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Abstract

:

The prevalence of dementia is increasing globally and is linked to obesity and unfavorable dietary habits. The present study analyses the association of alcohol intake from wine and non-wine alcoholic beverages (non-wine) in g/d, as well as coffee and tea in cups/d, with incident dementia. Over 4.2 million person-years, 4270 dementia cases occurred in 351,436 UK Biobank participants. Hazard ratios (HRs) for incident dementia were defined with Cox proportional hazard regression models in which beverage intake was fitted as penalized cubic splines. Wine intake showed a significant U-shaped association with the lowest risk for incident dementia (nadir) ranging from 21 to 23 g alcohol/d in all participants and in males. In contrast, non-wine consumption was significantly and dose-dependently associated with incident dementia, and the nadir was found at 0 g alcohol/d. Coffee consumption was not related to dementia risk, while moderate-to-high tea intake was negatively associated with incident dementia. Taken together, the current study shows on a population level that moderate consumption of wine and moderate-to-high tea intake is associated with a decreased risk of incident dementia. In contrast, non-wine is positively related to dementia risk in a linear fashion, and no clear association is found for coffee.
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1. Introduction


Dementia is a condition characterized by a decline in cognitive function going beyond the common effects of biological aging [1]. Currently, there are more than 55 million people living with dementia worldwide, and almost 10 million new cases occur every year [1]. The risk of developing dementia is positively associated with overweight and obesity at younger but not older ages [2]. Despite intensive research throughout the recent decades, no effective pharmacological treatment for the main dementia types has yet been developed [3].



Lifestyle interventions, such as dietary changes, are a feasible approach not only to combat obesity [4] but also to delay the deterioration of cognitive function from mild cognitive impairment to dementia [5]. Thus, daily consumption of unprocessed or minimally processed plant-based food, such as fruits, vegetables, olive oil, and nuts, contributes to healthy body weight [6] and has neuroprotective effects [7,8]. Correspondingly, adhering to the Mediterranean diet is associated with lower body weight [9], as well as with a decreased risk of cognitive impairment and dementia [7,10,11]. Furthermore, sugar-sweetened beverages increase the risk of both obesity and dementia [12,13]. In contrast, results for other beverages, including alcoholic drinks, coffee, and tea with incident obesity and dementia, have been less clear. Both alcoholic beverages and caffeine exert pharmacological effects on the brain. Alcoholic beverages increase microglial activation, neuroinflammation, and neuronal cell death [14]. In contrast, caffeine exerts neuroprotective effects on the brain, such as a reduction in β-amyloid peptide production via secretase suppression [15], as well as a decrease in neuroinflammation through lowering of extracellular calcium, glutamate release, and activation of microglia [16]. Therefore, it is of importance to evaluate the impact of alcohol, coffee, and tea on cognitive function.



Alcohol intake is measured in categories such as no, light (≤12 g alcohol/d), moderate (>12 to ≤24 g alcohol/d), and heavy (>24 g alcohol/d) [17]. The National Health Service recommends a restriction of alcohol intake to less than 16 g/d for both sexes to maintain good health [18]. However, guidelines do not distinguish between sources of alcohol, i.e., wine versus all non-wine alcoholic beverages combined (non-wine), including beer and spirits. Studies have suggested that the association between wine and incident obesity [19] and diabetes mellitus [20] is different as compared to non-wine. Furthermore, a negative association between wine and incident dementia has been described [17,21], while a positive [17] or no [21,22,23] association for beer and spirits exists. Moreover, the association of wine consumption with cognitive decline might depend on sex [24].



Coffee consumption is measured in cups/d with moderate intake between three and five cups/d [25]. Results for coffee intake and decline of cognitive function have been discordant with findings suggesting increased odds of dementia [26], no association [27], or a lower dementia risk [28,29]. Furthermore, the protective effects of coffee were more pronounced in females as compared to males [28]. Additionally, lifetime exposure to caffeine reduces the risk for incident dementia for both men and women, also with a greater effect in women [30].



Tea intake is measured using the following categories: no, light (zero to two cups/d), moderate (three to four cups/d), and high (more than five cups/d) [31]. In contrast to coffee, no specific recommendation for optimal tea intake exists. Several studies have shown a negative association between tea intake and cognitive impairment [29,32,33], Alzheimer’s disease [33], and dementia [33,34]. No sex-dependent differences regarding the association between tea intake and dementia risk were observed [31,35].



To the best of our knowledge, the four beverage types, i.e., wine, non-wine, coffee, and tea, have not been assessed within a large prospective cohort study with mutual adjustment. Furthermore, previous models often include alcohol, coffee, and tea consumption as linear or discretized ordinal predictors. Moreover, wine consumption has not been contrasted with non-wine intake regarding incident dementia, and effects of abstainer bias on potential protective findings of alcohol consumption [36] have not been assessed systematically.



To address these limitations, we analyzed the associations between wine, non-wine, coffee, and tea intake and proportional hazards for incident dementia in 351,436 UK Biobank participants using penalized cubic splines. Wine was contrasted with non-wine since only wine contains substances such as resveratrol [37,38] that may have neuroprotective effects, and median intake levels between alcoholic beverage groups should be similar to improve the comparability of the data. We hypothesized that non-linear relationships exist between the four beverages and the risk for incident dementia, as well as that intake levels linked to the lowest hazards depend on the analyzed beverage.




2. Materials and Methods


2.1. Study and Participants


The UK Biobank study is a multicentre, prospective cohort study and its study design is described in more detail at https://www.ukbiobank.ac.uk [39], accessed on 7 February 2022. Between 2006 and 2010, more than 500,000 participants aged 38 to 73 years had their baseline assessment throughout the UK as described recently [40]. To all analyses, we applied the following five exclusion criteria (ec): (1) pre-existing dementia at baseline and incident dementia within 2 years after baseline (landmark analysis), (2) missing smoking status, (3) missing socioeconomic status (i.e., annual household income (AHI), ethnicity, highest qualification and/or overall health rating (OHR)), (4) missing percentage body fat, (5) either missing information on beverage intake or being in the upper 0.1% of alcohol, coffee, or tea consumption.



