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Background: Tea is frequently consumed worldwide, but
the association of tea drinking with mortality risk remains
inconclusive in populations where black tea is the main
type consumed.

Objective: To evaluate the associations of tea consumption
with all-cause and cause-specific mortality and potential effect
modification by genetic variation in caffeine metabolism.

Design: Prospective cohort study.

Setting: The UK Biobank.

Participants: 498043 men and women aged 40 to 69 years
who completed the baseline touchscreen questionnaire from
2006 to 2010.

Measurements: Self-reported tea intake and mortality from
all causes and leading causes of death, including cancer, all
cardiovascular disease (CVD), ischemic heart disease, stroke,
and respiratory disease.

Results: During a median follow-up of 11.2 years, higher
tea intake was modestly associated with lower all-cause mor-
tality risk among those who drank 2 or more cups per day.
Relative to no tea drinking, the hazard ratios (95% CIs) for

participants drinking 1 or fewer, 2 to 3, 4 to 5, 6 to 7, 8 to 9,
and 10 or more cups per day were 0.95 (95% CI, 0.91 to
1.00), 0.87 (CI, 0.84 to 0.91), 0.88 (CI, 0.84 to 0.91), 0.88 (CI,
0.84 to 0.92), 0.91 (CI, 0.86 to 0.97), and 0.89 (CI, 0.84 to
0.95), respectively. Inverse associations were seen for mortality
from all CVD, ischemic heart disease, and stroke. Findings
were similar regardless of whether participants also drank cof-
fee or not or of genetic score for caffeine metabolism.

Limitation: Potentially important aspects of tea intake (for
example, portion size and tea strength) were not assessed.

Conclusion: Higher tea intake was associated with lower
mortality risk among those drinking 2 or more cups per day,
regardless of genetic variation in caffeine metabolism. These
findings suggest that tea, even at higher levels of intake, can
be part of a healthy diet.
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T ea is one of the most frequently consumed bever-
ages in the United Kingdom and worldwide, but

whether tea intake is associated with overall mortality or
mortality from common causes of death is unclear. As an
extract made from the leaves of the plant Camellia sinen-
sis, tea has high concentrations of flavonoids and other
antioxidants with posited beneficial properties (1, 2).
Black and green, the predominant forms, differ in their
constituents. Previous studies have suggested a modest
inverse association for tea drinking and mortality (3–9),
which has largely been seen in populations where green
tea drinking is common, such as in China and Japan. In
contrast, published studies in populations where black
tea drinking is more common are limited with inconsis-
tent findings (6–12).

Tea also contains caffeine, and concerns have been
raised about high caffeine intake, particularly among per-
sons genetically predisposed to impaired caffeine metab-
olism (13–15). Though generally lower in caffeine than
coffee, tea is amajor contributor to dietary caffeine in popu-
lations with high tea consumption (16). The extraction of fla-
vonoids and other bioactive compounds from tea leaves
differs by water temperature and steeping time, and use of
additives such as milk alters the concentration of bioactive
compounds; these differences may impact the association

of tea consumption with mortality (1). However, previous
studies have not assessed whether associations between
tea consumption and mortality differ by genetic variation in
caffeinemetabolism, tea temperature, or use of additives.

We investigated the association of tea consumption
with all-cause and cause-specific mortality in the UK
Biobank, a prospective cohort study of half a million
participants residing in the United Kingdom where black
tea consumption is common. Furthermore, we address
novel questions by evaluating potential differences by use
of common additives such as milk and sugar, genetic vari-
ation in caffeinemetabolism, and tea temperature.

METHODS

Study Population
The UK Biobank study design was previously described

in detail (17). In brief, approximately 9.2 million persons
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Table 1. Demographic and Lifestyle Characteristics of 498 043 Persons by Tea Intake Category in the UK Biobank Study

Characteristics Tea Intake, Cups per Day

0 ≤1 2–3 4–5 6–7 8–9 ≥10

Total, n (%) 73 216 (14.7) 57 510 (11.5) 146 181 (29.4) 126 921 (25.5) 58 686 (11.8) 18 618 (3.7) 16 911 (3.4)

Median age (IQR), y 56 (48 to 62) 56 (48 to 63) 58 (50 to 63) 59 (51 to 64) 58 (51 to 64) 58 (51 to 63) 57 (50 to 63)

Sex, n (%)

Male 31 911 (43.6) 27 544 (47.9) 66 901 (45.8) 56 848 (44.8) 26 072 (44.4) 8731 (46.9) 9142 (54.1)
Female 41 305 (56.4) 29 966 (52.1) 79 280 (54.2) 70 073 (55.2) 32 614 (55.6) 9887 (53.1) 7769 (45.9)

Race and ethnicity, n (%)*

White 69 785 (95.3) 52 625 (91.5) 134 472 (92.0) 121 313 (95.6) 57 103 (97.3) 18 136 (97.4) 16 323 (96.5)

Black 1258 (1.7) 1641 (2.9) 3105 (2.1) 1353 (1.1) 327 (0.6) 94 (0.5) 121 (0.7)
Asian 863 (1.2) 1661 (2.9) 5489 (3.8) 2368 (1.9) 555 (1.0) 149 (0.8) 190 (1.1)

Mixed 490 (0.7) 477 (0.8) 890 (0.6) 634 (0.5) 250 (0.4) 91 (0.5) 98 (0.6)

Other 548 (0.8) 843 (1.5) 1742 (1.2) 880 (0.7) 280 (0.5) 83 (0.5) 108 (0.6)

Education, n (%)
College or university degree 22 020 (30.1) 22 956 (39.9) 50 611 (34.6) 39 050 (30.8) 16 431 (28.0) 5081 (27.3) 4328 (25.6)

A/AS levels or equivalent 8410 (11.5) 7109 (12.4) 16 519 (11.3) 13 476 (10.6) 6153 (10.5) 1901 (10.2) 1563 (9.2)

O/AS levels or equivalent 16 347 (22.3) 11 533 (20.1) 30 640 (21.0) 26 877 (21.2) 12 372 (21.1) 3754 (20.2) 3186 (18.8)

CSEs or equivalent 4630 (6.3) 2570 (4.5) 7271 (5.0) 6796 (5.4) 3363 (5.7) 1009 (5.4) 1063 (6.3)
NVQ/HND/HNC equivalent 4822 (6.6) 3131 (5.4) 8824 (6.0) 8631 (6.8) 4286 (7.3) 1418 (7.6) 1362 (8.1)

