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Abstract

Introduction: Physical activity (PA) is prospectively inversely associated with dementia risk, but 

few studies examined accelerometer measures of PA and sitting with rigorously-adjudicated MCI 

and dementia risk.

Methods: We examined the associations of accelerometer measures (PA and sitting) with 

incident MCI/probable dementia in the Women’s Health Initiative (n=1,334; mean age=82±6 

years)

Results: Over a median follow-up of 4.2 years, 267 MCI/probable dementia cases were 

identified. Adjusted Cox regression HRs (95% CI) across moderate-to-vigorous PA (MVPA) 
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minutes/day quartiles were 1.00 (reference), 1.28 (0.90–1.81), 0.79 (0.53–1.17), and 0.69 (0.45–

1.06); P-trend=0.01. Adjusted HRs (95% CI) across steps/day quartiles were 1.00 (reference), 0.73 

(0.51–1.03), 0.64 (0.43–0.94), and 0.35 (0.22–0.58); P-trend<0.001. The HR (95% CI) for each 

1-SD increment in MVPA (31 minutes/day) and steps/day (1,865) were 0.79 (0.67–0.94) and 0.67 

(0.54–0.82), respectively. Sitting was not associated with MCI/probable dementia.

Discussion: Findings suggest ≥moderate intensity PA, particularly stepping, associates with 

lower MCI and dementia risk.
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INTRODUCTION

The number of Americans with dementia is estimated to approximately double from ~5.3 

million in 2019 to 10.5 million in 2050. [1] Data from the Framingham Heart Study suggests 

that the lifetime risk of dementia among older women is 24.6%, compared to 15.5% for 

older men. [2,3] Given that dementia neuropathology begins 20 or more years before 

symptom onset, early invention for delaying or preventing cognitive decline and dementia 

for older adults is essential. [3,4]

The National Academy of Sciences, Engineering, and Medicine identified physical activity 

(PA) as one of three promising intervention targets for cognitive decline and dementia 

including Alzheimer’s disease (AD) and related dementias (ADRD). [5] Sedentary behavior 

(SB), defined as waking behavior involving sitting or reclining with low energy expenditure 

(<1.5 metabolic equivalents), is associated with cardiovascular disease (CVD) and mortality 

independent of PA and therefore could be an additional target for delaying or preventing 

cognitive decline and dementia. [6–9] However, much of the currently published literature 

on the associations of PA and SB with cognitive decline and dementia is based on self-

reported measures. [10,11] Accelerometry more accurately and more completely captures 

ambulatory movement, particularly light intensity PA (LPA) and SB patterns among older 

adults. [12] In the UK Biobank population-based cohort study, higher device-measures of 

moderate-to-vigorous (MV) PA (MVPA) and LPA were inversely prospectively associated 

with lower risk of incident ICD-classified dementia risk. [13] Those with ≥ ~6,000 

metabolic equivalent (MET) minutes/week of LPA had a 40% lower risk of dementia 

compared to those with ~4,424 MET minutes/week of LPA. [13] These findings warrant 

replication in cohorts followed carefully for incident mild cognitive impairment (MCI) and 

dementia among women for whom dementia burden is high. Additionally, few studies have 

examined the associations of alternative PA metrics (e.g., steps/day) with MCI and dementia.

In the present study among older ambulatory community-living women, we hypothesized 

that: (1) higher amounts of accelerometer-measured PA and lower amounts of 

accelerometer-measured sitting would be associated with lower risk of MCI and probable 

dementia; (2) the shapes of these associations would be linear, and (3) these associations 
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would be consistent in magnitude across age, BMI, physical functioning, APOE ε4 carrier 

status (0 or ≥1 ε4 allele), and CVD risk factor profile.

METHODS

Study Population

The Women’s Health Initiative (WHI) is a prospective study of morbidity and mortality 

among 161,808 US postmenopausal women aged 50–79 years enrolled in the WHI Clinical 

Trial Studies or Observational Study from 1993–1998 across 40 sites. [14] The WHI 

Memory Study (WHIMS), ancillary to the WHI Hormone Trial among 27,347 women, 

was designed to investigate the effect of estrogen therapy on incident dementia risk starting 

in June 1995. Details about WHIMS design and data collection procedures are published. 

[15,16] The Objective Physical Activity and Cardiovascular Health (OPACH) Study, also 

ancillary to WHI, collected accelerometry data from 6,489 ambulatory community-living 

women aged 63 years and older at baseline in May 2012-April 2014. Details about OPACH 

design and data collection procedures are published. [17]

The study sample consisted of 1,346 women enrolled in both WHIMS and OPACH with 

adherent accelerometer wear (≥1 day with ≥10 hours of wear). [18] At OPACH baseline, 

59 women had WHIMS-ascertained MCI, 12 had probable dementia, and 69 had MCI or 

probable dementia. The final analytic samples consisted of 1,287 women free of MCI, 1,334 

women free of probable dementia, and 1,277 women free of MCI or probable dementia. Of 

these women, 96.9% had ≥4 adherent accelerometer wear days.

