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Objective: The anti-oxidant and anti-inflammatory actions of phytochemicals and the 
smooth muscle relaxant actions of theophylline present in tea may confer pulmonary 
protection and reduce COPD risk. We investigated tea consumption (black, oolong, or 
green) association with COPD risks in a population-based cohort study of older adults 
aged ≥55.
Methods: GOLD criteria was used to identify prevalent and incident cases of COPD (FEV1 

/FVC <0.70) among 4617 participants and 920 participants free of COPD at baseline who 
were assessed at follow-up 4.5 years later.
Results: Prevalent cases of COPD consumed less tea than their non-COPD counterparts. 
Estimated odds ratio (OR) and 95% confidence intervals (95% CI) of association with 
prevalent COPD, adjusted for age, sex, ethnicity, housing type, smoking, alcohol, physical 
activity and BMI declined across tea consumption levels (p-trend=0.048), and was lowest for 
≥3 cups/day (OR=0.77, 95% CI=0.61–0.96). The cumulated incidence of COPD declined 
across tea consumption categories (p-trend=0.012) and the lowest OR of association 
(OR=0.35, 95% CI=0.17–0.69) with consuming ≥3 cups/day after co-variate adjustment.
Conclusion: Different kinds of tea showed similar non-significant trends of associations but 
appeared to be strongest for green tea. Tea consumption in this Asian population was 
associated with lowered COPD prevalence and incidence.
Keywords: phytochemical, polyphenols, theophylline, epidemiological, longitudinal

Introduction
Green tea is the most widely consumed beverage in the world, especially in Asia (India, 
China, Korea, Japan, and South East Asia). The three main types of tea are fully 
fermented black tea, most widely consumed by 78% of tea drinkers worldwide, semi- 
fermented oolong tea, and non-fermented green tea. Epidemiological studies associate 
tea with a range of possible health protection against metabolic disorders (type 2 
diabetes and dyslipidaemia)1–3 and cardiovascular diseases,4–6 cancer,7,8 neurodegen
erative and mood disorders,9,10 and increased life expectancy.11 In vivo and animal 
studies support the chemo-preventive, antioxidant, iron-chelating, anti-inflammatory, 
anti-carcinogenic, glucose and lipid-regulating effects of tea phytochemicals,12–17 

which include polyphenols such as epigallocatechin gallate (EGCG), epigallocatechin, 
epicatechin gallate and epicatechin, and their fermentation compounds, such as thear
ubigins and theaflavins, and many other bioactive constituents, including caffeine, 
theanine, theobromine and theophylline.
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Chronic obstructive lung disease (COPD) is the third 
most common cause of death worldwide.18 The main risk 
and protective factors for COPD include smoking, air 
pollutants, occupational exposure, tuberculosis,19 and 
fruits and vegetables consumption.20,21 The anti-oxidant 
and anti-inflammatory effects of phytochemicals present 
in fruits and vegetables as well as tea may confer protec
tion against oxidative stress and lung injury from smoking 
and other noxious causes. Additionally, theophylline 
(1,3-dimethylxanthine), a drug long used as a potent 
smooth muscle relaxant in therapeutic doses in COPD 
and asthma, is naturally present in tea leaves.22,23 The 
amount of theophylline present in brewed tea is signifi
cantly less than a therapeutic dose, but it is possible that 
the continuing long-term consumption of tea theophylline 
may protect against the risk of COPD. Only one recent 
cross-sectional study has shown that consuming green tea 
at least twice a day was associated with a lowered pre
valence of COPD in Korea.24 No prospective cohort study 
has yet demonstrated that tea consumption is associated 
with a lower risk of developing COPD among COPD-free 
older persons in the population.

In this study, we used cross-sectional and longitudinal 
data in the Singapore Longitudinal Ageing Study to exam
ine the association of tea consumption of all sorts (black, 
oolong, or green) with risks of prevalent and incident 
COPD among community-living older adults aged 55 
and older in Singapore.

