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Abstract

Background: Previous studies suggested that moderate coffee and tea consumption are associated with lower
risk of mortality. However, the association between the combination of coffee and tea consumption with the risk of
mortality remains unclear. This study aimed to evaluate the separate and combined associations of coffee and tea
consumption with all-cause and cause-specific mortality.

Methods: This prospective cohort study included 498,158 participants (37-73 years) from the UK Biobank between
2006 and 2010. Coffee and tea consumption were assessed at baseline using a self-reported questionnaire. All-cause
and cause-specific mortalities, including cardiovascular disease (CVD), respiratory disease, and digestive disease mor-
tality, were obtained from the national death registries. Cox regression analyses were conducted to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls).

Results: After a median follow-up of 12.1 years, 34,699 deaths were identified. The associations of coffee and tea
consumption with all-cause and cause-specific mortality attributable to CVD, respiratory disease, and digestive
disease were nonlinear (all P nonlinear < 0.001). The association between separate coffee consumption and the risk of
all-cause mortality was J-shaped, whereas that of separate tea consumption was reverse J-shaped. Drinking one cup
of coffee or three cups of tea per day seemed to link with the lowest risk of mortality. In joint analyses, compared to
neither coffee nor tea consumption, the combination of < 1-2 cups/day of coffee and 2-4 cups/day of tea had lower
mortality risks for all-cause (HR, 0.78; 95% Cl: 0.73-0.85), CVD (HR, 0.76; 95% Cl: 0.64-0.91), and respiratory disease (HR,
0.69; 95% Cl: 0.57-0.83) mortality. Nevertheless, the lowest HR (95% Cl) of drinking both < 1-2 cup/day of coffee and
> 5 cups/day of tea for digestive disease mortality was 0.42 (0.34-0.53).

Conclusions: In this large prospective study, separate and combined coffee and tea consumption were inversely
associated with all-cause and cause-specific mortality.
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Background

Globally, coffee and tea are among the most widely con-
sumed beverages and become part of people’s dietary
patterns [1]. Epidemiologic studies have found that
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coffee and tea consumption are associated with mortality
[5-10]; however, the shape of the association is contro-
versial, since studies have found that there are different
types of U-shaped, J-shaped, linear, or null associations
between separate coffee and tea consumption and mor-
tality [6-8]. Montagnana et al. reported a U-shaped
association between coffee and mortality, with the high-
est risk at intermediate consumption (2 to 4 cups/day)
[9], while another study revealed that coffee consump-
tion was inversely associated with mortality even among
those who drank 8 or more cups/day [10]. Given coffee
and tea drinking are often considered unhealthy lifestyles
because of the caffeine they contain [11], identifying
the effect of coffee and tea on mortality requires further
study.

Of note, emerging evidence has confirmed the interac-
tion between coffee and tea with lower risks of serious
diseases such as stroke and dementia [12, 13]. Up to now,
only one cohort study from the Japanese population has
examined the combination of coffee and tea consump-
tion with the risk of mortality [14], and it was found that
the combined effect of green tea and coffee on mortality
appeared to be additive in patients with type 2 diabetes.
However, this study is limited by the small sample size,
single evaluation of covariates (lifestyle, diet), and insuf-
ficient adjustment for important confounding factors.
Additionally, it remains unclear whether such findings
apply to other populations with different genetic and
environmental backgrounds.

Therefore, this study aimed to examine the separate
and combined associations of coffee and tea consumption
with total and cause-specific mortality (including cardio-
vascular disease [CVD], respiratory disease, and digestive
disease) using data from a population-based longitudinal
cohort of UK Biobank. Furthermore, we aimed to con-
duct stratification analyses according to important base-
line factors, including various lifestyles and the presence
or absence of chronic diseases, to examine whether the
association between mortality and the joint exposures of
coffee and tea varied by these factors.

Methods

Study design and population

The UK Biobank is a large-scale prospective study that
recruited 502,507 participants aged 37-73 years from
the general population between 2006 and 2010 [15]. Par-
ticipants attended 1 of 22 dedicated assessment centers
nationally across England, Wales, and Scotland where
they provided information on health-related aspects
through touch-screen questionnaires and physical meas-
urements [16]. The details of the study design and meth-
ods have been described in previous studies [17]. In the
present study, we excluded participants who were lost

Page 2 of 13

to follow-up (n=1346) or with missing information on
coffee or tea consumption (n=3003) at baseline, leaving
498,158 participants for the primary analysis (Additional
file 1: Fig. S1).

Assessment of coffee and tea consumption

The touchscreen questionnaire included part of a dietary
assessment of a series of common food and beverage
items. Participants were asked about their average intake
of coffee in the last year “How many cups of coffee do
you drink each day (including decaffeinated coftee)?” and
“How many cups of tea do you drink each day (includ-
ing black and green tea)?” Participants either selected the
number of cups, “Less than 1,” “Do not know,” or “Prefer
not to answer”’ If coffee and tea consumption exceeded
10 and 20 cups/day, respectively, then participants were
asked to confirm their answers.

Assessment of covariates

To guide covariates selection, we constructed a directed
acyclic graph (DAG) based on sociodemographic charac-
teristics and a prior knowledge of potential confounding
factors associated with all-cause mortality [10, 18, 19].
Additional file 1: Fig. S2 shows the DAG depicted causal
relationships between measured variables in the current
analysis. The program of DAGitty was used to identify
the minimally sufficient adjustment set [20]. We used
the baseline touch-screen questionnaire to collect soci-
odemographic, behavioral, and other factors. Sociode-
mographic factors were documented including sex, age,
ethnicity (White, Asian or Asian British, Black or Black
British, and others), and education levels (college or uni-
versity degree, upper secondary, lower secondary, voca-
tional, and others). Behavioral factors included smoking
status (never, previous, and current), alcohol intake fre-
quency (never, special occasions only, one to three times
a month, once or twice a week, three or four times a week,
daily or almost daily), physical activity (low, middle, and
high, measured using the International Physical Activ-
ity Questionnaire [IPAQ]), and dietary pattern (healthy
and unhealthy, healthy diet was based on consumption
of at least 4 of 7 dietary components: fruits: >3 serv-
ings/day, vegetables: > 3 servings/day, fish: > 2 servings/
week, processed meats: <1 serving/week, unprocessed
red meats: <1.5 servings/week, whole grains: >3 serv-
ings/day, refined grains: < 1.5 servings/day) (Additional
file 1: Table S1) [21, 22]. Body mass index (BMI) (< 25, 25
to < 30, > 30 kg/mz) was derived from physical measure-
ment and calculated by dividing weight (kg) over height
(m) squared. General health status was categorized as
excellent, good, fair, and poor. Information on chronic
diseases (e.g., hypertension, diabetes, and depression)
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was collected from touchscreen questionnaires, medical
examinations, and hospital inpatient records.

Ascertainment of outcomes

Mortality information was obtained from death certifi-
cates, which were provided by the NHS Information Cen-
tre (England and Wales) and the NHS Central Register
Scotland (Scotland) for the date of death. International
Classification of Diseases (ICD-10) codes were used to
classify deaths from CVD (ICD 10 codes 100-179), respir-
atory disease (ICD 10 codes J09-J18 and J40-J47), diges-
tive disease (ICD 10 codes K20-K93), and other causes.

Statistical analyses

We summarized baseline characteristics according to
coffee and tea consumption categories as percentages for
categorical variables, while means with standard devia-
tions (SDs) for normal continuous variables and median
and interquartile range (IQR) for non-normal variables.
Normality test was applied by Shapiro-Wilk normal-
ity test. Multiple imputations using the chained equa-
tions (MICE) method were performed to handle missing
covariates. Five imputed datasets were constructed and
Rubin’s rule was used to combine the results [23].

