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Abstract

Background: Asthma, a prevalent chronic respiratory condition, is hypothesized to

influence cognitive health; however, the precise nature of this association remains

unclear. This systematic review and meta-analysis aimed to elucidate the prevalence

and risk of cognitive impairment in individuals with asthma.

Methods: A comprehensive literature search was performed in databases such as

PubMed, EMBASE, and Web of Science, spanning publications up to December 25,

2023. This search aimed to identify studies that assessed cognitive impairment in

patients with asthma. We used the random effects model in the R v4.3 software for

the meta-analysis to evaluate the prevalence and risk of cognitive decline, including
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dementia and Alzheimer’s disease, among asthma patients. To ensure robustness and

validity, the quality of the studies was assessed using Newcastle–Ottawa scale.

Results: Twelve studies met the inclusion criteria, of these 10 were eligible for meta-

analysis. The pooled prevalence of cognitive impairment in patients with asthma was

16.3%. The analysis also revealed an increased hazard ratio of 1.47 (95% confidence

interval [1.09; 1.84]) for cognitive impairment in patients with asthma compared to

the control group (individuals without asthma). Significant heterogeneity and publica-

tion bias were observed across the studies. The results underscored the substantial

correlation between asthma and heightened risks of cognitive decline, dementia, and

Alzheimer’s disease.

Conclusion:This review found a notable association between asthma and an increased

risk of cognitive decline, including dementia and Alzheimer’s disease. These findings

highlight the importance of integrating cognitive health assessments into asthma care.

Further research is required to understand this relationship and develop effective

treatments. Emphasizing a holistic approach to asthma management, these findings

highlight the need to consider both respiratory and cognitive health for comprehensive

patient care.
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1 INTRODUCTION

Asthma, a chronic inflammatory respiratory disease, significantly

impacts global health, affecting an estimated 339million peopleworld-

wide (Asher et al., 2020). This condition, characterized by symptoms

such as wheezing, breathlessness, and coughing, primarily during night

or early morning, extends beyond respiratory impairment, potentially

influencing cognitive health (Irani et al., 2017). With its increasing

prevalence, particularly in developed nations, and considerable health-

care burden, understanding the broader impact of asthmas, including

its effects on cognitive function, has become imperative. Cognitive

functions, encompassing learning, thinking, reasoning, andmemory, are

crucial for daily life (Ren et al., 2021). Investigating the link between

asthma and cognitive function is critical amid rising global concerns

regarding cognitive decline and dementia. Globally, cognitive decline

anddementia are significant public health challenges (Nair et al., 2022).

With around 50 million people affected by dementia as of 2020, and

projections suggesting a potential tripling of this number by 2050,

the impact of cognitive disorders is profound (Lovett et al., 2020;

MacLeod et al., 2021). These conditions not only affect individuals

but also have substantial implications for families, healthcare systems,

and economies, with the global cost of dementia exceeding $1 trillion

annually (Lovett et al., 2020).

Several studies have reported that the relationship between asthma

and cognitive decline is complex and potentially rooted in the systemic

inflammatory characteristics of asthma. This chronic airway inflamma-

tion might not only affect respiratory health but could also influence

brain function and cognition (Goel et al., 2024; Nair et al., 2023).

Central to this are mechanisms such as chronic intermittent hypoxia

during asthma exacerbations, which may damage critical brain areas

such as the hippocampus, impairing cognitive functions (Kroll et al.,

2018). Systemic inflammation in asthma also contributes to cognitive

deficits, with inflammatory cytokines potentially disrupting brain func-

tion. Moreover, molecular changes, including alterations in HIF-1α and
HIF-2α levels, involved in oxygen regulation, are also believed to play

a role in cognitive impairments in asthma patients (Bushi et al., 2023;

Y. Wang, Mou, et al., 2023). A comprehensive understanding of these

mechanisms is vital for developing effective interventions to manage

respiratory symptoms and cognitive health inpatients with asthmas.

Understanding the prevalence and risk of cognitive impairment in

individuals with asthma is crucial for several reasons. First, it can help

to identify vulnerable populations that may require targeted interven-

tions to mitigate the risk of cognitive decline. Second, it can inform

healthcare providers about the potential long-term consequences

of asthma beyond its respiratory manifestations, thus emphasizing

the need for comprehensive patient care. Third, this study can con-

tribute to the development of preventive strategies and therapeutic

approaches aimed at preserving cognitive function in patients with

asthma. Therefore, the potential association between asthma, a com-

mon chronic condition, and cognitive decline requires urgent attention.

