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High Coffee Consumption, Brain Volume and Risk of Dementia and Stroke 

Background: Coffee is a highly popular beverage worldwide, containing caffeine 

which is a central nervous system stimulant.  

Objectives: We examined whether habitual coffee consumption is associated with 

differences in brain volumes or the odds of dementia or stroke.  

Methods: We conducted prospective analyses of habitual coffee consumption on 

398,646 UK Biobank participants (age 37-73 years), including 17,702 participants with 

MRI information. We examined the associations with brain volume using covariate 

adjusted linear regression, and with odds of dementia (4,333 incident cases) and stroke 

(6,181 incident cases) using logistic regression.  

Results: There were inverse linear associations between habitual coffee consumption 

and total brain (fully adjusted β per cup -1.42, 95% CI -1.89, -0.94), grey matter (β -

0.91, 95% CI -1.20, -0.62), white matter (β -0.51, 95% CI -0.83, -0.19) and 

hippocampal volumes (β -0.01, 95% CI -0.02, -0.003), but no evidence to support an 

association with white matter hyperintensity (WMH) volume (β -0.01, 95% CI -0.07, 

0.05). The association between coffee consumption and dementia was non-linear (Pnon-

linearity =0.0001), with evidence for higher odds for non-coffee and decaffeinated coffee 

drinkers and those drinking >6 cups/day, compared to light coffee drinkers. After full 

covariate adjustment, consumption of >6 cups/day was associated with 53% higher 

odds of dementia compared to consumption of 1-2 cups/day (fully adjusted OR 1.53, 

95% CI 1.28, 1.83), with less evidence for an association with stroke (OR 1.17, 95% CI 

1.00, 1.37, p=0.055).  

Conclusion: High coffee consumption was associated with smaller total brain volumes 

and increased odds of dementia.  

 

Keywords: coffee; brain volume; dementia; stroke; volumetric MRI; UK Biobank; 

prospective cohort  

Subject classification codes: N/A 
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Introduction  

Coffee is among the most popular non-alcoholic beverage after water, with the global 

consumption exceeding nine billion kilograms each year (1). Coffee contains caffeine, which 

is a central nervous system stimulant (2). Due to high lipid solubility and structural similarity 

to adenosine, caffeine readily crosses the blood brain barrier to competitively bind with 

adenosine receptors. It stimulates the adrenal gland secretion of catecholamines, an excitatory 

neurotransmitter mediating the effects on cognition, emotion, and motor function (3). Hence, 

caffeine is known to have broad physiological influences, affecting sleep patterns, mood, 

motor activity, heart rate, body core temperature and oxygen consumption (4, 5). 

There are mechanisms which could mediate a potential role of coffee on brain 

morphology and the risk of dementia and stroke. For example, brain volume changes may be 

caused by the antagonist binding of caffeine to adenosine receptors, inducing morphological 

change in mossy-fibres or pyramidal cells and a reduction of information transmission (6). 

However, there are only a handful of studies looking into the associations between coffee 

intake and brain volume (7-9). Most studies are longitudinal, varying in size between 45 and 

2,914 participants, and report inconsistent findings which suggest either a positive (7), U-

shaped (8) or negative (9) association between coffee consumption and regional or total brain 

volumes. The most recent study is a randomised control trial, which reports an association 

between higher caffeine intake and larger reductions in GMV (10). Another aspect of interest 

within the brain are the white matter hyperintensities (WMH), which are small lesions 

frequently associated with local small vessel damage, implicated in increased stroke and 

dementia risk (11). In a recent study, higher coffee consumption was associated with a lower 

WMH volume in older women while no association was seen in men (12). They suggested 

that the blockage of adenosine receptors by higher coffee intakes may decrease amyloid 

accumulation in the brain to reduce production of WMH. 
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A Mendelian randomisation study has provided evidence for a potential adverse effect 

of higher coffee consumption on the risk of Alzheimer’s disease, with each cup of coffee 

increasing the risk by 26% (13). However, observational evidence is inconsistent, and of the 

11 most recent longitudinal cohort studies on habitual coffee intake and dementia risk, five 

supported a possible protective effect (14-18), whereas six studies found no association (19-

24). Also, the majority (four of seven) of the recent studies on stroke have reported an inverse 

relationship with coffee consumption (25-28), while three found no association (29-31). 

