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A B S T R A C T   

The Global Burden of Disease Study projects an almost tripling of dementia cases worldwide in the next 30 years 
making it important to recognize and understand modifiable risks and preventatives for cognitive impairment. 
Recent studies suggest that prevention or treatment of cardiovascular risks may be an important strategy to 
prevent or slow the progression of cognitive impairment. In 2017, the American Heart Association and American 
Stroke Association introduced metrics for "optimal brain health". These metrics defined brain health in terms of 
ideal health behaviors and factors. 

Since then and leading up to 2017, a number of clinical trials have been conducted to investigate the potential 
of modification of cardiovascular risks on prevention of dementia or cognitive impairment and thus, enhance-
ment of brain health. This discussion is a review of findings from clinical trials focusing on interventions, 
including antihypertensive agents, glycemic control and lipid-lowering therapies, multidomain approaches, and 
antithrombotic medications. Notably, the results highlight the promise of intensive blood pressure lowering 
strategies and multidomain approaches, as evidenced by the FINGER trial. The review also discusses the potential 
of treatment or prevention of cerebral small vessel disease (cSVD) and the application of Mendelian randomi-
zation as a strategy to preserve brain structure and function.   

Introduction 

The global increase in life expectancy is paralleled by a rising prev-
alence of dementia and cognitive impairment [1,2]. According to a 
projection from the Global Burden of Disease (GBD) Study, the number 
of dementia cases reached an estimated 57 million in 2019. This figure is 
anticipated to increase to over 152 million by 2050 [3]. Notably, even a 
minor delay in the onset of Alzheimer’s disease (AD) has the potential to 
significantly decrease its prevalence, and consequently helps to mitigate 
its human and economic burdens [4]. 

Research has uncovered various cardiovascular factors as potential 
risks for cognitive impairment, positioning them as modifiable targets 
for prevention of cognitive impairment and dementia [5]. In 2017, a 
writing group from the American Heart Association and American 
Stroke Association published a set of metrics that define "optimal brain 
health" in adults [6]. These metrics are grounded in the American Heart 
Association’s "Life’s Simple 7″, which comprises four ideal health 

behaviors: non-smoking, meeting physical activity recommendations, 
adhering to a diet consistent with current guidelines, and sustaining a 
body mass index under 25 kg/m2. Additionally, they proposed three 
optimal health factors: untreated blood pressure below 120/80 mm Hg, 
untreated total cholesterol beneath 200 mg/dL, and a fasting blood 
glucose level under 100 mg/dL. Since then and leading up to 2017, 
clinical trials have been carried out to ascertain whether interventions 
for these health behaviors and risk factors could serve as strategies to 
enhance brain health. 

In this review, we present a narrative overview from the authors’ 
perspective, focusing on clinical trials that primarily address cardio-
vascular risks and brain health. Additionally, we delve into recent ad-
vances in enhancing the efficacy of clinical trials. This includes the 
innovative use of neuroimaging biomarkers for cerebral small vessel 
disease (cSVD). We also highlight other promising strategies that are 
emerging in the field. 
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Summary of the clinical trials 

Antihypertensive agents and intensive blood pressure control (Table 1) 

Hypertension, particularly in mid-life, is a recognized risk factor for 
future cognitive impairment [7–9]. Data to support the relationship of 
midlife hypertension and subsequent cognitive impairment is largely 
derived from observational epidemiologic studies. On the other hand, 
most of the clinical trial participants in blood pressure lowering clinical 
trials are generally older persons in whom it has been difficult to show a 
benefit of blood pressure lowering or administrative of blood pressure 
lowering medications on cognitive outcomes or the occurrence of 
dementia. 

For instance, the Systolic Hypertension in the Elderly Program 
(SHEP) trial evaluated over 4700 adults aged 60 and above [10]. They 
were treated with a combination of a diuretic and beta blocker or given a 
placebo. After five years, there was no discernible difference between 
the two intervention groups in terms of cognitive, emotional, and 
physical function. Similarly, the Medical Research Council’s Treatment 
Trial of Hypertension randomized almost 4400 patients aged 65 to 74 
years, with treatments involving a beta blocker, diuretics, or placebo 
[11]. After close to five years of follow-up, no association emerged be-
tween the antihypertensive treatment and changes in memory or 
attention. The Study on Cognition and Prognosis in the Elderly (SCOPE) 
trial assigned approximately 5000 older patients aged 70–89 years with 
elevated BP to either candesartan treatment or a placebo [12]. Nearly 
four years later, there was no statistically significant difference in the 
risk of dementia or the Mini-Mental State Exam scores between treat-
ment groups. 