To obtain the primary cohort, all non-alcohol drinkers (present alcohol intake of 0 g alcohol/d) were removed from the analysis to exclude participants not drinking alcohol due to health issues (primary cohort; n = 351,436; Supplementary Figure S1). The group of non-drinkers was comprised of lifetime abstainers and former drinkers, the latter drinking alcohol in the past but not in the present. Two sets of sensitivity analyses (S1 and S2) were performed in addition to the primary analyses. Firstly, only former drinkers but not lifetime abstainers were excluded from the analysis in addition to ec1 to ec5 (cohort S1; n = 371,153). Former drinker bias may contribute to the seemingly lower morbidity of moderate drinkers since the category of non-drinkers includes ex-drinkers who quit alcohol consumption because of poor health [41,42]. Secondly, all non-drinkers were included in the analyses, i.e., only ec1 to ec5 were applied (cohort S2; n = 395,893). Hence, this second set of analyses did not control for the abovementioned potential health issues of participants not drinking alcohol. All analyses on the influence of wine, non-wine, coffee, and tea on dementia incidence were conducted in the primary cohort, as well as in cohorts S1 and S2. All participants provided their written informed consent before inclusion in the study, which was approved by the North West Multicentre Research Ethics Committee [39].




2.2. Exposure Assessment


The assessment of alcohol intake from wine and non-wine, as well as consumption of coffee and tea, was performed as described recently by our group [43]. In brief, wine intake was defined as red wine and champagne plus white wine consumption, while all other categories of alcoholic beverages, i.e., beer plus cider, spirits, fortified wine, and other alcoholic drinks, were defined as non-wine. For all alcoholic beverages, an alcohol content of 10 g per portion was assumed, except for a pint of beer for which content of 20 g alcohol was defined. Coffee and tea intake was documented in cups/d. Participants were excluded if the extent of alcohol, coffee, or tea intake was not specified or questions concerning beverage intake were answered with “do not know” or “prefer not to answer”.




2.3. Outcome Assessment


The UK Biobank provides morbidity data as the earliest record date and respective health outcome defined by three-character International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) codes [44]. Record sources were self-report at baseline assessment, as well as inpatient hospital, primary care, and death record data [44]. The primary outcome of the present study was incident dementia defined as ICD-10 codes F00, F01, F02, F03, G30, and G31. Follow-up time was calculated by subtracting the date of the baseline assessment from the date of first dementia occurrence, loss-to-follow-up, death, or censoring (i.e., 31 March 2021), whichever came first. In the case of several dementia diagnoses for a patient, the lowest duration to diagnosis was used. All analyses were performed in the total cohort and by sex.




2.4. Statistical Analyses


Data were imported, processed, analysed, and graphically displayed with R version 4.0.5 [45] and the packages readxl [46], tidyverse [47], venn [48], skimr [49], and survival [50,51,52]. Baseline characteristics of UK Biobank participants depending on sex were compared using Chi-squared test for categorical parameters and Mann–Whitney U test for continuous variables. Wine, non-wine, coffee, and tea were mutually adjusted within Cox proportional hazard regression models and included as penalized cubic splines as described recently [43]. The lowest estimated hazard ratio (HR) over the range from zero to the 99%-quantile of beverage consumption was defined as the nadir and set to 1. For all morbidity analyses, HRs with pointwise 95% confidence intervals (CIs) are depicted, and HR0 reflects HR in non-consumers relative to the HR at the nadir. No further interpretation of the nadir or HR0 was performed if both linear and non-linear p-values were non-significant. All covariates violating the proportional-hazard assumption after Holm-adjustment for multiple testing were stratified in the final models. All models were adjusted for sex (all participants only), age (quartiles), AHI (<18, 18 to <31, 31 to <52, 52 to <100, ≥100 k£, and unknown), ethnicity (White, group combined of Mixed, Asian, Black, Chinese, and Other), highest qualification (none of the below, national exams at age 16 years, vocational qualifications, optional national exams at ages 17–18 years, professional, College or University), OHR (poor, fair, good, excellent), physical activity (PA: metabolic equivalent of task-min per week: <1000, 1000 to <2000, 2000 to <4000, ≥4000, and unknown), percentage body fat (quartiles), and smoking status (never, previous, current). The following sensitivity analyses were run in the primary cohort: ICD-10 code G31 was excluded from the analysis as an endpoint since it is more of a pathological diagnosis rather than a functional one. Furthermore, age and percentage body fat were included in the Cox proportional hazard regression models as continuous instead of categorical variables, with the latter being square rooted to better approximate a normal distribution. A p-value of < 0.05 was considered statistically significant in all analyses.





3. Results


3.1. Baseline Characteristics and Dementia Cases in UK Biobank Participants


Baseline data of the UK Biobank study population in total and depending on sex are presented in Table 1. Median (Quartile (Q) 1, Q3) age of the study population was 58 (50, 63) years, with 50.7% of participants being female (Table 1). Median (Q1, Q3) consumption was 5.7 (1.4, 11.4) g alcohol/d from wine, 4.3 (0.0, 12.9) g alcohol/d from non-wine, 2.0 (0.5, 3.0) cups/d coffee, and 3.0 (1.0, 5.0) cups/d tea (Table 1).



Wine intake was similar in both sexes (females 5.7 (2.9, 11.4); males 5.7 (0.7, 11.4) g alcohol/d); however, statistical significance was reached due to a high sample size (p < 0.0001) (Table 1). In contrast, non-wine intake was much lower in female (1.4 (0.0, 4.3) g alcohol/d) compared to male (11.4 (4.3, 22.9) g alcohol/d) participants (p < 0.0001) (Table 1). Coffee (females 2.0 (0.5, 3.0); males 2.0 (1.0, 3.0) cups/d) and tea (females and males 3.0 (1.0, 5.0)) intake was comparable between both sexes; however, statistical significance was again reached due to a high number of participants (p < 0.0001 for coffee; p < 0.001 for tea) (Table 1).



During 4.2 million person-years and a median (Q1, Q3) follow-up of 12.0 (11.3, 12.7) years, a total of 4270 incident dementia cases occurred, i.e., 1704 and 2566 cases in females and males, respectively.




