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Chapter 8

General discussion and summary of the main results

The main objective of this thesis was to study various cardiometabolic risk factors in relation 
to cognitive function and cognitive decline in older adults. As the prevalence of dementia 
continues to rise, it is important to explore various potential underlying pathways that can 
strengthen our understanding of the multifactorial pathophysiology of cognitive decline. 
Moreover, this can offer guidance to future research into prevention of dementia as well as 
help identify potential novel treatment targets, as it is currently irreversible and incurable.

In this chapter, the main findings of this thesis will be summarized and placed into the 
context of current knowledge in the literature. Cardiac and metabolic determinants will be 
discussed separately. Furthermore, the implications and future perspectives in the field 
of cardiovascular disease and dementia will be outlined and placed specifically within a 
clinical framework.

Summary of the main findings

Cardiovascular determinants of cognitive function
The connection between cardiovascular disease and cognitive impairment (preceding 
the diagnosis of dementia) is well-established [1-3]. Several epidemiological studies have 
identified various cardiac function markers such as heart-rate variability, QRS-T angle and 
higher serum concentrations of cardiac troponin to be associated with worse cognitive 
function measures [4-8]. In Chapter 2, we assessed the association between various ECG-
based intervals, cognitive function and MRI-based structural status in a population of older 
adults at higher risk of developing cardiovascular disease. We found that a longer JT interval, 
reflecting ventricular repolarization, was strongly associated with worse cognitive function. 
Although in line with previous findings, our study was performed in older adults free of 
dementia at baseline, whereas other prior studies were primarily conducted in individuals 
with already established cognitive impairment or dementia. This means that subclinical 
changes in cardiac function may exist before cognitive dysfunction becomes apparent. 
Thus, prolonged ventricular depolarization and repolarization may potentially precede (sub)
clinical cognitive dysfunction.

Increasing evidence suggest that higher plasma troponin is associated with accelerated 
cognitive decline and an increased risk of dementia [7, 9, 10]. In Chapter 3, we performed a 
systematic review of cohort studies investigating the association between serum troponin 
concentration, cognitive function and/or dementia. The twelve population-based cohort 
studies that were included reported that higher cardiac troponin levels are associated 
with higher risk of cognitive impairment, but not with incident dementia nor with incident 
Alzheimer’s Disease. Higher cardiac troponin levels were also associated with worse global 
cognitive function and attention, both cross-sectionally and prospectively, although effect 
sizes were modest. This was the first systematic review on the association between cardiac 
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troponin and cognition, and sheds light on the possibility of troponin functioning as a risk 
marker of future cognitive vulnerability.

In line with the findings in Chapter 3, we continued exploring the (causal) contributions 
of different cardiac biomarkers in blood, including troponin, to dementia in Chapter 4. 
Though multiple observational cohort studies have identified significant associations 
between cardiac blood biomarkers such as troponin T, troponin I, N-terminal pro B-type 
natriuretic peptide (NT-proBNP), and growth-differentiation factor 15 (GDF15) with cognitive 
function and dementia, it was unknown whether this association could potentially be causal. 
This is because the findings from multivariable-adjusted cohort analyses might be harmed 
by residual confounding and/or reverse causation. Mendelian Randomization (MR) analysis 
has the ability of overcoming limitations such as confounding and reverse causation by 
using genetic variations as instrumental variables from previously performed genome-
wide association studies [11]. We have performed the first MR study using the previously 
mentioned cardiac biomarkers, and dementia and cognitive function, however we did not 
find evidence that these cardiac biomarkers causally influence dementia risk, although this 
might be in part due to the low number of instrumental variables causing lower statistical 
power. Nevertheless, based on our findings, we suggest that underlying pathways leading to 
cognitive changes are more likely to employ mechanisms other than biomarkers of cardiac 
(dys)function.

Our research shows that a longer ventricular depolarization interval as well as higher 
troponin are associated with worse cognitive function in various domains. We did not find 
clear evidence of a causal association between higher troponin and other cardiac biomarkers 
like NT-proBNP with risk of dementia. Thus, cardiac function changes as measured by an ECG 
as well as higher levels of serum blood troponin (although not causal), may signal preclinical 
cognitive (dys)function. Patients with diagnosed cardiovascular disease may therefore be 
at higher risk of cognitive impairment.

Metabolic determinants of cognitive function
Adjacent to the rapid growing number of older people, the problem of obesity is also on the 
rise as a result of our changing lifestyle [12]. Obesity, defined as a body mass index (BMI) 
above 30 kg/m2, is a modifiable risk factor for several adverse health outcomes, including 
type 2 diabetes mellitus, cardiovascular disease and dementia [12]. Currently, the pathways 
in which body composition can affect the brain are not well understood. Thus, the second 
part of this thesis aimed to further elucidate the relationship between measurements of 
weight and underlying metabolic changes with cognitive function and MRI-based structural 
volumes of the brain.

