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Abstract

Objective: A meta-analysis was performed to assess the association between asthma and dementia, aimed to provide initial
exploration for further etiolotical /preventive/clinical discussion.

Methods: A systematic search of Pubmed, Embase, Web of Science and Cochrane library databases was conducted to screening
evidence. Cohort/case control studies that are focused on the association between asthma and the onset of dementia were
identified in the current meta-analysis. The search time frame was from database establishment to August, 1st, 2023, with
independent reviewers screening the literature. The quality of the literature was evaluated by Newcastle-Ottawa Quality
Assessment Scale (NOS). R 4.3.2 was used in data analysis.

Results: 9 studies including 234248 participants were included. The overall quality of the included studies was high, with
an average NOS score of over 8. The results of the meta-analysis in the current study confirmed that there is an association
between asthma and cognitive dysfunction. It is noteworthy that the significant association was found between all-severity
levels-of-asthma and the risk of onset of all-types-of-dementia when we define it as dichotomous variable. Moreover, subgroup
analysis revealed a high risk of dementia in specific asthma patients.

Conclusion: Our findings showed a significant increase in the risk of dementia among patients with asthma, and this risk is

not affected by the types of dementia, however it seems especially obviously among specific asthma patients.
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Abbreviations: NOS: Newcastle-Ottawa
Assessment Scale; MeSH: Medical Subject Heading.
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Introduction

Epidemic of dementia is becoming a global challenge,
US researchers indicated that dementia currently affects
more than 5 million patients and will rise to 16 million by
2050 in U.S., and will reach 65.7 and 115.4 million globally
in 2030 and 2050, respectively [1]. At the same time,
chronic disorders such as heart failure, metabolic diseases,
together with pulmonary disorders such as bronchial
asthma, could even worsen cognitive function and dementia
status, especially among elderly [2,3]. The phenomenon of
increasing allergy in elderly patients is still a not-fully-known
perspective today; however there are more and more studies
especially regarding bronchial asthma [4]. A similar problem
was observed in patients with dementia, especially the
patients with AD [5]. Moreover, few systematic evidence are
available regarding the association of the onset of dementia
with asthma, thus in this manuscript the meta-analysis was
conducted to summarize the current evidence towards it.

Previous literature of epidemiology, neuroimaging and
animal models all indicated that asthma adversely affects the
brain function, although the accurate mechanism and extent
of neuropathological and physiological impact remain unclear
[6,7]. Studies also indicated that cognitive impairment was
largely observed in adults with asthma and was more prevalent
in older adults, also, longer asthma duration and lower lung
function were more associated with cognitive dysfunction [8,9].
A closely association must be exist between them which was also
be indicated by some therapy evaluation, such as appropriate
treatment of asthma leads to a cognitive improvement in
patients with mild and moderate AD [10]. The current meta-
analysis could be as an initial exploration which would benefit
further etiological, preventive and clinical research.

Methods

Data Source and Searches

We systematically searched the PubMed, EMBASE,
Cochrane Library, and Web of Science databases from
their inception to August, 1st, 2023. The Medical Subject
Heading (MeSH) terms and keywords used in the search
were: (“asthma” or “bronchitis asthma”) and (“dementia” or
“Alzheimer’s disease”).

Eligibility Criteria

The included studies were required to meet the following
criteria: Cohort study design; case control study design; the
risk of dementia or Alzheimer’s disease as the outcome
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(expressed as relative risk/odds ratio/hazard ratio).

Exclusion Criteria

Exclusion criteria were: conference abstracts, study
protocols, duplicate publications, studies with no relevant
outcomes.

Research Selection

Three reviewers (Ziyu Zhang, Yi Ren and Xinyue
Zhi) screen the literature independently. Duplicated
publications were excluded based on titles/abstracts.
Irrelevant publications were excluded also. Potential eligible
publications were downloaded (full-text) and read for
further identification afterwards. In case of disagreement,
discussions were conducted with an adjudicator for final
justification (Xinyue Zhi).

Data Extraction and Assessment

In the current study, reviewers (Ziyu Zhang and Yi Ren)
extracted the data independently using a data-extraction-
form according to the data extraction guideline. (including:
name of the first author, year of publication, country, study
type, follow up years for cohort study, sample size, age of
participants, diagnosis of asthma and dementia, adjusted
confounder, etal.). The Newcastle-Ottawa Quality Assessment
Scale (NOS) was used to evaluate the quality of the included
studies. (The scores of cohort studies/case control studies
ranged from O to 9 and higher scores indicated higher
quality. NOS scores>7 indicated high quality, 4~6 indicated
moderate quality, and 0~3 indicated low quality).

