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between CHD and cognitive impairment is still unclear based on these conflicting

tive impairment. The present study made a meta-analysis to explore the association
between CHD and risk of cognitive impairment.

Methods: Articles exploring the association between CHD and cognitive impairment
and published before November 2020 were searched in the following databases:
PubMed, Web of Science, Medline, EMBASE, and Google Scholar. We used STATA
12.0 software to compute the relative risks (RRs), odds ratios (ORs), or hazard ratios
(HRs) and 95% confidence intervals (Cls).

Results: The meta-analysis showed a positive association between CHD and risk of
all-cause cognitive impairment with a random effects model (RR = 1.27, 95% CI 1.18
to 1.36, 1> = 82.8%, p < .001). Additionally, the study showed a positive associa-
tion between myocardial infraction (MI) and risk of all-cause cognitive impairment
with a random effects model (RR = 1.49, 95% Cl 1.20 to 1.84, I> = 76.0%, p < .001).
However, no significant association was detected between angina pectoris (AP) and
risk of all-cause cognitive impairment with a random effects model (RR = 1.23, 95%
Cl 0.95 to 1.58, I> = 79.1%, p < .001). Subgroup studies also showed that CHD pa-
tients are at higher risk for vascular dementia (VD), but not Alzheimer's disease (AD)
(VD: RR =1.34, 95% Cl: 1.28-1.39; AD: RR = 0.99, 95% Cl: 0.92-1.07).

Conclusion: In a word, CHD was significantly associated with an increased risk of

developing cognitive impairment.
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1 | INTRODUCTION

Coronary heart disease (CHD), one of the major cardiovascular
diseases, is the leading cause of death and disability affecting
the global human population (Ang & Chan, 2016). In the United
States, CHD accounts for about 25% of all deaths annually (Brown
et al.,, 2020). CHD is closely related to atherosclerosis, and the
development of atherosclerotic plaques in the vessel walls of the
coronary arteries supplying the heart decreased the myocardial
perfusion (Potz et al., 2017). CHD is a range of clinical disorders
manifested as stable and unstable angina, myocardial infraction
(MI), or sudden cardiac death (Alvarez-Alvarez et al., 2017; Libby
& Theroux, 2005). There are many risk factors of developing CHD,
including obesity, excessive salt intake, excessive drinking, and
smoking (Shao et al., 2020).

Cognitive impairment is common in the elderly and is charac-
terized by deterioration of memory, attention, and cognitive func-
tion beyond what is expected based on age and educational level
(Eshkoor et al., 2015). Dementia is a state that acquired cognitive
impairment has been serious enough to affect normal social and/
or occupational functioning (de Souza-Talarico et al., 2016). Studies
reported that the prevalence of dementia floats between 5% and
7% worldwide and is higher in the developing countries (de Souza-
Talarico et al., 2016). Cognitive impairment and dementia will place
huge individuals, societal and financial burdens, given that the
aging population globally is increasing (Dye et al., 2017). And more
importantly, there are no effective treatments proven to stop or
slow the progression of mild cognitive impairment to dementia.

Previous studies provided inconsistent results regarding the as-
sociation between CHD and risk of cognitive impairment. Several
studies have demonstrated that CHD is a high-risk factor for cogni-
tive impairment (Gondim et al., 2017; Mahon et al., 2017), whereas
other studies showed that there was no association between cog-
nitive impairment and CHD (Xing et al., 2020; Yang et al., 2020).
The relationship between CHD and cognitive impairment is still un-
clear based on these conflicting results. Thus, it is of importance to
evaluate the association between CHD and cognitive impairment.
The present study made a meta-analysis to explore the association

between CHD and risk of cognitive impairment.

2 | Methods
The present study was conducted based on the Preferred Reporting
Items for Systematic reviews and Meta-Analysis (PRISMA) guideline
(Moher et al., 2009).

2.1 | Search strategy and selection criteria

Two researchers (Xuan Liang and Yilin Huang) searched for arti-
cles published before November 2020 in the following databases:

PubMed, Web of Science, Medline, EMBASE, and Google Scholar.
Search terms were used as follows: (‘coronary heart disease’ OR
‘myocardial infarction’ OR ‘angina pectoris’) AND (‘dementia’ OR
‘cognitive deficits’ OR ‘cognitive dysfunction’ OR ‘cognitive im-
pairment’ OR ‘Alzheimer's disease’). Selection criteria included the
following: (1) Relative risks (RRs), odds ratios (ORs), or hazard ra-
tios (HRs) and 95% confidence intervals (Cls) associated with CHD
and risk of cognitive impairment could be reported or calculated
from included studies; (2) we eliminated meta-analyses, reviews,

and case-reports.

2.2 | Data extraction

The following data were extracted from included studies. These data
included: Author, publication year, study type, study location, sam-
ple sizes, information of participants (age and gender), CHD type,
median follow-up time, type and cases of cognitive impairment, ad-
justment variables, and results. In addition, an Excel file was used to
abstract these data.