3.2. Beverage Intake and Dementia Risk


Wine intake: In all participants and in males, a significant U-shaped association between wine intake and HR for incident dementia was detected (Figure 1a,c). The nadir was observed at 21 and 23 g alcohol/d in all participants and males (Figure 1a,c). HR0 was 1.19 (1.13, 1.24) in all participants and 1.17 (1.11, 1.23) in males (Figure 1a,c). A significant U-shaped relation between wine intake and incident dementia was also seen in cohorts S1 and S2 with the nadir between 17 and 23 g alcohol/d in all participants, as well as in both sexes separately (Supplementary Figure S2). Furthermore, an increased HR0 was detected in cohorts S1 and S2, with a most pronounced elevation seen in the latter. Compared to the HR0 in the primary cohort (Figure 1b,c), HR0 in cohort S2 was higher in both females (1.40 (1.32, 1.49); Supplementary Figure S2d) and males (1.28 (1.22, 1.34); Supplementary Figure S2f). The nadir was at 29 g alcohol/d in all participants if ICD-10 code G31 was removed from the analysis (Supplementary Figure S3a). No relevant alteration was observed if age and percentage body fat were included as continuous covariates as compared to the model, including them as categorical parameters (Supplementary Figure S4a).



Non-wine intake: In all participants and both sexes, a significant positive dose-dependent association between non-wine consumption and HR for incident dementia was seen with the nadir at 0 g alcohol/d (Figure 2). The shape of the association was comparable but slightly more flattened in cohorts S1 and S2 compared to the primary cohort (Supplementary Figure S5). The nadir was detected at higher consumption levels with a most pronounced shift towards higher values in cohort S2 (Supplementary Figure S5b,d,f). Furthermore, a significant HR0 was only seen in cohort S2 in all participants (1.08 (1.05, 1.11); Supplementary Figure S5b) and males (1.12 (1.06, 1.18); Supplementary Figure S5f). The association between non-wine intake and dementia risk was somewhat blunted but still significant in all participants if ICD-10 code G31 was removed from the analysis (Supplementary Figure S3b). Inclusion of age and percentage body fat as continuous instead of categorical covariates did not significantly affect the association between non-wine consumption and incident dementia (Supplementary Figure S4b).



Coffee intake: Coffee consumption was not significantly associated with dementia risk in all participants, females and males in the primary cohort (Figure 3). The results remained virtually unchanged in cohorts S1 and S2 (data not shown), as well as in the analysis, including age and percentage body fat as continuous covariates in all participants (Supplementary Figure S4c). A significant dose-dependent association beyond three cups/d coffee with dementia risk was observed if ICD-10 code G31 was removed from the analysis (Supplementary Figure S3c).



Tea intake: In all participants and males, a significant U-shaped association was seen between tea intake and incident dementia (Figure 4a,c). HR0 was significantly increased in all participants (1.23 (1.15, 1.32); Figure 4a) and males (1.31 (1.21, 1.43); Figure 4c). The nadir was at six cups/d for all participants and seven cups/d for males (Figure 4a,c). Similar findings were observed in all participants in cohorts S1 and S2 (data not shown), after removal of ICD-10 code G31 from the analysis (Supplementary Figure S3d), as well as after inclusion of age and percentage body fat as continuous instead of categorical parameters (Supplementary Figure S4d).





4. Discussion


The current study elucidates for the first time how wine, non-wine, coffee, and tea intake included as continuous non-linear predictors and mutually adjusted is associated with incident dementia. Furthermore, the impact of the abstainer bias on potential protective effects of alcohol consumption is systematically assessed.



For wine intake, we show a significant U-shaped association with incident dementia for all participants (primary cohort), and HR0 is significantly increased compared to the nadir at 21 g alcohol/d. Compared to our current findings, varying levels of wine consumption are associated with the lowest risk of dementia, i.e., an intake of up to three daily servings [21], three to four glasses [53], or a nadir of 6 g alcohol/d [17], while no association is found in another report [23]. The current study shows a significant U-shaped association between wine consumption and incident dementia for male participants with the nadir at 23 g alcohol/d. A study from Denmark shows comparable results with monthly and weekly wine consumption linked with a decreased dementia risk in both sexes [54]. Red wine intake is negatively associated with the incidence of Alzheimer’s disease in men only, while a positive association is seen in women [24]. The potential neuroprotective effect of wine might be caused by natural ingredients of wine not present in non-wine beverages, such as the phenolic substance resveratrol found in the epidermis of red grapes [38]. In rats, resveratrol inhibits the apoptosis pathway and exerts anti-oxidative effects [38]. Furthermore, resveratrol derivatives, such as stilbenoids, modulate multiple mechanisms of the neurodegenerative disease pathology, including inhibition of β-secretase, reactive oxygen intermediates generation, and β-amyloid peptide aggregation [37].



To the best of our knowledge, our study is the first to define the relationship between non-wine consumption and incident dementia. Contrary to wine intake, a significant positive dose-dependent association exists for non-wine consumption with the nadir at 0 g alcohol/d for all participants and females and males. Within non-wine beverages, several studies have examined the association of beer and/or spirits with incident dementia with conflicting results. In accordance with our findings, an elevated risk for highest versus lowest category of beer consumption is found in a large meta-analysis of prospective studies [17]. A positive association between spirits consumption and incident dementia is observed in a report in women [55]. Monthly beer but not spirits consumption is associated with higher dementia risk in another study [54]. In contrast, no significant association is found between intake of liquor and beer on the one hand and Alzheimer’s disease [21,56] or cognitive function [57] on the other hand. Together, these data suggest that even at light-to-moderate intake levels, non-wine is not consistently associated with a decreased risk of dementia and might even be related to heightened risk in contrast to wine.



To the best of our knowledge, our study is the first to systematically assess the impact of former drinkers and lifetime abstainers on the association between wine and non-wine consumption on one hand and incident dementia on the other hand. We show that HR0 is higher after including all non-drinkers (cohort S2) as compared to the primary cohort for both wine and non-wine. In addition, the association of non-wine with incident dementia is more J-shaped, and a shift of the nadir towards higher levels in cohort S2 is detected as compared to the primary cohort. In contrast to our primary analyses, studies on wine and non-wine alcoholic beverages [17,21,23,24,53,55,56,57] do not exclude non-drinkers from the reference group. The category of non-drinkers might include former drinkers and never-drinkers who stopped or never initiated drinking because of bad health or emerging cognitive decline [36]. If these non-drinkers are included in the reference category, an apparent protective effect of light-to-moderate drinking may only stem from the already increased dementia risk among former and never drinkers [58]. Thus, it is important to exclude non-drinkers from the analysis since it could lessen or erase any observed protective effects and change the shape of the association [36,58].



