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Abstract

INTRODUCTION: We examined the relationship between sedentary behavior (SB),

moderate-to-vigorous physical activity (MVPA), and white matter hyperintensity

(WMH) volumes, a commonmagnetic resonance imaging (MRI)marker associatedwith

risk of neurodegenerative disease inmiddle-aged to older adults.

METHODS: We used data from the UK Biobank (n = 14,415; 45 to 81 years) that

included accelerometer-derived measures of SB and MVPA, and WMH volumes from

MRI.

RESULTS: Both MVPA and SB were associated with WMH volumes (βMVPA= −0.03
[−0.04, −0.01], p < 0.001; βSB= 0.02 [0.01, 0.03], p = 0.007). There was a significant

interaction between SB and MVPA on WMH volumes (βSB×MVPA= −0.015 [−0.028,
−0.001], pSB×MVPA = 0.03) where SB was positively associated with WMHs at low

MVPA, andMVPAwas negatively associated withWMHs at high SB.
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DISCUSSION: While this study cannot establish causality, the results highlight the

potential importance of considering bothMVPAand SB in strategies aimed at reducing

the accumulation ofWMHvolumes in middle-aged to older adults.
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Highlights

∙ SB is associated with greater WMH volumes and MVPA is associated with lower

WMHvolumes.

∙ Relationships between SB andWMHare strongest at low levels ofMVPA.

∙ Associations betweenMVPA andWMHare strongest at high levels of SB.

∙ Considering both SB andMVPAmay be effective strategies for reducingWMHs

1 INTRODUCTION

White matter hyperintensity (WMH) volume measured with magnetic

resonance imaging (MRI) serves as a significant indicator of the extent

of cerebralwhitematter lesions, typically associatedwith ischemia due

to small vessel disease.1,2 WMH volumes (WMHs) are often associ-

ated with peripheral vascular risk factors including hypertension and

diabetes.3 WMHs are frequently found in older cognitively unimpaired

individuals, are linked with worse cognitive performance, particu-

larly executive functions and processing speed,2,4–7 are associated

with genetic risk of neurodegenerative disease,8 and can potentially

impact both the onset and advancement of dementia related to both

Alzheimer’s disease (AD) and cerebrovascular disease (CVD).9–13 Here,

we examine the potential associations of physical activity (PA) and

sedentary behaviors (SBs), twomodifiable lifestyle factors, withWMH

volumes inmiddle-aged to older adults.

Recent work suggests both PA and SB may play a role in either mit-

igating or exacerbating WMHs.14,15 For purposes here, SB is defined

as “any waking behavior characterized by an energy expenditure

≤1.5 METs [Metabolic Equivalent Units] while in a sitting or reclin-

ing posture.”16 Multiple studies have documented inverse associations

between PA and WMH volumes.15,17–19 It is possible that these asso-

ciations are linked with the beneficial impacts of PA on vascular

health.20 In addition to PA, SBs may have an influence on both vascu-

lar health and WMH volumes.21 While fewer studies have examined

SBs andWMHs, there is some evidence that time spent in SBs are posi-

tively associatedwithWMHvolumes14; however, others have failed to

detect associations between SB andWMHvolumes and there is incon-

sistency in whether PA has been included as a moderating factor.14

Similar to PA-related mechanisms, it is possible that SBs are linked

withWMHs via vascular pathways, since SBs are often associatedwith

poor cardiometabolic outcomes and have been further associatedwith

dementia risk.21–23

In addition, several researchers have suggested that PA and SBmay

be distinct in their physiological effects and that, for example, long

periods of time spent in SB may be detrimental to health regardless

of engagement in PA.21,23–25 For example, recent work based on a

harmonized meta-analysis suggests that associations between SB and

all-cause or cardiovascular mortality are partially distinct from PA,

although effects are strongest in those who engage in lower amounts

of PA.26,27 Fewer studies have examined howPAand SB interactwithin

the context of brain health and aging. Notably, Raichlen et al.23 showed

that risk of dementia associated with SBs in older adults was at least

partially separable from engagement in PA. It is therefore important

to further examine whether and how these lifestyle behaviors are

associated with age-related vascular brain outcomes to better under-

stand their potential influence on cerebrovascular health and to help

determine public health recommendations.

