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ABSTRACT 

Background: Persons with vascular disorders are at higher risk of cognitive decline. 

Objective: To determine whether caffeine may be associated with cognitive decline reduction 

in elderly at high vascular risk. 

Methods: We included 2475 women aged 65+ years in the Women’s Antioxidant 

Cardiovascular Study, a randomized trial of antioxidants and B vitamins for cardiovascular 

disease secondary prevention. We ascertained regular caffeine intake at baseline (1995-1996) 

using a validated 116 item-food frequency questionnaire. From 1998-2000 to 2005-2006, we 

administered four telephone cognitive assessments at two-year intervals evaluating global 

cognition, verbal memory and category fluency. The primary outcome was the change in 

global cognitive score, which was the average of the z-scores of all tests. We used generalized 

linear models for repeated measures that were adjusted for various sociodemographic, health 

and lifestyle factors to evaluate the difference in cognitive decline rates across quintiles of 

caffeine intake. 

 Results: We observed significantly slower rates of cognitive decline with increasing caffeine 

intake (p-trend=0.02). The rate difference between the highest and lowest quintiles of usual 

caffeine intake (> 371 versus < 30 mg/day) was equivalent to that observed between those 

who were 7 years apart in age (p=0.006). Consumption of caffeinated coffee was significantly 

related to slower cognitive decline (p-trend=0.05), but not other caffeinated products (e.g., 

decaf, tea, cola, chocolate). We conducted interaction analyses and observed stronger 

associations in women assigned to vitamin B supplementation (p-interaction = 0.02). 

Conclusions: Caffeine intake was related to moderately better cognitive maintenance over 5 

years in older women with vascular disorders. 

 

Keywords: Cognition; Aging; Caffeine; Cohort studies; Risk factors; Epidemiology 
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INTRODUCTION 

Caffeine has well known acute effects on alertness, mood, attention and energy [1]; caffeine 

may also have more long-term positive effects [2], including maintaining cognitive function 

into old age [3-6]. However, data are still lacking on whether caffeine may show beneficial 

associations with cognitive function among individuals suffering from pathologies already 

known to accelerate cognitive decline, notably cardiovascular disease [7]. In western 

countries, coffee is the major dietary source of caffeine in adults, with the highest 

consumption in adults over 30 years of age [8, 9], a point in the life-span at which rates of 

cardiovascular disorders with their associated risk of later-life cognitive impairment [10] also 

increase rapidly. Given the growing number of studies suggesting caffeine may have a 

vascular protective effect [11-13] and the lack of major adverse outcomes associated with 

caffeine consumption among groups at high cardiovascular risk [14], caffeine intake/coffee 

consumption is a promising exposure to evaluate in persons at high risk of cognitive 

impairment due to vascular risk factors. Thus, we examined the association between caffeine 

intake and cognitive decline over 5 years among 2475 elderly participants of the Women’s 

Antioxidant Cardiovascular Study (WACS), a cohort of women with vascular disease or 

coronary risk factors. Our hypothesis was that moderate to high caffeine intake would be 

associated with greater cognitive stability in a dose-dependent manner. 

 

MATERIALS AND METHODS 

The WACS began in 1995-1996 (baseline) and included 8171 women, as a 2x2x2 randomized 

placebo-controlled trial of vitamin E, vitamin C, and beta-carotene supplementation for the 

secondary prevention of cardiovascular disease (CVD) [15]. Eligible participants were female 

health professionals, aged ≥ 40 years, with prevalent CVD or ≥ 3 coronary risk factors (i.e., 

parental history of premature myocardial infarction (MI), diabetes, hypertension, 
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hyperlipidemia, and body mass index ≥ 30 kg/m
2
). Prevalent CVD included MI, stroke, 

revascularization procedures, symptomatic angina pectoris, or transient cerebral ischemia. In 

1998, a fourth arm for B vitamin supplementation (combined folic acid, vitamin B6, and 

vitamin B12) was added among 5442 women [16]. Until the scheduled end in 2005, 

participants completed annual questionnaires on compliance, side effects, health, lifestyle and 

clinical endpoints. None of the supplements were found to reduce cardiovascular disease 

recurrence [15, 16] or influence cognitive decline [17, 18]. 

 

Cognitive sub-cohort 

From 1998-2000, we assessed cognitive function through telephone interviews among 

participants aged ≥ 65 years. Of the 3170 eligible women, 190 were unreachable, 156 

declined participation, and 2824 (95% of contacted women) completed the initial telephone 

cognitive assessment. These women received three further follow-up assessments at two-year 

intervals until 2005; 93% completed at least two cognitive assessments, and 81% completed 

at least three among four. For the fourth assessment, 24% of participants were not contacted 

as only a short interval had passed between their third interview and the end of the trial. The 

mean time from the initial to the last cognitive assessment was 5.4 years (range 4.1–6.1 

years). The cognitive WACS sub-study was approved by the institutional review board of the 

Brigham and Women’s Hospital, Boston, MA. 

