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1 | INTRODUCTION

Dementia represents a major global health concern, with rising preva-
lence driven by aging populations and limited effective treatments.’ 3
Over 50 million individuals worldwide live with dementia, includ-
ing Alzheimer’s disease and vascular dementia, with this number
expected to rise to 153 million by 2050.% In addition to neurode-
generative processes, such as amyloid beta accumulation and tau
pathology, increasing evidence points to a significant role for vas-
cular contributions to dementia.”~8 Vascular dementia is the second
most common form of dementia after Alzheimer’s disease, and cere-
brovascular pathology frequently coexists with Alzheimer’s pathology
in mixed dementia cases.”1° This convergence suggests that cardiovas-
cular disease (CVD) may not only increase dementia risk directly but
also act as an intermediary in pathways linking other risk factors to
cognitive decline.

Modifiable lifestyle-related risk factors - including poor diet, phys-
ical inactivity, smoking, and excessive alcohol consumption - are
strongly associated with CVD1-1> and have also been identified as

potentially modifiable dementia risk factors,'4-20

as highlighted in
the most recent Lancet Commission report for dementia.!?2° These
relationships form the basis of the vascular hypothesis of dementia,
which proposes that harmful lifestyle behaviors contribute to vascu-
lar pathology, which in turn accelerates or triggers cognitive decline
through mechanisms such as cerebral hypoperfusion, microinfarcts,
and blood-brain barrier dysfunction.21-22 While these pathways are

conceptually well established, the extent to which CVD actually medi-

disease on cognition.

mediation by composite CVD risk scores. Evidence for diet (n = 2) and alcohol (n = 1)
was inconclusive, and no studies assessed smoking. Overall, evidence for CVD as a
mediator remains tentative, sparse, and inconsistent, highlighting major methodologi-
cal gaps and an urgent need for robust studies to clarify whether cardiovascular health

underpins lifestyle-related dementia risk.

aging, cardiovascular diseases, dementia, mediation analysis, risk factors

* Five studies were identified that used mediation analysis to explore the role

of cardiovascular disease in the relationship between lifestyle risk factors and

» Cardiovascular disease may partially mediate the impact of physical activity on brain

* Diet and alcohol consumption showed no clear mediation effects by cardiovascular

* Longitudinal, well-powered studies with robust mediation frameworks are urgently

needed to evaluate vascular pathways and optimize dementia prevention strategies

targeting modifiable lifestyle factors.

ates the association between lifestyle and dementia risk remains
unclear.

Despite analytic methods designed to explore causal pathways, cur-
rent evidence largely comes from correlational or association-based
studies, which cannot determine whether CVD truly functions as a
mediator rather than a co-occurring risk factor.2® Most systematic
reviews have summarized direct associations between lifestyle factors
and cognitive outcomes or between CVD and cognitive outcomes, 226
but few have examined the combined pathway. This lack of mechanistic
clarity represents an important gap that effective prevention strate-
gies depend on to understand how risk factors exert their influence. For
example, if the protective effect of physical activity on cognition oper-
ates primarily through cardiovascular pathways, then interventions
targeting vascular health could maximize cognitive benefits.

Mediation analysis provides a methodological framework for for-
mally testing these pathways. Unlike traditional analyses that assess
direct associations, mediation analysis estimates indirect effects and
quantifies the extent to which an exposure influences an outcome via
an intermediate variable, in this case CVD?’ (Figure 1). By applying
causal inference principles, mediation analysis moves beyond whether
associations exist to address how and through what mechanisms they
occur.28-30 Despite its potential value, the degree to which mediation
analysis has been used to study lifestyle-CVD-dementia pathways,
and what it reveals about these relationships, remains unknown.

To address this gap, we conducted a scoping review to identify and
synthesize studies that have applied mediation analysis to examine

whether CVD mediates the relationship between lifestyle risk factors
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FIGURE 1 Conceptual model of mediating pathway between
lifestyle-related risk factors (e.g., physical inactivity, diet, smoking,
alcohol consumption) and dementia. The indirect effect is the product
of paths a (effect from intervention to mediator) and b (effect from
mediator to outcome). The total effect is the sum of direct and indirect
effects.

and cognitive outcomes, including dementia. For the purpose of this
review, cognitive outcomes were broadly conceptualized to include
both clinical diagnoses of dementia and measures of cognitive decline,
reflecting the range of outcomes used in the literature. By mapping
existing evidence and identifying key gaps, this review aims to clarify
what is currently known about these mediation pathways and inform

future research priorities.