Statistical Analysis

The OR/RR/HR and adjusted OR/RR/HR from the
included studies were used to assess the pooled risk of
dementia/cognitive impairment. The heterogeneity was
assessed by 12 and chi-square test, P<0.1 or 12>50% was
considered to indicate heterogeneity. Further random-effects
model/fixed-effects model were employed accordingly.
Sensitivity analyses were conducted to verify the robustness
of the pooled results and detect the source of heterogeneity.
Subgroup analysis in the current study was only performed
on study design, asthma severity and dementia type. R 4.3.2
software was used for statistical analyses.

Results

Literature Search and Characteristics of
Included Studies

A total of 202176 articles were screened out from
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the initial literature search, of which 3012 articles were target (HR/RR/OR) and those that did not match the research
potentially relevant after the first-round screening and topic/study design. 9 articles [11-19] were included finally,
were identified. Furthermore, 2824 studies were excluded out of the 188 that retrieved for full-text evaluation. As
according to the title and abstract, including the study shown in Figure 1.

focused on the outcomes was inconsistent with the current

Potentially relevant articles identified and screened (n=3012)

Excluded articles based on titles and abstracts
as duplication or clearly not relevant (n=791)

A
Articles retrieved for full-text evaluation (n=188)

Excluded articles (n=179)

hd

Nunlieation M=

¥

Studies included in meta-analysis (n=9)

Figure 1: Flow Chart of Studies Identified, Included and Excluded.

Follow
up year i i
Article Age(yrs) Country Sal}lple L Diagnosis of Diagnosis of dementia | NOS
size (cohort asthma
study)
Nair AK, 2022 43-93 USA 375 - Mild/severe asthma Dementia/AD 10
Peng YH, 2015 - China 63855 2 Newly diagnosed All-types-of-dementia 9
Chen MH, 2014 >45 China 55150 13 All-types-of-asthma | All-types-of-dementia 10
. All-types-of- .
Eriksson UK, 2008 Sweden 29988 38 asthma(self-report) All-types-of-dementia 8
All-types-of- .
Carlson SM, 2017 - USA 1287 - asthma(self-report) All-types-of-dementia 8
Pan TL, 2021 >45 China 11649 - All-types-of-asthma Dementia/AD
Yeh JJ, 2017 =240 China 30773 10 All-types-of-asthma | All-types-of-dementia 9
Chen TB, 2017 - China 8456 - All-types-of-asthma Dementia/MCI 11
China,
Ghana,
India,
Koyanagi A, 2017 >50 Mexico, 32715 3 All-types-of-asthma Dementia/MCI 8
Russia,
and South
Africa
Table 1: Characteristics of the Included Studies.
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The 9 studies included covering 234248 individuals.
Among them, 5 of the studies were cohort studies, 4 were
case control studies. The sample size ranged from 375 to
63855. The main characteristics of the studies are shown in
Table 1.

Methodology Quality Assessment

The NOS scale was used to assess the quality of the
included studies, three of them had a score of 8, another
three of them had a score of 9, two of them had a score of 10
and one of them had a score of 11, as shown in table 1. The
general quality of the studies was good.

Association Between Asthma and Dementia

General Association of all-Severity Levels-of-Asthma
with all-Types-of-Dementia by Pooling all the Included
Studies: Owningto the significantheterogeneity (12=90.45%,
P<0.0001), the random-effects model was conducted for
the analysis when we summarize all the results initially,
subgroup analysis was also conducted in order to discuss
the source of heterogeneity afterwards. The overall pooling
logOR was 0.05 (95%CI: 0.04~0.07) which suggested all

asthma (any severity levels) is associated with the higher
risk of all dementia (any types). Potential higher publication
bias was detected in the current analysis. The Kendall’s tau
was -0.0139 (P=0.8952) from rank correlation test for funnel
plot asymmetry and z was 9.8343(P<0.0001), b was-0.0023
(CI: -0.0198, 0.0152) from the regression test.