 

Cognitive Assessment 

The telephone interview consisted of five cognitive tests, whose validity has already been 

described in detail previously [19, 20]. Global cognition was evaluated with the Telephone 

Interview of Cognitive Status (TICS) [21], a telephone adaptation of the Mini-Mental State 

Examination (range 0 to 41 points). Verbal memory was assessed with the TICS 10-word list 
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(immediate and delayed recall) and the East Boston Memory Test (immediate and delayed 

recall) [22]. A test of category fluency [23], in which women were asked to name as many 

animals as possible in one minute, was also administered. 

Our primary outcome was the annual rate of change from the initial through the last 

assessment in a global composite score, computed as the mean of the z-scores from all 

cognitive tests (“global cognitive score”). As secondary outcomes, we considered the changes 

in TICS score, verbal memory composite score (mean of the z-scores from the immediate and 

delayed recalls of both TICS-10 word list and the East Boston Memory Test: “verbal memory 

score”), and category fluency score. Verbal memory is among the best predictors of 

Alzheimer disease [24]. Category fluency task activate a complex neural network 

encompassing frontal, parietal and angular regions, as well as the superior temporal gyri and 

the cerebellum [25]. This task is highly sensitive to vascular disorders in many cortical and 

sub-cortical areas of the brain, notably frontal-subcortical connections [26]. 

To derive the composite scores for participants who did not complete all tests (only 0.5% of 

the interviewed persons), we used the means of the z-scores from the available relevant tests. 

 

Caffeine intake 

The Willett semi-quantitative food frequency questionnaire was administered at WACS 

baseline. This dietary questionnaire, which has been extensively validated [27], asked about 

usual consumption during the past year of 116 food/beverage items, including “coffee with 

caffeine”, “decaffeinated coffee”, “tea, not herbal tea”, “Coke, Pepsi, or other cola with 

sugar”, “low-calorie cola, e.g, diet coke with caffeine” and “chocolate (e.g. Hershey’s, M & 

M’s)”. Respondents had to choose among nine possible response categories with a specified 

portion size (1 glass, bottle or can; 1 cup; 1 bar or packet; etc.). The reports of coffee 

consumption has been found to show high validity in a study with similar participants [28]. 
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For each food/beverage item, the reported amount consumed daily (calculated taking into 

account the consumption frequency together with the portion size) was multiplied by its 

caffeine content from the US Department of Agriculture National Nutrient Database for 

Standard Reference (http://www.ars.usda.gov/nutrientdata). Usual daily caffeine intake was 

computed as a sum across all food/beverage sources. Caffeine intake was first energy-

adjusted using the residual method [29] and then categorized into quintiles. 

We also considered the usual consumption of the main contributors of caffeine: caffeinated 

coffee, decaffeinated coffee, caffeinated cola, caffeinated diet cola, tea, and chocolate. 

The mean time from the food frequency questionnaire to the initial cognitive assessment was 

3.5 years (range 3.1-4.7 years). This lag period likely has some benefits. First, because diet 

was assessed at somewhat younger ages, the possibility of reverse causation (i.e. changes in 

diet due to underlying cognitive status leading to spurious associations) is minimized. Second, 

biologically, diet at more remote timepoints is probably more relevant to brain health than 

more immediate diet, as cognitive decline develops over a long period of time [24]. To further 

evaluate caffeine intake that represents stable intake over the long-run and to assess the 

robustness of our results to recent changes in diet, we conducted subgroup analyses only 

among women who reported at WACS baseline that their diet changed very little in the past 

five years. 

For this study on diet and cognitive decline, 349 participants among the 2824 with initial 

cognitive assessment were excluded because of incomplete dietary information. Excluded 

women showed slightly lower cognitive scores than included women. There was no 

difference in caffeine intake between eligible women participating and not participating in the 

cognitive subcohort. In the end, the analysis sample for the present study included 2475 

women. 

 

http://www.ars.usda.gov/nutrientdata
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Covariates 

We obtained information on numerous potential confounders including sociodemographic 

status, medical conditions, medications and lifestyle factors plausibly linked with both 

cognitive decline and dietary habits. Basic models included age at initial cognitive 

assessment, education and energy from diet. In full multivariable models, we further adjusted 

for the WACS randomization assignments, as well as lifestyle and health variables (described 

in the footnote of Table 2). In secondary analyses, we further adjusted for incident vascular 

events during follow-up. 

 

Statistical Analysis 

We used general linear models for repeated measures with random intercepts and slopes to 

estimate the association of caffeine intake level with the annual rate of cognitive change. The 

longitudinal correlation in scores within subject was incorporated into the models using an 

unstructured covariance matrix. To help interpret the mean differences in annual rate of 

cognitive decline, we compared the effect estimate we found for caffeine and cognitive 

decline to that for age and cognitive decline, thus using the effect of age on cognitive decline 

as a “benchmark” for interpreting the mean differences in rates. 

We tested for linear trends across quintiles of caffeine intake by assigning the median intake 

to each of the five categories as a continuous ordinal variable. We used Wald tests for 

statistical testing. All models were fitted by maximum likelihood method using the SAS 

software (SAS release 9.1, SAS Institute Inc., Cary, NC). 

