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Abstract Background: Coffee and tea have been hypothesised to reduce the risk of some can-

cers; however, their impact on glioma is less well studied.

Methods: We examined associations between self-reported intake of tea and coffee in relation

to glioma risk in the UK Biobank. We identified 487 incident glioma cases among 379,259 par-

ticipants. Hazard ratios (HR) and 95% confidence intervals (CI) for glioma according to

caffeinated beverage consumption were calculated using Cox proportional hazards regression

with adjustment for age, gender, race and education; daily cups of tea or coffee were included

in models considering the other beverage.

Results: Consuming 4 or more cups of tea was associated with reduced risk of glioma

when compared to no tea consumption (HR Z 0.69; 95% CI, 0.51e0.94). A significant

inverse association was observed for glioblastoma (HR Z 0.93 per 1 cup/d increment;

95% CI, 0.89e0.98) and among males for all gliomas combined (HR Z 0.95 per 1

cup/d increment; 95% CI, 0.90e1.00). A suggestive inverse association was also observed

with greater consumption of coffee (HR Z 0.71; 95% CI, 0.49e1.05 for >4 versus

0 cups/d). Results were not materially changed with further adjustment for smoking, al-

cohol and body mass index. Associations were similar in 2-year and 3-year lagged ana-

lyses.
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Conclusions: In this prospective study, we found a significant inverse association between

tea consumption and the risk of developing glioma, and a suggestive inverse association

for the consumption of coffee. Further investigation on the possible preventive role of

caffeine in glioma is warranted.

ª 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Glioma is a devastating tumour of the central nervous

system. Tumours arise from glial cells of the brain and

represent approximately 80% of adult malignant brain

tumours [1]. The few established risk factors include

older age, male gender and European ancestry, as well
as atopy/allergic conditions [2] and ionising radiation

from medical and environmental exposures [3]. The role

of diet and modifiable lifestyle-related factors remains

poorly studied.

Diverse health benefits have been ascribed to coffee

and tea, the most frequently consumed beverages in the

world, including reductions in neurodegenerative dis-

eases [4e6] and several cancers [7e10]. Coffee and tea
are rich in polyphenol compounds which have antioxi-

dant properties [11] although the types of polyphenols

differ in coffee and tea: coffee is rich in phenolic acids,

whereas tea is rich in flavonoids [12]. Both beverages

contain methylxanthines including caffeine (1,3,7-

trimethylxanthine; found predominantly in coffee) and

theophylline (1,3-dimethylxanthine; found predomi-

nantly in tea). All methylxanthines are small lipophylic
molecules that readily cross the bloodebrain barrier

[13,14]. Methylxanthines may have anti-inflammatory

effects [15] and have been shown to increase produc-

tion of cerebrospinal fluid [16] and thus may promote

clearance or dilution of neurotoxins, thereby decreasing

glioma risk. Furthermore, caffeine specifically has many

physiological effects on the brain by blocking the re-

ceptor of the neurotransmitter adenosine [17,18] which
may protect against excitotoxic or ischemic neuronal

injury [19].

Whether coffee or tea alters risk of glioma has not

been established. Five caseecontrol studies [20e24] and

6 prospective cohorts [25e32] have reported on

caffeinated beverages with mixed results, whereas indi-

vidual cohort studies have reported inverse associations

with coffee [29,31], tea [28,32] or tea and coffee
considered together [27,28]; a recent pooled analysis [30]

of 3 cohorts (the UK Million Women Study and 2 of the

previously studied cohorts, the Prostate, Lung, Colo-

rectal and Ovarian [PLCO] Cancer Screening Trial [31]

and the NIH-AARP Diet and Health study [28]

including 1.2 million participants and 2313 glioma cases,

reported no significant associations for coffee or tea

consumption with glioma risk.
In this report, we examine the association of coffee
and tea consumption with glioma incidence based on an

analysis from the UK Biobank [33,34].

