
© 2018 Xu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment 2018:14 1795–1801

Neuropsychiatric Disease and Treatment Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1795

O r i g i N a l  r e s e a r c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/NDT.S165618

gender differences in the protective effects 
of green tea against amnestic mild cognitive 
impairment in the elderly han population

hua Xu,1,2 Yaping Wang,3

Yefeng Yuan,4 Xulai Zhang,5 
Xiaoyun Zuo,6 lijuan cui,7 
Ying liu,8 Wei chen,9 Ning 
su,1,2 haihong Wang,1,2 Feng 
Yan,1,2 Xia li,1,2 Tao Wang,1,2 
shifu Xiao1,2

1Department of geriatric Psychiatry, 
shanghai Mental health center, shanghai 
Jiao Tong University school of Medicine, 
shanghai, china; 2alzheimer’s Disease 
and related Disorders center, shanghai 
Jiao Tong University, shanghai, china; 
3Department of Psychology and Psychiatry, 
The second affiliated hospital of Xi’an Jiao 
Tong University school of Medicine, Xi’an, 
shaanxi Province, china; 4Department of 
Psychiatry, The First affiliated hospital of 
Nanchang University, Nanchang, Jiangxi 
Province, china; 5Department of geriatric 
Psychiatry, The Fourth People’s hospital 
of hefei city, hefei, anhui Province, china; 
6Department of geriatrics, The Third 
People’s hospital of Jian city, Jian, Jiangxi 
Province, china; 7Department of applied 
Psychology, east china Normal University, 
shanghai, china; 8Department of Psychiatry, 
The First affiliated hospital of the china 
Medical University, shenyang, liaoning 
Province, china; 9Department of Psychiatry, 
sir run run shaw hospital, Zhejiang 
University school of Medicine, hangzhou, 
Zhejiang Province, china

Background: Gender differences may contribute to variances in the potential protective effects 

of tea against cognitive impairment in the elderly.

Objective: To examine the association between different types of tea consumption and the 

risk of amnestic mild cognitive impairment (aMCI) along gender lines.

Methods: A cross-sectional study was conducted with reference to 20 communities in China. 

The sample population included elderly participants aged 60 years or older. A standardized 

questionnaire was used to collect each participant’s general demographic information. Trained 

psychologists administrated the Mini-Mental State Examination (MMSE) and the Montreal 

Cognitive Assessment (MoCA) to assess participants’ cognitive function. An attending psy-

chiatrist evaluated each participant’s cognitive function. Finally, data from 2,131 participants 

were analyzed to assess the association.

Results: With regard to male participants, the percentage of green tea consumption was higher 

in the normal control group than in the aMCI group (Χ 2=4.64, P=0.031). Logistic regression 

analysis showed that green tea consumption reduced the risk of aMCI in male participants 

(OR=0.657, P=0.019), and this finding was highly significant in males aged under 70 years 

(OR=0.376, P=0.002). Regarding female participants across every age group, the results indi-

cated that tea consumption failed to significantly decrease the risk of aMCI (P.0.05). Unlike 

green tea, black tea and oolong tea were not correlated with a reduced risk of aMCI in terms of 

gender or age group. Multiple linear regression analysis also revealed that age, years of educa-

tion, and green tea consumption (B=0.996, P=0.000) were associated with MoCA and MMSE 

scores, though only in male participants.

Conclusion: Green tea consumption showed a protective effect against aMCI in males but 

not in females, particularly in males aged ,70 years. However, black tea and oolong tea failed 

to show any protective effect in either males or females.