Several other trials, including Hypertension in the Very Elderly Trial 
cognitive function assessment (HYVET-Cog) [13], Ongoing Telmisartan 
Alone and in Combination with Ramipril Global Endpoint Trial 
(ONTARGET) and the parallel Telmisartan Randomized Assessment 
Study in ACE Intolerant Subjects with Cardiovascular Disease (TRAN-
SCEND) [14], and Heart Outcomes Prevention Evaluation-3 (HOPE-3) 
[15], similarly found no significant difference in dementia risk or 
cognitive decline between respective treatment and control groups, 
although there were disparate study methodologies. However, it should 
be noted that in the Systolic Hypertension in Europe (Syst-Eur) trial, 
nitrendipine and, if needed, the addition of enalapril and hydrochloro-
thiazide in adults aged 60 years and older reduced the risk of dementia 
after two years of treatment [16]. 

It has been hypothesized that more intensive blood pressure lowering 
compared to standard treatment may be advantageous in relation to 
cognitive outcomes, and several studies have addressed the question. 
The Intensive Versus Standard Ambulatory Blood Pressure Lowering to 
Prevent Functional Decline In the Elderly (INFINITY) trial enrolled older 
participants (aged 75 years and older) who had systolic hypertension 
along with white matter hyperintensities (WMHs) on MRI scans [17]. 
The study randomized participants into two groups based on BP targets, 
intensive treatment (≤130 mm Hg) vs. standard treatment (≤145 
mm Hg), and monitored changes in cognitive function. Results showed 
that intensive treatment reduced accrual of subcortical white matter 
disease, but there were no significant differences in gait speed and 
cognitive outcomes between treatment groups with the exception of 
sequential choice reaction time, It was significantly better in the inten-
sive treatment group. The Systolic Blood Pressure Intervention Trial 
Memory and Cognition in Decreased Hypertension (SPRINT MIND) trial 
compared intensive BP control (a target of 120 mm Hg) against the 
conventional target (140 mm Hg) among adults aged 50 years and older 
with hypertension and an elevated risk of cardiovascular disease [18]. 
Assessments included tests of overall cognitive function, memory, 
learning, and processing speed, along with in-depth screening for Mild 
Cognitive Impairment (MCI) and dementia. The blood pressure lowering 
portion of the trial formally ended earlier than planned due to differ-
ences in cardiovascular outcomes favoring the intensive group, 

however, the trial extended its follow-up to 5.1 years. The main cogni-
tive results showed that the primary outcome, probable dementia, did 
not significantly differ between two groups, but a main secondary 
outcome, the combination of MCI and probable dementia, was signifi-
cantly reduced in the intensive BP treatment group compared to the 
standard treatment group. Meta-analysis supports the contention that 
intensive blood pressure lowering is beneficial in relation to prevention 
of dementia and cognitive decline [19,20]. In fact, blood pressure 
lowering may be more important than class of blood pressure lowering 
medication used to achieve a target blood pressure [21,22]. The clinical 
trials discussed above are summarized in Table 1. 

Glycemic control in patients with diabetes 

Type 2 diabetes is associated with a 1.25- to 1.91-fold increased risk 
of cognitive impairment and dementia [23]. Furthermore, individuals 
with diabetes mellitus may have a diminished total brain volume and 
more prominent regional brain atrophy [24,25]. Despite these obser-
vations, it has been difficult to show a benefit of blood glucose control in 
such patients. A number of clinical trials have been designed to study 
whether intensive glucose control can mitigate cognitive impairment. 

The Action in Diabetes and Vascular Disease: Preterax and Diamicron 
Modified Release Controlled Evaluation (ADVANCE) study, an interna-
tional randomized controlled trial spanning 20 countries, enrolled over 
11,000 diabetic patients with either a history of vascular disease or 
vascular risk factors [26]. Participants were treated with either standard 
glucose control methods or an intensive regimen, which utilized gli-
clazide and additional necessary medications to attain a target HbA1c 
≤6.5 %. After a median follow-up of 5 years, both groups demonstrated 
similar rates of cognitive decline and dementia incidence. 

