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ABSTRACT

Background: Dementia affects more than 50 million people worldwide, with 10 million new diagnosis each year. The link
between hospitalization with infections and risk of Dementia is unclear. We conducted a meta-analysis on the association
between hospitalization with infection and risk of Dementia.

Methods: We searched MEDLINE and Embase from inception to March 31, 2025 to identify cohort studies comparing the
frequency of Dementia in patients hospitalized with infections with those without. We computed hazard ratios (HR) for
each study and pooled the results using a random-effects meta-analysis.

Results: Out of 1900 studies that were screened initially, 16 studies comprising 4,266,276 patients were included for
analysis. Hospitalization with infection was associated with an increased risk of all-cause Dementia (HR: 1.83, 95% Cl: 1.58—
2.13, p < 0.0001), Alzheimer’s Disease (AD) (HR: 1.60, 95% Cl: 1.23-2.08, p < 0.001) and Vascular Dementia (HR: 3.68, 95%
Cl: 2.16-6.27, p < 0.001). Among the infections, having Sepsis (HR: 1.78, 95% Cl: 1.53—-2.08) was associated with the highest
risk of all-cause Dementia, followed by Pneumonia, Urinary Tract Infections, Skin and Soft Tissue infections.

Conclusions: Our meta-analysis showed that hospitalization with infection was associated with increased risk of Dementia.
Sepsis carried the highest risk, followed by Pneumonia, Urinary Tract Infections, Skin and Soft Tissue infections.

INTRODUCTION include enhanced inflammation, pathogen-dependent
tissue destruction, and accelerated cellular ageing through
According to the World Health Organization (WHO), increased turnover [4].
Dementia affects over 50 million individuals globally,
with Alzheimer’s Disease (AD) being the most prevalent Developed countries such as the United States of
subtype [1]. In adults above 65 years old, Dementia America and Singapore have rapidly aging populations.
remains the fifth leading cause of death in America, with While adults above 65 years old account for less than
estimated total healthcare costs exceeding USD $300 20% of this population, they account for more than 40%
billion annually [2]. The cost of Dementia is expected to of hospitalizations [5, 6]. In addition, hospitalization for
exceed USD $1 trillion, with significant implications infection is an increasingly common cause of emergency
for healthcare systems and caregivers as the global admission, morbidity and mortality in these cohorts [7].
population ages [3]. Furthermore, as aging occurs,
infections become more frequent and severe [4]. These With rising admission rates among adults above 65
infections accelerate aging through mechanisms that years old for infection-related conditions and the
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increasing prevalence of Dementia, the relationship
between hospitalization for infection and risk of
Dementia has been increasingly studied. Since the
Covid-19 pandemic, the link between hospitalization
with infections and risk of Dementia has attracted
considerable attention. A recent meta-analysis by Zhang
et al. found a significant link between Covid-19 infection
and new-onset Dementia, especially in individuals older
than 65 years [8]. While this highlights the need for
cognitive monitoring and early intervention for Covid-
19 survivors to address potential long-term neurological
impacts, the evidence for other non-Covid-19 related
infections remains unaddressed. Previous analyses on
hospitalization with infection and risk of Dementia
lacked large-scale longitudinal studies and included
studies with poor quality of evidence [9] and did not
examine the subtypes of infection with the highest risk
of Dementia. With the publication of several large-scale
longitudinal studies in recent years [10—12], we can
perform the first meta-analysis on subtype of infections
on risk of all-cause Dementia as well as the impact of
hospitalization on different subtypes of Dementia.

Here we conducted the first meta-analysis which
included large-scale longitudinal studies in the past 5
years, to determine the following outcomes: (1) the
impact of hospitalization with infections and risk of
Dementia (2) and relationship between subtypes of
infections and risk of Dementia.

MATERIALS AND METHODS

We registered this meta-analysis with PROSPERO at
CRD420251022942 and followed the reporting guide-
lines of Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) [13].

Information source and search strategy

A systematic search was conducted in MEDLINE and
Embase using keywords and MeSH terms synonymous
with “Hospitalization”, “Infection” and “Dementia”,
which formed the basis of the search strategy. The
search period includes articles from inception to March
31, 2025. Only full-text articles published in English
were included. The complete search strategy and search
terms can be found in Supplementary Table 1.
References were imported into EndNoteX9 and
Covidence for the initial removal of duplicates [14].

Study selection

Two authors (WYC and JDJW) reviewed each reference
in a blinded manner, and disagreements were resolved
through discussion or referred to a third independent
author for the final decision (CKMC). Study selection

occurred in two phases: initial screening of titles and
abstracts, followed by full-text review of potentially
eligible studies. Accepted study designs included case-
control and cohort studies. Original studies in English
discussing hospitalization with infections in adults were
included. Studies on all-cause Dementia, AD and
Vascular Dementia were included. We excluded studies
on Covid-19, non-peer-reviewed articles, review
articles, and conference abstracts. Studies on patients
younger than 18 years, including patients with known
Dementia or lacked data about the risk of Dementia,
were excluded. Studies involving non-human or animal
were also excluded.

Data extraction

Data extraction was conducted independently by two
investigators (WYC and JDJW). The data collected
included sample size, year of publication, total number
of participants, age and sex of study participants, reason
for hospitalization, and risk of Dementia. If multivariate
analysis was utilized, the hazard ratio selected would be
from the model with the most variables included. A
third author (CKMC) was consulted to make the final
decision regarding any discrepancies.

Quality assessment

The Joanna Briggs Institute Critical Appraisal Tools
were used for quality assessment [14, 15]. Two
investigators (CKMC and JDJW) independently
reviewed all included studies and a third independent
author (WYC) was consulted regarding any dis-
crepancies. The maximum score attainable (signifying
high quality) is 8 points for analytical cross-sectional
studies, 10 points for case—control studies, and 11 points
for cohort studies.

Data analysis

All analyses were undertaken using R software version
4.43. The statistical packages used in R were
(tidyverse; meta; metafor; ggplot2; gridExtra and
dmetar) [16]. To estimate the pooled risk ratios and its
corresponding 95% confidence intervals (Cls), we used
the random effects model where applicable. A hazard
ratio >1 indicates that hospitalization with infection is
associated with a higher risk of Dementia. The
proportion of variability due to heterogeneity was
assessed using 1> and we considered heterogeneity
to be significant when the I? statistic was >25%.
Precalculated log-transformed hazards ratios (HRs)
were pooled using the inverse variance method [16].
The level of significance is defined as p < 0.05. All
results were presented as their effect sizes with the
accompanying 95% Cls.
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For meta-analyses with high heterogeneity, we
conducted influence analysis to determine the
contribution of each study to overall heterogeneity.
From the Baujat plots, leave-one-out analyses, and
inspection of the forest plots, we performed a
sensitivity analysis in which outliers were excluded
[16]. If there are studies from overlapping databases,
we only included the study with the largest sample size
for the respective analysis.

Data availability

The datasets used and/or analysed during the current
study are available from the corresponding author on
reasonable request.

RESULTS
Overview

In total, 1900 studies were found after searching
MEDLINE and Embase. Of which, 744 were
duplicates, and 1156 studies remained following
duplicate removal. The study team screened the titles
and abstracts of these studies and included 30 studies
for further review. The study team retrieved the full
texts of these 30 studies and 16 studies [10-12, 17-29]
involving 4,266,276 patients (1,200,112 patients
hospitalized with infection and 3,066,154 controls)
were included in the final analysis (Supplementary
Figure 1).