For coffee intake, we show no significant association with dementia risk. Consistent with the present findings, no association between coffee consumption and risk of Alzheimer’s disease and incident dementia is shown in a large meta-analysis of prospective studies [59]. Similarly, no reduction in the risk of cognitive decline is found in a longitudinal study [60]. Two previous studies have assessed the association between coffee intake and dementia risk in UK Biobank participants using different analytical approaches [26,34]. Based on hospital inpatient records and cubic splines, Zhang and co-workers demonstrate convincingly that the risk of dementia is lowest at two to three cups/d coffee [34]. Pham et al. show that the coffee intake category >6 as compared to the 1–2 cups/d category is associated with 53% higher odds of dementia [26]. Differences in study results may be well explained by differences in model adjustments, exclusion criteria, and follow-up period. Interestingly, light-to-moderate coffee consumption is linked to a reduced risk of any cognitive deficits or dementia in a recent meta-analysis of 29 prospective studies [29]. Taking the current findings and published studies into account, a light-to-moderate amount of coffee consumption is not positively related to dementia risk, and a minor negative association remains possible.



For tea consumption, we show a significant U-shaped association with incident dementia in all participants and males. HR0 is significantly increased compared to the nadir at six (all participants) and seven (males) cups/d. Zhang and co-workers show convincingly that the HR for incident dementia is lowest at three to five cups/d in UK Biobank participants using hospital inpatient records and cubic splines [34]. A negative association between tea consumption and cognitive deficits was observed in a recent meta-analysis [29]. Few studies have compared green and black tea separately. Interestingly, an inverse association for incident dementia with green tea but not black tea consumption is detected in two independent cohorts [31,61]. Unfortunately, the type of tea has not been recorded for all participants during the baseline assessment of the UK Biobank; however, the UK has one of the highest per capita consumption levels of black tea worldwide [62]. The current findings and published results are in agreement with the hypothesis that overall tea consumption is associated with a lower risk of dementia. Potential differences between green and black tea need to be systematically assessed in future studies.



The current study has several strengths, such as a prospective cohort design, a large number of well-characterized participants, a long follow-up period, as well as a wide range of beverage intake. However, some limitations must be considered: No information is available concerning the consumption of other important beverages, e.g., sugar-sweetened beverages and milk-based drinks, as well as the type of tea. Furthermore, only three-character ICD-10 codes are available for morbidity data. Therefore, the diagnosis F10.6 is not included as a dementia diagnosis in the current study since it could not be distinguished from other common codes within F10, e.g., F10.1 and F10.2. Moreover, the groups of participants not drinking coffee (n = 66,124) and tea (n = 48,568) are too small to define associations of coffee and tea intake with dementia risk in participants not drinking tea and coffee, respectively. Residual confounding, measurement errors in the assessment of the exposure variables, and a “healthy volunteer” selection bias [63] are further limitations.



Taken together, the current study shows on a population level that moderate consumption of wine and moderate-to-high tea intake is associated with a decreased risk of incident dementia. In contrast, non-wine is positively related to dementia risk in a linear fashion, and no clear association is found for coffee. Further prospective studies should elucidate potential differences between green and black tea.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/brainsci12030360/s1, Figure S1: Venn diagram depicting number of participants excluded by six exclusion criteria (primary cohort); Figure S2: Association of wine intake (g alcohol/d) in (a,b) the total cohort, (c,d) females, and (e,f) males with dementia risk in (a,c,e) cohort S1 and (b,d,f) cohort S2; Figure S3: Association of non-wine intake (g alcohol/d) in (a,b) the total cohort, (c,d) females, and (e,f) males with de-mentia risk in (a,c,e) cohort S1 and (b,d,f) cohort S2. Figure S4: Association of (a) wine intake (g alcohol/d), (b) non-wine intake (g alcohol/d), (c) coffee intake (cups/d), and (d) tea intake (cups/d) with dementia risk in all participants with age and percentage body fat included as continuous instead of categorical variables. Figure S5: Association of non-wine intake (g alcohol/d) in (a), (b) the total cohort, (c), (d) females, and (e), (f) males with dementia risk in (a), (c), (e) cohort S1 and (b), (d), (f) cohort S2.





Author Contributions


S.M.S. and A.K. conceived the research. Data analysis was performed by S.M.S., A.K., I.B., G.E. and M.F. The first draft of the manuscript was written by S.M.S. and A.K., and I.B., G.E. and M.F. commented on previous versions of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Deutsche Forschungsgemeinschaft, grant number SFB 1052/2 C6 and the Deutsche Diabetes Stiftung to M.F.




Institutional Review Board Statement


The UK Biobank study was conducted according to the guidelines of the Declaration of Helsinki and approved by the North West–Haydock Research Ethics Committee (REC reference: 16/NW/0274).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data supporting the results of this study are available from UK Biobank, but restrictions apply to the availability of these data, which were used under license for Application 53438, and so are not publicly available.




Acknowledgments


This research has been conducted using the UK Biobank Resource (Application 53438).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



World Health Organization. Dementia. Key Facts. Available online: https://www.who.int/news-room/fact-sheets/detail/dementia (accessed on 3 February 2022).