The ACCORD (Action to Control Cardiovascular Risk in Diabetes) 
trial was designed to ascertain if intensive management of hyperglyce-
mia, blood pressure, or lipid levels could curtail cardiovascular events or 
mortality relative to conventional care [27]. The trial included 10,251 
diabetic participants, either with existing cardiovascular disease or their 
associated risk factors. A sub-study of ACCORD, the MIND (Memory in 
Diabetes) trial, aimed to evaluate if these three interventions could 
mitigate cognitive decline and alternations in brain structure over a span 
of 40 months [28]. There were 2977 participants enrolled in the study. 
For the main cognitive outcome, a comparison of the Digit Symbol 
Substitution Test (DSST) at baseline and at 20 and 40 months. There 
were no statistically significant differences between intensive and 
standard treatments after 40 months though measures of total brain 
volume favored the intensive treatment group. An extended study, AC-
CORDION MIND, followed 1328 participants out to 80 months [29]. 
Intensive therapy did not provide any significant cognitive or brain MRI 
advantage at 80 months. 

The ORIGIN trial (Outcome Reduction With an Initial Glargine 
Intervention) evaluated whether normalizing fasting glucose levels with 
insulin could reduce cardiovascular events in individuals aged 50 years 
and plder with dysglycemia and HbA1c <9 % who also displayed other 
cardiovascular risk factors [30]. While the results did not exhibit sig-
nificant cognitive differences between those on insulin glargine versus 
standard care or between those on omega-3 fatty acid versus placebo, an 
interesting finding emerged: Participants with dysglycemia, but no 
definite evidence of diabetes had a decelerated cognitive trajectory of 
decline if they received insulin glargine compared to conventional 
treatments [31]. 

Another important strategy to consider is the impact of linagliptin, a 
dipeptidyl peptidase-4 inhibitor, on cognitive impairment. This was 
explored in two key studies. The CARMELINA-COG study, a substudy of 
the CARMELINA (CArdiovascular and Renal Microvascular outcomE 
study with LINAgliptin) trial, evaluated linagliptin versus placebo in 
patients with type 2 diabetes having HbA1c levels between 6.5 to 10.0 % 
and at high CV or renal risk [32]. Another pertinent study, the 
CAROLINA-COGNITION study, a subgroup analysis of the CAROLINA 
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(CARdiovascular Outcome study of LINAgliptin versus glimepiride in 
type 2 diabetes) trial, compared linagliptin versus glimepiride in in-
dividuals aged 40 to 85 years with HbA1c levels ranging from 6.5 to 8.5 
% [33]. However, both studies concluded that linagliptin did not 
demonstrate a significant benefit in preventing cognitive decline. 

In summary, trials focused on intensive glucose control in diabetes 
patients have shown neutral results in relation to cognitive outcomes. 
However, a sub-study from the ORIGIN trial suggests that persons with 
dysglycemia but without overt diabetes mellitus might benefit from 
insulin glargine, a hypothesis that may merit further exploration. 

Lipid lowering therapies, including statins 

Statins and other lipid-lowering therapies have garnered interest as 
potential prevention strategies for cognitive impairment and dementia 
[34]. However, evidence from randomized trials to date has not 
demonstrated significant benefits from these treatments. 

The Heart Protection Study involved over 20,000 adults aged be-
tween 40 and 80 years, all of whom had cardiovascular disease and 
diabetes [35]. Participants were either administered simvastatin or a 

placebo. After a follow-up period of 5 years, cognitive decline-measured 
using the modified Telephone Interview for Cognitive Status Question-
naire showed no significant differences between the two groups. 

The Prospective Study of Pravastatin in the Elderly at Risk (PROS-
PER) enrolled 5804 adults aged 70 to 82 years, with either vascular 
disease or a high risk of developing it [36]. This study evaluated the 
effects of pravastatin treatment versus a placebo in preventing cardio-
vascular events. Cognitive assessments in a substudy focused on global 
cognition, executive function, and processing speed [37]. Three years 
into the study, there were no notable differences in cognitive decline 
between the pravastatin and placebo groups. 

The Heart Outcomes Prevention Evaluation-3 (HOPE-3) study allo-
cated participants without cardiovascular disease, but who had inter-
mediate cardiovascular risk to either statin treatment or a placebo to 
assess the prevention of cardiovascular events [38]. The cognitive sub-
study of HOPE-3, conducted over 5.7 years, found no significant dif-
ferences in psychomotor speed, attention, or global cognition (Montreal 
Cognitive Assessment [MoCA] test) when comparing the statin-treated 
group with the placebo group [15]. 

