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Abstract
Although caffeine can enhance cognitive function acutely, long-term effects of consumption of
caffeine-containing beverages such as tea and coffee are uncertain. Data on 4,809 participants
aged 65 and older from the Cardiovascular Health Study (CHS) were used to examine the
relationship of consumption of tea and coffee, assessed by food frequency questionnaire, on
change in cognitive function by gender. Cognitive performance was assessed using serial
Modified Mini-Mental State (3MS) examinations, which were administered annually up to 9
times. Linear mixed models were used to estimate rates of change in standard 3MS scores and
scores modeled using item response theory (IRT). Models were adjusted for age, education,
smoking status, clinic site, diabetes, hypertension, stroke, coronary heart disease, depression score,
and APOE genotype. Over the median 7.9 years of follow-up, participants who did not consume
tea or coffee declined annually by an average of 1.30 points (women) and 1.11 points (men) on
standard 3MS scores. In fully adjusted models using either standard or IRT 3MS scores, we found
modestly reduced rates of cognitive decline for some, but not all, levels of coffee and tea
consumption for women, with no consistent effect for men. Caffeine consumption was also
associated with attenuation in cognitive decline in women. Dose-response relationships were not
linear. These longitudinal analyses suggest a somewhat attenuated rate of cognitive decline among
tea and coffee consumers compared to non-consumers in women but not in men. Whether this
association is causal or due to unmeasured confounding requires further study.
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INTRODUCTION
Experimental studies suggest that physical activity, social engagement, caloric restriction,
and mental exercise may be effective in delaying cognitive decline, a major problem in our
aging population [1]. Observational studies have suggested that tea and coffee possibly
reduce cognitive decline. Among the seven published prospective studies examining the
effect of tea, coffee, or caffeine consumption on cognitive decline (Table 1), findings have
been inconclusive [2–8]. Tea has only been studied in one cohort of older Chinese adults,
and consumption was inversely associated with cognitive decline [5]. Coffee has been
studied in four longitudinal studies with no consistent associations observed [3, 5–7].
Among three prospective studies, caffeine was inversely associated with cognitive decline in
two, but only among women [2, 4, 8].

If a true effect exists, it might be mediated by caffeine, one of the active ingredients
common to both tea and coffee. As a widely used psychoactive agent, caffeine affects
information processing speed, attention, and reaction time [9]. Caffeine consumption has
been associated with enhanced acute cognitive performance in specific domains and in
sleep-compromised individuals [10–14]. Caffeine is known to be an adenosine receptor
antagonist in the brain. Cognitive effects of caffeine are believed to be a function of its
ability to antagonize A1 adenosine receptors in the hippocampus and cortex. As endogenous
adenosine inhibits long-term synaptic plasticity phenomena A1 adenosine receptor
antagonists have been proposed as treatment for memory disorders. [15–17].

Tea is a weaker source of caffeine, with less than half the caffeine per cup found in
caffeinated coffee [18]. Tea also has a number of substances other than caffeine that have
been demonstrated to cross the blood-brain barrier. These substances include theanine, an
amino acid found only in tea and mushrooms [19, 20]. Theanine may be a neurostimulant
both independently [21, 22] and in combination with caffeine [23], and some evidence
suggests that theanine and caffeine together may affect cognition more strongly than
caffeine alone [14, 24, 25].

Both tea and coffee have been demonstrated to improve acute attention [26, 27], subjective
alertness, and psychomotor performance [28, 29]. The study of longer-term effects of tea
and coffee on cognition, and particularly on cognitive decline, presents many challenges
including: testing demented elderly, missing values, loss to follow up, many potential
confounding variables, and changes in exposure categorization for reasons that might be
related to the outcomes of interest. In addition, commonly used measures of global
cognition, such as the 100-point Modified Mini-Mental State (3MS) examination [30, 31],
are characterized by uneven distributions of item difficulty across the ability spectrum. The
use of standard total scores can result in bias in estimating rates of decline [32]. For
example, a 5-point drop in standard 3MS scores for high-functioning individuals represents
a much greater cognitive decline than a 5-point drop in individuals with moderate
functioning. Few studies to date have taken the uneven distribution of item difficulty into
account.

In this paper, we examine tea and coffee consumption in a large prospective study of older
adults, the Cardiovascular Health Study (CHS), whose long follow-up makes it particularly
valuable for this purpose. We used annual 3MS data, collected over up to 9 years (median
7.9), to determine cognitive decline as a function of baseline tea, coffee, and total caffeine
consumption. Our hypothesis is that consumption of caffeinated beverages (tea and coffee)
is associated with a slower rate of decline in cognitive functioning of older adults.
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MATERIALS AND METHODS
Study population

CHS is a prospective, population-based longitudinal study of cardiovascular disease in
participants aged 65 years and older. Details of the study design, sampling, and recruitment
have been published [30, 33]. Briefly, 5,201 men and women were enrolled in 1989 and
1990 from a random sample of Medicare-eligible residents in four U.S. communities:
Forsyth County, North Carolina; Sacramento County, California; Washington County,
Maryland; and Allegheny County, Pennsylvania. Participants underwent a comprehensive
evaluation at baseline, including administration of food frequency and other questionnaires,
physical examination, cognitive assessment with the 3MS, and laboratory testing. We did
not include data from a supplemental cohort of 687 African-American men and women
enrolled during 1992 and 1993 because a food frequency questionnaire was not administered
to these individuals at baseline. Each center’s institutional review committee approved the
study, and all participants provided informed written consent.