	



Danat, I.M.; Clifford, A.; Partridge, M.; Zhou, W.; Bakre, A.T.; Chen, A.; McFeeters, D.; Smith, T.; Wan, Y.; Copeland, J.; et al. Impacts of Overweight and Obesity in Older Age on the Risk of Dementia: A Systematic Literature Review and a Meta-Analysis. J. Alzheimer’s Dis. 2019, 70, S87–S99. [Google Scholar] [CrossRef] [PubMed]

	



Lanni, C.; Fagiani, F.; Racchi, M.; Preda, S.; Pascale, A.; Grilli, M.; Allegri, N.; Govoni, S. Beta-amyloid short- and long-term synaptic entanglement. Pharmacol. Res. 2019, 139, 243–260. [Google Scholar] [CrossRef] [PubMed]

	



Lv, N.; Azar, K.M.; Rosas, L.G.; Wulfovich, S.; Xiao, L.; Ma, J. Behavioral lifestyle interventions for moderate and severe obesity: A systematic review. Prev. Med. 2017, 100, 180–193. [Google Scholar] [CrossRef] [PubMed]

	



Kivipelto, M.; Mangialasche, F.; Ngandu, T. Lifestyle interventions to prevent cognitive impairment, dementia and Alzheimer disease. Nat. Rev. Neurol. 2018, 14, 653–666. [Google Scholar] [CrossRef]

	



Schlesinger, S.; Neuenschwander, M.; Schwedhelm, C.; Hoffmann, G.; Bechthold, A.; Boeing, H.; Schwingshackl, L. Food Groups and Risk of Overweight, Obesity, and Weight Gain: A Systematic Review and Dose-Response Meta-Analysis of Prospective Studies. Adv. Nutr. 2019, 10, 205–218. [Google Scholar] [CrossRef]

	



Dominguez, L.J.; Veronese, N.; Vernuccio, L.; Catanese, G.; Inzerillo, F.; Salemi, G.; Barbagallo, M. Nutrition, Physical Activity, and Other Lifestyle Factors in the Prevention of Cognitive Decline and Dementia. Nutrients 2021, 13, 4080. [Google Scholar] [CrossRef]

	



Barberger-Gateau, P.; Raffaitin, C.; Letenneur, L.; Berr, C.; Tzourio, C.; Dartigues, J.-F.; Alpérovitch, A. Dietary patterns and risk of dementia: The Three-City cohort study. Neurology 2007, 69, 1921–1930. [Google Scholar] [CrossRef]

	



Shai, I.; Schwarzfuchs, D.; Henkin, Y.; Shahar, D.R.; Witkow, S.; Greenberg, I.; Golan, R.; Fraser, D.; Bolotin, A.; Vardi, H.; et al. Weight loss with a low-carbohydrate, Mediterranean, or low-fat diet. N. Engl. J. Med. 2008, 359, 229–241. [Google Scholar] [CrossRef]

	



García-Casares, N.; Fuentes, P.G.; Barbancho, M.Á.; López-Gigosos, R.; García-Rodríguez, A.; Gutiérrez-Bedmar, M. Alzheimer’s Disease, Mild Cognitive Impairment and Mediterranean Diet. A Systematic Review and Dose-Response Meta-Analysis. J. Clin. Med. 2021, 10, 4642. [Google Scholar] [CrossRef]

	



Petersson, S.D.; Philippou, E. Mediterranean Diet, Cognitive Function, and Dementia: A Systematic Review of the Evidence. Adv. Nutr. 2016, 7, 889–904. [Google Scholar] [CrossRef]

	



Miao, H.; Chen, K.; Yan, X.; Chen, F. Sugar in Beverage and the Risk of Incident Dementia, Alzheimer’s Disease and Stroke: A Prospective Cohort Study. J. Prev. Alzheimer’s Dis. 2021, 8, 188–193. [Google Scholar] [CrossRef] [PubMed]

	



Morenga, L.T.; Mallard, S.; Mann, J. Dietary sugars and body weight: Systematic review and meta-analyses of randomised controlled trials and cohort studies. BMJ 2012, 346, e7492. [Google Scholar] [CrossRef]

	



Venkataraman, A.; Kalk, N.; Sewell, G.; Ritchie, C.W.; Lingford-Hughes, A. Alcohol and Alzheimer’s Disease—Does Alcohol Dependence Contribute to Beta-Amyloid Deposition, Neuroinflammation and Neurodegeneration in Alzheimer’s Disease? Alcohol Alcohol. 2017, 52, 151–158. [Google Scholar] [CrossRef] [PubMed]

	



Arendash, G.W.; Mori, T.; Cao, C.; Mamcarz, M.; Runfeldt, M.; Dickson, A.; Rezai-Zadeh, K.; Tan, J.; Citron, B.A.; Lin, X.; et al. Caffeine Reverses Cognitive Impairment and Decreases Brain Amyloid-β Levels in Aged Alzheimer’s Disease Mice. J. Alzheimer’s Dis. 2009, 17, 661–680. [Google Scholar] [CrossRef] [PubMed]

	



Kolahdouzan, M.; Hamadeh, M.J. The neuroprotective effects of caffeine in neurodegenerative diseases. CNS Neurosci. Ther. 2017, 23, 272–290. [Google Scholar] [CrossRef] [PubMed]

	



Xu, W.; Wang, H.; Wan, Y.; Tan, C.; Li, J.; Tan, L.; Yu, J.-T. Alcohol consumption and dementia risk: A dose–response meta-analysis of prospective studies. Eur. J. Epidemiol. 2017, 32, 31–42. [Google Scholar] [CrossRef]

	



Department of Health. UK Chief Medical Officers’ Alcohol Guidelines Review: Summary of the Proposed New Guidelines-January 2016. Available online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/489795/summary.pdf (accessed on 3 February 2022).

	



Inan-Eroglu, E.; Powell, L.; Hamer, M.; O’Donovan, G.; Duncan, M.J.; Stamatakis, E. Is There a Link between Different Types of Alcoholic Drinks and Obesity? An Analysis of 280,183 UK Biobank Participants. Int. J. Environ. Res. Public Health 2020, 17, 5178. [Google Scholar] [CrossRef]

	



Huang, J.; Wang, X.; Zhang, Y. Specific types of alcoholic beverage consumption and risk of type 2 diabetes: A systematic review and meta-analysis. J. Diabetes Investig. 2017, 8, 56–68. [Google Scholar] [CrossRef]

	



Luchsinger, J.A.; Tang, M.-X.; Siddiqui, M.; Shea, S.; Mayeux, R. Alcohol Intake and Risk of Dementia. J. Am. Geriatr. Soc. 2004, 52, 540–546. [Google Scholar] [CrossRef]

	