There is also some evidence for a U-shaped association with respect to both outcomes, where 

moderate drinkers were reported to have the lowest stroke risk, with some elevation both for 

non-drinkers and high coffee consumers (32, 33). In the current study, we used information 

from up to 398,646 participants in the UK Biobank (17,702 participants with information on 

brain neuroimaging biomarkers) to investigate the association between habitual patterns of 

coffee consumption and brain neuroimaging biomarkers and the odds of dementia and stroke.  

Materials and Methods  

Study Population  

The UK Biobank is a long-term prospective epidemiological study of 502,504 participants 

with deep genotypic and phenotypic data (34). Individuals aged 37-73 years were recruited in 

22 assessment centres across the United Kingdom, between March 13, 2006 and October 1, 

2010. During baseline assessment, information was collected using touchscreen 

questionnaires, verbal interview, and physical examination, including a collection of blood, 

urine, and saliva samples. An imaging sub-study was incorporated into the UK Biobank in 

2014 with the target of conducting brain, heart and body MRI imaging on 100,000 

participants (35). The analyses on disease outcomes were conducted in up to 398,646 

participants who were of white British ancestry and who had information on habitual coffee 
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consumption, while the brain volume analyses conducted in up to 17,702 participants with 

valid data on brain imaging (Figure 1). We allow for a maximum of two genetically related 

individuals (36), with further exclusions based on discrepancies between self-reported and 

genetically determined sex, and history of stroke or dementia at baseline.  

 

Figure 1. Flowchart showing the sample restriction from the UK Biobank cohort to the final 

analysis samples. 

Ethics  

As a secondary analysis of data, the current study relies upon the consents of subjects at their 

participation in the UK Biobank data collection studies and poses no additional risks to the 

participants. The UK Biobank, governed by the UK Biobank Ethics and Governance Council, 

holds Human Tissue Authority licencing and Research Tissue Bank approval, and oversees 

all access and use of the database (37). Ethical approval for the UK Biobank was granted by 

the National Information Governance Board for Health and Social Care and North West 
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Multicentre Research Ethics Committee (11/NW/0382). Participants provided electronic 

consent to use their anonymized data and sample for health-related research and for the UK 

Biobank to access their health-related records (34). 

Coffee Consumption  

Habitual coffee intake was self-reported as cups per day, as part of the touchscreen 

questionnaire at baseline with the question “How many cups of coffee do you drink a day?” 

(38). Participants were asked to include decaffeinated (decaf) coffee intake in their response. 

Decaffeinated consumers were identified from response to the question “What type of coffee 

do you usually drink?”. Coffee consumption was grouped in seven categories, including non-

drinkers, decaffeinated coffee drinkers, and caffeinated coffee drinkers consuming <1 

cup/day, 1-2 cups/day, 3-4 cups/day, 5-6 cups/day and >6 cups/day. “Coffee drinkers” in the 

text refer to participants who report intake of caffeinated coffee. For sensitivity analyses we 

constructed separate indicators restricting the data to decaffeinated coffee drinkers and 

according to tea consumption, using intake categories as above.  

Total and regional brain volumes  

Total and regional brain volumes were acquired in the MRI imaging sub-study, commencing 

4 – 6 years after baseline assessment. Brain MRI scans were conducted in accordance with 

the UK Biobank Brain Imaging Protocol (39). A Siemens Skyra 3T scanner (running VD13A 

SP4 software) was used, with a 32-channel RF-receive head coil and a large 256mm superior-

inferior field of view, extending from the top of the cranium to the neck/mouth region. The 

T1-weighted structural MRI had a 5-minute imaging sequence with TR 2000.0ms, TE 2.01ms 

and a 1x1x1mm spatial resolution (40). The T2-FLAIR structural imaging was undertaken in 

6 minutes with TR 5000.0ms, TE 395.0ms and spatial resolution of 1.05x1x1mm. 
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After acquisition, images underwent an automated pipeline developed by the UK 