Consent statement

The Fred Hutchinson Cancer Research Center approved the present study protocols and all 

women provided informed consent in writing or by phone.

MCI and probable dementia ascertainment

The outcomes examined were incident MCI, probable dementia, and combined MCI/

probable dementia from May 2012 through May 2020. We additionally examined combined 

MCI/probable dementia as an endpoint as both are stages on the continuum of cognitive 

decline. Prior to the start of OPACH, WHIMS administered an annual multi-stage clinical 

evaluation of participants’ cognitive functioning followed by independent review and 

adjudication by a panel of experienced clinicians to identify MCI and probable dementia 

cases. [15] Beginning in 2008, annual cognitive assessments were conducted by telephone 

using a validated cognitive battery. [19] For women who scored below age and education 

adjusted cutpoints on the Telephone Interview for Cognitive Status-modified, a telephone 

interview with a pre-identified proxy respondent was conducted using the Dementia 

Questionnaire. [20] All participant data were reviewed by a centralized adjudication panel of 

experts who assigned participants to outcome classifications of no impairment, MCI based 

on Petersen’s criteria, or probable dementia based on the Diagnostic and Statistical Manual 

of Mental Disorders, 4th Edition criteria. [21,22]
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Accelerometer measures of PA and SB

In OPACH, the ActiGraph GT3X+ was worn over the right hip secured with a belt for 24 

hours/day, except when bathing or swimming, for up to 7 consecutive days. The 30 Hz data 

were aggregated into 15-second epochs using ActiLife version 6 software and periods of 

accelerometer non-wear were identified for removal using the Choi algorithm. [23] Sleep 

time was removed using participants’ self-reported in-bed and out-of-bed times from sleep 

diaries concurrent with accelerometer wear.

We applied OPACH Calibration Study vector magnitude-based cutpoints to define LPA (19–

518 counts/15 seconds) and MVPA (≥519 counts/15 seconds). [24] We used the normal 

frequency (i.e., default) filter to process GT3X+ data to classify steps. Steps/day were 

determined by calculating steps for each 15-second epoch using ActiLife’s proprietary 

algorithm and dividing the total number of steps by the number of adherent wear days. 

[17,25] A systematic review suggested that the GT3X+ has good criterion validity. [26] 

Steps/day are a straightforward metric of movement that can be clearly translated into public 

health recommendations. [27] Light intensity steps/day were those taken during 15-second 

epochs assigned to LPA while MV steps were those taken during 15-second epochs assigned 

to MVPA.

SB, measured as sitting time (ST; minutes/day) and mean sitting bout duration (MSBD; 

minutes), were classified using the Convolutional Neural Network Hip Accelerometer 

Pattern (CHAP) algorithm. [28] Briefly, the CHAP algorithm was developed on 709 

older adults in the Adult Changes in Thought study who concurrently wore a GT3X+ 

secured over the hip with an elastic belt and an activPAL micro3 inclinometer on the 

thigh which served as the criterion sitting measure. [28] A machine-learning model 

architecture extracted GT3X+ features for identifying sitting, refined these features 

by considering neighboring time-points and likely sequence of events, and converted 

the extracted features to a final classification of sitting or non-sitting. [28] The 

CHAP algorithm has high agreement with the activPAL micro3 for classifying minute-

level sitting (sensitivity=97.1%, specificity=88.6%, balanced accuracy=92.9%) and sit-to-

stand transitions (sensitivity=83.2%, positive predictive value=82.9%), outperforming the 

commonly used ActiGraph cutpoint of <100 counts/minute on the vertical axis for SB. [28]

Covariates

All covariates were measured at OPACH baseline. Questionnaires ascertained age, self-

identified race and/or ethnicity (Black, Hispanic/Latina, or White), education (≤high school 

equivalent, some college, or college graduate), alcohol consumption in the past 3 months 

(non-drinker, <1 drink/week, ≥1 drink/week, or unknown), current smoking status, and 

history of vision or hearing impairment. Physical functioning was measured using the 

RAND-36 questionnaire, which ranged from 0–100 with higher scores indicating higher 

physical functioning. [29] History of diabetes and hypertension were determined by self-

report of physician diagnosis with medication use reported by the participant at OPACH 

baseline. [14] Trained study staff measured weight with a bathroom scale, height with 

a tape measure, and collected fasting (12 hour) blood samples. BMI was calculated as 

kg/m2. Systolic blood pressure (SBP) was recorded as the average of 2 measures using 
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an aneroid sphygmomanometer. CRP and total and HDL cholesterol were measured using 

standardized Clinical Laboratory Act-approved methods. [30] The Reynolds Risk Score 