Characteristics of included studies

A summary of the characteristics of included studies
can be found in Table 1. Of the 16 studies, 6 were
conducted in the United Kingdom, 5 were from
United States of America, 2 were from Taiwan and
the remaining 3 were from Finland, Netherlands and
New Zealand. With the exception of Chou et al. and
Chalitsios et al. [18, 19], all the studies were cohort
studies. 10 studies were prospective studies while the
remaining 6 were retrospective studies. Majority of
the studies focused on any infection with only
Richmond-Rakerd et al., Sipila et al. and Wang et al.
reported separate data on viral and bacterial infections
[10, 26, 29]. Of the 16 studies, studies frequently
reported on all-cause Dementia while only 6 and 3
studies reported on AD [10, 17, 19, 23, 26, 29] and
Vascular Dementia [10, 26, 29] respectively. The
mean age of the patients hospitalized with infections
in majority of the studies are in the ranges of 60—75
years old. The median duration of follow-up varied
among studies, ranging from 1.7 years to 25 years.
The largest study included 1,742,406 participants [26]
while the smallest study included 331 participants

[25]. Both Beydoun et al. and Wang et al. extracted
data from the UK Biobank database, with Beydoun
et al. having the larger database [17, 29]. Similarly,
Chalitsios et al., Morton et al. and Muzambi et al.
utilized the Clinical Practice Research Datalink
database, with Muzambi et al. having the largest
database. A summary of the quality of studies using
the Joanna Briggs Institute (JBI) Critical Appraisal
Tools can be found in Table 1.

Definition of exposure

All studies included in the analysis provided data on
hospitalization with infections. The International
Classification of Diseases (ICD) 9th and 10th Edition
revision codes were commonly used to identify
diagnosis of infections from hospital records. A detailed
definition of the hospitalization with infection for each
study can be found in Supplementary Table 2.

Definition of control

All studies included in the analysis compared
hospitalization with infections against a control group.
A detailed definition of the controls in each study can
be found in Supplementary Table 2.

Diagnosis of Dementia

The ICD 9th and 10th Edition revision codes were
commonly used to identify diagnosis of Dementia, AD
and Vascular Dementia from hospital records. All
studies excluded patients with Dementia at baseline.
Detailed exclusion criteria for each study can be found
in Supplementary Table 2.

Primary outcome

16 studies involving 4,266,276 patients were pooled
and we found that patients hospitalized with infections
were at higher risk of developing all-cause Dementia
(HR: 1.83, 95% CI: 1.56-2.14, p < 0.001). The I?
index was 98.4% and the Cochran Q-test was
significant at p < 0.0001 (Supplementary Figure 2).
Influence analysis revealed 1 outlier, Mawanda et al.
[21] and sensitivity analysis excluding the outlier was
conducted (Supplementary Figures 3 and 4). After
excluding Mawanda et al. and 3 studies with
overlapping databases (Chalitsios et al. [18], Morton
etal. [22] and Wang et al. [29]), results from 12
studies involving 3,467,481 patients were analyzed.
We found that patients hospitalized with infections
were at higher risk of developing all-cause Dementia
(HR: 1.83, 95% CI: 1.58-2.13, p < 0.0001). The I?
index was 97.3% and the Cochran Q-test was
significant at p < 0.0001 (Figure 1).

www.aging-us.com

2563

AGING



Table 1. Summary of included studies.

Total Female, Median Hospitalized

. Study  Study . « duration with Controls, JBI
Study Country  Study design type  period Study setting s‘ample l\jo. Age, y of follow  infection, No. scoring®
size, No. (%) ¥
up, y No.
Beydoun United 2006 190,124
cydou - Prospective  Cohort  to UK Biobank 355046 : 60.4+0.01 >3 years 42605 312441 11/11
etal., 2023 Kingdom 2021 (53.5)
United 1987 Athergscl-erosw 251
Bohn . Risk in 8658
States of ~ Prospective  Cohort to e 15688 547458 (22.2— 5999 9689 11/11
etal., 2023 America 2019 Communities (55.2) 29.1)
(ARIC) study ’
2002 Clinical Practice
Chalitsios United . Case- Research Datalink 132639 1.7
ctal. 2023 Kingdom REUOSPECvE o it z(t)(i , and Hospital 261976 Sy 698E1T8 oy 55808 206168 10/10
Episode Statistics
2001 Longitudinal
Cthol“ s017 Taiwan  Retrospective Ccaste'l to  Health Insurance 61398 fﬁ%; >65 10 20466 40932 9/10
etaks OMTOL 2011 Database (LHID) :
Medicare Standard
Analytic Files
United 2005 (SAF) from the
Guerra £ . h f 13275
ctal.. 2012 StatesAo Retrospective Cohort to Ceqters or 25368 (52.3) 76.6+68 2.5+09 8217 17,151 10/11
N America 2008 Medicare and ’
Medicaid Services
(CMS).
United 2002 Veterans Health
Mawanda g o of  Retrospective Cohort  to Administration 417172 9836 77181 903% 87400 329,772 10/11
etal., 2016 i ) ) 2.1) 1.1
America 2004  national repository
Clinical Practice
. 2005 . 2.60
Morton United — p rospective Cohort 1o Research Datalink 0, 0 35075 05 0 152 (097 10493 39423 1111
etal., 2023 Kingdom and Hospital (70.3)
2016 . L 4.75)
Episode Statistics
2004 Clinical Practice
Muzambi United . Research Datalink 537602 52
; . +
ctal,2021  Kingdom Retrospective Cohort z(t)(; g and Hospital 989800 (54.3) 71.7+7.9 (2.3-9.0) 402204 587596 11/11
Episode Statistics
National Health
Ouetal, Taiwan  Retrospective Cohort 2?(? ’ Insurance 6628 2620 65.67 15 1657 4971 10/11
2021 P 2015 Research Database (39.5) ’
(NHIRD)
Pendlebury  United 2002 Oxford Vascular 674
X i + .
ctal,2024  Kingdom Prospective  Cohort 2(;(;2 Study 1369 (49.2) 72+13 4.87 236 1133 10/11
Radboud
University
Petors 2006 Nijmegen 142
Netherlands ~ Prospective ~ Cohort to Diffusion Tensor 331 642+8.3 9 270 61 10/11
etal., 2022 . (43)
2015 and Magnetic
Resonance Cohort
study
Richmond- New 1989 New Zealand- 360529
Rakerd Zealand Prospective  Cohort to based population 1,742,406 (49.4) 61-70% 30 465330 1,277,076 11/11
etal., 2024 2019 register study ’
United .
Shah et al., . 1997 to Cardiovascular 3393
2013 Stateslof Prospective  Cohort 2008 Health Study 5888 (57.6) 72.8+5.6 10 639 5249 10/11
America
Finnish Public
.. 1986 Sector study,
St‘illla 50p; Finland  Prospective Cohort  to  Healthand Social 260490 1(87%927)6 18-39¢ 15.4 77108 183382 11/11
” 2005  Support study, Still ’
Working study
United 2000 .
ggt&“ 3l Statesof  Prospective Cohort  to G;;[‘eg;‘; Eﬂ;f“fj"“ 3069 (]421; 78.5 6.1 221 2848 10/11
America 2008 Ty study ’
Wang United 2006 34752 59.59 +
etal,2025  Kingdom Prospective  Cohort 28(;9 UK Biobank 69,731 (49.8) 707 10.75 21469 48262 11/11

"Mean t SE. "Mean + SD/Median, (IQR); ¥50th percentile Range. 5JBI (Joanna Briggs Institute). Abbreviation: NA: Not applicable.
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Secondary outcomes: type of infection

Excluding the 3 studies with overlapping databases,
subgroup analyses were conducted in the remaining
13 studies. Sepsis (n = 8) was the most frequently
reported outcome, followed by Pneumonia (n = 6),
Urinary Tract Infection (n = 3), and Skin and Soft
Tissue infections (n= 3). Among the infections,
having Sepsis (HR: 1.78, 95% CI: 1.53-2.08) was
associated with the highest risk of all-cause
Dementia, followed by Pneumonia (HR: 1.69, 95%
CI: 1.35-2.11), Urinary Tract Infection (HR: 1.57,
95% CI: 1.12-2.18) and Skin and Soft Tissue
infections (HR: 1.42, 95% CI: 1.13-1.78). The I?
index was 97.1% and the Cochran Q-test was
significant at p < 0.01 (Figure 2).

