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Abstract

INTRODUCTION: Lower blood pressure (BP) is linked to reduced dementia risk,

though it is uncertain whether this benefit stems solely frommitigating vascular brain

injury (VBI) or also extends to directly influencing Alzheimer’s disease (AD) pathology.

We leveraged Mendelian randomization (MR) to assess whether lifelong lower BP is

causally associated with neuropathological correlates of VBI and AD.

METHODS:We identified genetic proxies for systolic and diastolic BP (n= 1,028,980)

and applied them in MR analyses of post mortem neuropathological measures of VBI

and AD (n= 6363–7786).

RESULTS: Genetically proxied lower systolic BP associated with reduced risk of all

VBImeasures, including atherosclerosis, arteriolosclerosis, gross infarcts, andmicroin-

farcts. There was no evidence for associations between systolic BP and AD pathology,

includingmeasures of amyloid and tau pathology. Diastolic BP analyses yielded similar

results.

DISCUSSION: These findings suggest that BP-lowering protects against dementia by

mitigating VBI rather than by directly affecting AD pathology.

KEYWORDS

Alzheimer’s dementia, atherosclerosis, blood pressure, Mendelian randomization, systolic blood
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Highlights

∙ It is uncertain whether blood pressure impacts dementia risk solely through its

effects on blood vessel health, or whether it also impacts Alzheimer’s disease (AD)

pathology.

∙ We performed a Mendelian randomization study using genetic predictors of blood

pressure applied to a unique autopsy study of neuropathological correlates of both

vascular brain injury and AD pathology.

∙ We found evidence that genetically lowered blood pressure solely impacts vascular

brain injury, with no effects on AD pathology.
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1 INTRODUCTION

Findings from observational studies1,2, population genetics research3,

and clinical trials4,5 support blood pressure (BP) lowering as an effec-

tive strategy for dementia prevention. The most common dementia

subtypes are Alzheimer’s disease (AD) and vascular dementia, each

characterized by distinct neuropathological features6.While the effect

of hypertension on vascular brain injury (VBI) is well established7, its

influence on AD pathology is uncertain8,9. Clarifying this relationship

would advance the basic understanding of AD pathogenesis andwould

be of therapeutic relevance.

The uncertainty in the association of hypertension with AD stems

in part from the challenge of definitively determining dementia sub-

types in living patients, and from the frequent coexistence of VBI

and AD pathology in the same patient10. These challenges undermine

epidemiological investigations that rely on clinically diagnosed AD or

vascular dementia as outcomes without confirmatory neuropathology.

Although radiographic and laboratory-based biomarkers offer more

objective and direct measures of neuropathological phenotypes in

living patients, epidemiological studies of these biomarkers have pro-

duced inconsistent results on their association with hypertension8,11.

Moreover, causal inference from these observational associations is

limited by biases of unmeasured confounding and reverse causality12.

Alternative epidemiologic approaches are therefore needed to address

this question.

Naturally randomized data enhance the reliability of causal infer-

ence in observational studies. The Mendelian randomization (MR)

paradigm uses genetic variants as proxies for health risk factors, lever-

aging their random allocation at gametogenesis13. This randomization

minimizes confounding, while the fixed identity of germline variants

ensures they are unaffectedbydisease development (Figure 1).MRhas

been used to investigate causal associations between health risk fac-

tors and dementia14,15, though it has not been systematically applied

to investigate neuropathological correlates of dementia. In this investi-

gation, we applied theMRparadigm to postmortemneuropathological

data to examine potential causal relationships betweenBPandVBI and

AD pathology16.

2 METHODS

2.1 Ethics approval

This study used publicly available, deidentified data and was there-

fore exempt from institutional review board review. All contributing

studies obtained informed consent from either the participant or a

caregiver16,17.

2.2 Study overview

The aim of this two-sample MR study was to investigate potential

causal relationships between genetically proxied lower BP and neu-

ropathological correlates of VBI and AD. We use the term VBI to

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the litera-

ture using PubMed. Hypertension has been linked to

increased risk of vascular dementia and Alzheimer’s dis-

ease (AD). However, there is no naturally randomized

data in the literature that investigate the causal effects

of blood pressure (BP) on the neuropathological changes

that underlie these traits.

