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Abstract 
Background: Cognitive decline and dementia constitute leading causes of disability worldwide. Mounting 
evidence suggests that vascular risk factors (VRFs)—including hypertension, diabetes mellitus, dyslipidaemia 
and smoking—are key, modifiable drivers of neuro degeneration. Yet their combined contribution and relative 
weight across late midlife remain incompletely quantified. 
Methods: We followed 1,502 community dwelling adults aged 60–80 years (55 % women) without dementia at 
baseline in the Brain & Vessels Study, a population based prospective cohort (2016–2022). VRFs were 
ascertained by clinical examination and laboratory testing; a Framingham General Cardiovascular Risk Score 
(FGCRS) was calculated. Global cognition was assessed annually with the Montreal Cognitive Assessment 
(MoCA). Primary outcomes were (i) annualised change in MoCA and (ii) incident all cause dementia 
adjudicated by DSM 5 criteria. Mixed effects models and multivariable Cox regressions examined associations, 
adjusting for age, sex and education. 
Results: Over a median 5.2 years (IQR 4.9–5.5), 400 participants (26.6 %) experienced significant cognitive 
decline (>3 point MoCA drop) and 145 developed dementia. In fully adjusted models, hypertension 
(β = −0.21 points/year), diabetes (β = −0.19), current smoking (β = −0.15) and each SD increase in FGCRS 
(β = −0.24) independently accelerated decline (all p < 0.01). Participants in the highest FGCRS quartile had 
more than double the dementia risk versus the lowest (HR = 2.12,95 % CI 1.45–3.11). VRFs jointly explained 
32 % of the variance in cognitive trajectories. 
Conclusion: In this population based cohort, common, modifiable VRFs—especially aggregated cardiovascular 
risk—substantially hastened cognitive deterioration and dementia onset. Aggressive midlife vascular risk 
management may therefore represent an effective strategy for preserving late life cognitive health. 
Keywords: Cognitive decline; dementia; vascular risk factors; hypertension; diabetes; Framingham score; 
longitudinal cohort. 
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Introduction 

Dementia affects an estimated 57 million 
individuals worldwide, a figure projected to surge 
to 139 million by 2050, placing immense societal 
and economic burdens [1]. While age remains the 
dominant determinant, nearly half of dementia 
cases are attributable to modifiable exposures, 
many of which are vascular in nature.  

Hypertension has emerged as a leading culprit, 
conferring a 20–54 % excess lifetime dementia risk 
and mechanistically linked to small-vessel disease, 
blood–brain-barrier disruption and 
neuro-inflammation [2]. Metabolic disorders 
further compound the threat. Type 2 diabetes 
mellitus doubles the odds of mild cognitive 

impairment and accelerates conversion to dementia 
through insulin-resistance–mediated amyloid 
aggregation, micro-angiopathy and oxidative 
stress [3]. Dyslipidaemia is likewise implicated: in 
a registry of 1.8 million adults, elevated 
LDL-cholesterol independently predicted incident 
dementia over two decades  [4].  

Lifestyle exposures such as cigarette smoking 
amplify neuro-degeneration, with meta-analytic 
relative risks of 1.78 for vascular dementia and 
1.79 for Alzheimer’s disease among current 
smokers [5]. Given the multifactorial nature of 
vascular brain injury, composite scores integrating 
several VRFs may better capture cumulative harm. 

http://www.ijcpr.com/
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Systematic reviews show that cardiovascular 
disease (CVD) risk models—particularly the 
FGCRS—outperform dementia-specific algorithms 
in forecasting 10-year cognitive decline [6]. 
Consistently, higher FGCRS has been tied to 
poorer neuropsychological performance and greater 
brain atrophy in community samples [7]. Yet, most 
extant studies are limited by cross-sectional 
designs, short follow-up or selective patient 
populations (e.g., post-stroke cohorts) [8]. 

The present prospective investigation addresses 
these gaps by quantifying the independent and 
combined effects of major VRFs on cognitive 
trajectories and dementia incidence in a 
well-characterised, population-based sample. We 
hypothesised that (i) individual VRFs would each 
predict faster MoCA decline and (ii) a higher 
FGCRS would exhibit a dose-dependent relation 
with both cognitive decline and dementia. 

Materials and Methods 

Design and participants: The Brain & Vessels 
Study is an ongoing, community-based cohort in 
three urban primary-care networks. Eligible adults 
(60–80 years, fluent in the local language, no 
clinical dementia) were identified through electoral 
rolls and invited by mail; 1,684 consented 
(response = 41 %). After excluding 103 with 
prevalent dementia (MMSE < 24 + clinical 
interview) and 79 with missing baseline data, 1,502 
participants formed the analytic cohort (Figure 1). 