Of the 8 studies reporting sepsis outcomes, Shah et al.
and Guerra et al. reported on severe sepsis and the risk
of developing all-cause Dementia. There was no
significant difference seen in patients hospitalized with
sepsis or severe sepsis (HR: 1.85, 95% CI: 1.58-2.17
vs. HR: 1.06, 95% CI: 1.06-2.65, p = 0.68) and the risk
of developing all-cause Dementia (Supplementary
Figure 5).

There are only 3 and 4 studies respectively comparing
the risk of only viral [10, 26, 29] or bacterial infections
[10, 23, 26, 29] in developing all-cause Dementia.
There were no significant differences in the impact of
hospitalization with either viral or bacterial infection
(HR: 3.08, 95% CI: 1.64-5.81 vs. HR: 2.35, 95% CI:
1.47-3.74, p = 0.50) in developing all-cause Dementia
(Supplementary Figure 6).

Study logHR Standard Error
Beydoun et al, 2023 0.7793 0.0292
Bohn et al, 2023 0.5306 0.0465
Chou et al, 2017 0.7372 0.0438
Guerra et al, 2012 0.2231 0.0365
QOu et al, 2021 0.4700 0.1100
Richmond-Rakerd et al, 2024 1.0750 0.0452
Shah et al, 2013 0.8065 0.1664
Sipila et al, 2021 0.3920 0.0396
Tate et al, 2014 0.6419 0.1692
Peters et al, 2022 0.5988 0.2714
Pendlebury et al, 2024 0.7031 0.2875
Muzambi et al, 2021 0.4253 0.0084

Random effects model
Heterogeneity: 1° = 97.3%, v = 0.0563, p < 0.0001

Lower risk of Dementia

Subgroup analysis: subtype of Dementia

While majority of the studies reported on all-cause
Dementia, 6 and 3 studies reported on AD [10, 17, 19, 23,
26, 29] and Vascular Dementia [10, 26, 29] respectively.
As both Beydoun et al. and Wang et al. share the same
database, Wang et al. was excluded from the analysis of
AD. Our analysis found that patients hospitalized with
infection were at significantly higher risk of developing
both forms of Dementia. However, patients hospitalized
with infection were at significantly higher risk of
developing Vascular Dementia compared to AD (HR:
3.68, 95% CI: 2.16-6.27 vs. HR: 1.60, 95% CI: 1.23-
2.08, p = 0.0061). The I> index was 98.9% and the
Cochran Q-test was significant at p < 0.0001 (Figure 3).

Subgroup analysis: duration of follow-up

Of the 13 studies, 5 studies had median follow-up
duration of 10 or more years [10, 12, 17, 26, 27] while
the remaining 8 studies had a duration of less than 10
years [11, 19-21, 23-25, 28]. Studies with 10 or more
years of follow-up had significantly higher risk of
patients hospitalized with infections developing all-
cause Dementia (HR: 2.04, 95% CI: 1.60-2.60 vs.
HR: 1.57, 95% CI: 1.33-1.86, p < 0.0001) compared
to studies with less than 10 years. The 1> index was
98.2% and the Cochran Q-test was significant at p <
0.0001 (Supplementary Figure 7).

Subgroup analysis: study design

Majority of the 13 studies were conducted prospectively
(n = 8). Compared to Retrospective studies, Prospective

Risk of Dementia HR 95%-Cl Weight

: 2.18 [2.06;2.31] 10.0%

- 1.70 [1.55;1.86] 9.8%

== 2.09 [1.92;2.28] 9.8%

: 1.25 [1.16;1.34] 9.9%

— 1.60 [1.29;1.98] 8.4%

. == 293 [2.68;3.20] 9.8%

—8— 224 [162;3.10] 6.8%

: 1.48 [1.37;1.60] 9.9%

—%— 190 [1.36;2.65] 6.7%

—&——  1.82 [1.07;3.10] 4.4%

——%—— 202 [1.15;3.55] 4.1%

] 1.53 [1.51;1.56] 10.2%

l <>I 1.83 [1.58; 2.13] 100.0%
0.5 1 2

Higher risk of Dementia

Figure 1. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with infections after

sensitivity analysis and excluding overlapping databases.
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studies had significantly higher risk of patients
hospitalized with infections developing all-cause
Dementia (HR: 2.00, 95% CI: 1.67-2.40 vs. HR: 1.49,
95% CI: 1.22-1.83, p < 0.01). The I? index was 98.2%
and the Cochran Q-test was significant at p < 0.0001
(Supplementary Figure 8).

Subgroup analysis: study size

Due to differing sample sizes, we conducted a subgroup
analysis based on the sample sizes (>10,000 and
Study logHR Standard Error

Infection = Pneumonia

Bohn et al, 2023 0.4383 0.0577
Mawanda et al, 2016 0.0953 0.0393
Muzambi et al, 2021 0.6313 0.0299
Tate et al, 2014 0.8755 0.1842
Ou et al, 2021 0.4700 0.1100
Shah et al, 2013 0.8065 0.1664

Random effects model
Heterogeneity: /% = 96.1%, ©° = 0.0681, p < 0.0001

Infection = Urinary Tract Infection

Bohn et al, 2023 0.6831 0.0615
Mawanda et al, 2016 0.1222 0.0226
Muzambi et al, 2021 0.5481 0.0132

Random effects model
Heterogeneity: I° = 99.3%, v* = 0.0842, p < 0.0001

Infection = Sepsis

Mawanda et al, 2016 0.3293 0.0914
Muzambi et al, 2021 0.7324 0.0490
Shah et al, 2013 0.8242 0.2564
Peters et al, 2022 0.5988 0.2714
Sipila et al, 2021 0.5247 0.1373
Chou et al, 2017 0.7372 0.0438
Geurra et al, 2012 0.3365 0.0455
Bohn et al, 2023 0.7561 0.1955

Random effects model
Heterogeneity: /% = 88.4%, t° = 0.0325, p < 0.0001

Infection = Skin and Soft Tissue Infection

Bohn et al, 2023 0.5128 0.0910
Mawanda et al, 2016 0.1310 0.0245
Muzambi et al, 2021 0.4318 0.0150

Random effects model
Heterogeneity: /2 = 98.2%, t° = 0.0382, p < 0.0001

Random effects model
Heterogeneity: /% = 97.1%, v° = 0.0485, p < 0.0001
Test for subgroup differences: xg =2.80, df = 3 (p = 0.4230)

Lower risk of Dementia

<10,000). We found no significant differences between
studies of different sample sizes in the risk of
developing all-cause Dementia (HR: 1.70, 95% CI:
1.41-2.06 vs. HR: 2.02, 95% CI: 1.66-2.47, p = 0.22).
The 1% index was 98.2% and the Cochran O-test was
significant at p < 0.0001 (Supplementary Figure 9).

