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ABSTRACT

Background

Previous studies suggested a link between various infectious pathogens and the development of
Alzheimer’s disease (AD), posing the question whether infectious disease could present a novel
modifiable risk factor.

Objective

To assess whether infectious disease burden due to clinically apparent infections is associated with
an increased risk of AD.

Methods

We conducted a population-based nested case-control study using the United Kingdom Clinical
Practice Research Datalink. We included all dementia-free subjects >50 years of age enrolling in
the database between January 1988 and December 2017. Each case of AD identified during follow-
up was matched with up to 40 controls. Conditional logistic regression estimated adjusted odds
ratios (ORs) with 95% confidence intervals (CIs) of AD associated with >1 infection diagnosed >2
years before the index date compared with no infection during the study period. We further
stratified by time since first infection and cumulative number of infections.

Results

The cohort included overall 4,262,092 individuals (mean age at cohort entry 60.4 years; 52%
female). During a median follow-up of 10.5 years, 40,455 cases of AD were matched to 1,610,502
controls. Compared with having no burden of infectious disease, having a burden of infectious

disease was associated with an increase in the risk of AD (OR, 1.05; 95% CI, 1.02 to 1.08). The



risk increased with longer time since first infection, peaking after 12-30 years (OR, 1.11; 95% ClI,
1.05-1.17). The risk did not increase with cumulative number of infections.

Conclusion

The overall risk of AD associated with infectious disease burden was small but increased gradually

with longer time since first infection.
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INTRODUCTION

Dementia currently affects around 50 million people globally with nearly 10 million cases
being newly diagnosed every year [1]. Alzheimer’s disease is the most common form of dementia
contributing up to 70% of cases [1]. Given the ageing population and increasing life expectancies,
the burden of Alzheimer’s disease is projected to dramatically increase in the following decades.
Thus, ongoing research has been dedicated towards understanding the pathology of this disease in
order to develop effective treatment and prevention strategies.

To date, several modifiable risk factors for Alzheimer’s disease have been identified
including smoking, obesity, or arterial hypertension [2]. However, randomized controlled trials
studying the effects of multimodal interventions targeting several of these risk factors showed little
[3] or no efficacy [4, 5]. Interestingly, evidence from many pre-clinical, serological, and post-
mortem studies has suggested a link between various infectious pathogens and the development of
Alzheimer’s disease [6, 7, 8, 9, 10, 11, 12, 13], posing the question whether infectious disease
could present a novel modifiable risk factor. Moreover, studies assessing the association between
clinically apparent infections and the risk of Alzheimer’s disease or overall dementia reported
increased risks of up to 260% [14, 15, 16, 17, 18]. However, these studies had methodological
limitations including reverse causality, selection bias, and important residual confounding, which
render the interpretation of their findings difficult [14, 15, 16, 18]. In addition, the role of
cumulative infectious disease burden and timing of infections with respect to Alzheimer’s disease
remains poorly understood.

Taken together, current literature lacks robust epidemiological evidence on the potential

association between infectious disease burden and the risk of Alzheimer’s disease. Thus, our



population-based nested case-control study assessed whether infectious disease burden, defined by
clinically apparent infections easily detectable in routine clinical practice and related to pathogens

previously linked to dementia, is associated with an increased risk of Alzheimer’s disease.



METHODS
Data source

We conducted a population-based nested case-control study using the United Kingdom (UK)
Clinical Practice Research Datalink (CPRD) Gold. The CPRD contains the medical records of over
11 million patients enrolled across 700 UK general practices and is one of the largest databases of
longitudinal medical records from the primary care setting in the world [19]. Age, sex, and ethnicity
distributions of patients in the CPRD are broadly representative of the UK population.®® In addition,
because general practitioners in the UK serve as a first point of contact for non-emergency health-
related issues, the database contains useful information on routinely recorded symptoms, laboratory
tests, diagnoses, therapies, health-related behaviors, and referrals to secondary care [19]. Medical
diagnoses and procedures are recorded using the Read code classification, a hierarchical coding
system containing over 80,000 terms encompassing the various aspects of a patient’s health status
[20]. The CPRD undergoes regular quality controls, and its valid and high-quality health data
makes it a favorable data source for epidemiological research covering a vast range of health

outcomes [19].