Materials and Methods
Study Design
The data in this study were derived from combining two 
population cohorts in the Singapore Longitudinal Ageing 
Study (SLAS-1 and SLAS-2), an ongoing observational 
population-based prospective cohort study of ageing and 
health transition with 3–5 yearly follow-ups among older 
adults in Singapore. A total of 6074 community-dwelling 
study participants aged 55 years and above were recruited 
from different geographical areas in two separate recruitment 
waves: SLAS-1 recruited 2804 residents in South-East 
Singapore from 1 September 2003 to 31 December 2004, 
and SLAS-2 recruited 3270 residents in South-West 
Singapore, 6 March 2009 and 11 June 2013. Follow-up visits 
and assessment were conducted 3 to 5 years apart: SLAS-1, 
March 2005 to September 2007, and November 2007 to 
December 2009; SLAS-2, January 2013 to August 2018.

Details of the methodology of the SLAS-1 and SLAS-2 
cohorts have been described in previous papers.25,26 All 
participants provided informed consent for inclusion 
before they participated in the study. The study was con
ducted in accordance with the Declaration of Helsinki, and 
the protocol was approved by the National University of 
Singapore Institutional Review Board (NUS-IRB; 
Reference Code: 04–140). Trained nurses visited the par
ticipants at home to perform face-to-face questionnaire 
interviews and clinical measurements and blood draws 
were performed in a local study site centre. The extensive 
range of baseline personal, behavioural and health data 
included questionnaire and measurement data on respira
tory health.

Study Participants
Among the study participants (N=6074) in the combined 
SLAS-1 (N=2804) and SLAS-2 (N=3270) cohorts, spiro
metry was performed in 5017 participants, and 390 parti
cipants with technically unacceptable quality spirometry 
were excluded. Among the remaining 4627 participants, 
we further excluded 10 participants who did not have 
baseline tea consumption information. The baseline data 
of 4617 participants were used for the analysis of preva
lent COPD. We conducted a prospective follow-up study 
on 920 participants who were free of COPD at baseline, 
and at the first follow up provided technically acceptable 
quality spirometry data for analysis of incident COPD 
(Figure 1).

Tea Consumption
Participants were asked whether they drank tea according 
to the following frequencies and amount in cups with 
standard volumes of 250 mL: (1) never or rarely, or less 
than one cup in a month, (2) one cup in a month to less 
than one cup in a week, (3) one cup in a week to less than 
one cup in a day, (4) one cup in a day to less than 3 cups 
(5) 3 cups or more in a day, for each of the three main 
types of tea that were locally consumed: (1) “Western” or 
“Ceylonese” black tea (from India, Sri Langka or 
Malaysia, commonly consumed with milk and sugar), (2) 
Chinese black or oolong tea, and (3) green tea (Chinese, 
Japanese or Korean). The consumption of any or all types 
of tea for each individual was aggregated from the 
summed frequency scores of the individual type of tea 
and converted to the equivalent categories of consumption 
frequency. In this study, we combined the two lowest 
frequencies of tea consumption and analysed the 
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Figure 1 CONSORT flowchart of study recruitment, baseline assessment, follow-up and data analysis.
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association between four frequency-amount categories of 
tea consumption and COPD.

COPD
Pulmonary function tests were performed using 
a spirometer (the ndd EasyOneTM Spirometer) that mea
sures flow and volume by ultra-sound transit time, in 
accordance with the American Thoracic Society standardi
zation of spirometric tests.27 The best flow-volume curve 
from at least 3 attempts and 2 reproducible maneuvers was 
used. The presence of COPD was defined by a forced 
expiratory volume in 1 s (FEV1) divided by forced vital 
capacity (FVC) of <0.70, according to the Global Initiative 
for Chronic Obstructive Lung Disease classification.28 The 
modified Medical Research Council Questionnaire was 
used to assess respiratory symptoms of chronic cough 
and sputum, and breathlessness.29

Covariates
The participants’ socioeconomic status was categorized 
according to their housing status (1=low end 1–2 room 
public housing, 2=3-room public housing, 3=4–5 room 
public housing or private housing type). Smoking expo
sure was defined by self-reports of smoking history: 
0=being a never smoker, 1=ex-smoker less than 20 cigar
ettes per day, 2=ex-smoker 20 or more cigarettes per day, 
3=current smoker less than 20 cigarettes per day, or 4=cur
rent smoker 20 or more cigarettes per day); alcohol expo
sure by daily alcohol consumption at least one drink 
(1=yes, 0=no). Physical activity was measured by the 
summed score of common physical activities of moderate 
to high intensity performed locally by older people: brisk 
walking; taiji or qigong; other physical exercises (jogging, 
gym workouts); active sports (bicycling, swimming, ten
nis, badminton, bowling, golfing, etc), using a 3-point 
Likert scale ((1=less than once a month, 2=once a month 
to less than once a week, 3=once a week or more). Body 
mass index was derived from measurements of weight in 
kilogram divided by squared of height in metre.