Dietary assessment
Usual dietary intake was assessed at baseline using a picture-sort version of the National
Cancer Institute food frequency questionnaire [34]. Participants were asked to indicate how
often, on average, they had consumed specific foods and beverages during the past year,
including tea, coffee, regular soda, and diet soda. Choices were provided as ordinal
categories: “Never or less than 5 times per year” (referred to as “non-consumers”), “5–10
times per year”, “1–3 times per month”, “1–4 times per week”, and “almost every day”. We
estimated total weekly caffeine consumption for participants by multiplying their reported
frequency of tea and coffee consumption by the respective estimates of caffeine content: 30
mg caffeine per cup of tea and 85 mg caffeine per cup of coffee [35] and summing the
caffeine amounts from tea and coffee. We assumed a serving size of 1 cup and estimated
consumption in cups per week based on the ordinal responses as follows: Never or less than
5 times per year: 0 cups per week; 5–10 times per year: 0.14 cups per week; 1–3 times per
month: 0.46 cups per week; 1–4 times per week: 2.5 cups per week; and almost every day: 5
cups per week. As the questionnaire did not distinguish between caffeinated and non-
caffeinated sodas, calculation of total caffeine included only tea and coffee sources. Dietary
intake, including coffee, tea, caffeinated, and decaffeinated soda, was assessed again in
1995–1996 using Willet’s food frequency questionnaire [36]. We used data from the second
dietary assessment to estimate the relative stability of tea and coffee consumption over 6
years, the numbers of cups consumed per day at that latter time point and the frequency of
intake of caffeinated sodas in the CHS population.

Cognitive assessments
Cognitive function was measured during annual in-person visits from 1990–1999 using the
modified Mini-Mental State (3MS) examination [31]. Beginning in 1996, participants who
did not attend the in-person visit were contacted by phone and asked to complete the
Telephone Interview for Cognitive Status (TICS), a brief 11-item telephone interview
designed to identify cognitive impairment without relying on a face-to-face interaction [37].
Alternatively, a proxy was administered the Informant Questionnaire on Cognitive Decline
in the Elderly (IQCODE), a 26-item questionnaire designed to assess changes in cognitive
performance compared to 10 years prior [38].

Statistical analysis
We excluded from the analysis, participants who were missing information on tea or coffee
consumption (n = 61) or were missing scores for cognitive function at the first follow-up
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visit in 1990–1991 (n = 331), which served as baseline for this analysis. The final analysis
sample included 4,809 participants: 2,722 women and 2,077 men.

As with other commonly used global cognitive tests, standard 3MS test items do not have
difficulty levels evenly distributed across the ability spectrum [32]. Prior analyses using
CHS data have shown that this uneven distribution of item difficulties in the standard 3MS
can result in biased estimates of rates of decline if standard scores are used [32]. To
minimize this bias, we used Item Response Theory (IRT) to score standard 3MS data,
resulting in a metric with linear scaling properties [39, 40]. We used both standard 3MS
scores and IRT 3MS scores in analyses. Analyses using the standard 3MS scores provide a
sense of the magnitude of change on the original scale and allow comparability with other
research. Analyses using the IRT 3MS scores provide a more statistically robust estimate of
the associations evaluated.

To generate the IRT scores, we used Samejima’s graded response model [41, 42] to estimate
item parameters from the baseline time point with Parscale software [43]. We then treated
those item parameters as fixed to obtain cognitive ability estimates from subsequent time
points. For the values presented in Fig. 1, we transformed Parscale’s output such that the
mean at baseline was 100 and the standard deviation was 15, as we have done in the past
[39]. Results from models fit on 3MS scores transformed using log (101-3MS) were very
similar to those from models using the IRT 3MS scores and are not presented.

Previous research within the CHS cohort has indicated that participants experiencing greater
cognitive decline were less likely to participate in the in-person visits [44]. To minimize the
influence of this type of non-participation on the assessment of cognitive function over time,
we incorporated data from the two alternative cognitive assessments administered by
telephone, the TICS and IQCODE. For the standard 3MS scores, we used a regression
model based on the TICS and IQCODE, a method previously developed and validated in the
CHS cohort [44]. A total of 1,141 (3%) 3MS scores were imputed among participants with
TICS and IQCODE scores, but without standard 3MS scores, at one or more annual
assessments during this period. For the IRT 3MS scores, we co-calibrated the TICS with the
standard 3MS using CHS data when both tests were present (332 person-occasions). We
used 3MS item parameters from the baseline with 3MS and TICS item responses to obtain
item parameters for TICS items on the same scale as 3MS [32]. We then used these TICS
item parameters to obtain cognitive ability estimates from time points when only TICS data
were available.