Mukamal, K.J.; Kuller, L.H.; Fitzpatrick, A.L.; Longstreth, J.W.T.; Mittleman, M.; Siscovick, D.S. Prospective Study of Alcohol Consumption and Risk of Dementia in Older Adults. JAMA 2003, 289, 1405–1413. [Google Scholar] [CrossRef]

	



Weyerer, S.; Schäufele, M.; Wiese, B.; Maier, W.; Tebarth, F.; van den Bussche, H.; Pentzek, M.; Bickel, H.; Luppa, M.; Riedel-Heller, S.G. Current alcohol consumption and its relationship to incident dementia: Results from a 3-year follow-up study among primary care attenders aged 75 years and older. Age Ageing 2011, 40, 456–463. [Google Scholar] [CrossRef] [PubMed]

	



Fischer, K.; van Lent, D.M.; Wolfsgruber, S.; Weinhold, L.; Kleineidam, L.; Bickel, H.; Scherer, M.; Eisele, M.; van den Bussche, H.; Wiese, B.; et al. Prospective Associations between Single Foods, Alzheimer’s Dementia and Memory Decline in the Elderly. Nutrients 2018, 10, 852. [Google Scholar] [CrossRef] [PubMed]

	



ODPHP. Dietary Guidelines for Americans. Available online: https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf (accessed on 3 February 2022).

	



Pham, K.; Mulugeta, A.; Zhou, A.; O’Brien, J.T.; Llewellyn, D.J.; Hyppönen, E. Coffee, Brain Volume and Risk of Dementia and Stroke. Int. J. Epidemiol. 2021, 50, 1–12. [Google Scholar] [CrossRef]

	



Mirza, S.S.; Tiemeier, H.; de Bruijn, R.F.A.G.; Hofman, A.; Franco, O.H.; Jong, J.K.-D.; Koudstaal, P.J.; Ikram, M.A. Coffee consumption and incident dementia. Eur. J. Epidemiol. 2014, 29, 735–741. [Google Scholar] [CrossRef]

	



Sugiyama, K.; Tomata, Y.; Kaiho, Y.; Honkura, K.; Sugawara, Y.; Tsuji, I. Association between Coffee Consumption and Incident Risk of Disabling Dementia in Elderly Japanese: The Ohsaki Cohort 2006 Study. J. Alzheimer’s Dis. 2016, 50, 491–500. [Google Scholar] [CrossRef]

	



Ran, L.S.; Liu, W.H.; Fang, Y.Y.; Xu, S.B.; Li, J.; Luo, X.; Pan, D.J.; Wang, M.H.; Wang, W. Alcohol, coffee and tea intake and the risk of cognitive deficits: A dose–response meta-analysis. Epidemiol. Psychiatr. Sci. 2021, 30, e13. [Google Scholar] [CrossRef]

	



Johnson-Kozlow, M.; Kritz-Silverstein, D.; Barrett-Connor, E.; Morton, D. Coffee Consumption and Cognitive Function among Older Adults. Am. J. Epidemiol. 2002, 156, 842–850. [Google Scholar] [CrossRef]

	



Tomata, Y.; Sugiyama, K.; Kaiho, Y.; Honkura, K.; Watanabe, T.; Zhang, S.; Sugawara, Y.; Tsuji, I. Green Tea Consumption and the Risk of Incident Dementia in Elderly Japanese: The Ohsaki Cohort 2006 Study. Am. J. Geriatr. Psychiatry 2016, 24, 881–889. [Google Scholar] [CrossRef]

	



Ma, Q.-P.; Huang, C.; Cui, Q.-Y.; Yang, D.-J.; Sun, K.; Chen, X.; Li, X.-H. Meta-Analysis of the Association between Tea Intake and the Risk of Cognitive Disorders. PLoS ONE 2016, 11, e0165861. [Google Scholar] [CrossRef]

	



Kakutani, S.; Watanabe, H.; Murayama, N. Green Tea Intake and Risks for Dementia, Alzheimer’s Disease, Mild Cognitive Impairment, and Cognitive Impairment: A Systematic Review. Nutrients 2019, 11, 1165. [Google Scholar] [CrossRef]

	



Zhang, Y.; Yang, H.; Li, S.; Li, W.-D.; Wang, Y. Consumption of coffee and tea and risk of developing stroke, dementia, and poststroke dementia: A cohort study in the UK Biobank. PLoS Med. 2021, 18, e1003830. [Google Scholar] [CrossRef] [PubMed]

	



Matsushita, N.; Nakanishi, Y.; Watanabe, Y.; Kitamura, K.; Kabasawa, K.; Takahashi, A.; Saito, T.; Kobayashi, R.; Takachi, R.; Oshiki, R.; et al. Association of coffee, green tea, and caffeine with the risk of dementia in older Japanese people. J. Am. Geriatr. Soc. 2021, 69, 3529–3544. [Google Scholar] [CrossRef] [PubMed]

	



Roizen, R.; Fillmore, K.; Chikritzhs, T.; Stockwell, T. Light-to-moderate drinking and dementia risk: The former drinkers problem re-visited. Addict. Res. Theory 2013, 21, 181–193. [Google Scholar] [CrossRef]

	



Richard, T.; Pawlus, A.D.; Iglésias, M.-L.; Pedrot, E.; Waffo-Teguo, P.; Mérillon, J.-M.; Monti, J.-P. Neuroprotective properties of resveratrol and derivatives. Ann. N. Y. Acad. Sci. 2011, 1215, 103–108. [Google Scholar] [CrossRef]

	



Zhang, Y.; Li, Y.; Wang, Y.; Wang, G.; Mao, L.; Zhang, D.; Wang, J. Effects of resveratrol on learning and memory in rats with vascular dementia. Mol. Med. Rep. 2019, 20, 4587–4593. [Google Scholar] [CrossRef]

	



UK Biobank. UK Biobank: Protocol for a Large-Scale Prospective Epidemiological Resource. Available online: https://www.ukbiobank.ac.uk/media/gnkeyh2q/study-rationale.pdf (accessed on 2 February 2022).