1.1 | Objectives

The purpose of this scoping review was to map and synthesize the exist-
ing literature that has applied mediation analysis to examine whether
CVD acts as a mediator in the relationship between lifestyle-related

risk factors and cognitive outcomes. Specifically, this review aimed to:

1. ldentify studies that have formally tested mediation pathways
involving lifestyle risk factors (diet, physical inactivity, smoking, and
alcohol consumption), CVD as a potential mediator, and cognitive
outcomes, including dementia;

2. Summarize the extent and characteristics of this evidence, including
which risk factors and cardiovascular conditions have been studied
and the types of cognitive or dementia outcomes assessed; and,

3. Highlight gaps in the literature and methodological limitations to
inform future research directions for understanding causal path-
ways linking lifestyle, vascular health, and cognitive aging.

2 | METHODS
2.1 | Protocol and registration
A scoping review protocol was published a priori on OSF.io.3! Report-

ing of methodology and results followed the Joanna Briggs Institute

Evidence Synthesis Reporting Guide for Protocols and the Preferred
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Reporting Items for Systematic Reviews and Meta-Analyses extension
for Scoping Reviews (PRISMA-ScR)3?2 (Appendix A).

2.2 | Search strategy and selection criteria

Using the multifile option and deduplication tool on the Ovid plat-
form, we searched Ovid MEDLINE All, Embase Classic+Embase, and
APA PsycINFO. We also searched CINAHL (Ebsco) and Web of Sci-
ence (core databases). We performed all searches on July 12, 2024,

» o«

using a combination of controlled vocabulary (e.g., “smoking,” “cardio-

»n o« »n o«

vascular diseases,” “cognitive dysfunction,” “mediation analysis”) and

» o«

keywords (e.g., “sedentary lifestyle,” “CVD,” “Alzheimer,” “causality”).
There were no date or language restrictions, but animal-only records
were removed. The search strategy was developed in consultation with
an information specialist and peer-reviewed in accordance with Peer
Review of Electronic Strategies (PRESS) guidelines.3® Results were
downloaded and deduplicated using EndNote version 9.3.3 (Clarivate
Analytics) and uploaded to Covidence (Veritas Health Innovation Ltd.).
A manual search of the reference lists of included studies was per-
formed to identify any literature that was not identified in the original

search. Our full search strategy can be found in Appendix B.

2.3 | Eligibility criteria

We included empirical studies (i.e., cross-sectional studies, longitudi-
nal studies, and randomized controlled trials) that conducted formal
mediation analysis to examine whether CVD mediated the associa-
tion between at least one lifestyle-related risk factor (diet, physical
inactivity, smoking, and alcohol consumption) and cognitive outcomes
in adults aged 45 years and older. The lower cut-off of 45 years was
chosen because midlife is a critical exposure window for dementia
risk, with numerous studies demonstrating that cardiovascular and
lifestyle-related risk factors during this period are strongly associated
with late-life cognitive decline and dementia.1%20

Cognitive outcomes were broadly defined to capture the range of
dementia-related endpoints studied in the literature, including clini-
cal diagnoses of dementia (e.g., Alzheimer’s disease, vascular dementia,
all-cause dementia), intermediate outcomes such as mild cognitive
impairment, and cognitive decline measures, including validated neu-
ropsychological test scores (e.g., memory, executive function) and
imaging-based markers of brain aging when explicitly linked to cogni-

tion.

2.4 | Exclusion criteria

Case studies, narrative reviews, editorials, book chapters, descriptive
studies, and qualitative studies were excluded. The reference lists and
bibliographies of relevant systematic reviews, scoping reviews, and
meta-analyses were scanned to identify relevant studies; however, the

reviews themselves were excluded. Additionally, we excluded stud-
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ies if they included animal populations or adults younger than 45
years or did not conduct formal mediation analysis using appropriate
methodologies.

2.5 | Data screening, extraction, and synthesis

Titles, abstracts, and full-text articles were screened independently
and in duplicate by four reviewers (A.LJ.H., TC., PR, RA.) using
Covidence. There was a high level of inter-rater agreement at both
the title/abstract stage (87% to 98% proportionate agreement) and
full-text screening stage (95% proportionate agreement). Discrepan-
cies were resolved through consensus discussion, ensuring consistent
application of inclusion criteria across reviewers.