We used linear mixed models to examine the association between baseline beverage
consumption and the change in cognitive test scores over time using both the observed and
imputed standard 3MS scores, and the IRT 3MS combined with TICS scores. One model
included both tea and coffee with the referent group being non-consumers of both
beverages. Another model included quintiles of caffeine with the referent group being those
in the lowest quintile. Participants who had only a baseline cognitive evaluation (n = 175)
contributed to estimation of intercepts and were retained. All models were adjusted for age
at baseline (continuous), gender, race (African American, non-African American),
educational attainment (<high school, high school graduate or some college, ≥college
graduate), field center, diabetes, hypertension, current smoking, history of stroke, history of
coronary heart disease (CHD), Center for Epidemiologic Studies Depression Scale (CES-D)
score [45], and APOEε4 allele carriership. Coefficients of the main effect beverage terms
can be interpreted as the average point difference in cognitive test scores associated with
consumption of the beverage compared with the reference group (never or <5 cups/year) at
baseline. The coefficients of the beverage-by-time interaction terms can be interpreted as the
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average annual difference in slopes (rates of change in cognitive test scores) between the
beverage consumers and the reference group.

We obtained regression results from a similar model in which we grouped together all levels
of coffee and all levels of tea consumption of 5 cups or more per year because a linear trend
by level of consumption was lacking for both beverages. We used these results to predict
IRT 3MS scores at baseline and 8 years after baseline, just over the median duration of
follow-up in the sample, separately for men and women and for tea and coffee. For each
gender, we plotted these results using Excel separately for non-consumers, tea consumers,
and coffee consumers. Analyses were conducted using Stata [46]; Parscale was used to
calculate 3MS IRT scores [43].

RESULTS
For men and women combined, participants were fairly evenly distributed across the five
categories of tea consumption with: 23.5%, less than 5 times per year; 11.1%, 5–10 times
per year; 18.5%, 1–3 times per month; 22.2%, 1–4 times per week; and 24.6 %, 5 or more
times per week. Coffee consumption was more frequent than tea consumption with 43.1%
consuming coffee 5 or more times per week. We were able to determine stability of
consumption by examining coffee and tea consumption in a subset of cohort survivors 6
years after their baseline measurements. We found that 73% of those in the lowest category
of tea consumption at baseline remained non-consumers of tea 6 years later, as did 77% of
those in the lowest category of coffee consumption. At the other extreme, 73% of those
reporting tea consumption and 78% of those reporting coffee consumption more than once a
week at baseline maintained this level of consumption at the later interview. This latter
assessment had more details on caffeinated beverage consumption than the initial
assessment and showed that only 5% of the participants consumed caffeinated sodas on a
daily basis. From the latter interview where more information on number of cups was
collected, we calculated a mean consumption of 0.95 cups of coffee per day and 0.57 cups of
tea per day.

The distribution of socio-demographic characteristics by category of tea and coffee
consumption is presented in Table 2a for women and Table 2b for men. The mean age of
consumers of both tea and coffee was highest at the lowest level of consumption. Higher
proportions of men drank coffee and lower proportions drank tea. Tea consumption was
associated with higher education and less cigarette smoking. Individuals with a history of
cardiovascular disease or stroke were less likely to be high consumers of coffee. Many
aspects of diet were associated with tea and coffee consumption. Generally healthier eating
habits (such as higher cereal and vegetable consumption) were noted among tea drinkers and
less healthy habits noted among coffee drinkers. The mean scores for the standard 3MS and
IRT 3MS are presented in the last two rows of Tables 2a and 2b. The unadjusted mean score
for the standard 3MS among all CHS participants at baseline was 90.5 and was positively
associated with consumption of both tea (ptrend = 0.001) and coffee (ptrend < 0.001).

The relationships between consumption of tea and both caffeinated and decaffeinated coffee
are presented in Appendix 1. Of those who reported drinking tea 5 or more times per week,
42.8% also drank coffee at least 5 times per week. Conversely, of those who reported
drinking coffee 5 or more times per week, 24.4% also drank tea at least 5 times per week.
49.4% of the non-tea drinkers also did not drink coffee, and 33.6% of the non-coffee
drinkers did not drink tea either. At the other extreme, 38.0% of those who drank 5 or more
cups per week of tea never drank coffee. However, as can be seen in the appendix, the
distribution of use varied enough to model each effect separately. As might be expected,
heavy consumers of decaffeinated coffee were more likely to drink tea heavily and less
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likely to drink caffeinated coffee. These mixed drinking patterns are reflected in total
caffeine intakes from tea and coffee combined, which had a median of 363 mg/week among
the heavy tea drinkers and 439 mg/week among the heavy coffee drinkers. These findings
were in contrast to median intakes of 12 mg/week and 14 mg/week, respectively, among
those who professed to drinking tea and coffee rarely.