2. Participants and methods

2.1. UK Biobank

This analysis was conducted in an established

population-based cohort, the UK Biobank [33,34]. This

cohort follows approximately 500,000 individuals from

the UK who were 40e69 years old at the time of

recruitment in 2006e2010. Prospective participants for

the cohort were initially identified from National Health
Service patient registries and then were invited to com-

plete a baseline questionnaire at one of the 22 recruit-

ment assessment centres. All participants of the UK

Biobank provided written consent at recruitment.

Coffee and tea consumption were collected at base-

line as part of the UKB diet survey, where participants

were asked ‘How many cups of tea do you drink each

day? (Include black and green tea)’ (UKB Data-field ID:
1488) and ‘How many cups of coffee do you drink

daily?’ (UKB Data-field ID: 1498), with open-ended

responses to both questions. The type of coffee consid-

ered included decaffeinated coffee, instant coffee,

ground coffee and any other type of coffee (UKB Data-

field ID: 1508). A variable for total coffee and tea con-

sumption was created by additively combining daily

cups of tea and coffee into a single measure.
Participants were followed through ongoing record

linkages to the National Health Service Central Regis-

ters which provide information on cancer diagnoses

coded according to the World Health Organisation In-

ternational Classification of Diseases (ICD) [35]. Inci-

dent primary intracranial gliomas (ICD10: C71) were

comprised of glioblastomas (GBM) (9440e9441) or

lower-grade glioma subtypes ([non-GBM]; 9382,
9400e9401, 9410e9411, 9420, 9424e9425, 9450e9451).

2.2. Statistical analysis

Of the 502,536 participants in the UK Biobank, we

excluded those with a history of any cancer at recruit-

ment as well as any genetically related participants,

leaving 380,791 participants for analysis. An additional

1532 participants were excluded because they did not
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report coffee or tea consumption at baseline, leaving

379,259 participants for the present analysis spanning

807,218,131 recorded person-years. We calculated haz-

ard ratios (HR) and 95% confidence intervals (CI) for

glioma for tea, all coffee, caffeinated coffee, and tea and

coffee combined, using Cox proportional hazards

regression. (Numbers of glioma cases reporting instant

coffee (n Z 206), ground (n Z 87) and decaffeinated
(n Z 76) were too limited for separate analysis.) Cups of

coffee and tea per day were treated first as categorical

variables in analyses and modelled as 0, >0e2, >2e4

and >4 cups per day. For evaluation of the combination

of coffee and tea consumption, the highest category was

expanded to include >4e6 and >6 cups per day. All

models were adjusted for age (continuous), gender, race

(white versus non-white) and education (secondary
schooling, vocational training, some college, completed

college or none of the above). Smoking status (never,

previous or current), alcohol consumption

(continuous) and body mass index (BMI) (kg/m2)

(continuous) were also considered as potential con-

founders. The number of cups of coffee and tea

consumed each day were negatively correlated (Pearson

r Z �0.25, overall; Pearson r Z �0.23, in men; and
r Z �0.28, in women); therefore, daily cups of tea or

coffee consumed were included in models considering

the other beverage. Analysis of linear trends was also

conducted for each beverage. Follow-up time consti-

tuted the time from enrolment to diagnosis of glioma or

another cancer, death, or last linkage. Analyses were

performed for all gliomas and by glioma subtype

(e.g. glioblastoma and lower-grade gliomas) overall, and
by gender. To evaluate potential effects of protopathic

bias on results, we further conducted lagged analyses

that initiated follow-up at two years or three years

following baseline assessment of coffee and tea intake.

A p-value less than 0.05 was considered statistically

significant. Analyses were performed using R (version

3.5.0).
3. Results

The 379,259 participants were followed for a median of

5.8 years after enrolment, with 2,201,249 recorded
person-years. A total of 487 glioma cases (364 glio-

blastomas and 123 lower-grade gliomas) were diagnosed

a median of 3.8 years after enrolment (range, 0.3

monthse9.0 years). The present analyses were based on

470 glioma cases that completed questions on their

intake of tea and 453 glioma cases that reported their

intake of coffee. Glioma cases were older and more

likely to be male and White than non-cases (Table 1).
Median intake of tea among cohort participants was 3

cups per day (interquartile range [IQR], 2e5 cups), and

the median intake of all coffee types combined was 2

cups per day (IQR, 1e3 cups). The great majority of
cohort members reported regular consumption of one of

these caffeinated beverages. (A total of 10 glioma cases

and 9076 total participants reported neither coffee nor

tea consumption.)