Keywords: gender difference, green tea, amnestic mild cognitive impairment, protective 

factor

Introduction
Alzheimer’s disease (AD) is a progressive neurodegenerative disease that occurs in 

elderly individuals. AD has a high prevalence and affects people worldwide. Recent 

studies have indicated that diabetes, midlife hypertension, midlife obesity, physical 

inactivity, depression, smoking, and low educational attainment are the risk factors 

for AD, and the evidence is consistent.1 Due to the limited treatments available for 

AD at this time, emphasis has been placed on the primary and secondary prevention 

of the disease through the modification of risk factors.2
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Throughout the past decades, the concept of amnestic 

mild cognitive impairment (aMCI) has emerged in rela-

tion to the early detection of AD. Studies have shown that 

aMCI represents a transitional state between normal aging 

and AD.3 Although wide variations have been reported in 

the conversion rate from aMCI to AD, aMCI is generally 

regarded to include the prodromal AD stage, and the con-

version rate of aMCI to AD is much higher than that of the 

normal age-matched population.4 Among currently identified 

potential protective or risk factors for cognitive impairment, 

tea consumption has been regarded to serve a neuroprotective 

function in the elderly.

Tea drinking was originated in Asia and has since spread 

throughout the world today. According to the different 

degrees of fermentation that occur during the manufactur-

ing process, tea can be categorized into three basic types: 

black tea (fully fermented), oolong tea (semi-fermented), 

and green tea (nonfermented). Black tea accounts for ~78% 

of total tea production worldwide,5 and green tea is the most 

popular type of tea consumed in Asia. Recent studies have 

suggested that tea drinking is associated with a lower risk of 

AD and cognitive impairment.6–9 This may be attributed to 

the effect of catechins, an active ingredient that is especially 

abundant in green tea.10,11 However, the protective effects 

of tea remain controversial.12 Furthermore, the association 

between the different types of tea consumption and the risk 

of cognitive impairment have not yet been clarified in previ-

ous research studies.

More recently, the researchers of our previous study 

examined both the protective and risk factors for aMCI in 

the Shanghai population. The findings revealed different 

associative effects according to gender and age differences. 

For example, females were found to be at a higher risk for 

aMCI than males. Drinking tea was found to be a protective 

factor for males aged 60 years or older, though this protec-

tive effect was not evident in males aged over 70 years.13 

Due to the limitations of the sample size, the researchers 

did not analyze the association between different types of 

tea and cognitive function with regard to more specific age 

groups or gender differences. Thus, the current study aimed 

to elaborate upon the association between different types of 

tea consumption and cognitive performance by recruiting 

participants from several cities in China in order to obtain a 

larger sample size for data analysis. This sample here rep-

resents a subsample of the China Longitudinal Aging Study 

(CLAS), and data were analyzed to examine the association 

observed in males and females.

Methods
Participants
The CLAS represented a survey of community-based epi-

demiological studies in China.14 Twenty target communities 

(ie, 18 urban and 2 rural) located in the eastern, mid, and 

western parts of China have been included in this study. 

According to the 2010 national census, permanent residents 

aged 60 years or older were entered into a database. A simple 

random sample comprising 4,411 residents was selected to 

identify potential participants. A total of 3,514 participants 

completed the baseline survey. Data from the baseline survey 

were obtained from among the 20 target communities between 

March 2011 and July 2012 in Han population. Among these 

participants, a subsample of 2,131 participants included each 

participant’s diagnosis and complete information concerning 

tea consumption was utilized in our report here. The CLAS 

project was approved by the Ethics Committee of Shanghai 

Mental Health Center. All the subjects provided written 

informed consent for the study before it was initiated.

Neuropsychological tests and tea 
consumption investigation
All participants underwent a screening process that consisted 

in a review of demographic information (ie, name, gender, 

ethnicity, years of education, and occupation before retire-

ment), information about daily living (ie, hobbies, dietary 

preferences, smoking history, consumption of alcohol and 

tea, and physical activities), and type of tea consumed (ie, 

green tea, black tea, and oolong tea) with frequency of tea 

consumption.

Psychologists, all of whom had met the same training 

criteria and who had undergone a consistency evalua-

tion, administered the standardized neuropsychological 

examinations including the Mini-Mental State Examina-

tion (MMSE)15 and the Montreal Cognitive Assessment 

(MoCA).16 In addition, the Geriatric Depression Scale17 

was used to identify depressive symptoms and severity in 

participants.

Diagnostic criteria
Attending psychiatrists were assigned the task of collect-

ing information pertaining to medical history, performing 

physical examinations, and conducting the final assessment. 