2. Interpretation: Findings from our Mendelian random-

ization analysis of post mortem neuropathological data

suggest that BP lowering protects against dementia by

mitigating vascular brain injury rather than by directly

affecting AD pathology.

3. Future directions: Future investigations should assess

non-linear effects, characterize cutoffs, and investigate

these associations in clinically relevant subgroups.

specifically denote neuropathological changes, distinguishing it from

vascular dementia, which refers to a clinical phenotype. To conduct our

analysis, we identified genetic proxies for systolic blood pressure (SBP)

anddiastolic bloodpressure (DBP) andobtained their associationswith

neuropathological correlates of VBI and AD. MR analyses were then

performed to estimate the effect of genetically proxied lower BP on

each outcome.

2.3 Genetic associations with SBP and DBP

We obtained genetic associations with SBP and DBP from a 2024

genome-wide association study (GWAS) meta-analysis of 80 cohorts

including 1,028,980 participants of European ancestry17. BP mea-

surements were corrected for antihypertensive use by applying the

established method of adding 15 mm Hg to SBP and 10 mm Hg to

DBP17,18. Genetic associations were adjusted for age at BP measure-

ment, age2, sex, body mass index (BMI), and the top 10 principal

components of ancestry. Beta coefficients for variants were reported

asmmHg change per effect allele.

2.4 Genetic associations with neuropathological
correlates of VBI and AD

We obtained genetic associations with autopsy-based neuropatho-

logical measures of VBI and AD from a 2024 GWAS meta-analysis

of three data sources: National Alzheimer’s Coordinating Center

(NACC; n = 5940), Adult Changes in Thought (ACT; n = 681), and

the Religious Orders Study and Rush Memory and Aging Project

(ROSMAP; n = 1183)16. The mean age at autopsy was 89 in ROSMAP

(67% female)19, 89 in ACT (58% female)20, and 80 in NACC (50%

female)21. Additional demographic details, distribution of clinical diag-
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(B)

F IGURE 1 Directed acyclic graphs comparing causal pathways and biases in conventional observational epidemiological studies and inMR
studies. A, Comparison of traditional observational studies versusMR approaches in assessing the relationship of blood pressure with
neurodegeneration. MR leverages randomly inherited genetic variants as instrumental variables tomitigate biases related to confounding and
reverse causation. B, TheMR framework assumes that genetic proxies affect dementia pathology exclusively through blood pressuremodification,
rather than through independent biological pathways (horizontal pleiotropy). Sensitivity analyses evaluate the robustness of this assumption. AD,
Alzheimer’s disease; DBP, diastolic blood pressure; MR,Mendelian randomization; SBP, systolic blood pressure; VBI, vascular brain injury.

TABLE 1 Neuropathological correlates of vascular brain injury and AD examined in this study.

Phenotype Category Variable coding (category n) Total n

Arteriolosclerosis Vascular brain injury Ordinal: none (1645) versus mild (2122) versus moderate (2067)

versus severe (834)

6668

Atherosclerosis in

circle ofWillis

Vascular brain injury Ordinal: none (1505) versus mild (2786) versus moderate (2231)

versus severe (818)

7340

Gross infarcts Vascular brain injury Binary: absent (1766) versus present (5632) 7398

Microinfarcts Vascular brain injury Binary: absent (1839) versus present (5641) 7480

Braak NFT stage AD—quantification of severity of

neurofibrillary tangle (tau)

pathology

Ordinal: absent (score 0)—to diffuse with large neuronal loss

(score 6): 0 (110), 1 (342), 2 (585), 3 (896), 4 (1360), 5 (1947), 6

(2536)

7776

CERAD score AD—quantification of neuritic

plaque (Aβ) burden
Ordinal: none (1012) versus mild (786) versusmoderate (1639)

versus severe (4349)

7786

Diffuse plaques AD pathology Ordinal: none (693) versusmild (900) versus moderate (1233)

versus severe (3537)

6363

Abbreviations: Aβ, amyloid beta; AD, Alzheimer’s disease; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; NFT, neurofibrillary tangle.

noses, and methodologies for neuropathological analysis in these

cohorts have been described previously16,19–21. From the available

neuropathological measures, we selected phenotypes that could be

definitively categorized as either correlates of VBI or AD (Table 1).