Considering the possibility that caffeine intake patterns or associations with cognitive decline 

may differ according to age, hypertension, diabetes, overall cardiovascular profile at baseline 

(prevalent CVD vs. vascular risk factors only), alcohol, smoking status, and trial assignment, 

we evaluated the interaction terms between caffeine intake and each of these factors and 
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conducted stratified analyses by potential effect modifiers (p-interaction <0.10). We also 

conducted analyses only among women with intact cognitive function at initial assessment (in 

the top 90
th

 percentile of global cognitive score). 

 

RESULTS 

The mean score in our population at first cognitive assessment was 34.3 on TICS and 16.4 on 

category fluency test. 

Higher caffeine intake was associated with lower age, greater alcohol consumption, lower 

level of physical activity and current smoking (Table 1). Concerning cardiovascular 

conditions/risk factors, higher caffeine intake was related to modestly lower prevalence of a 

history of hypertension and hyperlipidemia, but was not associated with the prevalence of a 

history of clinical MI, stroke, revascularization surgery, angina, transient ischemic attack, or 

diabetes. 

 

Caffeine intake and cognitive change 

In the multivariable-adjusted models, higher caffeine intake was related to rates of decline 

that were significantly slower in the global cognitive score (p-trend=0.02) and verbal memory 

score (p-trend=0.05) (Table 2). Higher caffeine intake was also inversely but not significantly 

associated with decline in the TICS (p-trend=0.07) and category fluency score (p-trend=0.08). 

In particular, women in the highest quintile of daily caffeine intake had significantly slower 

global cognitive decline than those in the bottom quintile (p<0.01); the caffeine in the highest 

quintile is equivalent to the amount of caffeine in approximately 4 cups of coffee (>371 

mg/day). Dividing the effect estimate we found for caffeine and cognitive decline (0.028 

standard unit/year slower rate of decline between the top and first quintile) by that for age and 

cognitive decline (0.004 standard unit/year slower rate of decline for every year of being 
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younger), we observed that the mean difference in rates of cognitive change between the fifth 

and first quintiles of caffeine intake was equivalent to the mean differences found for women 

7 years apart in age. Results were not substantially altered when we controlled for incident 

major cardiovascular events during follow-up. 

In multivariable models of cognitive change, we also evaluated the consumption of the main 

contributors to caffeine intake as exposure variables (data not shown in table). We detected a 

significant association between increasing caffeinated coffee consumption and slower 

cognitive decline (the difference in rate for global score change for ≥ 4 cups / day vs. none 

was 0.02 (95% Confidence Intervals (CI) = 0.00, 0.05); p-trend=0.05) but we observed no 

associations with decaffeinated coffee (the difference in rate for ≥ 2 cups/day vs. none was -

0.01 (95% CI = -0.03, 0.01); p-trend=0.09). Similarly no associations were observed with the 

other caffeinated products (tea, cola with caffeine, diet cola with caffeine, chocolate). 

 

Secondary analyses 

Among the subset of 840 women who declared a stable diet over the previous 5 years at 

baseline, we observed similar (and somewhat stronger) associations between caffeine and 

cognitive maintenance (Table 3). 

Models limited to women in the top 90
th

 percentile of global score at first cognitive interview 

(i.e., with preserved cognitive function) yielded similar significant results as the primary 

analyses (Table 3). 

We observed no significant interaction with age, alcohol, smoking status, overall 

cardiovascular profile at baseline (prevalent CVD vs. vascular risk factors only), diabetes, 

hypertension or assignment to vitamin C, E or beta-carotene. However, when we examined 

whether the association differed by trial assignment to vitamin B (active [n=890] vs. not 

participating [n=700] or placebo [n=885]), we found that the protective association between 
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higher caffeine intake and cognitive decline was more pronounced among those assigned to 

vitamin B supplementation (p for interaction=0.02) (Table 4). 

 

DISCUSSION 

In our prospective study of over 2400 women with vascular conditions, those with higher 

caffeine intake (approximately 4 cups of coffee per day) showed significantly less 5-year 

decline in global cognitive functioning and in verbal memory compared to low- or non-

consumers of caffeinated products. 

Our results are consistent with previous studies [3-6, 30], and support the notion of a long-

term protective effect of caffeine in cognitive decline. A unique contribution of our study has 

been to demonstrate that this protective effect is also evident in women with CVD or 

cardiovascular risk factors, who are at increased risk of cognitive impairment. Also, in this 

population of women whose baseline caffeine intake was not clearly related to cardiovascular 

health status, we observed an association between caffeine and cognitive maintenance, which 

was significant even when cardiovascular factors were controlled for, suggesting a direct 

neuroprotective effect of caffeine, independent of its putative indirect effect on cognition 

through cardiovascular risk modulation. The causal relationship is further supported by our 

observation of a dose-effect and well-known biological effects of caffeine on brain function 

[31], including modulation of white matter lesions and/or microvascular ischemic lesions 

[32]. A potential mechanism for the long-term neuroprotective effect of caffeine may involve 

blockade of adenosine A2A receptors [1], which may attenuate damage caused by beta-

amyloid, the toxic peptide that accumulates in the brain of patients with Alzheimer disease 

(AD) [33]. Indeed, both acute or long-term caffeine administration were shown to reduce 

brain amyloid-beta levels in AD transgenic mice [34, 35] and memory restoration and reversal 

of AD pathology in mice with preexisting beta-amyloid burden [36]. Another neuroprotective 
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mechanism for caffeine would involve improving insulin sensitivity [37] and reducing the risk 

of diabetes [11], which is a strong risk factor for cognitive decline; this pathway would be 

particularly more relevant in populations with CVD or cardiovascular risk factors such as 

ours. More generally, protective effects of caffeine in cognitive aging could also be mediated 

through benefits on psychological factors, as caffeine may improve depressive symptoms 

[38], which, in turn, may protect against decline in cognitive functioning [39]. 