(RRS), a summary measure of CVD risk, was calculated using age, smoking, diabetes, 

SBP, CRP, total and HDL cholesterol, and family history of myocardial infarction. [31] 

Apolipoprotein E (APOE) ε4 carrier status (0 or ≥1 ε4 allele) was based on two single 

nucleotide polymorphisms, rs429358 and rs7412, which were imputed and harmonized 

across WHI genome-wide association studies using the 1000 Genomes Project reference 

panel and MaCH algorithms. [32]

Statistical analysis

All statistical analyses used R 4.1.3 in RStudio 1.3.1093 (https://rstudio.com/). Means 

and standard deviations (SD) or counts and proportions were calculated and compared 

across quartiles of steps/day using F-tests for continuous variables or chi-square tests for 

categorical variables. Pearson correlations between accelerometer measures were examined.

Adjusted hazard ratios (HR) and corresponding 95% confidence intervals (95% CI) for 

MCI and dementia were calculated using multivariable Cox proportional hazards regression 

models across quartiles and in 1-standard deviation increments of PA and sitting measures. 

Follow-up time was the number of days from OPACH baseline to the first occurrence of 

MCI or probable dementia, or the date of the last obtained annual medical update for which 

the participant was free of MCI and probable dementia. Trend tests across PA and SB 

exposure categories were calculated by replacing the exposure quartile variable in the model 

with the continuous variable. We tested the proportional hazards assumption by inspecting 

Schoenfeld residuals. Models were progressively adjusted for confounders and mediators 

selected from prior studies of PA and dementia. [13,33,34] Model 1 adjusted for age, race 

and ethnicity, and education. Model 2 additionally contained alcohol use, smoking status, 

diabetes, hypertension, RAND-36 physical functioning score, APOE ε4 carrier status, and 

BMI. We calculated linear trend tests in Cox models by modeling accelerometer measures 

as continuous variables. Kaplan-Meier survival curves were estimated for each cognitive 

outcome across quartiles of PA and SB measures. The linearity of associations for PA and 

SB measures was evaluated using restricted cubic splines with knots at the 10th, 50th, and 

90th percentiles using the rms package in R and chi-squared tests for nonlinearity were 

performed. To evaluate consistency of associations, we carried out stratified analysis across 

age (<83 years, ≥83 years; median split), BMI (<30 kg/m2, ≥30 kg/m2), RAND-36 physical 

functioning (<75, ≥75), RRS (<12.2, ≥12.2; median split), and APOE ε4 carrier status 

and evaluated effect modification using cross-product terms between continuous PA or SB 

measures and stratification variables. Nominal p-values were presented for all tests. A total 

of 75 tests were performed; thus, 4 tests would be expected to have a p-value <0.05 based 

on chance. We imputed missing covariate data for women with accelerometry and APOE ε4 
data using multiple imputation by chained equations (MICE) using the mice package for 100 

imputations and 5 iterations, specifying all covariates.

In sensitivity analyses, we additionally adjusted for self-reported vision and hearing 

impairment. We repeated the quartile models excluding data from women without ≥4 days 

of adherent accelerometer wear. To evaluate potential reverse causation, we repeated the 

Nguyen et al. Page 5

Alzheimers Dement. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://rstudio.com/


quartile models excluding outcome events that occurred during the first two years of follow-

up. To account for the competing risk of death, as individuals who died were assumed to 

be at risk of MCI or probable dementia, we repeated the quartile models using the Fine and 

Gray method for competing risks. [35]

RESULTS

Study population characteristics

On average, women had approximately 3,216 steps/day, 276 minutes/day in LPA, 45.5 

minutes/day in MVPA, 633 minutes/day in ST, and an MSBD of approximately 14 minutes 

(Table 1). Across incremental quartiles of steps/day, women were younger, more likely to 

have a higher education, less likely to smoke, more likely to consume alcohol, had a lower 

BMI, had higher RAND-36 physical functioning scores, were less likely to have diabetes 

and hypertension, had a more favorable Reynolds CVD risk score, and had higher LPA and 

MVPA and lower ST and MSBD (Table 1). The Pearson correlations between steps/day and 

MVPA, LPA, ST, and MSBD were 0.78, 0.42, −0.53, and −0.44, respectively (Figure S1).