Subgroup Analysis by Different Study Design

» Association of all-Severity Levels-of-Asthma with
all-Types-of-Dementia by Pooling the Included
Cohort Studies: The significant heterogeneity
(12=61.88%,P=0.0024) was found when we summarized
only the cohort study results, the random-effects model
was conducted for the analysis accordingly. The pooling
logOR was 0.80(95%CI: 0.52~1.08) with P<0.0001,
which suggested all asthma (any severity levels) was
associated with the higher risk of all types of dementia.
As shown in Figure 2. The funnel plots indicated no
potential publication bias was detected for pooling
results of cohort studies. The Kendall’s tau was 0.2121
(P= 0.3807) from rank correlation test for funnel plot
asymmetry and z was -2.2831(P=0.0224), b was 1.2476
(CI: 0.8944, 1.6009) from the regression test.

Study 1 —_— 0.24 [-0.67, 1.15]
Study 2 — . 078[032 187]
Study 3 ——a—— 096[022 171
Study 4 : 073033 180
Study 5 : 072029 174
Study6 =~ —————— 015[-0.71.1.01
Study 7 — - 0.70[0.17, 1.24
Study 8 L 132 [117 147
Study 9 — 4 E3[049 258
Study 10 bR 0.79[0.30, 1.28
Study 11 — 072036, 1.08
Study 12 ; 0.36 [-0.57. 1.29
RE Model - 0.80[0.52, 1.08]

[ I I 1

1 0 1 2 3

QObserved Qutcome

Cohort Study Design.

Figure 2: Forest Plot and Funnel Plot towards the Association of all-Severity Levels-of-Asthma with all-Types-of-Dementia by
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» Association of all-Severity Levels-of-Asthma with
all-Types-of-Dementia by Pooling the Included
Case Control Studies: The significant heterogeneity
(I12=68.19%, P<0.0001) was detected when we
summarized all the case control study results, then the
random-effects model was conducted and the pooling
logOR was 0.30 (95%CI: 0.20~0.40) with P<0.0001,
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which indicated all-severity levels-of-asthma was also
associated with the higher risk of all-types-of-dementia.
As shown in Figure 3. The funnel plots indicated
potential higher evaluation of the result for the sake
of the publication bias. The Kendall’s tau was -0.0227
(P=0.8578) and z was 7.7972(P<0.0001), b was -0.0002
(CI:-0.0040, 0.0035).
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Case Control Study Design.

Figure 3: Forest Plot and Funnel Plot towards the Association of all-Severity Levels-of-Asthma with all-Types-of-Dementia by
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Subgroup Analysis by Different Outcome Representation
» Association of all-Severity Levels-of-Asthma with
Dementia (Dementia as Dichotomous Variable) by
Pooling all the Included Studies: Subgroup analysis
for the association between all-severity levels-of-asthma
and dementia (dementia as dichotomous variable)
suggested the pooling results were with a very low
heterogeneity (12=0.00%,P=0.7997), thus fixed-effects
model was conducted and the pooling logOR was 0.66

(95%CI: 0.46~0.86) with P<0.0001, which indicated all-
severity levels-of-asthma was associated with the higher
risk of dementia (dementia as dichotomous variable).
As shown in Figure 4. The funnel plots indicated very
low level of publication bias. The Kendall’s tau was
0.0545(P=0.8793) from rank correlation test for funnel
plot asymmetry and z was -0.2811(P<0.0001), b was
0.7323 (CI: 0.2034, 1.2611) from the regression test.

Study 1 —_— 0.24[0.67, 1.15]
Study 2 — . 078[-0.32 1.87]
Study 3 — . 0.73[0.33,1.80]
Study 4 — . 072[020 174]
Study 5 015071, 1.01]
Study 6 —a 0.70[0.17, 1.24]
Study 7 — L . 453[049 258
Study 8 —.i 0.79[0.30, 1.28]
Study 9 —m— 072[0.36, 1.08]
Study 10—+ 0.36 [0.57, 1.29]
Study 11 - 0.44[0.18, 1.07]
FE Model - 0.66 [ 0.46, 0.86]

I T I 1
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Observed Outcome

Dichotomous Variable).

Standard Error
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Figure 4: Forest Plot and Funnel Plot towards the Association of all-Severity Levels-of-Asthma with Dementia (Dementia as

Observed Outcome

» Association of all-Severity Levels-of-Asthma with
Dementia (Dementia-Related Index) by Pooling all
the Included Studies: The significant heterogeneity
(12=71.57%,P<0.0001) was found when we summarized
the studies with dementia-related indexes as outcomes,
then the random-effects model was conducted and
the pooling logOR was 0.30 (95%CI: 0.20~0.40) with
P<0.0001, which indicated all-severity levels-of-
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asthma was associated with the higher risk of abnormal
dementia-related index status. As shown in Figure 5.
Moreover, the funnel plots indicated potential higher
evaluation of the result for the sake of the publication
bias. The Kendall’s tau was 0.1010 (P= 0.4617) from
rank correlation test for funnel plot asymmetry and
z was 7.9171(P<0.0001), b was -0.0007(CI:-0.0045,
0.0030) from the regression test.
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Related Index).