These phenotypes were harmonized across the three datasets prior

to genetic analysis, with most having directly comparable coding def-

initions. Ordinal phenotypes were analyzed using a proportional odds

logistic mixed-effects model, while binary phenotypes (presence of

gross infarcts or microinfarcts) were analyzed using a logistic mixed-

effects model16. Genetic associations were adjusted for age at death,
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sex, cohort, and the top 10 genetic principal components of ancestry.

Thesemodels report odds ratios (ORs) of the outcome per effect allele,

indicating either increased severity for ordinal phenotypes or the

relative likelihood of presence versus absence for binary phenotypes.

2.5 Selection of genetic proxies and data
harmonization

The MR paradigm requires genetic variants to be strongly associated

with the proxied exposures. Therefore, for each BP trait, we identi-

fied variants present in all GWAS datasets that met the genome-wide

statistical significance threshold (P < 5×10−8). To avoid bias due to

pleiotropy (see below), we excluded variants in the apolipoprotein E

(APOE) gene region (Chr19: 45,116,911–46,318,605)15. To identify

independently inherited variants, we performed linkage disequilib-

rium (LD) clumping (r2 < 0.001 using a 1Mb window) using the 1000

Genomes European ancestry subset as our LD reference panel22.

We extracted associations of these variants with the neuropatho-

logical traits and aligned exposure and outcome beta coefficients

to the same effect allele. Palindromic variants were excluded when

strand orientation could not be unambiguously determined (if minor

allele frequency > 0.42)22. We report the mean F statistics as a

measure of genetic proxy strength, considering 10 to represent the

threshold for weak instruments23. We also report the percentage of

variance explained of the respective BP exposures, which relates to the

statistical power of the analysis.

2.6 MR analyses

We used the random effects inverse variance weighted method to

estimate the effect of lifelong genetically lowered BP on each neu-

ropathological outcome22. Effect estimates were scaled to a 10 mm

Hg reduction in SBP or to a 5 mm Hg reduction in DBP, each approx-

imately corresponding to a half-standard deviation reduction in BP24;

this permits comparison of SBP andDBPanalyses on the same scale. To

account for multiple comparisons, we applied a Bonferroni-corrected

statistical significance threshold of P< 0.007, conservatively adjusting

for the sevenoutcomes.Wedid not apply additional correction for ana-

lyzing both BP traits given their strong pairwise correlation. Analyses

were conducted using R version 4.4.2.

2.7 Sensitivity analyses

Genetic confounding in MR is minimized by matching ancestry groups

between exposure and outcome datasets and by adjusting GWASs for

genetic ancestry. However, MR analyses may be biased by pleiotropy,

whereby genetic proxies influence the outcome through pathways

independent of the exposure (Figure 1). Therefore, for significant

associations in the primary analysis, we performed sensitivity analy-

ses to assess the robustness of associations to violations of this MR

assumption. First, we implemented theCochranQ test for heterogene-

ity to evaluate whether the associations between proxy variants and

the outcome exhibited greater variation than would be expected by

chance alone. Second, we implemented the MR Egger intercept test

for directional pleiotropy25. Third, we calculated MR estimates using

the weighted median and MR Egger methods, which provide consis-

tent causal estimateswhile relaxing assumptions aboutpleiotropy25,26.

Finally, tominimize bias due to potential reverse causality, we excluded

genetic proxies within 500 kb of lead variants identified in the neu-

ropathology GWAS16.

MR estimates may also be impacted by collider bias when genetic

associations are adjusted for heritable covariates such as BMI27.

To address this possibility, we repeated analyses using a GWAS of

BP conducted in the UK Biobank cohort without BMI adjustment

(n = 430,025)28. BP in this cohort was measured with an automated

cuff using a standardized protocol. These genetic associations were

adjusted for age, age2, sex, age x sex, age2 x sex, and the top 20

principal components of ancestry. Effect estimates were inverse

normal transformed and therefore represent effects on the standard

deviation scale; tomatch our primary analysis, we scaledMRestimates

to reflect the effect of a half-standard deviation change in BP (corre-

sponding to a 10 mm Hg reduction in SBP or to a 5 mm Hg reduction

in DBP).

3 RESULTS

We identified 831 independent variants to serve as proxies for SBP

(Table S1 in supporting information). Themean F statisticwas 70 (range

30–701), and the variants collectively explained 4.4% of the variance

of SBP. We identified 826 independent variants to serve as proxies for

DBP. The mean F statistic was 70 (range 30–829), and the variants col-

lectively explained 6.7% of the variance of DBP (Table S2 in supporting

information).