Table 1 
Effects of antihypertensive agents or intensive blood pressure lowering on cognitive outcomes: a summary of clinical trials.  

Clinical trial N Age at 
inclusion 
(mean) 

Follow- 
up, 
years 

Intervention Cognitive outcome Result 

SHEP [10] 4736 ≥60 (72) 5.0 Chlorthalidone ± atenelol vs. 
placebo 

Short-Comprehensive Assessment and 
Referral evaluation (Cognitive, 
emotional, and physical function and 
leisure activities) 

No effect on cognitive function 

MRC Treatment 
Trial of 
Hypertension  
[11] 

2584 65–74 (70) 4.5 Atenolol vs. hydrochlorthiazide +
amiloride vs. placebo 

Rate of change in paired associate 
learning test and trail making test part A 
scores 

No effect on cognitive function 

SCOPE [12] 4964 70–89 (76) 3.7 Candesartan vs. placebo Reduction of MMSE ≥4 or diagnosis of 
dementia 

No effect on cognitive function or 
dementia 

HYVET-Cog [13] 3336 ≥80 (84) 2.2 Indapamide ± perindopril vs. 
placebo 

Occurrence of dementia (DSM-IV 
criteria) 

No effect on dementia 

ONTARGET [14] 22,629 ≥55 (66) 4.7 Ramipril vs telmisartan vs a 
combination of both drugs 

Occurrence of cognitive impairment 
(clinically diagnosed or MMSE≤23 or 
drop of ≥3 points) 

No effect on cognitive impairment 

TRANSCEND  
[14] 

5231 ≥55 (67) – Telmisartan vs. placebo Occurrence of cognitive impairment 
(clinically diagnosed or MMSE≤23 or 
drop of ≥3 points) 

No effect on cognitive impairment 

HOPE-3 [15] 2361 ≥70 (74) 5.7 Candesartan +
hydrochlorothiazide vs. placebo 

Changes in Digit Symbol Substitution 
Test, the modified MoCA, and the Trail 
Making Test Part B scores 

No effect on cognitive function 

Syst-Eur [16] 2418 ≥60 (70) 2.0 Nitrendipine ± enalapril ±
hydrochlorothiazide vs. placebo 

Incidence of Dementia (DSM-III, 
Revised, criteria) and MMSE 

Active treatment reduced the 
incidence of dementia by 50 % (p =
0.05) 

INFINITY [17] 199 ≥75 (81) 3.0 intensive treatment (24- hour SBP 
≤130 mmHg) vs. standard 
treatment (24-hour SBP ≤145 
mmHg) 

Changes in executive functioning and 
processing speed (Trail Making Test, 
Symbol Digit Modalities Test, Digit Span 
Memory Test, Hopkins Verbal Learning 
Test, Stroop Color and Word Test, and 2 
subtests from the California 
Computerized Assessment Package, 
Simple Reaction Time and Sequential 
Reaction Time) 

No effect on cognitive function 
except sequential choice reaction 
time was significantly better in the 
intensive treatment group 

SPRINT MIND  
[18] 

8561 ≥50 (68) 5.1 intensive treatment (SBP 
treatment goal <120 mmHg) vs. 
standard treatment (SBP 
treatment goal <140 mmHg) 

Occurrence of probable dementia, mild 
cognitive impairment and a composite 
outcome of mild cognitive impairment 
or probable dementia. 

Intensive BP control significantly 
reduced the risk of mild cognitive 
impairment (HR, 0.81; 95 % CI, 
0.69–0.95) and the combined rate of 
mild cognitive impairment or 
probable dementia (HR, 0.85; 95 % 
CI, 0.74–0.97). 

SHEP, Systolic Hypertension in the Elderly Program; MRC, Medical Research Council; SCOPE, Study on Cognition and Prognosis in the Elderly; HYVET-Cog, Hy-
pertension in the Very Elderly Trial cognitive function assessment; ONTARGET, Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial; 
TRANSCEND, Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease; HOPE-3, Heart Outcomes Prevention Evaluation-3; 
Syst-Eur, Systolic Hypertension in Europe; INFINITY, Intensive Versus Standard Ambulatory Blood Pressure Lowering to Prevent Functional Decline In the Elderly; 
SPRINT MIND, Systolic Blood Pressure Intervention Trial Memory and Cognition in Decreased Hypertension; SBP, systolic blood pressure; MMSE, Mini-Mental State 
Examination; DSM, Diagnostic and Statistical Manual of Mental Disorders; MoCA, Montreal Cognitive Assessment; HR, hazard ratio; CI, confidence interval. 
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Multidomain approach 

Although individual behavioral interventions targeting cognitive 
decline, such as diet or aerobic exercise, have demonstrated limited 
efficacy [39,40], multidomain strategies that combine diet, exercise, 
cognitive training, and social engagement have shown more promising 
results (Table 2). 

