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Abstract
Although biological evidence suggests that tea consumption may protect against non-Hodgkin lymphoma (NHL), epidemiological evidence has
been unclear. The aim of this study was to examine the association between tea-drinking habits and the risk of NHL in a large nationwide
prospective cohort of postmenopausal US women. 68 854 women who were enrolled from 1993 through 1998 in the Women’s Health
Initiative Observational Study and responded to year 3 annual follow-up questionnaire comprised the analytic cohort. Newly diagnosed
NHL cases after the year 3 visit were confirmed by medical and pathology reports. Multivariable-adjusted Cox proportional hazards models
were performed to assess the associations of tea-drinking habits (specifically, the amounts of caffeinated/herbal/decaffeinated tea intake) with
the overall risk of NHL and three major subtypes (diffuse large B-cell lymphoma (n 195, 0·3 %), follicular lymphoma (n 128, 0·2 %) and chronic
lymphocytic leukaemia/small lymphocytic lymphoma (n 51, 0·1 %)). Among 62 622 participants, a total of 663 (1·1 %) women developed NHL
during a median follow-up of 16·51 (SD 6·20) years. Overall, different amounts of type-specific tea intake were not associated with the risk of
NHL regardless of its histologic subtypes after adjustment for confounders. Our findings suggest that tea intake at the current consumption level
does not influence the risk of NHL, regardless of its histologic types.

Key words: Herbal tea: Teas: Diffuse large B-cell lymphoma: Follicular lymphoma: Small lymphocytic lymphoma: Chronic
lymphocytic leukaemia

Non-Hodgkin lymphoma (NHL) accounts for approximately
4·2 % of all cancer diagnoses, and about 720 000 people are
living with NHL in the USA. Based on the estimate from the
American Cancer Society, around 81 560 people are projected
to be diagnosed with NHL in 2021(1). In addition, the incidence
of NHL substantially increased in 1970 and then stabilised(2).
However, the risks vary considerably in subtypes of NHL; in
particular, the occurrence of diffuse large B-cell lymphoma
remained stable, whereas the incidence of indolent B-cell
lymphomas and T-cell NHL greatly rose from 1989 to 2007(3).

Studies have revealed that NHL cases were more likely to be
diagnosed at older ages(4) among White people in the USA(5)

Moreover, chronic inflammation(6), including systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA)(7), is a known
risk factor for NHL overall, except for certain subtypes of NHL.
In addition, family history of any cancer is one of the established
risk factors for NHL(6). Besides, studies indicate that lifestyle
factors such as smoking(8), higher alcohol consumption(9) and
lack of physical activity (PA)(10) are adverse risk factors for
certain NHL subtypes. However, the aetiology of most of the
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cases of NHL is largely unexplored(6). Thus, identifying modifi-
able risk factors for NHL is critical for NHL prevention.

Tea (Camellia sinensis; Theaceae) is one of the most popular
beverages worldwide and is recognised as an antioxidant drink
because of its wealth of bioactive compounds, leading to intense
antioxidant activity in the body(11). Traditionally, tea is defined
by their formation process; for example, green tea is unfer-
mented and black tea is completely fermented. At present, teas
have been hypothesised to be associated with the risk of devel-
oping cancers, such as colorectal cancer, urinary tract cancer and
NHL(12–19). The beneficial impacts of tea are derived from diverse
bioactive compounds, including flavonoids, L-theanine, theafla-
vins, caffeine, catechins, etc. Specifically, evidence from in vivo
and in vitro studies(20–22) has indicated that the aforementioned
substances could exert anticancer effects protect against various
types of haematologic and solid malignancies by inhibiting
angiogenesis through the inhibition of cell proliferation and
through mediating apoptosis of haematologic malignancies(16).
Another major bioactive compound found in tea, caffeine
(1,3,7-trimethylxanthine), has been recognised as a cancer-
fighting property in humans since it can down-regulate
the expression of many Wnt signalling proteins viz. cyclin
D1 and apoptosis regulator Bcl-2(23). In addition, some of
these bioactive compounds in tea may act synergistically in
anticancer action(20).