Associations of accelerometer measures of PA and SB with incident MCI and dementia

Over a median follow-up of approximately 4.2 years (interquartile range=2.1–6.3 years) 

there were 167 (13%) incident MCI, 161 (12%) incident dementia, and 267 (21%) combined 

incident MCI/probable dementia events. Unadjusted incidence rates for MCI, dementia, and 

MCI/probable dementia were lower across incremental quartiles of MVPA and steps/day, 

and generally similar across incremental quartiles of LPA, ST and MSBD (Table 2). No 

violations of the proportional hazards assumption were observed in the Cox proportional 

hazards models.

Higher MVPA and steps/day were associated with lower adjusted risks of incident MCI, 

probable dementia, and MCI/probable dementia (Table 2). The model 2A HRs (95% 

CI) comparing women with MVPA in the highest quartile to those with MVPA in the 

lowest quartile were 0.64 (0.36–1.13; p-trend=0.047) for incident MCI, 0.79 (0.45–1.37; 

p-trend=0.189) for incident probable dementia, and 0.69 (0.45–1.06; p-trend=0.009) for 

MCI/probable dementia (Table 2). Associations for steps/day were stronger with HRs (95% 

CI) comparing women in the highest vs lowest quartiles of 0.36 (0.20–0.66; p-trend=0.006) 

for incident MCI, 0.48 (0.26–0.87; p-trend=0.008) for incident probable dementia, and 

0.38 (0.23–0.61; p-trend<0.001) for incident MCI/probable dementia (Table 2). When 

distinguishing step intensity, higher amounts of MV steps/day were associated with lower 

risk of MCI and MCI/probable dementia, but not probable dementia alone (Table 2). LPA, 

sitting, MSBD, and higher amounts of light intensity steps/day were not significantly 

associated with risk of MCI, probable dementia, or MCI/probable dementia (Table 2). 

Further adjustment for vision and hearing impairment did not appreciably change results 

(data not shown).

Dose-response trajectories derived using cubic spline regressions were linear for all PA and 

sitting measures for incident MCI, dementia, and MCI/dementia (all P-nonlinear>0.081; 

Figure 1 and Figure S2). Higher amounts of MVPA were linearly associated with lower risk 
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of MCI, probable dementia, and MCI/probable dementia (Figure 1). Results for steps/day 

were consistent in direction and stronger in magnitude than for MVPA. Kaplan-Meier 

curves indicated a steeper gradient in the probability of no probable dementia for MVPA 

and steps/day quartiles but not for LPA, ST, and MSBD quartiles, which was similar for 

MCI and MCI/probable dementia (Figures 2, S3, and S4). The overall HR (95% CI) the 

interquartile range of MVPA (38 minutes/day) was 0.76 (0.58–1.00) for MCI, 0.83 (0.63–

1.09) for probable dementia, and 0.75 (0.61–0.93) for MCI/probable dementia (Tables 3, S4, 

and S5). The overall HR (95%) for the interquartile range increment in steps (2163/day) was 

0.65 (0.47–0.88) for MCI, 0.67 (0.50–0.90) for probable dementia, and 0.62 (0.49–0.79) for 

MCI/probable dementia (Tables 3, S4, and S5).

Results from sensitivity analyses that restricted the analytic sample to women with ≥4 days 

of ≥10 hours/day of accelerometer wear were consistent in direction and magnitude with 

those from main analyses (Table S1). In sensitivity analyses evaluating reverse causation 

where events from the first 2 years of follow-up were excluded (35 MCI, 43 probable 

dementia, and 64 MCI/probable dementia events) results were consistent in direction and 

magnitude with those in the main analyses (Table S2). In sensitivity analyses that accounted 

for the competing risk of death (n=234, 243, and 226 for incident MCI, probable dementia, 

or MCI/probable dementia, respectively) results were generally consistent in magnitude and 

direction with those from the main analyses except for MVPA, which was consistent in 

direction to the main analyses (Table S3).

Effect modification of associations of accelerometer measures with incident mild cognitive 
impairment and probable dementia

In stratified analyses, higher amounts of MVPA and steps/day were consistently 

associated with lower risk of incident probable dementia (Table 3), MCI (Table S4), 

and MCI/probable dementia (Table S5) across most subgroups, except for the MVPA-

probable dementia association, which was non-significant. The steps/day-probable dementia 

association was stronger among women with a RAND-36 physical functioning score of 

less than 75 (HR=0.47, 95% CI=0.28–0.80) compared to those with a score of 75 or 

higher (HR=0.72, 95% CI=0.49–1.05; P-interaction=0.016; Table 3). The MVPA-probable 

dementia association was stronger among women with an RRS of less than 12.2 (HR=0.72, 

95% CI=0.46–1.11) compared to those with an RRS of 12.2 or greater (HR=0.88, 95% 

CI=0.58–1.34; P-interaction=0.049; Table 3). Otherwise, no evidence of effect modification 

by age, BMI, RAND-36 physical functioning, RRS, or APOE ε4 alleles for the associations 

of LPA, sedentary time, and MSBD with incident probable dementia was observed. Results 

were consistent with those from complete case analysis (Tables S6 for MCI, S7 for probable 

dementia, and S8 for MCI/probable dementia).