In this study we examine whether PA and SB are associated with

WMH volumes in the UK Biobank, a large prospective cohort that

includes neuroimaging and device-measuredPAand SB. In addition,we

assess whether PA and SB associations are separable from each other

and whether they interact in their association with WMH volumes.

Findings from this work will help us better understand howmodifiable

lifestyle behaviors influence each other in their associations with this

key brain-based risk factor for AD and CVD.

2 METHODS

2.1 Participants

The study utilized data from theUKBiobank, consisting of community-

dwelling participants aged 40 and older from England, Scotland, and

Wales, with initial data gathered between 2006 and 2010.28 All sub-

jects gave written consent, with the study receiving approval from

the National Health Service and the National Research Ethics Ser-

vice. All participants provided written informed consent. A sub-study

conducted from 2013 to 2015 included 103,684 participants who

consented to wear an Axivity AX3 tri-axial accelerometer on their
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RESEARCH INCONTEXT

1. Systematic Review: The authors reviewed the litera-

ture using traditional (eg, PubMed) sources and meeting

abstracts and presentations. There have been recent

publications describing associations between sedentary

behavior (SB) or moderate-to-vigorous intensity physical

activity (MVPA) and brain health, including white matter

hyperintensity (WMH) volumes. These publications have

been appropriately cited.

2. Interpretation: In this cohort study from theUKBiobank,

SB was positively associated with WMH volumes and

MVPA was negatively associated with WMH volumes.

Notably, there was a significant interaction between SB

and MVPA where the positive association between SB

and WMHs was more pronounced at lower levels of

MVPA, and the negative association between MVPA and

WMHswas stronger at higher levels of SB.

3. Future Directions: While these associations suggest that

the combination of MVPA and SB behaviors may be an

important target for lifestyle modification to enhance

brain health, studies examining causal links are promising

areas for future research.

dominant wrist, 24 hours a day for a week.29 An imaging sub-study

that included brain MRI was begun in August 2014 and is currently

ongoing.30 Although follow-up imaging is currently ongoing,we include

only data from the first imaging visit in this analysis. Analyses pre-

sented herewere confined to participantswho had not been diagnosed

with all-cause dementia before the imaging exam date, and who also

participated in both the accelerometer and the imaging sub-studies.

The dataset used for analyses here was downloaded in April 2023.

2.2 Dementia diagnoses

Hospital inpatient records, death registries, and self-reported demen-

tia diagnoseswere used to determine all-cause dementia diagnoses for

participant exclusion.31 The International Classification of Diseases,

Ninth and Tenth Revisions (ICD-9 and ICD-10) codes were used to

classify participants with dementia (see Table S1).

2.3 Exposures

PA and SB were identified from raw accelerometer data using a pre-

viously published machine learning algorithm developed and validated

for use with the UK Biobank.32 The algorithm was developed from

a cohort of 152 adults (aged 18 to 91) who wore an Axivity AX3

accelerometer andawearable camera, andkept a time-usediaryduring

daily life. The researchers annotatedaccelerometer datawith activities

from the Compendium of Physical Activities33 and trained machine-

learning models to classify behaviors in 30-second time windows of

accelerometer data.32 Intensity of activity was defined by estimated

METs which measure energy expenditure relative to basal metabolic

rate. Behaviors were identified as moderate-to-vigorous PA (MVPA) if

they were performed at intensities greater than or equal to 3.5 METs.

SBs were defined as anywaking behaviors that occur at intensities less

than or equal to 1.5 METs in a lying, sitting, or reclining posture. In the

present study, we excluded individuals with extreme values of seden-

tary behavior (greater than 18 hours/day34–37), extreme values of PA

(average acceleration values greater than 100 mg following Walms-

ley et al.32), or less than three days of valid data (defined as days with

greater than or equal to 16 hours of valid data/day).