To assess the dose-response associations of separate
coffee and tea consumption with all-cause mortality
and cause-specific mortality, we used restricted cubic
splines models with 4 knots at the 25th, 50th, 75th, and
95th centiles. Tests for linearity or nonlinearity used the
Wald test to calculate P-values, which was performed to
test the null hypothesis that the coefficient of the second
spline is equal to 0 [24]. In our analysis, the null hypoth-
esis was rejected (P < 0.05) and concluded that there was
a nonlinear relationship between separate coffee and tea
consumption with all-cause mortality and cause-specific
mortality. In the spline models, we adjusted for poten-
tial confounders including sex, age, ethnicity, education
levels, BMI, smoking status, alcohol intake frequency,
physical activity, dietary pattern, general health status,
hypertension, diabetes, and depression. Coffee and tea
consumption were mutually adjusted. Then, we divided
coffee and tea consumption into four groups using prior
validated thresholds based on the restricted cubic spline
of association between separate consumption of coffee
and tea with mortality. Participants who drank >5 cups/
day of coffee or tea were defined as excess consump-
tion based on previous studies [25]. Finally, we defined
the categories as follows: coffee: none, < 1-2, 3—4, and
>5 cups/day; tea: none, < 1-1, 2—4, and > 5 cups/day.
Cox proportional hazards models were used to estimate
the hazard ratios (HRs) and 95% confidence intervals
(ClIs) of separate coffee and tea consumption groups
with all-cause mortality and cause-specific mortality.
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Proportional hazard assumptions were verified using the
Schoenfeld residuals method, and no significant devia-
tions were observed. Follow-up time was calculated from
the date of questionnaire completion in which the base-
line coffee and tea consumption were available, lost to
follow-up, death, or end of follow-up (23 March 2021),
whichever came first. The multi-adjusted models were
adjusted with the same covariates as the restricted cubic
spline. Furthermore, to quantify the magnitude of com-
bined consumption of coffee and tea with mortality, par-
ticipants were categorized into 16 groups according to
coffee and tea consumption categories, with participants
who had neither coffee nor tea consumption comprising
the reference group. Coffee consumption of < 1-2 cups/
day and tea consumption of 2—4 cups/day were com-
bined into one category because these participants had
the highest proportion and the lowest mortality rate.

In addition, we performed subgroup analyses to assess
potential modification effects and determine whether
there was any population heterogeneity according to age,
sex, BMI, physical activity, smoking status, alcohol intake
frequency, dietary pattern, hypertension, diabetes, and
depression. The interactions between baseline character-
istics and combined coffee and tea consumption (com-
bined < 1-2 cups/day of coffee and 2—4 cups/day of tea
vs. neither coffee nor tea consumption) were examined
using the likelihood ratio test (LRT).

Sensitivity analysis

Additional analyses were further conducted. First,
we repeated the main analyses by excluding mortal-
ity cases that occurred in the first 3 years of follow-up.
Second, we conducted the main analyses using available
data before multiple imputations for missing covariates.
Third, because severe diseases could confound results,
we defined a population that excluded participants with
prevalent CVD and cancer at baseline. Fourth, smoking
may have potential effect modification because there may
be unmeasured confounders between previous and cur-
rent smokers. Therefore, we repeated the main analyses
adjusted for pack-years categories of cigarette smok-
ing (nonsmokers: having smoked zero pack-years; light
smokers: fewer than 20 pack-years; and heavy smokers:
20 or more pack-years). Pack-years of cigarette smok-
ing were calculated as the number of cigarettes smoked
per day divided by 20 and then multiplied by the number
of years of smoking [26]. Fifth, the information on both
coffee and tea consumption and potential confound-
ers were collected at the baseline; it is very difficult to
assess the role of depression in these associations. We
performed main analyses without adjusting for baseline
depression. Furthermore, we also investigated coffee and
tea consumption interaction on mortality in the above
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sensitivity analyses. All analyses were performed using
R (version 3.6.3, R Foundation for Statistical Computing)
and STATA 15 statistical software (StataCorp). The two-
sided P < 0.05 was considered statistically significant.

Results

Characteristics of the study population

In total, 498,158 participants (median (IQR) age: 58 [50-
63]; 54% female) were included in this analysis. The pro-
portion of < 1-2 cups/day of coffee and 2—4 cups/day of
tea were 46.1% (n=229,498) and 43.7% (n=217,454),
respectively. Additional file 1: Fig. S3 shows the distribu-
tion for the combination of coffee and tea consumption.
Drinking both < 1-2 cups/day of coffee and 2-4 cups/
day of tea was more prevalent accounting for the larg-
est proportion with 23.0% (n=114,629). Table 1 presents
the baseline characteristics of participants according to
coffee and tea consumption. Compared with non-coffee
consumers, those who consumed < 1-2 cups/day of cof-
fee were more likely to be older, male, white, non-drinker,
more likely to have a university education level, high
physical activity, healthy diet, and more likely to report
“excellent” health; but they were less likely to be obese,
non-smoker, and less likely to have diabetes, hyperten-
sion, and depression. Likewise, as compared to non-tea
consumers, those who consumed 2-4 cups/day of tea
were more likely to be older, male, white, non-drinker,
more likely to have high physical activity, healthy diet,
hypertension, and more likely to report “excellent” health,
but they were less likely to be obese, non-smoker, and less
likely to have a university education level, diabetes, and
depression. Over 15 years of follow-up (median [IQR]
length of follow-up, 12.1 [11.4—12.8] years; total person-
years, 5,900,033), we documented 34,699 (7.0%) deaths.
Among them, 6663 (1.3%) participants died from CVD,
6018 (1.2%) participants died from respiratory disease,
and 2864 (0.6%) participants died from digestive disease.

Nonlinear association between separate coffee and tea
consumption with mortality

In Fig. 1, the dose-response relationship of separate
coffee and tea consumption with all-cause, CVD, res-
piratory disease, and digestive disease mortality were
significantly nonlinear (all P-nonlinear < 0.001). A mul-
tivariable-adjusted model showed J-shaped associations
between separate coffee consumption with all-cause,
CVD, and respiratory disease mortality and separate
tea consumption with respiratory disease mortality.
The reverse J-shaped associations were observed for
separate tea consumption with all-cause and CVD mor-
tality. The threshold consumption for the lowest mor-
tality risk was about 1 cup/day of coffee and 3 cups/day
of tea. Particularly, reverse J-shaped associations were
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observed between separate coffee and tea consumption
with digestive disease mortality, and participants who
consumed about 5 cups/day of coffee and 6 cups/day of
tea showed the lowest risk.

Separate coffee and tea consumption with mortality

To quantify the magnitude of relationships between
coffee and tea consumption with mortality, we catego-
rized coffee (none, < 1-2, 3—4, and >5 cups/day) and
tea (none, < 1-1, 2—4, and >5 cups/day) consumption
groups according to prior validated results of restricted
cubic spline analyses in the present study. After adjust-
ing for potential confounders, < 1-2 cups/day of coffee
was inversely associated with a lower risk of health out-
comes: 0.91 (0.88-0.93) for all-cause, 0.94 (0.88—1.00)
for CVD, and 0.84 (0.78-0.89) for respiratory disease
mortality (Table 2). Participants who drank 2-4 cups/
day of tea had a lower risk for all-cause (HR, 0.86; 95%
CIL: 0.83-0.88), CVD (HR, 0.88; 95% CI: 0.81-0.94),
and respiratory disease mortality (HR, 0.80; 95% CI:
0.74-0.87). Additionally, we found that >5 cups/day of
coffee (HR, 0.67; 95% CI: 0.59-0.77) and > 5 cups/day
of tea (HR, 0.65; 95% CI: 0.58-0.73) showed the lowest
risk for digestive disease mortality, which was similar to
the results of restricted cubic splines.