The Finnish Geriatric Intervention Study to Prevent Cognitive 
Impairment and Disability (FINGER) is such an example of the potential 
of multidomain interventions [41]. Over its two-year duration, the study 
offered participants nutritional guidance, exercise, cognitive training, 
social activities, and consistent management of metabolic and vascular 
risk factors. Participants were 60–77 years of age. With 1260 elderly 
individuals from the general population considered at risk for cognitive 
decline, the study concluded with positive findings on global cognition 
(Neuropsychological Test Battery), executive functioning, and process-
ing speed. Participants were deemed to be of high enough risk based on 
the Cardiovascular Risk Factors, Aging, and Dementia (CADIE) De-
mentia Risk Score. Interestingly, even those carrying the ε4 allele of the 
APOE gene (associated with higher dementia risk) benefitted from the 
intervention [42]. The study has been extended and the study design is 
being utilized worldwide. 

The Multidomain Alzheimer Preventive Trial (MAPT) enrolled 1680 
non-demented, community-dwelling participants from memory clinics 
in France [43]. The trial aimed to gauge the effects of a multidomain 
intervention either alone or combined with omega-3 polyunsaturated 
fatty acid supplementation. While the primary results did not show 
significant cognitive improvements over three years, a post hoc analysis 
of both multidomain groups revealed a noticeable delay in cognitive 
decline, especially among participants with higher dementia risk. 

The Dutch Prevention of Dementia by Intensive Vascular Care (pre-
DIVA) trial was conducted over six years, employing a multidomain 
cardiovascular intervention for preventing dementia [44]. Over 3500 
community-dwelling participants aged 70–78 years were included. 

Although there was no significant effect on dementia incidence or 
cognition, in a sub-analysis there was a reduced risk of non-Alzheimer’s 
dementia within the intervention group, most pronounced among par-
ticipants with untreated hypertension at the study’s start who remained 
committed to the intervention. The lack of effect of the multidomain 
intervention was attributed to modest baseline cardiovascular risks and 
the high quality of usual care in the comparison group. 

The Taiwan Integrated Geriatric Care (TIGER) trial targeted 
community-dwelling outpatients aged 65 years or older with a minimum 
of three chronic medical conditions [45]. This trial incorporated an in-
tegrated multidomain strategy. Over a year, participants underwent 16 
sessions (2 h each) focusing on group exercises, cognitive training, 
nutrition, disease education, and individualized care from geriatric 
professionals. The primary outcome using the 36-item Short Form 
Health Survey (SF-36) scores, indicated improvement of physical and 
mental component scores for the intervention group when compared to 
the standard care group. In addition, when compared with usual care, 
the multidomain intervention significantly improved overall cognitive 
performance and the MoCA subtests of naming, concentration, lan-
guage, abstract thinking, delayed recall, and orientation. 

Overall, multidomain interventions which blend such strategies as 
diet, exercise, cognitive training, and social engagement have shown 
varying degrees of success in relation to cognitive and other outcomes. 
To broaden the reach of the FINGER multimodal strategy across diverse 
geographical, cultural, and economic contexts, the World-Wide FIN-
GERS (WW-FINGERS) initiative was launched in 2017, spanning over 25 
countries [46]. WW-FINGERS harmonizes multidomain interventions 
across these diverse cultures and geographies, facilitating data sharing 
and analyses. The overarching goal is to forge a robust evidence base 
that will inform and shape upcoming dementia prevention strategies. 

Antithrombotics and vasodilators 

Antithrombotic medications play a pivotal role in the prevention of 

Table 2 
Effects of multidomain interventions on cognitive outcomes: a summary of clinical trials.  