Subgroup analysis: region

4 studies were conducted in Europe, while 6 studies
were conducted in North America and the remaining

Risk of Dementia HR 95%-Cl Weight

L ] 155 [1.38;1.74] 57%

5 1.10 [1.02;1.19] 59%

: 1.88 [1.77;1.99] 6.0%

—s— 240 [1.67;3.44] 3.6%

—— 1.60 [1.29;1.98] 4.9%

—— 224 [162;3.10] 3.9%

= 1.69 [1.35; 2.11] 29.8%

2 1.98 [1.76;2.23] 56%

' 1.13 [1.08;1.18] 6.0%

, 1.73 [1.69;1.78] 6.0%

—— 1.57 [1.12; 2.18] 17.7%

- 1.39 [1.16;1.66] 5.2%

. 2.08 [1.89;2.29] 5.8%

——=%—— 2.28 [1.38;3.77] 26%

——#——  1.82 [1.07;3.10] 24%

—— 1.69 [1.29;2.21] 4.4%

: 2.09 [1.92;2.28] 5.8%

n: 1.40 [1.28;1.53] 58%

——#— 213 [145;3.12] 3.4%

< 1.78 [1.53; 2.08] 35.3%

- 1.67 [1.40;2.00] 5.2%

' 114 [1.09;1.20] 6.0%

1.54 [1.50;1.59] 6.0%

< 1.42 [1.13;1.78] 17.2%

. <>I 1.65 [1.48; 1.83] 100.0%
0.5 1 2

Higher risk of Dementia

Figure 2. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with infections

based on subtype of infections.
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3 studies were conducted in the Asia-Pacific region.
Based on our meta-analysis, there were no significant
difference in the risk of patients hospitalized with
infection developing all-cause Dementia among the 3
regions (HR: 1.53, 95% CI: 1.50-1.55 vs. HR: 1.66,
95% CI: 1.32-2.08, vs. HR: 2.16, 95% CI: 1.54-3.03,
p = 0.10). The I? index was 98.2% and the Cochran
O-test was significant at p < 0.0011 (Supplementary
Figure 10).

DISCUSSION

To investigate the association between the
hospitalization with infection and risk of Dementia, we
conducted a systematic review and meta-analysis
involving 16 studies and 4,266,276 patients to
determine if hospitalization with infection is
associated with increased risk of developing Dementia.
We found that hospitalization with infection was
associated with increased risk of all-cause Dementia
(HR: 1.83, 95% CI: 1.58-2.13, p < 0.0001), AD (HR:
1.60, 95% CI: 1.23-2.08, p < 0.001) and Vascular
Dementia (HR: 3.68, 95% CI: 2.16-6.27, p < 0.001)
compared to patients that were not hospitalized with
infections. Among the infections, having Sepsis (HR:
1.78, 95% CI: 1.53-2.08) was associated with the
highest risk of developing all-cause Dementia,
followed by Pneumonia (HR: 1.69, 95% CI: 1.35—
2.11), Urinary Tract Infections (HR: 1.57, 95% CI:
1.12-2.18) and Skin and Soft Tissue infections (HR:
1.42,95% CI: 1.13-1.78).

Our meta-analysis is the first to provide a
comprehensive analysis on the impact of hospitalization
with infection and risk of developing all-cause
Dementia, AD and Vascular Dementia. Our study is
also the first to provide HRs on the impact of various
common infections on the risk of developing all-cause
Dementia. Infections in the elderly tend to result in
greater morbidity and mortality, accounting for one
third of all deaths in people 65 years and older [30]. The
impact of an infection on elderly can result in functional
decline, increased risk of myocardial infarction, stroke,
and exacerbate existing chronic conditions over time
[31]. Based on multiple large scale longitudinal studies
conducted in Europe and Asia-Pacific [10, 26, 29], there
is increasing evidence of the impact of hospitalization
with infection on the risk of all-cause Dementia. In the
elderly population, infections involving the urinary
tract, respiratory system, skin and soft tissue infections
are the most common reason for hospitalization [31].
Based on this, our meta-analysis found that among the
common infections, Sepsis (HR: 1.78, 95% CI: 1.53—
2.08) was associated with the highest risk of developing
all-cause Dementia, followed by Pneumonia (HR: 1.69,
95% CI: 1.35-2.11), Urinary Tract Infections (HR:
1.57, 95% CI. 1.12-2.18), Skin and Soft Tissue
infections (HR: 1.42, 95% CI: 1.13-1.78) indicating
that all infections are associated with risk of all-cause
Dementia. While severity of infection may be a
contributing factor to all-cause Dementia, our study
did not find any significant difference in patients
hospitalized with sepsis or severe sepsis.

Study logHR Standard Error Risk of Dementia HR 95%-Cl Weight
Dementia = Alzheimer Disease

Qu et al, 2021 0.4700 0.1100 —'— 1.60 [1.29;1.98] 12.4%
Beydoun et al, 2023 0.6575 0.0463 1.93 [1.76;2.11] 12.8%
Chou et al, 2017 0.1398 0.1674 —_ 1.15 [0.83;1.60] 11.8%
Richmond-Rakerd et al, 2024 0.8242 0.0412 2.28 [2.10;2.47] 12.8%
Sipila et al, 2021 0.1823 0.0531 : 1.20 [1.08;1.33] 12.8%
Random effects model < 1.60 [1.23; 2.08] 62.6%
Heterogeneity: 1% = 96.1%, t° = 0.0804, p < 0.0001 :

Dementia = Vascular Dementia

Richmond-Rakerd et al, 2024 1.5261 0.0338 4,60 [4.31;4.91] 12.9%
Sipila et al, 2021 0.7372 0.1398 =5 2.09 [1.59;2.75] 12.1%
Wang et al, 2025 1.6114 0.1076 : —=— 5.01 [4.06;6.19] 12.4%
Random effects model <= 3.68 [2.16; 6.27] 37.4%
Heterogeneity: 1% = 93.6%, 2 = 0.2117, p < 0.0001 §

Random effects model - 2.17 [1.48; 3.18] 100.0%
Heterogeneity: 1 = 98.9%, > = 0.2938, p < 0.0001 0'2 0'5 1 ; ;

Test for subgroup differences: xf =7.51,df =1 (p =0.0061)

Lower risk of Dementia

Higher risk of Dementia

Figure 3. Forest Plot of pooled Hazard Ratio (HR) for risk of different subtypes of Dementia in patients hospitalized with

infections.
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Two studies from the Clinical Practice Research
Datalink database, Muzambi et al. and Morton et al.,
compared the frequency of hospitalization for infection
and risk of all-cause Dementia. Muzambi et al. found
that the incident infection carries the highest risk (HR:
1.34, 95% CI: 1.32-1.37) while subsequent infection
carried a lower risk (HR: 1.02, 95% CI: 1.01-1.02) of
all-cause Dementia. However, in the study by Morton
etal. which included only post-stroke patients, the
incident infection carried the lowest risk (HR: 1.27,
95% CI: 1.13-1.43) while subsequent 2nd, 3rd and 4th
infections carried a higher HR of 1.31, 1.50 and 1.71
respectively. Although the number of studies is limited,
the differing impacts of subsequent infections observed
may be explained by the possibility that a pre-existing
stroke accelerates the progression to all-cause Dementia
in patients experiencing repeated infections [32].
Therefore, more research on the frequency of
hospitalization for infection and risk of all-cause
Dementia in different subgroups should be studied.

