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Introduction

Depression leads the causes of disability worldwide, 
accounting for 5.7% of years lived with disability among older 
adults (1). Nearly 7% of older adults in the world are affected 
by depression (2). Experimental research has highlighted the 
potential anti-depressant effects of tea polyphenols and suggest 
that regular tea consumption may reduce the risk and severity 
of depression in humans (3-10). Epidemiological evidence for 
the benefits of tea consumption on mental health and wellbeing 
is however inconclusive (11, 12). Mixed findings are reported 
from about a dozen studies (13-22). The majority of studies are 
of cross-sectional design, and there is a paucity of prospective 
cohort studies that examine dose-response effect for different 
types of tea.  

Tea leaves that are consumed as beverage worldwide are 
broadly of several types: black, oolong, or green, which result 
from different processing of tea leaves: fully fermented (black 
tea), semi-fermented (oolong tea), unfermented (green tea). 
Green tea is consumed by 20% of the world’s population, but 
is the primary beverage consumed in Asian countries (23). In 
Japan, 53% of adults consume green tea on a daily basis (24). 
In China, 47% of adults (64% of men and 28% of women) 
regularly drink tea of all types, of which 50% are green tea, 
11% are black or mixed tea, and the remaining are other teas 
(floral and blue tea) (25, 26). In Singapore, over half the 
population consume tea daily, most commonly traditional 

Chinese (black, oolong or green) tea (30%) without milk, 
or ‘Western’ (or ‘English’) mixed tea consumed with milk; 
less than 10% consume green tea. More commonly, a mix of 
different types of tea are consumed, rather than exclusively one 
type.      

In this study, we analysed data from the Singapore 
Longitudinal Ageing Study (SLAS) and examined the 
association of tea consumption and changes in depressive 
symptoms observed over 3-5 (mean 4) years period of follow 
up.  We examined the associations for five categories of tea 
consumption, (1) overall, (2) black or oolong tea, (3) green tea, 
(4) ‘Chinese’ tea (black, oolong or green tea), or (5) ‘Western’ 
mixed tea consumed with milk.

Method

The Singapore Longitudinal Ageing Study (SLAS) is 
an ongoing prospective cohort study of ageing and health 
transition initiated in 2003 with two successive waves of 
recruitment of participants in SLAS-1 (N=2804) in 2003-
2004, and SLAS-2 (N=3270) in 2009-2011. Details of the 
SLAS cohort recruitment and data collection have been 
described in previous publications (27, 28). In brief, residents 
in the community, aged 55 and above were recruited from 
two geographically separated regions in Singapore, and 
provided baseline information on a range of personal, social, 
lifestyle and health-related behaviour, medical, physiological, 
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psychological and cognitive data from extensive questionnaire-
based interviews, clinical and performance-based testing. The 
study was approved by the National University of Singapore 
Institutional Review Board, and all participants signed informed 
consent. The participants were followed up at approximately 
3-4 year intervals in the SLAS-1 cohort, and 3 to 5-years 
interval in the SLAS-2 cohort.  The present study combined 
participants from both the SLAS-1 and SLAS-2 cohorts who 
were assessed at baseline and the first follow up visit (average 
4 years after baseline). Complete data included baseline data 
on tea consumption, covariates and depression assessed by the 
Geriatric Depression Scale (GDS), and follow up depression 
outcome of 3177 participants with and without GDS depression 
at baseline, and 3004 participants who were free of GDS 
depression at baseline.  See Flowchart of cohort recruitment, 
baseline and follow up assessments and data extraction. 