Thus far, epidemiological evidence on the association
between tea intake and the risk of developing NHL is
inconclusive(12,13,15–19,24). A Japanese study showed that tea
intake was statistically significantly related to a lower risk of
NHL among male and female aged 40–79 years(16). However,
a case–control study performed in the northeastern part of
Italy(24) indicated that caffeinated tea but not decaffeinated or
herbal tea was positively associated with a higher risk of NHL.
Other observational studies showed no associations between
tea intake and risk of NHL(12,13,15,17–19). These inconsistencies
may be due to small numbers of cases, different scales to assess
tea intake, different types of tea consumption or different study
populations. Besides, the evidence on examining associations
between tea-drinking habits and NHL subtypes has also been
insufficient. On the other hand, herbal tea, made from a wide
variety of dried fruits, flowers, spices or herbal infusions rather
than Camellia sinensis, contains manymonomeric flavonoids(25).
Despite evidence indicates that a possible beneficial association
has been observed between herbal tea and solid tumour risk(26),
the epidemiological evidence remains scarce for haematologic
malignancies at present.

Existing evidence also suggests that the level of tea consump-
tion andNHL risk ormortalitymay vary across ethnicity. Notably,
tea consumption was about 8·5 times higher in Asian compared
with White(27); whereas higher risk and higher mortality rate of
NHL were found among White populations, compared with
Asian populations(5). The difference in the occurrence of
malignant lymphomas between different racial groups may be
partly explained by tea-drinking habits. Additionally, previous
findings indicate that tea protects against cigarette smoke-
induced apoptosis(28). Moreover, tea consumption is correlated
with age(29), and it is related to decreased risk of obesity(30).
However, previous studies on NHL have not investigated the

effect modification on tea intake by age, smoking status, alcohol
consumption, BMI or racial group.

Given these mixed findings and limitations, we aimed to
assess whether tea-drinking habits, such as the amount of
type-specific tea intake, were associated with risks of NHL
and its major subtypes among the Women’s Health Initiative
Observational Study (WHI-OS)(31).

Methods

Study population

The Women’s Health Initiative (WHI) is a large, prospective
study with long-term follow-up, which consists of three clinical
trials (n 68 132) and an observational study (n 93 676). The study
cohort comprised 161 808 postmenopausal women aged 50–79
who were recruited from forty clinical sites throughout the USA
between 1993 and 1998. Information on the WHI design is
described elsewhere(32). All adjudicated primary cancers for
observational study participants were updated through
1 March 2019. The WHI study protocol was reviewed and
approved by the Fred Hutchinson Cancer Research Center
(Fred Hutch) and the institutional review board at each partici-
pating institution.

Our follow-up baseline was year 3; specifically, participants
were eligible for the current analyses if they responded
to the year 3 follow-up questionnaire in the WHI-OS, which
included information on the amount of type-specific tea intake
(caffeinated/herbal/decaffeinated tea). Other information on
covariates was collected from the year 3 follow-up question-
naire, except for education level, pack-years of smoking group,
total energy intake, hypertension status and treatments, RA, SLE,
racial or ethnic group, family history of any type of cancer and
type 2 diabetes mellitus (T2DM), which were measured at WHI-
OS baseline. In total, 82 568 postmenopausal women were
initially included in the analysis. Moreover, we excluded women
who reported any cancer history prior to annual visit year 3
(other than non-melanoma skin cancer, n 8819), women who
died or were lost to follow-up or developed NHL before year 3
visit (i.e. women who reported NHL history at baseline WHI
screening visit or who had incident NHL between WHI baseline
and year 3, n 313) and women who had missing responses for
primary exposures of interest, such as regular (caffeinated) tea
intake (n 1651), herbal tea intake (n 2277) and decaffeinated
tea intake(n 2865), the sample comprised 68 854 women. We
further excluded 6232 women with missing data on the main
covariate variables (racial and ethnic group (n 181), education
levels (n 517), recreational PA (n 104), pack-years of smoking
(n 2392), alcohol use (n 208), hormone therapy use for last
2 years (HRT, n 1341), hypertension status and treatments
(n 1119), RA (n 470), SLE (n 815)). The final analytic cohort
comprised 62 622 participants (Fig. 1).

Exposure measures

Tea-drinking habits were recorded and collected from self-
administered standardised observational study questionnaires
at year 3. The information addressing habitual tea intake asked
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about: ‘Howmany cups of regular tea (not herbal, not decaf) did
you drink per week in past 3 months, ‘Howmany cups of herbal
tea did you drink per week in past 3 months’ and ‘How many
cups of decaffeinated tea did you drink per week in past
3 months’. The information on the frequency of tea-drinking
was collapsed for analyses to four levels (non-drinkers,
< 1 cup per week, 1–6 cups per week or≥ 7 cups per week)
(1 cup= 0·237 l) because the number of participants in the latter
levels was relatively sparse. In addition, tea-drinking statuses
were merged into two levels (non-drinkers, tea drinkers) for
chronic lymphocytic leukaemia/small lymphocytic lymphoma in
herbal tea intake and decaffeinated tea intake due to sparse data.