2.4 Outcome

Detailed methods for multimodal MRI data acquisition and processing

are described elsewhere,30 and are available online for the imag-

ing protocols (http://biobank.ctsu.ox.ac.uk/crystal/refer.cgi?id = 2367)

and in the Brain Imaging Documentation (http://biobank.ctsu.ox.ac.uk/

crystal/refer.cgi?id = 1977). Briefly, brain imaging in the UK Biobank

was performed on a Siemens Skyra 3T system with a 32-channel

RF receive head coil.30,38 The main outcome assessed was WMH

volume utilizing T1-weighted and T2 fluid attenuated inversion recov-

ery (FLAIR) scans with FMRIB Software Library (FSL) software.39

Volumetric 3D MPRAGE T1-weighted scans with 1 mm isotropic

resolution, 256 mm field-of-view, 208 × 256 × 256 matrix, and

TI/TR = 880/2000 ms were acquired in sagittal orientation. T2 FLAIR

scans were acquired with 3D SPACE, 1.05 × 1 × 1 mm resolution,

192 × 256 × 256 matrix, and TI/TR = 1800/5000 ms in sagittal orien-

tation. Initial pre-processing and quality control (QC) procedures were

applied with FSL software to remove non-usable MRI scans from the

available UK Biobank data.30,38 We additionally excluded participants

with structuralMRI scan values greater than three standard deviations

away from the mean of any of the five QC metrics provided by the UK

Biobank (fields 25731 to 25735).18 To achieve normalization and stabi-

lization of variance, we applied a log transformation toWMH volumes

(see Figure S1). An estimate of total intracranial volume (TIV) was used

as a covariate,whichwas derived fromFreeSurfer software (v6.0) (field

26521). In this sample, neuroimaging occurred2.82 (±1.72) years after

wearing accelerometers.

2.5 Statistical analyses

We conducted a complete case analysis examining associations

between modifiable lifestyle behaviors andWMH volumes. We used a

series of general linear models to determine the associations between

SB, MVPA, and WMH volumes. To achieve normalization and sta-

bilization of variance, we applied a square root transformation to

MVPA (MVPAsqrt). To improve interpretability, we transformed SB and

MVPAsqrt to have a mean of zero and a standard deviation of one. In

http://biobank.ctsu.ox.ac.uk/crystal/refer.cgi?id=2367
http://biobank.ctsu.ox.ac.uk/crystal/refer.cgi?id=1977
http://biobank.ctsu.ox.ac.uk/crystal/refer.cgi?id=1977
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F IGURE 1 Flow diagram for participants included in the study. UKB, UK Biobank;WMH, white matter hyperintensity.

minimally adjusted models, we included either SB, MVPAsqrt, or both

SB and MVPAsqrt, along with age at the imaging visit, sex, and TIV. In

fully adjusted models, we added the following covariates measured at

baseline to the minimally adjusted models. Education was coded as

having a college or university degree versus no college or university

degree. Socioeconomic status was assessed by the Townsend Depri-

vation Index. The index is calculated using four key variables obtained

from census data: unemployment rate, non-car ownership, non-home

ownership, and household overcrowding. These variables are com-

bined to create a single composite score, which is then standardized

to have a mean of zero and a standard deviation of one. Higher scores

on the Townsend Deprivation Index indicate higher levels of socioe-

conomic deprivation, while lower scores represent lower levels of

deprivation. Chronic conditionswere scored aswhether or not a physi-

cian had diagnosed vascular or heart problems (heart attack, angina,

stroke, or high blood pressure), diabetes, or cancer. Diagnosed vascu-

lar or heart problems, diabetes, and cancer were included as separate

covariates in the models. Smoking status was self-reported as never

smoker, former smoker, or current smoker. Presence of the apolipopro-

tein E (APOE) ε4 allele was coded as possessing the ε4 allele or not. We

also included the location of theMRI imaging center and the difference

in time between accelerometer wear date and MRI imaging date as

covariates. Finally, bodymass index (BMI)was included in fully adjusted

models. In sensitivity analyses, we further adjusted our analyses for

joint disorders that may limit PA (rheumatoid arthritis, osteoarthri-

tis, and other joint disorders and joint pain) coded in interviews by

a trained nurse. In a second sensitivity analysis, we removed partici-

pants with imaging visits that preceded accelerometer wear (n = 807).

All p-values were corrected based on the false discovery rate (FDR) for

multiple tests.

In addition, we examined the potential for associations between

these lifestyle behaviors andWMH volume to modify each other using

an interaction term inbothminimally and fully adjustedmodels. If there

was a significant interaction, the Johnson-Neyman technique40 was

used to assess atwhat values of themoderator (MVPAor SB) the effect

of the exposure on WMH volume transitions from being significant to

non-significant. All statistical analyses were performed in R version

4.3.1. We used the Interactions package (version 1.1.5) to implement

the Johnson-Neymanmethods.41

3 RESULTS

We included 14,415 individuals in this study after excluding par-

ticipants with missing data for imaging, accelerometer measures,

covariates, and those with prevalent dementia at imaging (Figure 1).