Statistical Analysis
Group comparison of baseline characteristics was per
formed with significance testing using chi-squared test 
for categorical variables and ANOVA test for continuous 
variables. Logistic regression analysis was used to esti
mate the odds ratios and 95% confidence intervals (95% 
CI) of association between tea consumption and prevalent 
COPD in cross-sectional analysis, and tea consumption 

and incident COPD in longitudinal analysis, controlling 
for measured risk factors (age, sex, ethnicity, housing type, 
smoking, alcohol, physical activity, BMI). The analyses 
were performed with sufficient sample size using the 
spirometric definition of COPD, as only a quarter of 
cases presenting with respiratory symptoms were sympto
matic and satisfied the clinical diagnosis of COPD, result
ing in small cell sizes by tea consumption categories and 
inadequate study power.

Results
Overall, the cohort (N=4617) mean age was 66.3 (SD=7.7) 
years, and 63% were females. Tea drinking was prevalent 
in the majority of the participants, with only 41% who 
never or rarely drank tea of any kind. Among tea drinkers, 
24.5% drank 1–2 cups of tea a day, and 14.3% drank 3 or 
more cups a day. The most common kind of tea consumed 
was Chinese black or oolong tea (40.5%), followed by 
Western black tea (37.7%), while green tea was the least 
commonly drunk by 19.5%. Tea drinkers and more fre
quent tea drinkers were more likely to be male, of younger 
age, living in higher-end housing types, and drank more 
alcohol. (Supplementary Table S1) There were no signifi
cant differences by smoking history or levels of physical 
activity.

Cross-Sectional Analysis of Prevalent 
COPD
Table 1 shows the characteristics of the study participants 
by the presence and absence of COPD at baseline. 
Consistent with most reports, participants with COPD 
were more likely to be of older age, lower socioeconomic 
status, past or current smokers, reported lower physical 
activity and had lower BMI. COPD participants com
pared to non-COPD participants were more likely to be 
tea drinkers and to drink more of each and all kinds 
of tea.

The estimated ORs of association with COPD for 
drinking 3 or more cups of tea of all types in a day, (versus 
none or rarely) was 0.62 (95% CI=0.50, 0.77) (Table 2). 
There was a significant monotonic linear trend of associa
tion with prevalent COPD across the four tea consumption 
levels (p-trend<0.001): OR=0.88 (95% CI=0.74,1.05) for 
less than 1 cup a day, and OR=0.79 (95% CI=0.66,0.93) 
for 1–2 cups a day. In multivariable models that adjusted 
for age, sex and ethnicity (Model1), and additionally for 
housing type, smoking, alcohol, physical activity, and BMI 
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Table 1 Baseline Tea Intake and Related Characteristics of SLAS-1 and SLAS-2 Study Participants by the Presence and Absence of 
COPD (N=4617)

No COPD COPD p

N (%) of participants 3460 1157

Respiratory symptoms

Chronic cough or phlegm 19.2 (666) 23.9 (276) <0.001

mMRC breathlessness grade 1 9.3 (321) 10.8 (124)

Grade 2 3.7 (129) 5.5 (63)
Grade 3–4 0.5 (18) 1.0 (11) <0.001

Symptomatic COPD NA NA 23.9 (276)

Tea (all types) intake

None 39.5 (1367) 45.7 (529) <0.001
<1 cup a day 20.0 (693) 20.4 (236)

1–2 cups a day 25.1 (869) 22.9 (265)

3 or more cups a day 15.3 (531) 11.0 (127)

Western black tea

None 60.7 (2100) 67.2 (777) <0.001
<1 cup a day 23.0 (796) 19.4 (224)

1–2 cups a day 13.4 (462) 11.2 (130)

3 or more cups a day 2.9 (102) 2.2 (26)

Chinese black or oolong tea

None 58.3 (2018) 63.1 (730) 0.004
<1 cup a day 26.1 (902) 23.5 (272)