Figure 5: Forest Plot and Funnel Plot towards the Association of all-Severity Levels-of-Asthma with Dementia (Dementia-
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» Association of all-Severity Levels-of-Asthma with

Dementia (Only AD) by Pooling all the Included
Studies: This subgroup analysis for the association
between all-severity levels-of-asthma and AD suggested
the pooling results were with a very low heterogeneity
(12=0.00%,P=0.2595), then fixed-effects model was used
and the poolinglogOR was 1.31 (95%CI: 1.16~1.49) with

P<0.0001, which showed us all-severity levels-of-asthma
was associated with the higher risk of AD. As shown in
Figure 6. The funnel plots indicated very low level of
publication bias. The Kendall’s tau was -1.000(P=1.000)
and z was -0.9163(P-0.3595), b was 1.4077 (CI: 1.1446,
1.6709).

Study 1 696 [0.22, 1.71]
Study 2 —m— 132[1.17,1.47]
FE Model == 1.31[1.16, 1.45]

| T i T |
0 05 1 15 2

Observed Quicome

Standard Error

Figure 6: Forest Plot and Funnel Plot towards the Association of all-Severity Levels-of-Asthma with AD.
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» Association of all-Severity Levels-of-Asthma with

Dementia (Only MCI) by Pooling all the Included
Studies: The subgroup analysis for the association
between all-severity levels-of-asthma and MCI suggested
the pooling results were with a very low heterogeneity

Zhi X, et al. The Association of Asthma with Onset of Dementia-An Initial Exploration by Meta-
Analysis. ] Qual Healthcare Eco 2024, 7(2): 000371.

(12=0.00%,P=0.9890), so fixed-effects model was
conducted and the pooling logOR was 0.16 (95%CI:
-0.27~0.59) with P<0.0001, which suggested all-severity
levels-of-asthma was associated with the higher risk of
MCL As shown in Figure 7. The funnel plots indicated

Copyright© ZhiX, etal.
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very low level of publication bias. The Kendall’s tau was
-0.3333 (P=1.000) and z was -0.0188(P=0.9850), b was

0.2509 (CI:-8.9426, 9.4445).

Study 1

Study 2

Study 3

0.17 [:0.63,0.96]

0.12[-0.61,0.85]

0.20 [-0.51,0.91]

FE Model

Observed Outcome

0.16 [0.27,0.59]

Figure 7: Forest Plot and Funnel Plot towards the Association of all-Severity Levels-of-Asthma with MCI.

Subgroup Analysis by Different Independent Variable

Representation

» Association of Non-Specified-Asthma with all-

Severity Levels-of-Dementia by Pooling all the
Included Studies: The significant heterogeneity
(12=91.50%, P<0.0001) was found when we made the
subgroup analysis in summaring the studies with non-
specified-asthma as independent variable, then the
random-effects model was conducted and the pooling

logOR was 0.30 (95%CI: 0.20~0.40) with P<0.0001,
which indicated non-specified-asthma was associated
with the higher risk of all-types-of-dementia. As
shown in Figure 8. Moreover, the funnel plots indicated
potential higher evaluation of the result for the sake
of the publication bias. The Kendall’s tau was 0.1010
(P= 0.4617) from rank correlation test for funnel
plot asymmetry and z was 7.9171(P<0.0001), b was
-0.0007(CI:-0.0045, 0.0030) from the regression test.

Standard Error

0459 02306 0.153 0

0812

Figure 8: Forest Plot and Funnel Plot towards the Association of Non-Specified-Asthma with all-Types-of-Dementia.

Observed Outcome

» Association of Asthma (Specified-Asthma) with

all-Types-of-Dementia by Pooling all the Included
Studies: This subgroup analysis for the association
between specified-asthma and dementia (all-types-
of-dementia) suggested the pooling results were with

Zhi X, et al. The Association of Asthma with Onset of Dementia-An Initial Exploration by Meta-
Analysis. ] Qual Healthcare Eco 2024, 7(2): 000371.

a very low heterogeneity (12=0.00%,P=0.4500), then
fixed-effects model was conducted and the pooling logOR
was 0.58 (95%CI: 0.22~0.93) with P=0.0016, which
suggested specified-asthma was associated with the
higher risk of all-types-of-dementia. As shown in Figure

Copyright© ZhiX, etal.
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9. The funnel plots showed very low level of publication
bias. The Kendall’s tau was 0.7333 (P=0.0556) and z was

1.0908(P=0.2753), b was -0.4002 (CI:-2.1902, 1.3898).