Study population

We included all subjects at least 50 years of age enrolled in the CPRD between January 1,
1988 and December 31, 2017. Cohort entry date was defined as the date of the 50" birthday of the
subject or one year after their date of enrolment in the CPRD, whichever occurred later. We then
excluded subjects with a prior diagnosis of any dementia, including mild cognitive impairment,

and those with early symptoms suggestive of dementia (e.g., memory impairment, aphasia, apraxia,



or agnosia) at any time before cohort entry. We also excluded subjects treated with medications
indicated for dementia including acetylcholinesterase inhibitors (i.e., donepezil, rivastigmine, or
galantamine) and N-methyl-D-aspartate receptor antagonists (i.e., memantine) at any time before
cohort entry. Cohort members were followed from the date of cohort entry until the date of the first
outcome event (defined below), end of registration with the general practice, death from any cause,

or the end of the study period (i.e., 31 December 2019), whichever occurred first.

Case definition

Within the study cohort, we identified all subjects with a first-ever diagnosis of Alzheimer’s
disease at any time after cohort entry. We defined Alzheimer’s disease based on a modified
algorithm initially developed and validated by Imfeld and colleagues [21], which has previously
been used by our group [22]. Using this algorithm, Alzheimer’s disease was defined by meeting at
least one of the following criteria: (i) a diagnosis of Alzheimer’s disease with at least one
prescription of a medication for dementia, (ii) a diagnosis of unspecified dementia with at least two
prescriptions of a medication for dementia, (iii) at least two diagnoses of Alzheimer’s disease, (iv)
a diagnosis of Alzheimer’s disease after a dementia test (e.g., Mini-Mental State Examination,
abbreviated mental test) or a referral to a specialist (e.g., neurologist, psychiatrist, geriatrician,
psychogeriatrician) or a neuroimaging assessment (e.g., magnetic resonance imaging, computed
tomography, single-photon emission computed tomography), or (v) a diagnosis of Alzheimer’s
disease with any dementia symptoms (e.g., memory impairment, aphasia, apraxia, agnosia) in any

sequence. The index date (i.e., date of Alzheimer’s disease diagnosis) was defined as the date of



the last event contributing to the definition. The quality of the recording of Alzheimer’s disease in

the CPRD has been shown to be high, with a positive predictive value of 83% [23].

Control selection

Each case of Alzheimer’s disease was matched with up to 40 controls who belonged to the
risk set defined by the case (i.e., those subjects still at risk of the event at the index date) on age
(1 year), sex, cohort entry date (x1 year), and duration of follow-up. The high number of controls
was chosen to minimize feasibility issues in secondary analyses related to the potential scarcity of
matched controls. The date resulting in the same duration of follow-up for the case and controls
was set as the index date for the controls. Controls could contribute to different risk sets and could
subsequently become a case. For our analyses, we only used cases and controls with at least two

years follow-up given the use of a two-year lag period in the assessment of exposure (see below).

Exposure definition

For cases and controls with at least two years of follow-up, we identified all diagnoses of
clinically apparent infections potentially involving pathogens which have previously been linked
to the pathophysiology of Alzheimer’s disease regardless of the proposed mechanism. These
infections included herpes labialis or genitalis (Herpes simplex virus) [9], cytomegalovirus related
hepatitis, retinitis, colitis, mononucleosis, or other infections [10], Lyme disease (Borrelia

burgdorferi) [11, 24], gingivitis (Porphyromonas gingivalis) [12], urinary tract infections



(Escherichia coli) [13], gastritis (Helicobacter pylori) [8], pneumonia (Chlamydophila pneumonia)
[7, 25], and candidiasis (Candida albicans) [6]. Infections due to pathogens with no potential link
to the pathophysiology of Alzheimer’s disease (e.g., influenza, common cold) were not considered
in the analyses. Subjects with a clinical diagnosis of any of these infections two years or more
before the index date were considered as having a burden of infectious disease, while those without
a diagnosis of any of these infections during that time period were considered as having no burden
of infectious disease. Subjects with a diagnosis of any of these infections only within the 2-year
period before the index date were also considered as having no burden of infectious disease. This
2-year ‘lag period’ was introduced given the insidious (i.e., non-acute) nature of the study outcome,

and also to account for the delays associated with the diagnosis of Alzheimer’s disease [2, 26].

