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Abstract

Introduction

Alzheimer’s disease (AD), the most common cause of dementia, 
is a global health problem with great influences on family and 
society.[1] Alzheimer’s disease is an age‑related neurodegenerative 
disease, accounting for 50–75% of dementia.[2] Alzheimer’s disease 
is a multifactorial disease, which is influenced by the interaction 
of genetic susceptibility and environmental factors throughout the 
whole life.[3] Identification of and intervention into these potential 
risk factors become key components of AD prevention.

Cardiovascular diseases (CVD) such as coronary heart 
disease (CHD), heart failure (HF), and stroke have been linked 
to the development of AD[4] and vascular dementia (VD).[5] 
However, previous studies have reported inconsistent results. 
Some studies[6-8] reported that CHD and HF are associated 
with the higher risk of AD. However, some studies[6,9] found 
no significant association between CHD, HF, and the risk of 
AD. The role of CHD and HF in AD is still unclear. The study 
aimed to investigate the association between CHD, HF, and 
the risk of AD using a meta‑analysis.

Methods

Search strategy, inclusion criteria, and exclusion criteria
The meta‑analysis searched for literature published before 
March 2023 in these databases (PubMed and Web of Science) 

by two researchers  (Shanshan Zhuo and Hao Wu). The 
following search terms were used: (“coronary heart disease” 
OR “angina pectoris” OR “myocardial infarction” OR “heart 
failure”) AND (“Alzheimer’s disease” OR “AD”).

The study included studies based on these inclusion 
criteria: 1) studies explored CHD or HF; 2) studies investigated 
the risk of AD. The following exclusion criteria were used: 
1) reviews, case reports, and meta‑analysis; 2) studies which 
did not investigate the association between CHD, HF, and 
the risk of AD; 3) studies which did not provide sufficient 
information to obtain odds ratio (OR) or relative risk (RR) and 
95% confidence interval (CI) for the association between CHD, 
HF, and risk of AD. Two researchers (Shanshan Zhuo and Hao 
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Wu) independently read all the abstracts and full texts. Articles 
were discussed and decided by the three authors  (Weifeng 
Sun, Shanshan Zhuo, and Hao Wu) after the appearance of 
inconsistent selections.

Data extraction and meta‑analysis
Shanshan Zhuo and Hao Wu extracted data from included 
studies. These data included: Author and publication year, 
study country, study type, population, sample size  (AD 
and total population), mean age of population, gender of 
population, CHD type or HF, follow‑up time, adjustment, 
and results.

Odds ratios from case‑control studies and RRs from 
cohort studies with their CIs were computed to generate 
a pooled effect size and 95% CI; first, for all studies 
together  (considering OR from case‑control studies to be 
estimates of RR) to generate a pooled effect size and 95% CI, 
and second, separately for case‑control and cohort studies. All 
the analyzes were conducted with STATA 12.0 software. For 
high heterogeneity (P value for Q test ≤ 0.05 and I2 ≥ 50%), a 
random effects model was adopted to compute these results; 
for low heterogeneity (P value for Q test > 0.05 and I2 < 50%), 
a fixed effects model was adopted to summarize all results. 
Meta‑regression was adopted to investigate the source of 
heterogeneity. Subgroup studies  (for different races and 
different study types) were applied to investigate the source 
of heterogeneity. Stabilization of the study was assessed by 
adopting sensitivity analysis. Finally, funnel plot, Begg’s test, 
and Egger’s test were adopted to assess publication bias.

Results

Study characteristics
After inclusion and exclusion, N = 15 studies[6-20] were finally 
included in the study. Figure  1 shows the inclusion and 
exclusion process. Table 1 shows study characteristics. A total 
of 12 studies[6-8,10-18] (including N = 36,913 individuals with AD 
and N = 1,701,718 participants) investigated the association 
between CHD and the risk of AD. Among the 12 studies, seven 
studies[6,7,10,12-14,16] (including N = 5,119 individuals with AD 
and N = 1,231,399 participants) investigated the association 
between myocardial infarction (MI) and the risk of AD. Six 
studies[8,9,15,18-20] (including N = 83,065 individuals with AD and 
N = 2,414,963 participants) examined the association between 
HF and the risk of AD.