Clinical 
trial 

N Age at 
inclusion 
(mean) 

Follow- 
up, 
years 

Intervention Cognitive outcome Result 

FINGER  
[41] 

2654 60–77 (69) 2.0 Multidomain intervention (diet, 
physical exercise, cognitive training, 
and intensive vascular risk factor 
monitoring) vs. usual care 

Changes in Neuropsychological test battery 
(NTB) 

Multidomain intervention group had 
larger changes in estimated NTB Z- 
score at 2-year (0.20 vs. 0.16, p =
0⋅03) 

MAPT  
[43] 

1680 ≥70 (75) 3.0 Multidomain intervention (cognitive 
training, diet, nutrition advice, and 3 
preventive consultations) ±omega 3 
polyunsaturated fatty acids vs. usual 
care 

Changes in composite Z score combining 
four cognitive tests (free and total recall of 
the Free and Cued Selective Reminding 
Test, ten MMSE orientation items, the Digit 
Symbol Substitution Test score from the 
Wechsler Adult Intelligence 
Scale—Revised, and the Category Naming 
Test) 

No effect on cognitive function 

preDIVA  
[44] 

3526 70–78 (75) 6.7 Multidomain intervention (tailored 
lifestyle advice and drug treatment if 
indicated for smoking habits, diet, 
physical activity, weight, hypertension, 
dyslipidemia, and type 2 diabetes 
mellitus) vs. usual care 

Occurrence of dementia (DSM-IV criteria) No effect on dementia 

TIGER  
[45] 

398 ≥65 (73) 1.0 Multidomain intervention (physical 
exercise, cognitive training, nutrition 
and disease education, and 
individualized treatment by geriatric 
specialists) vs. usual care 

Cognitive impairment defined as 
MoCA<26 and changes in MoCA 

Multidomain intervention group 
significantly less likely to be 
cognitively impaired, and showed 
overall improvement in all MoCA 
domains (p = 0.0003 for naming and 
p<0.0001 for concentration, 
language, abstract thinking, delayed 
recall, and orientation) except the 
visuospatial domain 

FINGER, Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability; MAPT, Multidomain Alzheimer Preventive Trial; preDIVA, Dutch 
Prevention of Dementia by Intensive Vascular Care; TIGER, Taiwan Integrated Geriatric Care; NTB, Neuropsychological test battery; MMSE, Mini-Mental State Ex-
amination; DSM, Diagnostic and Statistical Manual of Mental Disorders; MoCA, Montreal Cognitive Assessment. 
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cardiovascular and cerebrovascular events [47,48]. While longitudinal 
studies have suggested that aspirin is tied to slower cognitive decline in 
high-risk patients with AD or coronary heart disease [49,50], there has 
not been much clinical experimental evidence until recently that 
directly connects antithrombotic medications to enhanced brain health. 

The ASPREE (Aspirin in Reducing Events in the Elderly) study 
included over 19,000 community-dwelling individuals aged 70 years 
and older (underrepresented US populations were aged 65 years and 
older) who lacked cardiovascular disease, physical disability, or previ-
ously diagnosed dementia [51]. In the study, participants were either 
administered a daily dose of 100 mg of aspirin or a placebo. After a 
median follow-up duration of 4.7 years, there were no substantial dif-
ferences in dementia risk or occurrence of probable AD, MCI, or cogni-
tive changes between the two groups. 

Considering the established links between reduced cerebral blood 
flow, cerebral small vessel disease (cSVD), and cognitive impairment 
[52,53], vasodilators which enhance cerebral blood flow or medications 
that stabilize the blood vessel wall, emerge as possible therapeutic 
agents. The Lacunar Intervention Trial-2 (LACI-2) evaluated the impact 
of isosorbide mononitrate (ISMN) and cilostazol in patients diagnosed 
with clinical lacunar ischemic stroke [54]. ISMN acts a nitric oxide (NO) 
donor, amplifying the NO-cyclic guanosine monophosphate phospho-
diesterase PDE5-inhibitor pathway, and cilostazol functions as a PDE3 
inhibitor [55]. Both agents possess a vasodilatory property and have the 
potential to optimize endothelial function [55,56]. In this phase 2 trial, a 
total of 400 participants underwent treatments based on a 2 × 2 factorial 
design, involving either ISMN, cilostazol, or a combination of both. The 
results of the trial indicated that while cilostazol did not notably 
diminish cognitive impairment, ISMN did. Moreover, when combined, 
ISMN and cilostazol positively influenced the composite endpoint 
(composite of vascular events, dependence, cognition), reduced cogni-
tive impairment, and enhanced the quality of life. These encouraging 
findings pave the way for a more extensive phase 3 trial for further 
validation of the findings. 