We further observed that the protective association with higher caffeine intake was stronger 

among women who were supplemented with B vitamins (folic acid, B6 and B12). Although 

this may be a chance finding, this result has some biological plausibility. An adverse effect of 

high coffee intake is the elevation of homocysteine [40], which is neurotoxic [41], and it has 

previously been reported that the cytogenetic damage induced by folate deficiency in mice 

was enhanced by large amounts of caffeine [42]. It is possible that in those with vitamin B 

supplementation, higher caffeine intake would not cause neurotoxic elevations in 

homocysteine, while still exerting other neuroprotective effects. This finding warrants further 

investigation. 

Major strengths of the study included its large sample size, longitudinal design, the use of a 

validated cognitive test battery and the opportunity to adjust for several potential confounders 

such as smoking, physical activity and depression. Also, we implemented generalized linear 

models for repeated measures that took into account the within-person intra-correlation of 

assessments and that allows for data with incomplete follow-up, thus limiting attrition bias. 

Furthermore, the use of repeated cognitive assessment reduces the measurement error in the 

longitudinal analyses. 

Regarding the limitations of this study, caffeinated product consumption was assessed using a 

self-administered questionnaire, which, although validated, fails to differentiate coffee bean 

type or method of preparation. Also, self-administered food frequency questionnaire could 
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have induced some differential misclassification. Caffeine intake might have been under-

estimated in cognitively impaired persons who also had more frequent missing information 

and might be more likely to experiment decline. However, results were unchanged in the 

stratified analysis among persons with preserved cognitive function at initial cognitive 

assessment (top 90
th

 percentile of global score). Also, the intake may not reflect long-term use 

as it was based on just the baseline assessment. However, recent data suggest that caffeinated 

beverage drinking habits are relatively stable over time [4], even in those with CVD events 

[14]. Moreover, our results were similar (and somewhat stronger) among women reporting a 

stable diet over the past 5 years. Thus, our results support the idea that for maintenance of 

cognitive health into old age, habitual long-term caffeine intake may be of importance. 

Although we were able to adjust for a large number of covariates, residual confounding 

remains a possibility (e.g., unmeasured beneficial lifestyle or social factors associated with 

coffee drinking). Because our study included only women, we are not able to generalize our 

findings to men. Results from previous studies suggest that women may be more sensitive 

than men to the positive effects of caffeine against both cardiovascular risk [12] and cognitive 

aging [31]. This differential effect of caffeine by sex should be examined in further studies. 

Finally, among the various constituents of coffee, we were able to directly measure the intake 

of caffeine; however, studies have shown that other constituents in coffee (e.g. polyphenols) 

may also have direct neuroprotective effects [43]. In this study, we were unable to evaluate 

other non-caffeine components in coffee and their relation to cognition. Although the results 

of our analysis (associations with caffeine and an associations with caffeinated but not de-

caffeinated coffee consumption) are consistent with putative caffeine effects, further studies, 

including randomized clinical trials of caffeine, would be needed to isolate the effects of 

caffeine versus the effect of other coffee components on cognition. 
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CONCLUSION 

In our cohort of over 2400 elderly women with vascular conditions, higher caffeine intake 

was associated with lesser cognitive decline over a 5-year period. Given the global population 

aging and related increasing prevalence of both cardiovascular and cognitive pathologies, and 

because the modifiable lifestyle habit of caffeinated products consumption is particularly 

common and socially well-integrated, our results could have major public health implications. 

However, as a psychoactive stimulant molecule with potentially detrimental effects associated 

with excessive intake (withdrawal, sleep deprivation, etc), further confirmatory studies, 

including short-term clinical trials, evaluating different dosages and timing of caffeine intake 

on cognition are warranted. 



 14 

ACKNOWLEDGMENTS (including sources of support) 

The authors report no conflicts of interest. 

 

Financial disclosure: This work was supported by the National Institutes of Health 

(HL046959, AG15933) and the American Heart Association. 

Role of the Sponsor: The American Heart Association financially supported the study but  

was not involved in any of the following: design and conduct of the study, collection, 

management, analysis, and interpretation of the data; preparation, review, or approval of the 

manuscript. 

Additional contribution: We are grateful to the investigators, staff and participants of the 

WACS cognitive substudy.  

 



 15 

REFERENCES 

[1] Fredholm BB, Battig K, Holmen J, Nehlig A, Zvartau EE (1999) Actions of caffeine 

in the brain with special reference to factors that contribute to its widespread use. 

Pharmacol Rev 51, 83-133. 

