57-0.81)
0.61(0.45-0.82)

0.71(0.59-0.85)
0.66(0.54-0.81)
0.66 (0.46-0.95)

0.81(0.68-0.96)
0.67 (0.55-0.82)
0.98 (0.73-1.32)

0.67 (0.52-0.88) 0.84(0.63-1.13) 0.98(0.75-1.29)
0.66(0.46-0.93) 0.74(0.49-1.11) 1.02(0.72-1.44)
0.70(0.38-1.27) 0.85(0.40-1.80) 0.90(0.44-1.83)

0.94(0.71-1.25)
0.94 (0.63-1.42)
0.85(0.48-1.51)

0.66 (0.46-0.96)
0.51(0.27-0.95)
0.52(0.23-1.17)

0.94 (0.69-1.28)
0.71(0.45-1.11)
1.26 (0.75-2.09)

* 1 drink is equal to approximately 250 mL.

T Estimates are hazard ratios (95% Cls) from multivariable Cox regression models adjusted for age (continuous), sex, Townsend deprivation index
(continuous), education level (degree or no degree), ethnicity (White or other), smoking status (current, former, or never), pack-years of smoking
(continuous), physical activity level (low, moderate, or high), body mass index (continuous), waist circumference (continuous), hypertension (yes or
no), diabetes (yes or no), depression (yes or no), family history of cardiovascular disease (yes or no), family history of cancer (yes or no), long-standing
iliness (yes or no), cholesterol-lowering drug use (yes or no), blood pressure drug use (yes or no), vitamin and mineral supplement use (yes or no
[vitamin A, B, C, D, or E; folic acid; or multivitamins/minerals]), and intake of total energy, total sugar, fresh fruit, vegetables, red meat, processed
meat, alcohol, tea, milk, sugar-sweetened beverages, and artificially sweetened beverages.

disease risk (13, 30-32); thus, sugar or sweeteners added
to coffee may have harmful effects and should be used
cautiously. Instead, unsweetened coffee can be con-
sumed, and healthy creamer alternatives for coffee are
suitable. However, it is important to consider how avail-
ability of and access to healthier alternative options vary
among communities.

This study has several strengths, including its prospec-
tive design, large sample size, and wide range of coffee
consumption information. Detailed data allowed us to
include coffee that was not typically examined in other
studies, including sugar-sweetened, artificially sweet-
ened, and unsweetened coffee.

Our study has several potential limitations. First, given
the observational nature of the studies, the possibility of re-
sidual confounding cannot be excluded. Second, the UK
Biobank is not representative of the sampling population,
and evidence exists of a “healthy volunteer” selection bias.
However, valid assessments of exposure-disease rela-
tionships do not require a representative population (33).
Third, misclassification of coffee consumption and physi-
cal activity is possible. Participants may misunderstand
the volume of their typical drink in milliliters. Baseline ex-
posure might not capture changes over time. People
who are unhealthy at baseline (for example, those who
have chronic diseases) may switch from sugar-sweetened
to artificially sweetened or unsweetened coffee. Diet is a
time-varying exposure, with individual dietary habits and
food composition changing over time. Error in the mea-
surement of dietary intake is a serious problem in epide-
miologic studies because it can hamper the identification
of associations between dietary factors and disease
occurrence. Therefore, the ability of epidemiologic stud-
ies to detect the effects of small and highly variable die-
tary components is limited. Although the refinement of

Annals.org

dietary assessment methods to reduce measurement
errors is ongoing (for example, collecting multiple 24-hour
recall surveys), measurement error is unlikely to ever be
entirely eliminated from dietary assessment (34, 35).
Fourth, the consumption of artificially sweetened coffee
was much lower than that of unsweetened and sugar-
sweetened coffee, diminishing the power to detect any
association. The results associated with artificial sweet-
eners are likely to be subject to confounding by indica-
tion and may not be as useful or valid. Fifth, because of
a short follow-up time, we observed relatively few inci-
dences of death from specific causes, and we could not
reliably test whether some associations were specific
among certain causes of mortality.

In conclusion, this prospective analysis found that
moderate consumption of unsweetened coffee and that
of sugar-sweetened coffee were associated with similar
reductions in risk for all-cause, cancer-related, and CVD-
related mortality. These novel findings are of clinical and
public health relevance.
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Appendix Figure. Study flow diagram.

UK Biobank participants recruited in 2006 and 2010 with a touchscreen
questionnaire collected as baseline questionnaire (n =502 524)

_ | Excluded participants without 24-h
dietary recall data (n =291504)

\
Completed at least one 24-h dietary recall assessment, thus eligible for inclusion (n =211 020)

Excluded participants with cancer
at baseline (n=21649)

Excluded participants in the
highest or lowest 1% of the
distribution of the ratio of energy |«

intake to estimated energy > E;(CJUdelfi Pal‘tifizgrgl;s with CVD
requirement (n =4236) at baseline (n= )
Excluded participants lost to Excluded participants who
follow-up (n =504) overlapped across unsweetened,

sugar-sweetened, and artificially
sweetened coffee (n =6620)

Study sample (n=171616)

Follow-up

Mortality data were obtained from death certificates according to the
National Health Service and were available through 28 February 2017
for Scotland and through 25 February 2018 for England and Wales

)

Deaths recorded during a median follow-up of 7.0 y (n =3177)

CVD = cardiovascular disease.
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