Table 3 shows results from four different regression models, with separate models for
women and men, each with standard or IRT 3MS scores as the dependent variable. The first
numeric column of the table shows results from a model for women with standard 3MS
scores where women who drank less than 5 cups of tea and coffee per year formed the
reference group. Sections I and II of results show the adjusted mean difference in the
intercept (model estimated baseline) for total 3MS score associated with each level of tea
and coffee consumption. Women who drank 5–10 cups of tea per year were 0.26 standard
3MS points lower at baseline than women with less than 5 cups per year on average, after
adjustment’ (95% confidence interval –1.30 to 0.78). There was no consistent pattern of
effect on the model estimated intercept associated with higher levels of tea consumption. For
all but the highest level of coffee consumption, confidence intervals included 0, indicating
no significant effect of coffee consumption on the adjusted baseline scores for women.

The subsequent sections show the effects of consumption on the estimated rate of cognitive
change. Section III shows the adjusted mean rate of decline for the reference group (women
who drank less than 5 cups of tea and coffee per year) to be 1.30 standard 3MS points per
year (95% confidence interval –1.07 to 1.53). Sections IV and V show the differences from
this reference rate of decline associated with increasing intensities of tea and coffee
consumption. Thus, women who drank 5–10 cups of tea per year had model adjusted
average rates of decline that were 0.23 standard 3MS points per year better than the
reference category. Compared to the reference group, whose decline is 1.30 points per year;
this exposure group declined by 0.23 fewer points per year, or 1.07 points per year. The 95%
confidence interval for this group ranged from 0.14 points per year worse (i.e., 1.30 + 0.14 =
1.44 points decline per year) to 0.60 points per year better (i.e., 1.30 – 0.60 = 0.70 points
decline per year). For the highest three levels of tea consumption, confidence intervals
excluded 0, indicating a significant beneficial association of tea on the rate of decline in
standard 3MS scores. Each of the groups defined by greater coffee consumption had a point
estimate suggesting a beneficial effect of coffee on the rate of decline in standard 3MS
scores, but two of the confidence intervals included 0, suggesting no significant effect.

The second numeric column in Table 3 shows the results of a model with IRT 3MS scores
for women. The pattern of findings for the effects of tea consumption (Section I) and the
effects of coffee consumption (Section II) on the adjusted baseline scores estimated from the
model was similar to that seen with standard 3MS scores. Section III of this column shows
the adjusted mean rate of decline for the reference group as 0.87 points per year, where 15
points represents 1 standard deviation of the IRT scores at baseline. This value suggests that
on average it would take 17 years to decline a full standard deviation. Sections IV and V
show the effects of increasing levels of tea and coffee consumption on rates of decline. In
each case, the point estimates were positive, indicating possible beneficial effects, but
confidence intervals for the lowest and highest groups included 0, indicating no significant
effect of tea exposure on rates of cognitive decline for those two groups. For coffee the point
estimates are positive, indicating possible beneficial effects, but the confidence interval for
the 1–4 cups per week group included 0, indicating no significant effect.

The next set of columns in Table 3 shows results of these models for men. Point estimates in
the top section of the table suggest small mean differences in the model intercept, but all
four confidence intervals include 0, suggesting no significant effect of tea on estimated

Arab et al. Page 6

J Alzheimers Dis. Author manuscript; available in PMC 2013 February 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



intercepts for men. Point estimates in Section II of the table show a confusing pattern with
some positive signs and some negative signs, and again all confidence intervals include 0,
suggesting no significant effect of coffee on estimated intercepts for men. Section III shows
the model’s estimated rate of decline for the reference group for men was 1.11 points per
year (95% confidence interval, 0.84 to 1.38 points per year). The point estimates for tea
consumers in Section IV are all greater than 0, indicating possible beneficial effects, but the
confidence intervals include 0 for the second and third groups, indicating no significant
effect. For coffee in Section V, point estimates had positive or negative signs, indicating no
consistent effect across groups defined by intensity of exposure, and all of the confidence
intervals include 0, indicating no significant effect.

The final column in Table 3 in the model with IRT 3MS scores for men shows a lack of
significant effect of any level of tea or coffee consumption on model-based intercepts
(Section I and II) or on the estimated rate of cognitive decline (Section IV and V).

As we did not see a dose-response effect for coffee or tea consumption, we performed an
additional regression model with men and women together using IRT 3MS scores as the
dependent variable. In this model, we grouped together any exposure to coffee more than 5
cups per year and any exposure to tea more than 5 cups per year. We provide a plot of
model-estimated trajectories of cognitive functioning in Fig. 1. Women in the reference
group with less than 5 cups of tea and coffee (solid gray line) had a model based intercept
right around 100, while men in the reference group (solid black line) had an intercept
between 96 and 97, a difference of about 3.5 points, or about one quarter of the standard
deviation for the entire cohort at baseline (15 points). The rate of decline for the reference
group for women was higher than for any other group. Coffee (dotted gray line) and tea
(dashed gray line) exposures were associated with slower rates of decline for women, while
there was minimal effect of coffee (dotted black line) and tea (dashed black line) for men.