This systematic review and meta-analysis sought to synthesize exist-

ing research to understand the prevalence and risk of cognitive decline
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among asthma patients, aiming to provide insights crucial for patient

care and public health strategy development.

2 METHODS

We followed the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) guidelines in this systematic review and

meta-analysis (Shamim et al., 2023) to investigate the prevalence

and association between asthma and cognitive impairments, including

dementia, Alzheimer’s disease, memory loss, and confusion (Table S1).

We conducted this review using the Nested Knowledge software and

registered our study protocol with PROSPERO.

2.1 Selection criteria

The studies examining cognitive impairment in patients diagnosedwith

asthma were included without restrictions on age, sex, geographical

location, or language. The primary focuswas on determining the preva-

lence of cognitive impairment and its association with asthma. We

considered various types of studies, including randomized controlled

trials, cohort studies, case–control studies, and observational studies,

published up to December 25, 2023. Detailed inclusion criteria are

outlined in Table S2.

2.2 Database search

A thorough literature search was conducted in PubMed, EMBASE,

and Web of Science, covering publications from the beginning up to

December 25, 2023. Our search strategy involved a mix of keywords

and medical subject headings, focusing on “asthma,” “cognitive impair-

ment,” “dementia,” “Alzheimer’s,” “memory loss,” and “confusion.” To

ensure comprehensive coverage of the relevant literature, no filters or

restrictionswere appliedduring the search.Additionally,we conducted

a citation search to identify further articles. A detailed description of

the search strategy is provided in Table S3.

2.3 Screening

This review focuses on asthma and its cognitive implications, and the

screening of articles was meticulously performed by two independent

evaluators using the Nested Knowledge software (Nested Knowl-

edge). This initial phase involved scrutinizing the titles and abstracts

to identify studies that were not pertinent to our research objec-

tives. Following this, a more detailed examination of the full texts

was undertaken for studies that appeared potentially relevant. In

instances of discordance between the two reviewers, a third inde-

pendent reviewer mediated and resolved these differences, thereby

ensuring the integrity and objectivity of the review process. This rigor-

ous method of article selection is essential for upholding the scholarly

standards of systematic reviews andmeta-analyses.

2.4 Data extraction

Two reviewers independently performed the data extraction using a

standardized MS Excel spreadsheet. The collected data encompassed

a variety of study characteristics, such as study design, country of

origin, demographic information of the participants, types of cogni-

tive impairments studied, total number of participants, and prevalence

rates of these cognitive impairments. This process included collat-

ing comprehensive details about the total number of participants and

those who exhibited cognitive impairment following an asthma diag-

nosis. We utilized the Nested Knowledge software’s “tagging” feature

for efficient data extraction and systematically organized the data

in Microsoft Excel. Discrepancies in data extraction were resolved

through discussions among the research team or consultation with a

third reviewer.

2.5 Quality assessment

Themethodological quality and risk of bias of the observational studies

were appraised using the Newcastle–Ottawa scale (NOS). This scale,

specifically designed to evaluate non-randomized studies, assesses

studies based on their selection of groups, comparability of groups,

and ascertainment of outcomes. It considers critical factors, such as

the representativeness of the cohorts, accuracy of exposure mea-

surements, control of confounding factors, and reliability of outcome

reporting. The NOS provides a score of nine points, which serves as an

indicator of the overall quality of each study included in our review.

2.6 Data analysis

All statistical analyses were performed using R software version 4.3

(Shamim et al., 2023). We employed a random-effects model in our

meta-analysis to integrate the data on both the prevalence and asso-

ciation of cognitive impairment in the asthma groups. This approach

allowed us to assess the risk ratio of cognitive impairment while

accommodating for study variances. Heterogeneity among studieswas

quantitatively assessed using I2 and Tau2 statistics, with Tau2 deter-

mined using the maximum likelihood method (Gandhi et al., 2023;

Langan et al., 2019). We included 95% prediction intervals in our

analysis and set a statistical significance threshold at p < .05. Addi-

tionally, we conducted a publication bias assessment using funnel plot

analysis and performed a sensitivity analysis using a leave-one-out

method to evaluate the influence of individual studies on the overall

results.
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F IGURE 1 Flow diagram representing the screening and selection process of the studies.