Other professional

qualifications

3693 (5.0) 2662 (4.6) 7387 (5.1) 6742 (5.3) 3224 (5.5) 1060 (5.7) 886 (5.2)

Median Townsend deprivation
index (IQR)

�1.9 (�3.5 to 0.9) �2.0 (�3.6 to 0.8) �2.2 (�3.7 to 0.4) �2.3 (�3.7 to 0.2) �2.2 (�3.7 to 0.3) �2.0 (�3.6 to 0.9) �1.4 (�3.3 to 1.7)

Study center region, n (%)

Scotland 5618 (7.7) 4973 (8.6) 11 062 (7.6) 8348 (6.6) 3492 (6.0) 1107 (5.9) 980 (5.8)

England 64 140 (87.6) 50 435 (87.7) 129 572 (88.6) 113 252 (89.2) 52 604 (89.6) 16 678 (89.6) 15 112 (89.4)
Wales 3458 (4.7) 2102 (3.7) 5547 (3.8) 5321 (4.2) 2590 (4.4) 833 (4.5) 819 (4.8)

General health, n (%)

Excellent 11 817 (16.1) 10 430 (18.1) 25 161 (17.2) 20 350 (16.0) 8852 (15.1) 2609 (14.0) 2273 (13.4)

Good 40 358 (55.1) 32 965 (57.3) 86 440 (59.1) 74 714 (58.9) 33 956 (57.9) 10 221 (54.9) 8705 (51.5)
Fair 16 507 (22.6) 11 392 (19.8) 28 475 (19.5) 26 275 (20.7) 12 881 (22.0) 4549 (24.4) 4337 (25.7)

Poor 4189 (5.7) 2416 (4.2) 5426 (3.7) 5042 (4.0) 2751 (4.7) 1142 (6.1) 1495 (8.8)

Cancer, n (%) 5125 (7.0) 3718 (6.5) 10 249 (7.0) 9419 (7.4) 4523 (7.7) 1446 (7.8) 1250 (7.4)

Cardiovascular disease, n (%) 2577 (3.5) 1718 (3.0) 4363 (3.0) 4049 (3.2) 2000 (3.4) 705 (3.8) 817 (4.8)
Diabetes, n (%) 4574 (6.3) 3067 (5.3) 7577 (5.2) 6120 (4.8) 2783 (4.7) 968 (5.2) 1013 (6.0)

Median body mass index (IQR) 27.4 (24.5 to 30.9) 26.7 (24.1 to 29.9) 26.5 (24.0 to 29.6) 26.6 (24.1 to 29.6) 26.7 (24.2 to 29.8) 26.9 (24.3 to 30.1) 27.1 (24.3 to 30.2)

Smoking status, n (%)

Never 38 146 (52.1) 31 370 (54.6) 82 892 (56.7) 71 398 (56.2) 32 142 (54.8) 9421 (50.6) 7367 (43.6)
Former 24 996 (34.1) 19 845 (34.5) 51 041 (34.9) 44 519 (35.1) 20 272 (34.5) 6336 (34.0) 5620 (33.2)

Current 10 074 (13.8) 6295 (10.9) 12 248 (8.4) 11 004 (8.7) 6272 (10.7) 2861 (15.4) 3924 (23.2)

Physical activity,† days per

week, n (%)
0 9614 (13.1) 6225 (10.8) 14 014 (9.6) 12 266 (9.7) 6128 (10.4) 2070 (11.1) 2042 (12.1)

1–2 9628 (13.2) 8008 (13.9) 18 719 (12.8) 15 603 (12.3) 7299 (12.4) 2227 (12.0) 1835 (10.9)

3–4 11 458 (15.7) 9824 (17.1) 24 894 (17.0) 20 900 (16.5) 9386 (16.0) 2839 (15.3) 2263 (13.4)

≥5 36 499 (49.9) 29 404 (51.1) 77 219 (52.8) 67 707 (53.4) 30 845 (52.6) 9710 (52.2) 9022 (53.4)
Alcohol intake, drinks per

week, n (%)

Never 3911 (5.3) 2406 (4.2) 6748 (4.6) 4958 (3.9) 2423 (4.1) 823 (4.4) 938 (5.6)

Former 3757 (5.1) 1706 (3.0) 3927 (2.7) 4071 (3.2) 2270 (3.9) 963 (5.2) 1186 (7.0)
Current, < 1 18 119 (24.8) 11 876 (20.7) 29 269 (20.0) 28 668 (22.6) 14 929 (25.4) 5239 (28.1) 4823 (28.5)

Current, >1 to <7 16 091 (22.0) 13 704 (23.8) 37 783 (25.9) 33 777 (26.6) 15 051 (25.7) 4303 (23.1) 3331 (19.7)

Current, 1–3 24 281 (33.2) 21 857 (38.0) 55 765 (38.2) 45 909 (36.2) 19 840 (33.8) 5905 (31.7) 5127 (30.3)

Current, >3 6988 (9.5) 5905 (10.3) 12 522 (8.6) 9440 (7.4) 4116 (7.0) 1365 (7.3) 1482 (8.8)
Hot drink temperature, n (%)

Warm 14 520 (19.8) 10 748 (18.7) 22 570 (15.4) 17 436 (13.7) 7723 (13.2) 2367 (12.7) 2211 (13.1)

Hot 43 157 (58.9) 38 321 (66.6) 100 743 (68.9) 86 998 (68.6) 38 916 (66.3) 11 886 (63.8) 10 328 (61.1)

Very hot 10 380 (14.2) 8301 (14.4) 22 770 (15.6) 22 441 (17.7) 12 030 (20.5) 4359 (23.4) 4369 (25.8)
Does not drink 5159 (7.1) 140 (0.2) 98 (0.1) 46 (0.0) 17 (0.0) 6 (0.0) 3 (0.0)

Median coffee intake (IQR),

cups per day

3 (1 to 5) 2 (1 to 4) 2 (1 to 3) 1 (0 to 2) 1 (0 to 2) 0 (0.5 to 2) 0 (0.5 to 2)

Median vegetable intake (IQR),
tablespoons per day

4 (3 to 6) 4 (3 to 6) 4 (3 to 6) 4 (3 to 6) 4 (3 to 6) 4 (3 to 6) 4 (3 to 6)

Median fruit intake (IQR),

pieces per day

2 (1 to 4) 2.5 (1 to 4) 3 (1.5 to 4) 3 (1.5 to 4) 3 (1 to 4) 2.5 (1 to 4) 2 (1 to 4)

Red meat intake, times per
week, n (%)‡

Q1 (0–1) 16 210 (22.1) 10 855 (18.9) 27 051 (18.5) 22 315 (17.6) 10 425 (17.8) 3523 (18.9) 3204 (19.0)