In Table 4, we show results for regression models that evaluated the effects of total caffeine
exposure on cognitive functioning. In the left column, we show results for women with
standard 3MS scores. Compared to the group with the lowest caffeine consumption, other
groups had modest differences at baseline, though the confidence intervals for only the top
two quintiles excluded 0, indicating a significant effect. The first quintile, the quintile with
the lowest caffeine consumption, declined by an average of 1.21 points per year (95%
confidence interval from 1.00 to 1.43 points decline per year). Rates of decline were
attenuated for all of the other caffeine consumption groups, and all confidence intervals
excluded 0. The next column shows results for the IRT 3MS scores. As for the standard
3MS scores, point estimates suggest a modest beneficial effect of higher levels of caffeine
consumption on the intercepts, though this effect was only significant for the highest two
groups. Also in parallel with findings for standard 3MS scores, rates of decline were
somewhat attenuated for all groups defined by greater caffeine consumption, and again all
confidence intervals excluded 0.

The third column in Table 4 shows results for caffeine consumption for men with standard
3MS scores as the dependent variable. There was no consistent pattern of effect of higher
levels of caffeine consumption on the intercept. Point estimates for the effect of higher
levels of caffeine consumption on the slope suggested a modest beneficial effect, but the
confidence interval for the third quintile included 0, indicating no significant effect. The
final column in Table 4 shows results for caffeine consumption with IRT 3MS scores as the
dependent variable. Unlike the standard 3MS scores, point estimates for the intercepts for
the IRT scores suggested a modest beneficial effect of higher levels of caffeine consumption
(all values greater than 0). Like the standard 3MS results, confidence intervals included 0 for
the effects on the baseline, though for the fourth quintile the confidence interval excluded 0.
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The last section of results shows the effects of increasing levels of caffeine consumption on
rates of decline. All of the point estimates were positive, suggesting a modest beneficial
effect of caffeine consumption, but three of the four confidence intervals included 0,
indicating no statistically significant effect, with the exception of the fourth quintile.

To control for the possibility that caffeine intake may just be a marker of some other
behavior, we assessed confounding by other dietary factors by including additional variables
in the models, such as vegetable, meat, and cereal fiber intake. Additional adjustment for
these variables made virtually no difference to the estimates of the effects of tea, coffee, or
caffeine consumption. Alcohol consumption was not related to tea or coffee consumption in
a graded fashion in women, nor was it related to tea consumption in men. Alcohol did show
a weak positive trend with coffee consumption in men, but addition of the alcohol covariate
to multivariable models had no appreciable effect on the beverage estimates.

DISCUSSION
In this study, we found modestly reduced rates of cognitive decline over a median follow up
of 7.9 years for some, but not all, levels of coffee and tea consumption for women. This
reduction in cognitive decline was not linearly related to frequency of consumption. There
was no consistent association between coffee or tea consumption and the rate of cognitive
decline for men. Caffeine consumption calculated as the sum of tea and coffee consumed,
with the coffee consumption weighted more heavily, was also associated with slower
cognitive decline among the women but not men.

Evidence from four cross-sectional studies on tea consumption and cognitive performance
suggest better performance among the tea consumers compared to non-consumers [5, 47–
49]. Global cognition scores in a community-dwelling, non-demented elderly population in
Dublin were positively correlated with tea intake [47]. Among 2,031 participants in the
population-based cross-sectional Hordaland Health Study in Norway, those who consumed
tea had significantly better mean test scores and lower prevalence of poor cognitive
performance than those who did not, and the relationship to consumption approximated
linearity [49]. In a meta analysis of caffeine and cognitive decline conducted by Santos et
al., the total effect estimate from three publications was insignificant at 0.98 (CI 0.87–1.11).
However, the estimated in each of the three populations included were lower for men than
for women [50].

The study of tea and health in western cultures is not characterized by high levels of tea
consumption and may be biased by an unhealthy tea drinker effect, whereby coffee
consumers switch to tea at the onset of health problems in a classic example of reverse
causality. This bias could suppress the magnitude of any beneficial effect of tea. Findings
from Asian studies are less likely to suffer such a tea drinker bias. One Asian study of tea
and cognition reported less cognitive impairment among former tea drinkers in a study of
90–108 year olds living in western China [5]. In Japan, among adults over 70 years, those
drinking 2 or more cups a day of green tea were less likely to show impairment [48].
Longitudinal studies with long follow up periods are also less susceptible to this form of
bias.

Our study is the second largest longitudinal study—the largest from a western culture—to
suggest a reduction in cognitive decline among tea drinkers. The largest study included
Chinese men and women drinking black and oolong tea, followed for 1, 2 years in the
Singapore Longitudinal Ageing Studies cohort [5]. A third longitudinal study showed no
association, but this finding was dismissed by the investigators because the low prevalence
of tea drinking led to lack of power to detect a tea-specific effect [6]. These cross-sectional
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findings on cognitive status and longitudinal findings on cognitive decline are consistent and
supportive of a positive association between tea and cognitive function. In the CHS, tea
consumption was much less frequent than in the Singapore Longitudinal Ageing Studies
cohort and the CHS baseline questionnaire truncated consumption at the upper levels of 5 or
more cups per week. With this categorization of intake, no dose response relationship was
found in CHS.