Genetically proxied lower SBP was significantly associated with

reduced severity of atherosclerosis in the circle of Willis (OR of cat-

egory increase in atherosclerosis severity per 10 mm Hg lower SBP:

0.77, 95%confidence interval [CI] 0.69–0.86,P=6.87×10−6), reduced

risk of gross infarcts (OR 0.79, 95% CI 0.68–0.90, p = 7.01 × 10−4),

and reduced risk of microinfarcts (OR 0.75, 95% CI 0.66–0.86,

p = 4.14 × 10−5; Figure 2). There was a nominal association with

reduced severity of arteriolosclerosis (OR 0.87, 95% CI 0.77–0.98,

p = 0.02). There were no significant associations between genetically

proxied SBP and any neuropathological correlates of AD (all P > 0.05;

Figure 2).

Genetically proxied lowerDBPwas associatedwith protection from

atherosclerosis (OR for category increase in atherosclerosis severity

per 5 mm Hg lower DBP: 0.81, 95% CI 0.73–0.89, p = 6.14 × 10−6),

gross infarcts (OR 0.84, 95% CI 0.75–0.94, p = 3.07 × 10−3), and

microinfarcts (OR 0.84, 95% CI 0.75–0.94, p = 2.56 × 10−3; Figure 3).

There was no significant association between genetically proxied

DBP and arteriolosclerosis or any of the AD pathology measures (all

P> 0.05; Figure 3).
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F IGURE 2 MRestimates for the association of genetically proxied lifelong lower SBPwith neuropathological measures of vascular brain injury
and AD pathology. Displayed are point estimates (boxes) and 95%CIs (horizontal lines). Estimates correspond to the effect of a SP reduction
(proxied using 831 variants) of 10mmHg. Asterisks indicate estimates that surpassed the Bonferroni-adjusted statistical significance threshold.
AD, Alzheimer’s disease; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; CI, confidence interval; MR,Mendelian
randomization; NFT, neurofibrillary tangle; OR, odds ratio; SBP, systolic blood pressure

F IGURE 3 MRestimates for the association of genetically proxied lifelong lower DBPwith neuropathological measures of vascular brain
injury and AD pathology. Displayed are point estimates (boxes) and 95%CIs (horizontal lines). Estimates correspond to the effect of a DBP
reduction (proxied using 826 variants) of 5mmHg. Asterisks indicate estimates that surpassed the Bonferroni-adjusted statistical significance
threshold. AD, Alzheimer’s disease; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; CI, confidence interval; DBP, diastolic
blood pressure; MR,Mendelian randomization; NFT, neurofibrillary tangle; OR, odds ratio
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Sensitivity analyses supported the primary analysis findings, with

no significant evidence of bias due to pleiotropy based on Cochran Q

and MR Egger intercept tests (Table S3 in supporting information). To

mitigate potential bias due to reverse causality, we performed addi-

tional analyses excluding proxy variants located near rs2000660 in

COL4A1 (previously associated with atherosclerosis) and rs78909048

in LZTS1 (previously associated with arteriolosclerosis). The exclusion

of these variants did not materially alter theMR estimates, confirming

the robustness of our findings (Table S3).

4 DISCUSSION

In this two-sampleMR study, we found that genetically proxied lifelong

lower BP reduced the risk of multiple neuropathological correlates

of VBI. By contrast, we found no evidence that lower BP was asso-

ciated with any neuropathological correlates of AD. Taken together,

this naturally randomized genetic evidence supports the notion that

hypertension impacts brain health exclusively through effects on VBI,

rather than throughadditional effects onADpathology. Putativemech-

anisms for this vascular effect include blood vessel wall remodeling,

microvascular rarefaction, endothelial cell injury and inflammation,

and impaired neurovascular coupling9. The absence of BP effects on

AD pathology underscores the need for ongoing development of tar-

geted, mechanistic interventions for AD. These efforts should parallel

optimization of individual and population-level vascular health, as VBI

and AD pathology additively increase all-cause dementia risk29,30.