The relationship between systemic inflammation and
neurodegeneration is well supported by our meta-
analysis. Our study found that hospitalization with
infection was associated with increased risk of all-cause
Dementia (HR: 1.69, 95% CI: 1.35-2.11, p < 0.0001),
AD (HR: 1.60, 95% CI: 1.23-2.08, p < 0.001) and
Vascular Dementia (HR: 3.68, 95% CI: 2.16-6.27, p <
0.001). In recent years, there is growing body of
evidence that shows the infiltration of pathogens may
trigger AD. Firstly, pathogens may directly weaken the
blood-brain barrier, and cross into the central nervous
system, causing neurological damage by stimulating
neuroinflammation. Secondly, pathogens may cross the
intestinal barrier, reach systemic circulation, and cross
into the blood-brain barrier. These pathogens may cause
low-grade chronic inflammation and subsequently
neuroinflammation from the periphery [33]. Particularly
in AD, the most common form of Dementia, bridging of
the blood-brain barrier by pathogens such as viruses,
bacteria, fungi and parasites may increase the risk of
symptomatic infections. It is possible that DNA/RNA,
proteins, enzymes or lipopolysaccharides linked directly
or indirectly to the pathogens may contribute to chronic
low-grade neuroinflammation, resulting in enhanced
production of amyloid-p (AP) and aggregation of
hyperphosphorylated tau  protein, resulting in
neurodegeneration and cognitive decline [34]. Although
certain viruses such as Herpes simplex virus (types 1
and 2), Human Herpes Virus 6, Varicella zoster virus
(VZV), Human immunodeficiency virus (HIV),
Epstein—Barr virus (EBV), cytomegalovirus (CMV) and
hepatitis C virus (HCV) have been linked with
development of AD, these viruses do not account for
common hospital treated infections and should be
further researched [35]. While the link between

hospitalization with infections and Vascular Dementia
is unclear, the association between hospitalization
with infections and cardiovascular dysfunction and
complications have been well studied [31]. These
complications in turn lead to cerebrovascular disease,
brain injury and the resulting disruption of cognitive
networks may culminate in Vascular Dementia [36].

Data from WHO have found age to be the strongest risk
factor for the development of Dementia [1]. However, it
is not an inevitable consequence of biological aging and
Dementia does not exclusively impact older people as
young onset Dementia accounts for up to 9% of cases
worldwide [1]. The duration of follow-up helps to better
ascertain the impact of aging on the development of
Dementia. While age could be a potential confounder
[37], we selected hazard ratios that adjusted for age in
all of the studies included in our meta-analysis. We
found that studies with 10 or more years of follow-up
had significantly higher risk of patients hospitalized
with infections developing all-cause Dementia (HR:
2.04, 95% CI: 1.60-2.60 vs. HR: 1.57, 95% CI: 1.33—
1.86, p < 0.01) compared to studies with shorter follow-
up duration (10 years or less). This highlights that even
in shorter duration of time, the risk of all-cause
Dementia increases in patients hospitalized with
infections. Furthermore, Muzambi et al. found that the
risk of all-cause Dementia is highest in the first year
after infection (HR: 1.86, 95% CI: 1.80-1.92). The
mean age of the patients hospitalized with infections in
majority of the studies are in the ranges of 60-75 years
old. A meta-analysis by Jorm et al. has shown that the
incidence of all-cause Dementia and AD increases
exponentially from 65 years old [37]. This indicates that
a significant proportion of patients are already facing an
exponential risk of developing Dementia at baseline,
coupled with the fact that an exposure to hospitalization
with infection significantly increases the risk of all-
cause Dementia in the short term and even higher in the
long term even after adjusting for age. This highlights
the potential need to institute early Dementia prevention
and treatment for at risk patients.

Further directions

While our meta-analysis confirms that hospitalization
with infections increases the risk of all-cause Dementia,
we are unable to determine the impact of severity of
infections. Our study found a significantly higher risk of
hospitalization with infection with Vascular Dementia
compared to AD. Further functional studies to identify
novel pathophysiologic clues will be wuseful for
diagnostic and therapeutic purposes. Clinical studies
should also focus on early intervention and treatment
for hospitalized elderly patients with infections to
mitigate the risk of developing AD and Vascular
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Dementia [38, 39]. All the studies did not include other
less common forms of Dementia such as Lewy Body
Dementia or Frontotemporal Dementia. Further studies
can consider analysing the impact of hospitalization
with infections on these other subtypes of Dementia.

Limitations

First, due to the characteristics of the studies included,
we were unable to perform analysis based on severity of
infections or duration of hospitalizations. Although
severity of infections is an important factor to consider,
majority of the studies did not distinguish between the
severity of infections. While our study conducted
subgroup analysis between the severity of sepsis, the
limited number of studies requires careful interpretation
of the analysis. Second, duration of follow-up varied
among studies. Our analysis showed that studies
of longer follow-up duration reported greater risk of
developing all-cause Dementia compared to studies
of shorter duration. We acknowledge the potential
limitation of using median follow-up duration as a
surrogate for follow-up duration. However, median
follow-up duration is commonly reported across all
studies. Third, while the majority of the studies reported
on all-cause Dementia, only 6 and 3 studies separately
reported AD [10, 17, 19, 23, 26, 29] and Vascular
Dementia [10, 26, 29] respectively. Therefore, the
pooled HR for the subgroup analysis on AD and
Vascular Dementia may be heavily influenced by
individual studies. Fourth, 5 studies in our meta-
analysis had overlapping databases (Beydoun et al. and
Wang et al. from the UK Biobank database while
Chalitsios et al.,, Morton et al. and Muzambi et al.
utilized the Clinical Practice Research Datalink
database). To ensure that there is no overlapping data,
we included the study with the largest sample size in
the respective analysis. Fifth, due to the scope of this
paper, we did not include non-hospitalization related
infections such as Herpes Simplex Virus, Human
Immunodeficiency Virus infections that have been
shown to be associated with AD [40, 41]. Sixth, our
study excluded Covid-19 related studies as this was the
focus of a meta-analysis recently [8]. The meta-analysis
found that Covid-19 infections increase the risk of
developing new-onset Dementia (HR = 1.49, 95% CI:
1.33-1.68). Last, as our study included adjusted HR
from all studies, the variables used in each model are
different. To account for the possibility of heterogeneity
between studies, our study conducted sensitivity
analysis to account for the heterogeneity.

CONCLUSIONS

Our meta-analysis involving 16 studies and 4,266,276
patients showed for the first time that hospitalization

with infection increases the risk of all-cause Dementia,
AD and Vascular Dementia. Among the infections,
Sepsis carries the highest risk of developing all-cause
Dementia, followed by Pneumonia, Urinary Tract
Infections, Skin and Soft Tissue infections. Based on
our findings, we suggest that early intervention and
treatment for at risk hospitalized elderly patients with
infections can potentially help to mitigate the risk of
developing AD and Vascular Dementia.
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SUPPLEMENTARY MATERIALS

Supplementary Figures
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Records removed before
screening:

Duplicate records removed

(n = 744)

¥

Records screened

(n = 1156)
|

Records excluded**

(n = 1126)

'

Reports sought for retrieval

(n = 30) |

*

Reports not retrieved

Reports assessed for eligibility

(n = 30)
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(n=16)

Reports excluded (n = 14)

Supplementary Figure 1. PRISMA Flowchart.
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Study logHR Standard error Risk of Dementia HR 95%—Cl Weight