Outcome ascertainment

The primary outcome of interest was the incidence of NHL. In
general, new NHL cases, occurring after annual visit year 3, at
which time our exposure variables (tea-drinking habits) were
reported, was collected. Newly diagnosed NHL patients were
first identified by self-reports through mail or telephone ques-
tionnaires and third-party reports and were further confirmed
by centralised trained cancer adjudicators based on medical
records and pathology reports from hospitals or laboratories(33).
Women who self-reported a different diagnosis but were found
upon review of medical pathology records to have NHL were
considered as NHL cases. Classification and histology of tumours
in the WHI were based on the Surveillance, Epidemiology, and
End Results guidelines. The case morphology classification code
used ICD-O-3 coding(33).

Three major subtypes of NHL were further examined in
the current study, including diffuse large B-cell lymphoma
(ICD-O-3 codes: 9678/3–9680/3 and 9684/3), follicular
lymphoma (ICD-O-3 codes: 9690/3–9698/3) and chronic
lymphocytic leukaemia/small lymphocytic lymphoma (ICD-O-3
codes: 9823/3 and 9670/3).

Follow-up duration was defined from the year 3 visit to the
date of NHL diagnosis, the date of death or the last date of
follow-up (1 March 2019), whichever occurred first.

Other covariates

Potential confounders(4–6,8–10) in the models included socio-
demographic variables: age group (50–59, 60–69 and 70–79þ),
racial or ethnic group (American Indian or Alaska Native, Asian
or Pacific Islander, Black or African American, Hispanic White/
Latino,White (not ofHispanic origin) andother), educational level
(high school diploma and below, school after high school, college
degree or higher)); lifestyle risk factors: BMI group (BMI,
body weight in kilograms divided by squared body height in
meters:< 25 kg/m2, 25 to< 30 kg/m2, 30 to< 35 kg/m2,
≥ 35 kg/m2), total energy intake (kcal/d), alcohol use
(non-drinkers or past drinkers,≤ 3 drinks per month, 1–4 drinks
per week and≥ 5 drinks per week), pack-years of smoking
(non-smokers,< 5, 5–20,≥ 20), recreational PA (total metabolic
equivalents of energy expenditures per week (MET-hours/
week)(10), PA:< 5, 5–10, 10–20, 20–30 and> 30); and clinical risk
factors/current medical conditions factors: hypertension status
and treatment (no hypertension, untreated hypertension, treated
hypertension), family history of any cancer (yes/no), hormone
therapy use for last 2 years (HT: never use, oestrogen alone use,
progesterone alone use, oestrogen or progesterone use, both
use), RA (yes/no), SLE (yes/no) and T2DM (no diabetes, diabetes
without treatment, diabetes with treatment).

Statistical analysis

Socio-demographic factors, lifestyle factors and medical condi-
tions were examined by tea intake status. The frequencies of
those selected categorical risk factors with percentage N (%)
were presented. Mean and standard deviation of the selected
continuous risk factors were calculated.

