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1. Study recruitment, participant selection, and clinical assessments 

Study Design and Participant Selection

These data were derived from the BIOCARD study, an ongoing longitudinal cohort study designed to identify variables among cognitively normal individuals that predict subsequent development of mild to moderate symptoms of AD. The study was initiated in 1995 at the National Institutes of Health (NIH) with recruitment conducted by the staff of the Geriatric Psychiatry Branch (GPB) of the intramural program of the National Institute of Mental Health. At their initial visit, participants completed a comprehensive evaluation consisting of a physical and neurological examination, neuropsychological testing, an electrocardiogram, and standard laboratory studies. The staff of the GPB reviewed the results of the clinical and cognitive assessments and excluded participants who were judged to be cognitively impaired, as determined by the cognitive testing or by evidence of clinical symptoms based on reports by collateral sources. Participants were also excluded if they had significant medical problems such as severe cardiovascular disease (e.g., atrial fibrillation), chronic psychiatric disorders (e.g., schizophrenia, alcohol or drug abuse), or chronic neurologic disorders (e.g., epilepsy, multiple sclerosis). Five individuals did not meet the entry criteria and were excluded at baseline, leaving a total of 349 participants who were enrolled in the study and followed over time. 

The individuals enrolled in the study provided written informed consent. Participants were enrolled over time, beginning in 1995 and ending in 2005. Participants were administered an annual comprehensive neuropsychological battery and clinical assessment, and their blood, CSF, and MRI scans were obtained biennially. At baseline, participants were primarily middle aged (M = 57.3 years, SD = 10.4) and by design, approximately 75% of the cohort had a first degree relative with dementia of the Alzheimer’s type (for additional details, see Albert et al.
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). The study was stopped in 2005 for administrative reasons. In 2009, a research team from the Johns Hopkins University (JHU) was funded to re-establish the cohort and continue annual cognitive and clinical assessments, collect blood, and evaluate the previously acquired cognitive and biomarker data. In 2015, the collection of both MRI and CSF was reinitiated, amyloid imaging was begun, and the collection of additional measures including a questionnaire about engagement in lifestyle activities was initiated. This study was approved by the JHU Institutional Review Board. Data collection for this prospective cohort study is ongoing.
Clinical Assessments 

Cognitive and clinical assessments and consensus diagnoses were completed annually at both the NIH and JHU, as described previously.
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 Briefly, cognitive assessments consisted of a comprehensive battery of neuropsychological tests covering a broad range of cognitive domains. Clinical assessments included a physical and neurological examination, record of medication use, behavioral and mood assessments, family history of dementia, history of symptom onset, and a Clinical Dementia Rating (CDR) based on a semi-structured interview.
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 Participants also received consensus diagnoses by the staff of the JHU BIOCARD Clinical Core. Each case was handled in a similar manner: (1) clinical data pertaining to the medical, neurological, and psychiatric status of the individual were examined; (2) reports of changes in cognition by the individual and by collateral sources were reviewed; and (3) decline in cognitive performance based on review of longitudinal testing was established. Based on these sources of information, participants received consensus diagnoses at each annual assessment, with similar procedures being applied retroactively to visits conducted at the NIH. For individuals with evidence of cognitive impairment, the likely etiology of impairment was determined and the age at which the clinical symptoms began was estimated. The decision about the estimated age of onset of clinical symptoms was determined separately, and was based on responses from the subject and collateral source during the CDR interview regarding approximately when the relevant clinical symptoms began to develop. These consensus diagnosis procedures follow the diagnostic recommendations incorporated in the National Institute on Aging and the Alzheimer’s Association’s working group reports for the diagnosis of MCI
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 and dementia due to AD.
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2. Lifestyle questionnaire: Categorization of ‘cognitive’ and ‘social’ activities, and coding of open-ended questions

Categorization of Lifestyle Questionnaire Items 

Physical activities were divided into low and moderate-to-high intensity activities according to their Metabolic Equivalent of Task (MET) values, using MET values adjusted for older adults. Activities with MET values < 3.0 were classified as low intensity physical activities, whereas activities with MET values ≥ 3.0 were classified as high intensity physical activities (for more details, see Stewart et al.6).