Beydoun et al, 2023 0.7793 0.0292 ' 2.18 [2.06;2.31] 6.9%
Bohn et al, 2023 0.5306 0.0465 1.70 [1.55;1.86] 6.8%
Chalitsios et al, 2023 0.6098 0.0291 1.84 [1.74;1.95] 6.9%
Chou et al, 2017 0.7372 0.0438 2.09 [1.92;2.28] 6.8%
Guerra et al, 2012 0.2231 0.0365 1.25 [1.16;1.34] 6.9%
Mawanda et al, 2016 0.1655 0.0173 1.18 [1.14;1.22] 7.0%
Morton et al, 2023 0.3075 0.0506 = 1.36 [1.23;1.50] 6.8%
Muzambi et al, 2021 0.4253 0.0084 1.53 [1.51;1.56] 7.0%
Ou et al, 2021 0.4700 0.1100 — 1.60 [1.29;1.98] 6.2%
Pendlebury et al, 2024 0.7031 0.2875 ———— 202 [1.15;355] 3.7%
Peters et al, 2022 0.5988 0.2714 —— 1.82 [1.07;3.10] 3.9%
Richmond-Rakerd et al, 2024 1.0750 0.0452 293 [2.68;3.20] 6.8%
Shah et al,, 2013 0.8065 0.1664 — 224 [1.62;3.10] 5.4%
Sipila et al, 2021 0.3920 0.0396 1.48 [1.37;1.60] 6.9%
Tate et al, 2014 0.6419 0.1692 — 1.90 [1.36;2.65] 5.3%
Wang et al, 2025 1.2837 0.0585 —+ 3.61 [3.22;4.05] 6.7%
Random effects model < 1.83 [1.56; 2.14] 100.0%
Heterogeneity: /° = 98%, t° = 0.0916, p <0.01 os 1 .

Lower risk of Dementia  Higher risk of Dementia

Supplementary Figure 2. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with
infections.

40 -

Influence on pooled result

(.) 5:0 I(I)El 1 .‘I:D 2[‘)0 2é0
Overall heterogeneity contribution

Supplementary Figure 3. Baujat Plot for hospitalization with infection and risk of all-cause Dementia based on pooled
hazard ratios of 16 studies.
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Omitting Mawanda et al, 2016

Omitting Wang et al, 2025

Omitting Richmond-Rakerd et al, 2024

Omitting Beydoun et al, 2023

Omitting Chou et al, 2017

Omitting Guerra et al, 2012

Omitting Chalitsios et al, 2023

Omitting Muzambi et al, 2021

Omitting Morton et al, 2023

Omitting Shah et al,, 2013

Omitting Bohn et al, 2023

Omitting Sipila et al, 2021

Omitting Tate et al, 2014

Omitting Pendlebury et al, 2024

Omitting Peters et al, 2022

Omitting Ou et al, 2021

Sorted by /2

F* = 98%; . = 0.64 [0.48-0.79]
1 = 98%; . = 0.55 [0.41-0.69]
1 = 98%; 0. = 0.57 [0.41-0.72)
I = 98%; 0. = 0.59 [0.42-0.76]
1% = 98%; 0. = 0.50 [0.43-0.76)
1? = 98%; 6. = 0.63 (0.47-0.79]
F# = 98%; . = 0.60 [0.43-0.77]
1* =98%; 6. = 0.62(0.45-0.78]
17 =98%; . = 0.62[0.46-0.79]
P = 98%:; . = 0.59 [0.43-0.76]
P = 98%; 6. = 0.61 [0.44-0.78]
F* = 98%; . = 0.62 [0.45-0.78]
F* = 98%; . = 0.60 [0.44-0.77]
1* =98%; 6. = 0.60 [0.44-0.76]
P = 98%; . = 0.60 [0.44-0.77)

P = 98%:; . = 0.61 [0.45-0.78)

03 05 09 11

07
Effect Size (Random-Effects Model)

Supplementary Figure 4. Leave one out analysis for hospitalization with infection and risk of all-cause Dementia based on
pooled hazard ratios of 16 studies. Effect size refers to treatment effect (logHR).

Study logHR Standard Error Risk of Dementia HR 95%-Cl Weight
Severity = Sepsis :

Mawanda et al, 2016 0.3293 0.0914 -, 1.39 [1.16;1.66] 14.9%
Muzambi et al, 2021 0.7324 0.0490 g 2.08 [1.89;2.29] 17.4%
Peters et al, 2022 0.5988 0.2714 —— 1.82 [1.07;3.10] 5.7%
Sipila et al, 2021 0.5247 0.1373 — 1.69 [1.29;2.21] 11.8%
Chou et al, 2017 0.7372 0.0438 : 2.09 [1.92;2.28] 17.7%
Bohn et al, 2023 0.7561 0.1955 —=— 213 [1.45;3.12] 8.6%
Random effects model < 1.85 [1.58; 2.17] 76.2%
Heterogeneity: /2 = 73.8%, 1° = 0.0246, p = 0.0019 1

Severity = Severe Sepsis :

Shah et al, 2013 0.8242 0.2564 ——— 228 [1.38;3.77] 6.2%
Geurra et al, 2012 0.3365 0.0455 ; 1.40 [1.28;1.53] 17.6%
Random effects model __ 1.67 [1.06; 2.65] 23.8%
Heterogeneity: /° = 71.5%, ©° = 0.0850, p = 0.0611 :

Random effects model < 1.78 [1.53; 2.08] 100.0%
Heterogeneity: /° = 88.4%, v° = 0.0325, p < 0.0001 os 1 ,

Test for subgroup differences: xf =0.17,df =1 (p = 0.6819)

Lower risk of Dementia Higher risk of Dementia

Supplementary Figure 5. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with
infections based on severity of sepsis.
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Study logHR Standard Error Risk of Dementia HR 95%-Cl Weight

Infection = Viral :
Richmond-Rakerd et al, 2024 1.2000 0.0621 : 3.32 [2.94;3.75] 14.5%

Sipila et al, 2021 0.5306 0.1028 — 1.70 [1.39;2.08] 14.1%
Wang et al, 2025 1.6544 0.1279 . 5523 [4.07;6.72] 13.7%

Random effects model <‘-:_._>- 3.08 [1.64;5.81] 42.3%
Heterogeneity: I = 96.2%, t° = 0.3038, p < 0.0001 :

Infection = Bacterial :
Ou et al, 2021 0.4700 0.1100 - 1.60 [1.29;1.98] 14.0%

Richmond-Rakerd et al, 2024 1.2296 0.0484 : 3.42 [3.11;3.76] 14.6%
Sipila et al, 2021 0.4055 0.0406 : 1.50 [1.39;1.62] 14.6%
Wang et al, 2025 1.2920 0.0594 j 3.64 [3.24;4.09] 14.5%
Random effects model - 2.35 [1.47;3.74] 57.7%

Heterogeneity: I = 98.8%, t° = 0.2231, p < 0.0001

Random effects model = 2.63 [1.83; 3.78] 100.0%

Heterogeneity: 1° = 98.1%, 1° = 0.2306, p < 0.0001 ! ' ! '

Test for subgroup differences: xf =0.46, df =1 (p = 0.4965) 02 05 1 2 5
Lower risk of Dementia Higher risk of Dementia

Supplementary Figure 6. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with
infections based on bacterial vs. viral infections.