Biobank, based on the FMRIB software library (FSL) of MRI brain imaging data (41). The 

general processing pipeline involved reconstruction of data from DICOM to NIFTI format, 

organisation of data files, anonymization of images (digital masking of face and ears) and full 

3D gradient distortion correction (40). Total brain, white matter, grey matter and 

hippocampal volumes were generated from processed T1 images, while combined analyses of 

T1 and T2-FLAIR data quantified WMH volume. Further details of each processing pipeline 

have been comprehensively documented in the UK Biobank Brain Imaging Protocol (39). We 

excluded extreme outliers with brain volumes below 3 SD or above 3 SD of the mean (394 

participants). 

Dementia and stroke incidence  

Information on incident dementia and stroke were collated by the UK Biobank using primary 

care data, hospital admission electronic health records (EHR), national death registers and 

self-reported medical conditions in the UK Biobank touchscreen questionnaire (42). We used 

information on centrally adjudicated diagnoses on dementia and stroke, including sensitivity 

analyses according to dementia subtypes (vascular dementia, Alzheimer’s disease, and 

frontotemporal dementia) (43, 44). Incident dementia and stroke cases were defined as any 

case identified after the baseline assessment and before the end of follow-up in February 1, 

2018.  

Covariates  

Covariates were all collected during the UK Biobank baseline assessment (34), with full 

description provided in Supplementary Table 1. Townsend deprivation index reflecting area 

deprivation was determined based on the participants postcode. Most socioeconomic (highest 

level of education, income and employment), health related  (history of common mental 
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disorders (CMD), sleep duration, insomnia, stressful events within the past 2 years, and  long-

standing illness) and other covariates (water intake, smoking, alcohol consumption, intensity 

of physical activity, tea consumption, stressful life-events, processed meat, and fruit 

consumption) were self-reported by participants in the touchscreen questionnaire. Weight 

(kg) and height (m) were measured and used to calculate body mass index (BMI, weight (kg)/ 

height (m)2). BMI was grouped according to the World Health Organisation nutritional status 

classifications as underweight (<18.5 kg/m2), normal (18.5 – 25 kg/m2), overweight (25 – 30 

kg/m2) and obese (≥30 kg/m2) (45). Blood pressure was averaged from two automated 

readings, taken a few moments apart on an Omron device, and adjusted for any blood 

pressure lowering medications (46). Whole body water mass was estimated from impedance 

measures and serum Urea Creatine ratio was measured from blood samples taken at baseline 

using Beckman Coulter AU5800 analysers (47, 48).  

Statistical analyses 

We explored the association between coffee consumption and total brain volume using linear 

regression and associations with incident dementia and stroke with logistic regression. We 

checked for non-linear relationships between coffee and our outcomes using log likelihood 

ratio tests comparing models with coffee as a categorical (non-linear) variable and coffee as a 

linear variable. We tested for variation in the association between coffee and brain volumes 

or disease odds by age and sex, using a multiplicative term (e.g. coffee x age), and in the 

absence of interaction present results for age groups and both sexes combined. In order to 

account for relatedness between participants, models were weighted (1 - kinship coefficient) 

(36).  We used light coffee drinkers (1-2 cups/day), instead of non-drinkers, as the reference 

group to avoid bias from individuals with poor health, who may avoid coffee due to their 

health status (49, 50).  
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As sensitivity analyses, we repeated all analyses using information on decaffeinated 

coffee consumption and tea consumption as exposures. Since older age and smoking are 

known to be risk factors for dementia and stroke, we ran the analyses in a subset of 

participants aged over 60 years and for a subset of non-smokers only. For dementia, we 

conducted analyses stratified by dementia subtypes. Finally, to assess the role of reverse 

causation in the dementia findings, we conducted further sensitivity analyses allowing for a 

4-year lag time between baseline assessment and dementia diagnosis. 

Covariate adjustments were conducted in stages, starting with a basic model (sex, age, 

age squared, assessment centre), and then adjusted further for extended covariates including 

socioeconomic (education, Townsend deprivation index, income and employment), health 

(history of CMD, systolic blood pressure, sleep duration, insomnia, and long standing 

illness), anthropometric (height, BMI, and BMI squared), hydration indicators (water intake, 

water mass and Urea : Creatine ratio) or lifestyle factors (smoking, alcohol consumption, type 

of physical activity, tea consumption, stressful life-events, processed meat, and fruit 

consumption). Fully adjusted models included all the above covariates.  