2.3 | Meta-analysis

STATA 12.0 software was used to compute the results.
Heterogeneities between studies were evaluated with the Q test
and I2. With invariably high heterogeneity (p value for Q test < .05
and 12 > 50%), random effects models were used as pooling meth-
ods; with invariably low heterogeneity (p value for Q test > .05 and
12 < 50%), fixed effects models were used. Sensitivity analysis was
used to evaluate the stabilization of the study. In addition, Begg's
test, Egger's test, and funnel plot were used to evaluate publication
bias.

3 | RESULTS
3.1 | Study selection and characteristics

Figure S1 illustrated the selection results. Table S1 showed study
characteristics and results of included studies. A total of 28 stud-
ies (Aronson et al., 1990; Chen et al., 2011; Gondim et al., 2017;
Haring et al.,, 2013; Hayden et al.,, 2006; Hughes et al., 2010;
lkram et al., 2008; Jacob et al., 2017; Kahn et al., 1996; Kalmijn
et al., 1996; Kivipelto et al., 2002; Kuller et al., 2003; Kuo
et al,, 2015; Li et al., 2011; Lipnicki et al., 2013; Mahon et al., 2017;
Newman et al., 2005; Noale et al,, 2013; Qiu et al., 2005; Ricotti
et al,, 2016; Ross et al., 1999; Rusanen et al., 2014; Satizabal
et al., 2016; Solfrizzi et al., 2004; Sundbgll et al., 2018; Verhaegen
et al., 2003; Xing et al,, 2020; Yang et al.,, 2020) (including
1,397,314 participants) explored the association between CHD

and risk of cognitive impairment.
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3.2 | Meta-analysis results

The meta-analysis showed a positive association between CHD and
risk of all-cause cognitive impairment with a random effects model
(RR = 1.27, 95% Cl 1.18 to 1.36, I> = 82.8%, p < .001, Figure 1).
Additionally, the study showed a positive association between
MI and risk of all-cause cognitive impairment with a random ef-
fects model (RR = 1.49, 95% CI 1.20 to 1.84, I1> = 76.0%, p < .001,
Figure 2). However, no significant association was detected between
angina pectoris (AP) and risk of all-cause cognitive impairment with
a random effects model (RR = 1.23, 95% Cl 0.95 to 1.58, 12 =79.1%,
p < .001, Figure 3). No significant association was showed between
CHD and risk of AD with a random effects model (RR = 0.99, 95% Cl
0.92to 1.07, 12 = 49.8%, p = .025, Figure 4). In addition, no significant
association was showed between Ml and risk of Alzheimer's disease
(AD) with a fixed effects model (RR = 1.09, 95% CI 0.90 to 1.33,
12=41.7%, p = .113, Figure 5). No significant association was showed
between AP and risk of AD with a random effects model (RR = 0.98,
95% Cl 0.79 to 1.22, 1> = 65.4%, p = .055, Figure 6). However, a
positive association was detected between CHD and risk of vascular
dementia (VD) with a fixed effects model (RR = 1.34, 95% Cl 1.28 to
1.39, 1> = 36.1%, p = .196, Figure 7). Sensitivity analyses showed no
changes in the direction of effect when any one study was excluded
for the studies in all meta-analyses (Figures S2 and S3). Begg's test,
Egger's tests, and funnel plots showed significant risks of publication
bias for studies on associations between CHD and risk of all-cause
cognitive impairment, Ml and risk of all-cause cognitive impair-
ment, CHD and AD, Ml and AD (CHD and risk of all-cause cognitive

Study
ID

Aronson et al. 1990
Kalmijn et al. 1996
Kahn et al. 1996
Ross et al. 1999
Kivipelto et al. 2002
Kuller et al. 2003
Haugarvoll et al. 2005
Newman et al. 2005
Newman et al. 2005
Qiu et al. 2005
Hayden et al. 2006
Ikram et al. 2008
Hughes et al. 2010
Chen al. 2011
Haring et al. 2013
Haring et al. 2013
Lipnicki et al. 2013
Noale et al. 2013
Rusanen et al. 2014
Kuo et al. 2015
Satizabal et al. 2016
Jacob et al. 2017
Gondim et al. 2017
Mahon et al. 2017
Sundboll et al. 2018
Sundboll et al. 2018
Yang et al. 2020
Xing et al. 2020

FIGURE 1 Forest plot regarding
association between CHD and risk
of all-cause cognitive impairment.

Overall (I-squared = 82.8%, p = 0.000)
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impairment: Begg's test: p = .06; Egger's test: p < .001; Figure S4. A;
MI and risk of all-cause cognitive impairment: Begg's test: p = .31;
Egger's test: p =.001; Figure S4. B; CHD and AD: Begg's test: p = .07;
Egger's test: p = .01; Figure S4. D; Ml and AD: Begg's test: p = .30;
Egger's test: p = .047; Figure S5. A). However, Begg's test, Egger's
tests, and funnel plots showed no significant risks of publication bias
for studies on associations between AP and risk of all-cause cogni-
tive impairment, AP and AD, CHD and VD (AP and risk of all-cause
cognitive impairment: Begg's test: p = .260; Egger's test: p = .214;
Figure S4. C; AP and AD: Begg's test: p = .602; Egger's test: p = .755;
Figure S5. B; CHD and VD: Begg's test: p =.34; Egger's test: p = .519;
Figure S5C).