Study logHR Standard Error Risk of Dementia HR 95%-Cl Weight
Follow.Up = 10 years or more

Beydoun et al, 2023 0.7793 0.0292 2.18 [2.06;2.31] 9.0%
Bohn et al, 2023 0.5306 0.0465 = 1.70 [1.55;1.86] 8.8%
Richmond-Rakerd et al, 2024 1.0750 0.0452 -+ 293 [2.68;3.20] 8.8%
Shah et al, 2013 0.8065 0.1664 —+—— 224 [1.62;3.10] 6.4%
Sipila et al, 2021 0.3920 0.0396 1.48 [1.37;1.60] 8.9%
Random effects model <> 2.04 [1.60; 2.60] 41.8%

Heterogeneity: /2 = 97.3%, 12 = 0.0711, p < 0.0001

Follow.Up = <10 years

Chou et al, 2017 0.7372 0.0438 = 2.09 [1.92;2.28] 8.8%
Guerra et al, 2012 0.2231 0.0365 1.25 [1.16;1.34] 8.9%
Ou et al, 2021 0.4700 0.1100 — 1.60 [1.29;1.98] 7.7%
Tate et al, 2014 0.6419 0.1692 — 1.90 [1.36;2.65] 6.4%
Peters et al, 2022 0.5988 0.2714 —+— 1.82 [1.07;3.10] 4.3%
Pendlebury et al, 2024 0.7031 0.2875 —+— 2,02 [1.15;3.55] 4.1%
Muzambi et al, 2021 0.4253 0.0084 1.53 [1.51;1.56] 9.1%
Mawanda et al, 2016 0.1655 0.0173 1.18 [1.14;1.22] 9.0%
Random effects model < 1.57 [1.33; 1.86] 58.2%

Heterogeneity: 12 = 97.4%, t° = 0.0444, p < 0.0001

Random effects model <> 1.76 [1.51; 2.05] 100.0%

Heterogeneity: /2 = 98.2%, t° = 0.0671, p < 0.0001 ' :
Test for subgroup differences: xf =2.92,df =1 (p =0.0874) 05 1 e

Lower risk of Dementia  Higher risk of Dementia

Supplementary Figure 7. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with
infections based on median duration of follow-up.
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Study logHR Standard Error Risk of Dementia HR 95%-Cl Weight

Study.Design = Prospective

Beydoun et al, 2023 0.7793 0.0292 2.18 [2.06;2.31] 9.0%
Bohn et al, 2023 0.5306 0.0465 = 1.70 [1.55;1.86] 8.8%
Richmond-Rakerd et al, 2024 1.0750 0.0452 -~ 293 [2.68;3.20] 8.8%
Shah et al, 2013 0.8065 0.1664 —+ 224 [1.62;3.10] 6.4%
Sipila et al, 2021 0.3920 0.0396 1.48 [1.37;1.60] 8.9%
Tate et al, 2014 0.6419 0.1692 —— 1.90 [1.36;2.65] 6.4%
Peters et al, 2022 0.5988 0.2714 —+— 1.82 [1.07;3.10] 4.3%
Pendlebury et al, 2024 0.7031 0.2875 —=—2.02 [1.15;3.55] 4.1%
Random effects model > 2.00 [1.67; 2.40] 56.5%

Heterogeneity: /? = 95.3%, t° = 0.0506, p < 0.0001

Study.Design = Retrospective

Chou et al, 2017 0.7372 0.0438 = 2.09 [1.92;2.28] 8.8%
Guerra et al, 2012 0.2231 0.0365 1.25 [1.16;1.34] 8.9%
Ou et al, 2021 0.4700 0.1100 — 1.60 [1.29;1.98] 7.7%
Muzambi et al, 2021 0.4253 0.0084 153 [1.51;1.56] 9.1%
Mawanda et al, 2016 0.1655 0.0173 1.18 [1.14;1.22] 9.0%
Random effects model = 1.49 [1.22; 1.83] 43.5%
Heterogeneity: /? = 98.5%, t> = 0.0511, p < 0.0001

Random effects model > 1.76 [1.51; 2.05] 100.0%
Heterogeneity: /% = 98.2%, > = 0.0671, p < 0.0001 os . ,

Test for subgroup differences: xf =4.50, df =1 (p = 0.0340)
Lower risk of Dementia  Higher risk of Dementia

Supplementary Figure 8. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with
infections based on study design.

Study logHR Standard Error Risk of Dementia HR 95%-Cl Weight
Size =>10000

Beydoun et al, 2023 0.7793 0.0292 2.18 [2.06;2.31] 9.0%
Bohn et al, 2023 0.5306 0.0465 == 1.70 [1.55;1.86] 8.8%
Chou et al, 2017 0.7372 0.0438 == 2.09 [1.92;2.28] 8.8%
Guerra et al, 2012 0.2231 0.0365 1.25 [1.16;1.34] 8.9%
Ou et al, 2021 0.4700 0.1100 —— 1.60 [1.29;1.98] 7.7%
Richmond-Rakerd et al, 2024 1.0750 0.0452 -+ 293 [2.68;3.20] 8.8%
Sipila et al, 2021 0.3920 0.0396 1.48 [1.37;1.60] 8.9%
Muzambi et al, 2021 0.4253 0.0084 158 [1.51;1.56] 9.1%
Mawanda et al, 2016 0.1655 0.0173 1.18 [1.14;1.22] 9.0%
Random effects model > 1.70 [1.41;2.06] 78.8%
Heterogeneity: I? = 98.8%, v° = 0.0823, p <0.0001

Size = <10000

Shah et al, 2013 0.8065 0.1664 —+— 224 [1.62;3.10] 6.4%
Tate et al, 2014 0.6419 0.1692 — 1.90 [1.36;2.65] 6.4%
Peters et al, 2022 0.5988 0.2714 —+—— 1.82 [1.07;3.10] 4.3%
Pendlebury et al, 2024 0.7031 0.2875 —=—2.02 [1.15;3.55] 4.1%
Random effects model = 2.02 [1.66; 2.47] 21.2%
Heterogeneity: /2 = 0%, v* = 0, p = 0.8815

Random effects model <> 1.76 [1.51; 2.05] 100.0%
Heterogeneity: /2 = 98.2%, v° = 0.0671, p < 0.0001 5 : 2'

Test for subgroup differences: xf =1.50, df =1 (p = 0.2203)
Lower risk of Dementia  Higher risk of Dementia

Supplementary Figure 9. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized with
infections based on total sample size of study.
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Study logHR Standard Error Risk of Dementia HR 95%~-Cl Weight

Region = North-America

Beydoun et al, 2023 0.7793 0.0292 2.18 [2.06;2.31] 9.0%
Bohn et al, 2023 0.5306 0.0465 = 1.70 [1.55;1.86] 8.8%
Guerra et al, 2012 0.2231 0.0365 1.25 [1.16;1.34] 8.9%
Shah et al, 2013 0.8065 0.1664 —+—— 224 [1.62;3.10] 6.4%
Tate et al, 2014 0.6419 0.1692 — 1.90 [1.36;2.65] 6.4%
Mawanda et al, 2016 0.1655 0.0173 1.18 [1.14;1.22] 9.0%
Random effects model = 1.66 [1.32; 2.08] 48.4%

Heterogeneity: /° = 98.6%, t° = 0.0722, p < 0.0001

Region = Asia-Pacific

Chou et al, 2017 0.7372 0.0438 == 2.09 [1.92;2.28] 8.8%
Ou et al, 2021 0.4700 0.1100 —— 1.60 [1.29;1.98] 7.7%
Richmond-Rakerd et al, 2024 1.0750 0.0452 =+ 293 [2.68;3.20] 8.8%
Random effects model < 2.16 [1.54;3.03] 25.3%

Heterogeneity: /° = 95.3%, t° = 0.0841, p < 0.0001

Region = Europe

Sipila et al, 2021 0.3920 0.0396 1.48 [1.37;1.60] 8.9%
Peters et al, 2022 0.5988 0.2714 —— 1.82 [1.07;3.10] 4.3%
Pendlebury et al, 2024 0.7031 0.2875 —+— 2.02 [1.15;3.55] 4.1%
Muzambi et al, 2021 0.4253 0.0084 1.53 [1.51;1.56] 9.1%
Random effects model 0 1.53 [1.50; 1.55] 26.3%

Heterogeneity: /° = 0%, t° = 0, p = 0.5660

Random effects model <> 1.76 [1.51; 2.05] 100.0%
Heterogeneity: /° = 98.2%, t° = 0.0671, p < 0.0001 ’ '
Test for subgroup differences: Xg =4.51,df =2 (p =0.1051) 05 1 2

Lower risk of Dementia Higher risk of Dementia

Supplementary Figure 10. Forest Plot of pooled Hazard Ratio (HR) for risk of all-cause Dementia in patients hospitalized
with infections based on region of study conducted.
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Supplementary Tables

Suppleme

EMBASE

ntary Table 1. Search strategy.