Statistical analysis

Conditional logistic regression was used to compute odds ratios of Alzheimer’s disease
associated with infectious disease burden, compared with no infectious disease burden. Odds ratios
are unbiased estimators of hazard ratios, with little or no loss in precision [27, 28]. In addition to
the matching factors, estimates were further adjusted in the regression model for the following
potential confounders associated with Alzheimer’s disease, measured at any time before cohort
entry: body mass index category (<25 kg/m?, 25-29 kg/m?, >30 kg/m?, unknown; last measurement
before cohort entry), smoking status (ever, never, unknown), alcohol-related disorders (including
alcoholism, alcoholic cirrhosis, or alcoholic hepatitis), arterial hypertension, atrial fibrillation,
congestive heart failure, coronary artery disease, stroke or transient ischemic attack, peripheral

vascular disease, dyslipidemia, diabetes mellitus, chronic kidney disease, liver disease, depression,



epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, and cancer.
We also included the use of the following drugs in the two years prior to the index date: oral
anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides,
angiotensin-converting enzyme inhibitors, angiotensin Il receptor blockers, calcium channel
blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and antidepressants. In the case of
missing data (expected for the covariates body mass index and smoking), a separate category

(‘unknown’) was created to classify this missing information.

Secondary analyses

We conducted five exploratory secondary analyses. First, to examine a potential ‘dose-
response’ relation between infectious disease burden and the risk of Alzheimer’s disease, we
estimated odds ratios for each of the following categories: 1, 2-3, and >3 infections. Second, to
examine a potential ‘time-response’ relation between infectious disease burden and the risk of
Alzheimer’s disease, we estimated odds ratios for each of the following categories: 0-4.9, 5-7.9, 8-
11.9, and 12-30 years since the time of the first infection (first infection after the 50" birthday; cut-
offs for the different categories were based on the distribution of durations of follow-up among the
controls). To account for the scenario of a non-linear association, we also modeled time since first
infection as a continuous variable using restricted cubic splines with five interior knots [29]. Third,
we examined the association by specific type of infection (i.e., herpes, cytomegalovirus related
infection, Lyme disease, gingivitis, urinary tract infection, gastritis, pneumonia, candidiasis).

Finally, we stratified by age (<65 years versus >65 years) and sex to assess a potential effect

10



modification, since advanced age and female sex are established risk factors of Alzheimer’s disease

[30, 31].

Sensitivity analyses

We also performed several sensitivity analyses to assess the robustness of our findings. First,
given the uncertainty regarding the latency of a potential association between infectious disease
burden and the development of Alzheimer’s disease, we repeated the primary analysis after
increasing the lag period to 3, 5, and 10 years. Second, we censored follow-up at dementia
diagnoses of non-Alzheimer’s disease etiology (e.g., vascular dementia, alcoholic dementia).
Third, we restricted the medical codes for pneumonia to those with a clear link to Chlamydophila
pneumonia to reduce exposure misclassification due to pneumonia caused by other infectious
pathogens (e.g., pneumococci, viruses; medical codes for other infections remained unchanged).
Finally, given that some of the previous studies assessed the association between infectious disease
burden and the risk of overall dementia (instead of Alzheimer’s disease specifically) [16, 17], we
repeated the analyses after expanding our outcome definition to include any diagnosis of dementia
(see Supplementary Table 1 for Read codes). All analyses were conducted with SAS version 9.4

(SAS institute, Cary, NC).

Standard Protocol Approvals, Registrations, and Patient Consents

The study protocol was approved by the Independent Scientific Advisory Committee of the

CPRD (protocol 19 236R) and by the Research Ethics Board of the Jewish General Hospital,
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Montreal, Canada. Written consent from participants was not required due to use of anonymized

data and no direct patient involvement.
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RESULTS

The study cohort included a total of 4,262,092 dementia free individuals who were at least
50 years of age and enrolled in the CPRD between January 1, 1988 and December 31, 2017 and
followed until December 31, 2019 (Figure 1). Mean (standard deviation) age at cohort entry was
60.4 (11.5) years, and 52.1% were female. During a median (interquartile range) follow-up of 10.5
(6.2t0 14.6) years, 42,912 individuals in the study cohort were diagnosed with Alzheimer’s disease
(crude incidence rate, 2.3 per 1000 person-years). Most diagnoses were based on the combination
of a diagnostic code of Alzheimer’s disease accompanied either by respective symptoms, or tests
for dementia, referrals to specialists, and neuroimaging assessments (Supplementary Table 2).