Vascular risk assessment: Blood pressure was 
averaged from three seated measurements; 
hypertension was defined as systolic ≥ 140 mmHg, 
diastolic ≥ 90 mmHg or antihypertensive use. 
Diabetes was fasting glucose ≥ 7.0 mmol/L, 
HbA1c ≥ 6.5 % or hypoglycaemic therapy. 
Dyslipidaemia was LDL-C ≥ 3.4 mmol/L or statin 
therapy. Smoking status (current/former/never) was 
self-reported. Body-mass-index (BMI) was 
measured. The FGCRS (0–30 points) incorporated 
age, sex, SBP, antihypertensive therapy, smoking, 
diabetes and BMI. 

Cognitive evaluation: Global cognition was tested 
annually with the MoCA (range 0–30).  

Cognitive decline was defined a priori as a ≥3-point 
drop from baseline or conversion to DSM-5 major 
neurocognitive disorder adjudicated by a 
neurologist and neuropsychologist. 

Covariates: Sociodemographic (age, sex, and 
education), APOE-ε4 carriage (TaqMan assay) and 
baseline depressive symptoms (GDS-15) were 
recorded. 

Statistical analysis: Linear mixed-effects models 
(random intercept/slope) estimated annual MoCA 
change. Cox proportional hazards models 
(time-to-dementia) evaluated VRFs and FGCRS 
quartiles. Multicollinearity was assessed (VIF < 2). 
Missing covariates (<2 %) were imputed by 
chained equations. Analyses used Stata 17; 
two-tailed p < 0.05 denoted significance. 

Ethics: The regional ethics committee approved the 
protocol (Ref #BV-2015-092). Written informed 
consent was obtained from all participants. 

Results 

Descriptive findings: Participants were 
68.5 ± 5.2 years old; 55 % were female and had a 
mean education of 13.2 ± 3.4 years. VRF 
prevalence at baseline was high: 
hypertension 68 %, diabetes 28 %, 
dyslipidaemia 45 % and current smoking 20 %. 
Median FGCRS was 14 (IQR 11–17). Table 1 
details baseline characteristics stratified by 5-year 
cognitive outcome. 

Longitudinal cognitive change: In mixed-effects 
modelling (Table 2), hypertension, diabetes and 
current smoking each conferred faster MoCA 
decline after full adjustment. A one-SD higher 
FGCRS translated to an additional 0.24-point 
annual decrement (p < 0.001). Higher education 
mitigated decline (+0.04 points/year per schooling 
year). 

Incident dementia: During 7,620 person-years, 
145 participants developed dementia 
(incidence = 19.0/1,000 person-years). 
Dementia-free survival diverged early across 
FGCRS quartiles (Figure 2). In Cox models 
(Table 3), compared with Q1, HRs were 1.32 (Q2), 
1.71 (Q3) and 2.12 (Q4; p-trend < 0.001). 
Hypertension (HR 1.46) and diabetes (HR 1.38) 
remained independent predictors, whereas smoking 
showed a non-significant trend. No significant 
APOE-ε4 interactions were detected. 

Variance explained: VRFs collectively accounted 
for 32 % of between-person variability in cognitive 
trajectories (likelihood-ratio χ² = 112.3, p < 0.001). 

 
 
 

 
 
 
 
 
 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Ranawat et al.                                  International Journal of Current Pharmaceutical Review and Research  

846   

Table 1: Baseline Characteristics By 5-Year Cognitive Outcome 
Characteristic No decline (n = 1,102) Decline (n = 400) p-value 
Age, y (mean ± SD) 67.2 ± 5.0 70.1 ± 5.5 <0.001 
Female, % 56 51 0.12 
Education, y 13.8 ± 3.2 11.6 ± 3.4 <0.001 
Hypertension, % 62 81 <0.001 
Diabetes, % 22 38 <0.001 
Dyslipidaemia, % 42 51 0.003 
Current smoker, % 18 25 0.002 
Baseline MoCA 26.1 ± 2.1 24.8 ± 2.3 <0.001 
 

Table 2: Multivariable Predictors of Annual MOCA Change 
Risk factor β (points / year) 95 % CI p 
Hypertension −0.21 −0.29, −0.12 <0.001 
Diabetes −0.19 −0.28, −0.10 <0.001 
Dyslipidaemia −0.07 −0.15, 0.01 0.08 
Current smoker −0.15 −0.25, −0.05 0.004 
FGCRS (per SD) −0.24 −0.32, −0.17 <0.001 
Age (per year) −0.06 −0.08, −0.04 <0.001 
Education (per year) +0.04 0.02, 0.06 <0.001 
 