Fig. 1. Algorithm of study participants for tea intake and the risk of non-Hodgkin lymphoma.
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Incidence rates of newly diagnosed NHL and three subtypes
of NHL were estimated using person-years as the denominator
(number of cases/person-years × 10 000). Cox proportional
hazards regressionmodels were applied to evaluate associations
between the amount of type-specific tea intake (caffeinated/
herbal/decaffeinated tea) and the risk of NHL. Moreover, asso-
ciations of tea-drinking habits with risks of the three major
subtypes of NHL were further examined (diffuse large B-cell
lymphoma: n 195, 0·3 %; follicular lymphoma: n 128, 0·2 %
and chronic lymphocytic leukaemia/small lymphocytic
lymphoma: n 51, 0·1 %). The rest of the NHL cases (n 289) were
considered as a heterogeneous group and were not assessed in
separate analyses. To avoid confounding, age-adjusted and
multivariable-adjusted models were conducted. Hazard ratios
and 95 % CI are presented. In the multivariable-adjusted models,
potential confounders(4–6,8–10), including age group, racial or
ethnic group, education, BMI group, alcohol use, pack-years
of smoking group, PA, hypertension status and treatments,
family history of any cancer, HT, RA, SLE and T2DM and
treatments, were adjusted. Tests for trends were performed
to determine whether or not a significant dose–response
effect exists by modelling the ordinal variables as continuous
variables. Interactions between tea intake (caffeinated/herbal/
decaffeinated tea), selected categorical covariates (age group
(50–59, 60–69 and 70–79þ), BMI group (< 25 kg/m2, 25 to
< 30 kg/m2, 30 to< 35 kg/m2,≥ 35 kg/m2), pack-years of
smoking group (non-smokers,< 5, 5–20,≥ 20), racial or ethnic
group (White (not of Hispanic origin)/others) and alcohol use
(non-drinkers or past drinkers,≤ 3 drinks per month, 1–4 drinks
per week and≥ 5 drinks per week)) and risk of NHLwere exam-
ined in the multivariable-adjusted models. Additionally, mode
imputation, a popular method that replaces missing data for
categorical variables with mode values of the corresponding
variables, was applied to reduce bias(34). Furthermore, we
repeated the analyses for associations of tea-drinking habits
(caffeinated/herbal/decaffeinated tea) with risks of NHL after
excluding the first 5 years of follow-up to minimise possible
reverse causality.

All analyses were conducted using SAS statistical software,
version 9.4 (SAS Institute). P-values were two-tailed, and
P-values≤ 0·05 were considered statistically significant.

Results

During a median 16·51-year follow-up (range, 0·01–21·22 years,
(SD 6·20) years), 663 (1·1 %) were diagnosed with NHL among
62 622 participants.

Overall, frequent regular tea drinkers (≥ 7 cups/week)
tended to be individuals who were Asian/Pacific Islanders
(23·6 %), who had the highest education level (15·6 %), with
the oldest age (70–70þ) (16·5 %), who had the lowest BMI
(< 25) (16·6 %) and never used hormone therapy at last 2 years
(16·1 %) and who did not have T2DM (15·6 %), while non-tea
drinkers were more likely to be non-alcohol drinkers or past
drinkers (51·4 %), heavy smokers (50·5 %), with the highest
physically active (≥ 30 METs-hours/week) (49·1 %) (Table 1).
Similar distributions were obtained for herbal tea intake and

decaffeinated tea intake, except for hypertension and treatment
status (online Supplementary Tables S1–S2); especially, individ-
uals with treated hypertension were more commonly found in
non-herbal tea drinkers (64·4 %), while women with untreated
hypertension were commonly observed among non-decaffein-
ated tea consumers (76·9 %).

The number of person-years by main exposures of interest
and incidence rates is summarised in Tables 2 and 3 and online
Supplementary Table S3. Besides, results from Cox proportional
hazard regression models examining associations of caffeinated
tea intake with risk of NHL overall are summarised in Table 2.
There were no significant associations between caffeinated tea
intake and occurrence of NHL, irrespective of histologic subtype.
Similar associations were observed for decaffeinated tea intake
(online Supplementary Table S3). Although the increased
amount of herbal tea intake was non-significantly associated
with the decreased risks of NHL (hazard ratios (95 % CI) for
< 1 cup per week, 1–6 cups per week and≥ 7 cups per week:
1·19 (0·96–1·46), 1·01 (0·82, 1·24), 0·74 (0·52, 1·05); P-value:
0·10) after controlling for potential confounders (Table 3), there
were no significant dose–response associations among women
who had tea-drinking habits in current analyses (Tables 2, online
Supplementary Table S3, P-values for trend test> 0·05), and
results were similarly null for NHL subtypes. Additionally,
we searched for interactions between tea-drinking habits,
selected categorical variables (age group, BMI group,
pack-years of smoking group, racial or ethnic group and alcohol
use) and risk of NHL, no interactions were found (online
Supplementary Tables S4–S8, P-values> 0·05). Furthermore,
the results obtained by the mode imputation remained similar,
and no significant changes were found between habitual tea
intake and overall risks of NHL and its subtypes (P-value> 0·05)
regardless of the amounts of tea intake and types of tea intake in
the age-adjusted model and multivariable-adjusted models (data
not shown). In order to minimise possible reverse causality, we
performed additional analyses and excluded the first 5 years after
being exposed to tea intake; however, the associations between
tea-drinking habits and risk of NHL remained non-significant
(data not shown).