Data extraction was conducted independently by one reviewer
(A.L.JH.) using a piloted extraction form and verified by a second
reviewer (T.C.). This approach was chosen to balance methodologi-
cal rigor with feasibility given the small number of included studies.
Although this process introduces a potential risk of extraction error,
verification minimizes this risk and is acknowledged as a limitation.

Extracted variables included study design, population character-
istics, exposure(s), mediator(s), outcome(s), statistical methods for
mediation analysis, and mediation estimates (direct, indirect, and total
effects; proportion mediated, when available). Where possible, effect
estimates were noted as reported; no transformations or standard-
ization was applied because of substantial heterogeneity in media-
tion models, effect scales, and statistical techniques across studies.
Instead, we narratively synthesized findings and explicitly described
differences in analytic approaches.

Methodological variability - such as differences in mediation
models (e.g., structural equation modeling, counterfactual-based
approaches), handling of exposure-mediator interactions, and boot-
strapping for confidence intervals - was documented and considered in
the interpretation of findings rather than pooled, given the conceptual
and statistical heterogeneity of included studies.

2.6 | Quality assessment
The assessment of methodologic quality was conducted using the tool
proposed by Vo et al.>* One author (A.L.J.H.) independently applied

the criteria and scored “yes” or “no” for each item. Items deemed not

applicable to a specific study were scored as “not applicable.”

3 | RESULTS
3.1 | Literature search
A total of 1309 articles were identified in the initial search. After

screening by title and abstract, 1274 were excluded. The most com-

mon reason for exclusion was not conducting mediation analysis or

not assessing CVD as a mediator. After evaluating the full text of
35 articles, a total of five studies met the inclusion criteria for the
current review. Manual screening of the reference lists of relevant lit-
erature reviews did not identify additional studies for inclusion. Details
of the article screening process are outlined in the PRISMA diagram
(Figure 2).

3.2 | Overview of included studies

The search identified five studies that applied mediation analysis to
evaluate the role of CVD in the association between lifestyle risk
factors and cognitive outcomes.>>"3? The mean age of participants
ranged from 53 to 65 years old, and 39% to 67% of the participants in
these studies were female. These studies varied substantially in design,
exposure and mediator definitions, cognitive outcome measures, and

analytic methods (Table 1). Three were cohort studies,3”-3?

one was a
cross-sectional analysis of randomized controlled trial baseline data,?”
and one was a secondary analysis of randomized controlled trial data.3¢
Sample sizes ranged widely from 160 to over 260,000 participants, and
follow-up periods, where reported, ranged from 2 years to more than

15 years.

3.3 | Heterogeneity in exposure and mediator
measures

Both exposures and mediators were operationalized inconsistently
across studies, complicating synthesis. For physical activity - the most
frequently studied exposure - approaches ranged from self-reported
activity and sedentary time to objective measures of aerobic fitness.
Dietary exposures included adherence to the Dietary Approaches to
Stop Hypertension (DASH) diet or Mediterranean diet, while alcohol
exposure was assessed as a clinical diagnosis of alcohol use disor-
der. No included study evaluated smoking. Similarly, CVD mediators
were highly variable, spanning composite risk scores (e.g., Framingham
Stroke Risk Profile [FSRP]), individual diagnoses (e.g., heart disease),
and cardiac structural measures (e.g., left atrial function). These differ-
ences in measurement introduce conceptual heterogeneity that limits

comparability across findings.

3.4 | Methodological approaches to mediation

Mediation analysis approaches also differed considerably. Two stud-
ies, Blumenthal et al. and Spartano et al., used bootstrapped estimates
of indirect effects, Gonzalez Casanova et al. applied the Valeri and
Vanderweele approach,*® Hu et al. employed counterfactual-based
mediational g-formula modeling, and Kraal et al. reported traditional
estimates of direct and indirect effects. Most studies adjusted for
mediator-outcome confounders, but none conducted sensitivity analy-

ses for unmeasured confounding. Notably, none of the studies reported
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FIGURE 2 PRISMA diagram of results for each stage of search strategies.

repeated measurement of mediators, and only Kraal et al. included
model goodness-of-fit indices.