1–2 cups a day 11.4 (393) 10.3 (119)

3 or more cups a day 4.2 (147) 3.1 (36)

Green tea

None 79.2 (2740) 84.5 (978) <0.001
<1 cup a day 15.3 (531) 11.3 (131)

1–2 cups a day 4.2 (147) 3.4 (39)

3 or more cups a day 1.2 (42) 0.8 (9)

Sex: Male 36.8 (1274) 37.2 (430) 0.834

Female 63.2 (2186) 62.8 (727)

Age, years 65.7 ±7.5 68.3 ±7.9 <0.001

Ethnicity: Chinese 94.2 (3260) 95.1 (1100) 0.548

Malay 3.4 (119) 2.9 (34)

Indian 2.3 (81) 2.0 (23)

Housing type: 1–2 rooms public 12.7 (439) 19.4 (224)

3 rooms public 24.3 (840) 30.3 (350)
4–5 room and private housing 63.0 (2181) 50.4 (583) <0.001

Smoking: Never 82.3 (2847) 73.4 (849) 0.000

Ex-smoker < 20 cigarettes per day 7.3 (252) 8.3 (96)

Ex-smoker 20+ cigarettes per day 3.7 (128) 4.9 (57)
Current smoker <20 cigarettes per day 5.4 (188) 11.2 (130)

Current smoker 20+ cigarettes per day 1.3 (45) 2.2 (25)

Alcohol daily 4.3 (144) 4.3 (50) 0.815

(Continued)
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(Model 2), similar estimates of ORs of association with 
prevalent COPD for each tea drinking category, and sig
nificant linear trend of association across the categories 
were observed. In the fully adjusted model, the most 
robust association was observed for drinking 3 or more 
cups of tea, which alone was significantly associated with 
prevalent COPD (OR=0.77, 95% CI=0.61, 0.96).

The OR estimates of association with prevalent COPD 
for different types of tea were similar and significant in the 
unadjusted model and the model that adjusted for age, sex 
and ethnicity, but were not significant in the model that 

adjusted additionally for housing type, smoking, alcohol, 
physical activity and BMI.

Longitudinal Analysis of Incident COPD
Among the follow-up participants (N=920) who were 
COPD-free at baseline, frequent tea drinkers were more 
likely to be males, living in higher end housing types, and 
be smokers (Table 3). The proportion of incident cases of 
COPD was higher at 19.7% and 21.8% among those who 
consumed no or no more than one cup of tea of all kinds 
a day, 18.4% among those who drank 1–2 cups a day, but 

Table 1 (Continued). 

No COPD COPD p

Physical activity: < 1× a month 3221 (1113) 36.0 (417) <0.001

1× month to < 1× a week 53.8 (1837) 55.2 (639)

1× a week or more 14.0 (484) 8.7 (101)

BMI, kg/m2 23.9 ±3.8 23.5 ±3.9 <0.001

Table 2 Cross-Sectional Analysis of Baseline Association of Tea Intake with Prevalent COPD

Unadjusted OR (95% CI) Adjusted OR (95% CI)

Tea (all types) intake:
None 1 Reference 1 Reference

<1 cup a day 0.88 (0.74, 1.05) 0.96 (0.80, 1.16)
1–2 cups a day 0.79 (0.66, 0.93) 0.87 (0.73, 1.04)

3 or more cups a day 0.62 (0.50, 0.77) 0.77 (0.61, 0.96)

p-trend <0.001 0.048

Western black tea

None 1 1
<1 cup a day 0.76 (0.64, 0.90) 0.86 (0.71, 1.00)

1–2 cups a day 0.76 (0.62, 0.94) 0.84 (0.70, 1.08)

3 or more cups a day 0.69 (0.44, 1.07) 0.77 (0.49, 1.21)
p-trend 0.001 0.143

Chinese black or oolong tea
None 1 1

<1 cup a day 0.83 (0.71, 0.98) 0.92 (0.78, 1.08)

1–2 cups a day 0.84 (0.67, 1.04) 0.91 (0.72, 1.14)
3 or more cups a day 0.68 (0.47, 0.98) 0.74 (0.50, 1.09)

p-trend 0.026 0.361

Green tea

None 1 1

<1 cup a day 0.69 (0.56, 0.85) 0.81 (0.66, 1.00)
1–2 cups a day 0.74 (0.52, 1.07) 0.91 (0.63, 1.31)