Our study has several key strengths. The use of naturally random-

ized human genetic data within the MR framework mitigates bias due

to residual confounding and reverse causality. We maximized statisti-

cal power by using strong genetic proxies from the largest available BP

GWAS, yielding relatively precise effect estimates with narrow confi-

dence intervals. Finally, the use of post mortem data enabled direct

measurement of neuropathology, thus avoiding biases that impact

analyses of clinically diagnosed dementia. Several limitations warrant

consideration. First, these analyses were conducted using genetic data

from individuals of European ancestry, potentially limiting general-

izability to populations of other ancestral backgrounds. These MR

analyses should be revisited in future studies as genetic associations

with neuropathological phenotypes are identified in more diverse

populations. Second, summary-level MR analyses assume a linear rela-

tionship between exposure and outcome, and we therefore cannot

exclude non-linear effects of BP extremes. Although non-linear MR

methods have been developed, they require individual-level data and

are prone to false-negative findings when applied to datasets with lim-

ited sample sizes. Third, survival or selection bias may have influenced

our findings, as individuals who underwent neuropathological exam-

ination may not be representative of the general population. Fourth,

variability in the subjective assessment of neuropathological pheno-

types across contributing cohorts may have led to measurement error

and attenuation of findings toward the null. Fifth, our MR estimates

reflect effects of lifelong genetic influences on BP. Consequently, we

cannot assess how these effects vary across different life stages, and

these findings may not readily generalize to the effects of shorter term

antihypertensive therapy. Sixth, given theuseof summary-level genetic

data, we were unable to stratify by important subgroups such as age,

sex, and APOE ε4 status. This limitation warrants further investigation

in future analyses.

In conclusion, these human genetic data suggest that protective

effects of BP lowering on dementia are primarily driven by mitiga-

tion of VBI, rather than through direct effects on AD pathology. This

reinforces the importance of multifaceted therapeutic strategies in

dementia prevention.

ACKNOWLEDGMENTS

We are grateful to all GWAS participants. LMPS is supported

by the National Institute of Neurological Disorders and Stroke

(F30NS124136). DWF is supported by the National Institute on Aging

(RF1AG082339 and R01AG082730). KY is supported by the National

Institute on Aging (R35AG071916, R01AG063887, R01AG085481,

R01AG091431).

CONFLICT OF INTEREST STATEMENT

DG is the chief executive officer of Sequoia Genetics, a private limited

company that works with investors, pharma, biotech, and academia by

performing research that leverages genetic data to help inform drug

discovery and development. DG has interests in several biotechnology

companies. All other authors (ID, MRC, LMPS, MN, KY, DWF) have no

conflicts to declare. Author disclosures are available in the supporting

information.

CONSENT STATEMENT

All participants in the contributing genetic studies provided informed

consent.

ORCID

IyasDaghlas https://orcid.org/0000-0001-6924-0641

REFERENCES

1. Ou YN, Tan CC, Shen XN, et al. Blood pressure and risks of cogni-

tive impairment and dementia: a systematic review and meta-analysis

of 209 prospective studies. Hypertension. 2020;76:217-225. doi:10.
1161/HYPERTENSIONAHA.120.14993

2. Emdin CA, Rothwell PM, Salimi-Khorshidi G, et al. Blood pressure

and risk of vascular dementia: evidence from a primary care registry

and a cohort study of transient ischemic attack and stroke. Stroke.
2016;47:1429-1435. doi:10.1161/STROKEAHA.116.012658

3. MalikR,GeorgakisMK,Neitzel J, et al.Midlife vascular risk factors and

risk of incident dementia: longitudinal cohort andMendelian random-

ization analyses in theUKBiobank.Alzheimers Dement. 2021;17:1422-
1431. doi:10.1002/alz.12320

4. SPRINT MIND Investigators for the SPRINT Research Group,

Williamson JD, Pajewski NM, Auchus AP, et al, SPRINTMIND Investi-

gators for the SPRINTResearchGroup. Effect of intensive vs standard

blood pressure control on probable dementia: a randomized clinical

trial. JAMA. 2019;321:553-561. doi:10.1001/jama.2018.21442

5. HughesD, JudgeC,MurphyR, et al. Association of blood pressure low-

ering with incident dementia or cognitive impairment: a systematic

review and meta-analysis. JAMA. 2020;323:1934-1944. doi:10.1001/
jama.2020.4249

https://orcid.org/0000-0001-6924-0641
https://orcid.org/0000-0001-6924-0641
https://doi.org/10.1161/HYPERTENSIONAHA.120.14993
https://doi.org/10.1161/HYPERTENSIONAHA.120.14993
https://doi.org/10.1161/STROKEAHA.116.012658
https://doi.org/10.1002/alz.12320
https://doi.org/10.1001/jama.2018.21442
https://doi.org/10.1001/jama.2020.4249
https://doi.org/10.1001/jama.2020.4249