Discussion

Overall, in a large cohort of postmenopausal women with more
than 20 years of follow-up, different amounts of type-specific tea
intake (caffeinated/herbal/decaffeinated tea) were not associ-
ated with the risk of NHL irrespective of histology.

Thus far, findings on the associations between the different
amounts of type-specific tea intake and the risk of NHL have
been inconsistent(12,13,15–19). The inconsistencies may be partly
due to the certain tea types. For example, a beneficial association
of heavy green tea intake on the risk of NHLwas observed in one
Japanese study(16). Green tea is especially rich in polyphenols
(catechins and gallocatechin), and these compounds can induce
apoptosis in lymphoma cells by inhibiting DNA replication(35,36).
However, all analyses among Western countries, such as
Sweden(15) and USA(12,18), where black tea-drinking is prevalent,
there were no statistically significant associations between tea
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Table 1. General characteristics of study participants at year 3 according to regular tea consumed among the postmenopausal women, Women’s Health
Initiative Observational Study
(Numbers and percentages, n 62 622)

Cups of the regular tea consumed at year 3

Non-drinkers
(n 29 229)

< 1 cup per
week

(n 9908)

1–6 cups per
week

(n 13 758)
≥7 cups per
week (n 9727) N 62 622

n % n % n % n % n %

Socio-demographic factors
Age at year 3
Mean 66·3 65·8 66·4 66·7 66·3
SD 7·3 7·3 7·3 7·2 7·3

Age group at year 3
50–59 6296 47·0 2315 17·3 2904 21·7 1892 14·1 13 407
60–69 12 394 46·4 4308 16·1 5864 22·0 4131 15·5 26 697
70–79þ 10 539 46·8 3285 14·6 4990 22·2 3704 16·5 22 518

BMI, kg/m2

Mean 27·0 27·2 27·2 26·4 27·0
SD 5·7 5·8 5·7 5·4 5·7

BMI group, kg/m2

< 25 12 691 46·9 4206 15·5 5677 21·0 4499 16·6 27 073
25 to< 30 97,38 46·1 3326 15·7 4809 22·8 3261 15·4 21 134
30 to< 35 4303 46·8 1469 16·0 2104 22·9 1315 14·3 9191
< 35 2497 47·8 907 17·4 1168 22·4 652 12·5 5224

Racial or ethnic group
White (not of Hispanic origin) 24 946 46·3 8518 15·8 11 843 22·0 8619 16·0 53 926
Black or African American 2264 56·3 664 16·5 788 19·6 306 7·6 4022
Hispanic/Latino 1032 55·5 263 14·2 362 19·5 202 10·9 1859
American Indian/Alaskan native 116 50·4 38 16·5 45 19·6 31 13·5 230
Asian/Pacific Islander 569 29·5 329 17·1 574 29·8 454 23·6 1926
Others 302 45·8 96 14·6 146 22·2 115 17·5 659

Education level
High school diploma/below 6319 50·8 1751 14·1 2468 19·8 1905 15·3 12 443
School after high school 2904 49·1 859 14·5 1249 21·1 899 15·2 5911
College degree or higher 20 006 45·2 7298 16·5 10 041 22·7 6923 15·6 44 268

Lifestyle risk factors
Total energy intake (kcal/d)
Mean 1497·9 1568·8 1610·0 1622·7 1552·6
SD 651·7 641·5 684·3 688·6 665·5

Recreational physical activity group, METS-hours/week
None 5404 44·8 2013 16·7 2713 22·5 19,07 15·8 12 037
5 to< 10 4784 46·4 1604 15·6 2280 22·1 1642 15·9 10 310
10 to< 20 7145 45·7 2463 15·8 3524 22·5 2505 16·0 15 637
20 to< 30 3814 46·7 1273 15·6 1805 22·1 1277 15·6 8169
≥ 30 8082 49·1 2555 15·5 3436 20·9 2396 14·6 16 469

Pack-years of smoking group
Non-smokers 14 930 45·2 5162 15·6 7573 22·9 5406 16·4 33 071
< 5 4356 46·9 1491 16·0 2062 22·2 1388 14·9 9297
5 to< 20 4240 47·3 1486 16·6 1900 21·2 1336 14·9 8962
≥ 20 5703 50·5 1769 15·7 2223 19·7 1597 14·1 11 292