To account for missing covariate information, we used multiple imputation chained 

equation (MICE), creating fifteen imputed datasets with the aim of minimising sampling 

variability within the imputation process (51). Imputed variables included education, 

Townsend deprivation index, income, employment status, systolic blood pressure, sleep 

duration, insomnia, history of long-standing illnesses, height, BMI, water intake, total water 

body mass, UCR, smoking, alcohol, physical activity, tea consumption, stressful events, 

processed meat intake and fresh fruit intake. Each variable was missing in only <4.74% of the 

participants, except systolic blood pressure (8.76%) and income (13.84%). Analyses were 

repeated restricting participants to those with complete data on all covariates (n=280,330) and 
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as findings were not affected only data from the full sample is presented. All analyses were 

performed using the STATA SE version 14.1 software (52). 

Results  

Baseline characteristics of the UK Biobank  

Within the full study population, 54.3% were female, and 66.6% reported no long-standing 

illness (Table 1). Coffee consumption was associated with the range of health and lifestyle 

covariates (Table 1, Supplementary Table 2). There were some differences in brain volumes 

by sex, age, BMI, education, and the reported history of depression and long-standing illness, 

with the same factors which tended to be associated with smaller brain volume also 

associated with higher incidence of dementia and stroke, except for sex and BMI. Differences 

in regional brain volume showed in part similar patterns to total brain volume indicators. 

Patterns of brain volume and dementia/stroke incidence by the full range of covariates can be 

found in Supplementary Table 2.   

Coffee consumption and brain volume  

Coffee consumption had a linear inverse association with total brain volume, with consistent 

patterns for grey matter, white matter, and hippocampal volumes (for all, pnon-linearity>0.42) 

(Table 2). Compared to the basic model adjusted for age, sex and assessment centre, further 

inclusion of anthropometric measures, dehydration indicators, and lifestyle factors, each 

attenuated the associations, but evidence for an inverse trend remained even after full 

adjustment (Supplementary Table 3). These inverse trends between coffee consumption and 

brain volume indicators did not differ by sex or age (for all tests, Pinteraction>0.30). Coffee 

consumption was not associated with WMH volume before or after covariate adjustment. 

There was little evidence for an association between decaffeinated coffee intake and brain 
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volume measures (Supplementary Table 4).  

Coffee consumption and odds of dementia and stroke  

There was non-linear association between coffee consumption and the odds of dementia, with 

slightly higher odds seen with non-coffee or decaf drinkers, and more notable increases for 

participants in the highest coffee consumption categories (pnon-linearity=0.0001) (Figure 2). For 

stroke, the association between higher coffee consumption, but not coffee abstinence, was 

explained by covariate adjustment. Association between high coffee consumption and 

dementia was less affected by adjustment, and odds remained elevated for participants 

drinking >6 cups/day even after accounting for socioeconomic, anthropometric, lifestyle, 

dehydration, sleep, and disease related covariates. No differences in estimates were found 

among men and women or among different age groups (for all tests, Pinteraction>0.22).   

 

Figure 2. Association of coffee consumption with incidence of dementia (panel A) and stroke 

(panel B), using logistic regression models.  

Basic covariates: age, age square, sex, and assessment centre.  

Socioeconomic status: basic covariates + education, Townsend deprivation index, income, and employment status. 

Diseases status: basic covariates + depression, systolic blood pressure, sleep duration, insomnia, and long-standing illnesses.  

Anthropometric measures: basic covariates + height, body mass index, and body mass index square. 

Dehydration indicators: basic covariates + water intake, whole body water mass, and urine-creatinine ratio. 

Lifestyle factors: basic covariates + smoking, alcohol, intensity of physical activity, tea consumption, stress-related lifestyle factors, 

processed meat intake, and fresh fruit intake.  