Tea consumption. At baseline, tea consumption was 
assessed by reported habitual intake of common tea types using 
indigenous references and terms such as: ‘Ceylon/English’ 
tea (mixed blend of black tea usually consumed with milk), 
‘Chinese tea’ referring to either Black or Oolong tea or ‘Green” 
tea. The reported frequency of consumption was categorized 
as: 0=Never or rarely; 1=Less than one cup/week; 2=one or 
more cups/week but less than one cup/day; 3=one to two cups/
day; 4=three or more cups/day. A participant was classified 
as a non-tea drinker if the sum of the three scores was equal 
to zero. Given the small count in the category of ≥3 cups/
day for specific tea types, the consumption level of specific 
tea type was analysed for three ordinal categories as: (1) non-
drinker, (2) less than 1 cup daily, (3) ≥1 cups daily. For total 
consumption of any type of tea overall, consumption level was 
analysed as (1) none or <1cup daily (2) 1-2 cups daily and (3) 
≥3 cups daily. 

Depression
We assessed depression at baseline and follow up using 

the 15-item Geriatric Depression Scale (GDS) in English, 
Chinese and Malay translations, which has been previously 
validated in the Singaporean population to have high sensitivity 
and specificity for identifying DSM-IV diagnosis of major 
depressive disorder using cut-off of 4/5 or 5 more GDS 
symptoms (29). 

We calculated the change in count of depressive symptoms 
from baseline in GDS score at follow up for each individual, 
and used the change score to determine improvement or 
deterioration of depression. Improvement or deterioration of 
depression was optimally defined as a decrease or increase of 4 
or more depressive symptoms from baseline, as using 5 or more 
symptoms resulted in fewer counts for meaningful analysis.    

Covariates
To control for the influence of confounding factors, baseline 

data of covariates included age (single years), sex, ethnicity 
(Chinese, Malay and Indian/Others), education (none or ≤6 

years, 7-10 years, ≥11 years), housing type (low-end 1 or 
2-room public housing, 3-room public housing, ≥4 room 
public housing or other high-end private housing), marital 
status (single/ divorced/ widowed versus married) living alone 
(yes versus no), smoking (non-smoker, past smoker, current 
smoker), daily alcohol (yes versus no), number of comorbidities 
(ranging from 0 to 12), physical activity and social activity 
score, and Mini Mental State Examination (MMSE). Physical 
activity was measured by the summed score of frequency of 
participation (0=never or <once a month, 1=sometimes once 
per month but less than once a week, 2=often, once a week 
or more) in four categories of moderate to vigorous physical 
activity (brisk walking, other light to moderate exercise such 
as walking, dancing, bicycling, swimming, taichi, yoga, taiji, 
and active sports (tennis, badminton, golfing, etc) which are 
popular among older people. Social activity was similarly 
measured for participating in senior citizen club or social group 
activities, including card games, karaoke, line dancing, mah-
jong, karaoke, day excursion trips; religious services, sports or 
other organized public events.  The number of comorbidities 
was assessed from self-report of a diagnosis and treatment for 
18 specific chronic diseases and others. The English, Chinse 
and Malay translated and modified versions of the MMSE 
which was validated in a previous study was used to assess 
global cognition (30). 

  
Statistical analysis 
Data analysis was performed using IBM-SPSS statistical 

package (version 25). We used analysis of variance for 
continuous data and chi-squared analyses for categorical data 
for comparisons of five categories of tea consumption: (1) 
overall, (2) black or oolong tea, (3) green tea, (4) ‘Chinese’ 
tea (black, oolong or green tea), or (5) ‘Western’ mixed 
tea consumed with milk. In the total cohort (N=3177), we 
compared the estimated mean GDS change scores among 
tea consumption groups using generalized linear mixed 
model for repeated measures, while adjusting for age, sex, 
ethnicity, education, housing type, single/divorced/widowed, 
living alone, physical activity score, smoking, alcohol, number 
of comorbidities, MMSE, and baseline GDS score, and 
Bonferroni-adjusted p-values to assess statistical significance.  
We compared the proportions of those who showed improved 
depression and worsened depression by tea consumption 
categories, and used logistic regression to estimate odds ratio 
(OR) and 95% confidence intervals (95%CI) of association 
of tea consumption with the odds of improved depression or 
worsened depression, adjusted for the same demographic, 
economic deprivation, social isolation, lifestyle behaviour, and 
health variables. Among cohort participants (N=3004) who 
were free of depression at baseline, we estimated OR (95%CI) 
of association of tea consumption with incident depression 
(GDS>=5) observed at follow-up. 