3 or more cups a day 0.60 (0.29, 1.24) 0.79 (0.38, 1.66)

p-trend 0.001 0.254

Note: Adjusted for age, sex, ethnicity, housing type, smoking, alcohol, physical activity, BMI.
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was lowest at 8.1% among those who drank 3 or more 
cups a day. (Table 4 and Figure 2) There was a statistically 
significant linear trend of association with incident COPD 
across the total tea consumption levels. The estimated OR 
of association with incident COPD for total tea consump
tion of 3 or more cups a day, relative to never or rarely, 
was 0.36 (95% CI=0.18, 0.70). Adjusted for age, sex, 
ethnicity, and additionally for all other co-variables, the 
estimated OR remained unaltered and statistically signifi
cant at 0.35 (95% CI=0.17, 0.69).

There were similar magnitudes and trends of OR esti
mates for different types of tea but they were not statisti
cally significant in the unadjusted model and the 
multivariable model, except for green tea. In the latter, 
the OR estimates were statistically significant in the unad
justed model and the model adjusting for age, sex and 
ethnicity, but not in the full multivariable model.

Discussion
The observed association of tea consumption with 
a reduced likelihood of COPD is consistent with the well- 
known antioxidant and anti-inflammatory actions of tea 

extracts from green and black tea.12–15 As reactive oxygen 
species (ROS) scavengers and metal ion chelators, both 
catechins in green tea and thearubigins and theaflavins in 
black tea have similarly potent antioxidant properties and 
may protect against diseases caused by oxidative stress, 
such as COPD.16,17 In vivo, animal studies showed that 
Chinese green tea ameliorates lung injury in cigarette 
smoke-exposed rats by lowering the activities of oxida
tive-stress-related enzymes.30 Green tea and catechins are 
reported to reduce interstitial haemorrhaging, and cellular 
infiltration and alveolar septal thickness and emphysema
tous changes in experimentally induced lung inflammation 
in rodents.31,32 Additionally, theophylline is present in tea 
in small amounts, and is a known bronchodilator in ther
apeutic use. Theophylline inhibits the enzyme phospho
diesterase, preventing the intracellular break-down of 
cAMP, with the resulting increase in intracellular cAMP 
reducing smooth muscle tone and thus dilating the 
airways.22 An increasing body of evidence also suggests 
that theophylline, at low concentrations, also has anti- 
inflammatory effects related to the activation of histone 
deacetylases.23

Table 3 Baseline Characteristics of COPD-Free SLAS Participants (N=920) by Tea (All Types) Intake Categories

None <1 Cup Daily 1–2 Cups Daily ≥3 Cups Daily

N of participants 371 193 220 136

Sex: Male 29.9 (111) 36.8 (71) 42.7 (94) 52.2 (71) <0.001

Female 70.1 (260) 63.2 (122) 57.3 (126) 47.8 (65)

Age, years 65.2 7.2 64.1 6.6 64.2 6.2 64.3 6.1 0.168

Ethnicity: Chinese 96.2 (357) 94.3 (182) 94.5 (208) 97.8 (133) 0.697

Malay 1.9 (7) 2.1 (4) 2.1 (5) 0.7 (1)
Indian 1.9 (7) 3.6 (7) 3.6 (7) 1.5 (2)

Housing type: 1–2 rooms public 11.3 (42) 13.0 (25) 9.5 (21) 7.4 (10) <0.001
3 rooms public 34.5 (128) 24.9 (48) 24.1 (53) 19.9 (27)

4–5 room and private housing 54.2 (201) 62.2 (120) 66.4 (146) 72.8 (99)

Smoking: Never 86.0 (319) 84.5 (163) 79.1 (174) 77.9 (106) 0.032

Ex-smoker < 20 cigarettes per day 4.0 (15) 7.8 (15) 6.4 (14) 8.1 (11)

Ex-smoker 20+ cigarettes per day 3.2 (12) 3.1 (6) 4.5 (10) 5.9 (8)
Current smoker <20 cigarettes per day 5.9 (22) 3.1 (6) 9.1 (20) 6.6 (9)

