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Abstract

Background

Atopic dermatitis (AD) is a common chronic inflammatory skin disease that affects adults
worldwide. Recent evidence suggests that AD may be associated with cognitive dysfunc-
tion, but the results of individual studies have been inconsistent. This systematic review and
meta-analysis aimed to evaluate the association between AD and cognitive dysfunction in
middle-aged and older adults.

Methods

To find relevant research, a comprehensive search of electronic databases from the begin-
ning to March 2023 was carried out. Data were taken from studies that were eligible, and a
meta-analysis was done to determine the pooled hazard ratio (HR) and 95% confidence
interval (ClI).

Results

We searched three databases and found a total of 15 studied arms included in 5 cohort stud-
ies with over 8.5 million participants were included in the analysis. The results showed that
individuals with AD had a higher risk of developing dementia of all-cause dementia (pooled
hazard ratio (HR) = 1.16; 95% CI, 1.10-1.23,P<0.001) and the Alzheimer type (pooled HR =
1.28;95% Cl, 1.01-1.63,P<0.001) but not vascular dementia (pooled HR = 1.42; 95% Cl,
0.99-2.04,P<0.001). Subgroup analyses showed that the association between atopic der-
matitis and all-cause dementia was significant in Europe (P = 0.004) but not in Asia (P =
0.173) and was significant in prospective cohort studies (P<0.001) but not in non-prospec-
tive cohort studies (P = 0.068). Sensitivity analysis and publication bias detection confirmed
the reliability of the overall findings.

Conclusions

In conclusion, this study demonstrated that AD was associated with increased risk of cogni-
tive dysfunction, particularly dementia of the Alzheimer type and all-cause dementia, in
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middle-aged and older participants. Further research is needed to understand the mecha-
nisms behind this association and its potential implications for clinical practice.

Systematic review registration
PROSPERO, identifier (CRD42023411627).

Introduction

Atopic dermatitis (AD), also known as eczema, is a common chronic inflammatory skin dis-
ease that affects a significant proportion of the population worldwide. It is characterized by
dry, itchy, and inflamed skin, and can significantly impact patients” quality of life. Recent stud-
ies have suggested that there may be a potential link between AD and cognitive dysfunction in
the elderly population, including all-cause dementia, dementia, and mild cognitive
impairment [1, 2].

Cognitive dysfunction is a decline in cognitive function, including memory, attention, and
language abilities. It is a significant public health concern, particularly in the elderly popula-
tion, as it can lead to impairments in daily functioning, increased dependency, and reduced
quality of life [3]. Several studies have reported a higher of cognitive dysfunction among indi-
viduals with AD compared to those without the condition [1, 2, 4].

Despite these findings, these findings did not resolve the controversy over the molecular
mechanism between AD and cognitive dysfunction. Some studies have suggested that AD may
directly contribute to cognitive impairment via neuroinflammation and oxidative stress,
which are associated with AD pathophysiology [5]. Others have proposed that the association
may be mediated by shared risk factors such as age, genetic vulnerability, and lifestyle factors.
For instance, sleep disturbance, depression, and anxiety are common comorbidities of AD,
and have been associated with cognitive dysfunction [6].

This systematic review and meta-analysis aim to provide a comprehensive overview of the
current evidence on the association between AD and cognitive dysfunction in the in middle-
aged and older adults. By synthesizing the results of existing studies, we hope to clarify the
nature of the relationship between these two conditions and identify potential avenues for
future research. Specifically, we aim to answer the following research questions: (1) What is
the strength of the association between AD and cognitive dysfunction in the in middle-aged
and older adults? (2) What are the potential mechanisms underlying this association? (3) What
are the implications of this association for clinical practice and public health?

Methods
Protocol and registration

This systematic review and meta-analysis were conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) statement [7] (S1 Table). This
study project has been registered in PROSPERO with an ID number of CRD42023411627.

Search strategy

A comprehensive search was conducted in the following electronic databases: PubMed,
Embase, and Web of Science. The search was conducted from the inception of each database
to March 2023. The search strategy was developed using a combination of Medical Subject

» « » «

Headings (Mesh) and free-text terms related to “atopic dermatitis”, “dementia”, “Alzheimer’s
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diseases”, “vascular dementia”, “middle-aged” and “older adults”, and “cohort studies” which
is shown in S2 Table. The search was limited to human studies. We only included studies that
were published in English. We also conducted a manual search of the reference lists of the
papers we identified through electronic searching to identify additional studies.