Q2 (1.5) 21 710 (29.7) 18 228 (31.7) 46 104 (31.5) 39 475 (31.10) 17 997 (30.7) 5627 (30.2) 4818 (28.5)
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aged 40 to 69 years who were registered with the UK
National Health Service (NHS) and resided within 40 km
of 1 of 22 assessment centers across the United Kingdom
(England, Wales, and Scotland) were invited to partici-
pate in the study. A total of 502488 persons consented
to participate and completed comprehensive question-
naires assessing sociodemographic, lifestyle, and health-
related information using a touchscreen at assessment
centers from 2006 to 2010. Participants received physical
examinations and provided blood, urine, and saliva sam-
ples. We excluded participants with missing or incom-
plete tea intake information (n = 2193), those who were
pregnant (n = 368), or those with missing or incomplete
smoking data (n = 1884), yielding an analytic cohort of
498043 participants. The UK Biobank study was approved
by the National Information Governance Board for Health
and Social Care and the NHS North West Multi-centre
Research Ethics Committee. All participants provided elec-
tronically signed consent.

Exposure Assessment
On the baseline touchscreen questionnaire, partici-

pants entered the number of cups of tea they drank each
day. If participants reported drinking more than 20 cups
per day, they were asked to confirm their response. For
the main analysis, we categorized tea intake into 7 cate-
gories: 0, 1 or fewer, 2 to 3, 4 to 5, 6 to 7, 8 to 9, and 10 or
more cups per day. Participants also selected how they
like their hot drinks, such as coffee or tea. Accordingly, we
categorized tea drinkers by their preferred temperature
group (very hot, hot, and warm). The baseline touchscreen
questionnaire did not include questions about type of tea
consumed or use of tea additives; instead, these factors
were assessed via a 24-hour dietary recall questionnaire in
a subset of 70699 participants who were recruited in
2009 and 2010. Four additional 24-hour dietary recall
questionnaires were sent by e-mail between 2011 and
2015. Among participants who completed the baseline

24-hour dietary recall questionnaire, 56066 participants
(79%) reported drinking tea. Among tea drinkers, 89%
drank black tea (n = 49997) and 7% drank green tea
(n = 4050) (18). In a subset of 122283 participants who
completed 2 or more of the five 24-hour recall question-
naires, the correlation coefficient (r) between baseline
touchscreen questionnaire and mean 24-hour recall tea
intake was 0.81 (19). Within the subset of 20348 partici-
pants who repeated the baseline touchscreen question-
naire approximately 4 years after recruitment, the weighted
κ for tea intake across the 2 assessments was 0.83 (20).
Tea intake data from the baseline questionnaire and the
24-hour dietary recall questionnaires are described in
Supplement Methods 1 (available at Annals.org).

Potential confounders, including age, sex, race and
ethnicity, education, body mass index (BMI), general
health, comorbid conditions, smoking, alcohol drinking,
coffee intake, and dietary intake, were assessed at base-
line. Participants reported perceived general health and
comorbid conditions, such as cancer, diabetes, and car-
diovascular disease (CVD). The BMI was constructed
from height and weight measured during the initial
assessment center visit. Participants were assigned a
Townsend deprivation score as a socioeconomic sta-
tus indicator (21). For smoking, we combined data on
current and past smoking, type of tobacco currently
smoked, type of tobacco previously smoked, number
of cigarettes currently smoked per day, number of
cigarettes previously smoked per day, and the age at
which they stopped smoking (for former smokers),
resulting in a 25-level detailed smoking variable. For
alcohol intake, we created a 6-level variable by combin-
ing alcohol intake status and amount of alcohol con-
sumed on a typical drinking day (Supplement Table 1,
available at Annals.org). For dietary intake, we created
variables for major food groups, including vegetables
(cooked and raw; tablespoons per day), fruits (fresh and
dried; pieces per day), red meat (beef, lamb, and pork

Table 1–Continued

Characteristics Tea Intake, Cups per Day

0 ≤1 2–3 4–5 6–7 8–9 ≥10

Q3 (2) 12 547 (17.1) 10 553 (18.4) 27 154 (18.6) 24 118 (19.0) 11 036 (18.8) 3254 (17.5) 2918 (17.3)
Q4 (2.5) 6246 (8.5) 5316 (9.2) 14 072 (9.6) 12 564 (9.90) 5806 (9.9) 1722 (9.3) 1515 (9.0)

Q5 (3–21) 16 368 (22.4) 12 487 (21.7) 31 586 (21.6) 28 290 (22.3) 13 356 (22.8) 4464 (24.0) 4418 (26.1)

Processed meat intake, times

per week, n (%)
0 8317 (11.4) 5697 (9.9) 13 676 (9.4) 10 780 (8.5) 4824 (8.2) 1610 (8.7) 1529 (9.0)

<1 23 020 (31.4) 18 561 (32.3) 45 569 (31.2) 38 019 (30.0) 16 805 (28.6) 5080 (27.3) 4365 (25.8)

1 19 817 (27.1) 16 077 (28.0) 43 312 (29.6) 38 235 (30.1) 17 566 (29.9) 5438 (29.2) 4590 (27.1)

2–4 18 574 (25.4) 14 790 (25.7) 38 237 (26.2) 35 058 (27.6) 17 003 (29.0) 5566 (29.9) 5277 (31.2)
5–6 2540 (3.5) 1780 (3.1) 4054 (2.8) 3724 (2.9) 1907 (3.3) 713 (3.8) 852 (5.0)

≥7 797 (1.1) 470 (0.8) 957 (0.7) 881 (0.7) 495 (0.8) 182 (1.0) 271 (1.6)

Median wCMSG4 (IQR)§ 3.7 (2.6 to 4.9) 3.6 (2.5 to 4.7) 3.6 (2.5 to 4.7) 3.7 (2.6 to 4.9) 3.8 (2.6 to 5.0) 3.9 (2.6 to 5.0) 3.8 (2.6 to 5.0)

A/AS = advanced/advanced subsidiary; CSE = certificate of secondary education; HNC = higher national certificate; HND = higher national
diploma; IQR = interquartile range; NVQ = national vocational qualification; O/AS = ordinary/advanced subsidiary; Q1/2/3/4/5 = quintiles 1/2/3/4/5;
wCMSG4 = weighted genetic caffeine metabolism score.
* Percentages were computed including those with a missing value.
† More than 10 minutes of moderate or vigorous activity per day.
‡ Quintiles were not evenly distributed because many participants were in 1.5 and 2 times per week categories.
§ Among 403780 persons who had genetic data.
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combined; 0 to 1, 1.5, 2, 2.5, 3 to 21 times per week as
quintiles), and processed meat (0, <1, 1, 2 to 4, 5 to 6,
and ≥7 times per week).