In Chapter 5, we investigated the association between BMI and serum leptin levels with 
cognition, cognitive decline and various brain volumes. More specifically, we aimed to assess 
the mutual independence of effects of BMI and circulating leptin, as adipose tissue is the 
largest endocrine organ in the human body secreting leptin [13]. We found that higher leptin 
was associated with increased volume of the amygdala, independent of BMI. Furthermore, a 
BMI above 30 kg/m2 was associated with worse executive functioning, with higher volumes 
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of the amygdala and of the hippocampus, independent of leptin. Unlike previous studies, our 
results suggest it is unlikely that leptin functions as a mediator, implying distinct biological 
mechanisms between BMI and leptin cognitive function [14, 15].

Next to a high BMI, we were also interested in other measurements of body weight, 
including loss of body weight and weight variability. In Chapter 6, we examined weight loss 
and variability in relation to cognitive function and functional independence. We found that 
during 2.5-years of follow-up, individuals with a higher variability of body weight and loss 
≥5% of baseline body weight scored significantly lower in four domains of cognitive function, 
but were not more functionally dependent than those who did not lose weight or had a low 
body weight variability. Unlike other studies whom employed a delta of weight loss [16-18], 
we calculated an average slope of weight change during follow-up, therefore taking into 
account more data points, and demonstrated that these findings were independent of 
incident disease states such as cancer or heart failure, use of diuretics or antidepressants, 
and cardiovascular risk-factors. Weight loss and higher variability of body weight may signify 
an early manifestation of cognitive decline.

Finally, in Chapter 7, we studied the role of metabolomics, the analysis of small blood 
serum metabolites, in light of cognitive impairment. Although individual metabolites have 
been associated with dementia before [19, 20], we assessed the association between the 
MetaboHealth score, composed of 14 different metabolites and used to predict disease-
specific mortality, with cognitive function and functional independence [21]. Our results 
showed that a higher MetaboHealth score was associated with worse neurocognitive test 
scores, cognitive decline and lower functional capacity. This suggests that metabolite-based 
scores predicting mortality may also be used to identify individuals at higher risk of future 
cognitive decline.

We found that a higher BMI independent of serum leptin, higher variability in body weight 
and higher loss of body weight, as well as a higher MetaboHealth score were independently 
associated with worse cognitive function. Thus, substantial changes in body weight may 
be a risk factor for worse cognitive function in older patients. The results emphasize 
the importance of maintaining a healthy and stable weight, which could potentially 
be a preventative measure of cognitive decline in an older population at higher risk for 
cardiovascular disease.

Study limitations
Nevertheless, it is important to take into account the limitations of the studies. The follow-up 
time of PROSPER was 3.2-years, which is relatively short and may not be sufficient to capture 
cognitive decline in all study participants. In addition, the study participants included were 
either at higher risk for cardiovascular disease, or had a history of cardiovascular disease, 
which may lower the generalizability of the findings. Our results may also be nuanced by the 
fact that the study participants were free of dementia at baseline. Moreover, relatively few 
studies were included in the systematic review and we could therefore not perform a meta-
analysis. In line, only relatively few genetic instruments associated with cardiac biomarkers 
were available for the MR study, preventing further sensitivity analyses addressing the 
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common pleiotropy issue in MR studies. However, in spite of these limitations, we found 
robust associations that strongly suggest an interaction between different cardiometabolic 
determinants and cognitive function, and thereby gained a deeper understanding of the 
pathophysiology.

Future perspectives

Shifts in the demography of dementia – the role of improved prevention of cardiovascular 
disease
The results described in this thesis, in which we examined multiple cardiovascular and 
cardiometabolic risk factors, contribute to the knowledge on potential constituent pathways 
leading to cognitive impairment: the phase preceding the clinical manifestation of dementia. 
The prevalence of dementia is projected to rise in the future, mainly due to the aging of the 
population [22]. Although there is an increase in the number of older individuals, multiple 
studies have established that the relative incidence of dementia is in fact decreasing [22, 
23]. To illustrate; a population-based cohort study using data from the Rotterdam Study 
found that the incidence of dementia was 25% lower in the subcohort initiated in 2000, 
compared to the counterpart that was initiated in 1990 [22]. Similarly, a large observational 
study including more than 21,000 American (US) adults above the age of 65 years, report 
a decline in prevalence of dementia, from 11.6% in 2000 to 8.8% in 2012 [24]. In line, the 
Framingham Heart Study also describe a decline of approximately 20% per decade between 
1977 and 2008 in incidence of dementia among older participants [25].