Participant characteristics for our final sample (n = 14,415) are given

in Table 1.
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TABLE 1 Participant characteristics (n= 14,415).

Variables mean (SD) or n (%)

Age (years) 63.69 (7.6)

Sex (F) 7988 (55.41)

Sex (M) 6427 (44.59)

Education (college or higher) 6900 (47.87)

Townsend deprivation index −1.95 (2.68)

BMI (kg/m2) 26.38 (4.2)

Heart disease (present) 2973 (20.63)

Diabetes (present) 322 (2.24)

Cancer (present) 777 (5.39)

Smoking Status

current 8929 (61.94)

former 4727 (32.79)

never 759 (5.27)

APOE status

0 ε4 alleles 10,714 (74.33)

1 ε4 allele 3366 (23.35)

2 ε4 alleles 335 (2.32)

SB (hours/day) 9.34 (1.78)

MVPA (hours/day) 0.74 (0.6)

Note: Values forMVPA are given prior to square root transformation.

Abbreviations: APOE, apolipoprotein E; BMI, body mass index; F, female;

M, male; MVPA, moderate-to-vigorous physical activity; SB, sedentary

behavior.

SB and MVPAsqrt were negatively correlated with each other

(r = −0.24; p < 0.001; see Figure S2). In single-variable minimally-

adjusted models, MVPAsqrt was negatively associated with WMH

volume and SB was positively associated with WMH volume (Table 2;

see Table S2 for results SB andMVPAsqrt before scaling). These results

remained significant whenmodels were fully adjusted for a wide range

of covariates (Table 2). When models were mutually adjusted for both

SB andMVPAsqrt, MVPAsqrt remained negatively related toWMH vol-

ume; however the relationship between SB and WMH volume was

attenuated towards the null in the fully adjusted model (Table 2).

Results were similar in sensitivity analyses that controlled for joint dis-

orders and that included only subjects with accelerometer wear that

preceded imaging (Tables S3 & S4).

We also investigated the interaction between MVPAsqrt and

SB on WMH volume. In both minimally and fully adjusted mod-

els, there were significant interactions between these two lifestyle

behaviors (minimally adjusted: βSB×MVPA −0.023 [−0.036, −0.010],
pSB×MVPA < 0.001; fully adjusted: βSB×MVPA =−0.015 [−0.028,−0.001],
pSB×MVPA = 0.03). The Johnson-Neyman analysis shows that SB was

significantly associated with WMH volume at only low levels of

MVPAsqrt (< 0.52 hours/day; Figure 2A), while MVPAsqrt was asso-

ciated with WMH volume at high levels of SB (> 8.25 hours/day;

Figure 2B).

4 DISCUSSION

In the UK Biobank, we found associations of both MVPAsqrt and SB

with WMH volume, and the associations are not fully independent of

each other.When both exposures were included in fully adjustedmod-

els, therewas someattenuation of effects, especially for SB, supporting

the possibility that effects were not fully independent. It is also possi-

ble that oneway that SB is linkedwithWMHis through the relationship

between SB and MVPAsqrt. For example, if larger amounts of SB come

at the expense of time spent in MVPA, then it is possible the displace-

ment may partially explain our results. Future work that includes full

24-hour time use to account for behavioral displacement is needed to

better interpret these results.

Importantly, when an interaction term was included, MVPAsqrt and

SBmodified each other to influence the volume ofWMH lesion load in

the brain. This interdependence indicates that the detrimental effects

of SB on brain health may be mitigated by higher levels of MVPAsqrt.

Conversely, the associations of higher MVPAsqrt with lowerWMH vol-

umearemost pronouncedwhen sedentary time is high andMVPAsqrt is

less impactful when SB time is lowest. These results suggest that itmay

be important to consider both behaviors simultaneously when devel-

oping prescriptions and interventions aimed at reducingWMHvolume

and the associated risks of cognitive decline and dementia. Our results

suggest that engaging inMVPAmaymitigate the risk ofWMHvolumes

associated with high amounts of SB but that for individuals who can-

not participate in MVPA due to mobility limitations, or who engage in

only small amounts of MVPA, less SB may be linked with lower WMH

volumes.