DAGHLAS ET AL. 7 of 7

6. Wolters FJ, Arfan IkramM. Epidemiology of vascular dementia: nosol-

ogy in a time of epiomics. Arterioscler Thromb Vasc Biol. 2019;39:1542-
1549. doi:10.1161/ATVBAHA.119.311908

7. Nagai M, Hoshide S, Kario K. Hypertension and dementia. Am J
Hypertens. 2010;23:116-124. doi:10.1038/ajh.2009.212

8. Abdulrahman H, van Dalen JW, den Brok M, Latimer CS, Larson

EB, Richard E. Hypertension and Alzheimer’s disease pathology at

autopsy: a systematic review.AlzheimersDement. 2022;18:2308-2326.
doi:10.1002/alz.12707

9. Iadecola C, Yaffe K, Biller J, et al. Impact of hyperten-

sion on cognitive function: a scientific statement from the

American heart association. Hypertension. 2016;68:e67-94.

doi:10.1161/HYP.0000000000000053

10. Kawas CH, Kim RC, Sonnen JA, Bullain SS, Trieu T, Corrada MM.

Multiple pathologies are common and related to dementia in the

oldest-old: the 90+ Study. Neurology. 2015;85:535-542. doi:10.1212/
WNL.0000000000001831

11. Pacholko A, Iadecola C. Hypertension, neurodegeneration,

and cognitive decline. Hypertension. 2024;81:991-1007.

doi:10.1161/HYPERTENSIONAHA.123.21356

12. Korologou-Linden R, Bhatta L, Brumpton BM, et al. The causes and

consequences of Alzheimer’s disease: phenome-wide evidence from

Mendelian randomization. Nat Commun. 2022;13::4726. doi:10.1038/
s41467-022-32183-6

13. Gagnon E, Daghlas I, Zagkos L, et al. Mendelian randomization

applied to neurology. Neurology. 2024;102:e209128. doi:10.1212/
WNL.0000000000209128

14. Larsson SC, Traylor M, Malik R, Dichgans M, Burgess S, Markus HS.

Modifiable pathways inAlzheimer’s disease:mendelian randomisation

analysis. BMJ. 2017;359:j5375. doi:10.1136/bmj.j5375

15. Daghlas I, Nassan M, Gill D. Genetically proxied lean mass and risk

of Alzheimer’s disease: mendelian randomisation study. BMJMedicine.
2023;2:e000354. doi:10.1136/bmjmed-2022-000354

16. Shade LMP, Katsumata Y, Abner EL, et al. GWAS of multiple

neuropathology endophenotypes identifies new risk loci and

provides insights into the genetic risk of dementia. Nat Genet.
2024;56(11):2407-2421. doi:10.1038/s41588-024-01939-9

17. Keaton JM, Kamali Z, Xie T, et al. Genome-wide analysis in over 1 mil-

lion individuals of European ancestry yields improved polygenic risk

scores for blood pressure traits. Nat Genet. 2024;56:778-791. doi:10.
1038/s41588-024-01714-w

18. Tobin MD, Sheehan NA, Scurrah KJ, Burton PR. Adjusting for treat-

ment effects in studies of quantitative traits: antihypertensive therapy

and systolic blood pressure. Stat Med. 2005;24:2911-2935. doi:10.
1002/sim.2165

19. Bennett DA, Buchman AS, Boyle PA, Barnes LL, Wilson RS, Schneider

JA. Religious orders study and rush memory and aging project. J
Alzheimers Dis. 2018;64:S161-189. doi:10.3233/JAD-179939

20. Gatto NM, Renz A, Tom SE, et al. The Adult Changes in Thought (ACT)

medical records abstraction project: a resource for research on bio-

logical, psychosocial and behavioral factors on the aging brain and

Alzheimer’s disease and related dementias. Brain Sci. 2024;14:1075
doi:10.3390/brainsci14111075