Inclusion criteria and exclusion criteria

Studies were included in this systematic review and meta-analysis if they met the following cri-
teria: (1) the study design was cohort or case-control; (2) the study investigated the association
between atopic dermatitis and cognitive dysfunction in the middle-aged and older adults; (3)
the study reported quantitative data on the risk of cognitive dysfunction in the middle-aged
and older adults with atopic dermatitis; (4) the study provided a control group of middle-aged
and older adults without atopic dermatitis; and(5) the studies provided the effect size hazard
ratio [HR], with 95% confidence interval [CI]. Studies were excluded if they: (1) reported out-
comes other than the risk of cognitive dysfunction in the middle-aged and older adults; (2)
were duplicates, case reports, or reviews; (3) were conducted on animal models or in vitro; (4)
did not provide sufficient data for meta-analysis; (5) were conducted on individuals with other
dermatological diseases. We defined cognitive dysfunction as a category of cognitive
impairment diseases that met the DSM-5 criteria for various subtypes of cognitive disorders,
including all-cause dementia, Alzheimer’s disease dementia, vascular dementia, mild cognitive
impairment [8]. We defined middle-aged adults as those between 45 and 59 years old, while
older adults as those aged 60 years and above [9]. Two authors (X.L. and D.Y.) independently
screened titles and abstracts initially and then evaluated full-text articles to ensure the included
studies met the eligible inclusion criteria. Any disagreement between them was settled by
another author (Q.Z.).

Selection of studies and data extraction

Two reviewers (Q.Z. and C.X.) independently screened the titles and abstracts of all identified
studies. Full texts of potentially eligible studies were retrieved and examined. Any discrepan-
cies between the reviewers were resolved by discussion and consensus. Data on the risk of cog-
nitive dysfunction in middle-aged and older adults’ individuals with atopic dermatitis and the
control group were extracted from the included studies. The other data were extracted from
each included study, including study characteristics, participant characteristics, outcome mea-
sures, and effect estimates. If data were missing, we contacted the corresponding author for
more information.

Quality assessment of the included studies

The Cochrane Non-randomized Studies Methods Working Group recommended the use of the
NOS to assess the quality of observational studies (range: 0-9 stars) [10]. According to the score
stars of the NOS, the included studies were deified as low- (1-3 stars), moderate- (4-6 stars),
and high quality (7-9 stars). Therefore, if the study obtained >4 stars, it was considered to have
an above-moderate quality and, thus, was incorporated into our meta-analysis. Data extraction
and quality assessment were conducted by two independent investigators (X.L. and D.Y.), and
disagreements between them were resolved through negotiation with a third researcher (Q.Z.).

Data synthesis and analysis

Meta-analysis was performed to estimate the pooled effect size and its 95% CI using the DerSi-
monian and Laird random-effects model, which assumes that the true effect size varies across
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studies due to both within-study and between-study variation. We used the inverse variance
method to weight each study according to its precision, which is inversely proportional to the
variance of its effect size estimate. The I” statistic was used to assess the heterogeneity among
studies. I” values of <25%, 25-50%,51-75%, and >75% were considered to denote no, mild,
moderate, and large heterogeneity, respectively [11]. Sensitivity analyses were performed to
validate the stability of pooled HRs of cohort literature by removing individual study. A p-
value <0.05 was significant. The Stata program was used for all analyses (version 17.0; Stata SE
Company LP, College Station, TX, USA).

Results
Baseline characteristics of the studies

Our initial search identified 1853 articles, and after reviewing the titles and abstracts, 48 arti-
cles were selected for full-text screening. Finally, 15 studied arms included in 5 articles met our
inclusion criteria and were included in our systematic review and meta-analysis (S3 Table). A
total of 8,595,252 participants with atopic dermatitis and corresponding controls were
included in the 5 articles. The participants in the 5 articles ranged in mean age from 45 to 74
years. The duration of follow-up ranged from 8.1 to 12 years. The prevalence of atopic derma-
titis among the elderly varied widely across studies, ranging from 0.4% to 12%. The search
flow chart is shown in Fig 1.