3 RESULTS

3.1 Literature search and study selection

Figure 1 PRISMA flow diagram provides a detailed overview of the

study selection process for systematic review and meta-analysis. Ini-

tially, 2016 records were identified through database search. To

manage duplicate entries, 748 records were removed, leaving 1268

records to be screened. Of these, 1241 records were excluded after

screening titles and abstracts for reasons such as irrelevance to

the outcomes of interest, preclinical studies, reviews, or other non-

relevant work, resulting in 27 records. These 27 articles underwent

full-text retrieval for closer examination, and 15were further excluded

because they did not report the outcomes of interest or were review

articles. Furthermore, two studieswerediscoveredusingmethods such

as citation search, but these were not included because they failed

to meet our inclusion criteria. Ultimately, 12 studies were included in

the qualitative analysis; of these, 10 were eligible for inclusion in the

meta-analysis.

3.2 Characteristics of Included Studies

Table 1 presents the summary characteristics of the studies included

in the review, which encompass a range of studies from diverse geo-

graphical locations such as Korea, Taiwan, the USA, Finland, Saudi

Arabia, and Poland. This global perspective highlights the relationship

between asthma and cognitive impairment. The research method-

ologies varied, including prospective and retrospective observational

studies, population-based studies, cross-sectional studies, and case–

control studies. The studies explored a broad age range of participants,

with some focusing on older adults and others including a wider age

spectrum. The cognitive impairments investigated included all-cause

dementia, Alzheimer’s disease, vascular dementia, general cognitive

impairment, mild cognitive impairment, and dementia. Sample sizes

ranged from as few as 18 participants to over six million, providing

comprehensive insights into the relationship between asthma and cog-

nitivedecline anddementia. Furthermore, thequality assessmentusing

the NOS indicated that the overall quality of the included studies was

moderate to high.

3.3 Meta-analysis

3.3.1 Prevalence of cognitive impairment in
asthma patients

In the meta-analysis involving a total of 500,502 participants, 43,818

reported events of cognitive impairments (composite), resulting in

a pooled prevalence of 16.3% with a 95% confidence interval (CI)

of [0.08; 0.29.] from eight studies. The prediction interval was quite

broad, ranging from 1.6% to 69.5%, indicating substantial variability

that could be expected in future studies. Overall heterogeneity was

high (I2 = 99%), suggesting significant differences across the studies

included.

The subgroup analysis of the prevalence of cognitive impairment

was 39.9% (95% CI [0.276; 0.536]), dementia was 11.7% (95% CI

[0.031; 0.355]), all-cause dementia was 8.7% (95% CI [0.086; 0.088]),
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F IGURE 2 Forest plot depicting the pooled prevalence of cognitive impairment in asthma. CI, confidence interval.

vascular dementia was 7.6% (95% CI [0.073; 0.079]), and Alzheimer’s

disease was 8.9% (95% CI [0.088; 0.090]). The confidence intervals for

each subgroup highlight the differences in prevalence rates, emphasiz-

ing the variation in the impact of asthmaondifferent forms of cognitive

disorders (p-value< .01) (Figure 2).

3.3.2 The association between cognitive
impairment in asthma patients

Thepooled analysis of studies investigating the risk of cognitive decline

in patients with asthma revealed an overall hazard ratio (HR) of 1.470

(95% CI of [1.097−1.842]). This indicates a 47% increased risk of cog-

nitive impairment in individuals with asthma compared with those

without asthma. The analysis was characterized by substantial het-

erogeneity (I2 = 91%) and a prediction interval of [0.236; 2.704],

suggesting that the actual risk of cognitive decline associated with

asthma could vary significantly between studies.

When examining the subgroups, the pooled HR for Alzheimer’s dis-

easewas2.620 (95%CI [1.710; 4.020]), indicatingmore thanadoubling

of risk, whereas for dementia, the pooledHRwas1.431 (95%CI [0.993;

1.869]), showing a43% increased risk. These subgroup results highlight

a notable difference in the strength of the association between asthma

and the different types of cognitive impairment. The heterogeneity

within these subgroups remains high (I2 = 82% for Alzheimer’s dis-

ease and I2 = 91% for dementia), reflecting variations in study designs

or populations. The observed heterogeneity underscores the need for

cautious interpretation of the increased risk and consideration of the

individual study characteristics (Figure 3).