4 | DISCUSSION

A total of 28 studies, investigating the association between CHD and
cognitive impairment with 1,397,314 participants, were included in
this meta-analysis. The results showed that CHD is strongly related
with the risk of all-cause cognitive impairment (RR = 1.27, 95% ClI:
1.18-1.36). And subgroup studies showed that there is a positive as-
sociation between Ml and cognitive impairment, but no association
between AP and all-cause cognitive impairment (MI: RR = 1.49, 95%
Cl: 1.20-1.84; AP: RR = 0.99, 95% Cl: 0.92-1.07). Subgroup studies
also showed that CHD patients are at higher risk for VD, not AD (VD:
RR = 1.34, 95% CI: 1.28-1.39; AD: RR = 0.99, 95% Cl: 0.92-1.07).
And our study was partly consistent with a previous study published
in 2017 (Deckers et al., 2017). Deckers et al. reported that patients

%
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Study % FIGURE 2 Forest plot regarding
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with CHD have a 45% increased risk of cognitive impairment or de-
mentia based on included prospective cohort studies, and according
to included cross-sectional studies there were no associations be-
tween CHD and cognitive impairment or dementia (Cohort studies:
OR = 1.45, 95%Cl: 1.21-1.74; Cross-sectional studies: OR = 1.23,
95%Cl = 0.76-1.97) (Deckers et al., 2017).

The potential mechanisms of high risk of cognitive impairment
among CHD patients are still unknown. Previous studies showed
that several common risk factors in elderly population, includ-
ing low physical activity, diabetes mellitus, hypertension, are as-
sociated with risk of both CHD and cognitive impairment (Booth
et al., 2012; Escobar, 2002; Naito & Miyauchi, 2017; Santisteban
& ladecola, 2018; Yuan & Wang, 2017). Thus, these accepted car-
diovascular risk factors contribute to the increased risk of cog-
nitive impairment and dementia. In addition, multiple comorbid

cardiovascular risk factors accumulate the risk of dementia (Whitmer

et al.,, 2005). Bleckwenn et al. showed that the course of cognitive
decline is influenced by CHD in older people with a recent diagnosis
of dementia (Bleckwenn et al., 2017). Atrial fibrillation (AF) is the
most common cardiac arrhythmia, and the prevalence of AF among
the CHD patients is estimated from 0.2% to 5%. Arrhythmia is com-
mon after cardiac surgeries and accounts for about 20% to 40%
of the patients after coronary artery bypass graft (CABG) surgery
(Michniewicz et al., 2018). AF has been considered as a highly related
risk factor of cognitive impairment (Sepehri Shamloo et al., 2020).
Besides, CABG surgery has been related to cognitive impairment,
and Greaves reported that approximately 40% of patients were
diagnosed with cognitive impairment between 1 and 5 years post-
operatively (Greaves et al., 2019). Atherosclerosis progression is in-
timately linked with CHD and affects the integrity and function of
cerebral vessels resulting in the impairment of cerebral blood flow

and cerebrovascular dysfunction (Shabir et al., 2018), which may
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FIGURE 4 Forest plot regarding

association between CHD and risk of AD.

Abbreviations: AD, Alzheimer's disease;
CHD, coronary heart disease; OR, odds
ratio; RR, relative risks

FIGURE 5 Forest plot regarding
association between Ml and risk of AD.
Abbreviations: AD, Alzheimer's disease;
MI, myocardial infraction; OR, odds ratio;
RR, relative risks

FIGURE 6 Forest plot regarding
association between AP and risk of AD.
Abbreviations: AD, Alzheimer's disease;
AP, angina pectoris; OR, odds ratio; RR,
relative risks
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partly explain the association between CHD and VD. Some mecha-

nisms such as micro-emboli and/or decreased cardiac output to the

brain, the release of inflammatory molecules may also paly role in

the cognitive impairment (Abete et al., 2014; Corona et al., 2012).

1 1.8

This meta-analysis showed the significant association between

CHD and cognitive impairment. Both CHD and cognitive impairment
are common in the aged, and we hope our study contribute to a bet-

ter understanding of the association between cardiovascular and
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Study % FIGURE 7 Forest plot regarding

ID RRs (95% Cl) Weight association between CHD and risk of

Ross et al. 1999
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Sundboll et al. 2018
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Overall (I-squared = 36.1%, p = 0.196)

1.34 (1.28, 1.39)

VD. Abbreviations: CHD, coronary heart
disease; OR, odds ratio; RR, relative risks;
VD, vascular dementia
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cognitive function. However, there are some limitations in this study.
First, due to the restriction of the source of data, risk estimates for
cognitive impairment could be obtained from all studies, which may
lead to selection bias. Second, certain publication bias was found
in this study, some results might be distorted. And despite the use
of fully adjusted models, residual confounding in primary studies
could affect the results. Therefore, it is emphasized that additional
high-quality clinical studies and biological mechanism research are
needed to assess the association between CHD and cognitive im-
pairment. Finally, regarding the association between MI/AP and risk
of dementia or Cl, there were a limited number of studies, poten-
tially limiting statistical power. More large-scale studies might be
performed to explore the association between MI/AP and risk of
dementia or CI.

