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Abstract

:

Adherence to Mediterranean-DASH Diet Intervention for Neurodegenerative Delay (MIND) may lower the risk of dementia by impacting immunity and cholesterol, which are pathways also implicated by genome-wide association studies of Alzheimer’s Dementia (AD). We examined whether adherence to the MIND diet could modify the association of genetic risk for AD with incident dementia. We used three ongoing US cohorts: Chicago Health and Aging Project (CHAP, n = 2449), Rush Memory and Aging Project (MAP, n = 725), and Women’s Health Initiative Memory Study (WHIMS, n = 5308). Diagnosis of dementia was based on clinical neurological examination and standardized criteria. Repeated measures of global cognitive function were available in MAP and CHAP. Self-reported adherence to MIND was estimated using food-frequency questionnaires. Global and pathway-specific genetic scores (GS) for AD were derived. Cox proportional hazard, logistic regression, and mixed models were used to examine associations of MIND, GS, and GS-MIND interactions with incident dementia and cognitive decline. Higher adherence to MIND and lower GS were associated with a lower risk of dementia in MAP and WHIMS and a slower rate of cognitive decline in MAP (p < 0.05). MIND or GS were not associated with incident dementia or cognitive decline in CHAP. No gene–diet interaction was replicated across cohorts. Genetic risk and MIND adherence are independently associated with dementia among older US men and women.
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1. Introduction


The prevalence of dementia, particularly Alzheimer’s disease (AD), is expected to increase due to the progressive aging of the world population [1]. Pathological hallmarks of dementia accumulate decades before the onset of clinical symptoms; thus, preventive intervention strategies may help reduce the risk of developing the disease. Adherence to a Mediterranean-style dietary pattern may slow the rate of cognitive decline and decrease the risk of AD [2]. The Mediterranean-DASH Diet Intervention for Neurodegenerative Delay (MIND) is based on the most compelling evidence in the diet-dementia field [3]. MIND emphasizes consumption of green leafy vegetables, berries, nuts, beans, whole grains, seafood, poultry, olive oil, wine, and limited intake of animal and high-saturated-fat foods.



Genome-wide association studies (GWAS) of AD are enriched with single-nucleotide polymorphisms (SNPs) mapping to genes implicated in immune response and cholesterol metabolism [4]. Agnostic cross-phenotype genetic correlation and gene expression analyses corroborate these two pathways in AD development [5,6]. Adherence to a Mediterranean-style dietary pattern correlates with circulating markers of inflammation [7,8] and cholesterol metabolism [8,9]. Moreover, foods and nutrients emphasized by MIND demonstrate beneficial effects on the brain, potentially mediated by inflammation or cholesterol pathways [10,11,12,13]. MIND associations with cognitive decline are modest. However, no study has examined the interaction between adherence to MIND and genetic susceptibility to dementia risk. When combined with individual genetic information concerning AD susceptibility, this interaction may reveal population subgroups who might benefit from adherence to this diet.



The current study examines whether genetic differences in AD predisposition modify the association between MIND adherence and incident dementia. We hypothesized that participants with greater genetically inferred AD risk, particularly in pathways concerning immune response and cholesterol metabolism, would benefit the most when adhering to MIND compared to participants with lower susceptibility profiles.




2. Methods


2.1. Study Populations


The current analysis included three US cohorts: Chicago Health and Aging Project (CHAP), Rush Memory and Aging Project (MAP), and Women’s Health Initiative Memory Study (WHIMS). CHAP is a biracial cohort with 60% African Americans that began in 1993 with a census of individuals ages ≥ 65 years sampled from four adjacent neighborhoods in South Side, Chicago, Illinois [14]. Of those identified, 6158 persons (79%) participated in a home interview. Additional people enrolled as they turned 65 years old, for 10,802 participants enrolled through 2012 [15]. The current analysis was limited to CHAP participants with genetic and diet data. MAP began in 1997 and is an open cohort of residents from individual homes, retirement communities, and senior public housing units in the Chicago, Illinois area [16]. Participants are free of dementia at enrollment and agree to annual clinical evaluations and organ donation at death. Participants were invited to complete food frequency questionnaires (FFQs) during their annual clinical evaluations from 2004 to 2013. A total of 1306 participants were either currently enrolled or newly enrolled during this period (‘baseline’ for the current analysis). WHIMS is an ancillary study to the WHI hormone therapy trials [17,18,19,20,21,22]. From 1995–1999, 7479 women ≥ 65 years of age who were free of dementia were recruited at 39 US clinical centers and completed annual clinic-based cognitive assessments [17,19,22]. In 2008, women actively enrolled in WHIMS were invited to continue follow-up in the WHIMS-Epidemiology of Cognitive Health Outcomes (WHIMS-ECHO) study, which replaced clinic-based assessments with telephone-based assessments. For the current WHIMS analysis, we considered only women of European ancestry (~89% of cohort) with genetic data. An Institutional Review Board at each academic center overseeing each cohort approved the study. All cohort participants gave written informed consent. MAP participants signed a repository consent allowing their data to be shared.




2.2. Diet Assessment and MIND Adherence Score


CHAP, MAP, and WHIMS participants completed validated semi-quantitative FFQs that estimated daily food/beverage and nutrient intake during the previous year (MAP, CHAP) or 3-month period (WHIMS). We used data from the first administered FFQ for the current analysis. For MAP and WHIMS, the first FFQs were completed at study entry (baseline). CHAP participants completed the first FFQ at a median of 0.5 years from baseline. Responses from about 15 food-items were used to derive a MIND adherence score as described previously [23] and detailed in Supplementary Table S1. Each food-item corresponds to 1 point if adhered to, with a total max score of 15. Half points for partial adherence are also pre-specified. Study-specific modifications were made to account for differences in FFQs.