	



Behrendt, I.; Fasshauer, M.; Eichner, G. Gluten intake and metabolic health: Conflicting findings from the UK Biobank. Eur. J. Nutr. 2021, 60, 1547–1559. [Google Scholar] [CrossRef]

	



Stockwell, T.; Zhao, J.; Panwar, S.; Roemer, A.; Naimi, T.; Chikritzhs, T. Do “Moderate” Drinkers Have Reduced Mortality Risk? A Systematic Review and Meta-Analysis of Alcohol Consumption and All-Cause Mortality. J. Stud. Alcohol Drugs 2016, 77, 185–198. [Google Scholar] [CrossRef]

	



Naimi, T.S.; Stockwell, T.; Zhao, J.; Xuan, Z.; Dangardt, F.; Saitz, R.; Liang, W.; Chikritzhs, T. Selection biases in observational studies affect associations between ‘moderate’ alcohol consumption and mortality. Addiction 2017, 112, 207–214. [Google Scholar] [CrossRef]

	



Schaefer, S.M.; Kaiser, A.; Behrendt, I.; Eichner, G.; Fasshauer, M. Association of alcohol types, coffee and tea intake with mortality: Prospective cohort study of UK Biobank participants. Br. J. Nutr. 2022; (published online before print). [Google Scholar] [CrossRef]

	



UK Biobank. First Occurrence of Health Outcomes Defined by 3-Character ICD10 Code. Available online: https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/first_occurrences_outcomes.pdf (accessed on 3 February 2022).

	



R Core Team. R: A Language and Environment for Statistical Computing. Available online: https://www.R-project.org (accessed on 2 February 2022).

	



Wickham, H.; Bryan, J. readxl: Read Excel Files. R Package Version 1.3.1. Available online: https://CRAN.R-project.org/package=readxl (accessed on 2 February 2022).

	



Wickham, H. tidyverse: Easily Install and Load the ‘Tidyverse’. R Package Version 1.3.1. Available online: https://CRAN.R-project.org/package=tidyverse (accessed on 2 February 2022).

	



Dusa, A. venn: Draw Venn Diagrams. R Package Version 1.10. Available online: https://CRAN.R-project.org/package=venn (accessed on 3 February 2022).

	



Waring, E.; Quinn, M.; McNamara, A.; de la Rubia, E.A.; Zhu, H.; Lowndes, J.; Ellis, S.; McLeod, H.; Wickham, H.; Müller, K.; et al. skimr: Compact and Flexible Summaries of Data. R Package Version 2.1.3. Available online: https://CRAN.R-project.org/package=skimr (accessed on 4 February 2022).

	



Therneau, T.M. A Package for Survival Analysis in S. R Package Version 3.2-11. Available online: https://CRAN.R-project.org/package=survival (accessed on 4 February 2022).

	



Therneau, T.M. Spline Terms in a Cox Model. Available online: https://cran.r-project.org/web/packages/survival/vignettes/splines.pdf (accessed on 4 February 2022).

	



Therneau, T.M. Modeling Survival Data; Springer: New York, NY, USA, 2000. [Google Scholar]

	



Orgogozo, J.M.; Dartigues, J.F.; Lafont, S.; Letenneur, L.; Commenges, D.; Salamon, R.; Renaud, S.; Breteler, M.B. Wine consumption and dementia in the elderly: A prospective community study in the Bordeaux area. Rev. Neurol. 1997, 153, 185–192. [Google Scholar]

	



Truelsen, T.; Thudium, D.; Grønbaek, M. Amount and type of alcohol and risk of dementia: The Copenhagen City Heart Study. Neurology 2002, 59, 1313–1319. [Google Scholar] [CrossRef] [PubMed]

	



Mehlig, K.; Skoog, I.; Gustafson, D.; Waern, M.; Östling, S.; Guo, X.; Schütze, M.; Björkelund, C.; Lissner, L. Alcoholic Beverages and Incidence of Dementia: 34-Year Follow-up of the Prospective Population Study of Women in Goteborg. Am. J. Epidemiol. 2008, 167, 684–691. [Google Scholar] [CrossRef] [PubMed]

	



Lindsay, J.; Laurin, D.; Verreault, R.; Hébert, R.; Helliwell, B.; Hill, G.B.; McDowell, I. Risk Factors for Alzheimer’s Disease: A Prospective Analysis from the Canadian Study of Health and Aging. Am. J. Epidemiol. 2002, 156, 445–453. [Google Scholar] [CrossRef] [PubMed]

	



Nooyens, A.C.J.; Bueno-De-Mesquita, H.B.; van Gelder, B.M.; van Boxtel, M.P.J.; Verschuren, W.M.M. Consumption of alcoholic beverages and cognitive decline at middle age: The Doetinchem Cohort Study. Br. J. Nutr. 2014, 111, 715–723. [Google Scholar] [CrossRef]

	



Hassing, L.B. Light Alcohol Consumption Does Not Protect Cognitive Function: A Longitudinal Prospective Study. Front. Aging Neurosci. 2018, 10, 81. [Google Scholar] [CrossRef] [PubMed]

	



Larsson, S.C.; Orsini, N. Coffee Consumption and Risk of Dementia and Alzheimer’s Disease: A Dose-Response Meta-Analysis of Prospective Studies. Nutrients 2018, 10, 1501. [Google Scholar] [CrossRef]

	



Shirai, Y.; Kuriki, K.; Otsuka, R.; Kato, Y.; Nishita, Y.; Tange, C.; Tomida, M.; Imai, T.; Ando, F.; Shimokata, H. Green tea and coffee intake and risk of cognitive decline in older adults: The National Institute for Longevity Sciences, Longitudinal Study of Aging. Public Health Nutr. 2020, 23, 1049–1057. [Google Scholar] [CrossRef] [PubMed]

	



Noguchi-Shinohara, M.; Yuki, S.; Dohmoto, C.; Ikeda, Y.; Samuraki, M.; Iwasa, K.; Yokogawa, M.; Asai, K.; Komai, K.; Nakamura, H.; et al. Consumption of Green Tea, but Not Black Tea or Coffee, Is Associated with Reduced Risk of Cognitive Decline. PLoS ONE 2014, 9, e96013. [Google Scholar] [CrossRef]

	



Beresniak, A.; Duru, G.; Berger, G.; Bremond-Gignac, D. Relationships between black tea consumption and key health indicators in the world: An ecological study. BMJ Open 2012, 2, e000648. [Google Scholar] [CrossRef]

