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Abstract
OBJECTIVE: To examine the association between long-term 
tea consumption and depressive and anxiety symptoms in 
community-living elderly. 
DESIGN: Community based cross-sectional study.
SETTING: The Diet and Healthy Aging Study (DaHA), a 
prospective cohort study in Singapore. 
PARTICIPANTS: 614 elderly aged 60 years and above, who 
were free of dementia and cognitive impairment. 
MEASUREMENTS:  Information on tea consumption was 
obtained through interviewer-administered questionnaire.   
Long-term tea drinking was defined as regular consumption 
for at least 15 years. Depressive and anxiety symptoms were 
measured using the 15-item Geriatric Depression Scale (GDS-15) 
and the 20-item Geriatric Anxiety Inventory (GAI), respectively. 
A generalized structural equation model (gSEM) was applied 
to ascertain the association between long-term tea consumption 
and depressive and anxiety symptoms. 
RESULTS: About 59% of the subjects had consumed tea for 
over 15 years. Long term tea consumption was significantly 
associated with a reduced odds of having depressive and 
anxiety symptoms, after adjusting for demographics (i.e., 
age, gender, education and ethnicity), comorbid conditions 
(i.e., heart disease, diabetes, stroke, hypertension and 
hyperlipidaemia) and long-term coffee consumption.
CONCLUSION: There was evidence suggesting that long-
term tea consumption was associated with reduced depressive 
and anxiety symptoms among community-living elderly. This 
suggests that it is worthwhile to further investigate the role of 
tea’s bioactive compounds in promoting mental health in aging.  

Key words: Tea, aging, depression, anxiety, generalized structural 
equation model.

Introduction

The potential health benefits of tea consumption 
are well-documented (1-6). Recent studies have 
linked tea consumption with better mental 

health in aging (7-10). The neuroprotective effects of 
tea consumption could be attributed to its antioxidant 
and anti-inflammatory properties (4).  Tea’s antioxidant 
property is primarily contributed by tea catechins, 
theaflavins and thearubigins (11, 12). Tea leaves also 
contain L-theanine, a unique amino acid, which may 
promote human brain functions (13). While the short-
term central nervous system stimulating effects of tea 
have been reported in literature (14), the association 
between long-term consumption of tea and elderly’s 
psychological health has not been established. From a 
life-course perspective, the duration of healthy dietary 
habits could provide a more consistent measure of 
health-related behaviour and accumulated exposure. 
Although the importance of anxiety in late-life mental 
health is gaining much attention in recent years (15), no 
observational studies examining the long-term anxiolytic 
effects of tea have been reported to date.         

The aim of this study was to ascertain the association 
between long-term regular consumption of tea (>15 
years) and the depressive and anxiety symptoms in 
community-living elderly in Singapore using baseline 
data from the Diet and Healthy Aging Study (DaHA) 
cohort. 

 
Methods

Subjects

The study subjects were community-living elderly 
from the ongoing Diet and Healthy Aging Study (DaHA) 
cohort.  Commenced in July 2011, DaHA aims to study 
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the relationship between Asian diets and health among 
community-living elderly in Singapore. Singapore 
citizens and permanent residents aged 60 years and 
above and residing in Jurong, an urban community in the 
western region of the city-state, were recruited by trained 
research staff through door-to-door visits. All interviews 
and assessments were conducted at the Training and 
Research Academy at Jurong Point (TaRA@JP), which is 
located in the targeted community. The protocol of DaHA 
was approved by the National University of Singapore 
Institutional Review Board, and written informed consent 
was obtained from all participants. 

Data Collection

Detailed information on tea consumption was collated 
through an interviewer-administered questionnaire. 
The questions were designed according to the habitual 
consumption patterns among the elderly in Singapore. 
The common tea types were green tea, Chinese oolong 
tea, and English black tea. The key question on tea 
consumption was “How often do you consume each of 
the following food or drink?” at enrolment and at the age 
of 45, with six options for frequency, namely i. never or 
rarely, ii. more than once a month but less than once a 
week, iii. one to three times a week, iv. four to six times 
a week, v. one to two times a day, and vi. three times or 
more a day. With this one could determine whether the 
subjects had consumed tea for 15 years or longer (0: No, 
1: Yes) given that they were at least 60 years old when 
enrolled. A subject was considered a long-term drinker 
(i.e., >15 years) if s/he had reported consuming tea or 
coffee regularly, at the age of 45 and at enrolment. Note 
that both tea and coffee are common beverages among 
the Singapore population.

The participants’ level of depression was measured 
by the 15-item Geriatric Depression Scale (GDS-15) (16, 
17). The severity of anxiety was ascertained using the 
20-item Geriatric Anxiety Inventory (GAI) (18). For both 
scales, a higher score is reflective of a greater severity of 
the symptoms. Other relevant information such as socio-
demographics (e.g., age, gender, ethnicity, marital status, 
educational attainment and housing type) and health/
medical conditions (e.g., heart disease, stroke, diabetes, 
hypertension, and hyperlipidaemia) were self-reported 
through the interviewer-administered questionnaire. 
A subject was considered to have suffered from heart 
disease if s/he had reported heart failure, heart attack or 
irregular heart-beat (atrial fibrillation). 