Effects of combined coffee and tea consumption

on mortality

We further explored the relationship of the combined
associations of coffee and tea consumption with mor-
tality. We found significant interactions between cof-
fee and tea consumption with all-cause and digestive
disease mortality. (P for interaction < 0.01). As shown
in Fig. 2 and Additional file 1: Table S2, for individu-
als with low coffee consumption, the increasing tea
consumption was almost linearly associated with all-
cause mortality, whereas for those with high coffee
consumption, the relationship was U-shaped. However,
the increasing coffee consumption showed a U-shaped
relationship with all-cause mortality for those with low
or high tea consumption. Specifically, compared with
those who did not drink coffee and tea, participants
who drank both < 1-2 cups of coffee and 2—-4 cups of
tea per day were associated with a 22% lower risk for
all-cause (HR, 0.78; 95% CI: 0.73-0.85), 24% lower
risk for CVD (HR, 0.76; 95% CI: 0.64-0.91), and 31%
lower risk for respiratory disease mortality (HR, 0.69;
95% CI: 0.57-0.83). Nevertheless, the lowest HR (95%
CI) of drinking both < 1-2 cup/day of coffee and >5
cups/day of tea for digestive disease mortality was 0.42
(0.34-0.53).
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Table 1 Baseline characteristics according to coffee and tea consumption

Characteristic Coffee consumption (cups/day) Tea consumption (cups/day)

None <1-2 3-4 >5 None <1-1 2-4 >5
Total 110,646 (22.2) 229,498 (46.1) 102,694 (20.6) 55320(11.1) 73,223 (14.7) 57438(11.5) 217,454 (43.7) 150,043 (30.1)
Age, median (IQR), year 56 (49-62) 59 (51-64) 58(51-63) 57 (49-62) 56 (48-62) 56 (48-63) 58 (51-64) 58 (51-63)
Female 64,412 (58.2) 127,729 (55.7) 52,750 (51.4) 26,246 (47.4) 41,350 (56.5) 29,958 (52.2) 118,940 (54.7) 80,889 (53.9)

Education level

College/university degree 30,021 (27.1) 79,979 (34.8) 36,493 (35.5) 16436 (29.7) 23,198 (404) 73,844 (34.0) 43,535 (29.0) 23,198 (40.4)
Upper secondary 11,763 (10.6) 26,613 (11.6) 11,711 (11.4) 5997 (10.8) 7211 (12.6) 24,543 (11.3) 15,816 (10.5) 7211 (12.6)
Lower secondary 31,333(283) 59,743 (26.0) 26,955 (26.2) 15,758 (28.5) 14,320 (24.9) 57,810 (26.6) 40,350 (26.9) 14,320 (24.9)
Vocational 7923 (7.2) 14,327 (6.2) 6585 (6.4) 4248 (7.7) 3186 (5.5) 13,755 (6.3) 11,222 (7.5) 3186 (5.5)
Others 29,606 (26.8) 48,836 (21.3) 20,950 (20.4) 12,881(233)  9523(16.6) 47,502 (21.8) 20(26.1) 9523 (16.6)
Ethnicity
White 99,782 (90.2) 217,514 (94.8) 100,110 (97.5) 54,241 (98.0) 52,829 (92.0) 203,056 (93.4) 145,716 (97.1) 52,829 (92.0)
Asian/Asian British 5203 (4.7) 4910 (2.1) 807 (0.8) 281(0.5) 1649 (2.9) 6928 (3.2) 1753 (1.2) 1649 (2.9)
Black/Black British 3417 (3.1) 3498 (1.5) 730(0.7) 261(0.5) 1642 (2.9) 3991 (1.8) 1005 (0.7) 1642 (2.9)
Others 2244 (2.0) 3576 (1.6) 1047 (1.0) 537(1.0) 1318 (2.3) 3479 (1.6) 1569 (1.0) 1318 (2.3)
BMI (kg/m?)
<25 36,251 (32.8) 80,076 (34.9) 30,886 (30.1) 14455 (26.1)  18952(33.0)  73,452(33.8) 48,043 (32.0) 18,952 (33.0)
25t0 <30 45,545 (41.2) 97,643 (42.5) 45,602 (44.4) 24,213 (43.8) 24,148 (42.0) 93,778 (43.1) 65,325 (43.5) 24,148 (42.0)
>30 28,850 (26.1) 51,779 (22.6) 26,206 (25.5) 16,652 (30.1)  14,338(250) 50,224 (23.1) 36,675 (24.4) 14,338 (25.0)
Physical activity
Low 22,579 (204) 41,187 (17.9) 19,398 (18.9) 11,907 (21.5) 11,486 (20.0) 40,070 (184) 28,267 (18.8) 11,486 (20.0)
Middle 43,656 (39.5) 95,257 (41.5) 42,526 (41.4) 21,547 (38.9) 23,770 (41.4) 90,245 (41.5) 59,957 (40.0) 23,770 (41.4)
High 44,411 (40.1) 93,054 (40.5) 40,770 (39.7) 21,866 (39.5) 22,182 (38.6) 87,139 (40.1) 61,819 (41.2) 22,182 (38.6)
Smoking status
Never 65,038 (58.8) 130,528 (56.9) 53,733 (523) 23,467 (42.4) 31,320 (54.5) 123,264 (56.7) 80,012 (53.3) 31,320 (54.5)
Previous 34,794 (31.4) 80,371 (35.0) 37,635 (36.6) 19,961 (36.1) 19,840 (34.5) 76,086 (35.0) 51,831 (34.5) 19,840 (34.5)
Current 10,814 (9.8) 18,599 (8.1) 11,326 (11.0) 11,892 (21.5)  6278(10.9) 18,104 (8.3) 18,200 (12.1) 6278 (10.9)
Alcohol intake frequency
Never 16,033 (14.5) 49,119 (21.4) 24,778 (24.1) 11,460 (20.7) 15,204 (20.8) 14,410 (25.1) 46,723 (21.5) 25,053 (16.7)
Special occasions only 19,469 (17.6) 56,404 (24.6) 26,768 (26.1) 12,304 (22.2)  14,603(19.9) 13544 (23.6) 53378 (245) 33,420 (22.3)
One to three times a month 27,509 (24.9) 60,925 (26.5) 26,177 (25.5) 14,066 (254) 17,602 (240)  13,512(23.5) 56,771 (26.1) 40,792 (27.2)
Once or twice a week 13,926 (12.6) 24,886 (10.8) 10,223 (10.0) 6531 (11.8) 8482 (11.6) 5938(10.3) 22,641 (104) 18,505 (12.3)
Three or four times a week 17,582 (15.9) 24,070 (10.5) 9239 (9.0) 6634 (12.0) 9647 (13.2) 5940 (10.3) 22,339 (10.3) 19,599 (13.1)
Daily or almost daily 16,127 (14.6) 14,094 (6.1) 5509 (5.4) 4325 (7.8) 7685 (10.5) 4094 (7.1) 15,602 (7.2) 12,674 (84)
Self-reported health
Excellent 15,864 (14.3) 39,346 (17.1) 18,172 (17.7) 8283 (15.0) 11,834 (16.2) 10433 (18.2) 36,796 (16.9) 22,602 (15.1)
Good 61,382 (55.5) 135,704 (59.1) 60,741 (59.1) 30,764 (55.6) 40,536 (554) 33,089 (57.6) 129,023 (59.3) 85,943 (57.3)
Fair 26,455 (23.9) 45,511 (19.8) 20,069 (19.5) 13,108 (237)  16616(22.7) 11,457 (19.9) 43,352 (19.9) 33,718 (22.5)
Poor 6945 (6.3) 8937 (3.9 3712 (3.6) 3165 (5.7) 4237 (5.8) 2459 (4.3) 8283(3.8) 7780 (5.2)
Diet pattern
Unhealthy 62,139 (56.2) 127,531 (556) 58913 (57.4) 33628 (60.8) 42,795 (584) 33,271 (57.9) 120,774 (55.5) 85371 (56.9)
Healthy 48,507 (43.8) 101,967 (444) 43,781 (42.6) 21692(392)  30428(416) 24,167 (42.1) 96,680 (44.5) 64,672 (43.1)
Diabetes
No 104,157 (94.1) 218,198 (95.1) 97,350 (94.8) 52,086 (942) 68596 (937) 54,341 (94.6) 206,292 (94.9) 142,562 (95.0)
Yes 6489 (5.9) 11,300 (4.9) 5344 (5.2) 3234(5.8) 4627 (6.3) 3097 (5.4) 11,162 (5.1) 7481 (5.0)
Hypertension
No 79,133 (71.5) 166,543 (72.6) 75328(734) 40,832 (73.8) 53371(729)  42,392(73.8) 157,500 (72.4) 108,573 (72.4)
Yes 31,513 (285) 62,955 (27.4) 27,366 (26.6) 14,488 (26.2) 19,852 (27.1) 15,046 (26.2) 59,954 (27.6) 41,470 (27.6)
Depression
No 101,860 (92.1) 216,965 (94.5) 97,530 (95.0) 51,269 (92.7) 68,280 (93.2) 53,979 (94.0) 205,218 (94.4) 140,147 (93.4)
Yes 8786 (7.9) 12,533 (5.5) 5164 (5.0) 4051 (7.3) 4943 (6.8) 3459 (6.0) 12,236 (5.6) 9896 (6.6)