We matched 40,455 cases of Alzheimer’s disease with at least two years of follow-up to
1,610,502 controls from the study cohort. Characteristics of cases and their matched controls are
presented in Table 1. Cases were similar to controls except that they were more likely to have
previously used antipsychotics or antidepressants. Compared with having no burden of infectious
disease, having a burden of infectious disease was associated with a small increase in the risk of
Alzheimer’s disease (0dds ratio, 1.05; 95% confidence interval, 1.02 to 1.08) (Table 2). There was
no evidence of a dose-response relation, with the risk of Alzheimer’s disease not significantly
changing with cumulative number of infections (Table 2). However, there was a suggestion of a
time-response relation, with the risk of Alzheimer’s disease gradually increasing with longer time
intervals since the first infection (peak after 12-30 years: odds ratio, 1.11; 95% confidence interval,
1.05to0 1.17; p for trend = 0.0003) (Table 2, Figure 2).

Stratifying by specific type showed an increased risk for gastritis (odds ratio, 1.08; 95%

confidence interval, 1.03 to 1.13) but not for other infections (Table 3). Age did not seem to modify
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the association; however, the risk of Alzheimer’s disease was only increased among female patients
(odds ratio, 1.08; 95% confidence interval, 1.04 to 1.11) and not among male patients (odds ratio,
0.99; 95% confidence interval, 0.94 to 1.04) (Supplementary Table 3).

Finally, the sensitivity analyses using extended lag periods, censoring follow-up at non-
Alzheimer’s disease dementia diagnoses, and restricting pneumonia diagnoses to those with a clear
link to Chlamydophila yielded results that were highly consistent with those of the primary analysis
(Supplementary Table 4). The results also did not change substantially after expanding our
outcome definition to include any dementia (characteristics of cases of dementia and their matched
controls are presented in Supplementary Table 5; the results of the primary, secondary, and
sensitivity analyses are presented in Supplementary Tables 6-9 and Supplementary Figure 1).
For example, similar to the analyses on the risk of Alzheimer’s disease, the increased risk of any
dementia associated with infectious disease burden was not accompanied by a dose-response
relation but a possible time-response relation. However, there was an increased risk associated with

pneumonia, which was not observed in the Alzheimer’s disease specific analyses.
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DISCUSSION

Our large population-based nested case-control study showed a small increase in the risk of
Alzheimer’s disease associated with infectious disease burden. This effect was not augmented with
cumulative number of infections, but there was a suggestion of a gradual increase in the risk with
longer time since the first infection. Focusing on specific types of infections, we identified a small
increase in the risk associated with gastritis. Moreover, sex seemed to modify the association, with
the risk of Alzheimer’s disease being increased only among female patients. The results remained
consistent in sensitivity analyses addressing different sources of bias.

Despite the rapidly increasing numbers of individuals diagnosed with Alzheimer’s disease
and the devastating course of the disease, the efficacy of available pharmacologic treatments is
modest at best [2]. Moreover, multimodal interventions targeting several modifiable risk factors of
Alzheimer’s disease and dementia have yielded sobering findings [3, 4, 5]. As a result, there is an
ongoing search for novel angles in the area of Alzheimer’s disease prevention, with one of the most
promising approaches in the past years being the ‘infectious hypothesis’ [32]. According to this
hypothesis, hallmarks of Alzheimer’s disease such as the deposition of amyloid-f peptide or
abnormal forms of tau protein in the brain are indicators of an infectious etiology [32]. Of note,
these pathological changes may occur up to 20 years prior to the onset of symptoms [33]. The
obvious and extremely intriguing consequence, should the infectious hypothesis be proven, would
be that by reducing the burden of infectious diseases (e.g., via preventive treatments or vaccination
programs) we could also potentially reduce the burden of Alzheimer’s disease.

Several pre-clinical, serological, and post-mortem studies have supported this hypothesis

linking various infectious pathogens to Alzheimer’s disease [6, 7, 8, 9, 10, 11, 12, 13]. Moreover,
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epidemiological studies have uniformly shown an increased risk of Alzheimer’s disease or overall
dementia associated with clinically apparent infections (e.g., pneumonia, septicemia, gingivitis, or
overall infections), which ranged from 20% up to 260% [14, 15, 16, 17, 18]. However, the quality
of these studies could be affected by reverse causality [15, 16, 18], selection bias [14, 17], and
important residual confounding [15, 16, 18]. Reverse causality in particular can lead to spuriously
increased effect estimates in this setting, since patients with early symptoms of Alzheimer’s disease
could be at a higher risk of infections, or they could be followed-up more closely by the treating
physician increasing the probability of infectious disease reporting [2]. Of note, the study with the
highest quality included almost exclusively male individuals, which could compromise external
validity [17].