When compared to no consumption, glioma inci-

dence was approximately 30% lower with intake of

greater than 4 cups per day of tea (HR Z 0.69; 95% CI,

0.51e0.94) and coffee (HR Z 0.71; 95% CI, 0.49e1.05),
although only the association for tea consumption was

statistically significant (Fig. 1). When considering

extreme levels of consumption (not shown), inverse as-

sociations were more pronounced for consumption of

greater than 8 cups per day of tea (HR Z 0.43; 95% CI,

0.21e0.86) and coffee (HR Z 0.39; 95% CI, 0.09e1.59),

although results were based on few glioma cases (nZ 14

and n Z 3, respectively) that reported this level of
consumption.

When intake was modelled continuously (HR for an

increment of 1 cup/day), for all gliomas combined, in-

verse associations were observed with tea (HR Z 0.96;

95% CI, 0.92e1.00), all coffee (HR Z 0.96; 95% CI,

0.91e1.01), and tea and coffee combined (HR Z 0.97;

95% CI, 0.93e1.00).

For glioblastoma, a significant trend of lower risk was
observed with increasing cups of tea consumed per day (p

trendZ 0.003): those reporting more than 4 cups per day

had a 45% reduced risk (HR Z 0.55; 95% CI, 0.38e0.79)

when compared to non-tea drinkers (Table 2). Con-

sumption of all coffee types was suggestively associated

with a reduced risk (p trend Z 0.09), and, in combina-

tion, increasing consumption of tea and coffee was

associated with a significant reduction in glioblastoma
risk (p trend Z 0.01).

For lower-grade glioma, no significant trends were

observed with increasing consumption of tea (p

trend Z 0.36), all coffee (p trend Z 0.60), caffeinated

coffee (p trend Z 0.60) or tea and coffee combined (p

trend Z 0.79).

When considered by gender (Table 3), significant in-

verse associations were observed for the consumption of
tea among men (299 glioma cases); drinking more than 4

cups of tea per day (based on 80 exposed cases) was

associated with a w40% reduction in glioma risk

(HR Z 0.59; 95% CI, 0.40e0.88) compared to men who

reported no tea consumption. A suggestive inverse as-

sociation was also observed with greater consumption of

coffee (HR comparing >4 versus 0 cups/day: 0.67 [95%

CI, 0.43e1.06]), and the combination of coffee and tea
was associated with a suggestive inverse association

among men. Among women (188 glioma cases), neither

coffee nor tea, individually or in combination, was

associated with glioma risk (p trend > 0.3) although HR

of less than 1 were observed for all levels of tea con-

sumption when compared to no tea consumption.

All results for tea and coffee were essentially un-

changed in both the 2-year and 3-year lagged analysis
with statistically significant inverse associations



Table 1
Descriptive summary of UK Biobank participants by baseline coffee and/or tea consumption.

Tea (cups/day) Coffee (cups/day) Tea or coffee (cups/day)

0 >0-2 >2-4 >4 0 >0-2 >2-4 >4 0e2 >2-4 >4-6 >6

Total number 56,084 87,796 110,560 113,099 84,679 146,648 78,147 42,303 48,296 103,759 124,589 102,128

Glioma cases 83 103 144 140 107 189 106 51 65 133 161 128

Age at enrolment, years

Median 55 56 58 57 55 58 57 56 54 57 58 57

IQR 48e62 48e62 50e63 50e63 48e62 50e63 50e63 49e62 46e61 49e63 50e63 50e63

Gender

Male, n (%) 25,375 (45%) 42,339 (48%) 50,049 (45%) 53,344 (47%) 36,111 (43%) 66,279 (45%) 38,910 (50%) 23,052 (54%) 20,616 (43%) 46,779 (45%) 57,518 (46%) 51,775 (51%)