Statistical Analysis

The sample characteristics were presented in median/
range for quantitative variables, and in frequency/
percentage for qualitative variables. Exploratory analyses 
were carried out with Wilcoxon-Mann-Whitney test 

and chi-square test, depending on the nature of data. In 
view of the above-mentioned study aim, the multivariate 
generalized structure equation model (gSEM) (19) was 
applied for confirmatory analyses. With the admissible 
values of GDS and GAI bounded between 0-15 and 
0-20 respectively, a continuous and bounded Beta 
distribution was applied as the underlying distributions 
for the two scores. The flexible Beta distribution could 
handle data that are symmetrical or skewed (20). Both 
the GDS and GAI were standardized based on the 
standard version of Beta distribution and according to 
the conventional practice without loss of information 
(21). Long-term tea consumption (>15 years vs. ≤ 15 
years or non-drinker) and the presence of heart disease, 
stroke, diabetes, hypertension and hyperlipidaemia 
followed the Binomial distribution in view of their binary 
nature (0: Without, 1: With). In both instances, the link 
functions applied were logit, thus enabling the estimated 
coefficients be interpreted as adjusted odds ratios (AOR). 
A backward elimination with removal probability of 
0.05 was executed to identify the final model, but the 
non-significant predictors could be retained if they were 
relevant for answering the key questions of the study. 
The final chosen model is depicted in Figure 1 in the 
form of a path diagram, which indicates all hypothesized 
directionality of the analysis. For example, Tea→GDS 
indicates that an analysis would be performed for 
ascertaining long-term tea consumption’s effect on GDS-
15 scores. A robust procedure was also implemented for 
correcting the standard errors in anticipation of outliers. 
The association between long-term coffee consumption 
and depression and anxiety was analyzed using the 
same approach for comparison and adjustment. The 
analysis was performed using Stata MP version 14 (Stata 
Corporation, Texas, USA), and all statistical tests were 
carried out at 5% level of significance.

 
Results

Of the total of 642 elderly subjects enrolled from 
2011 to 2015, 614 (95.6%) were free from dementia and 
cognitive impairment (MMSE ≥ 24). Of these, 97.2% 
were Chinese, 69.7% were women, 70.2% were married 
and 67.5% had primary or no formal education. While 
relatively few reported with heart disease (9.6%) and 
stroke (3.6%), a large number of subjects had suffered 
from hypertension (48.2%) and hyperlipidaemia (50.8%).  
About 15% reported to have diabetes. The sample 
characteristics are depicted in Table 1. 

Of the 614 subjects aged between 60 and 93, 362 
(59.0%) reported to have consumed tea for more than 15 
years.  While there was no significant age, ethnicity and 
housing type differences detected, more male subjects 
were long-term tea consumers when compared with their 
female counterparts (65.0% vs. 56.1%; p: 0.04).  There 
were also more elderly subjects with at least secondary 
school qualifications who consumed tea on a long-
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term basis, when compared with those who had lower 
educational attainment (70.1% vs. 53.5%; p<0.01). 

Table 1. Characteristics of the study sample 
a. Socio-demographics: n=614

Age     Median: 67 (range: 60-93)

Gender  

  Male 183 (29.8%)

  Female 428 (69.7%)

  Missing 3 (0.5%)

Ethnicity

  Chinese 597 (97.2%)

  Malay 5 (0.8%)

  Indian 6 (1.0%)

  Other     4 (0.7%)

  Missing 2 (0.3%)

Marital status

  Single 24 (3.9%)

  Married 431 (70.2%)

  Divorced/separated 28 (4.6%)

  Widowed 126 (20.5%)

  Missing 5 (0.8%)

Educational attainment

  Primary & below 413 (67.5%)

  Secondary 145 (23.7%)

  Post-secondary/tertiary 56 (8.8%)

Housing type

  1/2/3-room flat 122 (19.9%)

  4/5-room flat 428 (69.7%)

  Executive/maisonette/
  private apartment/ 
  condominium/landed housing

63 (10.3%)

  Missing 1 (0.1%)

b. Comorbid conditions:

Heart disease 59 (9.6%)

Stroke 22 (3.6%)

Diabetes 95 (15.5%)

Hypertension 296 (48.2%)

Hyperlipidaemia 312 (50.8%)

c. Mental health

Geriatric Depression Scale (GDS) score Median: 1 (range: 0-11)

Geriatric Anxiety Inventory (GAI) score Median: 0 (range: 0-17)

d. Long-term consumption of caffeinated drinks:

Tea    

  > 15 years 362 (59.0%)

 ≤ 15 years or non-drinker    252 (41.0%)

Coffee    

  > 15 years 482 (78.5%)

  ≤ 15 years or non-drinker 129 (21.1%)

  Missing 3 (0.4%)

The GDS-15 (median: 1; range: 0-11) and GAI (median: 
0; range: 0-17) scores were positively skewed, as a total 
of 248 subjects (40.4%) did not present any symptoms 
of depression while 433 (70.5%) were free from anxiety. 
Confirmatory analysis with gSEM showed that subjects 
who had consumed tea for over 15 years were more likely 
to have lower scores for GDS-15 (AOR: 0.82, p=0.01) 
and GAI (AOR: 0.84, p<0.01), while adjusting for their 
demographics, comorbid conditions and long-term coffee 
consumption. However, long-term coffee consumption 
was not significantly associated with depressive 
symptoms and anxiety symptoms.