2.3. Cognitive Assessments


All CHAP and MAP participants completed a battery of cognitive tests administered by trained research staff/nurses during in-home assessments (CHAP) or psychologists/nurses during clinical visits (MAP) (Supplementary Table S2). For each participant, a global measure of cognition was computed for each clinical visit by standardizing raw scores for each test using the mean and standard deviation from the baseline population scores and the standardized scores averaged. WHIMS participants were screened annually with the Modified Mini-Mental State Examination (3MSE) [24], which generates a global score ranging from 0 (low) to 100 (high cognitive function). If a participant scored at or below the cut point (80 points if ≤8 years of formal education and 88 points if ≥9 years of formal education), she progressed to further in-person cognitive testing (Supplementary Table S2). For WHIMS-ECHO (2008–present), 3MSE was replaced with the Modified Telephone Interview for Cognitive Status (TICSm), which generates a score ranging from 0 (low) to 50 (high cognitive function) [25]. Scores < 30 trigger administration of the Dementia Questionnaire [26] to a proxy informant.




2.4. Dementia Outcomes


In CHAP, clinical evaluations for Alzheimer’s disease and dementia diagnosis were performed in a stratified random sample of the study population [14,15,27,28]. Briefly, from the surviving cohort determined to be free of dementia at the previous cycle, sampling for clinical evaluation of incident dementia in cycles 2–6 was stratified by age, race, sex, and change in cognitive function from the previous home interview, with participants selected randomly from all strata (4021 evaluations on 2794 participants between 1994 and 2012). Diagnosis of Alzheimer’s dementia was based on criteria of the joint working group of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association [29], which require a history of cognitive decline with impairment in memory and at least one other cognitive domain. In MAP, a clinical diagnosis of (all-cause) dementia and Alzheimer’s dementia was determined at each annual evaluation using the same methodology as in CHAP [30]. In WHIMS, those undergoing cognitive test assessments (after 3MSE screen) were evaluated by a local physician. Using a standardized protocol provided by the WHIMS clinical center, the physician performed a clinical neuropsychiatric evaluation with all available data and classified the participant as having no dementia, mild cognitive impairment (MCI), or probable dementia (herein referred to as all-cause dementia), based on criteria from the Diagnostic and Statistical Manual of Mental Disorders (4th ed.) [17]. Clinical and test data were then sent to the WHIMS Clinical Coordinating Center for central adjudication of final diagnosis by a clinical panel with expertise in dementia diagnosis. Central adjudication of final diagnosis was similar in WHIMS-ECHO.




2.5. Genetic Data


CHAP participants self-reporting as white (CHAP-White) or black (CHAP-Black) were genotyped using the Affymetrix and Illumina Human Omni1Quad platforms. MAP analyses were restricted to MAP participants self-reporting as non-Hispanic white. They were genotyped on the Illumina Global Screening Array, Illumina Human1M, and Affymetrix 6.0 platforms as described in detail previously [31,32]. All WHIMS participants who provided consent had GWAS data in either the “WHI WHIMS+ GWAS” (phs000675.v3.p3, HumanOmniExpressExome-8 v1.0 platform) or “WHI GARNET” (phs000315.v7.p3, Illumina Omni-Quad platform) studies. A recent effort combined these and four other WHI GWAS data sets to generate the “WHI Harmonized and Imputed GWAS Data” (phs000746.v2.p3); this was a resource used for the current study but only for the genetically inferred and European ancestry WHIMS subset. CHAP, MAP and WHIMS were imputed using at least the 1000G v3 ALL reference panel. APOE genotyping was performed using Sequenom MassARRY for CHAP participants and sequencing for MAP participants. For WHIMS, APOE carriers(ε4+) and non-carriers(ε4-) were defined using SNPs rs7412 and rs429358.




2.6. Other Covariates


Each cohort collected several medical, physical, demographic, and lifestyle data at baseline and throughout follow-up via self-administered questionnaires or structured interviews during clinical visits. Data on education, socioeconomic status, medical history, depressive symptoms, smoking status, total energy intake (derived from FFQ), body mass index (BMI, kg/m2), and physical activity were collected and detailed in Supplementary Table S3. The late-life cognitive activity was also measured in CHAP and MAP. For dementia analysis, we considered covariates measured at baseline or closest to the time of the first FFQ. Time-varying covariates were considered in cognitive decline analyses of the MAP cohort.




2.7. Final Analytical Samples


The initial sample size of participants with available baseline diet and outcome data was 6856, 1054 and 6851 for CHAP, MAP and WHIMS, respectively. Corresponding sample sizes after excluding participants without genetic data, less than one follow-up, and prevalent dementia cases (MAP) were 2449 (max for cognitive decline), 725 and 5308 (see Supplementary Table S4 for sample exclusion details).