Female, n (%) 30,792 (55%) 45,560 (52%) 60,655 (55%) 59,895 (53%) 48,675 (57%) 80,558 (55%) 39,343 (50%) 19,302 (46%) 27,745 (57%) 57,113 (55%) 67,232 (54%) 50,481 (49%)

Race

White, n (%) 53,225 (95%) 78,836 (90%) 103,399 (93%) 109,227 (97%) 75,210 (89%) 138,246 (94%) 75,754 (97%) 4192 (98%) 40,384 (84%) 95,538 (92%) 120,003 (96%) 99,312 (97%)

Non-white,

n (%)

2718 (5%) 8728 (10%) 6972 (6%) 3655 (3%) 9259 (11%) 8121 (6%) 2227 (3%) 908 (2%) 7733 (16%) 7988 (8%) 4393 (4%) 2594 (3%)

Education

Secondary

schooling, n (%)

16,327 (29%) 22,747 (26%) 29,443 (27%) 30,520 (27%) 24,182 (29%) 37,726 (26%) 20,439 (26%) 12,104 (29%) 12,837 (27%) 27,647 (27%) 33,631 (27%) 27,417 (27%)

Vocational

training, n (%)

2792 (5%) 4119 (5%) 5695 (5%) 5964 (5%) 4137 (5%) 7584 (5%) 3989 (5%) 2083 (5%) 2228 (5%) 5066 (5%) 6394 (5%) 5374 (5%)

Some college,

n (%)

10,311 (18%) 15,572 (18%) 19,331 (18%) 20,502 (18%) 15,033 (18%) 26,051 (18%) 13,094 (18%) 7800 (18%) 8699 (18%) 18,202 (18%) 22,442 (18%) 18,411 (18%)

Completed

college, n (%)

17,430 (31%) 32,987 (38%) 37,112 (34%) 33,521 (30%) 23,428 (28%) 52,040 (35%) 28,311 (36%) 12,867 (30%) 17,234 (36%) 35,998 (35%) 41,220 (33%) 31,638 (31%)

None of the

above, n (%)

8759 (16%) 11,368 (13%) 17,835 (16%) 21,473 (19%) 16,725 (20%) 21,895 (15%) 10,914 (14%) 7057 (17%) 6605 (14%) 15,772 (15%) 19,804 (16%) 18,340 (18%)

Smoking status

Never, n (%) 29,956 (53%) 49,981 (57%) 64,034 (58%) 61,396 (54%) 50,908 (60%) 84,234 (58%) 41,672 (53%) 18,466 (44%) 30,309 (63%) 60,346 (58%) 69,621 (56%) 51,032 (50%)

Previous, n (%) 18,648 (33%) 29,439 (34%) 37,568 (34%) 38,047 (34%) 25,545 (30%) 50,407 (34%) 27,918 (36%) 14,979 (35%) 14,122 (29%) 35,094 (34%) 43,206 (35%) 35,078 (34%)

Current, n (%) 7399 (13%) 8168 (9%) 8705 (8%) 13,359 (12%) 8006 (9%) 11,721 (8%) 8386 (11%) 8759 (21%) 3743 (8%) 8085 (8%) 11,528 (9%) 15,739 (15%)

Body mass index

Median 27.36 26.60 26.5 26.72 26.74 26.42 26.93 27.55 26.67 26.58 26.65 26.96

IQR 24.46e30.86 24.02e29.70 24.00e29.56 24.17e29.81 24.02e30.06 23.91e29.47 24.41e30.01 24.84e30.74 23.81e30.15 23.98e29.76 24.16e29.74 24.36e30.01

Number of drinks (weekly)

Median 5 6 6 5 3 6 7 6 4 6 6 6

IQR 0e12 0e12 0e12 0e11 0e10 0e12 1e13 0e13 0e10 0e12 0e12 0e12

IQR, interquartile range.