Abbreviations: BMI body mass index (calculated as weight in kilograms divided by height in meters squared); IQR interquartile range (75th quartile minus 25th quartile)
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Table 2 HRs and 95% Cls of individual coffee and tea consumption for all-cause and cause-specific mortality
Causeof  All Coffee consumption (cups/day) Tea consumption (cups/day)
death participants
None <1-2 3-4 >5 None <1-1 2-4 >5
(N=110,646) (N=229,498) (N=102,694) (N=55,320) (N=73,223) (N=57,438) (N=217,454) (N=150,043)

All causes

No. of 34,699 7963 (22.95) 15,023 (43.30) 7124 (20.53) 4589 (13.23) 5681 (16.37) 3744(10.79) 14,206 (40.94) 11,068 (31.90)
deaths (%)

Model 1.00 (Ref) 0.80 (0.78-0.83) 0.84 (0.81-0.86) 1.03(0.99-1.07) 1.00 (Ref.) 0.84 (0.80-0.87) 0.77(0.75-0.80) 0.86 (0.83-0.89)
-la

Model 1.00 (Ref) 0.91(0.88-0.93) 0.92(0.89-0.95) 0.97 (0.93-1.01) 1.00 (Ref) 0.92 (0.88-0.96) 0.86(0.83-0.88) 0.87 (0.84-0.90)
b
Cardiovascular disease

No. of 6663 1528 (22.93) 2854 (42.83) 1366 (20.50) 915 (13.73) 1106 (16.60) 731(10.97) 2748 (41.24) 2078 (31.19)
deaths (%)

Model 1.00 (Ref) 0.79 (0.74-0.84)  0.81(0.75-0.88) 1.02(0.94-1.12) 1.00 (Ref) 0.84(0.76-0.92) 0.77 (0.71-0.83)  0.82 (0.75-0.88)
’ld

Model 1.00 (Ref) 0.94 (0.88-1.00) 0.96 (0.89-1.04) 1.04 (0.95-1.14) 1.00 (Ref)) 0.94 (0.85-1.03) 0.88(0.81-0.94) 0.87 (0.80-0.94)
5b
Respiratory disease

No. of 6018 1532 (25.46) 2354 (39.12) 1173 (19.49) 959 (15.94) 1078 (17.91) 549 (9.12) 2247 (37.34) 2144 (35.63)
deaths (%)

Model 1.00 (Ref) 067 (0.63-0.71)  0.75(0.69-0.81) 1.16(1.06-1.26) 1.00 (Ref.) 0.68 (0.61-0.75) 0.69 (0.64-0.75) 0.92 (0.85-0.99)
-la

Model 1.00 (Ref) 0.84(0.78-0.89) 0.90 (0.83-0.98) 1.06 (0.97-1.16) 1.00 (Ref) 0.80 (0.72-0.88) 0.80(0.74-0.87) 0.91 (0.84-0.99)
b
Digestive disease

No. of 2864 768 (26.82) 1189 (41.52) 544 (18.99) 363 (12.67) 533(18.61) 351(12.26) 1155 (40.33) 825(28.381)
deaths (%)

Model 1.00 (Ref) 0.66 (0.60-0.72)  0.60 (0.54-0.68) 0.72 (0.63-0.82) 1.00 (Ref.) 0.84 (0.73-0.96) 0.65(0.58-0.72) 0.61 (0.55-0.69)
'la

Model 1.00 (Ref) 0.78 (0.71-0.86)  0.69 (0.62-0.78) 0.67 (0.59-0.77) 1.00 (Ref) 0.95(0.83-1.09) 0.76 (0.68-0.85)  0.65 (0.58-0.73)
b

Abbreviations: HR hazard ratio; Cl confidence interval

2 Adjusted for sex and age

b Adjusted for sex, age, ethnicity, education levels, BMI, smoking status, alcohol intake frequency, physical activity, dietary pattern, general health status, hypertension,

diabetes, and depression. Coffee and tea consumption were mutually adjusted

Subgroup analyses

Associations of separate coffee and tea consumption with
all-cause and cause-specific mortality did not differ by
sex, age, BMI, physical activity, smoking status, alcohol
intake frequency, dietary pattern, hypertension, diabetes,
and depression (Additional file 1: Tables S3-S12). Figure 3
shows associations between the combined consump-
tion of coffee and tea with mortality by subgroup analy-
ses. Multivariable hazard ratios were calculated for total
and cause-specific mortality among study participants
who consumed < 1-2 cups/day of coffee and 2—4 cups/
day of tea compared to those who drank neither coffee
nor tea. In the analyses stratified by potential confound-
ing factors for death, the inverse associations between
combined consumption of coffee and tea with mortal-
ity were presented in all subgroups. In terms of strata
of smoking status, the association was stronger among
current smoking participants than among never and
previous smoking participants (P for interaction=0.01).

Similarly, a multiplicative interaction was also found in
the stratification of alcohol intake frequency (P for inter-
action=0.002), and the HR of the group with low alcohol
intake frequency was lower than that of those with high
alcohol intake frequency. The details of the combined
effects of coffee and tea consumption for each group were
shown in Additional file 1: Tables S3-S12, and the results
were not much altered with stratification by these factors.

Sensitivity analyses

The results were not apparently altered in the follow-
ing sensitivity analyses. After excluding those who died
within 3 years, the association between separate and
combined coffee and tea consumption and all-cause
and cause-specific mortality remained significant (Addi-
tional file 1: Table S13). When the analyses were per-
formed following the exclusion of all participants with
CVD and cancer at baseline, the results were not altered
(Additional file 1: Table S14). When the analyses were
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conducted after adjusting for pack-years categories of
cigarette smoking, the results were basically unchanged
(Additional file 1: Table S15). The results also did not
change materially when the main analyses were con-
ducted without adjusting for baseline depression
(Additional file 1: Table S16). Moreover, the significant
interaction between coffee and tea consumption on all-
cause and digestive disease mortality remained in the
above analyses (P for interaction < 0.05). Furthermore,
the findings were similar when we repeated the analysis
using data that excluded the missing values of covari-
ates rather than multiple imputations (Additional file 1:
Table S17).

Discussion

This large prospective study investigated the associa-
tions between separate and combined consumption of
coffee and tea and mortality. We found that the associa-
tion between separate coffee consumption and the risk
of all-cause mortality was J-shaped, whereas that of sepa-
rate tea consumption was reverse J-shaped. As compared

with participants who drank neither coffee nor tea, those
who drank < 1-2 cups/day of coffee and 2—4 cups/day of
tea had a 22% lower risk of mortality. Inverse associations
were also observed for CVD, respiratory disease, and
digestive disease mortality. Moreover, similar associa-
tions were sustained among all subgroups.