As for coffee, four longitudinal studies have examined its relationship to cognitive decline
with inconsistent evidence of an association (Table 1). Two of the studies showed no
relationship [5, 7] while the other two showed isolated statistically significant findings but
without demonstrating a dose-response relationship [3, 6]. The CHS cohort is considerably
larger than the other four cohorts. With the exception of the Singapore study, all were
traditionally regular coffee drinking populations. In CHS, an association was found between
coffee drinking and somewhat attenuated rates of cognitive decline in women.

The strengths of this study include its long follow up (up to 9 years), large size, and repeated
measures of cognitive function using the 3MS examination and IRT 3MS scores. The CHS
is a well-established multicenter cohort of high quality with minimal loss to follow-up.
Known risk factors for cognitive decline were measured and included in the mixed models
to minimize confounding. The study of cognitive decline is plagued by the bias in response
from survivors and those least affected by decline. This problem was at least partly
addressed by imputation of missing standard 3MS scores from TICS and IQCODE data and
by the use of mixed models to model cognitive decline.

Nonetheless, the study has limitations. Chief among these, the assessment of beverage
consumption at baseline did not allow for a finer degree of examination of consumption. The
assessment was based on frequencies of consumption rather than cups consumed and was
truncated at the frequency of greater than 5 times a week. A greater precision to assess those
drinking multiple cups per day would have been desirable. This prohibits direct comparisons
with doses of coffee, tea and total caffeine intakes estimated from other studies of cognitive
decline. The low ceilings of intake reporting options result in conservative assessments of
intake that are likely to underestimate the true population consumption as influenced by
heavy daily consumers.

Another concern is that caffeine is also underestimated. The questionnaires did not allow
differentiation of caffeinated sodas at baseline. Therefore, this source of caffeine was not
added to the total weekly caffeine consumption, and contributions from chocolate and other
caffeinated sources were not included. Assessment at a later time period revealed that only
5% of the CHS population reported drinking caffeinated sodas on a daily basis however
suggest that this source; caffeinated sodas, might not contribute greatly to total caffeine
intake in this population at that time.

Secondly, tea consumption at the daily level was relatively infrequent in this population,
which was characterized by 15% more subjects consuming coffee regularly (5 or more times
per week) than tea, and average consumptions of coffee, that were estimated to be 40%
greater than tea. As tea and coffee consumption are generally inversely related, both were
included in the same analytic model.

Thirdly, as with all dietary exposures, measurement error is inevitable. Individuals poorly
remember their usual consumption of foods and beverages. This concern is in addition to the
potential effect of unmeasured confounders and residual confounding that is inevitable in
studies of this nature.
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One final limitation is that consumption behavior was only considered at baseline. Ideally,
repeat measures of consumption would be used to characterize individuals. Baseline values
are only useful if there is a relative stability in consumption over time among elder
individuals, as was suggested in CHS by an assessment of beverage consumption six years
after the baseline assessment.

Surprising in this analysis, as mirrored in other epidemiologic studies, is the relatively
consistent effect for women at a very low frequency of consumption, and the lack of a linear
dose-response relationship. For coffee, neither the background literature nor these CHS
findings point to a consistent linear effect. For tea, the other published cohort in a tea
drinking population shows a linear effect not seen in the CHS. The lack of a linear dose-
response relationship suggests that some other factor or factors associated with consumption
and non-consumption of these beverages may explain the associations found in this study.

Tea or coffee consumption may somewhat attenuate the rate of cognitive decline in women.
Our results confirm the finding in other populations, of an association between caffeine
consumption and cognition among women. Our longitudinal tea findings are the first in a
western tea drinking population. Examination of tea in other populations with heavier tea
drinking deserves further study. The lack of a linear dose-response relationship in this and
other longitudinal studies and the lack of any finding in men remain a concern. Whether
these findings reflect underlying measurement error in the exposure assessment, fluctuations
in behavior, a true biological threshold, or basic differences between consumers and non-
consumers requires further investigation. The mounting evidence of a possible protective
role of tea, coffee, or caffeine against neurodegenerative disorders, and the apparent lack of
risk suggest the next steps to definitely confirm or dismiss this possibility would be a
clinical trial of factorial design
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Fig. 1.
Relationship between tea and coffee consumption versus non-consumption and cognition
and cognitive decline by gender. Tea and coffee estimates are from a fully adjusted model
using IRT 3MS score and including both tea and coffee consumers, regardless of the level of
consumption (≥5 cups per year). Non-consumers of tea and coffee comprise the reference
group (<5 cups per year). IRT 3MS scores are scaled such that the mean score at baseline is
100 and the standard deviation is 15. The approximately 1 point difference between tea or
coffee consumers at baseline thus represents 1/15 of the standard deviation.
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Table 1

Longitudinal studies of Tea, Coffee or Caffeine and cognitive status or cognitive decline

Associations with cognitive decline

Country and
Year [reference]

N Age
(follow up
duration)

Tea Coffee Caffeine Mean
consumption

Netherlands 2003
 [2]