2.8. SNP-Selection and Calculation of Genetic Susceptibility Scores (GS)


A genetic susceptibility score for AD (GSAD) was computed using 25 SNPs with MAF > 1% and reaching GW significance level (p < 5 × 10−8) in GWAS of AD (Supplementary Table S5). GSAD uses the sum of the products of SNP risk alleles and their corresponding weights as GSAD = Σin log(ORij) × Gij for the ith individual, where log(ORij) = the log of the OR for the jth SNP, Gij = the number of risk alleles (0, 1, or 2) for the jth SNP and n = 25 candidate SNPs. The score is rescaled according to the number of risk alleles (#SNPs × 2) to facilitate interpretation. Higher GSAD scores correspond to elevated AD risk. GSAD-I and GSAD-C are subset scores of GSAD and include SNPs mapping to, respectively, the immune response (10 SNPs) and cholesterol metabolism (4 SNPs) pathways (Supplementary Table S5). APOE was not included in the GSs because of its large effect size but was examined separately.




2.9. Statistical Analysis


All statistical analyses were performed using the SAS v9.4 statistical package (SAS Institute, Cary, NC, USA) and separately for each cohort and ancestry (CHAP only). We first examined the main effects of MIND and GS on dementia risk and cognitive decline before proceeding to formal tests of GS × MIND interactions. Main effects of MIND (MAP [23], WHIMS [33]), GSAD (MAP [34]), and APOE (MAP [16], WHIMS [35], CHAP [36]) have been published previously but using different statistical models, larger sample sizes and/or different GS. For MAP and WHIMS, Cox proportional hazard regression models examined the association between MIND adherence (or GS), expressed in tertiles, and incident dementia. To test for linear trends, MIND (or GS) was entered into the model as a continuous term. MAP participants were considered at risk for dementia from 2004 and were followed up until the date of first clinical diagnosis or last clinical exam, whichever came first. WHIMS participants were considered at risk for dementia from 1995 and were followed up until the date of first probable dementia classification, death, loss to follow-up, or 1 January 2019 (the last date of dementia reported), whichever came first. For each cohort, the proportionality of hazards assumption was assessed using time-dependent explanatory variables and Schoenfeld residuals techniques [37] and was satisfied. For CHAP-White and CHAP-Black, a sample-weight-adjusted logistic regression model was used to estimate the odds ratio (OR) for developing dementia, as described previously [38]. A delete-a-group jackknife method was used to estimate the standard error of risk estimates and account for the stratified random sampling for the participants chosen for the clinical diagnosis from the population sample.



A “Basic” model adjusted for age, sex (MAP and CHAP), region (WHIMS), randomization status (WHIMS) and, in genetic analysis only, genotyping platform (MAP and WHIMS) and 10 ancestry principal components (PCs, WHIMS and CHAP). To this model, we added covariates capturing measures of cognitive reserve, cardiovascular/metabolic health and lifestyle, which may confound the association between MIND and cognitive impairment (‘Full” model). Model covariates differed by cohort and are detailed in Supplementary Table S3. Missing data were present in some covariates (up to 5%) and were modeled as indicator variables (Supplementary Table S3).



For cognitive decline analysis in MAP and CHAP, linear-mixed models with random intercept and time (slope) estimated mean differences in annual rates of cognitive decline by tertile of MIND (or GS). Models included covariates described above as well as a variable for time, and multiplicative terms between time and each model covariate. The latter provides the covariate estimated effect on cognitive change. WHIMS was not included for cognitive decline analysis since too few women had repeated 3MSE measures.



Gene × MIND interactions for incident dementia and cognitive decline were tested by including the gene (GSAD, GSAD-C, GSAD-I, or APOE ε4 carrier status), MIND score, and their cross-product term in basic model regressions. Corresponding terms in linear-mixed models include gene × time, MIND × time, and gene × MIND × time. Statistical significance was defined as p < 0.05 and consistency across cohorts.





3. Results


3.1. Baseline Characteristics of Study Populations


At baseline, MAP participants were older and more likely to have a history of hypertension, heart disease, and stroke compared to participants in the other cohorts. CHAP-Black participants were more likely to present with moderate cognitive impairment, diabetes, and depression. CHAP-Black participants had slightly lower GSAD, GSAD-I, and GSAD-C but a higher proportion of APOE ε4 carriers compared to the other cohorts. Figure S1 presents cohort distributions of the MIND adherence score. Mean MIND adherence scores were 7.9, 6.7, 7.4 and 7.1 for MAP, WHIMS, CHAP-White and CHAP-Black cohorts, respectively. Across cohorts, participants with higher adherence to MIND were more likely to be female, non-smokers, highly educated and have better cognitive ability, while less likely to have a history of stroke or depression (Table 1). MIND adherence also correlated with age, BMI, and other medical conditions, but these correlations differed by cohort.




3.2. Main Effects of MIND Adherence and Genetic Factors on Incident Dementia and Cognitive Decline


During follow-up, 222, 951, 67, and 109 participants developed dementia in MAP, WHIMS, CHAP-White and CHAP-Black, respectively. Mean age of onset was 90 (MAP), 86 (WHIMS), 79 (CHAP-White), and 77 (CHAP-Black) years. MAP and WHIMS participants in the highest tertile of MIND adherence had a significantly lower risk of all-cause dementia compared to those in the lowest tertile after full model adjustment (p < 0.02, Table 2). MAP participants in the highest tertile of MIND adherence also had a significantly lower risk of Alzheimer’s dementia [HR (95%CI): 0.62 (0.42, 0.92)] and a lower rate of cognitive decline (Table 3) compared to those in the lowest tertile. Adherence to MIND was not associated with incident all-cause dementia (Table 2), Alzheimer’s dementia (p > 0.05, not shown) or cognitive decline (Table 3) in CHAP. In post hoc analysis, significant sex × MIND interactions for all-cause (p = 0.03) and Alzheimer’s (p = 0.04) dementia were observed in CHAP-Black. MIND was associated with a lower risk of all-cause dementia in Black men (OR = 0.65, p = 0.004) but not in Black women (OR = 1.22, p = 0.27). A similar pattern was observed for Alzheimer’s dementia. Results were similar when excluding prevalent diabetes (data not shown).