Methods for improving trial efficiencies 

Enhancing the efficiency of clinical trials is vital given the significant 
economic and time resources they require. Despite these challenges, the 
success rates for FDA approval, particularly in cardiovascular trials, 
remain modest [57]. To improve efficiency, strategies such as opti-
mizing participant enrollment and incorporating advanced endpoints 
are being explored. For instance, extending treatment protocols in 
enrolled participants allows assessment of both short-term and 
long-term cognitive impacts [58]. Moreover, adopting endpoints sensi-
tive to the CVD effects on brain structure and function can corroborate 
the biological plausibility of treatment effects [58,59]. This section 
discusses the use of image parameters as outcome measures, providing 
precise and early indications for streamlined trials and faster 
decision-making. Additionally, the utility of Mendelian randomization 
in clinical trial target prioritization is explored, potentially reducing 
inefficiencies and focusing trial efforts more effectively. 

Incorporating neuroimaging parameters as outcome measures in clinical 
trials 

cSVD is perceived as an endophenotype that predicts future cognitive 
impairment [6]. Representing approximately 25 % of ischemic strokes 
and the bulk of intracerebral hemorrhages in individuals aged above 65 
years, cSVD plays a significant role [60]. Its impact extends to the ma-
jority of cases with vascular cognitive impairment and is closely linked 
to an array of related disorders, including those affecting mobility and 
gait, neurobehavioral symptoms, and mood [60]. Neuroimaging of cSVD 
markers include WMH, lacunar strokes, cerebral microbleeds, enlarged 
perivascular spaces, cortical superficial siderosis, brain atrophy, recent 
small subcortical infarcts, and cortical microinfarcts [61]. 

In 2013, the Standards for Reporting Vascular Changes on Neuro-
imaging 1 (STRIVE-1) was introduced to standardize the definitions of 
cSVD features observable on neuroimaging [62]. With aims to promote 
uniform terminology usage and enhance our understanding of cSVD, it 
also offered insights into the development of preventive and therapeutic 
strategies. The updated version, STRIVE-2 provides information on ad-
vancements in the field of cSVD [61]. 

The benefits of using imaging outcomes in trials include the possi-
bility of smaller sample sizes and biological relevance [61,63]. Obser-
vational research has shown the possible application of such data to 
improvement of statistical power, especially when tracking longitudinal 
alternations in WMH volume and diffusion metrics [64]. Still, challenges 
persist. There are issues of missing data, slow patient recruitment, 
heightened trial costs, and concerns about generalizability of results. 
Notably, cSVD features, unless fully endorsed as valid surrogate end-
points, should not overshadow clinical outcomes. STRIVE-2 experts 
advocate for trial randomization that takes into account baseline cSVD 
severity [61]. Properly stratifying cSVD features, in tandem with other 
vital demographic and prognostic factors, is paramount, especially when 
changes in cSVD are being assessed as a trial outcome. Initiatives like 
HARNESS and FINESSE have been introduced to provide structured 
frameworks for cSVD imaging in clinical trials [63,65]. 

A case in point is a post-hoc analysis of the SPRINT-MIND trial that 
studied imaging parameters, notably WMH volume and brain atrophy 
[18]. By using MR scans including T1, T2, and fluid-attenuated inversion 
recovery (FLAIR) imaging, and comparing baseline and follow-up scans 
over roughly a 4-year interval, it was reported that the group on 
intensive BP lowering compared with standard therapy had slightly less 
progression of WMH lesions but a slightly greater decrease in brain 
volume including in the hippocampal region. The INFINITY trial further 
demonstrated these findings, revealing a less pronounced increase in 
WMH volume in the intensive BP control group [17]. Such results 
prompted the European Stroke Organization to recommend antihyper-
tensive medications for those with covert cSVD and elevated BP (≥
140/90 mmHg) to prevent the progression of cSVD lesions and the 
consequent clinical symptoms that may ensue [66]. 

We highlight the emergence of novel imaging markers for cSVD, such 
as diffusion tensor imaging, functional studies, and blood-brain barrier 
imaging. These advanced imaging techniques offer significant insights 
into cSVD pathophysiology and could be key in assessing clinical trial 
efficacy [61,63]. However, a balance must be struck between the so-
phistication of these methods and their practicality [61]. While offering 
enhanced precision, their use might limit the generalizability of trial 
results in wider clinical settings. 