The Activities of Daily Living Scale,18 the Global Dete-

rioration Scale,19 and the Hachinski Ischemia Scale20 were 

used to assist in formulating each diagnosis. The results 

obtained from MRI scans were also evaluated in order to 
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exclude cerebrovascular disease. The diagnosis of aMCI 

was adapted from the MCI diagnostic criteria reported by 

Petersen: 1) memory complaints, preferably corroborated 

by a spouse or relative; 2) objective memory impairment; 

3) normal general cognitive function; 4) intact activities of 

daily living; and 5) absence of dementia.21

Data analyses
All statistical analyses were conducted using IBM SPSS for 

Windows, version 19 (IBM, Armonk, NY, USA). Indepen-

dent t-tests for the continuous variables were analyzed in 

order to assess differences in characteristics according to the 

diagnoses between the gender groups, and chi-square tests 

were carried out for categorical variables. The independent 

effect of green tea, black tea, and oolong tea for aMCI 

was determined using logistic regression analysis, which 

is adjusted for educational levels for each gender. Finally, 

multiple linear regressions were carried out to analyze the 

correlation between the potential protective or risk factors 

and cognitive function. For all analyses, the significance 

level was P,0.05.

Results
For both males and females, the average age of the aMCI 

group was higher than in the normal control (NC) group 

(T=5.15, P=0.000; T=8.32, P=0.000), and years of education 

were higher in the NC group than in the aMCI group (T=3.89, 

P=0.000; T=12.14, P=0.000; Table 1). With regard to males, 

the percentage of green tea consumption was higher in the NC 

population than in aMCI participants (Χ 2=4.64, P=0.031). 

However, black tea consumption; oolong tea consumption; 

smoking history; drinking history; and history of hyperten-

sion, heart disease, endocrine, and metabolic disease did not 

prove significant when comparisons were made between the 

aMCI and NC groups (P.0.05).

Logistic regression analysis revealed that the risk of 

aMCI was lower in male participants who reported green tea 

consumption (OR=0.657, P=0.019). When further analyzed 

by age, the risk of aMCI was significantly lower in males 

under 70 years, who had a history of green tea consumption 

(OR=0.376, P=0.002). Furthermore, green tea consumption 

did not prove statistically significant in males over 70 years 

(P.0.05). In contrast, green tea consumption did not diminish 

the risk of aMCI in females, regardless of age. Across every age 

group, neither black tea nor oolong tea was found to be associ-

ated with a decreased risk of aMCI (P.0.05; Table 2).

To conduct an analysis relating to males and females, 

multiple linear regression showed that age (B=−0.221, 

P=0.000), years of education (B=0.309, P=0.000), and 

green tea consumption (B=0.996, P=0.000) were associated 

with MoCA scores in males, and age (B=−0.146, P=0.000), 

years of education (B=0.187, P=0.000), and green tea con-

sumption (B=0.742, P=0.000) were also associated with the 

MMSE scores of male participants. Green tea consumption 

by females was associated with neither MoCA nor MMSE 

scores (P.0.05; Table 3).

Table 1 characteristics of the participants in aMci group and Nc group based on gender

Characteristics Male (n=965) Female (n=1,166)

aMCI (n=155) NC (n=810) t or X2 P-value aMCI (n=284) NC (n=882) t or X2 P-value

age (years) 73.88±7.68 70.32±7.60 5.15 0.000* 74.55±8.60 (n=272) 69.74±7.36 (n=873) 8.32 0.000*
education (years) 7.76±4.97 9.98±6.35 3.89 0.000* 4.12±4.21 (n=253) 7.98±5.07 (n=840) 12.14 0.000*

Tea consumption (%) 48.4 (n=75) 62.1 (n=504) 10.26 0.001* 21.1 (n=60) 26.8 (n=236) 3.632 0.057

green tea habit (%) 44.5 (n=69) 53.9 (n=437) 4.64 0.031* 18.31 (n=52) 21.09 (n=186) 1.02 0.312