3.3.3 Sensitivity analysis and publication bias

The sensitivity analysis depicted in the forest plot indicates that

the pooled prevalence of cognitive impairment among patients with

asthma is relatively stable across the “leave-one-out” approach. Vari-

ations in the prevalence estimates remain modest when individual

studies are omitted, with Peng et al. (2014) showing the largest influ-

ence on increasing prevalence and Rhyou and Nam (2021) the least.

Overall, the consistency of the pooled prevalence of 16.3% suggests

that the meta-analysis results are robust and not overly dependent on

any single study (Figure S1). The Doi and funnel plots suggest potential

publication bias in the meta-analysis, as indicated by the asymmetrical

distribution of studies and an luis furuya-kanamori (LFK) index of 6.27,

which is considerably higher. This skewness implies that smaller studies

with less significant results might be underrepresented in the analy-

sis, potentially overestimating the effect size due to the preferential

publication of studies with positive outcomes (Figure 4 and Figure S2).

4 DISCUSSION

The systematic review and meta-analysis conducted here presented

a significant correlation between asthma and an increased risk of
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F IGURE 3 Forest plot showing the risk of cognitive impairment in patients with asthma. HR, hazard ratio; REM, random-effects model; LFK,
luis furuya-kanamori.

F IGURE 4 Doi plot depicting the publication of included studies.

cognitive decline, with a pooled hazard ratio suggesting a 47% ele-

vated risk for cognitive impairment among asthma patients compared

to the control group, and a high pooled prevalence of 16.4% was

found across studies. This association is particularly pronounced in

Alzheimer’s disease, where the risk is extremely high. This association

is largely driven by the chronic inflammatory characteristic of asthma,

which can extend beyond the airways to affect the brain, potentially

leading to neuroinflammation. Severe asthma exacerbates this link by

causing intermittent hypoxia, damaging brain tissues that are highly

sensitive to oxygen deprivation and impacting critical areas like the

hippocampus involved in memory and learning (T. Wang, Huang, et al.,

2023). Additionally, asthma treatments, particularly corticosteroids,
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can affect cognitive functions by disrupting neurotransmitter levels

and affecting the hypothalamic–pituitary–adrenal axis.Moreover, age-

related changes in lung function and brain physiology complicate the

relationship between asthma and cognitive decline, with older adults

being more susceptible. Comorbid conditions common in asthma

patients, such as cardiovascular disease, diabetes, and obesity, further

add to the risk of cognitive decline (Y.Wang,Mou, et al., 2023).

Several studies, including those by Peng et al. (2014) and Caldera-

Alvarado et al. (2013), have provided substantial insights into the

relationship between asthma and cognitive decline. Peng et al. found

that asthma patients have a 1.27-fold higher risk of developing demen-

tia than the general population after adjusting for various confounders.

This finding suggests a potential connection between chronic inflam-

matory conditions such as asthma and cognitive decline. Similarly,

Caldera-Alvarado et al. (2013) reported a significant 78% increase

in the risk of mild cognitive impairment in older individuals with

asthma, further underscoring this link. Research conducted by Rhyou

and Nam (2021) has delved deeper into the complexities of this

interplay between asthma and cognitive function. Their findings indi-

cated an increased prevalence of cognitive dysfunction in patients

with asthma across different age groups. This study highlights the

susceptibility of brain tissue to fluctuations in oxygen levels, suggest-

ing that asthma attacks and subsequent cerebral hypoxia could lead

to neural abnormalities and cognitive deficits. Crucially, Rhyou and

Nam also highlighted a possible bidirectional relationship between

asthma and cognitive function. They suggested that effective control

of asthma could lead to improved cognitive outcomes, whereas cogni-

tive deficits may adversely affect asthma management. This nuanced

understandingof the relationship is vital for developing comprehensive

care strategies for patients with asthma, particularly for addressing

cognitive health concerns (Rhyou &Nam, 2021).