Alcohol use
Non-drinkers or past drinkers 9991 51·4 2615 13·5 3832 19·7 3007 15·5 19 445
≤ 3 drinks per month 5107 42·5 2040 17·0 2963 24·6 1919 16·0 21 034
1–4 drinks per week 9407 44·7 3572 17·0 4830 23·0 3225 15·3 12 029
≥ 5 drinks per week 4724 46·7 1681 16·6 2133 21·1 1576 15·6 10 114

Clinical risk factors and current medical conditions
Hormone replacement therapy (HRT)
Never use last 2 years 13 193 47·7 4137 15·0 5873 21·2 4443 16·1 27 646
Oestrogen along use last 2 years 7454 46·1 2645 16·4 3635 22·5 2421 15·0 16 155
Combined oestrogen-progestin use last 2 years 70 44·9 22 14·1 43 27·6 21 13·5 156
Hormones use last 2 years (oestrogen or progesterone) 956 47·8 337 16·9 433 21·7 273 13·7 1999
Both use last 2 years 7556 45·3 2767 16·6 3774 22·6 2569 15·4 16 666

Systemic lupus erythematosus (SLE)
Yes 155 47·7 48 14·8 58 17·8 64 19·7 325
No 29 074 46·7 9860 15·8 13 700 22·0 9663 15·5 62 297

Rheumatoid arthritis (RA)
Yes 1461 48·1 464 15·3 634 20·9 476 15·7 3035
No/other 27 768 46·6 9444 15·9 13 124 22·0 9251 15·5 59 587
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intake and risk of NHL. Existing evidence suggests that green
teas have a higher concentration of antioxidants than black
tea because they are the least processed tea with slight natural
oxidation(37). Additionally, antioxidant properties in decaffein-
ated tea have been reduced during decaffeination(38). Thus,
the differences in types of tea intake are likely to account for
inconsistent associations. However, we could not adjust for
the specific formation process due to a lack of information on
whether those teas are green tea or black tea in the current study.
Besides, the study which was conducted in Japan indicated that

participantswho had heavy tea consumptions (≥ 5 cups/d) had a
significantly decreased risk of NHL. In contrast, among this
population, the overall tea intake level is relatively low
compared with the Japanese study(16).

The inconsistencies in findings across studies might also be
due to differences in exposure assessment; for example, the defi-
nition of tea intake (current v. non-current or ever v. never or
cumulative lifetime intake) and differences in the distribution
of NHL subtypes could also contribute to inconsistency.
Moreover, lacking information about tea preparation methods

Table 1. (Continued )

Cups of the regular tea consumed at year 3

Non-drinkers
(n 29 229)

< 1 cup per
week

(n 9908)

1–6 cups per
week

(n 13 758)
≥7 cups per
week (n 9727) N 62 622

n % n % n % n % n %

Type 2 diabetes mellitus (T2DM) and treatments
No diabetes 27 794 46·6 9492 15·9 13 095 21·9 9331 15·6 59 712
Diabetes without treatment 416 49·3 143 16·9 173 20·5 112 13·3 844
Diabetes with treatments 1019 49·3 273 13·2 490 23·7 284 13·8 2066

Hypertension and treatment status
Never hypertensive 19 881 46·5 6791 15·9 9365 21·9 6710 15·7 42 747
Untreated hypertensive 2257 46·9 744 15·5 1023 21·3 786 16·3 4810
Treated hypertensive 7091 47·1 2373 15·8 3370 22·4 2231 14·8 15 065

Family history of any cancer
Yes 18 631 46·5 6412 16·0 8824 22·0 6237 15·6 40 104
No 10 598 47·1 3496 15·5 4934 21·9 3490 15·5 22 518

Table 2. Associations of non-Hodgkin lymphoma (NHL) and major subtypes with regular tea intake among 62 622 postmenopausal women
(Hazard ratios and 95 % confidence intervals)

Regular tea intake (caffeinated tea, not herbal, not decaf)

No. of cases Person-years Incidence rate (per 10 000) HR* 95% CI HR† 95% CI

NHL 663
None 315 379 987·0 8·29 1·00 (Ref.) 1·00 (Ref.)
<1 cup per week 94 134 796·2 6·97 0·85 0·67–1·06 0·83 0·66–1·05
1–6 cups per week 141 183 940·5 7·67 0·92 0·75–1·12 0·90 0·73–1·10
≥7 cups per week 113 129 964·3 8·69 1·03 0·83–1·28 1·00 0·80–1·24