Cohort size and number of incident gliomas vary between exposures due to the number of participants who skipped questions on tea only or coffee only. Data were missing for smoking in 1356 subjects

(0.36% of the cohort; 4 glioma cases), for body mass index in 1505 subjects (0.40% of the cohort; 1 glioma case) and for consumption of alcohol in 330 subjects (0.09% of the cohort; 1 glioma case).
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Fig. 1. Summary of hazard ratios and 95% confidence intervals (x-axis) for cups per day categories and linear trend for tea, all coffee types,

caffeinated coffee, and tea and coffee combined for all gliomas combined, glioblastoma and lower-grade glioma. Hatched vertical line

indicates the null reference value of ‘1’.
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observed with increasing tea consumption for all gli-

omas and glioblastomas only in both genders combined

regardless of lag period, and with significant findings for

all gliomas among males but not females (Supplemental

Tables 1 and 2).

We further considered potential confounding of the
tea and coffee associations by smoking habits, alcohol

consumption, and BMI. Neither smoking status, total

weekly alcohol drinks, nor BMI were associated with

glioma risk in these data (not shown). Among current

smokers, cups of both coffee and tea consumed per day

were positively correlated with the number of cigarettes

smoked per day (Pearson r Z 0.16 and 0.10, respec-

tively). Alcohol consumption was only weakly associ-
ated with consumption of coffee and tea (Pearson

r Z 0.07 and �0.03, respectively); BMI was weakly

correlated with coffee and tea intake (Pearson r Z 0.05

and �0.02, respectively). When smoking status, weekly

alcohol consumption and BMI were included in multi-

variable models, associations of tea and coffee intake
with glioma risk were essentially unchanged

(Supplemental Table 3).
4. Discussion

In this prospective cohort study based on the UK Bio-

bank, we examined the relationship of coffee and tea
consumption with the subsequent development of gli-

oma. We observed inverse associations with increasing

consumption of tea that were statistically significant for

all gliomas combined, and when restricting to glioblas-

toma and men. Results were independent of smoking

habits, BMI and the amount of alcohol or coffee

consumed. Findings were also consistent with a pro-

tective association with greater consumption of coffee
although these results were based on fewer coffee

drinkers and results were non-significant. Coffee and tea

consumption in combination was associated with a

reduced glioma risk.



Table 2
Coffee and tea consumption in relation to glioma risk: UK Biobank.

All gliomas Glioblastoma Lower-grade glioma

# Gliomas HR (95% CI)a P value # Glioblastomas HR (95% CI)a P

value

# Lower-grade

gliomas

HR (95% CI)a P

value

Tea (cups/day)

0 83 Ref 62 Ref 21 Ref

>0-2 103 0.74 (0.55e1.01) 0.06 83 0.79 (0.56e1.12) 0.18 20 0.62 (0.32e1.17) 0.14

>2-4 144 0.78 (0.58e1.05) 0.10 117 0.86 (0.62e1.20) 0.37 27 0.54 (0.29e1.03) 0.06

>4 140 0.69 (0.51e0.94) 0.02 90 0.55 (0.38e0.79) 0.001 50 1.17 (0.65e2.09) 0.60

Test for trend

(cups/day)

470 0.96 (0.92e1.00) 0.04 352 0.93 (0.89e0.98) 0.003 118 1.03 (0.97e1.09) 0.36

Coffee e all (cups/day)

0 107 Ref 80 Ref 27 Ref

>0-2 189 0.90 (0.70e1.16) 0.41 144 0.86 (0.64e1.15) 0.30 45 1.03 (0.62e1.72) 0.91

>2-4 106 0.94 (0.70e1.26) 0.66 74 0.79 (0.56e1.12) 0.18 32 1.50 (0.85e2.65) 0.16

>4 51 0.71 (0.49e1.05) 0.08 43 0.74 (0.48e1.13) 0.16 8 0.60 (0.25e1.45) 0.25

Test for trend

(cups/day)

453 0.96 (0.91e1.01) 0.10 341 0.95 (0.89e1.01) 0.09 112 0.97 (0.88e1.08) 0.60

Coffee e caffeinated only (cups/day)b

0 176 Ref 131 Ref 45 Ref

>0-2 147 0.86 (0.69e1.09) 0.21 112 0.84 (0.65e1.09) 0.20 35 0.93 (0.59e1.48) 0.76