DISCUSSION

In this prospective study of older ambulatory community living women, higher amounts of 

MVPA and steps/day were associated with lower risk of rigorously adjudicated MCI and 

probable dementia. Compared to women with less than 23 MVPA minutes/day, those with 

at least 61 minutes/day had a 36% lower risk of MCI, 21% lower risk of probable dementia, 
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and 31% lower risk of MCI/probable dementia independent of several relevant covariates 

including physical functioning, BMI, APOE ε4, and CVD risk. Compared to women with 

less than 1,867 steps/day, those with at least 4,050 steps/day had a 64% lower risk of 

MCI, 52% lower risk of probable dementia, and 63% lower risk of MCI/probable dementia 

independent of covariates. LPA, ST, and MSBD were not associated with MCI or probable 

dementia risk. The inverse multivariable-adjusted associations of MVPA and steps/day with 

risk of MCI and probable dementia were consistent across cohort subgroups defined by 

age, BMI, physical functioning, and CVD risk profile, enhancing confidence in the primary 

findings in the overall cohort.

The present study results have clinical and public health relevance as there is little published 

information on the amount and intensity of PA needed for a lower dementia risk. Much 

of older adults’ movement occurs during daily living activities, which is mainly LPA and 

some MVPA. [36] The present study results showed that higher amounts of accelerometer-

measured MVPA and steps were associated with lower risk of MCI and probable dementia. 

The present findings for steps/day are noteworthy because steps are recorded by a variety of 

wearable devices increasingly worn by individuals and could be more readily adopted than 

measures of MVPA volume. [37] Overall, the present study results suggest that more MVPA 

and steps/day can be encouraged for benefits against MCI and dementia.

Much of the current literature on the associations of PA with dementia is based on self-

reported PA data. [4,5,38] In the Atherosclerosis Risk in Communities Study, those with 

high self-reported leisure-time PA had a lower risk of adjudicated dementia (HR=0.71, 95% 

CI=0.61–0.86) relative to those with no leisure-time PA. [33] Conversely in the Whitehall 

II Study, ADRD risk was not lower for participants with high versus low self-reported 

LPA (0.98, 95% CI=0.73–1.30) or MVPA (HR=1.08, 95% CI=0.82–1.41). [39] In the 

Honolulu Heart Study, those who reported walking less than 0.25 miles/day had a higher 

risk of dementia compared to those with >2.0 miles/day (HR=1.93, 95% CI=1.11–3.34). 

[40] However, self-reported PA and SB measures are at best moderately correlated with 

accelerometer measures and do not capture the same behaviors or amounts. [12] Few 

studies have examined accelerometer-measured PA in relation to cognitive outcomes. In 

the REGARDS study, based on data from hip-worn Actical accelerometers, those with 

MVPA in higher quartiles had lower odds of cognitive impairment (quartile 2 vs quartile 

1 odds ratio=0.64, 95% CI=0.48–0.84), consistent in direction to the present study. [41] 

In the UK Biobank, participants with at least 1200 MET/min/week of MVPA had an 

84% lower risk (HR 95% CI=0.12–0.21) of all-cause dementia relative to those with 

<300 MET/min/week of MVPA, consistent in direction to and stronger in magnitude than 

the present study results. [13] Another study in the UK Biobank observed a non-linear 

positive prospective steps/day-dementia association with the lowest risk observed for 9,826 

steps/day (HR=0.49, 95% CI=0.39–0.62), consistent in direction with the present study. 

In the UK Biobank, accelerometers (Axivity AX3) were worn on the wrist, potentially 

capturing more non-ambulatory movement than hip-worn accelerometers. Also, dementia 

was classified using ICD-10 codes from electronic medical records, which have been shown 

to underestimate dementia cases compared to serial cognitive assessments with rigorous 

adjudication, potentially explaining differences in estimates of associations compared to the 

present study, particularly for LPA. [13,15,42,43] The present study extends the published 
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literature by showing that higher amounts of hip-worn accelerometer-measured MVPA and 

steps/day are significantly associated with a lower risk of rigorously adjudicated MCI and 

probable dementia among older community-living women. Importantly, we also showed that 

these associations were consistent in direction among women with both high and lower 

physical functioning, as results in the English Longitudinal Study of Aging showed that 

higher physical functioning measured in walking tests is itself prospectively associated with 

lower dementia risk. [44] The strong inverse associations for steps/day could be due to the 

GT3X+ normal frequency filter underestimating steps taken at lower speed (i.e., intensity). 