1853 records identified through initial searching
4 Pubmed
1578 Embase
271 Web of Science

Identification

1682 records excluded after removal
of duplicates

171 records screened

Screening

128 records excluded after title and
abstract screen

48 full-text articles retrieved
43 articles excluded

1 systematic reviews

6 studies not focus on patients
middle aged and older adults
18 without relevant outcomes
3 study with low quality

15 case report

Eligibility

5 articles eligible articles identified

l

15 studied arms included in the meta-analysis

=)
b5
o
=
B
g
=

Fig 1. Flowchart displaying the choice of study.
https://doi.org/10.1371/journal.pone.0292987.9001
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Quality evaluation

To determine the likelihood of bias in the chosen studies, we applied the NOS assessment. As
S4 Table demonstrates, the meta-overall analysis’s evidence quality was strong.

Atopic dermatitis and incident of cognitive dysfunction in middle-aged
and older participants

Five studied reported effect measures for the association between atopic dermatitis and inci-
dent of cognitive dysfunction in middle-aged and older participants were included in quantita-
tive analyses. Six studied arms examined the association between atopic dermatitis and all-
cause dementia with a pooled HR of 1.16 (95% CI, 1.10-1.23, p < 0.001; Fig 2) and with sub-
stantial heterogeneity across the studied arms (I* = 54.5%, P = 0.052; Fig 2). Atopic dermatitis
was also found to have a significant association with dementia of the Alzheimer type (HR 1.28,
95% CI, 1.01-1.63, p < 0.001; Fig 2). The heterogeneity among the studies was large (I* =
95.8%, p < 0.001; Fig 2). However, no significant association was found between atopic derma-
titis and vascular dementia, with a pooled HR of 1.42 (95% CI, 0.99-2.04, p < 0.001; Fig 2),
with significant heterogeneity (I = 96.0%, p < 0.001; Fig 2).

Study ID ES (95% Cl) % Weight

All-cause dementia

Joh et al.,(2023A)1 1.16 (1.11,1.21) 877

Magyari et al.,(2022A)2 1.19 (1.16,1.22) 8.84

Eriksson et al.,(2008A)3 —aaT 0.82(0.58, 1.16) 4.89

Eriksson et al.,(2008C)3 . 1.06 (0.87,1.30) 6.98

Pan, et al.,(2021A)4 — 2.02(1.24,3.29) 345

Shang et al.,(2021A)5 -~ 1.16 (1.02,1.31) 8.04

Subtotal (l-squared = 54.5%, p = 0.052) O: 1.16 (1.10, 1.23)  40.95

. )

Alzheimer disease dementia :

Joh et al.,(2023B)1 . 1.15(1.09,1.21) 8.72

Magyari et al.,(2022B)2 e 1.69 (1.61,1.78) 8.73

Eriksson et al.,(2008B)3 — 0.92 (0.60, 1.41)  4.02

Eriksson et al.,(2008D)3 S B 1.19 (0.94, 1.50) 6.55

Pan, et al.,(2021B)4 : > 3.74 (1.17,11.96) 0.89

Shang et al.,(2021B)5 —o— 1.18(0.98,1.43) 7.18

Subtotal (I-squared = 95.8%, p = 0.000) <> 1.28 (1.01,1.63) 36.08
1

Vascular dementia |

Joh et al.,(2023C)1 o 1.18(1.04,1.34) 8.02

Magyari et al.,(2022C)2 .. 1.88 (1.78,1.99) 8.69

Shang et al.,(2021C)5 FRe— 1.26 (0.98,1.62) 6.26

Subtotal (l-squared = 96.0%, p = 0.000) < 1.42 (0.99,2.04) 22.97
1

- 1

Overall (I-squared = 96.4%, p = 0.000) <> 1.26 (1.12, 1.41)  100.00
]

NOTE: Weights are from random effects analysis !

I I
.0836 1 12

Fig 2. The forest plot shows the pooled HR for all-cause dementia, Alzheimer’s disease dementia and vascular
dementia in atopic dermatitis vs non-atopic dermatitis.

https://doi.org/10.1371/journal.pone.0292987.9002
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Sensitivity analysis and publication bias detection

Sensitivity analysis was conducted to evaluate the impact of excluding studies with a high risk
of bias on the overall pooled HR for all-cause dementia, Alzheimer’s disease-related dementia,
and vascular dementia, respectively. We assessed the quality for each study using the Newcas-
tle-Ottawa Quality Assessment Scale. Based on this criterion, we excluded one study of Joh

et al. with a score of 6 on the NOS scale from our meta-analysis. The result of the sensitivity
analysis showed that the exclusion of this study did not change the direction or significance of
the pooled HR for any outcome, seen Fig 3. Due to each group having fewer than 10 studied
arms, a funnel plot and Egger’s test was not utilized to evaluate a potential publication bias.