Despite the contribution of various factors such as improved educational attainment to 
the expected decrease in incidence [24], it is often also attributed to improved prevention 
of cardiovascular disease. This is also relevant to the findings of this thesis, as the various 
cardiometabolic determinants investigated here are risk-factors that can be targeted in the 
prevention of dementia. Studies also report more frequent use of lipid-lowering drugs (which 
were introduced in the late 90s) and antithrombotic drugs, suggesting that treatment and 
improved prevention of cardiovascular disease may also effectively contribute to lowering 
vascular-related risk of future dementia [22, 24, 25]. In line, the results in Chapter 5 and 6  
of this thesis suggest that better management of risk factors like change in body weight, 
may help prevent cognitive (dys)function.

Studies have also shown that better management of diagnosed cardiovascular disease 
in patients may already lead to (short-term) improvements in cognitive function [26]. For 
example, reduced cardiac ejection fraction has been associated with impaired cognition 
[27]. A study examined whether patients whom underwent cardiac resynchronization 
therapy (CRT), aimed at ameliorating left ventricular ejection fraction (LVEF), also improved 
in neuropsychological performance [27]. They found that patients with improved LVEF 
also scored better on measures of overall cognitive function, executive functioning, and 
visuospatial function, compared to patients whom did not show LVEF improvement. These 
findings are corroborated by other studies, whom found improved attention and processing 
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speed three months post-CRT [28]. A recent population-based study investigated cognitive 
function in patients with atrial fibrillation (AF) at baseline or during follow-up, compared 
to healthy counterparts. They found AF was significantly associated with a faster decline 
in cognitive function and an increased risk of developing all-cause dementia during nine 
years of follow-up [26]. Interestingly, among patients with either prevalent or incident AF, 
use of anticoagulation drugs was associated with a 60% decreased risk of dementia [26]. 
Although a recent MR study did not find evidence of a causal association between AF and 
Alzheimer’s Disease, another MR study demonstrated genetic predisposition for AF was 
causally associated with lower gray matter volume [29, 30]. This association was attenuated 
after adjusting for ischemic stroke, suggesting that the pathway between AF and cognitive 
function may be mediated by stroke [30]. As demonstrated in Chapter 2, 3 and 4, patients 
exhibiting an increase in other markers of cardiac dysfunction like prolonged ventricular 
depolarization and higher troponin could potentially in the future be considered for cardiac 
improvement therapy. Improved treatment of existing cardiac conditions may have an effect 
on the risk of future cognitive decline.

In line, a recent large, randomized controlled trial demonstrated the impact of better 
management of cardiovascular risk factors on cognitive function. In this study, a multidomain 
approach (including physical function, polypharmacy, cognition, dependency in activities 
of daily living) was designed to prevent cognitive decline in older adults at higher risk 
of cardiovascular disease in the general Finnish population, without severe cognitive 
impairment [31]. The intervention group received a dietary intervention, physical exercise 
regime, cognitive training and vascular-risk monitoring, whereas the control group received 
general health advice [32]. After 2-years, the intervention group scored higher on the 
neuropsychological test battery compared to the controls, suggesting early interventions 
during the pre-symptomatic stages may contribute to maintaining or improving cognitive 
function in a subcohort of the general population at higher risk of cardiovascular disease [32].

These results can be extrapolated to the participants of the PROSPER study. Our 
participants had a similar cardiovascular disease risk to the participants of the general 
Finnish population, also without cognitive dysfunction at baseline. The cardiometabolic 
determinants that we investigated in this thesis are risk factors for (pre)clinical cognitive 
decline. Therefore, in addition to treatment of established clinical cardiovascular disease, 
tackling risk factors such as those presented in the present thesis may be of benefit to 
future cognitive changes.

The future of cognitive screening in cardiac patients
Various studies have been initiated to further investigate the complex interaction between 
vascular health and brain functioning. The Heart-Brain Study, a part of the larger Heart-
Brain Connection Consortium, is a multicenter cohort study in the Netherlands of nearly 
700 participants with either heart failure, carotid occlusive disease, or vascular cognitive 
impairment. This study was designed to examine to what extent hemodynamic changes 
contribute to vascular cognitive impairment, and what mechanisms are involved [33, 
34]. The first results after 2-years of follow-up demonstrate progression of white matter 
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hyperintensities in patients with increased diastolic blood pressure variability [35]. 
Moreover, participants with heart failure and carotid occlusive disease scored lower on 
multiple domains of cognitive function such as memory, executive functioning, attention, 
global cognition, compared to healthy counterparts [36]. The next steps of the consortium 
include multidisciplinary collaborations between cardiology, geriatrics and internal medicine 
departments in order to screen patients with cardiovascular disease for memory and 
cognitive deficits.