5 | CONCLUSIONS

In a word, CHD was significantly associated with an increased risk
of developing cognitive impairment. However, it is emphasized that
additional high-quality clinical studies and biological mechanism re-
search are needed to assess the association between CHD and cog-

nitive impairment.

CONFLICTS OF INTEREST
On behalf of all authors, the corresponding author states that there
is no conflict of interest related to this study.

AUTHOR CONTRIBUTION
Xuan Liang and Yilin Huang were in charge of the writing of the
paper, the performance of the research and data analysis. Xu Han

was in charge of research design and data analysis.

FUNDING
This study was supported by the Natural Science Foundation of
Jiangsu Province (No.BK20181505).

ETHICAL STATEMENT
The study was a meta-analysis. Thus, ethical statement is not
applicable.

Peer Review
The peer review history for this article is available at https://publo
ns.com/publon/10.1002/brb3.2108.

ORCID
Xu Han https://orcid.org/0000-0003-4867-5923
REFERENCES

Abete, P.,, Della-Morte, D., Gargiulo, G., Basile, C., Langellotto, A., Galizia,
G., Testa, G., Canonico, V., Bonaduce, D., & Cacciatore, F. (2014).
Cognitive impairment and cardiovascular diseases in the elderly. A
heart-brain continuum hypothesis. Ageing Research Reviews, 18, 41-
52. https://doi.org/10.1016/j.arr.2014.07.003

Alvarez-Alvarez, M. M., Zanetti, D., Carreras-Torres, R, Moral, P, &
Athanasiadis, G. (2017). A survey of sub-Saharan gene flow into the
Mediterranean at risk loci for coronary artery disease. European
Journal of Human Genetics, 25(4), 472-476. https://doi.org/10.1038/
ejhg.2016.200

Ang, C. S., & Chan, K. M. (2016). A review of coronary artery disease
research in Malaysia. Medical Journal of Malaysia, 71(Suppl 1), 42-57.

Aronson, M. K., Ooi, W. L., Morgenstern, H., Hafner, A., Masur, D.,
Crystal, H., Frishman, W. H., Fisher, D., & Katzman, R. (1990). Women,
myocardial infarction, and dementia in the very old. Neurology, 40(7),
1102-1106. https://doi.org/10.1212/wnl.40.7.1102

Bleckwenn, M., Kleineidam, L., Wagner, M., Jessen, F., Weyerer, S., Werle,
J., Wiese, B., Lihmann, D., Posselt, T., Kénig, H.-H., Brettschneider, C.,
Mosch, E., Weeg, D., Fuchs, A., Pentzek, M., Luck, T., Riedel-Heller, S.
G., Maier, W., & Scherer, M. (2017). Impact of coronary heart disease
on cognitive decline in Alzheimer's disease: A prospective longitudi-
nal cohort study in primary care. British Journal of General Practice,
67(655), e111-e117. https://doi.org/10.3399/bjgp16X688813

Booth, F. W., Roberts, C. K., & Laye, M. J. (2012). Lack of exercise is a
major cause of chronic diseases. Comprehensive Physiology, 2(2),
1143-1211. https://doi.org/10.1002/cphy.c110025

Brown, J. C., Gerhardt, T. E., & Kwon, E. (2020). Risk factors for coronary
artery disease. In StatPearls. StatPearls Publishing, Copyright © 2020,
StatPearls Publishing LLC.


https://publons.com/publon/10.1002/brb3.2108
https://publons.com/publon/10.1002/brb3.2108
https://orcid.org/0000-0003-4867-5923
https://orcid.org/0000-0003-4867-5923
https://doi.org/10.1016/j.arr.2014.07.003
https://doi.org/10.1038/ejhg.2016.200
https://doi.org/10.1038/ejhg.2016.200
https://doi.org/10.1212/wnl.40.7.1102
https://doi.org/10.3399/bjgp16X688813
https://doi.org/10.1002/cphy.c110025

LIANG ET AL.