Genetic CaffeineMetabolism Score
Genetic data were available for 403780 participants

in our analytic cohort after excluding sample outliers
based on heterozygosity and missingness, participants
whose reported sex did not agree with X-chromosome
heterozygosity, and those potentially related to other

participants, based on estimated kinship coefficients for
all pairs of samples (22). Using 4 common single-nucleo-
tide polymorphisms previously associated with blood
caffeine metabolite levels and located in or near genes
involved in caffeine metabolism (rs2472297, rs56113850,
rs6968554, and rs17685), we created a genetic caffeine
metabolism score (CMSG4) by adding the number of al-
leles and the weighted CMSG4 (wCMSG4), which was then
calibrated between 0 and 8 (Supplement Methods 2,
available at Annals.org) (23–25). Four categories (0 to 2,

Table 2. Hazard Ratios (95% CIs) for All-Cause and Cause-Specific Mortality by Tea Intake Among 498 043 Persons in the UK
Biobank Study

Cause of Death Tea Intake, Cups per Day

0 ≤1 2–3 4–5 6–7 8–9 ≥10

All causes
Number 73 216 57 510 146 181 126 921 58 686 18 618 16 911

Death, n 4887 3263 7927 7360 3668 1317 1361
Age and sex-adjusted 1.00 0.82 (0.78–0.86) 0.72 (0.70–0.75) 0.75 (0.72–0.78) 0.81 (0.78–0.85) 0.95 (0.89–1.01) 1.08 (1.02–1.15)

Age, sex, and general health-adjusted 1.00 0.87 (0.83–0.90) 0.77 (0.74–0.80) 0.78 (0.76–0.81) 0.83 (0.79–0.86) 0.93 (0.87–0.98) 1.01 (0.95–1.07)

Age, sex, and smoking-adjusted 1.00 0.89 (0.85–0.93) 0.82 (0.79–0.85) 0.84 (0.81–0.87) 0.87 (0.83–0.91) 0.94 (0.88–1.00) 0.96 (0.90–1.02)

Multivariable-adjusted* 1.00 0.95 (0.91–1.00) 0.87 (0.84–0.91) 0.88 (0.84–0.91) 0.88 (0.84–0.92) 0.91 (0.86–0.97) 0.89 (0.84–0.95)

Sensitivity analysis (all cause)
Tea drinkers only (total n = 424 827)

Multivariable-adjusted NA 1.00 (reference) 0.92 (0.88–0.96) 0.92 (0.88–0.96) 0.92 (0.88–0.97) 0.95 (0.89–1.02) 0.93 (0.87–0.99)
Excluding coffee drinkers (total n = 110 336)

Number 11 571 5757 24 399 33 135 20 579 7560 7335

Death, n 634 319 1380 2035 1323 535 604

Multivariable-adjusted 1.00 0.97 (0.84–1.11) 0.86 (0.78–0.94) 0.83 (0.76–0.91) 0.81 (0.74–0.89) 0.80 (0.71–0.90) 0.77 (0.69–0.87)
Excluding deaths in the first 5 y (total n = 489 465)

Number 71 825 56 542 143 968 124 776 57 626 18 203 16 525

Death, n 3496 2295 5714 5215 2608 902 975

Multivariable-adjusted 1.00 0.93 (0.89–0.99) 0.88 (0.84–0.92) 0.87 (0.83–0.91) 0.89 (0.84–0.94) 0.89 (0.83–0.96) 0.92 (0.86–0.99)

All cancer
Death, n 2448 1746 4254 3943 1968 708 723

Age and sex-adjusted 1.00 0.88 (0.83–0.94) 0.78 (0.74–0.82) 0.81 (0.77–0.85) 0.88 (0.83–0.93) 1.03 (0.95–1.12) 1.18 (1.09–1.29)
Multivariable-adjusted 1.00 0.99 (0.93–1.06) 0.91 (0.86–0.96) 0.92 (0.87–0.97) 0.93 (0.87–0.99) 1.00 (0.91–1.09) 1.00 (0.92–1.09)

All cardiovascular diseases
Death, n 1019 675 1547 1444 718 251 254
Age and sex-adjusted 1.00 0.79 (0.72–0.88) 0.66 (0.61–0.71) 0.69 (0.64–0.75) 0.75 (0.68–0.82) 0.85 (0.74–0.97) 0.92 (0.80–1.06)

Multivariable-adjusted 1.00 0.98 (0.89–1.08) 0.85 (0.79–0.93) 0.86 (0.79–0.94) 0.86 (0.78–0.95) 0.83 (0.72–0.95) 0.76 (0.66–0.88)

Ischemic heart disease
Death, n 283 192 403 410 199 65 75

Age and sex-adjusted 1.00 0.81 (0.67–0.97) 0.62 (0.53–0.72) 0.71 (0.61–0.83) 0.75 (0.63–0.90) 0.78 (0.60–1.03) 0.94 (0.73–1.21)

Multivariable-adjusted 1.00 1.03 (0.85–1.24) 0.83 (0.70–0.97) 0.90 (0.77–1.06) 0.87 (0.72–1.06) 0.74 (0.56–0.98) 0.74 (0.56–0.96)

Stroke
Death, n 93 59 141 131 75 27 15

Age and sex-adjusted 1.00 0.79 (0.57–1.09) 0.68 (0.52–0.88) 0.70 (0.54–0.91) 0.86 (0.64–1.17) 1.02 (0.66–1.57) 0.63 (0.37–1.10)

Multivariable-adjusted 1.00 0.91 (0.65–1.26) 0.81 (0.61–1.06) 0.80 (0.60–1.06) 0.90 (0.65–1.25) 0.92 (0.59–1.44) 0.48 (0.28–0.85)

Respiratory disease
Death, n 290 131 332 350 219 93 98

Age and sex-adjusted 1.00 0.55 (0.45–0.68) 0.50 (0.42–0.58) 0.58 (0.50–0.68) 0.79 (0.66–0.94) 1.10 (0.87–1.39) 1.28 (1.02–1.61)
Multivariable-adjusted 1.00 0.78 (0.63–0.96) 0.78 (0.66–0.92) 0.83 (0.70–0.98) 0.95 (0.78–1.14) 0.97 (0.76–1.24) 0.79 (0.62–1.01)