GSAD and GSAD-I were positively associated with incident dementia in MAP and WHIMS cohorts but not in CHAP cohorts (Table 4). Similar results were observed for Alzheimer’s dementia (Supplementary Table S6). GSAD and GSAD-I were positively associated with the rate of cognitive decline in MAP but not CHAP cohorts (Supplementary Table S7). APOE ε4 carriage was a significant risk factor for all-cause dementia in MAP [HR (95%CI): 1.99 (1.49, 2.66)] and WHIMS [HR (95%CI): 2.08 (1.89, 2.30)] but not in CHAP-White [HR (95%CI): 1.80 (0.76, 4.29)] or CHAP-Black [HR (95%CI): 1.20 (0.46, 3.15)] cohorts. APOE ε4 carriers also presented with significantly greater rates of cognitive decline in MAP, CHAP-White and CHAP-Black (all p < 0.0001).




3.3. Gene × MIND Interactions for Incident Dementia and Cognitive Decline


Joint analysis for GSAD×MIND and all-cause dementia are presented in Figure 1. Only cohort-specific gene × MIND interactions were observed (Table 5); no interactions replicated across cohorts. Post hoc fixed effects meta-analyses supported interactions but were largely driven by WHIMS and difficult to interpret. For example, APOE × MIND interactions for all-cause dementia and Alzheimer’s dementia are in opposite directions. Results were similar when excluding prevalent diabetes (data not shown).





4. Discussion


Adherence to MIND may lower the risk of AD by impacting immunity and cholesterol; pathways also implicated by GWAS of AD [4,7,8,9]. Since diet and genetic factors targeting the same pathway might act synergistically when combined, we hypothesized that participants with greater genetic AD susceptibility, particularly in pathways concerning immune response and cholesterol metabolism, would benefit the most when adhering to MIND compared to participants with lower susceptibility profiles. Our findings, based on three aging cohorts, do not support our hypothesis and suggest independent roles of MIND and genetic susceptibility on dementia development.



To our knowledge, this is the first study to examine the interaction between MIND adherence and a comprehensive AD GS. Samuelsson et al. [39] recently examined posterior-derived dietary patterns, p-value threshold-based polygenic AD risk scores, and APOE in 602 elderly of the Gothenburg H70 Birth Cohort Studies in Sweden. None of the polygenic risk scores or dietary patterns alone were significantly associated with dementia risk. However, APOE ε4 carriers with a higher adherence to a “western dietary pattern” presented with an increased risk of dementia compared to those with lower adherence to this dietary pattern; no association between diet and risk was observed among non-carriers [39]. Hossain et al. [40] examined diet × GS interactions on performance changes in 11 cognitive tests in up to 230 African Americans from the Healthy Aging in Neighborhoods of Diversity across the Life Span Cohort study. A diet quality score was derived from PC analyses of three dietary patterns including Health Eating Index 2010, DASH, and mean adequacy ratio. The AD GS included 2 SNPs in APOE and 10 others selected from the literature but not confirmed in GWAS. Only sex-specific main effects of the diet score and GS were observed for different cognitive tests. Moreover, improvements in diet quality over time were associated with a slower rate of memory decline only among those with a higher AD GS. Neither study included an independent replication cohort and the diets and GS considered were much different from those of the current study.



To protect against false-positive interactions, we included three independent aging cohorts to allow for replication. Indeed, had we included only one of these studies, we would have reported a non-replicable interaction. However, efforts to replicate interactions face practical and conceptual challenges [41]. For example, the availability of large genotyped and well-phenotyped aging cohorts to address our study objective was limited. Our efforts to harmonize analyses came at the cost of data quality, which tends to correlate with sample size. MAP and CHAP may not have been sufficiently powered to detect interactions identified in WHIMS, especially if they were specific to women. The less precise methods of case-ascertainment in CHAP and WHIMS compared to MAP may have hindered the replication of interactions observed in MAP. Nevertheless, regardless of statistical significance, similar patterns of interactions were also not observed across cohorts. Thus, had a true diet × gene interaction been overlooked, it would likely have limited generalizability.



While the main effects of MIND and GS on cognitive impairment have been published previously and in independent cohorts, re-examining these in the current study partly informed the power of the study to test interactions, specifically, fan-shaped interactions [41]. Cross-over MIND × GS interactions are conceptually unlikely and would require even more power to replicate. The current study reports the first analyses of MIND in CHAP. MIND was not associated with incident dementia or cognitive decline in either CHAP sample. In a larger sample of CHAP, higher adherence to the Mediterranean-type dietary pattern was associated with a slower rate of cognitive decline [42]. MIND differs from the Mediterranean-type dietary pattern by allocating separate categories for green leafy vegetables and berries, and a category for cakes/pastries and fast fried foods. MIND also does not include potatoes or other fruit and fish is prescribed less frequently than the Mediterranean-type dietary pattern. The main effects of MIND on cognitive impairment have not been observed universally [43]. In the Rotterdam Study, MIND was associated with a lower risk of all-cause dementia over the first seven years of follow-up, but associations disappeared with longer follow-up, consistent with the notion of reverse causation [44]. This does not likely explain the lack of an association between MIND and dementia in CHAP, since this cohort had a shorter follow-up than MAP and WHIMS. The distribution of MIND scores across cohorts was not perfectly aligned and thus our tertile-based analyses introduced sample-specific cut-points. However, cut-points for WHIMS and CHAP were very similar and tertile tests were complemented by continuous linear tests, which consider the full distribution of scores. Limited sample power (cases and total sample size) or other characteristics unique to CHAP may explain the lack of an association between MIND and incident dementia in this cohort.