Black tea habit (%) 6.5 (n=10) 7.7 (n=62) 0.27 0.602 2.82 (n=8) 5.22 (n=46) 2.80 0.094

Oolong tea habit (%) 2.96 (n=2) 1.29 (n=24) 0.82 0.364 0.7 (n=2) 1.25 (n=11) 0.19 0.665

smoking history (%) 51.6 (n=80) 54.0 (n=437) 0.29 0.593 6.3 (n=18) 4.6 (n=40) 1.45 0.229

Drinking history (%) 41.2 (n=63) 37.4 (n=302) 0.77 0.380 4.0 (n=11) 4.0 (n=35) 0.00 0.983

hypertension history (%) 38.1 (n=59) 45.4 (n=368) 2.863 0.091 45.8 (n=130) 46.9 (n=414) 0.12 0.732

heart disease history (%) 16.1 (n=25) 18.3 (n=148) 0.406 0.524 22.9 (n=65) 26.0 (n=229) 1.08 0.299

endocrine and metabolic 
disease history (%)

18.7 (n=29) 20.4 (n=165) 0.223 0.636 23.2 (n=66) 29.0 (n=256) 3.60 0.058

MMse 24.49±4.70 (n=153) 27.33±2.86 (n=810) 7.22 0.000* 21.32±5.97 (n=284) 26.40±3.91 (n=880) 13.43 0.000*
Moca 19.34±5.75 (n=154) 23.69±4.40 (n=804) 8.91 0.000* 15.30±5.98 (n=282) 22.17±5.69 (n=878) 17.42 0.000*

Notes: P-value was calculated from independent t-test for continuous variables and chi-square test for dichotomous variables; *P,0.05; tea habit means at least three cases 
of tea drinking a week. Drinking history means an average alcohol consumption of .20 g/day.
Abbreviations: aMci, amnestic mild cognitive impairment; MMse, Mini-Mental state examination; Moca, Montreal cognitive assessment; Nc, normal control.
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Discussion
The present study utilized a subsample of cross-sectional 

data derived from the CLAS project involving the Chinese 

population, and this may be the first study to report the 

association between different types of tea consumption and 

cognitive function according to the gender differences. The 

results revealed the following: 1) For both males and females, 

younger age and higher education levels were found to be 

protective factors against aMCI during old age, yet only in 

men did tea consumption appear to elicit protective effects 

from aMCI. 2) Among the different types of tea, only green 

tea showed protective effects against cognitive impairment. 

Neither black tea nor oolong tea elicited protective effects. 

Furthermore, this protective effect proved highly significant 

in male participants aged under 70 years, but not in partici-

pants aged over 70 years. 3) The scores of male participants 

obtained from cognitive function scale assessments (MoCA 

and MMSE) were associated with age, education level, and 

green tea drinking, but the scores of the cognitive evaluation 

of female participants were only associated with age and 

education. No correlation was found between tea consump-

tion and cognitive function in female participants.

The present study offers further support for a growing 

body of evidence that suggests that the age and level of 

education are significant factors that influence the risk of 

aMCI.22,23 In contrast to these aforementioned factors, the 

association between tea consumption and the risk of aMCI 

currently remains unclear. The results of this study showed 

tea consumption to be a protective factor against aMCI in 

older males, though subsequent analysis according to dif-

ferent types of tea failed to offer any evidence in support of 

the protective effect of black or oolong tea in either age- or 

gender-specific group. The majority of previous studies have 

neglected to stratify tea by type. Indeed, some studies have 

reported that tea, in general, whether green, black, or oolong 

tea, may serve as a protective factor against cognitive decline 

Table 2 The protective effects of three types of tea from aMCI in gender- and age-specific groups