The GT3X+ low frequency filter captures more steps taken at lower speeds; however, a 

2015 study observed large differences in step counts between the normal and low frequency 

filters; thus, we did not process the GT3X+ steps data using the low frequency filter. [45]

The adverse direction of the LPA-MCI association is unlikely to be causal, lacks biological 

plausibility, could be due to chance as indicated by the HR 95% CIs, and requires replication 

in other studies. [13] In OPACH, much of the movement women engaged in was during 

daily living activities, which is mainly composed of LPA with some MVPA. [46] It 

is possible that the present findings for the non-significant adverse direction LPA-MCI 

association could be attributable to changes in behavior associated with agitation resulting in 

increased time spent in daily living activities prior to MCI classification. [47] Importantly, 

we did not observe any indication of an association between LPA and dementia. Further 

studies are needed to examine and characterize the relationship between LPA and dementia.

Few studies have examined SB in relation to MCI and dementia. In the UK Biobank, 

higher amounts of self-reported sedentary time were associated with higher risk of ICD-10 

classified dementia and lower cortical brain volumes. [48] The present study contributes 

information to this gap by showing that higher amounts of accelerometer-measured ST and 

MSBD were not associated with higher MCI or probable dementia risk. Overall, the present 

study contributes important novel information on device-measured PA and sitting in relation 

to MCI and probable dementia among older women, which is desperately needed as part of 

an evolving evidence-base aimed at delaying or preventing ADRD in an aging society.

Several biological mechanisms could explain the present study results. Higher PA amounts 

and intensities can improve cardiorespiratory fitness, which in turn is associated with lower 

white matter lesion volume and larger brain volume. [49,50] Accelerometer-measured 

PA is favorably associated with vascular risk factor profiles, suggesting contributions 

to better cerebral blood flow and lower neuroinflammation levels relevant to dementia 

and its subtypes including vascular dementia. [50,51] A 12-month randomized moderate 

intensity walking intervention among older adults increased serum concentrations of brain-

derived neurotrophic factor and improved executive function. [52] Sitting is associated with 

unfavorable cardiometabolic risk factors including waist circumference and insulin, which 

could result in higher dementia risk in part through CVD. [50,53,54] However, certain 

activities that involve sitting (e.g., completing puzzles and reading) could be cognitively 

stimulating and result in brain structure improvements. [5,55] These mechanisms could have 

contributed to the null associations for ST and MSBD in the present study. Few studies 

have examined the associations of PA and SB with early AD pathologic markers such as 

amyloid-beta species and tau protein, and findings are equivocal. [56] Additional research 
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is warranted to better understand how PA and SB influence the heterogenous mechanisms 

involved in the pathogenesis of MCI, dementia, and dementia subtypes.

We note several limitations in the present study. Accelerometer measures of PA and sitting 

were collected during older adulthood and the median follow-up was short at 4.2 years, 

precluding a thorough evaluation of reverse causality. [57] Dementia neuropathology may 

predate cognitive symptoms by up to 20 years and data from Whitehall II suggested that PA 

levels declined as early as 10 years before clinical dementia presentation. [39,58] Although 

results from sensitivity analyses that excluded outcome events during the first 2 years of 

follow-up were consistent with those from the main analyses, the possibility of reverse 

causality cannot be fully ruled out. Dementia subtypes (AD, vascular, other) were not 

classified in WHIMS after 2007, precluding specific examination of associations of PA 

and sitting with AD. However, AD is the most common cause of dementia, accounting 

for an estimated 60–80% of dementia cases and many individuals with AD have mixed 

dementia. [3] There were few Black and Hispanic/Latina women. It is crucial that future 

studies include populations who disproportionately bear the burden of cognitive decline and 

dementia. [3] The relatively small sample size in the present study resulted in wide HR 95% 

CIs and limited power to detect multiplicative interactions in analyses of effect modification. 

Unmeasured and residual confounding (e.g., self-reported measures of alcohol use and 

smoking, and clinical conditions) cannot be eliminated in observational studies. Women 

wore accelerometers for ~7 days, which might not fully capture usual movement and sitting 

for all women. Strengths of the present study include annual cognitive surveillance with 

rigorously adjudicated cognitive outcomes in WHIMS and accelerometer measures of free-

living PA and sitting in tandem with the application of calibrated cutpoints to classify LPA 

and MVPA in OPACH, which few studies have available. Extensive health data is available 

in WHI, allowing for adjustment of several relevant covariates including APOE ε4 and 

physical functioning. We used MICE to impute missing covariate data to reduce the impact 

of selection bias and enhance the precision of study results.