Non-physical activities were categorized as either cognitive or social activities based on previous literature,
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 as shown in the below lists. 
Items classified as cognitive activities

· Use a computer
· Do woodworking, needlework, drawing, or other arts or crafts
· Attend a concert, movie, lecture, or sport event
· Play cards, bingo, or board games with other people
· Play a musical instrument
· Read
Items classified as social activities 

· Visit with friends and family
· Go to the senior center
· Do volunteer work
· Attend church or take part in church activities
· Attend other club or group meetings
· Shoot pool or billiards
Coding of Open-Ended Responses 

The lifestyle questionnaire includes one open-ended question that allows participants to self-report ‘other’ activities in which they are engaged. In the present study, responses to this question were coded and included in the composite measures of activity engagement, using the following procedure: one of the authors (YS) first classified open-ended responses into one of the four activity categories. If an activity was categorized as physical, a MET value was assigned based on either a) similarity to other activities included in the lifestyle questionnaire, or b) similarity to items listed by Ainsworth et al.11 Three of the authors (AS, CP, RB) then met as a group to review these categorizations and MET value assignments, and revised them through consensus discussion if necessary.
3. Table of baseline characteristics and reasons for exclusion of participants from the analyses
Baseline characteristics for the BIOCARD cohort as a whole and participants included in the analyses. Values reflect means (standard deviations) unless otherwise indicated. 

	
	Entire cohort
	Participants in analyses

	N
	349
	189

	Age at baseline
	57.3 (10.4)
	56.6 (8.5)

	Female sex, %
	57.6%
	60.8%

	Ethnicity, Caucasian, %
	97.1%
	97.4%

	APOE ɛ4 carriers, %
	33.6%
	33.9%

	Years of education 
	17.0 (2.4)
	17.4 (2.2)

	Paired Associates immediate recall
	20.2 (3.4)
	20.4 (3.0)

	Logical Memory delayed recall
	12.3 (4.0)
	15.4 (3.8)

	Boston Naming, % correct
	96%
	96%

	Digit-Symbol Substitution
	52.2 (11.7)
	56.0 (12.4)

	Cognitive composite score
	-0.19 (0.68)
	-0.15 (0.64)


Reasons participants were excluded from the analyses: Of the initial 349 participants in the BIOCARD cohort, 160 participants were excluded from analyses for the following reasons: (1) n = 30 participants have not yet re-enrolled in the study; (2) n = 2 participants had an estimated age of onset of clinical symptoms prior to their baseline visit, based on a semi-structured interview evaluating daily function; (3) n = 31 participants had a diagnosis of dementia at their most recent visit, and were not administered the lifestyle activities questionnaire; and (4) n = 97 participants had not yet been administered the lifestyle activities questionnaire by the time the data file was frozen (i.e., as of December, 2016).  
4. Correlations among lifestyle activity variables  

Correlations among the lifestyle activity engagement measures were assessed with Pearson’s r.
	
	Low intensity physical, caloric expenditure
	High intensity physical, caloric expenditure
	Low intensity physical, frequency
	High intensity physical, frequency
	Cognitive, frequency
	Social, frequency
	Total engagement, number

	Low intensity physical, caloric expenditure
	-
	.33 ***
	.63 ***
	.25 ***
	.01
	.18 *
	.27 ***

	High intensity physical, caloric expenditure
	-
	-
	.14 
	.77 ***
	.12
	.05 
	.55 ***