>2-4 86 0.94 (0.72e1.24) 0.67 60 0.82 (0.59e1.13) 0.23 26 1.39 (0.82e2.33) 0.22

>4 40 0.69 (0.47e1.03) 0.07 34 0.74 (0.48e1.15) 0.18 6 0.50 (0.19e1.29) 0.15

Test for trend

(cups/day)

449 0.94 (0.89e1.00) 0.06 337 0.93 (0.87e1.00) 0.04 112 0.97 (0.87e1.09) 0.60

Tea or coffee (cups/day)

0e2 65 Ref 48 Ref 17 Ref

>2-4 133 0.91 (0.67e1.24) 0.56 109 1.03 (0.72e1.47) 0.88 24 0.61 (0.32e1.14) 0.12

>4-6 161 0.88 (0.65e1.19) 0.39 117 0.88 (0.62e1.26) 0.48 44 0.87 (0.49e1.55) 0.64

>6 128 0.78 (0.57e1.07) 0.12 90 0.73 (0.50e1.05) 0.09 38 0.93 (0.51e1.68) 0.81

Test for trend

(cups/day)

487 0.97 (0.93e1.00) 0.04 364 0.95 (0.91e0.99) 0.01 123 1.01 (0.95e1.07) 0.79

a Hazard ratios (HR) and 95% confidence interval (CI) adjusted for age (continuous), gender (categorical; male versus female), race (categorical;

non-white versus white) and education (categorical; completed college versus secondary schooling, vocational training, some college or none of

the above). HRs for tea were further adjusted for coffee consumption (categorical), while HRs for coffee were adjusted for tea consumption

(categorical).
b Includes ground (including espresso); instant or ’other’ types of coffee.
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The present findings are consistent with several

though not all prospective studies on the association of

coffee or tea intake with glioma risk. In an analysis

based on the Kaiser Permanente Medical Care Program

of Northern California [25] and 130 incident gliomas,

coffee consumption was associated with a suggestive

dose-dependent increase in risk although all results were

imprecise; results for tea consumption were not re-
ported. A recent report [32] from the Nurses’ Health

Study and the Health Professionals Follow-Up Study,

based on 554 cases, found a marginally significant in-

verse association for the consumption of tea, but not

coffee, similar to the present study. An inverse associa-

tion of glioma with coffee and tea consumption com-

bined was supported in a study based in the EPIC which

spans 10 European countries [27]. Initial results from the
PLCO cohort [31] suggested an inverse association with

coffee consumption in men, and a report from the NIH-

AARP Diet and Health Study [28] suggested a border-

line inverse association with consumption of high levels

of tea, or coffee and tea combined. However, a recent
pooled analysis [30] that included these two cohorts and

the Million Women Study (with a total of 2313 glioma

cases) reported no significant associations for coffee

and/or tea intake with glioma risk, or in any of the 3

individual cohort studies. The Japan Public Health

Center-Based Prospective Study [29] reported a non-

significant inverse association for coffee and no associ-

ation with green tea consumption, although this study
had only 60 incident glioma cases. The reasons for these

disparate results across studies is not clear but may be

due to differences in average coffee and/or tea con-

sumption levels in the study populations, imprecision

due to low case numbers in some studies, or differences

by sex, follow-up time, or composition of the glioma

case group. (In the present study, inverse associations

were observed mainly for glioblastoma and among
men.)

Strengths of the present analysis include the large size

of the UK Biobank cohort and the appreciable numbers

of incident glioma cases that allowed for a reasonably

powerful test of the association between coffee and tea



Table 3
Coffee and tea consumption in relation to glioma risk according to sex: UK Biobank.