Subgroup analysis

Subgroup analysis was conducted to explore the potential sources of heterogeneity. The sub-
group analysis by region showed that the association between atopic dermatitis and all-cause
dementia was significant in Europe (HR 1.14, 95% CI, 1.04-1.24, P = 0.004; I’ = 46.5%), but
not Asia (HR 1.45, 95% CI, 0.85-2.47, P = 0.173; I* = 79.7%) (S1 Fig). The subgroup analysis
by study design showed that the association between atopic dermatitis and all-cause dementia
was significant in prospective cohort study (HR 1.18, 95% CI, 1.12-1.24, p < 0.001; I* =
55.5%), but not on non-prospective cohort study (HR 1.02, 95% CI, 0.73-1.41, P = 0.068; I* =
70%) (S2 Fig). The subgroup analysis by region showed that the association between atopic
dermatitis and Alzheimer’s disease-related dementia was not significant in both Asia (HR 1.79,
95% CI, 0.58-5.47, P = 0.309; I = 74.6%) and Europe (HR 1.26, 95% CI, 0.96-1.66, P = 0.101;
I” = 88.9%) (S3 Fig). The subgroup analysis by study design showed that the association
between atopic dermatitis and Alzheimer’s disease-related dementia was significant in

Study ID ES (95% CI) % Weight

All-cause dementia

Eriksson et al.,(2008A)3

Eriksson et al.,(2008C)3

Magyari et al.,(2022A)2

Pan, et al.,(2021A)4

Shang et al.,(2021A)5

Subtotal (I-squared = 60.8%, p = 0.037)

0.82(0.58,1.17)  7.26
1.06(0.86,1.29)  9.35
1.19(1.16,122) 1091
202(1.24,329) 552
1.16(1.02,131) 1027
1.15(1.02,1.29) 4331

——
——
*
—_—
o8
<
C '
Alzheimer disease dementia
Eriksson et al.,(2008B)3 T 0.92 (0.60, 1.41) 6.24
Eriksson et al.,(2008D)3 - 1.19 (0.95, 1.51) 8.95
Magyari et al.,(2022B)2 e 1.69 (1.61, 1.78) 10.82
Pan, et al.,(2021B)4 -1—0—) 3.74 (1.17,11.97)  1.67
Shang et al.,(2021B)5 - 1.18 (0.98, 1.43) 9.53
Subtotal (I-squared = 86.2%, p = 0.000) <> 1.33(1.01,1.74)  37.22
'
*
Lo
T
'
<>
1

Vascular dementia

Magyari et al.,(2022C)2

Shang et al.,(2021C)5

Subtotal (I-squared = 89.2%, p = 0.002)

1.88(1.78,1.99)  10.80
1.26(0.98,1.62) 868
1.57(1.06,232)  19.47

Overall (I-squared = 96.7%, p = 0.000) 1.29 (1.10, 1.52) 100.00

NOTE: Weights are from random effects analysis

T
.0835 1 12

Fig 3. The sensitivity analyses performed to validate the stability of pooled HRs of cohort literature by removing
Joh et al. study for (A) all-cause dementia, (B) Alzheimer’s disease dementia and (C) vascular dementia.

https://doi.org/10.1371/journal.pone.0292987.9003
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prospective cohort study (HR 1.41, 95% CI, 1.04-1.90, P = 0.025; I* = 97.3%), but not in non-
prospective cohort study (HR 1.13, 95% CI, 0.93-1.36, P = 0.229; I* = 8.3%) (54 Fig). The sub-
group analysis by region showed that the association between atopic dermatitis and vascular
dementia was significant in both Asia (HR 1.18, 95% CI, 1.04-1.34, P = 0.010) and Europe
(HR 1.57, 95% CI, 1.06-2.32, P = 0.024; I* = 89.2%) (S5 Fig). The subgroup analysis by study
design showed that the association between atopic dermatitis and vascular dementia was not
significant in both prospective cohort study (HR 1.49, 95% CI, 0.95-2.36, P = 0.084; I* =
97.7%) and non-prospective cohort study (HR 1.26, 95% CI, 0.98-2.04, P = 0.71; I’ =) (S6 Fig).