Table 3: Cox Model for Incident Dementia 
Predictor HR 95 % CI p 
FGCRS Q2 vs Q1 1.32 0.93–1.87 0.11 
FGCRS Q3 vs Q1 1.71 1.20–2.45 0.003 
FGCRS Q4 vs Q1 2.12 1.45–3.11 <0.001 
Hypertension 1.46 1.10–1.94 0.008 
Diabetes 1.38 1.01–1.89 0.041 
Current smoker 1.29 0.94–1.77 0.11 
 

 
Figure 1: Study flow diagram 

 
This figure displays a grouped bar chart showing the comparison of baseline characteristics between participants 
with no cognitive decline and those with decline across various metrics like age, education, and health 
conditions. 
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Figure 2: Dementia-free survival by FGCRS quartile 

 
This Kaplan-Meier plot illustrates the survival 
probability over time, stratified by Framingham 
General Cardiovascular Risk Score (FGCRS) 
quartiles. The survival probabilities decrease more 
sharply for higher risk quartiles, reflecting an 
increased risk of developing dementia. 

Discussion  

In this longitudinal, community-based cohort, we 
demonstrate that traditional VRFs—alone and in 
aggregate—substantially accelerate cognitive 
ageing. Hypertension exerted the strongest 
individual effect, corroborating meta-analytic 
evidence linking mid-life blood-pressure elevation 
to later dementia [2]. Our findings extend those 
observations by quantifying the annual cognitive 
toll (−0.21 MoCA points) and showing persistent 
risk despite adjustment for age, education and other 
VRFs. 

Diabetes similarly predicted steeper decline and 
38 % excess dementia risk, aligning with 
mechanistic data implicating insulin resistance, 
microvascular disease and advanced-glycation 
end-products in neuronal injury [3]. Dyslipidaemia 
displayed a weaker, non-significant association 
after multivariable control, echoing inconsistent 
literature where cholesterol-dementia links vary by 
age and lipid fraction [4]. Smoking’s deleterious 
influence on MoCA trajectories reinforces earlier 
meta-analyses [5], although dementia conversion 
did not reach statistical significance, perhaps 
reflecting cessation among older adults or 
competing mortality. A key contribution is our 
evaluation of composite cardiovascular risk. The 
FGCRS captured cumulative vascular burden and 
displayed a clear dose-response with both cognitive 

decline and incident dementia, in keeping with 
systematic reviews reporting superior predictive 
performance of CVD scores over dementia-specific 
algorithms [6,7]. Notably, participants in the top 
quartile experienced cognitive deterioration 
equivalent to five additional chronological years, 
underscoring the brain-ageing impact of aggregated 
VRFs. Mechanistically, VRFs converge on cerebral 
small-vessel disease, endothelial dysfunction, 
blood–brain-barrier breakdown and amyloid-β 
clearance impairment, all of which accelerate 
neuro-degeneration [8]. The 32 % variance 
explained by VRFs in our models suggests 
substantial, but not exhaustive, vascular 
contribution, leaving room for neuro-degenerative, 
genetic and lifestyle modifiers. 

Strengths include prospective design, repeated 
cognitive assessments, rigorous dementia 
adjudication and comprehensive vascular profiling. 
Limitations merit mention. First, observational 
nature precludes causal inference despite temporal 
sequencing. Second, MoCA, while sensitive, may 
not capture subtle domain-specific changes; future 
work with neuroimaging and fluid biomarkers is 
warranted. Third, the cohort was predominantly 
urban and Caucasian, potentially limiting 
generalisability. Finally, residual confounding (e.g., 
diet, physical activity) cannot be fully excluded. 
Clinical implications are twofold. Foremost, 
aggressive mid-life management of hypertension 
and diabetes could delay cognitive ageing. Trials of 
blood-pressure lowering already show modest 
dementia risk reductions, which, extrapolated 
population-wide, translate into meaningful 
public-health gains [2]. Second, incorporating 
FGCRS into routine cognitive risk stratification 
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may aid early identification of high-risk individuals 
for targeted prevention. Ongoing intervention 
studies combining vascular optimisation with 
lifestyle modification will clarify efficacy.  

Conclusion  

This prospective study highlights the pivotal 
influence of modifiable VRFs on late-life cognitive 
trajectories. Hypertension, diabetes and smoking 
independently hasten cognitive decline, while a 
higher FGCRS more than doubles dementia risk. 
Given that VRFs are identifiable and treatable in 
routine practice, their rigorous control offers a 
tangible avenue to mitigate the looming dementia 
burden. Integrating cardiovascular risk assessment 
into cognitive health programmes and initiating 
aggressive risk-factor management from mid-life 
onward could substantially preserve brain health 
across ageing populations. 
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