NA = not applicable.
* Adjusted for age; sex; race and ethnicity (White, Black, Asian, mixed, or other race), Townsend deprivation score, general health status (excellent,
good, fair, or poor), cancer (yes/no), cardiovascular disease (yes/no), diabetes (yes/no), body mass index (kg/m2), tobacco smoking (25-level vari-
able including current smoking status, smoking intensity [current and former smokers], time since quitting [former smokers], and cigar and pipe use
[current and former smokers]); physical activity (>10 minutes of moderate or vigorous activity; days per week); alcohol intake (never drinker, former
drinker, infrequent drinker [<1 drink per week], occasional drinker [>1 drink per week but <1 drink per day], moderate daily drinker [1 to 3 drinks
per day]), or heavy drinker [>3 drinks per day]; coffee intake (cups per day); and dietary intake including vegetables (tablespoons per day), fruits
(pieces per day), red meat (beef, lamb, and pork; 0 to 1, 1.5, 2, 2.5, 3 to 21 times per week as quintiles), and processed meat (0, <1, 1, 2 to 4, 5 to 6,
and ≥7 times per week). The baseline risk was stratified by assessment centers.
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>2 to 3, >3 to 4, and >4) were created for wCMSG4 based
on the score distribution. Persons with higher scores are
predicted to have higher caffeinemetabolism.

Mortality Ascertainment
Vital status, date of death, and underlying primary

cause of death were provided by the NHS Information
Centre (England and Wales) and the NHS Central
Register (Scotland). Detailed information on the linkage
procedure is available online (http://biobank.ctsu.ox.ac.
uk/crystal/ukb/docs/DeathLinkage.pdf). Specific causes
of death were defined using the following codes from
the International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10): cancer
(C00-D48), CVD (I00-I79), ischemic heart diseases (I20-
I25), stroke (I60-I69), and respiratory disease (J09-J18
and J40-J47).

Statistical Analysis
Follow-up time was computed from the date of

assessment center visit until the date of death or the end
of follow-up (26 April 2020), whichever came first. Hazard
ratios (HRs) and 95% CIs were estimated for tea intake as
categorical and continuous scales (cups per day) using
Cox proportional hazards regression models and no tea
intake (“0”) as the referent group. Person-time was the
underlying time metric. Covariates in the multivariable-
adjusted model included age, sex, race and ethnicity
(White, Black, Asian, mixed, or other race), Townsend de-
privation score, BMI (kg/m2), general health (excellent,
good, fair, or poor), physical activity (>10 minutes of mod-
erate or vigorous activity; days per week), alcohol intake (6-
level categorical), tobacco smoking (25-level categorical),
coffee intake (cups per day), fruit intake (pieces per day),
vegetable intake (tablespoons per day), red meat intake (0
to 1, 1.5, 2, 2.5, 3 to 21 times per week as quintiles), and
processed meat intake (never, <1, 1, 2 to 4, 5 to 6 times
per week, or daily). Approximately 18% of participants had
missing values for 1 or more variable; to account for miss-
ing data, we used multiple imputation with 5 data sets. We
tested the proportional hazards assumption by comparing
multivariable-adjusted models with and without the cross-
product term between person-years and tea intake, and
saw no violation of the assumption (P= 0.98). We per-
formed a sensitivity analysis excluding 387707 participants
who reported drinking coffee. To examine potential
reverse causality, we performed a lag analysis excluding
8578 deaths occurring within 5 years after baseline. To
assess a dose–response association for tea with all-cause
mortality, we produced a spline curve, excluding outliers
who reported tea intake above the 99th percentile (that is,
>12 cups per day). To address absolute risk, we produced
cumulative mortality curves by tea consumption, adjusted
for the covariates included in the final Cox regression
model (26, 27).

Among 210058 participants who completed at least
one 24-hour dietary recall questionnaire, we conducted
a stratified analysis of tea and all-cause mortality by use
of sugar or milk in tea. As tea intake is a major source of
caffeine in the United Kingdom, potential effect modifi-
cation by genetically predicted caffeine metabolism was

assessed. Genetic analyses were also restricted to the
subset of participants who did not drink coffee (n =
88643) and separately to 335465 White participants.
We conducted a stratified analysis by preferred tea tem-
perature (warm, hot, and very hot) after excluding 310
tea drinkers who did not report a temperature prefer-
ence and then restricting to the 103700 participants who
did not drink coffee or other hot beverages. Analyses
were conducted using the National Institutes of Health's
(NIH) High-Performance Computing Biowulf cluster with
SAS version 9.4 (SAS Institute).

Role of the Funding Source
This study was funded by National Cancer Institute

Intramural Research Program. The study sponsor played
no role in the collection, analysis, or interpretation of
data; in the writing of the report; or in the decision to
submit the paper for publication.

RESULTS

Our analysis included 498043 participants (227149
men and 270894 women), with a mean baseline age of
56.5 years (SD, 8.1 years). About 94% of participants self-
reported being White. Approximately 85% of participants
reported drinking tea, and most drank 2 to 3 (29%), 4 to 5
(26%), or 6 to 7 (12%) cups per day. The relationship
between tea drinking and some potential risk factors was

Figure 1. Dose–response association of tea consumption and
all-cause mortality* in the UK Biobank.
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* Hazard ratio was adjusted for age; sex; race and ethnicity (White, Black,
Asian, mixed, or other race), assessment center, Townsend deprivation
score, general health status (excellent, good, fair, or poor), cancer (yes or
no), cardiovascular disease (yes or no), diabetes (yes or no), BMI (kg/m2),
tobacco smoking (25-level variable including current smoking status,
smoking intensity [current and former smokers], time since quitting [former
smokers], and cigar and pipe use [current and former smokers]); physical
activity (>10 minutes of moderate or vigorous activity; days per week);
alcohol intake (never drinker, former drinker, infrequent drinker [<1 drink
per week], occasional drinker [>1 drink per week but <1 drink per day],
moderate daily drinker [1 to 3 drinks per day]), or heavy drinker [>3 drinks
per day]; coffee intake (cups per day); and dietary intake including vegeta-
bles (tablespoons per day), fruits (pieces per day), red meat (beef, lamb,
and pork; 0 to 1, 1.5, 2, 2.5, 3 to 21 times per week as quintiles), and proc-
essed meat (0, <1, 1, 2 to 4, 5 to 6, and ≥7 times per week). The solid line
represents hazard ratio; the dotted line represents 95%CI.
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complex (Table 1). For example, moderate tea drinkers
were less likely to be current smokers than nontea
drinkers or heavy tea drinkers (that is, ≥8 cups per day).
Heavy tea drinkers were more likely to be men, obese,
and to live in England. They also tended to drink less cof-
fee and eat more red and processedmeat compared with
less frequent and nontea drinkers. Heavy tea drinkers
were more likely to report fair or poor general health than
less frequent or nontea drinkers, but history of cancer,
CVD, and diabetes did not differ. More frequent tea
drinkers tended to prefer a hotter tea temperature
than less frequent drinkers.