The results in the present thesis reiterate the fact that cardiometabolic disease can play 
a considerable role in the development of dementia. However, it is important to note that 
this is currently not included in the biological definition of Alzheimer’s Disease. A recent 
review was published as a response to the National Institute on Aging and Alzheimer’s 
Association Research Framework titled “Towards a Biological Definition of Alzheimer’s 
Disease”, arguing adding vascular biomarkers to the proposed amyloid-beta, tau and 
neurodegeneration biomarker system definition [37]. For example, a large autopsy-based 
neuropathological study demonstrated the presence of vascular pathology such as cerebral 
microbleeds, intracranial atherosclerosis and cortical infarcts in 80% of patients diagnosed 
with Alzheimer’s disease [38]. It is also argued that epidemiological research should expand 
beyond classical clinical vascular risk factors to include risk factors stemming from other 
novel pathways contributing to the development of Alzheimer’s Disease, in line with the 
implications described in Chapters 2, 3 and 4 of this thesis like prolonged ventricular 
depolarization and troponin [37].

In addition, there is growing interest in the contribution of frailty to cardiovascular disease 
and its treatment in older patients. Frailty, which can be described as an accumulation of 
deficits including geriatric syndromes like cognitive impairment and co-morbidities such as 
cardiovascular disease, is associated with reduced functional reserve [39]. A meta-analysis 
including almost 7000 patients from 26 studies reported nearly half of all patients with 
heart failure to be frail [40]. Recent major heart failure guidelines recognize the impact of 
frailty on prognosis, therefore recommending an overall holistic approach by screening 
for frailty in order to optimize treatment [41-43], as it has been shown that impairment 
in the cognitive domain in HF patients was significantly associated with a higher 1-year 
mortality risk [44]. The latter result is reemphasized by the findings in this thesis. We found 
significant associations between various cardiovascular and metabolic determinants, 
including domains of frailty like weight loss, with cognitive function, strongly suggesting 
the approach to cognitive decline and dementia ought to be multidimensional.

Recommendations for the future
The results of this thesis emphasize the fact that cognitive decline has a multifactorial 
origin and that both cardiac and metabolic risk factors play a role. The pathways leading 
from metabolic and cardiovascular imbalance to cognitive impairment are complex, as 
no single mechanism can describe the intricate pathophysiology. In line with the 2021 
European Society of Cardiology (ESC) guidelines on cardiovascular disease prevention in 
clinical practice, attention should be directed towards optimizing treatment of conditions like 
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heart failure and atrial fibrillation in order to decrease the risk of cognitive decline or even 
reverse damage [43]. Future research could perhaps target whether long-term treatment 
of for example hypertension may in fact prevent cognitive dysfunction, as this is currently 
unknown.

Moreover, continuing prevention of cardiovascular disease from middle-age onwards will 
be paramount to supporting the decline of dementia incidence and sustaining current health 
care systems, as highlighted in for example the 2018 Dutch National Prevention Pact. The 
Pact focuses on three themes: smoking, obesity and problematic alcohol use, each strongly 
associated with cardiovascular disease [45]. In general, the aim is to prevent children and 
young adults from taking up unhealthy habits, which will impact future development of 
various (additional overlapping) risk factors related to cardiovascular disease and dementia, 
such as described in this thesis [45].

It is evident that different components of cardiovascular disease are strongly associated 
with cognitive dysfunction, however it remains challenging to prove direct causality. As an 
alternative to expensive and lengthy randomized controlled trials, MR analyses may be a 
useful technique to identify vascular risk factors that have a causal relationship with the 
brain, using data from large populations. Although the U.S. Food and Drug Administration 
recently approved the use of Lecanemab, a humanized IgG1 monoclonal antibody that 
reduces markers of amyloid in early Alzheimer’s Disease, no clear effects on restoring lost 
cognitive capacity have been found [46]. The ability to regenerate cognitive function using 
medication has not been demonstrated yet, therefore research should primarily be focused 
on prevention. Thus, identifying vascular drug targets using MR can also be instrumental 
to treating dementia, as vascular dementia is the second-most common form of dementia 
and accounts for 20% of all dementia cases [47].

In conclusion, we studied several cardiometabolic risk factors and their relationship to 
cognitive function in older adults. The results described in this thesis reiterate the complex 
multifaceted interaction between the cardiometabolic system and the brain, and highlight 
different pathways that may contribute to cognitive decline. This calls for further research 
into optimizing treatment of cardiometabolic health to positively influence dementia risk. 
Moreover, this stresses the importance of long-term prevention and understanding the 
cardiometabolic components of cognitive impairment.
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