Chen, R., Hu, Z., Wei, L., Ma, Y., Liu, Z., & Copeland, J. R. (2011). Incident
dementia in a defined older Chinese population. PLoS One, 6(9),
e24817. https://doi.org/10.1371/journal.pone.0024817

Corona, A. W., Fenn, A. M., & Godbout, J. P. (2012). Cognitive and behav-
ioral consequences of impaired immunoregulation in aging. Journal
of Neuroimmune Pharmacology, 7(1), 7-23. https://doi.org/10.1007/
s11481-011-9313-4

de Souza-Talarico, J. N., de Carvalho, A. P., Brucki, S. M., Nitrini, R., &
Ferretti-Rebustini, R. E. (2016). Dementia and cognitive impairment
prevalence and associated factors in indigenous populations: A sys-
tematic review. Alzheimer Disease and Associated Disorders, 30(3),
281-287. https://doi.org/10.1097/wad.0000000000000140

Deckers, K., Schievink, S. H. J., Rodriquez, M. M. F,, van Oostenbrugge, R.
J., van Boxtel, M. P. J,, Verhey, F. R. J., & Kéhler, S. (2017). Coronary
heart disease and risk for cognitive impairment or dementia:
Systematic review and meta-analysis. PLoS One, 12(9), e0184244.
https://doi.org/10.1371/journal.pone.0184244

Dye, L., Boyle, N. B., Champ, C., & Lawton, C. (2017). The relationship
between obesity and cognitive health and decline. The Proceedings of
the Nutrition Society, 76(4), 443-454. https://doi.org/10.1017/s0029
665117002014

Escobar, E. (2002). Hypertension and coronary heart disease. Journal of
Human Hypertension, 16(Suppl 1), S61-63. https://doi.org/10.1038/
sj.jhh.1001345

Eshkoor, S. A., Hamid, T. A., Mun, C. Y., & Ng, C. K. (2015). Mild cognitive
impairment and its management in older people. Clinical Interventions
in Aging, 10, 687-693. https://doi.org/10.2147/cia.s73922

Gondim, A. S., Coelho Filho, J. M., Cavalcanti, A. A., Roriz Filho, J. S.,
Nogueira, C. B., Peixoto Junior, A. A., & Lima, J. W. O. (2017).
Prevalence of functional cognitive impairment and associated fac-
tors in Brazilian community-dwelling older adults. Dementia &
Neuropsychologia, 11(1), 32-39. https://doi.org/10.1590/1980-57642
016dn11-010006

Greaves, D., Psaltis, P. J., Ross, T. J., Davis, D., Smith, A. E., Boord, M. S., &
Keage, H. A. D. (2019). Cognitive outcomes following coronary artery
bypass grafting: A systematic review and meta-analysis of 91,829
patients. International Journal of Cardiology, 289, 43-49. https://doi.
org/10.1016/j.ijcard.2019.04.065

Haring, B., Leng, X., Robinson, J., Johnson, K. C., Jackson, R. D., Beyth,
R., Wactawski-Wende, J., von Ballmoos, M. W., Goveas, J. S.,
Kuller, L. H., & Wassertheil-Smoller, S. (2013). Cardiovascular dis-
ease and cognitive decline in postmenopausal women: Results
from the Women's Health Initiative Memory Study. Journal of the
American Heart Association, 2(6), e000369. https://doi.org/10.1161/
jaha.113.000369

Hayden, K. M., Zandi, P. P, Lyketsos, C. G., Khachaturian, A. S., Bastian,
L. A., Charoonruk, G., Tschanz, J. A. T., Norton, M. C., Pieper, C.
F., Munger, R. G., Breitner, J. C. S., & Welsh-Bohmer, K. A. (2006).
Vascular risk factors for incident Alzheimer disease and vascular de-
mentia: The Cache County study. Alzheimer Disease and Associated
Disorders, 20(2), 93-100. https://doi.org/10.1097/01.wad.00002
13814.43047.86

Hughes, T. F., Andel, R., Small, B. J., Borenstein, A. R., Mortimer, J. A,,
Wolk, A., Johansson, B., Fratiglioni, L., Pedersen, N. L., & Gatz, M.
(2010). Midlife fruit and vegetable consumption and risk of dementia
in later life in Swedish twins. American Journal of Geriatric Psychiatry,
18(5), 413-420. https://doi.org/10.1097/JGP.0b013e3181c65250

lkram, M. A., van Oijen, M., de Jong, F. J., Kors, J. A, Koudstaal, P. J,,
Hofman, A., Witteman, J. C. M., & Breteler, M. M. B. (2008).
Unrecognized myocardial infarction in relation to risk of dementia
and cerebral small vessel disease. Stroke, 39(5), 1421-1426. https://
doi.org/10.1161/strokeaha.107.501106

Jacob, L., Bohlken, J., & Kosteyv, K. (2017). Risk factors for mild cognitive
impairment in German primary care practices. Journal of Alzheimer's
Disease, 56(1), 379-384. https://doi.org/10.3233/jad-160875

Brai . 7 of 8
rain and Behavior —WI LEYJ—

Open Access,

Kahn, S., Frishman, W. H., Weissman, S., Ooi, W. L., & Aronson, M. (1996).
Left ventricular hypertrophy on electrocardiogram: Prognostic impli-
cations from a 10-year cohort study of older subjects: A report from
the Bronx Longitudinal Aging Study. Journal of the American Geriatrics
Society, 44(5), 524-529. https://doi.org/10.1111/j.1532-5415.1996.
tb01437.x