We conducted subgroup analyses to examine whether the 
observed associations differed by sex or age (<65 years old 
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versus ≥65 years old). We performed several sets of sensitivity 
analyses for the full model to assess consistency of the effect 
estimates using different thresholds for the GDS with greater 
sensitivity or specificity to define improved or worsened 
depression and incident depression. We also tested our results 
based on the full sample after multiple imputation for missing 
data.  

Results

Participants with available depression data who were 
followed up, compared to those were not followed up did not 
differ significantly on baseline GDS. However, they were 
significantly younger in age, more likely to be women, of 
Chinese ethnicity, better educated, and better housed; they were 

less likely to be single, divorced or widowed, living alone, or 
smokers but more likely to be daily alcohol drinkers; they were 
more physically and socially active, had fewer numbers of 
chronic medical conditions, and gave higher MMSE scores, and 
were more likely to be tea drinkers. (Supplementary Table 1)  

Table 1 shows the baseline characteristics of the followed-
up study participants by their levels of total tea consumption. 
Tea drinkers compared to non-tea drinkers were significantly 
younger in age, more likely to be men, ethnically Chinese, have 
more years of education, have better housing situation, less 
likely to be single, divorced or widowed, more physically and 
socially active, and have higher MMSE cognitive scores.

The tea consumption groups did not differ significantly on 
the prevalence of GDS depression at baseline. At follow up, 
tea drinkers compared to non-tea drinkers (of all types and 

Table 1
Baseline characteristics and GDS depression status by total tea intake categories of study participants (N=3177)

Total Tea Intake
None or< 1cup/day 1-2cups/day ≥3cups/day

Total (N=5821) 1503 866 808
Age 66.5 ± 7.3 65.7 ± 7.3 64.9 ± 6.8 <0.001
Female sex 71.7 (1078) 61.8 (535) 55.8 (451) <0.001
Ethnicity: Chinese 94.3 (1417) 89.6 (776) 95.8 (774)
                  Malay 3.5 (52) 5.1 (44) 2.1 (17)
                  Indian/Others 2.3 (34) 5.3 (46) 2.1 (17) <0.001
Education ≤6 years 41.2 (619) 36.8 (319) 23.5 (190)
                   7-10 years 36.1 (543) 34.5 (299) 38.7 (313)
                   >10 years 22.7 (341) 28.6 (248) 37.1 (305) <0.001
Housing type: 1-2 room public 13.2 (199) 11.8 (102) 5.9 (48)
                    3 room public 30.1 (453) 24.6 (213) 18.9 (152)
                    ≥4 room-public and private 56.6 (851) 63.6 (551) 75.2 (608) <0.001
Single/divorced/widowed 32.7 (492) 27.5 (238) 22.6 (183) <0.001
Live alone 11.9 (179) 10.2 (88) 7.9 (64) 0.003
Smoking: Past smoker  9.0 (136) 9.8 (85) 10.8 (87)
                  Current smoker 7.0 (105) 7.3 (63) 5.9 (48) 0.966
Daily alcohol 5.0 (75) 7.3 (63) 6.1 (49) 0.173
Physical activities score 2.24 ± 1.73 2.46 ± 1.88 2.89 ± 1.87 <0.001
Social activity score 3.04 ± 2.39 3.26 ±  2.49 3.53 ± 2.63 <0.001
No. of comorbidities 2.08 ± 1.53 2.13 ± 1.59 2.12 ± 1.52 0.279
MMSE score 27.4 ± 3.11 27.7 ± 2.65 28.2 ± 2.19 <0.001
Baseline GDS≥5 7.8 (117) 6.8 (59) 6.3 (51) 0.172
Follow-up GDS≥5 4.1 (61) 2.9 (25) 1.5 (12) 0.001
Improved GDS≥4 7.3 (110) 6.4 (55) 6.4 (52) 0.369
Worsened GDS≥4 2.5 (37) 1.7 (15) 0.6 (5) 0.002
Figures shown are mean ± SD or % (N)
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by different tea types) showed significantly lower prevalence 
of GDS depression.  GDS depression symptoms in the whole 
cohort showed a reduction from baseline to follow up. The 
overall mean decline of -0.42 (SD of 2.13) symptoms did 
not differ significantly by tea consumption groups, but the 
proportions of those whose GDS scores worsened by 4 or more 
points were significantly less among tea drinkers than non-tea 
drinkers.   