The main effects of MIND, GS and APOE on dementia risk were generally confirmed in MAP and WHIMS but not CHAP. The GS was based on loci identified in GWAS of populations of European-ancestry and thus may not be appropriate for predicting dementia in other ancestries. More genetic discovery studies involving other ancestries are needed. However, the inability to replicate genetic findings in either CHAP-Black or CHAP-White suggest factors beyond ancestry are at play. Sample size, physical location, smoking and other demographic characteristics unlikely explain discrepancies since these were shared across cohorts. We also considered the higher prevalence of diabetes in CHAP compared to MAP and WHIMS by excluding prevalent diabetes from all cohorts; discrepancies remained. Interestingly, APOE was strongly associated with cognitive decline in both CHAP samples. It is also possible that the stratified sampling approach to case-ascertainment induced some form of bias not observed in repeated measures of cognitive function.



Studies reporting significant interactions between lifestyle factors and APOE have been conflicting. Lifestyle modification of risk is more pronounced among APOE ε4 carriers in some studies [45,46,47,48] while more pronounced among non-carriers in other studies [49,50,51,52,53]. In the large population-based UK biobank, a healthy lifestyle (defined by smoking status, physical activity, diet and alcohol intake) was associated with lower risk of dementia among participants with both a high and low AD GS [54]. The notion that individuals may modify their risk of dementia through a healthy lifestyle regardless of genetic susceptibility has important public health implications. Inconsistencies in the literature emphasize the need for more pooled or multi-cohort analyses of lifestyle × gene interactions for dementia.



The use of three well-characterized community- or population-based aging cohorts with detailed neurological assessments and standardized dementia ascertainment methods are key strengths of the current study. The complementary genetic, covariate and diet data also enabled a harmonized approach to the analysis. Nevertheless, several limitations should be acknowledged in addition to those discussed above. Individuals may be free of clinical dementia symptoms but may already have biomarkers of the disease. The time of diet collection in these cohorts may not have adequately captured earlier diet behaviors which might have a greater impact on disease pathways (i.e., cholesterol or immunity) to influence outcomes. Unlike genetic factors, diet and other modifiable behaviors are not randomly assigned at birth and thus unmeasured confounding and reverse causation remain possible.




5. Conclusions


Among older US men and women, genetics and adherence to MIND were independently associated with dementia risk. Our study currently supports advocating MIND more generally as opposed to targeting specific subgroups defined by genetics.
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Figure 1. Joint analysis of GSAD×MIND and all-cause dementia. Results from Cox proportional hazard (HR, MAP (a)/WHIMS (b)) or logistic (OR, CHAP (c,d)) regression models adjusted for age, sex (MAP, CHAP only), study center and randomization status (WHIMS only), education, income, global cognition score, late-life cognitive activity (MAP, CHAP only), history of diabetes, hypertension, stroke and heart disease; smoking, calorie intake, BMI, depressive symptoms, physical activity, genotype platform (MAP) or PCs (CHAP, WHIMS). Mind(GS)1, Mind(GS)2, Mind(GS)3 indicate tertile 1, tertile 2 and tertile 3 MIND adherence (GS) scores, respectively. Significant HR/ORs are bold-faced. 
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Table 1. Baseline characteristics of participants by tertiles of MIND score 1.
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MAP

	
WHIMS

	
CHAP-White

	
CHAP-Black




	
Characteristic

	
T1

	
T2

	
T3

	
T1

	
T2

	
T3

	
T1

	
T2

	
T3

	
T1

	
T2

	
T3




	
3.5–7.0

	
7.5–8.5

	
9.0–13.0

	
2–5.5

	
6–7

	
7.5–12

	
2–6

	
6.5–7.5

	
8–14

	
2–6

	
6.5–7.5

	
8–12.5




	
n = 270

	
n = 233

	
n = 222

	
n= 1485

	
n = 1917

	
n = 1906

	
n = 255

	
n = 300

	
n = 391

	
n = 475

	
n = 513

	
n = 515






	
Age, years

	
82.3 ± 7.2

	
82.5 ± 6.5

	
80.3 ± 6.8

	
69.8 ± 3.8

	
70.2 ± 3.85

	
70.3 ± 3.8

	
74.0 ± 6.3

	
74.2 ± 6.3

	
72.2 ± 5.7

	
71.7 ± 4.6

	
71.9 ± 4.5

	
71.1 ± 4.1




	
Male, n (%)

	
74 (27)

	
60 (26)

	
52 (23)

	
0 (0)

	
0 (0)

	
0 (0)

	
123 (48)

	
105 (35)

	
130 (33)

	
218 (46)

	
176 (34)

	
162 (31)




	
Baseline cognitive function, Z-score

	
−0.05 ± 0.57

	
0.13 ± 0.50

	
0.30 ± 0.45

	
−0.08 ± 1.01

	
0.01 ± 1.01

	
0.04 ± 0.99

	
0.61 ± 0.53

	
0.69 ± 0.52

	
0.81 ± 0.40

	
0.23 ± 0.58

	
0.31 ± 0.60

	
0.40 ± 0.56




	
2 Mild cognitive impairment, n (%)

	
80 (30)