During the 14 years (median, 11.2 years) and
5463896 person-years of follow-up, 29783 deaths
occurred. Higher tea intake was associated with mod-
estly lower mortality risk in our multivariable-adjusted
model (Table 2). Relative to nontea drinkers, HRs (95%
CIs) for participants who reported drinking 1 or fewer, 2
to 3, 4 to 5, 6 to 7, 8 to 9, and 10 or more cups per day
were 0.95 (95% CI, 0.91 to 1.00), 0.87 (CI, 0.84 to 0.91),
0.88 (CI, 0.84 to 0.91), 0.88 (CI, 0.84 to 0.92), 0.91 (CI,
0.86 to 0.97), and 0.89 (CI, 0.84 to 0.95), respectively.
Similar associations were seen in analyses excluding
coffee drinkers. When limiting to tea drinkers, the lower
risk was seen across categories of 2 to 3 cups or higher
per day compared with those of 1 cup or fewer per day.
The spline analysis revealed a nonlinear association
between tea intake and all-cause mortality, with risk

decreasing with higher tea intake but plateauing at 2 to
3 cups per day (Figure 1). Similarly, lower mortality was
seen with increasing tea intake relative to nontea drink-
ing, but the cumulative mortality curves were similar at
intake levels of 2 to 3 cups per day and above (Figure 2).

Given potential concerns about confounding, we
present HRs from all-cause mortality models adjusted for
age and sex alone, additionally for smoking or general
health, and a more comprehensive multivariable model.
Associations for categories of tea drinking up to 6 to 7
cups per day were attenuated after multivariable adjust-
ment. For 8 to 9 cups per day, the inverse associations in
age- and sex-adjusted models (HR, 0.95 [CI, 0.89 to
1.01]) were strengthened after comprehensive multivari-
able adjustment (HR, 0.91 [CI, 0.86 to 0.97]); smoking
and general health were shown to be the most meaning-
ful confounders, shifting HRs by 7% and 2%, respectively.
The HR (95% CI) for drinking 10 or more cups per day
flipped from 1.08 (CI, 1.02 to 1.15) in age- and sex-
adjusted models to 0.89 (CI, 0.84 to 0.95) after multivari-
able adjustment, resulting in a stronger dose–response
association across tea intake categories. Inverse associa-
tions were also seen for deaths from all CVD, ischemic
heart disease, and stroke. No clear trend was seen for
cancer or respiratory disease mortality, with associations
among higher intake categories tending toward the null.
Multivariable adjustment similarly impacted overall and
cause-specific mortality risk estimates.

Figure 2.Adjusted cumulative mortality curves* by tea intake in the UK Biobank.
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able including current smoking status, smoking intensity [current and former smokers], time since quitting [former smokers], and cigar and pipe use
[current and former smokers]); physical activity (>10 minutes of moderate or vigorous activity; days per week); alcohol intake (never drinker, former
drinker, infrequent drinker [<1 drink per week], occasional drinker [>1 drink per week but <1 drink per day], moderate daily drinker [1 to 3 drinks per
day]), or heavy drinker [>3 drinks per day]; coffee intake (cups per day); and dietary intake including vegetables (tablespoons per day), fruits (pieces per
day), red meat (beef, lamb, and pork; 0 to 1, 1.5, 2, 2.5, 3 to 21 times per week), and processedmeat (0, <1, 1, 2 to 4, 5 to 6, and ≥7 times per week).
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Among 210058 participants who completed at least
one 24-hour dietary recall questionnaire, 74% and 13%
of tea drinkers reported adding milk and sugar, respec-
tively. We saw a dose–response inverse association
between tea consumption and all-cause mortality among
those who reported adding milk to their tea but not
among those who did not (Table 3). No associations
were seen above 4 to 5 cups per day among those who
did not add milk, but their sample size was limited and
CIs were wide. Higher tea consumption was associated
with lower risk for mortality regardless of whether sugar
was added.

In analyses stratified by a genetic score for caffeine
metabolism, similar associations were found across strata
of wCMSG4 (Table 4). For those in the lowest wCMSG4

category (0 to 2; inferring slow caffeine metabolism), HRs
(95% CIs) were 0.88 (CI, 0.76 to 1.02), 0.80 (CI, 0.71 to
0.91), 0.77 (CI, 0.67 to 0.87), 0.77 (CI, 0.66 to 0.91), 0.86
(CI, 0.68 to 1.08), and 0.73 (CI, 0.58 to 0.94) for 1 or
fewer, 2 to 3, 4 to 5, 6 to 7, 8 to 9, and 10 or more cups
per day, respectively, whereas counterparts for those in
the highest wCMSG4 category (>4; inferring rapid caf-
feine metabolism) were 0.99 (CI, 0.91 to 1.08), 0.85 (CI,
0.79 to 0.91), 0.81 (CI, 0.75 to 0.87), 0.83 (CI, 0.77 to
0.91), 0.89 (CI, 0.80 to 1.00), and 0.81 (CI, 0.73 to 0.91)

for 1 or fewer, 2 to 3, 4 to 5, 6 to 7, 8 to 9, and 10 or more
cups per day, respectively. Generally similar findings
were seen in sensitivity analyses excluding coffee drinkers
or limiting to White participants (Supplement Tables 2
and 3, available at Annals.org). Little difference was seen
by temperature. Higher tea intake was associated with
lower all-cause mortality, and a similar but somewhat
stronger association was seen when excluding coffee
and other nontea hot beverage drinkers (Supplement
Table 4, available at Annals.org).

DISCUSSION

In this prospective analysis of almost 500000 partici-
pants of the UK Biobank, where more than 4 of 5 adults
habitually drank tea, higher tea intake was modestly
associated with lower mortality risk during a median of
11.2 years of follow-up, including among participants
who reported adding milk or sugar to tea and among
those with a slower genetically inferred caffeine metabo-
lism rate. Lower risks with higher tea intake were also seen
for mortality from overall CVD, ischemic heart disease,
and stroke.