A large number of studies have shown that engaging in greater

amounts ofMVPA is associatedwith improved vascular health and that

SB is associated with vascular pathology and chronic disease.21,25,27,42

One potential vascular mechanism that could underlie these results is

that MVPA may increase cerebral blood flow,43,44 which in turn may

help prevent the development of high WMH loads.45 SB, on the other

hand, has been linkedwith reduced cerebral blood flow44,46 whichmay

lead to increased lesion load, though this finding has not been con-

sistently replicated.47 For example, Carter et al.46 showed that while

prolonged sitting (more than 4 hours at a time) was associated with

reduced cerebral blood flow, a short duration walking break offset

these effects.

Our results also align with the growing body of literature empha-

sizing the synergistic effects of higher PA and reduced SB on various

health outcomes.23 While previous studies have independently linked

excessive SB and lack of MVPA with adverse brain health, our study

demonstrates how these behaviors interact in their associations with

WMH volumes. It is possible that the mechanisms linking PA and SB

with WMH volumes may only partially overlap. For example, while

both SB andMVPA have been linked with cerebral blood flow and vas-

cular health in previous work,43,46 MVPA is also associated with the

upregulation of neurotrophic factors (eg, Brain Derived Neurotrophic

Factor or BDNF) thatmay provide additional compensatory protection

against the impact of increasedWMH volumes.48 While our study was

not designed to determine whether mechanistic pathways are fully or
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TABLE 2 Associations betweenMVPA, SB, andWMHvolumes.

covariates model variable beta (95%CI) p FDR p

Minimally adjusted single variable SB 0.04 (0.02, 0.05) <0.001 <0.001

single variable MVPAsqrt −0.05 (−0.07,−0.04) <0.001 <0.001

mutually adjusted SB 0.02 (0.01, 0.04) 0.006 0.008

mutually adjusted MVPAsqrt −0.05 (−0.06,−0.03) <0.001 <0.001

Fully adjusted single variable SB 0.02 (0.01, 0.03) 0.007 0.008

single variable MVPAsqrt −0.03 (−0.04,−0.01) <0.001 <0.001

mutually adjusted SB 0.01 (0.00, 0.03) 0.073 0.073

mutually adjusted MVPAsqrt −0.02 (−0.04,−0.01) 0.004 0.006

Note: Minimally adjusted models include age, sex, and TIV. Fully adjusted models include covariates in minimally adjusted model and education, Townsend

deprivation index, smoking status, presence of a diagnosed chronic disease, BMI, APOE ε4 allele status, location of assessment center for imaging, and the

difference in time between accelerometer wear date and imaging date. Single variable models include only SB or MVPAsqrt, while mutually adjusted models

include both SB andMVPAsqrt. Both SB andMVPAsqrt are scaled to have amean of zero and SD of 1.

Abbreviations: APOE, apolipoprotein E; BMI, body mass index; CI, confidence interval; F, female; FDR, false discovery rate; M, male; MVPA, moderate-to-

vigorous physical activity; SB, sedentary behavior; TIV, total intracranial volume;WMH, whitematter hyperintensity.

(A) (B)

F IGURE 2 Johnson-Neyman plots of interactions betweenmoderate-to-vigorous physical activity (MVPA) and sedentary behavior (SB) on
white matter intensity (WMH) volume.MVPA is square root transformed in these figures. (A) Conditional effects ofMVPA onWMHvolume as a
function SB. (B) Conditional effects of SB onWMHvolume as a function ofMVPA.MVPAwas square root transformed for these analyses. The
dashed vertical line represents the point where the relationship between the exposure and outcome transitions in significance levels. In (A), at SB
less than 8.25 hours per day, the relationship betweenMVPA andWMHvolume is not significant (red line and red shaded 95%CIs). The
relationship transitions to significant at SBs greater than 8.25 hours/day (blue line and blue shaded 95% confidence intervals [CIs]). In (B), at square
root transformedMVPA less than 0.72 (0.52 hours/day untransformed), SB is significantly associatedwithWMHvolume (blue line and blue shaded
95%CIs), while at largerMVPA values, SB is no longer significantly associated withWMHvolumes (red line and red shaded 95%CIs).

partially independent, the interactions found here suggest more work

is needed to better understand how these two lifestyle behaviors may

differentially impact brain lesion loads that may, in turn, influence the

risk for cognitive decline and dementia related to both AD and CVD.