Current smoker 20+ cigarettes per day 0.8 (3) 1.6 (3) 0.9 (2) 1.5 (2)

Alcohol daily 2.2 (8) 2.1 (4) 2.3 (5) 5.9 (8) 0.074

Physical activity: < 1x a month 15.9 (59) 14.5 (28) 20.9 (46) 16.2 (22) 0.589
1× month to < 1× a week 62.8 (233) 62.2 (120) 56.8 (125) 54.4 (74)

1× a week or more 21.3 (79) 23.3 (45) 22.3 (49) 29.4 (40)

BMI, kg/m2 23.9 3.7 23.8 3.7 24.1 3.5 23.4 2.9 0.392

Note: Figures shown are % (N).
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A recent population-based cross-sectional study from 
Korea showed a reduced odds of association with preva
lent COPD for drinking green tea 2 or more times a day.24 

In this study, we also show in cross-sectional analysis that 
tea consumption at 3 cups or more a day was associated 
with a decreased prevalence of COPD. As well, we show 
that in a prospective follow-up of participants free of 
COPD at baseline who were reassessed after 5 years, tea 
drinking of all types was associated with a decreased 
cumulative risk of incident COPD. Differences in the 
measures of tea consumption in the two studies should 
be noted. The Korean study measured only green tea 
consumption by frequency, not by the amount. In this 
study, we measured both the types and amount in cups of 
tea. As prevalent cases of COPD tend to reflect lesser 
severity of the disease, these results taken together suggest 
that tea consumption may have the protective effect of 
reducing the risk and severity of COPD. Both studies are 
in reasonable agreement in suggesting that a protective 
threshold against COPD of green tea consumption could 
be 1–2 cups a day.

Based on our data, drinking all kinds of tea as a whole, 
including black and oolong tea was associated with 

decreased likelihood of COPD. This suggests that the 
pulmonary protective effect of tea consumption was not 
limited to particular types of tea. Although the amount of 
catechins in black tea is generally lower compared with 
green tea,15,16 the free radical-scavenging activity of black 
or oolong tea is not significantly impaired, as theaflavins in 
black or oolong tea possess equally strong antioxidant 
actions as catechins in green tea. There are heterogeneous 
groups of tea drinkers among Asians in Singapore, includ
ing those who drink mixed types of tea; for example, most 
green tea consumers also drink black or oolong tea, and 
for a proportion of tea-drinkers, milk and sugar are added 
to infusions of black tea (“Western” style tea drinking), 
including more recent concoction trend of “bubble” tea. 
We, therefore, distinguish black tea drinking by whether 
milk (sweetened or unsweetened) is added to the tea infu
sion (but not specifically for “bubble” tea), because there 
is some conflicting evidence which suggest that the addi
tion of milk may reduce the anti-oxidant activity of tea, 
due to the interactions between tea polyphenols and milk 
proteins, such as between catechins and caseins, among 
other factors.33,34 So far, only the two mentioned studies of 
Asian populations in Korea and Singapore have shown the 

Table 4 Longitudinal Analysis of Association of Baseline Tea Intake with Incident COPD Among COPD-Free SLAS-2 Participants

Incident COPD % (N) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Tea intake (all types)
None 19.7 (73) 1 Reference 1 Reference

<1 cup a day 21.8 (42) 1.13 (0.74, 1.74) 1.15 (0.74, 1.79)

1–2 cups a day 18.4 (41) 0.93 (0.61, 1.43) 0.95 (0.61, 1.48)
3 or more cups a day 8.1 (11) 0.36 (0.18, 0.70) 0.35 (0.17, 0.69)

p-trend 0.009 0.013 0.012

Western black tea

None 19.0 (109) 1 Reference 1 Reference
<1 cup a day 18.1 (40) 0.94 (0.63, 1.41) 0.93 (0.61, 1.41)

1 or more cups a day 14.1 (18) 0.72 (0.42, 1.23) 0.72 (0.41, 1.26)

p-trend 0.261 0.485 0.516

Chinese black or oolong tea

None 20.0 (107) 1 Reference 1 Reference
<1 cup a day 15.4 (36) 0.73 (0.48, 1.10) 0.70 (0.46, 1.08)