Tea is a major source of caffeine in the United
Kingdom, and concerns remain about high caffeine intake,

Table 3. All-Cause Mortality Risk by Tea Intake Stratified by Added Milk or Sugar in Tea in 210 058 Persons Who Completed at
Least One 24-h Dietary Recall Questionnaire in the UK Biobank Study

Tea Additives Tea Intake, Cups per Day

0 ≤1 2–3 4–5 6–7 8–9 ≥10

No tea intake*
Number 30 578 NA NA NA NA NA NA
Death 1348 NA NA NA NA NA NA
HR 1.00 (reference) NA NA NA NA NA NA

Milk
Number NA 10 949 47 709 42 963 19 633 6062 4932
Death NA 443 1716 1691 785 255 214
HR (95% CI)† NA 0.98 (0.88–1.09) 0.85 (0.79–0.92) 0.90 (0.83–0.97) 0.86 (0.78–0.94) 0.84 (0.73–0.97) 0.78 (0.67–0.91)

No milk
Number NA 15 449 15 856 9552 3992 1206 1177
Death NA 604 582 340 170 58 58
HR (95% CI) NA 0.95 (0.86–1.04) 0.86 (0.78–0.95) 0.82 (0.73–0.93) 0.94 (0.80–1.10) 1.11 (0.85–1.45) 1.00 (0.77–1.31)

Sugar
Number NA 2434 8471 6843 2950 908 915
Death NA 105 344 316 159 64 50
HR (95% CI) NA 0.96 (0.78–1.17) 0.89 (0.79–1.00) 0.91 (0.80–1.03) 0.95 (0.80–1.13) 1.06 (0.82–1.37) 0.73 (0.54–0.97)

No sugar
Number NA 23 964 55 094 45 672 20 675 6360 5194
Death NA 942 1954 1715 796 249 222
HR (95% CI) NA 0.96 (0.88–1.04) 0.85 (0.79–0.91) 0.88 (0.82–0.95) 0.86 (0.79–0.94) 0.85 (0.74–0.97) 0.85 (0.74–0.98)

HR = hazard ratio; NA = not applicable.
* Participants who reported not drinking tea served as a universal referent group.
† Adjusted for age; sex; race and ethnicity (White, Black, Asian, mixed, or other race); Townsend deprivation score; general health status (excellent,
good, fair, or poor); cancer (yes/no); cardiovascular disease (yes/no); diabetes (yes/no); body mass index (kg/m2); tobacco smoking (25-level vari-
able including current smoking status, smoking intensity [current and former smokers], time since quitting [former smokers], and cigar and pipe use
[current and former smokers]); physical activity (>10 minutes of moderate or vigorous activity; days per week); alcohol intake (never drinker, former
drinker, infrequent drinker [<1 drink per week], occasional drinker [>1 drink per week but <1 drink per day], moderate daily drinker [1 to 3 drinks
per day]), or heavy drinker [>3 drinks per day]; coffee intake (cups per day); and dietary intake including vegetables (table spoons per day), fruits
(pieces per day), red meat (beef, lamb, and pork; 0 to 1, 1.5, 2, 2.5, 3 to 21 times per week as quintiles), and processed meat (0, <1, 1, 2 to 4, 5 to 6,
and ≥7 times per week). The baseline risk was stratified by assessment centers.
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particularly amongpeoplewith slower caffeinemetabolism
(13–15, 19). Yet, similar associations for tea drinking were
seen among participants who had both lower and higher
genetic capacities for caffeine metabolism. This finding
suggests that caffeine does not underlie the observed rela-
tionship between tea and mortality, which is a difficult
research question to address in traditional epidemiologic
studies because consumption of decaffeinated tea is
uncommon. Very hot tea intake has been associated with
increased risk for esophageal cancer in previous studies (1,
28). However, we saw similar inverse associations for all-
cause mortality among participants who reported drinking
their tea warm, hot, or very hot. We note that esophageal
cancer deaths were a very small proportion of total deaths
in the cohort.

The UK Biobank cohort includes more participants
who drink black tea regularly and with a wider range of
intake than previous studies (29–31). With 19% of the
analytic cohort drinking 6 or more cups per day and
about 90% of habitual tea drinkers consuming black tea,
the current study is well suited to furthering knowledge
of black tea and mortality risk. In contrast, many prior
studies of frequent tea drinking were set in Asian popula-
tions, such as China and Japan, where green tea drinking
is more common and relatively few people drink black
tea. These studies have generally seen stronger and
more consistent associations for green tea than for black
tea (3–5, 9). A recent study including 12 prospective
cohorts in Asia found evidence for an inverse association
between drinking green tea and overall mortality and

mortality from cardiovascular disease but no association
for black tea (9). Fewer studies have assessed tea intake
and mortality in populations where black tea is predomi-
nantly consumed, such as in the United States and
Europe, and results have varied across studies (6–12). A
recent meta-analysis reported that black tea intake was
not associated with all-cause mortality or CVD mortality
(12). However, there was statistically significant heterogene-
ity across studies. Five studies performed in the Netherlands
or United Kingdomdid not assess tea type. Of those, 3 stud-
ies reported no association between tea intake and all-cause,
CVD, and cancer mortality. One study reported a positive
associationwith all-cause, cancer, and ischemic heart disease
mortality (30), and the last study reported aU-shaped associ-
ation with coronary heart disease mortality (6). Five US stud-
ies included in themeta-analysis did not assess tea type, and
only 1 study reported inverse associations with all-cause
mortality (HR, 0.87 [CI, 0.80 to 0.95] for 1 cup per day incre-
ment) and cancer mortality (HR, 0.69 [CI, 0.54 to 0.88]) but
not CVD mortality (32). One Australian study assessed
black tea intake specifically and found an inverse associa-
tion between black tea and all-cause mortality (HR, 0.91
[CI, 0.90 to 0.99] for 1 cup per day increment) (33). Our
study provides robust results indicating that the inverse
association between tea and mortality extends to popula-
tions where black tea intake predominates.