Surprisingly, a study conducted by Kim et al. (2019) employed a

nested case–control design in an older adult population and found no

significant increase in the risk of neurodegenerative dementia linked to

asthma. AlthoughMontreal Cognitive Assessment (MoCA) test scores

were lower in asthmatics (57%) compared tonon-asthmatics (42%), the

scores did not reach statistical significance. However, after adjusting

for age, body mass index (BMI), and gender, they found a significant

association between asthmaandmild cognitive impairment (MCI), with

an odds ratio of 1.80. This significant association persisted even after

adjusting for chronic health conditions such as heart disease, hyper-

tension, and diabetes. These variations in findings underscore the need

for further robust research to clarify the nature of the relationship

between asthma and dementia and to identify the underlying mecha-

nisms contributing to this association in different patient populations

(Kim et al., 2019).

Interestingly, a study conducted by Kim et al. employed a nested

case–control design in an older adult population and found no sig-

nificant increase in the risk of neurodegenerative dementia linked

to asthma. MoCA test scores were lower in asthmatics compared to

non-asthmatics, and the scores did not reach statistical significance.

MCI was prevalent in 47% of the study population, with a higher

prevalence in asthmatics (57%) compared to non-asthmatics (42%).

However, after adjusting age, BMI, and gender, they found a significant

associationbetweenasthmaandMCI after controlling for,with anodds

ratio of 1.80. This significant association persisted even after adjust-

ing for chronic health conditions such as heart disease, hypertension,

and diabetes. This variation in findings underscores the need for fur-

ther robust research to clarify the nature of the relationship between

asthma and dementia and to identify the underlying mechanisms

contributing to this association in different patient populations.

Despite the robust findings, several limitations of the evidence

included in this review should be acknowledged. Substantial hetero-

geneity across the studies, as indicated by high I2 values, suggests

variability in outcomes due to differences in study populations, diag-

nostic criteria for cognitive impairment, and asthma treatment regi-

mens. Additionally, the potential for publication bias, as indicated by

asymmetrical funnel plots and a high LFK index,might result in an over-

representation of studies with positive findings, thus overestimating

the effect size. Furthermore, the predominantly observational nature

of the included studies limits the ability to establish causality between

asthma and cognitive impairment, underscoring the need for more

randomized controlled trials in this area.

The results of this review have significant implications for clinical

practice, policy development, and future research. In clinical practice,

the findings highlight the need to integrate cognitive health assess-

ments into routine asthma care. This holistic approach ensures that

healthcare providers manage both respiratory and cognitive health,

potentially leading to early detection and intervention for cogni-

tive decline, dementia, and Alzheimer’s disease in asthma patients.

Regular cognitive assessments using tools such as the MoCA could

become standard in asthma management protocols (Amaljith et al.,

2024; Iamthanaporn et al., 2023). Additionally, creating tailored treat-

ment plans that address both respiratory and cognitive health could

significantly enhance patient outcomes and quality of life.

From a policy perspective, these findings suggest updating health-

care guidelines to include cognitive health evaluations for individuals

with asthma. Policymakers should promote training programs for

healthcare providers on the cognitive risks associatedwith asthma and

the importance of comprehensive care strategies. Insurance providers

and healthcare systems may need to adjust their coverage to include

cognitive assessments and interdisciplinary care approaches. Public

health campaigns could also raise awareness about the link between

asthmaand cognitive impairment, encouraging individualswith asthma

to seek comprehensive care. Future research should focus on under-

standing the mechanisms behind the asthma-cognitive decline link

through longitudinal studies and randomized controlled trials. Inves-

tigating the role of systemic inflammation, hypoxia, and medication

effects on brain health, as well as the efficacy of integrated care mod-

els, will be crucial. Additionally, examining the variability in cognitive

impairment risk among different asthma populations will help develop

personalized treatment approaches.

5 CONCLUSION

A significant association between asthma and a higher risk of cog-

nitive decline, including dementia and Alzheimer’s disease, highlights
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the crucial need to include cognitive health assessments in asthma

care. Further research is needed to understand the underlying factors

of this association and develop effective treatments. These findings

emphasize the importance of a comprehensive approach to managing

asthma that addresses both respiratory and cognitive well-being. Such

an approach ensures thorough patient care, acknowledging the inter-

play between asthma and cognitive impairment, and strives to improve

overall health outcomes.
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