1 or more cups a day 16.0 (24) 0.76 (0.47, 1.24) 0.75 (0.45, 1.25)

p-trend 0.143 0.241 0.206

Green tea

None 19.9 (142) 1 Reference 1 Reference
<1 cup a day 13.3 (20) 0.62 (0.37, 1.03) 0.64 (0.38, 1.08)

1 or more cups a day 8.9 (5) 0.39 (0.15, 1.00) 0.42 (0.16, 1.10)

p-trend 0.009 0.034 0.065

Note: Adjusted for age, sex, ethnicity, housing type, smoking, alcohol, physical activity, BMI.
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link between tea drinking and COPD risk and severity. 
This may limit the generalization of the findings to only 
certain Asian populations, such as Chinese, Japanese and 
Koreans, with sizeable homogeneous groups with pure tea 
drinking habits that are not mixed with other ingredients 
such as milk or sugar. More studies are needed especially 
in Western populations, in which tea drinking with milk 
and sugar are more common.

There are strengths and limitations in this study. 
Recall inaccuracies in reporting the types, frequencies 
and amount of tea consumed by the respondents may 
limit the study’s sensitivity in detecting a true effect. For 
example, it may be difficult for some responders to 
differentiate oolong tea from green tea. The accuracy 
of respondent’s subjective self-report of the numbers of 
cups of tea consumed may also be limited and result in 
misclassification errors. Such misclassification errors 
may bias the estimates of effect sizes associated with 
tea drinking categories towards the null effect. There 
were adequate sample sizes in the highest consumption 
level of 3 cups in a day for overall tea consumption 
combining all three kinds of tea, making for more 

reliable estimates of effect size. However, for the indi
vidual categories of black, oolong and green tea con
sumption at 3 or more cups a day, the sample sizes were 
small, hence the highest consumption level categories 
could only be analyzed for 1 or more cups a day. The 
protective effect of tea drinking with COPD risk may 
hence be under-estimated, but despite this, the associa
tion with specifically green tea drinking was highly 
suggestive.

In this population study, COPD was determined spir
ometrically and included both asymptomatic and sympto
matic cases. Approximately a quarter were symptomatic 
cases of COPD with chronic respiratory symptoms, the 
latter being typically the sort of cases diagnosed in clinics. 
It is widely known that the great majority of COPD cases 
in the community are unrecognized and undiagnosed, and 
even symptomatic cases of COPD identified in population 
surveys such as ours are in the majority undiagnosed in the 
clinics. This should be noted in considering the clinical 
and public health ramifications of the findings in this 
study. It is reasonable to suggest that tea drinking could 
a contributing protective factor that prevents or delays the 

Figure 2 Baseline prevalence and 5-year cumulative incidence of COPD by consumption levels for all and different types of tea. Legends. Western black tea refers to tea 
consumed with milk and sugar. Chinese tea includes both black, oolong and green tea. Consumption levels are in 3 categories (third category: ≥1 cup/day) for specific tea 
types, and in 4 fours categories for all tea types (third category further divided into 1–2 cups/day and ≥3 cups/day).
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onset or reduces the severity of COPD in the community. 
Its effect in patients with clinical COPD is expectedly 
modest; however, further studies may investigate whether 
the tea consumption in conjunction with pharmacotherapy 
may help to stabilize COPD while avoiding the need for 
stepped-up bronchodilator drugs therapy.

Possible selection bias from incomplete sampling of the 
COPD-free cohort members for follow-up assessment of 
incident COPD outcome should be considered. We compared 
COPD-free participants who were re-assessed for incident 
COPD to those who were not re-assessed, and found that they 
did not differ by age, sex, housing type, smoking, or tea 
drinking levels, but were significantly less likely to be of 
Malay ethnicity and daily alcohol drinkers, and to have 
higher levels of physical activity. The likely bias from the 
very small proportion of those who were Malay and daily 
alcohol drinker can be considered to be trivial; the differ
ences in physical activity level may possibly result in under- 
estimation of incident COPD risks overall in the followed up 
cohort, but whether this bias is likely to be differential by tea 
drinking categories is unclear.

In summary, we observed in a cohort of Asian middle- 
aged and older persons that tea drinking was associated with 
lower prevalence and incidence of COPD. Further studies in 
other populations with significant tea drinking habits should 
be conducted to confirm the pulmonary protective effects of 
tea consumption observed in this study.
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