The present study showed that higher amounts of MVPA and steps/day were associated 

with lower incident MCI and MCI/probable dementia risk among community-living older 

women. Larger studies with accelerometer measures, adjudicated cognitive outcomes, and 

long follow-up periods are needed to further investigate PA and SB in relation to ADRD, 

underlying neuropathology, and possible bi-directional associations between PA and brain 

aging. [59] As we learn more, it is prudent to recommend higher amounts of at least 

moderate intensity movement and steps for a lower MCI or probable dementia risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Few studies have examined accelerometer-measured physical activity, 

including steps, and sitting with incident ADRD.

• Moderate-to-vigorous physical activity and steps, but not light physical 

activity or sitting, were inversely associated with lower ADRD risk.

• Among older women, at least moderate intensity physical activity may be 

needed to reduce ADRD risk
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RESEARCH IN CONTEXT

Systematic review:

The authors reviewed the current literature on the associations of accelerometer measures 

of physical activity (PA) and sedentary behavior (SB) with Alzheimer’s disease and 

related dementias (ADRD) using PubMed. Only two studies were identified, where 

higher amounts of wrist-worn accelerometer-measures of PA and steps were associated 

with lower risk of ICD-10 defined ADRD. These findings merit replication in a cohort 

followed carefully for incident adjudicated mild cognitive impairment and dementia. No 

studies have prospectively examined accelerometer measures of sitting in relation to 

ADRD.

Interpretation:

Findings show that among older women, moderate-to-vigorous intensity PA, in 

particularly stepping, is inversely associated with risk of incident mild cognitive 

impairment (MCI) and probable dementia. Light PA and sitting were not associated with 

MCI or probable dementia risk.

Future directions:

Future prospective studies of accelerometer-measured PA and SB with ADRD among 

racially and ethnically diverse study populations and longer follow-up are warranted.
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Figure 1. 
Continuous dose-response associations of accelerometer-measures of MVPA, steps/day, 

LPA, sitting time, and mean sitting bout duration with incident MCI, probable dementia, 

and combined MCI or probable dementia.

Abbreviations: HR=hazard ratio; LPA=light intensity physical activity; MVPA=moderate-to-

vigorous intensity physical activity; MSBD=mean sitting bout duration. MCI=mild cognitive 

impairment; BMI=body mass index

Models adjusted for age, race and ethnicity, education, alcohol consumption, smoking status, 

diabetes, hypertension, RAND-36 physical functioning, BMI, and APOE ε4 carrier status. 

Results were trimmed at the 1st and 99th percentiles. The reference was set to the 10th 

percentile
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Figure 2. 
Kaplan-Meier curves for incident probable dementia across quartiles of moderate-to-

vigorous physical activity (MVPA), steps/day, light intensity physical activity (LPA), sitting 

time (ST) and mean sitting bout duration (MSBD).

Abbreviations: HR=hazard ratio; CI=confidence interval; MVPA=moderate-to-vigorous 

intensity physical activity; LPA=light intensity physical activity; MSBD=mean sedentary 

bout duration; MCI=mild cognitive impairment; BMI=body mass index

HRs and 95% CIs from forest plots are from models adjusted for age, race and or ethnicity, 

education, alcohol consumption, smoking status, diabetes, hypertension, RAND-36 physical 

functioning, BMI, and APOE ε4.
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Table 1.

Mean (SD) or count (%) of Objective Physical Activity and Cardiovascular Health (OPACH; n=1277) study 

baseline (2012–2014) sociodemographic and health-related characteristics across quartiles of steps/day.

Steps/day quartiles

Total
Q1
(≤ 1867)

Q2
(1868–2809)

Q3
(2810–4049)

Q4
(≥ 4050)

Age, years, mean (SD) 81.8 (6.2) 84.2 (5.0) 83.1 (5.3) 81.7 (5.9) 78.7 (6.9)

Race and ethnicity, n (%)

 White 1133 (88.7) 258 (88.7) 292 (89.6) 292 (89.6) 291 (87.1)

 Black 100 (7.8) 26 (8.9) 28 (8.6) 18 (5.5) 28 (8.4)

 Hispanic/Latina 44 (3.4) 7 (2.4) 6 (1.8) 16 (4.9) 15 (4.5)

Highest education level, n (%)

 High school or less 268 (21) 75 (25.9) 64 (19.6) 70 (21.6) 59 (17.7)

 Some college 474 (37.2) 107 (36.9) 138 (42.3) 118 (36.4) 111 (33.2)

 College graduate 532 (41.8) 108 (37.2) 124 (38) 136 (42) 164 (49.1)