Association between CHD and the risk of AD
Meta‑analysis indicated that CHD was associated with an 
increased risk of AD with a random effects model  [OR/RR: 
1.22, 95% CI: 1.00–1.48, I2 = 97.2%, P < 0.001; Figure 2]. 
Meta‑regression study indicated that publication year, age, gender, 
and follow‑up time were not responsible for the heterogeneity 
between included studies  (publication year: P  = 0.337; 
age: P = 0.380; gender: P = 0.341; follow‑up time: P = 0.327). 
Subgroup analysis indicated that CHD was associated with an 
increased risk of AD in the Caucasian population [OR/RR: 1.23, 

95% CI: 1.01–1.51; Figure 3]. Subgroup analysis indicated that 
CHD was associated with an increased risk of AD in cohort 
studies [OR/RR: 1.27, 95% CI: 1.04–1.55; Figure 4]. Sensitivity 
analysis indicated no change in the direction of effect while 
any study was excluded from meta‑analysis  [Supplementary 
Figure 1]. Funnel plot, Begg’s test, and Egger’s test indicated 
no significant risk of publication bias [Supplementary Figure 2; 
Begg’s test: P = 0.807; Egger’s test: P = 0.613].

Association between MI and the risk of AD
Our meta‑analysis demonstrated no significant association 
between MI and the risk of AD with a fixed effects model [RR: 
1.09, 95% CI: 0.91–1.30, I2 = 42.8%, P = 0.105; Figure 5]. 
Meta‑regression study indicated that publication year, age, 
gender, and follow‑up time were not responsible for the 
heterogeneity between included studies  (publication year: 
P  = 0.413; age: P  = 0.632; gender: P  = 0.351; follow‑up 
time: P = 0.231). Subgroup analysis indicated no significant 
association between MI and the risk of AD in the Caucasian 
population  [RR: 1.11, 95% CI: 0.90–1.37; Figure  6]. All 
included studies were designed as cohort studies. Sensitivity 
analysis indicated a change in the direction of effect while 
a study published by Sundboll et  al.[6] was excluded from 
meta‑analysis [Supplementary Figure 3]. Funnel plot, Begg’s 
test, and Egger’s test indicated a significant risk of publication 
bias [Supplementary Figure 4; Begg’s test: P = 0.764; Egger’s 
test: P = 0.012].

Association between HF and the risk of AD
Our meta‑analysis revealed that HF was associated with 
an increased risk of AD with a random effects model  [RR: 
1.53, 95% CI: 1.05–2.24, I2 = 96.8%, P < 0.001; Figure 7]. 
Meta‑regression study indicated that publication year, age, 

Figure  1: Inclusion and exclusion process. AD, Alzheimer’s disease; 
CHD, coronary heart disease; HF, heart failure
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gender, and follow‑up time were not responsible for the 
heterogeneity between included studies  (publication year: 
P = 0.467; age: P = 0.475; gender: P = 0.493; follow‑up time: 
P  = 0.453). All participants were Caucasian. All included 

studies were designed as cohort studies. Sensitivity analysis 
indicated no change in the direction of effect, while any study 
was excluded from meta‑analysis [Supplementary Figure 5]. 
Funnel plot, Begg’s test and Egger’s test indicated no 

Figure 2: Forest plot for the association between CHD and the risk of AD. AD, Alzheimer’s disease; CHD, coronary heart disease; CI, confidence 
interval; OR, odds ratio; RR, relative risk

Figure 3: Subgroup analysis for the association between CHD and the risk of AD with different races. AD, Alzheimer’s disease; CHD, coronary heart 
disease; CI, confidence interval; OR, odds ratio; RR, relative risk
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significant risk of publication bias [Supplementary Figure 6; 
Begg’s test: P = 0.573; Egger’s test: P = 0.251].