All covariates: adjusted for all covariates listed above.  
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Analyses in decaffeinated coffee drinkers found the same pattern of association as the 

main analyses on caffeinated coffee (Supplementary Figure 1). Dementia and stroke analyses 

in participants aged over 60 years (Supplementary Figure 2) and participants who were non-

smokers (Supplementary Figure 3) both showed similar results to the main findings. 

Sensitivity analyses separating dementia diagnoses by sub-type confirmed the association 

between coffee intake and Alzheimer’s disease, with inconclusive findings for vascular and 

frontotemporal dementia (Supplementary Figure 4).  Analyses allowing for a 4-year lag time 

between coffee consumption and dementia incidence showed the same pattern of association 

as the main analyses (Supplementary Figure 5). 

Sensitivity analyses on tea consumption did not provide any evidence for association 

with brain volumes (Supplementary Table 5) or the odds of dementia or stroke 

(Supplementary Figure 6), before or after covariate adjustment.  

Discussion  

Coffee is one of the most consumed beverages in the world after water, with potentially large 

implications for public health. While the immediate effects of caffeinated coffee on alertness 

and cognition appear typically beneficial (53), our results and an earlier genetic study suggest 

increased odds of dementia by high coffee intakes (13). Furthermore, in line with a recent 

placebo controlled trial demonstrating a dose-dependent GMV lowering effect for caffeine 

administration, we also found evidence for linear inverse associations between higher 

habitual coffee consumption and total, grey matter, white matter, and hippocampal volumes, 

providing further support for effects of coffee on the brain (10). While our study cannot 

confirm underlying causality of association, these result warrant carefully controlled studies 

to clarify the beneficial and adverse effects of coffee on the brain.  
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Our finding for a possible effect of higher coffee consumption and GMV is supported 

by a recent double-blind cross-over RCT (10). The study was conducted in 20 healthy males 

aged 18 – 35 years who identified as habitual caffeine consumers. Study was carefully 

controlled and the participants underwent 9 days with fixed sleep schedules and self-

administered caffeine or placebo capsules (3 doses of 150 mg per day), followed by sleep 

electroencephalography (EEG) and T1-weighted MRI imaging in a controlled laboratory 

environment on the 10th day. Individual caffeine metabolism and compliance with the self-

administered caffeine schedule was assessed by analysing fingertip sweat for caffeine and 

caffeine metabolites. The results were independent of sleep, as shown by sleep EEG testing 

and sleep diary monitoring. Despite the small sample size, the study accounts for individual 

differences in caffeine metabolism by conducting within-subject comparisons. These findings 

support the association seen in our observational study and suggest a possibly causal 

explanation. Additionally, a visual working memory test (N-back test) was conducted 4 times 

throughout the laboratory session and compared between caffeine and placebo conditions. 

The study found decreases in working memory test performance with caffeine vs. placebo, in 

conjunction with the observed GMV decreases, tentatively proposing a detrimental effect on 

brain functioning with smaller brain volumes, which would support our findings with high 

coffee consumption and an increased odds of dementia.   

To our knowledge, the largest of the earlier studies looking at the effects of habitual 

coffee consumption on the brain was conducted in the Rotterdam cohort (n=2,914) which is 

similar to UK Biobank with respect to age (mean age 59 years) (9). Compatible with our 

findings, they reported an inverse linear association between habitual coffee consumption and 

total hippocampal volume, and directionally consistent but non-significant associations for 

total and grey matter volumes. Other studies are notably smaller, and for example, in a group 

of young women (n=45, 13-30 years), coffee consumption was not associated with total brain 
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volumes but was suggested to have a U-shaped association with hippocampal volume, with 

higher values seen both for non-drinkers and higher consumption groups (8). While our 

middle to older aged population did not suggest age related interactions with respect to the 

associations of coffee and brain volume indicators, a study on elderly diabetics (n=185, 64-86 

years) found no evidence for an association with white matter volume but a possible age 

dependent association with grey matter volume (54). Again, we did not observe an 

association between coffee intake and WMH, while an earlier study observed some evidence 

for an inverse relation in women but not for men (n=317 and 324, respectively) (12).  