Because the amount of data included in the study is insufficient, we cannot use regression
analysis to analyze the heterogeneous sources of various research results.

Discussion

The present study found that AD was associated with increased risk of cognitive dysfunction,
especially dementia of the Alzheimer type and all-cause dementia, in middle-aged and older
participants. This finding is consistent with previous studies that reported cognitive
impairment in adults and children with AD [1, 2, 12]. The possible mechanisms underlying
this association may include chronic inflammation, oxidative stress, sleep disturbance, psycho-
logical distress, and reduced quality of life [13].

The meta-analysis also revealed that the association between AD and all-cause dementia
was significant in Europe but not Asia. This regional difference may reflect the variations in
genetic susceptibility, environmental factors, diagnostic criteria, and treatment options for AD
and dementia across different populations [14]. Further studies are needed to explore the
potential moderators and mediators of this association in different regions.

The study design was another factor that influenced the association between AD and cogni-
tive dysfunction. The prospective cohort studies showed a significant association, while the
non-prospective cohort studies did not. This may suggest that prospective cohort studies are
more reliable and valid to assess the causal relationship between AD and cognitive dysfunc-
tion, as they can reduce the recall bias, selection bias, and confounding factors [15]. However,
prospective cohort studies are also limited by their long duration, high cost, and loss to follow-
up [16]. Therefore, a combination of different study designs may be necessary to provide a
comprehensive and accurate picture of the association between AD and cognitive dysfunction.

This study explores the association between atopic dermatitis (AD) and cognitive dysfunc-
tion and has important implications for clinical practice and public health. We found that AD
may be a potential risk factor for cognitive dysfunction, especially dementia of the Alzheimer
type and all-cause dementia, in middle-aged and older adults. Therefore, clinicians should be
aware of this association and screen patients with AD for cognitive impairment using validated
tools, such as the Mini-Mental State Examination (MMSE) or the Montreal Cognitive Assess-
ment (MoCA). Moreover, we discussed the possible mechanisms underlying the association
between AD and cognitive dysfunction, such as chronic inflammation, oxidative stress, sleep
disturbance. Therefore, clinicians should adopt a holistic approach to manage patients with
AD and cognitive dysfunction, not only treating their skin symptoms but also addressing their
systemic and psychological comorbidities. Finally, we emphasized the need for further
research on the causal mechanisms, potential biomarkers, and effective interventions for the
association between AD and cognitive dysfunction.

Our study has several limitations that should be considered when interpreting the results.
First, we included a small number of studies in our meta-analysis, which may limit the gener-
alizability and precision of our findings. Second, these studies were conducted in the United
Kingdom, Taiwan, South Korea, and Sweden, which may not reflect the prevalence and impact
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of atopic dermatitis and cognitive dysfunction in other regions or countries. Future studies
should include more diverse and representative samples from different ethnicities and regions,
to improve the generalizability and accuracy of the results across different populations. Third,
we could not assess the causal relationship between atopic dermatitis and cognitive
impairment, as most of the studies were observational and subject to residual confounding
and reverse causation. Fourth, several factors may contribute to the heterogeneity observed in
our meta-analysis. For example, the studies varied in their design, such as prospective cohort,
retrospective cohort, and cross-sectional studies, which may have different biases and con-
founding effects. Furthermore, the studies included different populations of middle-aged and
older adults, with different geographic locations, ethnicities, and socioeconomic status. In
addition, the studies used different definitions of atopic dermatitis and cognitive dysfunction,
which may affect the validity and comparability of the results. Therefore, our results should be
interpreted with caution and confirmed by future studies with larger sample sizes, more rigor-
ous designs, and more comprehensive adjustments for confounding factors.

Conclusions

In conclusion, our meta-analysis suggests that atopic dermatitis is associated with an increased
risk of all-cause dementia and Alzheimer’s disease-related dementia in middle-aged and older
adults. However, there is substantial heterogeneity across the studied arms that needs to be fur-
ther explored. More high-quality studies are needed to confirm our findings and to elucidate
the underlying mechanisms linking atopic dermatitis and cognitive impairment.
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