1376 24–81
(6 y)

No effect Mean caffeine consumption
ranged from approximately

340–550 mg/day.a

Finland, Italy,
 Netherlands 2007
 [3]

676 ‘Elderly’
(10 y)

Less decline in 3
categories, no

linear dose
response

Mean coffee consumption
calculated to be 2.2

cups/day.b

France 2007 [4] 7017 ≥65
(4 y)

Less decline in
women only

Mean caffeine consumption
calculated to be

176 mg/day for men and

186 mg/day for women.c

Chinese living in
 Singapore 2008
 [5]

1438 ≥551,
(2 y)

Lower prevalence of
impairment with p
for trend <0.001

Less decline with p
for trend = 0.04

67%–70% drank less than 1
cup/week. 12%–15% drank
more than 1 cup/week but

less than 1 cup/day.
18%–19% drank≥1

cup/day.d

Finland, CAIDE
 Study 2009 [6]

1409 50–72
(21 y)

No effect, but very
few tea drinkers

65% reduction in
risk of dementia
with 3–5 cups/d,

no linear dose
response

60.5% did not drink tea, and
80% of tea drinkers

consumed 1, 2 cups per
day. Mean coffee

consumption calculated to

be 4.3 cups/day.e

Finland, Twin Study
 2009 [7]

2606 46–52
(28 y)

No effect Mean coffee consumption for
both men and women
calculated to be 5.4

cups/day.f

Portugal 2010 [8] 648 ≥65
(5 y)

Less decline in
women only

Caffeine intake medians were
32 mg/day for women and

33 to 52 mg/day for men.g

a
Read from Fig. 1 of article.

b
Calculated from “Categories of daily coffee consumption” in Table 2 of article. Five cups assumed for category “>4 cups”.

c
Calculated from Table 1 of article. Categories calculated as: 0, 1 units = 50 mg; 1, 2 units = 150 mg; 2, 3 units = 250 mg; and >3 units = 350 mg.

d
Black or oolong tea consumptions read from Table 1 of article.

e
Calculated from Table 1 of article. Categories calculated as: 0–2 cups/day = 1 cup/day; 3–5 cups/day = 4 cups/day; and≥5 cups/day = 6 cups/day.

f
Calculated from Table 1 of article. Categories calculated as: 0–3 cups/day = 1.5 cups/day; 3.5–8 cups/day = 5.75 cups/day; and≥8 cups/day = 10

cups/day.

g
Read from Table 1 of article. Multiple medians are provided because cohort was divided into three categories.
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Table 3

Beta estimates and 95% confidence intervals from linear mixed models* of change in modified mini-mental
state (3MS) examination scores over an 8-year period associated with Tea and Coffee consumption at
baseline, by gender

Women Men

Sectionf Standard 3MS IRT 3MS‡ Standard 3MS IRT 3MS‡

I Tea§

<5 x/yr 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)

5–10 x/yr −0.26 [−1.30, 0.78] −0.32 [−1.80, 1.17] 0.56 [−0.68, 1.80] 0.71 [−0.98, 2.40]

1–3 x/mo 1.04 [0.15, 1.92] 1.65 [0.45, 3.00] 0.87 [−0.20, 1.95] 1.14 [−0.32, 2.55]

1–4 x/wk 0.51 [−0.32, 1.33] 0.66 [−0.53, 1.80] 0.31 [−0.72, 1.34] 0.84 [−0.56, 2.25]

≥ 5x/wk 0.62 [−0.18, 1.41] 0.81 [−0.33, 1.95] 0.34 [−0.68, 1.37] 0.01 [−1.38, 1.41]

p-value 0.07 0.04 0.61 0.45

II Coffee§

<5 x/yr 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)

5–10 x/yr 0.67 [−0.51, 1.85] 0.69 [−1.01, 2.40] −0.34 [−1.81, 1.12] 0.20 [−1.80, 2.25]

1–3 x/mo 0.19 [−0.95, 1.34] 1.01 [−0.63, 2.70] 0.39 [−1.07, 1.84] 0.86 [−1.13, 2.85]

1–4 x/wk 0.32 [−0.77, 1.41] 0.17 [−1.40, 1.65] −0.96 [−2.21,0.29] −0.50 [−2.25, 1.19]

≥5 x/wk 0.72 [0.10, 1.35] 0.99 [0.11, 1.95] 0.63 [−0.22, 1.48] 0.95 [−0.21, 2.10]

p-value 0.23 0.24 0.08 0.32

III Annual change in tea &
coffee drinkers of <5 x/yr

−1.30 [−1.53, −1.07]
p < 0.001

−0.87 [−1.07, −0.68]
p < 0.001

−1.11 [−1.38, −0.84]
p < 0.001

−0.47 [−0.69, −0.24]
p < 0.001

IV Tea × Time†

5–10 x/yr 0.23 [−0.14,0.60] 0.20 [−0.13, 0.51] 0.25 [−0.15,0.64] 0.18 [−0.15, 0.51]

1–3 x/mo 0.44 [0.13,0.75] 0.27 [0.00, 0.54] 0.30 [−0.04, 0.65] 0.13 [−0.17, 0.42]