31 March 2025

No. Search terms Hits
1 ‘infectio*":ab,ti AND ‘hospital*':ab,ti 431,070
2. ‘alzheimer disease*":ab,ti OR ‘dementia*":ab,ti 239,160
3. #1 AND #2 1,979
4 :case study*":ti OR '§ystematic review*':ti OR 'meta analysis*':ti OR 'case report*':ti OR 6.278.846
conference abstract'/it
5 #3 NOT #4 977
MEDLINE

31 March 2025
No. Search terms Hits
1. infectio*.ab,ti. AND hospital*.ab,ti. 259,720
2. Alzheimer disease*.ab,ti. OR dementia*.ab,ti. 169,256
3. 1 AND 2 963
4. Case study*.ti. or systematic review*.ti. or meta analysis™*.ti. or case report*.ti. 814,436
5. 3NOT 4 923

Breakdown
Total 1900
Duplicates 744
Remaining 1156
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Supplementary Table 2. Study definitions of Hospitalization with infection, controls, Dementia and exclusion

criteria.
Study H.Os[).l tallsa.tlon Controls Dementia Exclusion criteria
with infection
Hospital admission
records with primary or . ICD-10 codes; Prevalent dementia or dementia that
Beydoun . . No hospital-treated s . ) .
secondary infection . . algorithmically derived from  occurred prior to baseline
etal., 2023 . e infection . .
diagnosis; ICD-10 codes medical records assessment at baseline
used.
Hospitalizations were
identified through Participants Identified via ICD-10
telephone calls, local .
Bohn et al., hospi > unexposed to records, death certificates, L . .
ospitals surveillance, and SR . . o Dementia diagnosis at baseline
2023 . . . hospitalisation with  in-person cognitive tests, and
death interviews with . . : .
. . infection. telephone interviews.
proxies. Infection was
coded by ICD-9/ICD-10.
Chalitsios ICD-10 codes.J 12-] 18; Matched non- CPRD diagnosis codes for Exclqded prior cognitive _
only community-acquired  pneumonia Lo impairment or dementia diagnosis.
et al., 2023 . S dementia; verified by expert. . . ¢
pneumonia. individuals Hospital acquired pneumonia.
Diagnosis of septicaemia ~ Matched . .
Chouetal, 10D 9)in hospital individuals without ~ nSurance claim codes; Prior dementia diagnosis
2017 P yiaua includes AD and NAD. &
records. septicemia
Patients with any diagnosis of
Diaenosis of dementia dementia, mild cognitive
Diagnosis of infection and  ICU survivors >66 g . impairment or general symptom
Guerra et al., . . . recorded from fee-for-service . .
severe sepsis in medical years with no . . mental loss. Patients discharged to
2012 ’ . insurance claims. ICD-9 . . .
records (ICD-9). infection . hospice care and patients who died
dementia codes. .
in the same quarter (three months)
of their discharge date.
Excluded patients with prior
dementia or died during the baseline
observation period. Patients with an
ICD-9 coded extra-CNS Patients without . . ICD-9 code for.othef
Mawanda e . . ICD-9 codes from inpatient neurodegenerative disorders,
bacterial infections from extra-CNS bacterial . S
etal., 2016 . ) . . . and outpatient records. cancer, chronic inflammatory
hospital records. infection diagnosis. . . .
diseases, or conditions associated
with potentially reversible or non-
neurodegenerative cognitive
impairments.
Morton GP-recorded and ICD-10  Stroke survivors Read and ICD-10 codes from dEzr;l:r?tfi:g \E;rif};?ggk;gs?}::méz ta_md
et al., 2023 coded hospital infections without infections CPRD and HES respectively stroke P
Muzambi ICD-IO cpdes, Read codes >65 years old with Read and ICD-10 codes from Excluded those with prior dementia
for infections and . . . . .
et al., 2021 q . no infections CPRD and HES respectively and cognitive impairment
antibiotics prescription
Chlamydia pneumoniae Ma.tched . . . . .
. . - individuals without ~ Alzheimer's Disease Date of the AD diagnosis less than
Ou et al,, infection using ICD-9 . . . .
. Chlamydia diagnosis based on ICD-9 1 year after the Chlamydia
2021 code from hospital . . o .
pneumoniae codes from medical records. pneumonia diagnosis.
records. : .
infection
Diagnosed via clinical
assessment, cognitive tests,
hospitalisation
Pendlebury ICD-10 codes for No hospitalisation g:ri?fl‘::: Zrtléztlz?f :iieer?:zntia Patients with major stroke or pre-
et al., 2024 infections for infections ’ existing dementia excluded.

diagnoses were made using
the DSM-IV criteria by a
senior study physician with
expertise in dementia.
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Peters et al.,
2022

Richmond-
Rakerd
et al., 2024

Shah et al.,
2013

Sipild et al.,
2021

Tate et al.,
2014

Wang et al.,
2025

Clinical diagnoses for
infections derived from
medical records of
hospitals and general
practitioners.

Diagnoses of infections
using ICD-9 and ICD-10
codes from public

inpatient hospital records.

I1CD-9 codes for
pneumonia

ICD-10 codes from
inpatient hospital
discharge information for
infections

ICD-9 codes for
pneumonia

ICD-10 codes extracted
from the UK Biobank

No hospital-treated
infections.

No infection record
across 30 years.

No hospitalisation
for pneumonia

No hospitalisation
for infections

No hospitalisation
for pneumonia

No hospital-treated
infection

DSM-1V criteria or reviewing
all medical records and
cognitive assessments.

Hospital, pharmacy and death
records via ICD-9 and ICD-
10 codes

Neuropsychiatric testing,
magnetic resonance imaging
evaluation and physician
assessment.

ICD-10 codes from hospital
inpatient records,
reimbursement for treatment
of dementia, hospital
outpatient records and death
records

Expert panel adjudication
using the DSM-IV and
NINCDS-ADRDA criteria
for dementia.

ICD-10 codes from hospital
admission records and death
registries

Patient with dementia, nonvascular
neurologic diseases, a life
expectancy less than 6 months, and
all conditions that hinder cognitive
testing or neuroimaging.

Patients with prior dementia or
dementia within 1 month of
infection diagnosis

Excluded patients with prior
dementia

Excluded patients with prior
dementia.

Excluded patients with dementia,
Parkinson’s, cognitive enhancers or
cholinesterase inhibitors use

Excluded patients with a history of
neurodegenerative disease and
missing covariate data

Abbreviations: ICD: International Classification of Diseases; CPRD: Clinical Practice Research Datalink; HES: Hospital Episode Statistics;
DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; NINCDS-ADRDA: National Institute of Neurological and
Communication Disorders and Stroke and Alzheimer’s Disease and Related Disorders Association.
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