Our study also showed a statistically significant increase in the risk of Alzheimer’s disease
associated with infectious disease burden as defined by clinically apparent infections. Of note, the
increase (5%) was much smaller than what has previously been reported, which potentially limits
the clinical significance of the association. Moreover, there was no further increase in the risk of
Alzheimer’s disease with cumulative number of infections. However, there was a gradual increase
in the risk with longer time since the first infection, with a peak (11%) after 12-30 years. The
potential time-response relation is intriguing, suggesting that infections occurring many years
before the diagnosis of Alzheimer’s disease may contribute to its etiology. This hypothesis is in
accordance with the early, pre-symptomatic onset of pathological changes linked to infections such
as amyloid-p peptide deposition or tau protein abnormalities discussed earlier. That being said,

additional studies are needed in the area to better understand this potential association.
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After stratifying by sex, we observed an increased risk of Alzheimer’s disease associated
with infectious disease burden only among female patients, a finding that supports previously
reported data on the effect modifying properties of female sex [34]. When focusing on specific
types of infection, we observed a potential signal for gastritis but not for other entities. Of note,
while these analyses were pre-specified and based on a sufficient number of exposed cases, their
findings should be considered hypothesis generating given the amount of assessed associations.
Thus, they require further investigation. Finally, another finding warranting additional research is
the increased risk of any dementia associated with pneumonia, which was not observed in the
Alzheimer’s disease specific analysis.

Our study has several strengths. First, the population-based design and the application of few
exclusion criteria during the construction of the study cohort likely maximized the generalizability
of our findings. Second, the large sample size allowed the calculation of precise effect estimates in
the primary analysis and the secondary analyses. Indeed, the secondary analyses assessing potential
dose-response and time-response relations between infectious disease burden and the risk of
Alzheimer’s disease yielded useful insight regarding aspects of the association that were poorly
characterized so far. Finally, the use of a 2-year lag period (and even longer lag periods in
sensitivity analyses) minimized the possibility of reverse causality, a well-established challenge
when assessing insidious, non-acute outcomes such as Alzheimer’s disease [2].

This study has some limitations. First, given its observational nature, residual confounding
is possible. To mitigate this potential limitation, we matched on age and sex and further adjusted
for numerous important confounders. Second, misclassification of exposure is possible, since we

did not have access to microbiology data to confirm the infection. For example, not every gastritis
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case is a result of infection, with medications such as non-steroidal anti-inflammatory drugs or
stress being possible alternative causes. Moreover, the link between the infectious pathogen with
the putative role in the pathophysiology of Alzheimer’s disease and the clinically apparent infection
may be weak. For example, pneumococci and viruses are far more common causes of pneumonia
than Chlamydophila pneumonia. However, a sensitivity analysis restricting to pneumonias related
to Chlamydophila pneumonia yielded highly consistent results. Moreover, we would like to
emphasize that the goal of our study was to specifically focus on infections that are symptomatic
and thus easily detectable in the natural setting of routine clinical practice. Third, we assessed the
infectious disease burden only in patients at least 50 years of age. Thus, infections occurring earlier
in life could not be considered in our analyses. Given the observed time-response relation between
time since first infection and the risk of Alzheimer’s disease, future studies should assess the
potential impact of infectious disease burden in the first decades of adulthood. Fourth,
misclassification of the outcome is possible. However, the recording of Alzheimer’s disease and
dementia in general in the CPRD has been shown to be good [35]. Moreover, we defined
Alzheimer’s disease using a previously validated algorithm which incorporates not only diagnostic
codes but also symptoms, diagnostic procedures, and medications, which possibly further
improved the accuracy of our outcome definition [21]. In addition, the incidence rate in our study
(2.3 per 1000 person-years) was consistent with the incidence rates reported in other population
based studies with similar age distributions (from 1.7 per 1000 person-years to 7.1 per 1000 person-
years for individuals aged between 65 and 75 years) [36, 37]. Finally, since we did not have access
to patients’ vitamin D levels, analyses considering the potential role of vitamin D as a risk factor

of infection-associated Alzheimer’s disease were not possible.
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Overall, our large population-based nested case-control study identified a statistically
significant but small and probably not clinically significant increase in the risk of Alzheimer’s
disease associated with infectious disease burden. Given that the risk seemed to gradually increase
with longer time since the first infection, peaking after 12 years, the role of infections occurring

several years prior to the diagnosis of Alzheimer’s disease warrants further investigation.
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FIGURE LEGENDS