Green tea Black tea Oolong tea

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

all male (n=965) 0.657 0.46–0.93 0.019* 0.738 0.37–1.49 0.397 0.390 0.09–1.68 0.206
55–69 years (n=473) 0.376 0.20–0.70 0.002* 0.174 0.02–1.31 0.090 0.000 0.000 0.999
70–79 years (n=360) 0.802 0.64–1.79 0.802 0.193 0.74–4.36 0.193 0.934 0.22–5.31 0.934
80 years and more (n=132) 0.652 0.28–1.51 0.318 0.279 0.03–2.37 0.242 0.000 0.000 0.999

all female (n=1,166) 0.82 0.58–1.16 0.261 0.52 0.24–1.12 0.093 0.60 0.13–2.72 0.504
55–69 years (n=581) 1.06 0.62–1.80 0.840 0.35 0.08–1.48 0.152 0.99 0.11–8.58 0.992
70–79 years (n=396) 0.96 0.56–1.65 0.890 0.65 0.18–2.36 0.512 0.49 0.06–4.18 0.513
80 years and more (n=189) 0.43 0.18–1.03 0.057 0.84 0.18–3.90 0.828 None None None

Notes: Multiple logistic regression was used to estimate the Or and 95% ci of tea consumption and the risk of aMci, adjusted for educational levels; none indicates no 
participants; aged .80 years had the habit of oolong tea consumption; *P,0.05.
Abbreviation: aMci, amnestic mild cognitive impairment.

Table 3 The correlative factors of cognitive performance (Moca and MMse) for different genders

MoCA (male, n=965) MoCA (female, n=1,166)

B SE Adjusted B P-value B SE Adjusted B P-value

age −0.221 0.018 −0.344 0.000* −0.260 0.018 −0.315 0.000*
education 0.309 0.022 0.390 0.000* 0.714 0.028 0.569 0.000*
green tea 0.996 0.279 0.101 0.000* 0.155 0.327 0.010 0.635
Black tea −1.001 0.519 −0.054 0.054 0.011 0.619 0.000 0.986
Oolong tea 0.411 0.815 0.014 0.614 −0.938 1.207 −0.016 0.437

MMSE (male, n=965) MMSE (female, n=1,166)

B SE Adjusted B P-value B SE Adjusted B P-value

age −0.146 0.013 −0.336 0.000* −0.192 0.015 −0.302 0.000*
education 0.187 0.016 0.348 0.000* 0.514 0.023 0.530 0.000*
green tea 0.742 0.196 0.110 0.000* 0.054 0.271 0.004 0.842
Black tea −0.051 0.365 −0.004 0.889 0.184 0.514 0.008 0.720
Oolong tea −0.026 0.572 −0.001 0.964 0.174 1.002 0.004 0.862

Notes: Multiple linear regressions were used to estimate the correlation between factors and cognitive performance. *P,0.05.
Abbreviations: MMse, mini-mental state examination; Moca, montreal cognitive assessment; se, standard error.
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in the elderly.24–26 In contrast to a number of such studies, the 

findings of Noguchi-Shinohara et al concur with the results 

of our study, suggesting an association between green tea 

consumption, as opposed to black tea consumption, and a 

reduced risk of cognitive decline.27 These inconsistencies in 

results may be attributed to a lesser quantity of catechins, 

which is understood to be associated with the latent mecha-

nisms of the neuroprotective effect of tea contained in black 

tea and oolong tea as opposed to green tea. The amount of 

catechins is generally lower in black or oolong tea because 

of the enzymatic transformation that takes place during 

fermentation.24,28 Thus, these types of tea may fail to elicit a 

protective effect. However, the rate of black tea or oolong 

tea consumption was still too low in the sample used in the 

current study. As such, the influence of these teas on cog-

nitive impairment may be too minute to detect. In light of 

such inconsistencies in results, the recommended amount 

of catechins or the other active ingredients associated with 

protective effects should be further explored.