Our study has several strengths. In addition to a high
prevalence and wide range of tea intake, the UK Biobank
has a large sample size, extended follow-up, information
on tea additives and temperature, genetic data, and

Table 4. All-Cause Mortality Risk by Tea Intake Stratified by wCMSG4 in 403 780 Persons Who Had Genetic Data in the UK
Biobank Study

wCMSG4 Tea Intake, Cups per Day

0 ≤1 2–3 4–5 6–7 8–9 ≥10

0–2
Number 6708 6273 15 597 11 397 4388 1232 1170
Death 430 322 797 605 257 94 84
HR (95% CI)* 1.00 0.88 (0.76–1.02) 0.80 (0.71–0.91) 0.77 (0.67–0.87) 0.77 (0.66–0.91) 0.86 (0.68–1.08) 0.73 (0.58–0.94)

>2–3
Number 14 755 12 363 31 225 25 205 10 858 3265 2948
Death 916 641 1627 1483 684 223 241
HR (95% CI) 1.00 0.93 (0.84–1.02) 0.90 (0.82–0.98) 0.95 (0.87–1.04) 0.97 (0.88–1.08) 0.89 (0.77–1.04) 0.97 (0.83–1.12)

>3–4
Number 17 927 14 100 35 936 31 018 14 256 4406 4064
Death 1183 792 1911 1766 890 280 332
HR (95% CI) 1.00 0.96 (0.87–1.05) 0.86 (0.79–0.92) 0.88 (0.81–0.95) 0.89 (0.82–0.98) 0.87 (0.76–0.99) 0.92 (0.81–1.05)

>4
Number 19 964 14 500 36 868 34 709 17 437 5880 5331
Death 1399 913 2022 1942 1070 414 407
HR (95% CI) 1.00 0.99 (0.91–1.08) 0.85 (0.79–0.91) 0.81 (0.75–0.87) 0.83 (0.77–0.91) 0.89 (0.80–1.00) 0.81 (0.73–0.91)

HR = hazard ratio; wCMSG4 = weighted genetic caffeine metabolism score.
* Adjusted for age; sex; race and ethnicity (White, Black, Asian, mixed, or other race); Townsend deprivation score; general health status (excellent,
good, fair, or poor); cancer (yes/no); cardiovascular disease (yes/no); diabetes (yes/no); body mass index (kg/m2); tobacco smoking (25-level vari-
able including current smoking status, smoking intensity [current and former smokers], time since quitting [former smokers], and cigar and pipe use
[current and former smokers]); physical activity (>10 minutes of moderate or vigorous activity; days per week); alcohol intake (never drinker, former
drinker, infrequent drinker [<1 drink per week], occasional drinker [>1 drink per week but <1 drink per day], moderate daily drinker [1 to 3 drinks
per day]), or heavy drinker [>3 drinks per day]; coffee intake (cups per day); and dietary intake including vegetables (table spoons per day), fruits
(pieces per day), red meat (beef, lamb, and pork; 0 to 1, 1.5, 2, 2.5, 3 to 21 times per week as quintiles), and processed meat (0, <1, 1, 2 to 4, 5 to 6,
and ≥7 times per week). The baseline risk was stratified by assessment centers.
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comprehensive assessment of lifestyle and disease risk
factors. Limitations include that tea intake was assessed
in the whole cohort at baseline only, and changes in tea
intake during follow-up could introduce exposure mis-
classification. However, among the subset of cohort par-
ticipants who recorded their tea intake on 2 touchscreen
questionnaires administered 4 years apart, the concord-
ance of tea intake was high (weighted κ = 0.83) (20).
There was also a good correlation in tea intake from the
baseline questionnaire and a mean tea intake of 24-hour
dietary recall questionnaires in a subset of participants
who completed 2 or more 24-hour dietary recall ques-
tionnaires (correlation coefficient r = 0.81). Teacup size
was not indicated on either dietary questionnaire used in
the UK Biobank, but other European studies suggest that
average volume is likely in the range of 125 to 150 mL (7,
30). Other aspects of tea drinking (for example, steep-
ing time) were also not assessed. In addition, the UK
Biobank had a low participation rate (5.5%) and
tended to enroll healthier participants than the general
population (17). Nonetheless, valid assessments of
association do not require population representative-
ness. The cohort was also predominantly White. Given the
sparsity of prior studies of frequent black tea intake, stud-
ies in other populations with distinct lifestyle and genetic
ancestry are needed.

Residual confounding is a concern in observational
studies. Smoking and general health status were the
strongest confounders in our analysis and had compli-
cated relationships with tea intake. Participants who drank
modest amounts of tea (≤2 to 3 cups per day) were more
likely to be never smokers and report better health
whereas those who drank very high amounts of tea (≥8
cups per day) were more likely to be smokers and report
worse health. Accordingly, adjustment for these factors
attenuated associations at lower tea intake levels but
strengthened associations at higher intake levels, suggest-
ing that the observed dose–response associations could
be stronger without residual confounding. We have per-
formed a formal quantitative sensitivity analysis and com-
puted the E-value, which is the minimum strength of
association with both the exposure and outcome needed
for an unmeasured confounder to explain an observed
risk (34, 35). The observed HR of 0.89 for 10 or more cups
per day of tea and all-cause mortality could be explained
away by an unmeasured confounder with an HR of 1.50,
above and beyond the measured confounders, for
both tea consumption and mortality. However, the CI
could be moved to include the null by an unmeasured
confounder that was associated with an HR of 1.29,
above and beyond the measured confounders, for
both tea consumption and mortality.

Although our results should be interpreted cau-
tiously, many biologically plausible mechanisms link
tea intake to disease. Black, green, and red tea are rich
in polyphenols and flavonoids, namely catechins and
their oxidated products. These and other bioactive
compounds in tea have the potential to reduce oxida-
tive stress and inflammation, which may promote carci-
nogenesis, and improve endothelial function (1, 36–
38). A recent study in the UK Biobank also found that

higher tea consumption (black and green tea) was
associated with more favorable levels of cardiometa-
bolic biomarkers, including lower total and low-density
lipoprotein cholesterol, apolipoprotein B, and fasting
triglycerides but higher high-density lipoprotein choles-
terol (19). A Mendelian randomization study showed that
a 1-cup increase in genetically predicted tea consump-
tion was associated with 21% lower risk for small vessel
stroke (39). Most short-term randomized controlled trials
of tea or tea extracts have been small, and although
results are inconsistent, some have found evidence sup-
porting favorable effects of black and green tea on CVD
risk factors (19, 40–42). Finally, some studies have sug-
gested that habitual tea consumption is associated with
lower risk for type 2 diabetes (43, 44).

In this study of nearly 500000 participants in the UK
Biobank where black tea drinking was common, higher tea
intake was associated with modestly lower risk for all-cause
mortality andmortality from all CVD, ischemic heart disease,
and stroke, with lower risks seen for drinking 2 ormore cups
per day. Similar inverse associations were seen among par-
ticipants who added milk or sugar to their tea and among
thosewith slower genetically predicted caffeinemetabolism.
These findings provide reassurance to tea drinkers and sug-
gest that black tea can be part of a healthy diet.
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