All gliomas - males All gliomas - females

# Gliomas HR (95% CI)a P value # Gliomas HR (95% CI)a P value

Tea (cups/day)

0 52 ref 31 ref

>0e2 68 0.77 (0.52e1.12) 0.17 35 0.67 (0.40e1.13) 0.13

>2e4 91 0.80 (0.55e1.16) 0.23 53 0.70 (0.43e1.14) 0.16

>4 80 0.59 (0.40e0.88) 0.009 60 0.84 (0.51e1.38) 0.49

test for trend (cups/day) 291 0.95 (0.90e1.00) 0.04 179 0.97 (0.91e1.04) 0.40

Coffee - all (cups/day)

0 73 ref 34 ref

>0e2 110 0.77 (0.56e1.06) 0.11 79 1.15 (0.75e1.75) 0.53

>2e4 64 0.78 (0.54e1.12) 0.17 42 1.26 (0.77e2.07) 0.36

>4 36 0.67 (0.43e1.06) 0.09 15 0.70 (0.34e1.43) 0.32

test for trend (cups/day) 283 0.95 (0.90e1.02) 0.16 170 0.95 (0.87e1.05) 0.31

Coffee - caffeinated only (cups/day)b

0 107 ref 69 ref

>0e2 88 0.80 (0.59e1.07) 0.13 59 0.98 (0.68e1.41) 0.89

>2e4 56 0.87 (0.62e1.23) 0.44 30 1.05 (0.66e1.66) 0.85

>4 30 0.71 (0.45e1.12) 0.14 10 0.57 (0.26e1.28) 0.17

test for trend (cups/day) 281 0.94 (0.87e1.01) 0.07 168 0.96 (0.86e1.06) 0.41

Tea or coffee (cups/day)

0e2 40 ref 25 ref

>2e4 84 0.91 (0.61e1.36) 0.66 49 0.88 (0.53e1.44) 0.61

>4e6 89 0.77 (0.52e1.14) 0.19 72 1.01 (0.63e1.61) 0.98

>6 86 0.78 (0.52e1.16) 0.22 42 0.73 (0.44e1.24) 0.25

test for trend (cups/day) 299 0.96 (0.92e1.00) 0.06 188 0.97 (0.92e1.03) 0.34

a Hazard ratios (HR) and 95% confidence interval (CI) adjusted for age (continuous), gender (categorical; male versus female), race (categorical;

non-white versus white) and education (categorical; completed college versus secondary schooling, vocational training, some college or none of

the above). HRs for tea were further adjusted for coffee consumption (categorical), while HRs for coffee were adjusted for tea consumption

(categorical).
b Includes ground (including espresso); instant or ‘other’ type of coffee.
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consumption and the risk of glioma. Furthermore, the

high prevalence of tea consumption in this cohort (as

opposed to US-based cohorts) provided an opportunity
to study a wide range of exposure, and results suggest

greatest risk reduction in those consuming more than 4

cups per day. However, several limitations should be

noted. Follow-up in the UK Biobank is relatively

limited (participants were followed a median of 5.8

years), raising the possibility that reverse causation may

have affected results (i.e. glioma cases with preclinical

symptoms may have altered their intake of caffeinated
beverages); however, given that the magnitude of inverse

associations for both tea and coffee consumption in

relation to glioma and glioblastoma was similar after

excluding the first 2 or 3 years of observation, such bias

is unlikely to explain the current findings. The study had

limited power to detect associations in stratified ana-

lyses, especially restricting to lower-grade gliomas that

comprised only 25% of the glioma cases. The study was
also composed of predominantly Caucasians, limiting

the generalisability of the results to other racial/ethnic

groups that may have different consumption patterns. It

was also not possible to define an unexposed referent

group in analyses of coffee and tea consumption com-

bined as virtually the entire cohort reported regular

consumption of coffee, tea or both beverages. Measures
of tea and coffee consumption after baseline assessment

were only available for a small subset of participants

(approximately 4%) and we were unable to examine
changes in consumption over time or to identify occa-

sional drinkers over the course of follow-up. Finally, as

participants were asked to report usual daily coffee and

tea consumption, some persons in the referent group

may have been occasional drinkers of these beverages.
5. Conclusion

In this prospective cohort study, we found an inverse
association between tea consumption and the risk of

developing glioma, with a suggestive inverse association

also observed with the consumption of coffee. Further

investigation on the possible preventive role of caffeine

in glioma is warranted.
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