A recent meta-analysis did not find convincing evidence for a linear association 

between coffee intake and dementia while in line with our findings there was some 

suggestion for a U-shaped association and an elevated risk for those consuming at least five 

cups per day (p-curvature=0.08) (22). Evidence for a potential need for caution with respect 

to dementia risk, have been provided by large-scale Mendelian randomization analyses 

(17,008 cases and 37,154 controls), where higher genetically instrumented coffee intake was 

seen to lead to an increased risk of Alzheimer’s disease (13). In contrast, genetic evidence for 

the role of coffee intake on stroke risk remains inconclusive (32), and while we observed 

some evidence for a U-shaped association, evidence for an association with heavy coffee 

consumption was not strong after full covariate adjustment. In studies of coffee consumption, 

non-drinkers often have a higher disease risk compared to coffee drinkers, which may reflect 

reverse causality arising from abstinence from coffee consumption due to poor reaction 

(raised blood pressure, increased heart rate) or existing health concerns (5, 18, 25, 27, 28, 32, 

50).  

Competitive binding of caffeine to adenosine receptors in the brain is a well-known 

physiological mechanism and has been implicated in coffee consumption studies as the cause 
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of changes in brain morphology (7). Changes in brain volume are theorised to be caused by 

structural change in mossy-fibres and pyramidal cells, initiated by the antagonist binding of 

caffeine (55). Other effects could be mediated through the cardiovascular system, with 

relevance for both vascular dementia and AD (56). For example, the consumption of 

unfiltered coffee (and other types of coffee, to a lesser extent) increases serum total 

cholesterol, LDL cholesterol and triglyceride levels (57). These lipid abnormalities are a 

leading risk factor for atherosclerosis, which has been associated with AD, independently of 

other brain pathologies (58). However, we did not find strong evidence for caffeine driven 

mechanisms, as the patterns seen with decaffeinated coffee were similar to patterns with 

caffeinated coffee, and tea consumption (containing varying amounts of caffeine) was not 

associated with any of the outcomes.  

With respect to volumetric brain neuroimaging data, the sample size is an order of 

magnitude greater than the largest of earlier studies (9). Another major strength with our 

study was the availability of a range of socioeconomic, disease status, anthropometric, 

dehydration related, and lifestyle covariates, allowing for extensive confounder adjustments. 

However, we cannot fully exclude the possibility of residual confounding, as full information 

on diet was only available for a sub-sample, and factors such as dehydration were measured 

at baseline rather than at the same time as brain MRI. The use of self-reported data and the 

possibility of lifestyle changes between baseline and MRI or covariate measurement is a 

further limitation. Smoking is an important confounder, but sensitivity analyses restricting 

data to non-smokers provided identical results. Long follow-up, although advantageous for 

the study, does not exclude reverse causation, which could arise as olfactory and taste 

dysfunction is an early symptom of dementia, and may cause sufferers to consume more 

coffee (59, 60). However, we conducted sensitivity analyses excluding information from the 

first four years after baseline, obtaining similar results. We also acknowledge that 
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information on baseline mild cognitive impairment was not available within the UK Biobank. 

Disease diagnoses were determined by ICD codes based on information from hospital 

inpatient records and primary health care data, and while that represents a good pragmatic 

solution for a study of this scale, we cannot exclude potential for related misclassification.  

The UK biobank is subject to a healthy volunteer bias, and the sample is not 

representative of the general population (61). Associations in other ethnic populations should 

be further investigated in more diverse samples as the current study is restricted to White 

British individuals. The convenience and chain sampling methods may introduce bias, though 

this has been minimised by variation of socioeconomic status, and population density 

between recruitment areas (34). Importantly for the current study, there also remains 

ambiguity in the individual interpretation of a cup serving of coffee, however, this is a 

broader issue as the standardisation of a unit of coffee is yet to be established in literature, 

particularly for observational studies (62). Furthermore, we only had information about the 

type of coffee usually consumed by participants (preventing us from identifying individuals 

drinking both caffeinated and decaffeinated coffee), and there also were no details for 

different types of coffee and tea or other potential sources of caffeine, limiting our ability to 

examine caffeine related mechanisms.  