Table 2 shows the differences in estimated GDS changes 
by tea consumption groups adjusted for baseline age, sex, 
ethnicity, education, housing type, single/divorced/widowed, 
living alone, physical activity score, social activity score, 
smoking, alcohol, number of comorbidities, MMSE, and 
baseline GDS level. Participants who consumed 3 or more cups 
of tea of all kinds showed significantly greater reduction of 
GDS symptoms than non-drinkers. The odds of worsened GDS 
depression was significantly less among those who consumed 3 
or more cups of all types of tea (OR=0.32, 95% CI=0.12, 0.84) 
compared to non-tea drinkers. The differences by specific tea 
types after covariate adjustment showed the same trends but 

were not statistically significant. 
Among participants who were free of GDS depression at 

baseline (N=3004), the risk of incident GDS (≥5) depression 
was significantly lower by 70% among participants who 
consumed 3 or more cups of tea of all kinds daily compared to 
non-drinkers (OR=0.34, 95%CI=0.13, 0.90). Table 3. The risk 
estimates for individual tea types showed the same trends of 
association and was statistically significant for consumption of 
Chinese (black or oolong or green) tea (OR=0.46, 95%CI=0.21, 
0.99).  

We observed no material differences in the effect estimates 
by sex or age in subgroup analyses. In sensitivity analysis, 
we varied cut-off values of the GDS (above and below 5) 
used to define worsened or improved depression and incident 
depression, repeated the analysis for the fully adjusted model 
and observed only modest alterations in the observed dose-
effect relationships. We tested our results using full sample 
after multiple imputation and observed reasonably consistent 
effect estimates with the final model.

Table 2
Changes in GDS depressive symptoms by tea intake of participants in total follow up cohort (N=3177)

GDS Change Group differences Improved ≥4 symptoms Worsened ≥4 symptoms
Adjusted mean (95% CI) Adjusted mean (95% CI) Adjusted OR (95%CI) Adjusted OR (95%CI)