[2] Freedman ND, Park Y, Abnet CC, Hollenbeck AR, Sinha R (2012) Association of 

coffee drinking with total and cause-specific mortality. N Engl J Med 366, 1891-1904. 

[3] Ritchie K, Carriere I, de Mendonca A, Portet F, Dartigues JF, Rouaud O, Barberger-

Gateau P, Ancelin ML (2007) The neuroprotective effects of caffeine: a prospective 

population study (the Three City Study). Neurology 69, 536-545. 

[4] van Gelder BM, Buijsse B, Tijhuis M, Kalmijn S, Giampaoli S, Nissinen A, Kromhout 

D (2007) Coffee consumption is inversely associated with cognitive decline in elderly 

European men: the FINE Study. European Journal of Clinical Nutrition 61, 226-232. 

[5] Santos C, Lunet N, Azevedo A, De Mendonça A, Ritchie K, Barros H (2010) Caffeine 

Intake is Associated with a Lower Risk of Cognitive Decline: A Cohort Study from 

Portugal. Journal of Alzheimer's Disease 20, 175-185. 

[6] Arab L, Biggs ML, O'Meara ES, Longstreth WT, Crane PK, Fitzpatrick AL (2011) 

Gender differences in tea, coffee, and cognitive decline in the elderly: the 

cardiovascular health study. J Alzheimers Dis 27, 553-566. 

[7] (2012) A united approach to vascular disease and neurodegeneration. Lancet Neurol 

11, 293. 

[8] Frary CD, Johnson RK, Wang MQ (2005) Food sources and intakes of caffeine in the 

diets of persons in the United States. J Am Diet Assoc 105, 110-113. 

[9] Garriguet D (2008) Beverage consumption of Canadian adults. Health Rep 19, 23-29. 

[10] Pase MP, Grima NA, Stough CK, Scholey A, Pipingas A (2012) Cardiovascular 

Disease Risk and Cerebral Blood Flow Velocity. Stroke. 



 16 

[11] van Dam RM, Hu FB (2005) Coffee consumption and risk of type 2 diabetes: a 

systematic review. JAMA 294, 97-104. 

[12] Wu JN, Ho SC, Zhou C, Ling WH, Chen WQ, Wang CL, Chen YM (2009) Coffee 

consumption and risk of coronary heart diseases: a meta-analysis of 21 prospective 

cohort studies. Int J Cardiol 137, 216-225. 

[13] Mostofsky E, Rice MS, Levitan EB, Mittleman MA (2012) Habitual Coffee 

Consumption and Risk of Heart Failure / Clinical Perspective. Circulation: Heart 

Failure 5, 401-405. 

[14] Lopez-Garcia E, Rodriguez-Artalejo F, Li TY, Mukamal KJ, Hu FB, van Dam RM 

(2011) Coffee consumption and mortality in women with cardiovasculardisease. The 

American Journal of Clinical Nutrition 94, 218-224. 

[15] Cook NR, Albert CM, Gaziano JM, Zaharris E, MacFadyen J, Danielson E, Buring JE, 

Manson JE (2007) A randomized factorial trial of vitamins C and E and beta carotene 

in the secondary prevention of cardiovascular events in women: results from the 

Women's Antioxidant Cardiovascular Study. Arch Intern Med 167, 1610-1618. 

[16] Albert CM, Cook NR, Gaziano JM, Zaharris E, MacFadyen J, Danielson E, Buring JE, 

Manson JE (2008) Effect of folic acid and B vitamins on risk of cardiovascular events 

and total mortality among women at high risk for cardiovascular disease: a 

randomized trial. JAMA 299, 2027-2036. 

[17] Kang JH, Cook N, Manson J, Buring JE, Albert CM, Grodstein F (2008) A trial of B 

vitamins and cognitive function among women at high risk of cardiovascular disease. 

Am J Clin Nutr 88, 1602-1610. 

[18] Kang JH, Cook NR, Manson JE, Buring JE, Albert CM, Grodstein F (2009) Vitamin 

E, Vitamin C, Beta Carotene, and Cognitive Function Among Women With or at Risk 



 17 

of Cardiovascular Disease: The Women's Antioxidant and Cardiovascular Study. 

Circulation 119, 2772-2780. 

[19] Vercambre MN, Grodstein F, Berr C, Kang JH (2012) Mediterranean diet and 

cognitive decline in women with cardiovascular disease or risk factors. J Acad Nutr 

Diet 112, 816-823. 

[20] Vercambre MN, Grodstein F, Manson JE, Stampfer MJ, Kang JH (2011) Physical 

activity and cognition in women with vascular conditions. Arch Intern Med 171, 1244-

1250. 

[21] Brandt J, Spencer M, Folstein M (1988) The telephone Interview for Cognitive Status. 

Neuropsych Neuropsychol and Behavioral Neurology 1, 111-117. 

[22] Scherr PA, Albert MS, Funkenstein HH, Cook NR, Hennekens CH, Branch LG, White 

LR, Taylor JO, Evans DA (1988) Correlates of cognitive function in an elderly 

community population. Am J Epidemiol 128, 1084-1101. 