P-value 0·41‡/0·88§ 0·36‡/0·65§
Diffuse large B-cell lymphoma (DLBCL) 195
None 83 – 2·18 1·00 (Ref.) 1·00 (Ref.)
<1 cup per week 29 – 2·15 1·00 0·65–1·52 0·97 0·64–1·49
1–6 cups per week 46 – 2·50 1·14 0·76–1·57 1·09 0·76–1·56
≥7 cups per week 37 – 2·85 1·28 0·87–1·89 1·2 0·81–1·77
P-value 0·60‡/0. 20§ 0·78‡/0·35§

Follicular lymphoma (FL) 128
None 68 – 1·79 1·00 (Ref.) 1·00 (Ref.)
<1 cup per week 12 – 0·89 0·50 0·27–0·92 0·49 0·27–0·91
1–6 cups per week 28 – 1·52 0·85 0·55–1·32 0·84 0·54–1·31
≥7 cups per week 20 – 1·54 0·85 0·52–1·40 0·86 0·52–1·42
P-value 0·17‡/0·42§ 0·16‡/0·44§

Chronic lymphocytic leukaemia/small
lymphocytic lymphoma (CLL/SLL)

51

None 24 – 0·63 1·00 (Ref.) 1·00 (Ref.)
<1 cup per week 10 – 0·74 1·18 0·56–2·46 1·17 0·56–2·45
1–6 cups per week 13 – 0·71 1·12 0·57–2·19 1·10 0·56–2·17
≥7 cups per week 4 – 0·31 0·49 0·17–1·40 0·47 0·16–1·34
P-value 0·47‡/0·39§ 0·44‡/0·34§

* Model adjusted for age group (50–59, 60–69 and 70–79þ) only.
†Model adjusted for all socio-demographic risk factors, lifestyle risk factors, clinical risk factors and current medical conditions.
‡ P-value was estimated from Cox proportional hazard model across the total amount of regular tea consumed (categorical variable) at year 3.
§ P-value was estimated from linear trend test.
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might lead to inconsistencies. In particular, studies indicate that
amounts of epigallocatechin gallate are almost equal in the
first two cups brewed, but it can be largely declined in the
third cup(39). However, the relevant information was not asked
for in the WHI(35,36).

Additionally, some clinical studies indicate that many drug
interactions are caused by Camellia sinensis since its constituents
can interact with the cytochrome P450 system(40), which can be
related to drug metabolism and occurrence of NHL. Although
hypertension treatments, T2DM treatments and hormone
therapy were adjusted in the multivariable-adjusted analyses,
postmenopausal women may take many other medications,
and we had limited power to examine each specific medication
for the current study.

As mentioned previously, although herbal tea is called tea,
it is quite different from traditional tea. This type of tea
contains the major bioactive compounds known as monomeric
flavonoids, such as anthocyanin, biochanin A, carotenoids,
coumarins, curcumins, ellagic acid, plant sterols and terpenoids,
which may protect against several chronic diseases(41). In accor-
dance with the existing evidence, we observed that the risk of
NHL decreased with an increase in the cups of herbal tea intake,
albeit the inverse dose–response association was not statistically
significant. Our findings were probably due to the fact that
womenwho had habitual herbal tea intakemight bemore health
conscious andwould bemore likely to choose a healthy lifestyle.
This hypothesis was likely true and could be confirmed by
examining the distribution of several health-related lifestyle
factors(42), such as BMI, physical activities, smoking status and

alcohol status according to herbal tea consumption (online
Supplementary Table S9). Although previous case–control
studies reported a significant inverse association between herbal
tea intake and solid cancer risk(43), further research is needed to
evaluate the association between specific herbal teas and risks of
NHL and certain subtypes of NHL.

The major strength of our study is the use of the prospective
study design with a relatively large number of NHL cases
ascertained over a long follow-up period, and only about 4 %
of self-reported NHL cases did not get adjudicated because of
not being able to get their medical records(44). This study had rich
data on a wide range of potential confounders; besides, in order
to avoid potential residual confounders, continuous variables,
such as age, BMI and pack-years of smoking, had been
used to replace categorical age, BMI and smoking status inmulti-
variable-adjusted models, although results remained similar.
In addition, important interactions between tea-drinking habits
and covariates, such as smoking history, alcohol consumption,
racial or ethnic group, BMI and age, were examined. To reduce
bias, the imputation method was further conducted in this work,
and categorical missing data were replaced by mode after
applying standard complete-case analysis to the filled-in data,
although no significant associations were found. Moreover,
we further conducted lag analyses and excluded the first 5 years
of follow-up after the habitual tea intake record to minimise
reverse causality bias.