Overall, our results highlight the importance of considering interac-

tions between these key modifiable behaviors when examining their

associations with brain health outcomes.

Our findings may also help to clarify results from previous studies,

which have shown inconsistent relationships between SB and WMH

load. For example, Burzynska et al.49 found no relationship between

accelerometer-derived SB and WMH load in a sample of 88 older

adults. Other studies have found positive relationships between SB

and WMH load14 and some studies find this positive association only

after adjusting for potential confounding variables.47,50 MVPAwas not

taken into account in all of these studies and it is possible that better

accounting forMVPAmay clarify the impacts of SB onWMHvolumes.

Results for the relationship between PA in general and WMH load

also show some inconsistencies in the literature. In a systematic review

of studies of PA and WMH load, Torres et al.19 showed that three of

the included six studies found significant inverse relationshipsbetween

WMHs and PA, while the other three included studies found no rela-

tionship. It is also possible that heterogeneity of PA measurement,

and the inclusion of intensities lower than moderate-to-vigorous in

some of these samples may help account for inconsistent results. In
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a meta-analysis of nine studies, Sexton et al.15 found that PA (across

intensities) or fitness was associated with smaller WMH loads, though

effect sizes were small. Franchetti et al.17 found a significant inter-

action between age group (oldest old [OO = 70 to 89 years old] and

young old [YO = 50 to 69 years old]) and self-reported physical sport

activity (PSA) onWMH volume, such that the OO group with low PSA

had greater WMH volumes than the YO with low PSA and OO with

high PSA groups. WMH volumes were similar in the YO and OO with

high PSA values.17 On balance, priorwork has often found associations

betweenPAandWMHvolumes, but the strength of these relationships

depends on the covariates included and it is possible that inclusion of

PA intensities lower than moderate-to-vigorous may factor into these

inconsistencies. Our results further suggest that inclusion of SB may

help us better understand observed differences in previous results

related toMVPA andWMHvolumes.

4.1 Strengths and limitations

Among this study’s strengths is the use of a large sample size to exam-

ine associations between behavior andWMH load and the inclusion of

novel, machine-learning derived accelerometry measures. The sample

also includes a wide array of covariates that help adjust for potential

confounding variables. This study also has several limitations. First, the

observational study design used here may still allow for residual or

unmeasured confounding. Second, we cannot rule out reverse causal-

ity using this study design where individuals with greater WMH loads

spent more time in SB and less time in PA due to the potential health

impacts of these lesions. Third, the accelerometer and imaging sub-

studies were performed at different times, and accelerometer data

were collected only once. Our sensitivity analysis shows that results

remain similarwhen only including participantswith imaging visits that

follow accelerometer wear, which suggests variation in timing of data

collection did not have an appreciable impact on our findings. Fourth,

the participants in sub-studies were self-selected from a randomly

invited subset of the larger UK Biobank cohort, which may introduce

selection bias in studies of these participants. Fifth, it is difficult to

assess posture using wrist-based accelerometers making it more dif-

ficult to measure SBs, and future studies should prioritize the use of

thigh-mounted accelerometers to replicate these results. Sixth, the

machine learning algorithm developed by Walmsley et al.32 was inter-

nally validated in a sample of 152 adults that included a small subset

of participants older than 60 (n = 27), and future work should focus on

further validating this algorithm on a larger external sample of older

adults. Seventh, the UK Biobank is racially and ethnically homogenous,

limiting the generalizability of these findings for other populations.

5 CONCLUSIONS

Our results highlight associations between two keymodifiable lifestyle

behaviors and brain WMH lesion loads in middle-aged to older adults,

demonstrating a synergistic relationship between MVPA and SB in

their association with WMH volume. This novel finding suggests that,

given the potential importance of WMH loads in the development of

neurodegenerative diseases like AD and CVD, these behaviors may

represent key targets for future interventions to help reduce risks

for dementia and associated cognitive decline. While we cannot infer

causality due to the observational design, these results underscore the

idea that a combination of sitting less and moving more represents a

potential focus for public health recommendations. Future work that

establishes both causality and the underlying mechanistic pathways is

necessary to help generate more direct prescriptions to support brain

health amongmiddle-aged to older adults.
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