[23] Morris JC, Heyman A, Mohs RC, Hughes JP, van Belle G, Fillenbaum G, Mellits ED, 

Clark C (1989) The Consortium to Establish a Registry for Alzheimer's Disease 

(CERAD). Part I. Clinical and neuropsychological assessment of Alzheimer's disease. 

Neurology 39, 1159-1165. 

[24] Small BJ, Fratiglioni L, Viitanen M, Winblad B, Backman L (2000) The course of 

cognitive impairment in preclinical Alzheimer disease: three- and 6-year follow-up of 

a population-based sample. Arch Neurol 57, 839-844. 

[25] Robinson G, Shallice T, Bozzali M, Cipolotti L (2012) The differing roles of the 

frontal cortex in fluency tests. Brain 135, 2202-2214. 

[26] Peters N, Opherk C, Danek A, Ballard C, Herzog J, Dichgans M (2005) The pattern of 

cognitive performance in CADASIL: a monogenic condition leading to subcortical 

ischemic vascular dementia. Am J Psychiatry 162, 2078-2085. 



 18 

[27] Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, Hennekens CH, 

Speizer FE (1985) Reproducibility and validity of a semiquantitative food frequency 

questionnaire. Am J Epidemiol 122, 51-65. 

[28] Salvini S, Hunter DJ, Sampson L, Stampfer MJ, Colditz GA, Rosner B, Willett WC 

(1989) Food-based validation of a dietary questionnaire: the effects of week-to-week 

variation in food consumption. Int J Epidemiol 18, 858-867. 

[29] Willett W, Stampfer MJ (1986) Total energy intake: implications for epidemiologic 

analyses. Am J Epidemiol 124, 17-27. 

[30] Santos C, Costa Jo, Santos Jo, Vaz-Carneiro An, Lunet N (2010) Caffeine Intake and 

Dementia: Systematic Review and Meta-Analysis. Journal of Alzheimer's Disease 20, 

187-204. 

[31] Ritchie K, Artero S, Portet F, Brickman A, Muraskin J, Beanino E, Ancelin M-L, 

Carriere I (2010) Caffeine, Cognitive Functioning, and White Matter Lesions in the 

Elderly: Establishing Causality from Epidemiological Evidence. Journal of 

Alzheimer's Disease 20, 161-166. 

[32] Gelber RP, Petrovitch H, Masaki KH, Ross GW, White LR (2011) Coffee intake in 

midlife and risk of dementia and its neuropathologic correlates. J Alzheimers Dis 23, 

607-615. 

[33] Dall'Igna OP, Fett P, Gomes MW, Souza DO, Cunha RA, Lara DR (2007) Caffeine 

and adenosine A(2a) receptor antagonists prevent beta-amyloid (25-35)-induced 

cognitive deficits in mice. Exp Neurol 203, 241-245. 

[34] Arendash GW, Schleif W, Rezai-Zadeh K, Jackson EK, Zacharia LC, Cracchiolo JR, 

Shippy D, Tan J (2006) Caffeine protects Alzheimer's mice against cognitive 

impairment and reduces brain beta-amyloid production. Neuroscience 142, 941-952. 



 19 

[35] Cao C, Cirrito JR, Lin X, Wang L, Verges DK, Dickson A, Mamcarz M, Zhang C, 

Mori T, Arendash GW, Holtzman DM, Potter H (2009) Caffeine suppresses amyloid-

beta levels in plasma and brain of Alzheimer's disease transgenic mice. J Alzheimers 

Dis 17, 681-697. 

[36] Arendash GW, Mori T, Cao C, Mamcarz M, Runfeldt M, Dickson A, Rezai-Zadeh K, 

Tane J, Citron BA, Lin X, Echeverria V, Potter H (2009) Caffeine reverses cognitive 

impairment and decreases brain amyloid-beta levels in aged Alzheimer's disease mice. 

J Alzheimers Dis 17, 661-680. 

[37] Duarte JMN, Agostinho PM, Carvalho RA, Cunha RA (2012) Caffeine Consumption 

Prevents Diabetes-Induced Memory Impairment and Synaptotoxicity in the 

Hippocampus of NONcZNO10/LTJ Mice. PLoS ONE 7, e21899. 

[38] Lucas M, Mirzaei F, Pan A, Okereke OI, Willett WC, O'Reilly EJ, Koenen K, 

Ascherio A (2011) Coffee, caffeine, and risk of depression among women. Arch 

Intern Med 171, 1571-1578. 

[39] Beaudreau SA, O'Hara R (2009) The association of anxiety and depressive symptoms 

with cognitive performance in community-dwelling older adults. Psychol Aging 24, 

507-512. 

[40] Verhoef P, Pasman WJ, Van Vliet T, Urgert R, Katan MB (2002) Contribution of 

caffeine to the homocysteine-raising effect of coffee: a randomized controlled trial in 

humans. Am J Clin Nutr 76, 1244-1248. 

[41] Obeid R, Herrmann W (2006) Mechanisms of homocysteine neurotoxicity in 

neurodegenerative diseases with special reference to dementia. FEBS Lett 580, 2994-

3005. 



 20 

[42] MacGregor JT, Schlegel R, Wehr CM, Alperin P, Ames BN (1990) Cytogenetic 

damage induced by folate deficiency in mice is enhanced by caffeine. Proceedings of 

the National Academy of Sciences 87, 9962-9965. 