A further analysis with gSEM showed that age, gender 
and ethnicity were not significantly associated with 
the prevalence of diabetes, stroke, hypertension and 
hyperlipidaemia, but heart disease was more prevalent 
in Malay and Indian male subjects in their advanced 
years.  Long-term tea and coffee consumption were 
also not significantly associated with the prevalence 
of heart disease, diabetes, stroke, hypertension and 
hyperlipidaemia.  

Discussion
 

The study found that long-term tea consumption was 
associated with a lower level of depression and anxiety 
among community living elderly in Singapore.  The 
findings provide fresh evidence on the potential role of 
tea and its bioactive compounds in promoting mental 
health in the aging population.  

Tea’s antioxidant property is contributed by catechin, 
theaflavins and thearubigins. As a nonselective A1 
and A2α adenosine receptor antagonist, caffeine could 
stimulate cholinergic neurons (22, 23) and help to prevent 
amyloid-β induced cognitive deficits (24).  Tea leaves 
also contain L-theanine, a unique amino acid, which may 
promote human brain functions and has been found to 
have significant impact on mental state (13).

The findings on depression replicated our previous 
studies using data from the Singapore Longitudinal 
Aging study (10) and the Confucius Hometowns 

Figure 1. Path diagram of the final gSEM
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Aging Project (9).  The inverse association between tea 
consumption and depressive symptom suggests that 
tea drinking could be a potential preventive measure 
for promoting mental health at the population level. It 
reinforces the evidential support concerning tea’s impact 
on preventing depression, as reported in literature (25, 
26). But our findings concerning the association between 
long-term tea consumption and prevention of anxiety 
is novel. As such, the potential anxiolytic impact of tea 
should be further studied in clinical trials with biological 
markers of tea intake. 

We used gSEM in statistical analysis because it is ideal 
for dealing with complex data structures. As the latest 
member of the SEM family of statistical techniques, gSEM 
is most suitable for dealing with and testing for complex 
inter-relationships among variables of mixed-types 
(qualitative and quantitative). A loss of precision (i.e., 
inflated standard errors) is expected should the data be 
analysed with the conventional models which could only 
deal with one outcome at a time, thus failing to handle 

the entire data structure in one single analytical setting 
and providing the much-needed comprehensive picture 
of the data patterns.

Our study has a few limitations. First, the reported 
statistically-significant association among variables 
are not to be interpreted as cause and effect in view of 
the cross-sectional study design. Second, depression 
and anxiety were measured using self-reported 
questionnaires but not clinical assessment and consensus 
diagnosis based on established criteria such as the DSM 
and ICD.  Last but not least, the study was not designed 
to provide a compelling answer to tea’s anti-pathogenic 
effects on depression and anxiety.

As such, a longitudinal study design is recommended 
for future studies. In fact, we are currently conducting 
a 5-year follow up of the DaHA cohort in Singapore, 
in order to facilitate the testing of dose-response 
relationship and to ascertain the effects of different types 
of tea (i.e., green tea, oolong tea and black tea).

Table 2. Final confirmatory analyses of GDS and GAI with gSEM
a. GDS AOR 95% C.I. p-value

Tea consumption for over 15 years *
    0: No Reference Reference Reference
    1: Yes 0.82 0.71—0.95 0.01 
Coffee consumption for over 15 years 
    0: No Reference Reference Reference
    1: Yes 0.86 0.71—1.04 0.12
Comorbid conditions:
     Heart disease 1.25 0.95—1.65 0.11
     Diabetes * 1.29 1.04—1.61 0.02
     Stroke 1.18 0.76—1.82 0.46
     Hypertension 0.96 0.82—1.12 0.60
     Hyperlipidaemia 1.01 0.86—1.17 0.94
b. GAI AOR 95% C.I. p-value

Tea consumption for over 15 years *
    0: No Reference Reference Reference
    1: Yes 0.84 0.76—0.94 <0.01 
Coffee consumption for over 15 years 
    0: No Reference Reference Reference
    1: Yes 0.92 0.81—1.05 0.22
Comorbid conditions:
     Heart disease 1.12 0.92—1.35 0.26
     Diabetes 1.03 0.89—1.19 0.69
     Stroke 1.19 0.83—1.66 0.32
     Hypertension 1.06 0.95—1.18 0.27
     Hyperlipidaemia 0.90 0.81—1.01 0.07
*Statistically significant at 5%.
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