3.5 | Summary of mediation findings

Overall, evidence that CVD mediates lifestyle-cognition relationships
was sparse and inconsistent, with most studies reporting null or neg-
ligible indirect effects (Table 2). Across the three main risk factors
represented (physical activity, diet, and alcohol), no robust mediation

effect emerged.

3.5.1 | Physical activity

Four studies examined this exposure. Gonzalez Casanova et al.
and Kraal et al. reported no significant mediation via CVD. Blu-
menthal et al. found that the FSRP partially mediated the asso-

ciation of aerobic fitness with executive functioning and verbal
memory. Similarly, Spartano et al. found that composite cardiovas-
cular risk (via FSRP) explained between 8.3% and 22.0% of the
association between physical activity or sedentary time and neu-
roimaging markers of brain aging. However, effects were modest,
and the reliance on risk scores rather than clinical endpoints limits
interpretation.

3.52 | Diet

Two studies assessed diet, neither of which found evidence that CVD
mediated associations with cognitive outcomes. In Gonzalez Casanova
et al,, adherence to the Mediterranean diet was not associated with
cognitive decline. Conversely, Blumenthal et al. found that while adher-
ence to the DASH diet was associated with better neurocognitive
performance in adults with cognitive impairment, the association was
not mediated by FSRP.

35UBD1] SUOWILIOD BAER.D) 3[eotjddde 8Ly Aq PouLBA0B 22 SOIL YO '8N J0 S3INJ 10) ARIGIT BUIIUO 481 UO (SUONIPUOD-PUE-SULBILICD" B 1M ARe.q 1 U1 UO//SdIY) SUORIPUOD PUR SWi L 8L 885 *[S20z/0T/22] U0 ArIqITauluo AS1IM * BsieH Aqa Aq £780.°ZIB/200T 0T/I0p/LI00" Ao ImAkeiq Ul lUO'S N0 -z e/ sdy WoJy papeolumod ‘0T 'SZ02 '6225255T



15525279, 2025, 10, Downloaded from https://alz-journals.onlinelibrary.wiley.com/doi/10.1002/alz.70843 by Abby Hensel , Wiley Online Library on [27/10/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
I
—
L
(%2}
z
L
T
*3WN|OA A}ISuajulIadAy Ja33eW 33IYM ‘AHIAM SWN|OA Uleiq |eaga.3d |B10 ‘AL {|[e143 P3||043U0D PazIWOopue. ‘| )y ‘AHAISNYIP UBSW PIZIU03S|SYS JO YIpIm dead
‘AINSd ‘“ANAIE [eD1SAyd ‘d ‘AlIAIIDE [BD1SAYd SNOJOSIA 0] 91849pOoW ‘AN “3]1J01d YSIY 90415 weysulwelq dyS4 ‘uoisualiadAH dois o3 saydeouddy Ateiaiq ‘HSYQ 95easip JejnaseAolpaed ‘gAD SUoljeIASIqqy
aseasIp
Adopie jesaydiusd -
9seasIp AJayie Aseuoao) -
aJn|le) }4eay aA1sasuo) - AINSd pue
$329449 }23lIp pue uonejluqy ey - 191eM 3344 AHINM 9|eWa %ES vsn
30341pul JO S9}EWIISd SQAD 8uimol|oy ‘A@DL 8ulpnul junod dajs pue ‘awi} 9ET F6'€G=51edA QS +£(€202)
SOA paddeujsjoog ay3 8uisn paje|ndjed d¥ys4 3ui3e uieag Asejuspas ‘YdAIN Fuesaw ‘93e:/0GC =N Apnis 3104oD ‘|e 39 ouepiedg
(dn-moj|o} Jeak-9T pooyinpe-piw S|BWS} %8G
5193449 32341pul pue aul|aseq) pue pooyynpe-Ajiea ‘96 FZ'T9 =51e9A QS VSN
ON pue 10241p pajewiis3 9seas|p 1uesH Atowsw diposid3 ul VAW F uesw ‘98e:00zSs =N Apnis 110yod 5c(TT0T) ‘1€ 32 [eeay
aseasIp
|eliayde [esaydisd -
95easIp J4esy dIWayds| -
ainjlejiesy - 9lewa) %G
Sdomawely aseasIp ‘GTT F£'9G =SJedh
9dUaJ9jul |esned 1e|NdSeAoIqald) - s F ueaw ‘(ss|ew) agde
|en3oe}ua3unod uone||lqly ey - (39suo-a1e| ‘0°CT F7'6G =SJe2A
) uo paseq ejnwio)-3 :Jo pue 1asuo-Ajies) s F ueaw ‘(ssjewsy) puejuiq
H z ON |euoinielpain ainseaw gAD a1sodwo) ejlpuaweQg 19pJosip asn |oyod|y a3e:c0/292 =N Apnis 1io0yod ,c(€202) 183 NH
..m m yoeo.dde 9|ewa) %68 ujedg
D) e 0y°I99MISPUBA uonpuny Suluonduny Vd pue 67 FT'59=steakas 104 Jo 9¢(€20T) 1832
m m ON pue LisjeA pue a4n3onJis |elije o7 9AI3IUS0D) 191p UeaUEIIS)IPIN Fuesaw ‘98e 9/ =N SisA|eue Alepuodas eAoUBSeD) Z9[ezuo9)
) m SPRHS S|ewa4 %9 €lep 1Dy auljsseq vsn
D M 12941pul JO S91BWIISD 3uluoipuny ssaulljdlqolae ‘8'9 FH'G9 =s1eah Qs 1o sIsAjeue «e(£102)
“M.u s Alleied paddeujsjoog (d¥S4) 0418 9AI1IUS0204N3N pue ‘vd ‘191p HSva Fueaw ‘98e:09T =N |BUO11295-5504D) ‘|e 39 |leyjuswin|g
N
R Ed ¢lojelpaw poyiaw (s)103e1paN (s)swod1nO (s)40308) MS1y soljsiua3oeleyd usisap Apnis A1uno)
ﬁ M e se payiuapl sisAjeue uoneipa juedidijed Jea) Joyny
5 adAD seM
. -
L m 'salpnis 9|qiSi|a jo Alewwins T 37dV.L
< 3
9
w
T
=