	
56 (24)

	
33 (15)

	
0 (0)

	
0 (0)

	
0 (0)

	
40 (16)

	
41 (21)

	
34 (12)

	
79 (27)

	
89 (31)

	
78 (39)




	
Education

	

	

	

	

	

	

	

	

	

	

	

	




	
College or University degree, n (%)

	
n/a

	
n/a

	
n/a

	
318 (21)

	
585 (31)

	
755 (40)

	
n/a

	
n/a

	
n/a

	
n/a

	
n/a

	
n/a




	
Years of education

	
14.3 ± 3.1

	
15.1 ± 2.8

	
15.5 ± 2.7

	
n/a

	
n/a

	
n/a

	
14.1 ± 3.0

	
14.6 ± 3.2

	
15.3 ± 3.3

	
11.3 ± 3.2

	
12.0 ± 3.2

	
12.7 ± 3.2




	
Hypertension, n (%)

	
202 (75)

	
168 (72)

	
152 (68)

	
562 (38)

	
756 (39)

	
684 (36)

	
101 (40)

	
131 (44)

	
167 (43)

	
292 (62)

	
324 (63)

	
346 (67)




	
Diabetes, n (%)

	
46 (17)

	
27 (12)

	
25 (11)

	
105 (7)

	
136 (7)

	
136 (7)

	
31 (12)

	
28 (9)

	
39 (10)

	
102 (21)

	
129 (25)

	
123 (24)




	
Stroke, n (%)

	
38 (14)

	
17 (7)

	
22 (10)

	
23 (2)

	
32 (2)

	
19 (1)

	
19 (7)

	
21 (7)

	
18 (5)

	
41 (9)

	
41 (8)

	
35 (7)




	
Heart disease, n (%)

	
55 (20)

	
31 (13)

	
38 (17)

	
254 (17)

	
310 (16)

	
324 (17)

	
20 (8)

	
38 (13)

	
55 (14)

	
56 (12)

	
66 (13)

	
50 (10)




	
Current smoker, n (%)

	
9 (3)

	
2 (1)

	
2 (1)

	
127 (9)

	
123 (6)

	
76 (4)

	
34 (13)

	
25 (8)

	
25 (6)

	
70 (15)

	
65 (13)

	
57 (11)




	
BMI, kg/m2

	
27.5 ± 5.2

	
27.3 ± 5.0

	
26.6 ± 5.6

	
29.2 ± 5.7

	
28.5 ± 5.8

	
27.7 ± 5.3

	
26.7 ± 5.3

	
27.1 ± 4.9

	
27.2 ± 4.9

	
28.9 ± 6.2

	
29.4 ± 6.3

	
29.2 ± 5.6




	
3 Depression/symptoms, n (%)

	
18 (7)

	
8 (3)

	
3 (1)

	
138 (9)

	
132 (7)

	
109 (6)

	
20 (8)

	
8 (3)

	
14 (4)

	
62 (13)

	
58 (11)

	
47 (9)




	
MIND score

	
6.1 ± 0.8

	
8.0 ± 0.4

	
9.9 ± 0.9

	
4.8 ± 0.7

	
6.5 ± 0.4

	
8.3 ± 0.8

	
5.2 ± 0.9

	
7.0 ± 0.4

	
9.1 ± 1.1

	
5.3 ± 0.7

	
7.0 ± 0.4

	
8.8 ± 0.9




	
Apoe ε4 carriers, n (%)

	
57 (21)

	
44 (19)

	
47 (21)

	
187 (13)

	
226 (12)

	
262 (14)

	
63 (25)

	
69 (23)

	
109 (28)

	
173 (36)

	
174 (34)

	
206 (40)




	
GSAD

	
26.6 ± 3.0

	
26.8 ± 2.9

	
26.7 ± 2.8

	
26.9 ± 3.0

	
26.8 ± 3.1

	
26.9 ± 3.0

	
26.5 ± 3.0

	
27.1 ± 3.0

	
27.0 ± 3.0

	
24.4 ± 2.6

	
24.5 ± 2.8

	
24.4 ± 2.6




	
GSAD-I

	
9.6 ± 2.1

	
9.7 ± 2.0

	
9.5 ± 1.9

	
9.7 ± 2.1

	
9.6 ± 2.2

	
9.6 ± 2.1

	
9.6 ± 2.2

	
9.8 ± 2.1

	
9.6 ± 2.2

	
9.6 ± 1.6

	
9.4 ± 1.6

	
9.4 ± 1.7




	
GSAD-C

	
5.5 ± 0.9

	
5.6 ± 0.9

	
5.5 ± 1.0

	
5.52 ± 0.95

	
5.49 ± 0.96

	
5.49 ± 0.97

	
5.5 ± 1.0

	
5.5 ± 0.9

	
5.6 ± 0.9

	
5.0 ± 1.0

	
5.0 ± 1.0

	
5.0 ± 0.9








1 Values are mean ± SD or n (%); n/a: information not available or applicable. 2 Weighted % for CHAP. 3 CESD-10 ≥ 5 (MAP, CHAP); shorter-form CESD (Burnam scoring) ≥ 0.06 (WHIMS).
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Table 2. MIND score and risk of all-cause dementia.
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Model

	
MAP

	
WHIMS

	
CHAP-White

	
CHAP-Black




	

	
HR (95% CI)

	
p

	
HR (95% CI)

	
p

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p






	
Basic 1

	

	

	

	

	

	

	

	




	
MIND T1

	
Ref.