[43] Shukitt-Hale B, Miller MG, Chu YF, Lyle BJ, Joseph JA (2013) Coffee, but not 

caffeine, has positive effects on cognition and psychomotor behavior in aging. Age 

(Dordr). In Press 

 



 21 

Table 1. Characteristics
a
 of the WACS cognitive cohort participants by quintile of caffeine 

intake (n=2475) 

 

a 
Values are means (standard deviation) or percentages and are standardized to the age 

distribution of the study population (except for the age variable); those with missing 

information were not included for the tabulation 

 Quintile of caffeine intake  

 Q1 Q2 Q3 Q4 Q5 p value
c
 

Age at initial cognitive assessment (y) 72.9(4.6) 72.6(4.2) 72.4(4.2) 72.3(4.1) 71.9(3.6) *** 

Master’s or a doctoral degree (%) 12 10 12 12 10 ns 

Married (%) 60 62 61 58 59 ns 

Alcohol intake (g/d) 2.8(6.9) 3.4(7.8) 3.7(8.4) 5.1(10.4) 3.9(7.9) *** 

Physical activity
b
 (kcal/wk) 1053(1377) 960(1220) 891(1340) 817(1011) 830(975) * 

Use of multivitamin supplements (%) 32 30 29 31 26 ns 

Current smoker (%) 5 6 7 13 18 *** 

Body Mass Index (kg/m
2
) 28.9(5.6) 28.7(5.5) 28.9(6.0) 28.7(5.7) 27.9(5.4) ns 

History of depression (%) 13 17 16 16 14 ns 

History of myocardial infarction (%) 25 19 20 20 20 ns 

History of stroke (%) 9 7 10 9 7 ns 

History of revascularization surgery (%) 21 20 19 21 22 ns 

History of angina (%) 43 50 46 43 44 ns 

History of transient ischemic attack (%) 15 16 16 16 15 ns 

History of diabetes (%) 21 18 17 18 14 ns 

History of hypertension (%) 80 81 78 75 74 * 

History of hyperlipidemia (%) 77 79 74 69 75 ** 



 22 

b
 Weekly calories expended from exercise and climbing the stairs 

c
 From chi-squared tests or analysis of variance depending on the type of variable (categorical 

or numeric): ns = non-significant, * = p<0.05, ** = p<0.01, *** = p<0.001 
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Table 2. Adjusted mean differences (95% confidence intervals) in annual rates of cognitive change by quintiles of caffeine intake, WACS 

cognitive cohort (n=2475) 

 Quintile of caffeine intake  

 Q1 Q2 Q3 Q4 Q5  

Median intake (mg/day) 10 57 152 296 495  

Range <30 30-111 112-203 204-371 >371 p Trend 

Global cognitive score
a
       

Basic-adjusted model
b 

0 (Reference) 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.03) 0.00 (-0.02, 0.02) 0.02 (0.00, 0.04) 0.066 

Multivariable-adjusted model
c 

0 (Reference) 0.01 (-0.01, 0.03) 0.02 (0.00, 0.04) 0.00 (-0.02, 0.02) 0.03 (0.01, 0.05) 0.020 

TICS       

Basic-adjusted model
b 

0 (Reference) -0.02 (-0.12, 0.07) -0.01 (-0.10, 0.09) -0.02 (-0.12, 0.07) 0.06 (-0.03, 0.15) 0.151 

Multivariable-adjusted model
c 

0 (Reference) 0.00 (-0.09, 0.10) 0.03 (-0.07, 0.12) 0.00 (-0.09, 0.09) 0.09 (-0.01, 0.18) 0.074 

Verbal memory
a
       

Basic-adjusted model
b 

0 (Reference) 0.00 (-0.02, 0.02) 0.01 (-0.01, 0.03) 0.00 (-0.02, 0.02) 0.02 (0.00, 0.04) 0.110 

Multivariable-adjusted model
c 

0 (Reference) 0.00 (-0.02, 0.03) 0.01 (-0.01, 0.04) 0.00 (-0.02, 0.03) 0.02 (0.00, 0.05) 0.048 
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Category fluency       

Basic-adjusted model
b 

0 (Reference) 0.06 (-0.07, 0.19) 0.06 (-0.07, 0.19) 0.07 (-0.07, 0.20) 0.12 (-0.01, 0.25) 0.115 

Multivariable-adjusted model
c 

0 (Reference) 0.04 (-0.09, 0.18) 0.05 (-0.08, 0.18) 0.06 (-0.07, 0.20) 0.13 (-0.01, 0.26) 0.077 

TICS: Telephone Interview of Cognitive Status 

a 
Global cognitive score is a composite score of the z-scores of the TICS, immediate and delayed recalls of the East Boston Memory Test, 

category fluency, and delayed recall of the TICS 10-word list; verbal memory score is a composite score of the z-scores of the immediate and 

delayed recalls of both the TICS 10-word and the East Boston Memory Test 

b
 Adjusted for age (years), education (licensed practical nurse, vocational nurse or associate’s degree; registered nurse degree or bachelor’s 

degree; master’s or doctoral degree) and energy from diet (tertiles) 

c
 Further adjusted for marital status (married, divorced, widowed, single), alcohol intake (abstainer, 0.1-0.9g/day, ≥10g/day), physical activity 