60f13



15525279, 2025, 10, Downloaded from https://alz-journals.onlinelibrary.wiley.com/doi/10.1002/alz.70843 by Abby Hensel , Wiley Online Library on [27/10/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

7of 13

(senunuo))

eljuswap
- [00T6£0]260 A96TT9T]6TC 48T TrTIT0T }9suo-aie] , -

eluswsp 16(€202)
- [90T‘56'0100T Av9L'8e€l v J8v'L 8 €l9T'S josuo-Alieq Vs and - (ssjew) anv ‘leyenH

Alzheimer’s &Dementia
THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

- [£00‘T00-]1€00 [6z0T00-1¥T10 - Alowawi [eqan /
Suruonpuny
- [0T'0°T00-1€00 80200100 - SAIINI3X3 / Va ssaulydiqotey
— — — — AJowaw [eqiap 1
Suruonpuny
- - - - SAIIN3X3 Va SN Vd
- — — — Adowsw [equap Vi
sujuoijouny (d¥s4) s(£102) e
- - - - SAIIN3X3 / 04S SN BIPHSVA leyjuawinig

‘S|opow Jojelpaw Jo Alewwns  Z 3749V.L

HENSEL ET AL.



15525279, 2025, 10, Downloaded from https://alz-journals.onlinelibrary.wiley.com/doi/10.1002/alz.70843 by Abby Hensel , Wiley Online Library on [27/10/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

*(S0"0 > d 40 S|EAIS)UI 2DUSPIHUOD %G 4 Ul SUO JO 04DZ JO dDUISCE AQ Pajedipul se) Juediiusis ,