	

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
MIND T2

	
0.70 (0.52, 0.94)

	
0.02

	
0.88 (0.80, 0.97)

	
0.008

	
0.54 (0.21, 1.43)

	
0.22

	
0.82 (0.35, 1.95)

	
0.66




	
MIND T3

	
0.43 (0.30, 0.61)

	
<0.0001

	
0.78 (0.70, 0.86)

	
<0.0001

	
0.49 (0.18, 1.33)

	
0.16

	
0.97 (0.32, 2.87)

	
0.95




	
Trend

	
0.84 (0.77, 0.91)

	
<0.0001

	
0.93 (0.91, 0.96)

	
<0.0001

	
0.81 (0.61, 1.09)

	
0.17

	
0.99 (0.73, 1.34)

	
0.96




	
Full 2

	

	

	

	

	

	

	

	




	
MIND T1

	
Ref.

	

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
MIND T2

	
0.85 (0.62, 1.16)

	
0.31

	
0.87 (0.79, 0.97)

	
0.008

	
0.87 (0.30, 2.54)

	
0.80

	
0.86 (0.36, 2.05)

	
0.74




	
MIND T3

	
0.63 (0.42, 0.92)

	
0.02

	
0.80 (0.72, 0.89)

	
<0.0001

	
1.23 (0.47, 3.18)

	
0.68

	
1.48 (0.51, 4.27)

	
0.47




	
Trend

	
0.91 (0.83, 1.00)

	
0.06

	
0.95 (0.92, 0.97)

	
<0.0001

	
1.00 (0.81, 1.25)

	
0.97

	
1.08 (0.79, 1.48)

	
0.61








1 Results from Cox proportional hazard (HR) or logistic (OR) regression models adjusted for age, sex (MAP, CHAP only), study center and randomization status (WHIMS only). See Supplementary Table S4 for additional covariate details. T1, T2, T3 indicate tertile 1, tertile 2 and tertile 3 MIND adherence scores, respectively. 2 Basic + education, income, global cognition score, late-life cognitive activity (MAP, CHAP only), history of diabetes, hypertension, stroke and heart disease; smoking, calorie intake, BMI, depressive symptoms and physical activity.
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Table 3. MIND score and cognitive decline.
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Model

	
MAP

	
CHAP-White

	
CHAP-Black




	

	
β (95% CI)

	
p

	
β (95% CI)

	
p

	
β (95% CI)

	
p






	
Basic 1

	

	

	

	

	

	




	
MIND T1

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
MIND T2

	
0.009 (−0.01, 0.03)

	
0.39

	
0.001 (−0.01, 0.01)

	
0.78

	
0.001 (−0.01, 0.01)

	
0.78




	
MIND T3

	
0.04 (0.02, 0.06)

	
0.0004

	
0.001(−0.01, 0.01)

	
0.77

	
−0.001 (−0.01, 0.01)

	
0.85




	
Trend

	
0.008 (0.003, 0.01)

	
0.002

	
0.0002 (−0.002, 0.003)

	
0.89

	
0.001 (−0.002, 0.003)

	
0.54




	
Full 2

	

	

	

	

	

	




	
MIND T1

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
MIND T2

	
0.006 (−0.01, 0.02)

	
0.50

	
0.0001 (−0.01, 0.01)

	
0.99

	
0.0003 (−0.01, 0.01)

	
0.95




	
MIND T3

	
0.03 (0.01, 0.05)

	
0.001

	
−0.0008(−0.01, 0.01)

	
0.89

	
−0.003 (−0.01, 0.01)

	
0.51




	
Trend

	
0.006 (0.003, 0.01)

	
0.002

	
−0.0004 (−0.003, 0.002)

	
0.78

	
−0.00002 (−0.003, 0.003)

	
0.99








1 Results from mixed linear models adjusted for age and sex. See Table S4 for additional covariate details. T1, T2, T3 indicate tertile 1, tertile 2 and tertile 3 MIND adherence scores, respectively. Coefficients reflect change in cognitive function; a negative (positive) value corresponds to a decline (improvement) in cognitive function. 2 Basic + education, income, late-life cognitive activity, history of diabetes, hypertension, stroke and heart disease; smoking, calorie intake, BMI, depressive symptoms and physical activity.
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Table 4. GS and risk of all-cause dementia 1.
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GS

	
MAP

	
WHIMS

	
CHAP-White

	
CHAP-Black




	

	
HR (95% CI)

	
p

	
HR (95% CI)

	
p

	
OR (95% CI)

	
p

	
OR (95% CI)

	
p






	
GSAD

	

	

	

	

	

	

	

	




	
T1

	
Ref.

	

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
T2

	
1.12 (0.80, 1.58)

	
0.51

	
1.28 (1.16, 1.41)

	
<0.001

	
1.55 (0.66, 3.66)

	
0.32

	
2.41 (0.82, 7.12)

	
0.11




	
T3

	
1.81 (1.31, 2.51)

	
0.0003

	
1.43 (1.30, 1.58)

	
<0.001

	
1.55 (0.55, 4.34)

	
0.41

	
0.77 (0.28, 2.11)

	
0.61




	
Trend

	
1.10 (1.05, 1.15)

	
<0.0001

	
1.05 (1.04, 1.06)

	
<0.0001

	
1.09 (0.92, 1.30)

	
0.32

	
1.06 (0.94, 1.20)

	
0.32




	
GSAD-I

	

	

	

	

	

	

	

	




	
T1

	
Ref.