Study 1 —— 0.73[-0.33,1.80]
Study 2 — i 072[-029 174]
Study3d = ——=—— 0.15[0.71,1.01]
Study 4 - 4£3[0.49,2.58]
Study 5 —_— 036 [-0.57, 1.29]
Study 6 — 0.44[0.18,1.07]
RE Model —— 058[0.22, 093]
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Figure 9: Forest Plot and Funnel Plot towards the Association of Asthma (Specified-Asthma) with all-Types-of-Dementia.
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Discussion

Dementia and asthma are common diseases among
elderly [20-22]. Interactions of asthma and brain have
initially centered on anxiety and depression, and the studies
indicated a bidirectional effect between them and lead the
study direction to neurodegeneration and dementia [23,24].
Although the exact etiological link between asthma and
dementia remains unknown, previous literature indicated
that there were several potential mechanisms support the
association of asthma and dementia/cognitive impairment,
including oxidative stress related mechanism, tissue
hypoxemia related mechanism, together with the influence
from inactive state and systemic inflammatory state. It is also
known that untreated chronic diseases including asthma can
be associated with declining cognitive function [25].

Consistent with many previous findings, in the current
meta-analysis, we found an overall association between
asthma and cognitive dysfunction. It suggested a significant
association between all-severity levels-of-asthma and the
risk of onset of all-types-of-dementia when we define the
later as a dichotomous variable. The problem of allergic
diseases has been increasing in many countries recently, and
many studies have reported a positive association between
allergic diseases, such as asthma, and dementia [26]. A
systemic inflammatory response is usually present with
allergies. Considerable data suggesting that inflammation
plays a principle role in age-associated disorders, both for
body and brain, currently. However, the effects of systemic
inflammation on the pathogenesis of dementia and AD are
not completely clarified [26-28]. Positive evidence such as
recent animal experiment induced chronic airway allergy in

Zhi X, et al. The Association of Asthma with Onset of Dementia-An Initial Exploration by Meta-
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triple transgenic AD (3xTgAD) and wild type (WT) mice by
repeated exposure to ovalbumin (OVA) as an allergen [24].
Moreover, Imaging studies suggested that dementia and
frailty often linked to chronic inflammation, changes to the
white matter of the brain in asthma patients that resemble
neuroinflammation changesin mostofthe neurodegenerative
diseases [29]. Moreover, the use of montelukast, an asthma
drug, has been shown to rejuvenate the brain of middle-
aged animals in intervention studies, which also supports
the connection between asthma and dementia [30].
Nevertheless, further Identifying the related pathways that
contribute to chronic inflammation in this asthma-dementia
association will contribute to the new therapeutic targets
developing. On the other hand, hypoxemia might be another
important media among the association of asthma and
dementia, Patients may show cerebral perfusion alterations
as a consequence of hypoxemia, and according cognitive
impairment could be led by those changes [31].

It is also noteworthy that In this manuscript, we
complied the evidence of totally 5 cohort studies (included
12 independent results) on the association between asthma
and dementia, subgroup evaluation further suggested a
significant association between all-types-of-asthma and AD,
however only 2 results involved in supporting. Moreover,
subgroup analysis in terms of different severity levels of
asthma indicated a high risk of dementia in specific asthma
patients, which help to identify the high-risk patients in
preventive and clinical works [32,33].

There were some limitations in this study. It is worth

considering the heterogeneity of the included studies existed
in this meta-analysis especially when the analysis focused on
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https://medwinpublishers.com/JQHE/

Journal of Quality in Health care & Economics

the general pooled effect which based on all of the studies
included, which may be attributable to differences in sample
size, different study design and diagnosis procedures among
included studies. However the subgroup analysis was
conducted, heterogeneity still could be found in some of
the subgroup discussion. Thus it is need to be treated with
caution when interpreting our results [34,35].

Conclusion

Our findings showed a significant increase in the risk
of dementia among patients with asthma, and this risk is
not affected by the difference types of dementia, however it
seems especially obviously among specific asthma patients.
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