2
I JUed1JIUSIS J0U IO SUOIFIAIP 93150ddO Ul 9.8 $3294J9 129.IpUl PUE J22J1P Se ‘93ew13sa 03 d|qedijdde JoN = e/u
m *3|qe|leAe Jou sem Aemyied UO UOIIBUWION| = —
z ‘Aemyied 1oj sanjeA Juedijiusis-uoN = SN
- ‘Aemyjed Joj sanjea Juedyiudig = A
*awn|oA AjisuajuliadAy
1913BW SUYM ‘AHIAM DWNJOA Ule.q [B4ga.4aD [B10] AGDL ‘ANAISNHIP UBSW PAZIUOIDIANS JO YIPIM dead ‘QINSd ‘ulelis [eulipniiSuo] 21103sAs yead ‘S7Sd ‘ANAIe [edisAyd ‘vd ‘AlIA1e [edisAyd snoJoSIA 03 ajesapow
VAW ‘[el1e Y| ‘¥ 9]1404d dSIY 950415 weySulwel4 d¥S ‘uoisuariadAy dois 03 sayoeoudde Alejalp ‘HSYQ DSESIP JBJNISEAOIPIED ‘QAD {[EAIDIUI SOUBPIIUOD ‘| LIBPJIOSIP 3sn [oyod|e ‘dNY :UOIIeIAIGqY
g/u +800°0— 1100 €000 AHANM /
g/u «600°0— 6100~ 8200~ J91eM 9314 Va
'St +900°0— «C€00— «6€0°0~ (€] /
L9T +§00'0 G200 «0€0°0 AEDL / , Junod dajg
g/u +§00°0 1700~ «9€0°0— AHNM /
g/u +900°0 7100 6100 191eM 9314 /
€01 «¥00'0 «G€00 «6€0°0 AINSd /,
€8 «€00°0— «€€00— «9€0°0~ AEDL s Vs awiy Alejuapag
g/u 100~ 9100~ 0€00— AHWNM /
L'6T «€000— «€€00— «1£0°0— J31EM 9314 /
0ce «1T00— «6€00— <0500~ ansd /
c(€202)
§'oc +800°0 1€00 «6€0°0 AEDL / dysd / VdAW ‘|e 39 oueleds
a8ueyd
- [200'0 200°0—-] 0000 {TET°0700°0] £90'0 .[821°0T00°0] ¥90°0 Alowsw 1eak-97 SN
Rna = Alowsw VdAW
= m - [200°0°T00°0-] 1000 [990°0‘0100-18200 [€£00°€000-]S€00 suljsseg / / pooy3npe-piin
m 3 agueyd
m m - [200'0 200°0—] 0000~ [S00°0°62T°0-10900— [T€E00°CL00-1T200—  Alowsw Jesh-9T SN
Lo Adowaw VdAIN 26(1202)
D M - [T000 ‘200'0-]1T000— 2600'5T001€50°0 {[€0T°0'T#0012£0°0 suljsseg /  9sessipliesH SN pooy3|npe-Ajie3 ‘e 39 [eed
Mw M eljuswap
R - [00T‘08°0] £6°0 Jdere'estlece Jsoe18TlTET 39suo-a3e] , -
w
H = eljuswap
m 6 - [90T‘86°0]10°T der9seciory RiTA R YAl 44 39suo-Alle3 / - (le303) anv
-
. D 2 elpuawap
= m - [00T ‘€8°0]196°0 dz9v981lz6T JArev‘oLTl08C jasuo-aje] Va -
m w enuawap
T
= - [ETT'6£01560 [987 ‘0¥ 0l 97T [¥8¥‘se0l6€T josuo-Alieq SN - (salewsy) anv
(%) pareIpaw (1> %56] 2rewWn3se (1> %S6] 23eWnIS® ([1> %S6] 238WI3IS?
a uoijiodoud julod) 329449 12241pU| julod) 1994J9 122410 julod) 129449 |e10] awo2nQ qyied Jojelpajn e yled ainsodx3 Jeap Joyny
G
=]

(penuiuod) z 374VL



HENSEL e L Alzheimer’s &Dementia® | soris

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

TABLE 3 Summary of study quality.