However, there are some limitations and pitfalls, which
should be considered. First, our findings for tea intake should
be interpreted with caution because information on tea intake

Table 3. Associations of non-Hodgkin lymphoma (NHL) and major subtypes with herbal tea intake among 62 622 postmenopausal women
(Hazard ratios and 95 % confidence intervals)

Herbal tea intake

No. of cases Person-years
Incidence rate
(per 10 000) HR* 95% CI HR† 95% CI

NHL 663
None 388 482 929·8 8·03 1·00 (Ref.) 1·00 (Ref.)
Cup per week 119 130 765·4 9·10 1. 18 0·96–1·45 1·19 0·96–1·46
1–6 cups per week 123 156 933·8 7·84 1·01 0·83–1·24 1·01 0·82–1·24
≥7 cups per week 33 58 059·0 5·69 0·73 0·51–1·05 0·74 0·52–1·05
P-value 0·10‡/0·42§ 0·10‡/0·43§

Diffuse large B-cell lymphoma (DLBCL) 195
None 115 – 2·38 1·00 (Ref.) 1·00 (Ref.)
<1 cup per week 32 – 2·45 1·09 0·73–1·61 1·07 0·72–1·59
1–6 cups per week 38 – 2·42 1·07 0·74–1·54 1·03 0·71–1·49
≥7 cups per week 10 – 1·72 0·76 0·40–1·44 0·73 0·38–1·40
P-value 0·77‡/0·79§ 0·76‡/0·21§

Follicular lymphoma (FL) 128 – –
None 83 – 1·72 1·00 (Ref.) 1·00 (Ref.)
<1 cup per week 18 – 1·38 0·82 0·49–1·37 0·80 0·48–1·34
1–6 cups per week 19 – 1·21 0·72 0·44–1·18 0·71 0·43–1·18
≥7 cups per week 8 – 1·38 0·82 0·40–1·69 0·83 0·40–1·73
P-value 0·56‡/0·20§ 0·54‡/0·16§

Chronic lymphocytic leukaemia/small lymphocytic
lymphoma (CLL/SLL)

51

Non-drinkers 28 482 929·8 0·58 1·00 (Ref.) 1·00 (Ref.)
Drinkers 23 345 758·2 0·67 1·16 0·66–2·01 1·11 0·63–1·95
P-value 0·61‡ 0·72‡

* Model adjusted for age group (50–59, 60–69 and 70–79þ) only.
†Model adjusted for all socio-demographic risk factors, lifestyle risk factors, clinical risk factors and current medical conditions.
‡ P-value was estimated from Cox proportional hazard model across the total amount of herbal tea consumed (categorical variable) at year 3.
§ P-value was estimated from linear trend test.
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was self-reported and could not be validated since it was not
captured on the diet assessment tools. Thus, potential recall bias
may be present in this study. However, observational epidemio-
logical study of tea intake usually relies on self-reported
exposure data since there is no other practical way of assessing
tea intake at present. In addition, we only assessed tea informa-
tion at year 3 of follow-up and did not examine changes in tea-
drinking habits (caffeinated/decaffeinated tea were available),
whereas the risk of NHL is expected to associate with cumulative
tea intake over one’s lifetime rather than a 3-month window.
As a control measure, we compared the tea intake at year 3 with
year 6 and year 8 in the WHI-OS cohort. The patterns and
distributions of tea intake remained similar between these
time points. Therefore, we have some confidence that the tea-
drinking habits among women in WHI-OS remained stable over
time. Information on whether participants drank traditional tea
products or tea beverages (i.e. iced tea, sweet tea, etc.) or certain
types of tea (i.e. black, green or other types of non-herbal teas)
was not available. Since men and younger women were not
included in the current study, we could not examine sex
differences, so our findings may not be generalised to other
populations.

In conclusion, the results from our study indicate that habitual
tea intake at the current consumption level was not associated
with risk of NHL in the US postmenopausal women. More
epidemiological studies, which include detailed assessments
on the types of tea or tea preparation methods, are needed to
further explore the associations between tea-drinking habits
and the risk of NHL.
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