	

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
T2

	
1.45 (1.03, 2.02)

	
0.03

	
0.99 (0.89, 1.09)

	
0.764

	
1.12 (0.50, 2.53)

	
0.78

	
1.84 (0.76, 4.46)

	
0.18




	
T3

	
1.43 (1.03, 1.99)

	
0.03

	
1.11 (1.01, 1.23)

	
0.026

	
1.86 (0.74, 4.71)

	
0.19

	
0.66 (0.25, 1.77)

	
0.41




	
Trend

	
1.06 (1.00, 1.14)

	
0.06

	
1.02 (1.01, 1.04)

	
0.014

	
1.15 (0.96, 1.39)

	
0.14

	
0.88 (0.73, 1.07)

	
0.20




	
GSAD-C

	

	

	

	

	

	

	

	




	
T1

	
Ref.

	

	
Ref.

	

	
Ref.

	

	
Ref.

	




	
T2

	
0.86 (0.62, 1.20)

	
0.38

	
0.99 (0.90, 1.10)

	
0.911

	
1.01 (0.41, 2.45)

	
0.99

	
1.29 (0.41, 4.04)

	
0.66




	
T3

	
1.08 (0.79, 1.47)

	
0.64

	
1.25 (1.13, 1.37)

	
<0.0001

	
2.08 (0.82, 5.27)

	
0.12

	
0.57 (0.21, 1.55)

	
0.27




	
Trend

	
1.06 (0.93, 1.22)

	
0.36

	
1.08 (1.03, 1.12)

	
0.001

	
1.54 (0.86, 2.74)

	
0.15

	
1.06 (0.81, 1.38)

	
0.68








1 Results from Cox proportional hazard (HR) or logistic (OR) regression models adjusted for age, sex (MAP, CHAP only), study center and randomization status (WHIMS only) and genotype platform (MAP) or PCs (CHAP, WHIMS). T1, T2, T3 indicate tertile 1, tertile 2 and tertile 3 GS scores, respectively.
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Table 5. Gene × MIND Interaction Tests 1.
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Outcome

	
Interaction Term

	
MAP

	
WHIMS

	
CHAP (White)

	
CHAP (Black)

	
Meta-Analysis




	

	

	
β (SE)

	
p

	
β (SE)

	
p

	
β (SE)

	
p

	
β (SE)

	
p

	
β (SE)

	
p






	
All-cause dementia

	
GSAD × MIND

	
−0.001 (0.01)

	
0.009

	
0.008 (0.004)

	
0.08

	
−0.02 (0.04)

	
0.63

	
0.02 (0.04)

	
0.52

	
0.007 (0.004)

	
0.07




	
GSAD-I × MIND

	
−0.009 (0.02)

	
0.67

	
−0.005 (0.006)

	
0.47

	
−0.02 (0.05)

	
0.61

	
0.08 (0.05)

	
0.13

	
−0.004 (0.006)

	
0.44




	
GSAD-C × MIND

	
0.006 (0.04)

	
0.88

	
−0.03 (0.01)

	
0.07

	
−0.07 (0.11)

	
0.51

	
0.04 (0.10)

	
0.70

	
−0.02 (0.01)

	
0.02




	
APOE × MIND

	
0.12 (0.09)

	
0.17

	
−0.13 (0.03)

	
<0.0001

	
0.42 (0.22)

	
0.05

	
−0.08 (0.33)

	
0.81

	
−0.10 (0.03)

	
0.0006




	
Alzheimer’s disease

	
GSAD × MIND

	
−0.001 (0.01)

	
0.004

	
n/a

	
n/a

	
−0.02 (0.04)

	
0.65

	
0.02 (0.04)

	
0.55

	
−0.0009 (0.009)

	
0.92




	
GSAD-I × MIND

	
−0.006 (0.02)

	
0.76

	
n/a

	
n/a

	
−0.02 (0.05)

	
0.69

	
0.08 (0.06)

	
0.12

	
−0.0002 (0.02)

	
0.99




	
GSAD-C × MIND

	
0.01 (0.04)

	
0.07

	
n/a

	
n/a

	
−0.05 (0.12)

	
0.69

	
0.04 (0.11)

	
0.72

	
0.008 (0.04)

	
0.83




	
APOE × MIND

	
0.14 (0.09)

	
0.12

	
n/a

	
n/a

	
0.44 (0.23)

	
0.05

	
−0.09 (0.34)

	
0.80

	
0.16 (0.08)

	
0.04




	
Cognitive decline

	
GSAD × MIND × time

	
0.001 (0.0008)

	
0.24

	
n/a

	
n/a

	
0.001 (0.0004)

	
0.23

	
−0.0006 (0.0005)

	
0.19

	
0.0005 (0.0003)

	
0.12




	
GSAD-I × MIND × time

	
0.0008 (0.001)

	
0.49

	
n/a

	
n/a

	
−0.0001 (0.001)

	
0.93

	
−0.002 (0.0008)

	
0.008

	
−0.0007 (0.0005)

	
0.20




	
GSAD-C × MIND × time

	
0.003 (0.002)

	
0.28

	
n/a

	
n/a

	
0.001 (0.001)

	
0.57

	
−0.003 (0.001)

	
0.016

	
−0.0006 (0.0007)

	
0.40




	
APOE × MIND × time

	
−0.002 (0.006)

	
0.69

	
n/a

	
n/a

	
0.0001 (0.003)

	
0.97

	
0.006 (0.003)

	
0.04

	
0.003 (0.002)

	
0.21








1 Results from basic models (adjusted for age and sex).
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