In recent decades, many prospective epidemiologi-
cal studies have investigated the associations between
separate coffee and tea consumption with major causes
of death, but the observed J-shaped and U-shaped asso-
ciations remain controversial [27, 28]. A prospective
study conducted in the Health Examinees study revealed
that drinking >3 cups/day of coffee was associated with
a 21% lower risk for all-cause mortality [29]. Another
study included 100,902 general Chinese adults showed
an inverse association between habitual tea drinkers and
all-cause mortality compared with never or non-habitual
tea drinkers [30]. Our findings are also consistent with
previous studies on CVD, respiratory disease, and diges-
tive disease mortality [31-33]. The J-shaped association
observed in our study was inconsistent with a previous
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study that reported excess coffee drinking (> 8 cups/day)
was still inversely associated with all-cause mortality in
the UK Biobank [10]. The heterogeneous findings may
be due to differences in study design, population inclu-
sion, longer follow-up, and increased all-cause death
cases. The underlying mechanisms hypothesized to
explain the lack of further risk reduction for heavy cof-
fee and tea drinking on mortality risk may be that caf-
feine, overlapping bioactive compounds to coffee and
tea, could increase heart rate, blood pressure, and induce
insulin resistance [34]. Tannins in coffee and tea decrease
calcium and iron absorption, and coffee contains diter-
penes that increase cholesterol levels in the blood [28,
35]. Therefore, although excessive coffee and tea con-
sumption were not associated with an increased risk of
digestive disease mortality, the higher risk of all-cause
and other specific causes of mortality makes it imperative
to support the incorporation of moderate coffee and tea
consumption into the dietary pattern.

Beyond separate associations of coffee and tea con-
sumption with mortality, the potential joint effect of
these two key beverages remains largely unknown. Only
one study conducted in the Fukuoka Diabetes Registry
including 4923 patients (2790 men and 2133 women)
with type 2 diabetes followed for 5.3 years revealed that
the combined consumption of > 2 cups/day of coffee and
>4 cups/day of green tea had 63% lowest risk for all-
cause mortality [14]. Although this analysis considered
the combined association and interaction effect of coffee
and tea consumption, some limitations merit considera-
tion. First, the population size and follow-up time were
limited, which is prone to reverse causality. Second, the
classification of coffee and tea consumption in this study
was crude. We made a detailed classification of coffee
and tea consumption, which was able to accurately assess
the relationship with mortality. Third, this study focused
on patients with type 2 diabetes, and the dietary guidance
is difficult to generalize to the general population. In our
study, we found that the combination of < 1-2 cups/day
of coffee and 2—4 cups/day of tea had a 22% lower risk
for all-cause, 24% lower risk for CVD, and 31% lower risk
for respiratory disease mortality. Nevertheless, drinking
both < 1-2 cup/day of coffee and > 5 cups/day of tea had
a 58% lower risk for digestive disease mortality. Future
studies are needed to validate these results.

Several biological mechanisms have been hypothe-
sized to explain why combined coffee and tea consump-
tion is inversely associated with the risk of mortality.
First, coffee and tea, two popular refreshing beverages,
have overlapping bioactive components such as caffeine
and chlorogenic acid. They play a crucial role in antioxi-
dants, anti-inflammation, lowering blood pressure, insu-
lin resistance, and improving endothelial function [5, 36,
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37]. The pathogenesis of most chronic diseases involved
these mechanisms. Second, some evidence that coffee
consumption was associated with inverse diseases, and
decaffeinated consumption did not change these asso-
ciations [38]. It is therefore reasonable to think that dif-
ferent bioactive substances in coffee and tea also play a
protective role. In addition to caffeine and chlorogenic
acid, coffee also contains other compounds, such as trig-
onelline, melanoidins, magnesium, and cafestol, which
have known anti-oxidant properties and may decrease
mortality [39]. Tea contains unique compounds, such as
epicatechin, catechin, epigallocatechin-3-gallate (EGCQG),
and other flavonoids. These can alleviate atherosclero-
sis, scavenge oxygen-free radicals, and attenuate inflam-
mation [40—42]. Third, many studies have indicated that
coffee and tea consumption are associated with a lower
risk of biological indicators related to mortality, such as
blood pressure, glucose, and triglycerides [43—45]. There-
fore, biological indicators could be controlled to reduce
the risk of mortality, but their role in these associations
needs to be further studied. Fourth, several interpreta-
tions could explain the interaction of smoking and drink-
ing. Smoking stimulates the metabolism and clearance of
caffeine, and thereby smokers have higher tolerance to
caffeine [46]. In other words, when consuming the same
amount of caffeine, nonsmokers have two to three times
higher plasma caffeine concentration than smokers [47].
For alcohol drinking, caffeine blocks the alcohol adeno-
sine A1 receptor, which antagonizes the adverse effects of
alcohol [48]. Finally, the protective effect of coffee and tea
consumption was significant for digestive disease mor-
tality. This is because the ingredients have the function
of secretion of bile acids, microbiome composition, and
fecal output to improve the digestive system environment
[49]. Future mechanistic work on the joint association
between coffee and tea consumption is needed before
more robust conclusions can be made.

The strengths of this study included the population-
based study design with a 15-year follow-up. To the best
of our knowledge, the present study is the first to assess
the combined associations of coffee and tea consumption
with mortality in the general population. More impor-
tantly, instead of assuming linearity between them, we
explored the dose-response relationship using restricted
cubic splines. We also examined the joint effect and
interaction between coffee and tea consumption, fully
adjusting for confounding factors. Despite the strengths
of the present study, several potential limitations should
be mentioned. First, data on coffee and tea consumption
were collected through self-reported questionnaires, and
potential response bias cannot be ruled out. Also, certain
baseline information is likely to vary with time during a
rather long follow-up period. Second, our conclusions
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Fig. 3 Multivariable HRs and 95% Cls of combined effect of coffee and tea consumption for all-cause and cause-specific mortality in subgroups.
Multivariable HRs for all-cause mortality among study participants who consumed combined < 1-2 cups/day of coffee and 2-4 cups/day of tea
versus those who drink neither coffee nor tea were adjusted for sex, age, ethnicity, education levels, BMI, smoking status, alcohol intake frequency,
physical activity, dietary pattern, general health status, hypertension, diabetes, and depression. *P for interaction between baseline characteristics
and combined consumption of coffee and tea with all-cause or cause-specific mortality. The risk estimates for other categories of combined
consumption of coffee and tea are shown in Table $3-512 in the Supplementary Appendix

may be affected by reverse causation, although results
were similar after excluding the first 3 years of follow-
up. Third, as with any observational study design, resid-
ual confounding is possible, especially for smoking.
Although we have adjusted for pack-years categories
of cigarette smoking, we could not avoid the possibil-
ity of residual effects due to unmeasured confounders
between former and current smokers. Fourth, due to the

large sample size in our study, the significance we found
such as the interaction between coffee and tea consump-
tion may be attained by chance, although similar results
were obtained in multiple sensitivity analyses. Finally, the
majority of participants are of European descent in the
UK biobank, and they are more health-conscious than
the general population [50]. Caution is therefore needed
when generalizing our findings to other ethnicities.
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Conclusions

Our results provided evidence that the association
between separate coffee consumption and the risk of all-
cause mortality was J-shaped, whereas that of separate
tea consumption was reverse J-shaped. Our findings do
not support that drinking excess coffee is inversely asso-
ciated with mortality. Our study underscores that it is
of vital significance to integrate < 1-2 cups/day of cof-
fee and 2—-4 cups/day of tea into diet patterns and health
management programs if observed associations are
causal. Further studies are warranted to confirm our find-
ings and clarify the potential mechanism by which com-
bined coffee and tea consumption are associated with
mortality.