Kalmijn, S., Feskens, E. J.,, Launer, L. J.,, & Kromhout, D. (1996).
Cerebrovascular disease, the apolipoprotein e4 allele, and cognitive
decline in a community-based study of elderly men. Stroke, 27(12),
2230-2235. https://doi.org/10.1161/01.str.27.12.2230

Kivipelto, M., Helkala, E. L., Laakso, M. P., Hanninen, T., Hallikainen, M.,
Alhainen, K., & Soininen, H. (2002). Apolipoprotein E epsilon4 al-
lele, elevated midlife total cholesterol level, and high midlife systolic
blood pressure are independent risk factors for late-life Alzheimer
disease. Annals of Internal Medicine, 137(3), 149-155. https://doi.
org/10.7326/0003-4819-137-3-200208060-00006

Kuller, L. H., Lopez, O. L., Newman, A., Beauchamp, N. J., Burke, G,
Dulberg, C., Fitzpatrick, A., Fried, L., & Haan, M. N. (2003). Risk
factors for dementia in the cardiovascular health cognition study.
Neuroepidemiology, 22(1), 13-22. https://doi.org/10.1159/00006
7109

Kuo, S.-C., Lai, S.-W., Hung, H.-C., Muo, C.-H., Hung, S.-C., Liu, L.-L.,
Chang, C.-W., Hwu, Y.-J., Chen, S.-L., & Sung, F.-C. (2015). Association
between comorbidities and dementia in diabetes mellitus patients:
Population-based retrospective cohort study. Journal of Diabetes and
Its Complications, 29(8), 1071-1076. https://doi.org/10.1016/j.jdiac
omp.2015.06.010

Li, J., Wang, Y. J., Zhang, M., Xu, Z. Q., Gao, C. Y., Fang, C. Q, Yan, J. C,,
& Zhou, H. D. (2011). Vascular risk factors promote conversion from
mild cognitive impairment to Alzheimer disease. Neurology, 76(17),
1485-1491. https://doi.org/10.1212/WNL.0b013e318217e7a4

Libby, P., & Theroux, P. (2005). Pathophysiology of coronary artery dis-
ease. Circulation, 111(25), 3481-3488. https://doi.org/10.1161/circu
lationaha.105.537878

Lipnicki, D. M., Sachdev, P. S., Crawford, J., Reppermund, S., Kochan, N.
A., Trollor, J. N., Draper, B., Slavin, M. J., Kang, K., Lux, O., Mather,
K. A., & Brodaty, H. (2013). Risk factors for late-life cognitive de-
cline and variation with age and sex in the Sydney Memory and
Ageing Study. PLoS One, 8(6), e65841. https://doi.org/10.1371/journ
al.pone.0065841

Mahon, S., Parmar, P., Barker-Collo, S., Krishnamurthi, R., Jones, K.,
Theadom, A., & Feigin, V. (2017). Determinants, prevalence, and tra-
jectory of long-term post-stroke cognitive impairment: results from
a 4-year follow-up of the ARCOS-IV Study. Neuroepidemiology, 49(3-
4), 129-134. https://doi.org/10.1159/000484606

Michniewicz, E., Mlodawska, E., Lopatowska, P., Tomaszuk-Kazberuk, A.,
& Malyszko, J. (2018). Patients with atrial fibrillation and coronary
artery disease - Double trouble. Advances in Medical Sciences, 63(1),
30-35. https://doi.org/10.1016/j.advms.2017.06.005

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). Preferred re-
porting items for systematic reviews and meta-analyses: The PRISMA
statement. BMJ, 339, b2535. https://doi.org/10.1136/bmj.b2535

Naito, R., & Miyauchi, K. (2017). Coronary artery disease and type 2 di-
abetes mellitus. International Heart Journal, 58(4), 475-480. https://
doi.org/10.1536/ihj.17-191

Newman, A. B., Fitzpatrick, A. L., Lopez, O., Jackson, S., Lyketsos, C.,
Jagust, W., lves, D., DeKosky, S. T., & Kuller, L. H. (2005). Dementia
and Alzheimer's disease incidence in relationship to cardiovas-
cular disease in the Cardiovascular Health Study cohort. Journal
of the American Geriatrics Society, 53(7), 1101-1107. https://doi.
org/10.1111/j.1532-5415.2005.53360.x