	Low intensity physical, frequency
	-
	-
	-
	.28 ***
	.08
	.22 **
	.34 ***

	High intensity physical, frequency
	-
	-
	-
	-
	.16 *
	.04 
	.63 ***

	Cognitive, frequency
	-
	-
	-
	-
	-
	.23 **
	.17 *

	Social, frequency
	-
	-
	-
	-
	-
	-
	.19 *


* p < .05; ** p < .01, *** p ( .001  
5. Cross-sectional relationships of lifestyle activities to demographic and genetic variables 
Engagement in lifestyle activities did not differ by diagnosis (all p > .13) or APOE-4 genetic status (all p > .17). Younger age was associated with higher measures of frequency of engagement and caloric expenditure in high intensity physical activities (both ( > -0.14, both p ≤ .05), frequency of engagement in cognitive activities (( = -0.22, p = .004), and total engagement in all activities (( = -0.18, p = .03). Male sex and higher baseline CR were associated with higher frequency of engagement in cognitive activities (( = 0.48, p = .001 and ( = 0.19, p = .01, respectively). The beta weights (SE) for the individual models are shown in the table below. 
	Model predictor
	Low intensity physical, frequency
	High intensity physical, frequency
	Low intensity physical, calories
	High intensity physical, calories
	Cognitive, frequency
	Social, frequency
	Total engagement, number

	Age at questionnaire
	-0.06 (0.079)
	-0.15 (0.079) *
	-0.13 (0.079) #
	-0.16 (0.079) *
	-0.22 (0.075) **
	0.10 (0.079)
	-0.18 (0.079) *

	Sex, male
	-0.25 (0.154) #
	0.22 (0.154)
	-0.26 (0.154) #
	0.22 (0.154)
	0.48 (0.146) ***
	-0.04 (0.154)
	0.17 (0.154)

	Cognitive reserve
	0.12 (0.079)
	-0.02 (0.08)
	0.13 (0.08)
	0.03 (0.08)
	0.19 (0.076) **
	0.01 (0.08)
	-0.04 (0.08)

	Diagnosis
	0.34 (0.227)
	0.03 (0.228)
	0.21 (0.228)
	-0.08 (0.227)
	-0.27 (0.216)
	-0.19 (0.228)
	-0.10 (0.228)

	APOE-4 
	-0.18 (0.156)
	-0.06 (0.157)
	-0.19 (0.156)
	-0.21 (0.156)
	0.02 (0.149)
	-0.03 (0.157)
	-0.07 (0.157)


# p ( .10; * p ( .05; ** p ( .01, *** p ( .001

6. Sensitivity analyses including baseline vascular risk 
Comorbidities, including vascular risk factors such as hypertension and diabetes, may impact trajectories of cognitive decline. To address this, we calculated a dichotomous vascular risk score reflecting self-reported presence of diabetes and hypertension at baseline (vascular risk = 1 if either diabetes or hypertension was present; otherwise 0). Vascular risk data were available on a subset of the individuals included in the primary analyses (n = 174/N = 189). As shown in the table below, baseline vascular risk was relatively low overall. Individuals who progressed to MCI were more likely to have a vascular risk score of 1 (logistic regression, estimate = 0.12, p = .02), though this difference was not significant with adjustment for age and sex (logistic regression, estimate = 0.06, p = .26). 
	
	Remain normal

(n = 153)
	Progressed to MCI

(n = 21)

	N (%) with vascular risk score = 1 
	16 (10.5%)
	4 (19.0%)

	N (%) with diabetes 
	3 (2.0%)
	0 (0.0%)

	N (%) with hypertension
	15 (9.8%)
	4 (19.0%)

	N (%) with hypertension and diabetes
	2 (1.3%)
	0 (0.0%)


We ran two sets of sensitivity analyses in which we re-ran the primary models described in the manuscript with the following additional predictors: vascular risk score and vascular risk score x time. 