The role of Mendelian randomization in the context of clinical trials: 
prioritizing intervention targets 

Undertaking randomized clinical trials involves substantial in-
vestments, both financially and in terms of resource allocation [67]. 
When evaluating outcomes related to brain health, a detailed approach 
is necessary, encompassing comprehensive neuropsychological evalua-
tions, cutting-edge neuroimaging, and prolonged observation. Given the 
historically modest success of clinical trials in elucidating effective 
intervention targets, one must consider efficient use of resources. Men-
delian randomization—a powerful tool based on genetic epi-
demiology—offers such an opportunity. This observational 
epidemiologic method utilizes genetic variants as instrumental vari-
ables, mitigating the effects of unobserved confounding and strength-
ening the causal links between intervention and outcomes [68,69]. The 
surge in large-scale genome-wide association studies, particularly those 
centered on vascular risk factors, health-related behaviors, and out-
comes such as stroke, dementia, cognitive functions, and cSVD markers, 
lays a robust groundwork for Mendelian randomization. 

Consider the example of smoking, a major component of AHA Life’s 7 
[6]. It would not be ethical to study cigarette smoking in the setting of a 

K.-J. Lee and H.-J. Bae                                                                                                                                                                                                                        



Cerebral Circulation - Cognition and Behavior 6 (2024) 100199

6

clinical trial. However, it could be studied by Mendelian randomization 
which provides insights into its cause and effects. Evidence from this 
approach indicates a notable causal link between active smoking and the 
onset of cognitive impairment, quantified by an odds ratio of 1.62 (95 % 
confidence interval: 1.29, 2.01) relative to no smoking [70]. Moreover, a 
Mendelian randomization study to investigate the relationship between 
lipid biomarkers and cSVD reveals a direct correlation between 
decreased high-density lipoprotein (HDL) cholesterol and increased 
risks associated with small vessel stroke and WMH volume [71]. In 
additional analysis, when genetic instruments tied to known 
lipid-altering drugs were employed, cholesteryl-ester transfer protein 
(CETP) inhibitors—agents that raise HDL cholesterol levels—emerge as 
a promising therapeutic target to counteract these risks. As another 
example, a recent Mendelian randomization analysis demonstrated that 
using genetic instrument for various classes of glucose-lowering agents, 
sulfonylureas may help prevent Alzheimer’s dementia [72]. Modern 
research trends emphasize the importance of Mendelian randomization. 
One such advocacy comes from the Framework for Clinical Trials in 
Cerebral Small Vessel Disease (FINESSE), which champions the inte-
gration of Mendelian randomization for target prioritization in trials 
regarding cSVD [63]. 

However, while Mendelian randomization provides robust evidence 
for causal relationships, it is not without limitations. These include the 
potential for genetic pleiotropy, the complexity of determining the 
timing of effects, and the need for larger sample sizes compared to 
traditional observational studies to ensure sufficient statistical power 
[69,73]. 

Conclusion: lessons from clinical trials on brain health 

As noted in this special issue of Cerebral Circulation, Cognition, 
and Behavior, the definition of brain health may be broad or more 
restrictive [74]. In this discussion the focus of the impact of clinical trials 
on brain health is largely from the perspective of cognitive impairment 
and dementia. It has been challenging to show a beneficial signal from 
clinical trials using cardiovascular medications when single in-
terventions such as blood pressure lowering agents, those for glycemic 
control, or statin agents are concerned. However, several clinical trials 
stand out. For example, the SPRINT-MIND trial offers solid evidence that 
rigorous BP management may reduce the risk of cognitive decline and 
dementia, though the results emanate from a secondary outcome anal-
ysis. In addition, the LACI-2 phase 2 trial emphasizes the potential of 
cilostazol and ISMN in counteracting the risk of cognitive deterioration 
and other important outcomes in patients with symptomatic lacunar 
infarction. The FINGER trial’s multidomain strategy also stands out as a 
promising approach for preservation of cognitive functions. Whereas the 
aforementioned strategies provide lessons for practitioners of clinical 
medicine, the findings require further study and validation. 

Finally, advancements in brain imaging have underscored the sig-
nificance of markers for cSVD. Such markers may not only be leveraged 
to boost statical power in trials but also deepen our understanding of 
underlying disease mechanisms. Moreover, the advent of the Mendelian 
randomization approach offers an opportunity to transform clinical 
trials by pinpointing intervention targets via this methodology, helping 
to optimize resource allocation, and more easily focus research 
protocols. 
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