Blumenthal Gonzalez Casanova Huetal. Kraal et al. Spartano et al.
etal.(2017)% et al. (2023)%¢ (2023)%7 (2021)8 (2023)%?
Planning
Was the mediation analysis planned a priori in the trial x x x x x
protocol?
Were the mediators chosen based on the clinical rationale v v v v v
underlying the mechanisms in which the exposure affects
the outcome?
Was the choice of mediator(s) based on independent data? v v v v v
Was there a plan to collect pre- and post-randomization n/a n/a n/a n/a n/a
confounders of the exposure-mediator relationship?
Was there a plan to collect pre- and post-randomization n/a n/a n/a n/a n/a
confounders of the mediator-mediator relationship?
Was there a plan to collect pre- and post-randomization n/a n/a n/a n/a n/a
confounders of the mediator-outcome relationship?
Were the mediators measured prior to the outcome to x v v v v
assure the causal interpretation of the findings?
Were the mediators measured repeatedly? x x x x x
Was a causal diagram reported underlying the causal v v v x x
relationship of the exposure(s), mediator(s), and
outcome(s)?
Was the sample size for the mediation analysis estimated? x v x x x
Conduct
Were multiple imputations (or other valid approaches) used n/a n/a n/a n/a n/a
to handle missing data?
If a complete-case analysis was used, did they adjust for x x x x x
baseline covariates that were differentially distributed
between responders and non-responders?
Was a sensitivity analysis conducted to assess the impact of x x x x x
different approaches on the findings?
Does the study report separate analyses for separate n/a 4 n/a n/a n/a
mediators?
Does the study use an appropriate framework for analysis? v v v v v
Does the study evaluate the goodness of fit of each model? x x x v x
Does the study assess potential interaction(s) between x x v x x
exposure and confounding factors, exposure and mediator,
mediator and mediator in the mediator and outcome
models?
Does the study adjust for exposure-mediator confounders? n/a n/a n/a n/a n/a
Does the study adjust for mediator-mediator confounders? n/a x n/a n/a n/a
Does the study adjust for mediator-outcome confounders? v 4 v 4 4
Does the study perform sensitivity analysis to assess x x x x x
sensitivity of the results to the assumption of no measured
mediator-mediator or mediator-outcome confounder?
Does the study perform sensitivity analysis to assess x x x x x
sensitivity of the results to potential measurement errors of
the mediator(s)?
Does the study use apt strategies when some of the x x x x x

mediator-mediator or mediator-outcome confounders are
potentially affected by the exposure (e.g., by considering
confounders as mediators themselves)?

(Continues)

85U8017 SUOWILIOD BAIIRID 3|cedl|dde ayy Aq peusenob are ssole YO ‘8sn JO S3|nJ oy Ariq1T 8UlIUO AB|IA UO (SUONIPUOO-pUe-SLLBI/LICO" A3 1M AReIq 11 |UO//SANY) SUORIPUOD Pue SWe | 81 885 *[GZ0z/0T/L2] Uo AkeiqiTauliuo /(1M * BsueH Aqqy Aq £780.ZB/Z00T 0T/10p/wod A8 |im Arelq juluo's euino -z e/ :sdny woij pepeojumod ‘0T ‘5202 ‘6.2525ST



wor1z | Alzheimer’s &Dementia’

HENSEL ET AL.
THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION
TABLE 3 (Continued)
Blumenthal Gonzalez Casanova Hu et al. Kraal et al. Spartano et al.
etal.(2017)%° etal. (2023)%¢ (2023)%7 (2021)°8 (2023)%?
Reporting
Does the study report the approaches used for mediation v v v v v
analysis?
Does the study provide a causal diagram that underlies the v x x v v
analysis?
Does the study report the sample size calculation? x v x x x
Does the study report the actual sample size of the v v v v v
mediation analysis?
Does the study report how missing data are handled? x x x v x
Does the study report all confounders considered and v v v v v
adjusted for in the analysis?
Does the study report the model-building procedure and x x v v v
the final form of all models used in the analysis?
Does the study report the goodness of fit of all the models? x x x v x
Does the study report the point estimates and the v v v v x*
confidence intervals of the direct effect(s)?
Does the study report the point estimates and the v v v v x*
confidence intervals of the indirect effect(s)?
Does the study report the point estimates and the x v v v x*
confidence intervals of the total effect(s)?
Does the study report the methods and results of all v 4 v v v
sensitivity and other additional analyses (in the main paper
or appendices)?
Does the study discuss the validity of all causal assumptions v v v v v

underlying the analysis (in the main paper or appendices)?

v (yes).

x (no).

n/a = Not applicable to score.

* Point estimates, but not confidence intervals, were reported.

3.5.3 | Alcohol

One large cohort study, conducted by Hu et al., evaluated alcohol use
disorder and dementia. While alcohol use disorder increased the risk
of both early- and late-onset dementia, the elevated risk of dementia
associated with alcohol use disorder was not mediated by CVD.

3.54 | Smoking

No included study investigated smoking as an exposure, leaving this
pathway entirely unexamined.

3.6 | Quality and reporting

Quality assessment revealed multiple methodological limitations

(Table 3). None of the studies followed a pre-specified mediation pro-

tocol, and none performed sensitivity analyses for key assumptions.

Only one study estimated sample size requirements, and none incor-
porated repeated mediator measurements, both of which are essential
for robust causal inference. Furthermore, point estimates of indirect
effects were often small and accompanied by wide confidence inter-
vals, underscoring concerns about limited power and heterogeneity in
analytic methods.