In conclusion, higher coffee consumption was linearly associated with smaller total 

brain, grey matter, white matter, and hippocampal volumes, with our study also supporting 

the proposition that heavy coffee consumption may be associated with an increased odds of 

dementia.  

 

Data availability statement:  

All data will be available to approved users of the UK Biobank upon application.  
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Table 1. Summary of coffee consumption, total brain volume and incidence of dementia and stroke, by baseline characteristics of participants in 

the UK Biobank.  

 

  
n (%) 

Coffee drinker 
(%) 

>6 cups/day 
coffee drinkers 
(%) 

TBV^ 
Median (IQR) 

Incident dementia 
Rate* (n) 

Incident stroke 
Rate* (n) 
 

Sex       
     Male 182,370 (45.7) 68.4 2.9 1488.8 (1441.0, 1536.0) 8.8 (2,447) 15.0 (3,595) 
     Female 216,276 (54.3) 59.3 1.8 1514.8 (1464.4, 1564.7) 5.7 (1,886) 8.9 (2,586) 

     P  <1 x 10-300  3.5 x 10-130 3.0 x 10-32 1.4 x 10-74 
Age        
     39 – 49 years   87,573 (22.0) 61.9 2.9 1555.1 (1512.7, 1595.6) 1.1 (158) 3.7 (493) 
     50 – 59 years  131,944 (33.1) 63.3 2.5 1505.2 (1463.6, 1548.8) 3.3 (652) 7.7 (1,459) 
     60 – 73 years     179,129 (44.9) 64.4 1.9 1457.1 (1416.3, 1500.4) 13.8 (3,523) 17.7 (4,229) 

    P  1.2 x 10-30  <1 x 10-300 1.31 x 10-271 1.2 x 10-257 
BMI       
     Underweight, <18.5 kg/m2 1,987 (0.5) 58.8 2.7 1525.8 (1468.2, 1556.2) 9.5 (31) 13.6 (37) 
     Normal, [18.5, 25) kg/m2 129,989 (32.6) 63.0 1.9 1511.0 (1458.4, 1561.6) 6.6 (1,211) 9.5 (1,644) 
     Overweight, [25, 30) kg/m2 169,951 (42.6) 64.4 2.3 1496.3 (1448.3, 1547.0) 7.3 (1,766) 11.7 (2,609) 
     Obese, ≥30 kg/m2 95,534 (24.0) 62.5 2.8 1497.6 (1448.5, 1543.0) 8.8 (1,232) 14.4 (1,826) 
     Missing 1,185 (0.3) 58.0 2.4 1491.2 (1429.8, 1554.1) 28.3 (91) 29.1 (65) 

     P  9.0 x 10-9  5.2 x 10-11 0.010  8.4 x 10-11 
Education        
     None  69,128 (17.4) 58.1 2.9 1482.1 (1434.7, 1526.3) 15.0 (1,539) 18.4 (1,672) 
     Intermediate (NVQ/CSE/A-levels) 142,597 (35.8) 62.2 2.5 1508.3 (1458.1, 1558.0) 6.4 (1,278) 10.8 (2,026) 
     High (degree/professional) 183,641 (46.0) 66.6 2.0 1501.3 (1451.3, 1551.2) 5.3 (1,395) 9.8 (2,723) 
     Missing 3,280 (0.8) 57.5 4.4 1485.5 (1442.1, 1541.5) 19.0 (121) 13.3 (102) 

     P  <1 x 10-300  0.004 5.8 x 10-45 5.8 x 10-19 
Stressful Events (last 2 years)        
     None 224,381 (56.3) 64.2 2.0 1498.1 (1448.1, 1548.3) 7.3 (2,258) 11.4 (3,361) 
     Serious illness or injury 35,024 (8.8) 61.0 2.9 1501.2 (1447.0, 1553.9) 13.8 (752) 18.0 (865) 
     Family death or illness 106,567 (26.7) 62.9 2.2 1506.3 (1456.6, 1556.2) 5.9 (910) 10.2 (1,458) 
     Marital separation or divorce  7,434 (1.9) 63.6 3.4 1520.6 (1474.7, 1564.9) 5.7 (76) 8.6 (94) 
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     Financial difficulties  23,313 (5.8) 63.1 3.9 1518.9 (1468.7, 1564.8) 6.6 (250) 12.1 (398) 
     Missing  1,927 (0.5) 61.5 2.0 1495.8 (1458.5, 1546.5) 17.6 (87) 15.4 (57) 