Abbreviations

BMI: Body mass index; Cl: Confidence intervals; CVD: Cardiovascular disease;
DAG: Directed acyclic graph; HR: Hazard ratio; ICD: International Classifica-
tion of Diseases; IPAQ: The International Physical Activity Questionnaire; IQR:
Interquartile range; LRT: Likelihood ratio test; MICE: Multiple imputation using
chained equations.; SD: Standard deviation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-022-02636-2.

Additional file 1: Table S1. Diet component definitions used in the UK
Biobank study. Table S2. Multivariable HRs and 95% Cls of combined
effect of coffee and tea consumption on total and cause-specific mortal-
ity. Table S3. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortality
by sex. Table S4. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortality
by age group (<60 and >60 years). Table S5. Multivariable HRs and 95%
Cls of separate and combined effect of coffee and tea consumption on
total and cause-specific mortality by BMI. Table S6. Multivariable HRs and
95% Cls of separate and combined effect of coffee and tea consump-

tion on total and cause-specific mortality by physical activity. Table S7.
Multivariable HRs and 95% Cls of separate and combined effect of coffee
and tea consumption on total and cause-specific mortality by smoking
status. Table S8. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortality
by alcohol intake frequency. Table S9. Multivariable HRs and 95% Cls of
separate and combined effect of coffee and tea consumption on total and
cause-specific mortality by diet pattern. Table $10. Multivariable HRs and
95% Cls of separate and combined effect of coffee and tea consump-

tion on total and cause-specific mortality by depression. Table S11.
Multivariable HRs and 95% Cls of separate and combined effect of coffee
and tea consumption on total and cause-specific mortality by diabetes.
Table S12. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortality
by hypertension. Table $13. Multivariable HRs and 95% Cls of sepa-

rate and combined effect of coffee and tea consumption on total and
cause-specific mortality after exclusion of first three years of follow-up.
Table S14. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortal-
ity after exclusion patients with prevalent CVD and cancer at baseline.
Table S15. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortal-
ity adjusted for pack-years categories of cigarette smoking at baseline.
Table S16. Multivariable HRs and 95% Cls of separate and combined
effect of coffee and tea consumption on total and cause-specific mortality
unadjusted for depression at baseline. Table S17. Multivariable HRs and

Page 11 of 13

95% Cls of separate and combined effect of coffee and tea consumption
on total and cause-specific mortality using unimputed data. Figure S1.
Flowchart for the selection of the analyzed study sample from the UK
Biobank Study. Figure S2. Directed acyclic graph (DAG) derived from
previous literature and expert knowledge. Figure S3. The distribution of
combination of coffee and tea consumption.

Acknowledgements
We thank the participants of the UK Biobank. This research has been con-
ducted using the UK Biobank Resource under Application Number 45676.

Authors’ contributions

Y.W. conceptualized and designed the study. YW. and H.Y. had full access to all
data.Y.C. and Y.Z. performed the data analysis. Y.C. and Y.Z. drafted the manu-
script. M.Z. contributed to analysis and interpretation of data. H.Y. contributed
to revision of the manuscript and approved the final draft. All authors contrib-
uted to the intellectual content, critical revisions to the drafts of the paper and
approved the final version.

Funding

Y.W. received grants from the National Natural Science Foundation of China
(No. 71910107004) and National Natural Science Foundation of China (No.
91746205).

Availability of data and materials

The data that support the findings of this study are available from UK Biobank
(https://www.ukbiobank.ac.uk/), but restrictions apply to the availability of
these data, which were used under license for the current study, and so are
not publicly available. Data are however available from the authors upon
reasonable request and with permission of UK Biobank.

Declarations

Ethics approval and consent to participate

UK Biobank has ethics approval from the North West Multi-Centre Research
Ethics Committee (11/NW/0382). Appropriate informed consent was obtained
from participants and ethical approval was covered by the UK Biobank. This
research has been conducted using the UK Biobank Resource under the
project number of 45676.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'School of Public Health, Tianjin Medical University, Qixiangtai Road 22, Heping
District, Tianjin 300070, China. 2School of Basic Medical Sciences, Tianjin Medical
University, Qixiangtai Road 22, Heping District, Tianjin 300070, China.

Received: 18 July 2022 Accepted: 24 October 2022
Published online: 18 November 2022

References

1. Kondo, Goto A, Noma H, Iso H, Hayashi K, Noda M. Effects of coffee and
tea consumption on glucose metabolism: a systematic review and net-
work meta-analysis. Nutrients. 2018:11(1). https://doi.org/10.3390/nu110
10048.

2. Ding M, Bhupathiraju SN, Satija A, van Dam RM, Hu FB. Long-term coffee
consumption and risk of cardiovascular disease: a systematic review and
a dose-response meta-analysis of prospective cohort studies. Circula-
tion. 2014;129(6):643-59. https://doi.org/10.1161/CIRCULATIONAHA.113.
005925.

3. NieJ,YuC GuoY,PeiP, Chen L, Pang, et al. Tea consumption and long-
term risk of type 2 diabetes and diabetic complications: a cohort study of


https://doi.org/10.1186/s12916-022-02636-2
https://doi.org/10.1186/s12916-022-02636-2
https://www.ukbiobank.ac.uk/
https://doi.org/10.3390/nu11010048
https://doi.org/10.3390/nu11010048
https://doi.org/10.1161/CIRCULATIONAHA.113.005925
https://doi.org/10.1161/CIRCULATIONAHA.113.005925

Chen et al. BMC Medicine

20.

21

22.

(2022) 20:449

0.5 million Chinese adults. Am J Clin Nutr. 2021;114(1):194-202. https://
doi.org/10.1093/ajcn/ngab006.

Yu C,Tang H, Guo Y, Bian Z, Yang L, ChenYY, et al. Hot tea consump-

tion and its interactions with alcohol and tobacco use on the risk for
esophageal cancer: a population-based cohort study. Ann Intern Med.
2018;168(7):489-97. https://doi.org/10.7326/M17-2000.

Park SY, Freedman ND, Haiman CA, Le Marchand L, Wilkens LR,

Setiawan VW. Association of Coffee consumption with total and cause-
specific mortality among nonwhite populations. Ann Intern Med.
2017;167(4):228-35. https://doi.org/10.7326/M16-2472.

Chung M, Zhao N, Wang D, Shams-White M, Karlsen M, Cassidy A, et al.
Dose-response relation between tea consumption and risk of cardiovas-
cular disease and all-cause mortality: a systematic review and meta-anal-
ysis of population-based studies. Adv Nutr. 2020;11(4):790-814. https.//
doi.org/10.1093/advances/nmaa010.

ZhaoY,Wu K, Zheng J, Zuo R, Li D. Association of coffee drinking with
all-cause mortality: a systematic review and meta-analysis. Public Health
Nutr. 2015;18(7):1282-91. https://doi.org/10.1017/51368980014001438.
de Koning Gans JM, Uiterwaal CS, van der Schouw YT, Boer JM, Grobbee
DE, Verschuren WM, et al. Tea and coffee consumption and cardiovascular
morbidity and mortality. Arterioscler Thromb Vasc Biol. 2010;30(8):1665—
71. https://doi.org/10.1161/ATVBAHA.109.201939.

Montagnana M, Favaloro EJ, Lippi G. Coffee intake and cardiovascular
disease: virtue does not take center stage. Semin Thromb Hemost.
2012;38(2):164-77. https://doi.org/10.1055/5-0032-1301414.

Loftfield E, Cornelis MC, Caporaso N, Yu K, Sinha R, Freedman N.
Association of coffee drinking with mortality by genetic variation in
caffeine metabolism: findings from the UK Biobank. JAMA Intern Med.
2018;178(8):1086-97. https://doi.org/10.1001/jamainternmed.2018.2425.