Noale, M., Limongi, F., Zambon, S., Crepaldi, G., & Maggi, S. (2013).
Incidence of dementia: Evidence for an effect modification by gen-
der. The ILSA Study. International Psychogeriatrics, 25(11), 1867~
1876. https://doi.org/10.1017/s1041610213001300


https://doi.org/10.1371/journal.pone.0024817
https://doi.org/10.1007/s11481-011-9313-4
https://doi.org/10.1007/s11481-011-9313-4
https://doi.org/10.1097/wad.0000000000000140
https://doi.org/10.1371/journal.pone.0184244
https://doi.org/10.1017/s0029665117002014
https://doi.org/10.1017/s0029665117002014
https://doi.org/10.1038/sj.jhh.1001345
https://doi.org/10.1038/sj.jhh.1001345
https://doi.org/10.2147/cia.s73922
https://doi.org/10.1590/1980-57642016dn11-010006
https://doi.org/10.1590/1980-57642016dn11-010006
https://doi.org/10.1016/j.ijcard.2019.04.065
https://doi.org/10.1016/j.ijcard.2019.04.065
https://doi.org/10.1161/jaha.113.000369
https://doi.org/10.1161/jaha.113.000369
https://doi.org/10.1097/01.wad.0000213814.43047.86
https://doi.org/10.1097/01.wad.0000213814.43047.86
https://doi.org/10.1097/JGP.0b013e3181c65250
https://doi.org/10.1161/strokeaha.107.501106
https://doi.org/10.1161/strokeaha.107.501106
https://doi.org/10.3233/jad-160875
https://doi.org/10.1111/j.1532-5415.1996.tb01437.x
https://doi.org/10.1111/j.1532-5415.1996.tb01437.x
https://doi.org/10.1161/01.str.27.12.2230
https://doi.org/10.7326/0003-4819-137-3-200208060-00006
https://doi.org/10.7326/0003-4819-137-3-200208060-00006
https://doi.org/10.1159/000067109
https://doi.org/10.1159/000067109
https://doi.org/10.1016/j.jdiacomp.2015.06.010
https://doi.org/10.1016/j.jdiacomp.2015.06.010
https://doi.org/10.1212/WNL.0b013e318217e7a4
https://doi.org/10.1161/circulationaha.105.537878
https://doi.org/10.1161/circulationaha.105.537878
https://doi.org/10.1371/journal.pone.0065841
https://doi.org/10.1371/journal.pone.0065841
https://doi.org/10.1159/000484606
https://doi.org/10.1016/j.advms.2017.06.005
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1536/ihj.17-191
https://doi.org/10.1536/ihj.17-191
https://doi.org/10.1111/j.1532-5415.2005.53360.x
https://doi.org/10.1111/j.1532-5415.2005.53360.x
https://doi.org/10.1017/s1041610213001300

LIANG ET AL.

ﬂWl LEY_Brain and Behavior

Open Access,

Potz, B. A., Parulkar, A. B., Abid, R. M., Sodha, N. R., & Sellke, F. W. (2017).
Novel molecular targets for coronary angiogenesis and ischemic
heart disease. Coronary Artery Disease, 28(7), 605-613. https://doi.
org/10.1097/mca.0000000000000516

Qiu, C. X., Winblad, B., & Fratiglioni, L. (2005). Risk factors for demen-
tia and Alzheimer' s disease-findings from a community-based co-
hort study in Stockholm, Sweden. Zhonghua Liu Xing Bing Xue Za Zhi,
26(11), 882-887.

Ricotti, V.,Mandy, W.P. L., Scoto, M., Pane, M., Deconinck, N., Messina, S.,
Mercuri, E., Skuse, D. H., & Muntoni, F. (2016). Neurodevelopmental,
emotional, and behavioural problems in Duchenne muscular
dystrophy in relation to underlying dystrophin gene mutations.
Developmental Medicine and Child Neurology, 58(1), 77-84. https://
doi.org/10.1111/dmcn.12922

Ross, G. W., Petrovitch, H., White, L. R., Masaki, K. H., Li, C. Y., Curb, J.
D., Yano, K., Rodriguez, B. L., Foley, D. J., Blanchette, P. L., & Havlik,
R. (1999). Characterization of risk factors for vascular dementia: The
Honolulu-Asia Aging Study. Neurology, 53(2), 337-343. https://doi.
org/10.1212/wnl.53.2.337

Rusanen, M., Kivipelto, M., Levélahti, E., Laatikainen, T., Tuomilehto, J.,
Soininen, H., & Ngandu, T. (2014). Heart diseases and long-term risk
of dementia and Alzheimer's disease: A population-based CAIDE
study. Journal of Alzheimer's Disease, 42(1), 183-191. https://doi.
org/10.3233/jad-132363

Santisteban, M. M., & ladecola, C. (2018). Hypertension, dietary salt and
cognitive impairment. Journal of Cerebral Blood Flow and Metabolism,
38(12), 2112-2128. https://doi.org/10.1177/0271678x18803374

Satizabal, C., Beiser, A. S., & Seshadri, S. (2016). Incidence of dementia
over three decades in the framingham heart study. New England
Journal of Medicine, 375(1), 93-94. https://doi.org/10.1056/NEJMc
1604823

Sepehri Shamloo, A., Dagres, N., Missigbrodt, A., Stauber, A., Kircher, S.,
Richter, S., Dinov, B., Bertagnolli, L., Husser-Bollmann, D., Bollmann,
A., Hindricks, G., & Arya, A. (2020). Atrial fibrillation and cogni-
tive impairment: new insights and future directions. Heart, Lung &
Circulation, 29(1), 69-85. https://doi.org/10.1016/j.hlc.2019.05.185