All tea types
None or <1cup/day -0.16 (-0.36, 0.05) 0 1 1
1-2 cups/day -0.24 (-0.46, -0.02)* -0.08 (-0.21, 0.04) 0.93 (0.66, 1.30) 0.72 (0.39, 1.34)
≥3 cups/day -0.28 (-0.49, -0.06)* -0.12 (-0.24, 0.00)* 1.01 (0.71, 1.45) 0.32 (0.12, 0.84)*
Chinese tea (Black/Oolong/Green)
None -0.18 (-0.38, 0.02) 0 1 1
<1 cup/day -0.21 (-0.46, 0.04) -0.03 (-0.20, 0.13) 1.21 (0.82, 1.85) 0.88 (0.39, 2.02)
≥1 cups/day -0.31 (-0.53, -0.10)* -0.13 (-0.24, -0.02)* 1.01 (0.80, 1.53) 0.47 (0.22, 1.00)*
Black tea
None -0.19 (-0.39, 0.02) 0 1 1
<1 cups/day -0.25 (-0.48, -0.03)* -0.06 (-0.18, 0.06) 1.14 (0.82, 1.59) 0.60 (0.28, 1.25)
≥1 cups/day -0.31 (-0.54, -0.08)* -0.12 (-0.26, 0.01) 1.10 (0.73, 1.67) 0.65 (0.27, 1.57)
Green tea
None -0.19 (-0.39,  0.01) 0 1 1
<1 cups/day -0.26 (-0.50, -0.02)* -0.07 (-0.20, 0.06) 1.32 (0.91, 1.93) 0.66 (0.26, 1.68)
≥1 cups/day -0.41 (-0.66, -0.16)* -0.22 (-0.42, 0.02) 1.54 (0.86, 2.75) 0.40 (0.06, 2.98)
Western tea (with milk)
None -0.18 (-0.39, 0.02) 0 1 1
<1 cups/day -0.22 (-0.45, 0.00)* -0.04 (-0.16, 0.08) 0.82 (0.57, 1.18) 0.59 (0.27, 1.28)
≥1 cups/day -0.24 (-0.46, -0.02)* -0.06 (-0.19, 0.08) 1.04 (0.71, 1.54) 0.78 (0.36, 1.70)
Ref: Reference: Figures are adjusted for age, sex, ethnicity, education, housing type, single/divorced/widowed, living alone, physical activity, social activity and occupational activity 
score, smoking, alcohol, number of comorbidities, MMSE, (additionally GDS at baseline GDS for GDS change);  *p<0.05, **p<0.01, ***p<0.001; Given the small number of participants 
with tea consumption of ≥ 3 cups/day, the ordinal categories for black or oolong tea, green tea, ‘Chinese’ (black, oolong or green) tea and Western tea are re-ordered as shown above. 
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Discussion

This prospective cohort study showed that the consumption 
of tea was associated with lowered risk of developing threshold 
depression. In particular, tea did not appear to have the effect 
of improving existing depressive symptoms but may have 
the beneficial effect of preventing the worsening of existing 
depressive symptoms.  

Collaborating evidence from experimental and some 
clinical studies support the benefit of tea consumption for 
mental health and wellbeing. In mice models, tea polyphenols 
especially green tea catechins, such as epigallocatechin gallate 
(ECCG) exert anti-inflammatory actions (3, 4) and lower 
depression (5, 6) by, among other mechanisms, inhibition of the 
hypothalamic–pituitary–adrenal axis (7). Clinical studies show 
that L-theanine, a unique component in green tea, ameliorate 
stress-related symptoms and depressive disorders (8, 9). 
Evidence from human electroencephalograph (EEG) studies 
show that L-theanine significantly increases activity in the 
alpha frequency band indicating mental relaxation (10). 

Our study adds to a growing body of recent epidemiological 
reports supporting the anti-depressant effects of tea 
consumption in older people, particularly in Asian populations 
(13, 15, 16, 18-22). The dose-response association appears to 

Table 3
Risk of incident GDS depression by tea intake among follow-up cohort of participants free of depression at baseline (N=3004)

At risk N Incident depression (GDS≥5)

% (N) P OR (95%CI) ¥

All tea types

None or <1cup/day 1412 2.5 (35) 1

1-2 cups/day 824 2.1 (17) 0.67 (0.34, 1.28)

≥3 cups/day 768 0.7 (5) 0.004 0.34 (0.13, 0.90)*

Chinese tea (Black/Oolong/Green)

None 1655 2.4 (40) 1

<1 cup/day 406 2.2 (9) 1.00 (0.43, 2.32)

≥1 cups/day 943 0.8 (8) 0.003   0.46 (0.21, 0.99)*

Black/Oolong tea 

None 1756 2.4 (43) 1

<1 cup/day 803 1.1 (9) 0.66 (0.31, 1.39)

≥1 cups/day 445 1.1 (5) 0.017 0.59 (0.23, 1.55)

Green tea

None 2352 2.1 (50) 1

<1 cups/day 494 1.2 (6) 0.59 (0.21, 1.66)

≥1 cups/day 158 0.6 (1) 0.121 0.44 (0.60, 3.25)

Western tea (with milk)

None 1803 2.2 (39) 1

<1 cup/day 705 1.6 (11) 0.70 (0.33, 1.47)