. Freedman ND, Park Y, Abnet CC, Hollenbeck AR, Sinha R. Association of

coffee drinking with total and cause-specific mortality. N Engl J Med.
2012;366(20):1891-904. https://doi.org/10.1056/NEJMoa1112010.
KokuboY, Iso H, Saito |, Yamagishi K, Yatsuya H, Ishihara J, et al. The impact
of green tea and coffee consumption on the reduced risk of stroke
incidence in Japanese population: the Japan public health center-based
study cohort. Stroke. 2013;44(5):1369-74. https://doi.org/10.1161/STROK
EAHA.111.677500.

Zhang Y, Yang H, Li S, LiWD, Wang Y. Consumption of coffee and tea and
risk of developing stroke, dementia, and poststroke dementia: a cohort
study in the UK Biobank. PLoS Med. 2021;18(11):e1003830. https.//doi.
0rg/10.1371/journal.pmed.1003830.

Komorita Y, Iwase M, Fujii H, Ohkuma T, Ide H, Jodai-Kitamura T, et al. Addi-
tive effects of green tea and coffee on all-cause mortality in patients with
type 2 diabetes mellitus: the Fukuoka Diabetes Registry. BMJ Open Dia-
betes Res Care. 2020;8:1. https://doi.org/10.1136/bmjdrc-2020-001252.
Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK
biobank: an open access resource for identifying the causes of a

wide range of complex diseases of middle and old age. PLoS Med.
2015;12(3):21001779. https://doi.org/10.1371/journalpmed.1001779.
Palmer LJ. UK Biobank: bank on it. Lancet. 2007;369(9578):1980-2. https.//
doi.org/10.1016/50140-6736(07)60924-6.

Collins R. What makes UK Biobank special? Lancet. 2012;379(9822):1173—
4. https://doi.org/10.1016/50140-6736(12)60404-8.

Inoue-Choi M, Ramirez Y, Cornelis MC. Berrington de Gonzalez A, Freed-
man ND, Loftfield E: Tea consumption and all-cause and cause-specific
mortality in the UK Biobank : a prospective cohort study. Ann Intern Med.
2022;175(9):1201-11. https://doi.org/10.7326/M22-0041.

Liu D, Li ZH, Shen D, Zhang PD, Song WQ, Zhang WT, et al. Association of
sugar-sweetened, artificially sweetened, and unsweetened coffee con-
sumption with all-cause and cause-specific mortality : a large prospective
cohort study. Ann Intern Med. 2022;175(7):.909-17. https://doi.org/10.
7326/M21-2977.

Textor J, Hardt J, Knuppel S. DAGitty: a graphical tool for analyzing causal
diagrams. Epidemiology. 2011;22(5):745. https://doi.org/10.1097/EDE.
0b013e318225¢2be.

McEvoy CT, Guyer H, Langa KM, Yaffe K. Neuroprotective diets are associ-
ated with better cognitive function: the health and retirement study. J
Am Geriatr Soc. 2017;65(8):1857-62. https://doi.org/10.1111/jgs.14922.
Mozaffarian D. Dietary and policy priorities for cardiovascular disease, dia-
betes, and obesity: a comprehensive review. Circulation. 2016;133(2):187-
225. https://doi.org/10.1161/CIRCULATIONAHA.115.018585.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 12 of 13

Liao SG, Lin Y, Kang DD, Chandra D, Bon J, Kaminski N, et al. Missing
value imputation in high-dimensional phenomic data: imputable or not,
and how? BMC Bioinformatics. 2014;15:346. https://doi.org/10.1186/
$12859-014-0346-6.

Desquilbet L, Mariotti F. Dose-response analyses using restricted

cubic spline functions in public health research. Statistics in medicine.
2010;29(9):1037-57. https://doi.org/10.1002/5im.3841.

Sepidarkish M, Omani-Samani R, Mansournia MA, Yekaninejad MS,
Mardi-Mamaghani A, Vesali S, et al. The casual effect of lifestyle factors
on outcomes of assisted reproductive techniques: a protocol study on
Iranian infertile couples. Reprod Health. 2018;15(1):210. https://doi.org/
10.1186/512978-018-0655-8.

Patel MI, Wang A, Kapphahn K, Desai M, Chlebowski RT, Simon MS, et al.
Racial and ethnic variations in lung cancer incidence and mortality:
results from the Women's Health Initiative. J Clin Oncol. 2016;34(4):360-8.
https://doi.org/10.1200/JC0O.2015.63.5789.

Nordestgaard AT, Nordestgaard BG. Coffee intake, cardiovascular disease
and all-cause mortality: observational and Mendelian randomization
analyses in 95 000-223 000 individuals. Int J Epidemiol. 2016;45(6):1938-
52. https://doi.org/10.1093/ije/dyw325.

Ruggiero E, Di Castelnuovo A, Costanzo S, Persichillo M, De Curtis A,
Cerletti C, et al. Daily coffee drinking is associated with lower risks of
cardiovascular and total mortality in a general italian population: results
from the Moli-sani study. J Nutr. 2021;151(2):395-404. https://doi.org/10.
1093/jn/nxaa365.

Kim SA, Tan LJ, Shin S. Coffee consumption and the risk of all-cause and
cause-specific mortality in the Korean population. J Acad Nutr Diet.
2021;121(11):2221-32 €2224. https://doi.org/10.1016/j,jand.2021.03.014.
Wang X, Liu F, Li J, Yang X, Chen J, Cao J, et al. Tea consumption and the
risk of atherosclerotic cardiovascular disease and all-cause mortality: the
China-PAR project. Eur J Prev Cardiol. 2020;27(18):1956-63. https://doi.
org/10.1177/2047487319894685.

Grosso G, Micek A, Godos J, Sciacca S, Pajak A, Martinez-Gonzalez MA,

et al. Coffee consumption and risk of all-cause, cardiovascular, and
cancer mortality in smokers and non-smokers: a dose-response meta-
analysis. Eur J Epidemiol. 2016;31(12):1191-205. https://doi.org/10.1007/
$10654-016-0202-2.

Saito E, Inoue M, Sawada N, Shimazu T, Yamaji T, Iwasaki M, et al.
Association of green tea consumption with mortality due to all causes
and major causes of death in a Japanese population: the Japan Public
Health Center-based Prospective Study (JPHC Study). Ann Epidemiol.
2015;25(7):512-8 e513. https://doi.org/10.1016/j.annepidem.2015.03.007.
Gunter MJ, Murphy N, Cross AJ, Dossus L, Dartois L, Fagherazzi G, et al.
Coffee drinking and mortality in 10 European countries: a multinational
cohort study. Ann Intern Med. 2017;167(4):236-47. https://doi.org/10.
7326/M16-2945.

van Dam RM, Hu FB, Willett WC. Coffee, caffeine, and health. N Engl J
Med. 2020;383(4):369-78. https://doi.org/10.1056/NEJMra1816604.

Zijp IM, Korver O, Tijburg LB. Effect of tea and other dietary factors on iron
absorption. Crit Rev Food Sci Nutr. 2000;40(5):371-98. https://doi.org/10.
1080/10408690091189194.

Martini D, Del Bo C, Tassotti M, Riso P, Del Rio D, Brighenti F, et al. Coffee
consumption and oxidative stress: a review of human intervention stud-
ies. Molecules. 2016:21(8). https://doi.org/10.3390/molecules21080979.
Lopez-Garcia E, van Dam RM, Qi L, Hu FB. Coffee consumption and mark-
ers of inflammation and endothelial dysfunction in healthy and diabetic
women. Am J Clin Nutr. 2006;84(4):888-93. https://doi.org/10.1093/ajcn/
84.4.888.

Tran KT, Coleman HG, McMenamin UC, Cardwell CR. Coffee consump-
tion by type and risk of digestive cancer: a large prospective cohort
study. Br J Cancer. 2019;120(11):1059-66. https://doi.org/10.1038/
$41416-019-0465-y.