A large amount of research has cumulatively suggested 

that green tea may be a protective factor against cognitive 

dysfunction in the elderly.29 Possible mechanisms involved 

in the protective effects of tea may be attributable to their 

antioxidant and iron-chelating properties as well as to the 

modulation of cell signaling and cell survival pathways.30–32 

However, several other studies have shown that the asso-

ciation between tea consumption and the risk of cognitive 

impairment was too weak to draw any conclusion.33 Our 

present study explored the association between green tea 

consumption and cognitive decline according to gender- and 

age-specific differences. The findings showed green tea to 

be a protective factor, though only in males. This suggests 

that females across every age group cannot benefit from tea 

consumption. Furthermore, the protective effect of green 

tea in males was deemed highly significant only in partici-

pants ,70 years as old and not in older individuals. Huang 

interviewed 823 elderly participants in West China aged 

90–108 years and found similar results that indicated that the 

protective effect of green tea varies according to gender.34 

They found an association between cognitive impairment 

and tea consumption habits in males. However, no such 

association was found in females. In support of Huang, the 

present study found an overall, male-specific significant 

association between green tea consumption and reduced 

aMCI risk. However, this finding proved highly significant 

in participants aged under 70 years. The results also revealed 

an association between the scores of male participants, as 

measured utilizing cognitive function scales, and green tea 

consumption. This finding furthermore supports the idea that 

green tea is a protective factor for male cognitive function. 

It is widely accepted that cognitive impairment is a complex 

process of multiple-factor interactions. Age, sex, educational 

level, genetic predispositions, lifestyle, and physical disease 

may contribute to the dynamic process of cognitive function 

impairment.35 The findings of the current study suggest that 

authentic green tea consumption may contribute to protect-

ing cognitive function in the elderly that such consumption 

may be more effective for males at an earlier stage in their 

life span and green tea consumption may be considered in 

terms of the strategies employed in the primary prevention 

of dementia.

There is a growing awareness of gender differences in 

epidemiology as well as in the clinical manifestation and 

treatment strategy in dementia.36–43 It is currently understood 

that two-thirds of individuals with AD are female. Although 

some of this difference is attributable to the fact that women 

live longer,44 this is still not sufficient to explain the fact that 

women are 1.5 times more likely than men to develop AD.22 

Additional evidence derives from the APOEε4 allele, which 

is known to increase the risk of dementia and which may 

be mediated by estrogen in women.42,45 Research evidence 

has also shown that brain structure and function in men and 

women differ throughout the aging process.46 In general, 

different genetics, hormones, metabolisms, brain aging pro-

cesses, and stress coping mechanisms are detectable between 

the genders.36,38,41 The findings of the current study suggest 

that gender differences exert an influence on the protective 

effects of green tea, revealing that such effects are detect-

able only in males. Although the cause of the only protective 

effect in males remains elusive, it nonetheless highlights 

the need to consider protective and risk factors in men and 

women independently, which may serve to accelerate etio-

logical research as well as the implementation of differential 

preventive measures.

The strengths of the present study are illustrated in the 

utilization of gender- and age-specific groups to examine 

cognitive function in the elderly in China. The researchers 

found that green tea may be a protective factor against cog-

nitive decline in males as opposed to females. Furthermore, 

the protective effect proved significant in males ,70 years 

of age. Thus, the findings offer support for the hypothesis 

that gender differences may significantly influence the onset 

of dementia. The present study has several limitations. First, 

the study failed to elaborate upon the association between 

green tea consumption and cognitive function by engaging 

in a precise quantitative analysis of the amount of tea and 
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the risk of cognitive decline. Second, the current research is 

a cross-sectional study and cannot identify a direct causal 

link between green tea consumption and cognitive decline. 

Therefore, the conclusions outlined in this study require 

validation through further longitudinal studies. Finally, the 

rate of oolong tea consumption proved too low to determine 

a correlation with the risk of aMCI.

Conclusion
The present study found gender to exert an influence on the 

association between green tea consumption and the risk of 

cognitive impairment. In contrast to female participants, 

elderly male participants were shown to benefit from green 

tea consumption, as opposed to black tea or oolong tea con-

sumed prior to reaching 70 years. As the current research 

constitutes a cross-sectional study, further longitudinal 

studies are required to validate the findings. In conclusion, 

this study supports the hypothesis that gender difference 

may significantly influence the risk of cognitive decline in 

the elderly, a finding which should be considered in terms 

of the primary prevention of dementia.
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