≥1 cups/day 495 1.4 (7) 0.205 0.51 (0.20, 1.32)

Figure 1
Flowchart of cohort recruitment and data extraction
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support a threshold level for 3 or more cups of teadaily, and 
possibly as well for 1-2 cups daily, especially for green tea. 
Prior studies have variously investigated unspecified tea type, 
which included two reports of null association with depression 
(14, 17, 20, 21) or only one type (green tea) alone which both 
reported positive association with reduced depressive symptoms 
(18, 20). In two studies which investigated both green and black 
tea (16, 19) one study in rural North China reported lower odds 
of depressive symptoms for green and black tea (16), whereas 
the other study in Eastern China reported an inverse association 
of black tea and depression, but not for green tea (19). We 
investigated several types of tea simultaneously in this study, 
and observed that consumption of any or all types of tea was 
associated overall with less depression, and this appeared to be 
especially true for the consumption of Chinese tea (both black, 
oolong or green), while the consumption of Western mixed tea 
with milk appeared to be less strongly associated. This appears 
to be commensurate with the weak or null association reported 
in several studies of Western populations. Some studies suggest 
that the addition of milk may reduce the anti-oxidant activity of 
black tea, due to the interaction between tea polyphenols and 
milk proteins, such as between catechins and caseins (31, 32). 
Further studies are needed to elucidate these observations.  

Our study finding has important implications for population-
based preventive measures to promote and maintain the mental 
health and quality of life of older persons (33). The prevalence 
of sub-syndromal and syndromal depression in the population 
of older persons in Singapore is estimated at about 9.6% 
and 4.9% respectively (34). Significantly large numbers of 
older persons with subsyndromal depression therefore have 
depressive symptoms (equivalent to GDS depression score of 
≥5) that put them at increased likelihood of being clinically 
diagnosed as major depression. Studies have shown that 
subsyndromal depression is just as detrimental to well-being 
as clinical depression, as it is associated also with increased 

functional impairment, poor quality of life, hospitalization and 
mortality (35-37). For consuming 3 or more cups of tea daily, 
the estimated effect size for reducing depressive symptoms 
is moderate-to-strong (Cohen’s D=1.30 and OR=0.32). The 
observed effects of tea consumption on reducing the severity of 
depressive symptoms are in the subclinical efficacy range, but 
at the population level, it translates to a potentially non-trivial 
impact in reducing the societal burden of disease in the general 
population. 

Strengths and limitations. The large sample prospective 
cohort design and use of longitudinal data is a strength of this 
study. The specific characterization of types of tea consumption 
is useful, given that bioactive constituents which vary in 
different types of tea through diverse processing methods 
may be responsible for heterogeneous findings reported in the 
literature. However, the small counts by daily consumption of 
individual black/oolong or green tea still limits statistical power 
for risk estimation. Another limitation is the large attrition from 
loss to follow-up, due to deaths and loss of contact and refusals. 
Participants who were not reassessed at follow up, compared 
to those in the study, were characterized by their demographic, 
economic deprivation, social isolation, lifestyle behaviour, and 
physical health profile at baseline to be more vulnerable to 
depression. They also included significantly fewer tea drinkers. 
The observed incidence of depression from follow up was most 
likely under-estimated in the follow-up cohort overall. Thus 
the overall favourable lifestyle and health profile of this follow 
up cohort should be noted and limits the generalization of the 
findings to other populations.  

Conclusion 

This study suggests that tea may prevent the worsening of 
existing depressive symptoms and thus reduce the likelihood 
of developing threshold depression. Further prospective cohort 

Figure 2
GDS depression at baseline and follow up by all-types tea consumption groups: 2A: Mean GDS score; 2B: GDS Improvement; 

2C: GDS worsening; 2D: Incident depression (GDS≥5)  
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and interventional studies should investigate the heterogeneous 
effects of different types and ways of tea consumption on 
promoting and maintaining mental wellbeing in diverse 
populations.  
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