Grosso G, Micek A, Godos J, Pajak A, Sciacca S, Galvano F, et al. Dietary
flavonoid and lignan intake and mortality in prospective cohort studies:
systematic review and dose-response meta-analysis. Am J Epidemiol.
2017;185(12):1304-16. https://doi.org/10.1093/aje/kww207.

Wang W, Zhang ZZ, Wu Y, Wang RQ, Chen JW, Chen J, et al. Xu ZD et al:
(-)-Epigallocatechin-3-gallate ameliorates atherosclerosis and modulates
hepatic lipid metabolic gene expression in apolipoprotein E knockout
mice: involvement of TTC39B. Front Pharmacol. 2018;9:195. https://doi.
0rg/10.3389/fphar.2018.00195.


https://doi.org/10.1093/ajcn/nqab006
https://doi.org/10.1093/ajcn/nqab006
https://doi.org/10.7326/M17-2000
https://doi.org/10.7326/M16-2472
https://doi.org/10.1093/advances/nmaa010
https://doi.org/10.1093/advances/nmaa010
https://doi.org/10.1017/S1368980014001438
https://doi.org/10.1161/ATVBAHA.109.201939
https://doi.org/10.1055/s-0032-1301414
https://doi.org/10.1001/jamainternmed.2018.2425
https://doi.org/10.1056/NEJMoa1112010
https://doi.org/10.1161/STROKEAHA.111.677500
https://doi.org/10.1161/STROKEAHA.111.677500
https://doi.org/10.1371/journal.pmed.1003830
https://doi.org/10.1371/journal.pmed.1003830
https://doi.org/10.1136/bmjdrc-2020-001252
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1016/S0140-6736(07)60924-6
https://doi.org/10.1016/S0140-6736(07)60924-6
https://doi.org/10.1016/s0140-6736(12)60404-8
https://doi.org/10.7326/M22-0041
https://doi.org/10.7326/M21-2977
https://doi.org/10.7326/M21-2977
https://doi.org/10.1097/EDE.0b013e318225c2be
https://doi.org/10.1097/EDE.0b013e318225c2be
https://doi.org/10.1111/jgs.14922
https://doi.org/10.1161/CIRCULATIONAHA.115.018585
https://doi.org/10.1186/s12859-014-0346-6
https://doi.org/10.1186/s12859-014-0346-6
https://doi.org/10.1002/sim.3841
https://doi.org/10.1186/s12978-018-0655-8
https://doi.org/10.1186/s12978-018-0655-8
https://doi.org/10.1200/JCO.2015.63.5789
https://doi.org/10.1093/ije/dyw325
https://doi.org/10.1093/jn/nxaa365
https://doi.org/10.1093/jn/nxaa365
https://doi.org/10.1016/j.jand.2021.03.014
https://doi.org/10.1177/2047487319894685
https://doi.org/10.1177/2047487319894685
https://doi.org/10.1007/s10654-016-0202-2
https://doi.org/10.1007/s10654-016-0202-2
https://doi.org/10.1016/j.annepidem.2015.03.007
https://doi.org/10.7326/M16-2945
https://doi.org/10.7326/M16-2945
https://doi.org/10.1056/NEJMra1816604
https://doi.org/10.1080/10408690091189194
https://doi.org/10.1080/10408690091189194
https://doi.org/10.3390/molecules21080979
https://doi.org/10.1093/ajcn/84.4.888
https://doi.org/10.1093/ajcn/84.4.888
https://doi.org/10.1038/s41416-019-0465-y
https://doi.org/10.1038/s41416-019-0465-y
https://doi.org/10.1093/aje/kww207
https://doi.org/10.3389/fphar.2018.00195
https://doi.org/10.3389/fphar.2018.00195

Chen et al. BMC Medicine

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2022) 20:449

Teramoto M, Muraki |, Yamagishi K, Tamakoshi A, Iso H. Green tea and cof-
fee consumption and all-cause mortality among persons with and with-
out stroke or myocardial infarction. Stroke. 2021;52(3):957-65. https://doi.
org/10.1161/STROKEAHA.120.032273.

Oyama JI, Shiraki A, Nishikido T, Maeda T, Komoda H, Shimizu T, et al.
EGCG, a green tea catechin, attenuates the progression of heart failure
induced by the heart/muscle-specific deletion of MnSOD in mice. J
Cardiol. 2017;69(2):417-27. https://doi.org/10.1016/jjcc.2016.05.019.
Chei CL, Loh JK, Soh A, Yuan JM, Koh WP. Coffee, tea, caffeine, and

risk of hypertension: the Singapore Chinese Health Study. Eur J Nutr.
2018;57(4):1333-42. https://doi.org/10.1007/500394-017-1412-4.

van Dam RM, Willett WC, Manson JE, Hu FB. Coffee, caffeine, and risk of
type 2 diabetes: a prospective cohort study in younger and middle-aged
U.S. women. Diabetes Care. 2006;29(2):398-403. https://doi.org/10.2337/
diacare.29.02.06.dc05-1512.

Cornelis MC, van Dam RM. Habitual coffee and tea consumption and
cardiometabolic biomarkers in the UK Biobank: the role of beverage
types and genetic variation. J Nutr. 2020;150(10):2772-88. https://doi.org/
10.1093/jn/nxaa212.

Kroon LA. Drug interactions and smoking: raising awareness for acute
and critical care providers. Crit Care Nurs Clin North Am. 2006;18(1):53-
62, xii. https://doi.org/10.1016/j.ccell.2005.11.007.

de Leon J, Diaz FJ, Rogers T, Browne D, Dinsmore L, Ghosheh OH, et al. A
pilot study of plasma caffeine concentrations in a US sample of smoker
and nonsmoker volunteers. Prog Neuropsychopharmacol Biol Psychiatry.
2003;27(1):165-71. https://doi.org/10.1016/50278-5846(02)00348-2.
Ferre S, O'Brien MC. Alcohol and caffeine: the perfect storm. J Caffeine
Res. 2011;1(3):153-62. https://doi.org/10.1089/jcr.2011.0017.

Schmit SL, Rennert HS, Rennert G, Gruber SB. Coffee consumption

and the risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev.
2016;25(4):634-9. https://doi.org/10.1158/1055-9965.EPI-15-0924.

Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al.
Comparison of sociodemographic and health-related characteristics

of UK Biobank participants with those of the general population. Am J
Epidemiol. 2017;186(9):1026-34. https://doi.org/10.1093/aje/kwx246.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1161/STROKEAHA.120.032273
https://doi.org/10.1161/STROKEAHA.120.032273
https://doi.org/10.1016/j.jjcc.2016.05.019
https://doi.org/10.1007/s00394-017-1412-4
https://doi.org/10.2337/diacare.29.02.06.dc05-1512
https://doi.org/10.2337/diacare.29.02.06.dc05-1512
https://doi.org/10.1093/jn/nxaa212
https://doi.org/10.1093/jn/nxaa212
https://doi.org/10.1016/j.ccell.2005.11.007
https://doi.org/10.1016/s0278-5846(02)00348-2
https://doi.org/10.1089/jcr.2011.0017
https://doi.org/10.1158/1055-9965.EPI-15-0924
https://doi.org/10.1093/aje/kwx246

	Consumption of coffee and tea with all-cause and cause-specific mortality: a prospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and population
	Assessment of coffee and tea consumption
	Assessment of covariates
	Ascertainment of outcomes
	Statistical analyses
	Sensitivity analysis

	Results
	Characteristics of the study population
	Nonlinear association between separate coffee and tea consumption with mortality
	Separate coffee and tea consumption with mortality
	Effects of combined coffee and tea consumption on mortality
	Subgroup analyses
	Sensitivity analyses

	Discussion
	Conclusions
	Acknowledgements
	References