Shabir, O., Berwick, J., & Francis, S. E. (2018). Neurovascular dysfunc-
tion in vascular dementia, Alzheimer’s and atherosclerosis. BMC
Neuroscience, 19(1), 62. https://doi.org/10.1186/s12868-018-0465-5

Shao, C., Wang, J., Tian, J., & Tang, Y. D. (2020). Coronary ar-
tery disease: From mechanism to clinical practice. Advances
in Experimental Medicine and Biology, 1177, 1-36. https://doi.
org/10.1007/978-981-15-2517-9_1

Solfrizzi, V., Panza, F., Colacicco, A. M., D'Introno, A., Capurso, C., Torres,
F., Grigoletto, F., Maggi, S., Del Parigi, A., Reiman, E. M., Caselli, R. J.,

Scafato, E., Farchi, G., & Capurso, A. (2004). Vascular risk factors,
incidence of MCI, and rates of progression to dementia. Neurology,
63(10), 1882-1891. https://doi.org/10.1212/01.wnl.0000144281.
38555.e3

Sundbgll, J., Horvath-Puhd, E., Adelborg, K., Schmidt, M., Pedersen,
L., Batker, H. E., Henderson, V. W., & Toft Sgrensen, H. (2018).
Higher risk of vascular dementia in myocardial infarction survivors.
Circulation, 137(6), 567-577. https://doi.org/10.1161/circulatio
naha.117.029127

Verhaegen, P., Borchelt, M., & Smith, J. (2003). Relation between car-
diovascular and metabolic disease and cognition in very old age:
Cross-sectional and longitudinal findings from the berlin aging study.
Health Psychology, 22(6), 559-569. https://doi.org/10.1037/027
8-6133.22.6.559

Whitmer, R. A., Sidney, S., Selby, J., Johnston, S. C., & Yaffe, K. (2005).
Midlife cardiovascular risk factors and risk of dementia in late life.
Neurology, 64(2), 277-281. https://doi.org/10.1212/01.wnl.00001
49519.47454.f2

Xing, Y. L., Chen, M. A., Sun, Y., Neradilek, M. B., Wu, X. T., Zhang, D.,
& Zhao, X. Q. (2020). Atherosclerosis, its risk factors, and cognitive
impairment in older adults. Journal of Geriatric Cardiology, 17(7), 434-
440. https://doi.org/10.11909/j.issn.1671-5411.2020.07.006

Yang, Z., Edwards, D., Burgess, S., Brayne, C., & Mant, J. (2020).
Association of prior atherosclerotic cardiovascular disease with
dementia after stroke: A Retrospective Cohort Study. Journal of
Alzheimer's Disease, 77(3), 1157-1167. https://doi.org/10.3233/
jad-200536

Yuan, X. Y., & Wang, X. G. (2017). Mild cognitive impairment in type 2
diabetes mellitus and related risk factors: A review. Reviews in the
Neurosciences, 28(7), 715-723. https://doi.org/10.1515/revne
uro-2017-0016

SUPPORTING INFORMATION
Additional Supporting Information may be found online in the

Supporting Information section.

How to cite this article: Liang X, Huang Y, Han X.
Associations between coronary heart disease and risk of
cognitive impairment: A meta-analysis. Brain Behav.
2021;11:e02108. https://doi.org/10.1002/brb3.2108



https://doi.org/10.1097/mca.0000000000000516
https://doi.org/10.1097/mca.0000000000000516
https://doi.org/10.1111/dmcn.12922
https://doi.org/10.1111/dmcn.12922
https://doi.org/10.1212/wnl.53.2.337
https://doi.org/10.1212/wnl.53.2.337
https://doi.org/10.3233/jad-132363
https://doi.org/10.3233/jad-132363
https://doi.org/10.1177/0271678x18803374
https://doi.org/10.1056/NEJMc1604823
https://doi.org/10.1056/NEJMc1604823
https://doi.org/10.1016/j.hlc.2019.05.185
https://doi.org/10.1186/s12868-018-0465-5
https://doi.org/10.1007/978-981-15-2517-9_1
https://doi.org/10.1007/978-981-15-2517-9_1
https://doi.org/10.1212/01.wnl.0000144281.38555.e3
https://doi.org/10.1212/01.wnl.0000144281.38555.e3
https://doi.org/10.1161/circulationaha.117.029127
https://doi.org/10.1161/circulationaha.117.029127
https://doi.org/10.1037/0278-6133.22.6.559
https://doi.org/10.1037/0278-6133.22.6.559
https://doi.org/10.1212/01.wnl.0000149519.47454.f2
https://doi.org/10.1212/01.wnl.0000149519.47454.f2
https://doi.org/10.11909/j.issn.1671-5411.2020.07.006
https://doi.org/10.3233/jad-200536
https://doi.org/10.3233/jad-200536
https://doi.org/10.1515/revneuro-2017-0016
https://doi.org/10.1515/revneuro-2017-0016
https://doi.org/10.1002/brb3.2108