Set I: Longitudinal relationships of current lifestyle activity engagement to prior cognitive trajectories. The first set of models examined the association between engagement in lifestyle activities and prior cognitive trajectories (i.e., the models for lifestyle variable x time). There were no main effects of the vascular risk score (all p > .71) and no vascular risk score x time interactions (all p > .20); this likely reflects the low level of vascular risk in this sample, as measured by the vascular risk score described above. With these additional terms included in the model, there were no lifestyle variable x time interactions (all p > .20). 
Set II: Longitudinal analyses testing whether diagnosis modifies the association between current lifestyle activity engagement and prior cognitive trajectories. The second set of models examined whether diagnosis modifies the relationship between engagement in lifestyle activities and prior cognitive trajectories (i.e., the models for diagnosis x lifestyle variable x time). There were no main effects of the vascular risk score (all p > .64) and no vascular risk score x time interactions (all p > .22). With these additional terms included in the model, the pattern of results was similar to those reported in the manuscript. The associations between engagement in lifestyle activities and prior cognitive trajectories differed by diagnosis, as indicated by significant diagnosis x lifestyle variable x time interactions for frequency of engagement in low and high intensity physical activities, and for total engagement in all activities; the effect for social activities approached significance (p = .07) (top portion of table below). In post hoc models run separately by diagnostic group, among participants who progressed to MCI, significant lifestyle variable x time interactions indicated that higher engagement in physical activities, and higher total engagement in all activities, were associated with less decline in prior cognitive performance (bottom portion of table below). In contrast, lifestyle activity engagement did not modify prior cognitive trajectories among cognitively normal participants (all p > .28; results not shown).
Note that the reduced sample size of these models may have affected the strength of the association for some of the interaction terms. Additionally, although we examined the potential impact of some vascular risks, we acknowledge that these analyses do not comprehensively examine other potential risk factors, such as obesity and smoking, which may also impact rates of cognitive decline and/or levels of engagement in lifestyle activities. Future studies are therefore needed in order to examine the impact of a more comprehensive vascular risk score, the impact of changes in these comorbidities over time, and whether vascular comorbidities differentially modify level of engagement in lifestyle activities and cognitive trajectories.
	Model predictor
	Low intensity physical, frequency
	High intensity physical, frequency
	Cognitive, frequency
	Social, frequency
	Total engagement, number

	All participants 
	
	
	
	
	

	Vascular risk score
	0.04 (-0.23, 0.32)
	0.06 (-0.22, 0.33)
	0.05 (-0.23, 0.32)
	0.03 (-0.25, 0.30)
	0.06 (-0.21, 0.33)

	Vascular risk score x time
	-0.04 (-0.13, 0.05)
	-0.05 (-0.13, 0.04)
	-0.04 (-0.12, 0.05)
	-0.04 (-0.12, 0.05)
	-0.05 (-0.13, 0.04)

	Diagnosis x lifestyle variable x time 
	0.02 (0.004, 0.04) *
	0.04 (0.02, 0.07) ***
	0.02 (-0.01, 0.06)
	0.02 (-0.001, 0.04) #
	0.03 (0.008, 0.04) **

	MCI only
	
	
	
	
	

	Vascular risk score 
	0.09 (-0.76, 0.95)
	0.15 (-0.70, 1.00)
	-
	-0.06 (-0.89, 0.78)
	0.16 (-0.63, 0.96)

	Lifestyle variable 
	0.03 (0.001, 0.06) #
	0.02 (-0.001, 0.05) #
	-
	0.02 (-0.01, 0.05)
	0.02 (-0.002, 0.05)

	Vascular risk score x time
	-0.23 (-0.60, 0.14)
	-0.22 (-0.59, 0.14)
	-
	-0.20 (-0.55, 0.16)
	-0.21 (-0.55, 0.14)

	Lifestyle variable x time
	0.03 (0.00, 0.05) #
	0.04 (0.02, 0.06) **
	-
	0.01 (-0.01, 0.04)
	0.03 (0.008, 0.04) *


# p ( .10; * p ( .05; ** p ( .01, *** p ( .001
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