4 | DISCUSSION

This scoping review synthesized the limited literature using mediation
analysis to examine whether CVD explained the relationship between
lifestyle risk factors and dementia-related outcomes. Our review iden-
tified only five eligible studies, most of which focused on physical
activity and employed diverse methodologies to explore mediation
effects. The study findings provided very limited and inconsistent evi-
dence for CVD as a mediator in these pathways. While two studies
reported statistically significant indirect effects - primarily for physi-

cal activity and composite cardiovascular risk profiles - most findings
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were null, and the observed mediation effects were modest and varied
by outcome and analytic approach. Overall, these findings underscore
the methodological and conceptual gaps in the existing evidence base.

Although some models demonstrated statistically significant medi-
ation, the clinical and mechanistic implications of these small indirect
effects are uncertain. For example, while FSRP scores explained up
to 22% of the association between physical activity and neuroimag-
ing markers of brain aging, these findings do not establish whether
such effects are clinically relevant or whether they would translate
into dementia prevention at the population level. The lack of sensi-
tivity analyses, repeated mediator measurements, and standardized
outcome definitions further complicates interpretation. These limita-
tions make it premature to conclude that CVD meaningfully explains
lifestyle-dementia relationships in practice.

The modest and inconsistent findings observed here offer, at best,
tentative support for the vascular hypothesis of dementia. This hypoth-
esis posits that vascular pathology mediates the effects of upstream
risk factors on cognitive decline.2%22 Partial mediation observed in a
small subset of analyses identified in this review suggests that vascular
health could play arole, but the current literature is too limited to fully
substantiate these claims. Prior conceptual frameworks and reviews
describing the lifestyle—vascular-cognition pathway assumed that
vascular processes mediated the effects of lifestyle behaviors,41-43
but our review reveals how rarely this hypothesis has been tested
using formal causal modeling. Compared to existing reviews that
largely summarize direct associations between lifestyle risk factors
and dementia,1¢#4-4¢ this review adds value by identifying how little
empirical work has formally quantified mediation within this relation-
ship and by highlighting methodological gaps that must be addressed
before causal inferences can be drawn.

Notably, no mediation studies involving smoking were identified
despite its well-established links to both CVD and cognition.*”~? This
absence likely reflects the scarcity of longitudinal datasets that capture
smoking exposure, incident CVD, and cognitive outcomes over suffi-
cient follow-up periods to enable mediation modeling. Alternatively, it
is possible that smoking is more often treated as a covariate rather than
a primary exposure, limiting its inclusion in formal mediation analyses.
Future research should address this gap by incorporating robust mea-
sures of smoking exposure across midlife, when vascular damage most
strongly influences dementia risk trajectories.

Several methodological issues limit confidence in the reported
mediation effects. First, none of the limited number of included
studies followed a pre-specified mediation protocol, and only one esti-
mated sample size requirements, raising concerns about low statistical
power and potential Type Il error. Second, mediators and outcomes
were rarely measured at multiple time points, and in several stud-
ies, the temporal ordering of exposure, mediator, and outcome was
unclear, both of which raise questions to causal inference. Third, ana-
lytic approaches varied widely (e.g., bootstrapped indirect effects,
counterfactual-based mediational g-formula, Valeri and Vanderweele
approach), and none incorporated sensitivity analyses for unmeasured
confounding. Finally, heterogeneity in the operationalization of both

exposures (e.g., self-reported physical activity vs objective fitness) and

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

mediators (e.g., composite risk scores vs structural cardiac measures
vs individual CVD diagnoses) introduces additional complexity and
reduces the comparability of findings. Together, these issues mean
that existing findings should be viewed as exploratory rather than

confirmatory.

5 | CONCLUSIONS

This review is the first to map evidence on vascular mediation using
formal mediation analysis in lifestyle-cognition research, providing
a foundation for future investigations. However, the evidence base
remains extremely small (n = 5 studies), precluding any generalizable
conclusions. The included studies exhibited substantial heterogene-
ity in design, follow-up duration, and analytic rigor, and most lacked
essential features for causal inference. These limitations underscore
the fact that while mediation analysis offers a powerful framework
for understanding mechanisms, its potential has yet to be realized in
this field. High-quality longitudinal studies with rigorous mediation
frameworks are needed to clarify whether improving cardiovascular
health is a viable strategy for reducing dementia risk through lifestyle

modification.
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