Discussion

The study reported that CHD was associated with an 
increased risk of AD. The result was inconsistent with a 

recent meta‑analysis, which showed no significant association 
between CHD and the risk of AD  (RR  =  0.99, 95% CI: 
0.92–1.07).[21] The present study is an updated study of 
previous studies. The potential mechanism for the association 
between CHD and the risk of AD is still unknown. Coronary 
heart disease has an impact on the heart output, resulting in 
cerebral hypoperfusion.[22] Cerebral hypoperfusion results 

Figure 4: Subgroup analysis for the association between CHD and the risk of AD with different study types. AD, Alzheimer’s disease; CHD, coronary 
heart disease; CI, confidence interval; OR, odds ratio; RR, relative risk

Figure 5: Forest plot for the association between MI and the risk of AD. AD, Alzheimer’s disease; CI, confidence interval; MI, myocardial infarction; 
RR, relative risk
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in the formation of amyloid β plaques and neurofibrillary 
tangles, which are important characteristics of AD.[23] In 
addition, apolipoprotein E (APOE) might be a confounder in 
the association between CHD and AD. Moreover, the release 
of inflammatory cytokines might also play an important role 
in the cognitive impairment.[24,25] However, the study showed 
no significant association between MI and the risk of AD. 
Available studies exploring the association between MI and 
the risk of AD are few, and results were equivocal with either 

a slightly increased risk or no association. More studies were 
needed to investigate the association between CHD and the 
risk of AD.

Meta‑analysis indicated that HF was associated with an 
increased risk of AD. The result was not corresponding to a 
recent meta‑analysis, which showed no significant association 
between HF and the risk of AD (OR/RR = 1.38, 95% CI 0.90–
2.13).[26] A previous study reported that the association between 
HF and the risk of AD differed in different gender  (male: 

Figure 6: Subgroup analysis for the association between MI and the risk of AD with different races. AD, Alzheimer’s disease; CI, confidence interval; 
MI, myocardial infarction; RR, relative risk

Figure 7: Forest plot for the association between HF and the risk of AD. AD, Alzheimer’s disease; CI, confidence interval; HF, heart failure; RR, relative risk
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RR = 1.09 (95%CI, 1.02–1.16); female: RR = 0.94 (95%CI, 
0.89–0.99)).[9] However, the meta‑regression analysis showed 
that gender was not responsible for the heterogeneity between 
included studies. Heart failure is associated with atrial 
fibrillation, hypertension, and diabetes, which are strongly 
associated with AD.[27] More studies were essential to explore 
the association between HF and the risk of AD.

Our results computed previous findings and indicated that CHD 
was associated with 22% elevated risk of AD. In addition, HF 
was associated with 53% elevated risk of AD. These findings 
have important implications for the prevention of AD and the 
management of patients with CHD or HF.

There are some limitations in the study. Firstly, the high 
heterogeneity limited the promotion of the present study. In 
the study, meta‑regression and subgroup analyzes were used 
to detect the source of heterogeneity. However, the source 
of heterogeneity is still unclear. Secondly, regarding the 
association between MI and the risk of AD, the study showed 
a significant risk of publication bias; these results might be 
distorted.

Conclusions

In conclusion, our meta‑analysis suggests that CHD and 
HF are associated with an increased risk of developing 
AD. Nonetheless, more large‑scale prospective studies are 
necessary to further investigate the associations between CHD, 
HF and the risk of AD.
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Supplementary Figure 1: Sensitivity analysis for association between CHD and risk of AD. AD, Alzheimer’s disease; CHD, coronary heart disease

Supplementary Figure 2: Funnel plot for association between CHD and 
risk of AD. AD, Alzheimer’s disease; CHD, coronary heart disease



Supplementary Figure 4: Funnel plot for association between MI and risk 
of AD. AD, Alzheimer’s disease; MI, myocardial infarction

Supplementary Figure 5: Sensitivity analysis for association between HF 
and risk of AD. AD, Alzheimer’s disease; HF, heart failure

Supplementary Figure 6: Funnel plot for association between HF and 
risk of AD. AD, Alzheimer’s disease; HF, heart failure

Supplementary Figure 3: Sensitivity analysis for association between 
MI and risk of AD. AD, Alzheimer’s disease; MI, myocardial infarction