21. Besser LM, Kukull WA, Teylan MA, et al. The revised national

alzheimer’s coordinating center’s neuropathology form-available data

and new analyses. J Neuropathol Exp Neurol. 2018;77:717-726. doi:10.
1093/jnen/nly049

22. Hemani G, Zheng J, Elsworth B, et al. The MR-Base platform sup-

ports systematic causal inference across the human phenome. eLife.
2018;7:e34408. doi:10.7554/eLife.34408

23. Bowden J,HolmesMV.Meta-analysis andMendelian randomization: a

review. Res SynthMethods. 2019;10:486-496. doi:10.1002/jrsm.1346

24. Daghlas I, Gill D. Blood pressure modification and life expectancy in

a general population: mendelian randomization analysis. Circ Genom
Precis Med. 2020;13:E003143. doi:10.1161/CIRCGEN.120.003143

25. Bowden J, SmithGD, Burgess S.Mendelian randomizationwith invalid

instruments: effect estimation and bias detection through Egger

regression. Int J Epidemiol. 2015;44:512-525. doi:10.1093/ije/dyv080
26. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estima-

tion in Mendelian randomization with some invalid instruments using

a weighted median estimator. Genet Epidemiol. 2016;40:304-314.
doi:10.1002/gepi.21965

27. Hartwig FP, Tilling K, Davey Smith G, Lawlor DA, Borges MC.

Bias in two-sample Mendelian randomization when using heri-

table covariable-adjusted summary associations. Int J Epidemiol.
2021;50:1639-1650. doi:10.1093/ije/dyaa266

28. Jiang L, Zheng Z, Qi T, et al. A resource-efficient tool for mixed model

association analysis of large-scale data. Nat Genet. 2019;51:1749-
1755. doi:10.1038/s41588-019-0530-8

29. van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in Early

Alzheimer’s Disease. N Engl J Med. 2023;388:9-21. doi:10.1056/
NEJMoa2212948

30. Gottesman RF,Wu A, Coresh J, et al. Associations of vascular risk and

amyloid burden with subsequent dementia. Ann Neurol. 2022;92:607-
619. doi:10.1002/ana.26447

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Daghlas I, CauncaMR, Shade LMP,

et al. Genetically proxied blood pressure, vascular brain injury,

and Alzheimer’s disease pathology. Alzheimer’s Dement.

2025;21:e70515. https://doi.org/10.1002/alz.70515

https://doi.org/10.1161/ATVBAHA.119.311908
https://doi.org/10.1038/ajh.2009.212
https://doi.org/10.1002/alz.12707
https://doi.org/10.1161/HYP.0000000000000053
https://doi.org/10.1212/WNL.0000000000001831
https://doi.org/10.1212/WNL.0000000000001831
https://doi.org/10.1161/HYPERTENSIONAHA.123.21356
https://doi.org/10.1038/s41467-022-32183-6
https://doi.org/10.1038/s41467-022-32183-6
https://doi.org/10.1212/WNL.0000000000209128
https://doi.org/10.1212/WNL.0000000000209128
https://doi.org/10.1136/bmj.j5375
https://doi.org/10.1136/bmjmed-2022-000354
https://doi.org/10.1038/s41588-024-01939-9
https://doi.org/10.1038/s41588-024-01714-w
https://doi.org/10.1038/s41588-024-01714-w
https://doi.org/10.1002/sim.2165
https://doi.org/10.1002/sim.2165
https://doi.org/10.3233/JAD-179939
https://doi.org/10.3390/brainsci14111075
https://doi.org/10.1093/jnen/nly049
https://doi.org/10.1093/jnen/nly049
https://doi.org/10.7554/eLife.34408
https://doi.org/10.1002/jrsm.1346
https://doi.org/10.1161/CIRCGEN.120.003143
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyaa266
https://doi.org/10.1038/s41588-019-0530-8
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1002/ana.26447
https://doi.org/10.1002/alz.70515

	Genetically proxied blood pressure, vascular brain injury, and Alzheimer’s disease pathology
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Ethics approval
	2.2 | Study overview
	2.3 | Genetic associations with SBP and DBP
	2.4 | Genetic associations with neuropathological correlates of VBI and AD
	2.5 | Selection of genetic proxies and data harmonization
	2.6 | MR analyses
	2.7 | Sensitivity analyses

	3 | RESULTS
	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