(quartiles of weekly calories expended from exercise and climbing the stairs), use of multivitamin supplements (no, yes), smoking status (never, 

past, current), body mass index (quartiles), postmenopausal hormone therapy use (never, past, current), aspirin use exceeding 10 days in the 

previous month (no, yes), non-steroidal anti-inflammatory drug use exceeding 10 days in the previous month (no, yes), history of depression (no, 

yes), cardiovascular profile at baseline (myocardial infarction, stroke, revascularization procedures, symptomatic angina pectoris, transient 

cerebral ischemia, no clinical disease), diabetes (no, yes), hypertension (no, yes on pharmaceutical treatment, yes without pharmaceutical 
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treatment), hyperlipidemia (no, yes on pharmaceutical treatment, yes without pharmaceutical treatment), dietary intakes of vitamin C (tertiles), 

vitamin E (tertiles), carotene (tertiles), vitamin B6 (tertiles), vitamin B12 (tertiles) and folates (tertiles), and randomization assignment for 

vitamin E (placebo, active), vitamin C (placebo, active), beta-carotene (placebo, active), and folate (not assigned, placebo, active)
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Table 3. Adjusted
a
 mean differences (95% confidence intervals) in annual rates of cognitive change by quintiles of caffeine intake in two 

different strata, WACS cognitive cohort 

 Quintile of caffeine intake  

 Q1 Q2 Q3 Q4 Q5 p Trend 

Among the subset of women who reported a stable diet at baseline (no major change in diet over the prior 5 years) (N=840) 

Global cognitive score
b 

0 (reference) 0.03 (-0.01, 0.06) 0.05 (0.01, 0.08) 0.03 (-0.01, 0.06) 0.06 (0.03, 0.10) 0.004 

TICS 0 (reference) 0.04 (-0.13, 0.21) 0.06 (-0.11, 0.23) 0.08 (-0.10, 0.25) 0.20 (0.02, 0.37) 0.022 

Verbal memory
b
 0 (reference) 0.02 (-0.02, 0.05) 0.04 (0.01, 0.08) 0.03 (-0.01, 0.06) 0.06 (0.02, 0.09) 0.008 

Category fluency 0 (reference) 0.16 (-0.07, 0.39) 0.22 (-0.01, 0.44) 0.11 (-0.13, 0.35) 0.31 (0.08, 0.55) 0.036 

       

Among the subset of women in the top 90th percentile of global score at first cognitive interview (N=2227) 

Global cognitive score
b 

0 (reference) 0.00 (-0.02, 0.02) 0.01 (-0.01, 0.03) 0.00 (-0.02, 0.02) 0.02 (0.00, 0.04) 0.015 

TICS 0 (reference) -0.02 (-0.11, 0.07) -0.01 (-0.10, 0.07) -0.01 (-0.10, 0.08) 0.08 (-0.01, 0.18) 0.036 

Verbal memory
b
 0 (reference) 0.00 (-0.02, 0.02) 0.01 (-0.01, 0.03) 0.00 (-0.02, 0.03) 0.02 (0.00, 0.04) 0.040 

Category fluency 0 (reference) 0.02 (-0.12, 0.17) 0.02 (-0.12, 0.16) 0.04 (-0.10, 0.18) 0.09 (-0.05, 0.24) 0.177 
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TICS: Telephone Interview of Cognitive Status 

 a 
All models are multivariable-adjusted (covariates listed in footnotes b and c of Table 2) 

b 
Global cognitive score is a composite score of the z-scores of the TICS, immediate and delayed recalls of the East Boston Memory Test, 

category fluency, and delayed recall of the TICS 10-word list; verbal memory score is a composite score of the z-scores of the immediate and 

delayed recalls of both the TICS 10-word and the East Boston Memory Test
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Table 4. Adjusted
a
 mean differences (95% confidence intervals) in annual rates of global cognitive change

b
 by quintiles of caffeine intake, 

stratified by trial assignment to vitamin B supplementation, WACS cognitive cohort 

 Quintile of caffeine intake   

Assignment to vitamin B supplementation Q1 Q2 Q3 Q4 Q5 p Trend p Interaction
a
 

Active (N=890) 0 (reference) 0.02 (-0.01, 0.05) 0.04 (0.00, 0.07) 0.02 (-0.01, 0.05) 0.06 (0.03, 0.09) 0.002  

Not participant
c
 or placebo (N=1585) 0 (reference) -0.01 (-0.03, 0.02) 0.00 (-0.02, 0.03) -0.01 (-0.04, 0.02) 0.01 (-0.02, 0.03) 0.468 0.022 

a 
All models are multivariable-adjusted (covariates listed in footnotes b and c of Table 2) 

b 
Change in the global cognitive score, which is a composite score of the z-scores of the TICS, immediate and delayed recalls of the East Boston 

Memory Test, category fluency, and delayed recall of the TICS 10-word list 

c
 28% of the whole sample did not participate to the Vitamin B supplementation arm of the trial 

 

 

 

 

 