Health behavior/status 

Current smoker, n (%) 27 (2.1) 13 (4.5) 7 (2.1) 3 (0.9) 4 (1.2)

Alcohol Intake in past 3 months, n (%)

 Non-drinker 398 (31.2) 122 (41.9) 114 (35) 81 (24.8) 81 (24.3)

 Less than 1 drink per week 410 (32.1) 89 (30.6) 101 (31) 121 (37.1) 99 (29.6)

 1 or more drinks per week 378 (29.6) 48 (16.5) 89 (27.3) 103 (31.6) 138 (41.3)

 Unknown 91 (7.1) 32 (11) 22 (6.7) 21 (6.4) 16 (4.8)

Body Mass Index, kg/m2, mean (SD) 27.6 (5.6) 28.5 (6.13) 28.7 (5.92) 27.4 (5.19) 25.7 (4.7)

Self-rated health

 Excellent or very Good 704 (55.2) 98 (33.8) 158 (48.5) 203 (62.3) 245 (73.4)

 Good 484 (37.9) 156 (53.8) 147 (45.1) 102 (31.3) 79 (23.7)

 Fair or poor 88 (6.9) 36 (12.4) 21 (6.4) 21 (6.4) 10 (3)

RAND-36 physical functioning score, mean (SD) 66.5 (25.1) 47.7, (25.6) 60.0 (22.8) 73.3 (20.2) 82.4 (17.0)

Diabetes, n (%) 230 (18) 70 (24.1) 72 (22.1) 55 (16.9) 33 (9.9)

Hypertension, n (%) 906 (70.9) 238 (81.8) 250 (76.7) 227 (69.6) 191 (57.2)

Vision impairment 82 (7.1) 21 (8.4) 17 (5.9) 23 (7.8) 21 (6.5)

Hearing impairment 269 (23.2) 63 (25.2) 76 (26.3) 70 (23.6) 60 (18.7)

CVD biomarkers

Reynolds risk score, mean (SD) 14.6 (11.6) 20.8 (15.1) 15.6 (10.5) 14.1 (9.7) 9.8 (8.3)

Systolic Blood Pressure, mean (SD) 125.8 (14.3) 128.3 (15.3) 126.2 (14.1) 126.5 (14.4) 122.9 (13.2)

Diastolic Blood Pressure, mean (SD) 72.2 (8.9) 72.7, (9.6) 72.2 (8.3) 72.6 (9.5) 71.3 (8.2)

CRP, mean (SD) 3.35 (7.8) 4.13 (12.5) 4.1 (8.3) 3.06 (4.4) 2.39 (4.2)

Glucose, mean (SD) 97.9 (29.4) 100.7 (35.7) 98.3 (25.0) 98.9 (33.9) 94.5 (21.4)

Insulin, mean (SD) 86.8 (126) 88.6 (88.6) 109.6 (212) 87.8 (93.9) 65.9 (67.5)

Total Cholesterol, mean (SD) 195.6 (37.9) 190.3 (38.1) 192.0 (35.9) 194.9 (38.3) 203.4 (38.0)

HDL Cholesterol, mean (SD) 59.84 (15.1) 56.85 (14.8) 58.35 (12.8) 59.2 (14.5) 64.0 (16.6)

LDL Cholesterol, mean (SD) 113.4 (33.3) 109.2 (32.5) 111.3 (31.6) 112.8 (34.8) 118.8 (33.2)

Triglycerides, mean (SD) 113.4 (58.6) 122.4 (64.0) 112.5 (48.5) 116.9 (66.3) 103.8, (52.8)
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Steps/day quartiles

Total
Q1
(≤ 1867)

Q2
(1868–2809)

Q3
(2810–4049)

Q4
(≥ 4050)

PA intensity and sitting a

Light PAa (hour/day), mean (SD) 4.61 (1.2) 3.87 (1.0) 4.35 (1.1) 4.88 (1.0) 5.24 (1.1)

MVPAa (min/day), mean (SD) 45.9 (31.4) 19.8, (13.1) 32.6 (16.4) 47.7 (21.1) 80.0 (31.7)

Sitting timea (hour/day), mean (SD) 10.6 (1.6) 11.8 (1.37) 11.1 (1.3) 10.2 (1.3) 9.4 (1.4)

MSBD (minutes), mean (SD) 13.6 (5.4) 17.5 (6.8) 14.6 (4.6) 12.1 (3.7) 10.8 (3.5)

Abbreviations: CRP=C-reactive protein; MVPA=moderate-to-vigorous physical activity; MSBD=mean sitting bout duration; PA=physical activity; 
SD=standard deviation

p-value: chi-sq for categorical variables and trend test for continuous

a
Variables are adjusted for accelerometer awake wear time using the residuals method
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