     P  6.7 x 10-21  0.10 1.3 x 10-10 1.3 x 10-8 
 
History of depression 

      

     No  376,132 (94.3) 63.7 2.2 1502.0 (1451.6, 1551.8) 7.2 (3,899) 11.6 (5,800) 
     Yes 22,514 (5.7) 59.3 3.4 1504.1 (1457.5, 1556.2) 12.8 (434) 12.8 (381) 

     P  1.1 x 10-18  0.005 3.0 x 10-37 1.9 x 10-5 
Long standing illness       
     No  265,333 (66.6) 64.9 2.1 1505.2 (1454.7, 1555.1) 4.5 (1,619) 8.9 (3,088) 
     Yes 124,426 (31.2) 60.5 2.7 1491.4 (1443.8, 1542.4) 13.4 (2,518) 17.5 (2,902) 
     Missing  8,887 (2.2) 62.6 2.6 1500.8 (1445.8, 1557.4) 13.7 (196) 14.8 (191) 

     P  7.3 x 10-204  1.6 x 10-6 3.3 x 10-131 4.5 x 10-71 

 

P values were from log likelihood ratio tests using logistic regression (for coffee drinking), linear regression (for brain volume) or logistic regression (for disease risk), 

adjusting for age, sex, and assessment centre, and weighted for 1-kinship coefficient to account for relatedness 

 

^ Total brain volume, information shown for the imaging subsample (n = 17,702) 

* rate per 10,000 person- years. 
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Table 2. Differences in brain volume indicators (in cm3) by habitual caffeinated coffee consumption (cups per day), using linear regression models.  

 

  Beta (95% CI) P 

Total brain volumes (n = 17,702) Adjusted for basic covariates -1.865 (-2.310, -1.421) 2.2 x 10-16 

Adjusted for all covariates -1.416 (-1.893, -0.938) 7.4 x 10-9 

Grey matter volumes (n = 17,702) Adjusted for basic covariates -1.294 (-1.565, -1.024) 7.4 x 10-21 

Adjusted for all covariates -0.910 (-1.196, -0.624) 7.4 x 10-10 

White matter volumes (n = 17,702) Adjusted for basic covariates -0.571 (-0.867, -0.275) 1.5 x 10-4  

Adjusted for all covariates -0.506 (-0.825, -0.186) 0.0020 

Hippocampal volumes (n = 17,689) Adjusted for basic covariates -0.015 (-0.022, -0.007) 8.2 x 10-5 

Adjusted for all covariates -0.011 (-0.018, -0.003) 0.0092 

Left hippocampal volumes (n = 17,689) Adjusted for basic covariates -0.007 (-0.011, -0.003) 0.0016 

Adjusted for all covariates -0.005 (-0.009, -0.0004) 0.031 

Right hippocampal volumes (n = 17,689) Adjusted for basic covariates -0.008 (-0.012, -0.004) 1.2 x 10-4 

Adjusted for all covariates -0.006 (-0.010, -0.001) 0.015 

White matter hyperintensity volumes  
(n = 16,730) 

Adjusted for basic covariates 0.040 (-0.014, 0.093)  0.15 

Adjusted for all covariates -0.011 (-0.068, 0.046) 0.71 

 
Basic covariates: age, age square, sex, and assessment centre 

Socioeconomic status:  basic covariates + education, Townsend deprivation index, income, and employment status  
Diseases status: basic covariates + depression, systolic blood pressure, sleep duration and insomnia, and longstanding illness  

Anthropometric measures:  basic covariates + height, body mass index, and body mass index square 

Dehydration indicator basic covariates + water intake, whole body water mass, and urine-creatinine ratio 
Lifestyle factors: basic covariates + smoking, alcohol, type of physical activity, tea consumption, and stress-related lifestyle factors, processed meat, fresh fruit 
All covariates: adjusted for all covariates listed above.  