Figure 1. Flowchart showing the construction of the study cohort

Abbreviations: CPRD, Clinical Practice Research Datalink.

Figure 2. Restricted cubic spline of time since first infection on the risk of Alzheimer’s disease
The solid line shows the odds ratio and the dashed lines show the lower and upper bound of the
95% confidence interval. The curve begins at 2 years given the use of a 2-year lag period in the

definition of exposure.
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Table 1. Baseline characteristics of cases of Alzheimer’s disease and their matched

controls™

Characteristic Cases Controls *
(n = 40,455) (n=1,610,502)
Age in years, mean (standard deviation) 80.6 (7.6) 80.6 (7.6)
Follow-up in years, mean (standard deviation) 11.3 (5.5) 11.3 (5.5)
Male sex, n (%) 14,454 (35.7) 573,799 (35.7)
Body mass index in kg/m?
<25 11,499 (28.4) 403,345 (25.0)
25-29 10,191 (25.2) 402,459 (25.0)
>30 4,331 (10.7) 192,114 (11.9)
Unknown 14,434 (35.7) 612,584 (38.1)
Smoking
Ever 12,887 (31.9) 491,854 (30.5)
Never 17,794 (44.0) 694,250 (43.1)
Unknown 9,774 (24.2) 424,398 (26.4)
Alcohol-related disorders 649 (1.6) 23,301 (1.4)
Acrterial hypertension 12,259 (30.3) 512,105 (31.8)
Atrial fibrillation 970 (2.4) 44,075 (2.7)
Congestive heart failure 686 (1.7) 30,296 (1.9)
Coronary artery disease 5,753 (14.2) 226,400 (14.1)
Stroke or transient ischemic attack 1,264 (3.1) 60,708 (3.8)
Peripheral vascular disease 824 (2.0) 32,873 (2.0)
Dyslipidemia 4,540 (11.2) 160,584 (10.0)
Diabetes mellitus 3,011 (7.4) 114,001 (7.1)
Chronic kidney disease 856 (2.1) 35,296 (2.2)
Liver disease 128 (0.3) 5,383 (0.3)
Depression 5,136 (12.7) 174,681 (10.8)
Epilepsy 583 (1.4) 19,623 (1.2)
Parkinson’s disease 155 (0.4) 5,161 (0.3)
Previous traumatic brain injury S 32 (0.0)
Osteoporosis 1,371 (3.4) 47,716 (3.0)
Hypothyroidism 3,461 (8.6) 135,212 (8.4)
Cancer 3,479 (8.6) 134,659 (8.4)
Medications °
Oral anticoagulants 3,316 (8.2) 151,295 (9.4)
Antiplatelet agents 15,877 (39.3) 576,289 (35.8)
Opioids 15,855 (39.2) 634,538 (39.4)
Lipid-lowering drugs 17,409 (43.0) 665,481 (41.3)
Antihypertensives © 25,720 (63.6) 1,081,376 (67.2)
Antipsychotics 5,580 (13.8) 125,928 (7.8)
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Non-steroidal anti-inflammatory drugs 7,217 (17.8) 320,862 (19.8)
Antidepressants 14,127 (34.9) 316,909 (19.7)
S = Cells with less than 5 counts are suppressed as per the confidentiality policies of the Clinical
Practice Research Datalink.

“ Numbers are presented as n (%) unless otherise specified.

& For controls, means and percentages were weighted by the inverse number of controls matched
to each case.

b Measured in the two years prior to index date as a surrogate measure of overall health.