1–4 x/wk 0.53 [0.24, 0.82] 0.38 [0.12, 0.62] 0.40 [0.07, 0.73] 0.20 [−0.08, 0.48]

≥5 x/wk 0.29 [0.01,0.57] 0.21 [−0.03, 0.45] 0.38 [0.04, 0.71] 0.10 [−0.18, 0.38]

p-value 0.007 0.07 0.12 0.67

V Coffee × Time†

5–10 x/yr 0.37 [−0.05, 0.78] 0.44 [0.07, 0.80] −0.13 [−0.61,0.34] 0.01 [−0.39, 0.42]

1–3 x/mo 0.53 [0.12, 0.93] 0.54 [0.20, 0.89] −0.09 [−0.56, 0.38] 0.01 [−0.39, 0.39]

1–4 x/wk 0.15 [−0.23,0.54] 0.14 [−0.20, 0.48] −0.02 [−0.42, 0.38] 0.01 [−0.33, 0.35]

≥5 x/wk 0.31 [0.10, 0.53] 0.32 [0.13, 0.51] 0.14 [−0.13,0.40] 0.03 [−0.20, 0.26]

p-value 0.02 0.002 0.63 0.99

*
All four models are adjusted for age, race, educational attainment, field center, history of stroke, history of CHD, diabetes, hypertension, current

smoking, depression score, and APOEε4. Each numerical column refers to a different model.

†
Coefficients estimate the difference in annual change in cognitive scores compared to the reference group.

‡
IRT 3MS are the item response theory 3MS scores.

§
Coefficients estimate the average difference in baseline cognitive scores compared to the reference group.

f
Sections are noted to aid within model interpretations of these estimates in relation to beverage, model estimated baseline and adjusted mean

values of cognitive decline (see full description in results section).

J Alzheimers Dis. Author manuscript; available in PMC 2013 February 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Arab et al. Page 22

Table 4

Beta estimates and 95% confidence intervals from linear mixed model* of change in Modified Mini-Mental
State (3MS) examination scores over an 8-year period associated with total caffeine consumption from Tea
and Coffee at baseline, by gender

Women Men

Standard 3MS IRT 3MS Standard 3MS IRT 3MS

Quintile 1‡ 0 (Ref.) 0 (Ref.) 0 (Ref.) 0 (Ref.)

Quintile 2‡ 0.68 [−0.11, 1.47] 1.10 [−0.03, 2.25] −0.05 [−1.13, 1.03] 0.15 [−1.31, 1.65]

Quintile 3‡ 0.78 [−0.09, 1.65] 1.04 [−0.21,2.25] −0.11 [−1.17,0.95] 0.07 [−1.37, 1.50]

Quintile 4‡ 1.22 [0.27, 2.16] 1.80 [0.39, 3.15] 1.13 [−0.04,2.31] 1.65 [0.08, 3.30]

Quintile 5‡ 1.01 [0.17, 1.85] 1.41 [0.21, 2.55] 0.74 [−0.39, 1.87] 1.02 [−0.51, 2.55]

p-value 0.08 0.08 0.13 0.16

Annual change in Quintile 1 (Ref.) −1.21 [−1.43,−1.00]
p < 0.001

− 0.80 [−0.99,−0.62]
p < 0.001

−1.14 [−1.39,−0.88]
p < 0.001

−0.51 [−0.72,−0.30]
p < 0.001

Quintile 2 × Time† 0.55 [0.27, 0.83] 0.45 [0.20, 0.69] 0.40 [0.06, 0.75] 0.24 [−0.06, 0.53]

Quintile 3 × Time† 0.42 [0.11, 0.73] 0.38 [0.11, 0.65] 0.23 [−0.12, 0.57] 0.12 [−0.17, 0.41]

Quintile 4 × Time† 0.64 [0.30, 0.97] 0.53 [0.23, 0.81] 0.50 [0.13,0.88] 0.32 [0.01, 0.63]

Quintile 5 × Time† 0.53 [0.24, 0.83] 0.48 [0.23, 0.74] 0.55 [0.19,0.91] 0.17 [−0.14, 0.47]

p-value 0.0003 0.0006 0.02 0.31

*
Models are adjusted for age, race, educational attainment, field center, history oi stroke, history oi cnu, diaDetes, hypertension, current smoking,

depression score, and APOEε4.

†
Coefficients estimate the difference in annual change in cognitive scores compared to the reference group.

‡
Categories of caffeine consumption (mg/wk) are as follows: Quintile 1: <16.2; Quintile 2:16.3–150.1; Quintile 3:150.2–425.1; Quintile 4:425.1–

438.9; Quintile 5: ≥438.9. Joint quintiles for both genders were applied. The distributions of these cutoffs by gender resulted in the following
gender specific distributions: Quintile 1:20.8% women, 20.5% men; Quintile 2:26.2% women, 22.1% men; Quintile 3:18.5% women, 23.1% men;
Quintile 4:14.1% women, 15.5% men; Quintile 5:20.4% women, 18.8% men.
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