	



Fry, A.; Littlejohns, T.J.; Sudlow, C.; Doherty, N.; Adamska, L.; Sprosen, T.; Collins, R.; Allen, N.E. Comparison of Sociodemographic and Health-Related Characteristics of UK Biobank Participants with Those of the General Population. Am. J. Epidemiol. 2017, 186, 1026–1034. [Google Scholar] [CrossRef]








[image: Brainsci 12 00360 g001 550] 





Figure 1. Association of wine intake (g alcohol/d) with dementia risk in the primary cohort in (a) all participants, (b) females, and (c) males. Data are adjusted for sex (all participants only), age, AHI, ethnicity, highest qualification, OHR, PA, percentage body fat, and smoking status. Wine, non-wine, coffee, and tea intake are mutually adjusted (e.g., wine intake is additionally adjusted for non-wine, coffee, and tea intake). The nadir is indicated in grey (total cohort), red (female), and blue (male). AHI: Annual household income; HR: Hazard ratio; OHR: Overall health rating; PA: Physical activity. 






Figure 1. Association of wine intake (g alcohol/d) with dementia risk in the primary cohort in (a) all participants, (b) females, and (c) males. Data are adjusted for sex (all participants only), age, AHI, ethnicity, highest qualification, OHR, PA, percentage body fat, and smoking status. Wine, non-wine, coffee, and tea intake are mutually adjusted (e.g., wine intake is additionally adjusted for non-wine, coffee, and tea intake). The nadir is indicated in grey (total cohort), red (female), and blue (male). AHI: Annual household income; HR: Hazard ratio; OHR: Overall health rating; PA: Physical activity.



[image: Brainsci 12 00360 g001]







[image: Brainsci 12 00360 g002 550] 





Figure 2. Association of non-wine intake (g alcohol/d) with dementia risk in the primary cohort in (a) all participants, (b) females, and (c) males. Data are adjusted and presented as indicated in Figure 1. 
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Figure 3. Association of coffee intake (cups/d) with dementia risk in the primary cohort in (a) all participants, (b) females, and (c) males. Data are adjusted and presented as indicated in Figure 1. 
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Figure 4. Association of tea intake (cups/d) with dementia risk in the primary cohort in (a) all participants, (b) females, and (c) males. Data are adjusted and presented as indicated in Figure 1. 
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Table 1. Baseline characteristics of the UK Biobank cohort depending on sex 1.
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	Parameter
	All

(n = 351,436)
	Female

(n = 178,389)
	Male #

(n = 173,047)





	Wine intake (g/d)
	5.7 (1.4, 11.4)
	5.7 (2.9, 11.4)
	5.7 (0.7, 11.4)



	Non-wine intake (g/d)
	4.3 (0.0, 12.9)
	1.4 (0.0, 4.3)
	11.4 (4.3, 22.9)



	Coffee intake (cups/d)
	2.0 (0.5, 3.0)
	2.0 (0.5, 3.0)
	2.0 (1.0, 3.0)



	Tea intake (cups/d)
	3.0 (1.0, 5.0)
	3.0 (1.0, 5.0)
	3.0 (1.0, 5.0)



	Age (years)
	58 (50, 63)
	57 (50, 63)
	58 (50, 63)



	AHI (k£)
	
	
	



	<18
	55,960 (15.9)
	29,328 (16.4)
	26,632 (15.4)



	- 18 to <31
	76,591 (21.8)
	39,078 (21.9)
	37,513 (21.7)



	- 31 to <52
	85,290 (24.3)
	41,302 (23.2)
	43,988 (25.4)



	- 52 to <100
	71,810 (20.4)
	33,190 (18.6)
	38,620 (22.3)



	- ≥100

- Unknown
	20,161 (5.7)

41,624 (11.8)
	9121 (5.1)

26,370 (14.8)
	11,040 (6.4)

15,254 (8.8)



	Ethnicity
	
	
	



	- White
	340,001 (96.7)
	172,819 (96.9)
	167,182 (96.6)



	- Mixed, Asian, Black, Chinese, Other
	11,435 (3.3)
	5570 (3.1)
	5865 (3.4)



	Highest Qualification
	
	
	



	- None of the below
	50,416 (14.6)
	24,189 (13.6)
	26,227 (15.2)



	- National exams at age 16 years
	58,119 (16.5)
	34,787 (19.5)
	23,332 (13.5)



	- Vocational qualifications
	38,492 (11.0)
	14,660 (8.2)
	23,832 (13.8)



	- Optional national exams at ages 17–18 years
	26,619 (7.6)
	14,469 (8.1)
	12,150 (7.0)



	- Professional
	52,545 (15.0)
	27,559 (15.4)
	24,986 (14.4)



	- College or University
	125,245 (35.6)
	62,725 (35.2)
	62,520 (36.1)



	OHR
	
	
	



	- Poor
	10,478 (3.0)
	4229 (2.4)
	6249 (3.8)



	- Fair
	66,120 (18.8)
	29,189 (16.4)
	36,931 (21.3)



	- Good
	211,398 (60.2)
	110,514 (62.0)
	100,884 (58.3)



	- Excellent
	63,440 (18.1)
	34,457 (19.3)
	28,983 (16.7)



	PA (MET-min/week)
	1800 (845, 3546)
	1764 (838, 3375)
	1857 (848, 3714)



	Percentage body fat
	30.2 (24.7, 36.7)
	36.2 (31.6, 40.7)
	25.3 (21.5, 28.9)



	Smoking status
	
	
	



	- Never
	185,929 (52.9)
	102,189 (57.3)
	83,740 (48.4)



	- Previous
	130,726 (37.2)
	61,360 (34.4)
	69,366 (40.1)



	- Current
	34,781 (9.9)
	14,840 (8.3)
	29,941 (11.5)







1 Categorical variables are presented as number (percentage) and continuous variables as median (Q1, Q3); AHI: Annual household income; MET: Metabolic equivalent of task; OHR: Overall health rating; PA: Physical activity; Q: Quartile, # indicates p-value < 0.001 as assessed by Chi-squared test for categorical variables and Mann–Whitney U test for continuous variables.
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