¢ Includes beta-blockers, thiazide diuretics, angiotensin-converting enzyme inhibitors, angiotensin
Il receptor blockers, and calcium channel blockers.
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Table 2. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of Alzheimer’s disease
(overall and stratified by cumulative number of infections and time since first infection)

Exposure Cases (n = 40,455) Controls (n = 1,610,502) Crude™ OR Adjusted™ OR
n (%) n (%) (95% CI) (95% CI)
Primary analysis
No infections 32,405 (80.1) 1,321,474 (82.0) Reference Reference

>1 infection

Cumulative number of infections
(‘dose-response’)

No infections

1

2-3

>3
Time since first infection in years
(‘time-response’)”

No infections

2-4.9

5-7.9

8-11.9

12-30

8,050 (19.9)

32,405 (80.1)

5,165 (12.8)
2,089 (5.2)
796 (2.0)

32,405 (80.1)
2,422 (6.0)
1,840 (4.6)
1,811 (4.5)
1,977 (4.9)

289,028 (18.0)

1,321,474 (82.0)
184,499 (11.5)
75,521 (4.7)
29,008 (1.8)

1,321,474 (82.0)
86,116 (5.4)
69,337 (4.3)
66,166 (4.1)
67,409 (4.2)

1.15(1.12 t0 1.18)

Reference
1.15(1.12t0 1.18)
1.14 (1.09to0 1.19)
1.13 (1.06 to 1.22)

Reference
1.15(1.10to 1.20)
1.09 (1.04 to 1.14)
1.13(1.08t0 1.19)
1.22 (1.16 to 1.29)

1.05 (1.02 to 1.08)

Reference
1.07 (1.04to 1.11)*
1.02 (0.97 to 1.06) *
0.97 (0.90 to 1.04)*

Reference
1.06 (1.01to0 1.10)**
1.00 (0.95 to 1.05) **
1.03 (0.98 to 1.08) **
1.11 (1.05t0 1.17)**

Abbreviations: OR, odds ratio; Cl, confidence interval.

“ Given the use of a 2-year lag period in the definition of exposure, the minimum time since first infection was 2 years.
“Matched on age, sex, date of cohort entry and duration of follow-up.

*k*k

Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,

coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic kidney
disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer, oral
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anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme inhibitors,
angiotensin Il receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and antidepressants.
* P value for trend was 0.13 in the dose-response analysis

**P value for trend was 0.0003 in the time-response analysis.
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Table 3. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of Alzheimer’s disease
(stratified by specific type of infection)

Exposure Cases (n =40,455)  Controls (n = 1,610,502) Crude™ OR Adjusted™ OR
n (%) n (%) (95% CI) (95% CI)

Specific type™
No infections 32,405 (80.1) 1,321,474 (82.0) Reference Reference
Urinary tract infections 5,807 (14.4) 210,896 (13.1) 1.12 (1.09 to 1.15) 1.03 (1.00 to 1.06)
Herpes 83 (0.2) 2,670 (0.2) 1.24 (0.99 to 1.54) 1.15(0.92 to 1.43)
Lyme disease S 200 (0.01) 0.60 (0.19t0 1.88) 0.60 (0.19t0 1.87)
Gingivitis 228 (0.6) 7,683 (0.5) 1.18 (1.03 to 1.35) 1.06 (0.93t0 1.21)
Gastritis 1,715 (4.2) 57,049 (3.5) 1.21 (1.15t0 1.27) 1.08 (1.03t0 1.13)
Pneumonia 481 (1.2) 19,185 (1.2) 0.99 (0.90 to 1.09) 0.92 (0.84t0 1.01)
Candidiasis 885 (2.2) 29,360 (1.8) 1.21 (1.13t0 1.29) 1.07 (1.00 to 1.15)

Abbreviations: OR, odds ratio; Cl, confidence interval.
S = Cells with less than 5 counts are suppressed as per the confidentiality policies of the Clinical Practice Research Datalink.

¥ Cytomegalovirus related infections are not included in the analysis due to a very low number of exposed events.

“ Non-mutually exclusive categories.

“*Matched on age, sex, date of cohort entry and duration of follow-up.

“* Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,
coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic kidney
disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer, oral
anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme inhibitors,
angiotensin Il receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and antidepressants.
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Supplementary Figure 1. Restricted cubic spline of time since first infection on the risk of

any dementia
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The solid line shows the odds ratio and the dashed lines show the lower and upper bound of the
95% confidence interval. The curve begins at 2 years given the use of a 2-year lag period in the
definition of exposure.
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Supplementary Table 1. Read Codes for dementia

Read Code Description

E00..12 Senile/presenile dementia

F110.00 Alzheimer's disease

Eu01.00 [X] Vascular dementia

Eu02z00 [X] Unspecified dementia

E00..11 Senile dementia

Eu00.00 [X] Dementia in Alzheimer's disease

E000.00 Uncomplicated senile dementia

Eu02z14 [X] Senile dementia NOS

Eu00z11 [X] Alzheimer's dementia unspecified

E004.11 Multi infarct dementia

Eu02500 [X] Lewy body dementia

E004.00 Avrteriosclerotic dementia

Eu00200 [X] Dementia in Alzheimer's dis, atypical or mixed type
Eu02300 [X] Dementia in Parkinson's disease

E001.00 Presenile dementia

E041.00 Dementia in conditions EC

Eu00112 [X] Senile dementia, Alzheimer's type

Eu01100 [X] Multi-infarct dementia

Eu00z00 [X] Dementia in Alzheimer's disease, unspecified
Eu01300 [X] Mixed cortical and subcortical vascular dementia
Eu01z00 [X] Vascular dementia, unspecified

Eu01.11 [X] Arteriosclerotic dementia

F110100 Alzheimer's disease with late onset

Eu00100 [X] Dementia in Alzheimer's disease with late onset
Eu02.00 [X] Dementia in other diseases classified elsewhere
E012.11 Alcoholic dementia NOS

F110000 Alzheimer's disease with early onset

E002100 Senile dementia with depression

Eul0711 [X] Alcoholic dementia NOS

E002000 Senile dementia with paranoia

E003.00 Senile dementia with delirium

Eu00000 [X] Dementia in Alzheimer's disease with early onset
E004z00 Arteriosclerotic dementia NOS

Eu01200 [X] Subcortical vascular dementia

E002.00 Senile dementia with depressive or paranoid features
Eu01y00 [X] Other vascular dementia

E001z00 Presenile dementia NOS

Eu02000 [X] Dementia in Pick's disease

Eu02200 [X] Dementia in Huntington's disease
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Read Code

Description

Eu02z16
E001200
E012.00

E001300
E004000
Eu02z13
E001100
Eu02y00
E004300
Eu00113
Eu02z11
Eu01000
Eu00011
Eu00111
Eu02100
E004200
E001000
3AE4.00
E002z00
Eu01111
E02y100
E004100
Eu02400
Eu00012
3AE5.00
Fyu3000
Eu00013
3AEG6.00

[X] Senile dementia, depressed or paranoid type

Presenile dementia with paranoia

Other alcoholic dementia

Presenile dementia with depression

Uncomplicated arteriosclerotic dementia

[X] Primary degenerative dementia NOS

Presenile dementia with delirium

[X] Dementia in other specified diseases classified elsewhere
Arteriosclerotic dementia with depression

[X] Primary degenerative dementia of Alzheimer's type, senile onset
[X] Presenile dementia NOS

[X] Vascular dementia of acute onset

[X] Presenile dementia, Alzheimer's type

[X] Alzheimer's disease type 1

[X] Dementia in Creutzfeldt-Jakob disease

Avrteriosclerotic dementia with paranoia

Uncomplicated presenile dementia

GDS level 5 - moderately severe cognitive decline

Senile dementia with depressive or paranoid features NOS

[X] Predominantly cortical dementia

Drug-induced dementia

Avrteriosclerotic dementia with delirium

[X] Dementia in human immunodeficiency virus [HIV] disease
[X] Primary degenerative dementia, Alzheimer's type, presenile onset
GDS level 6 - severe cognitive decline

[X] Other Alzheimer's disease

[X] Alzheimer's disease type 2

GDS level 7 - very severe cognitive decline

Abbreviations: NOS, not otherwise specified; EC, elsewhere classified; GDS, Global
Deterioration Scale.
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Supplementary Table 2. Distribution of cases of Alzheimer’s disease

Criterion N (%67)
AD diagnosis with >1 prescription of an AD medication 7,563 (19)
Unspecified dementia diagnosis followed by >2 prescriptions of AD medications 4,372 (11)
>2 records of AD diagnosis 2,434 (6)
AD diagnosis after dementia test or specialist referral or neuroimaging assessment 18,345 (45)
AD diagnosis with any dementia symptoms in any sequence 22,330 (55)

Abbreviations: AD, Alzheimer’s disease.

“ Criteria were not mutually exclusive.
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Supplementary Table 3. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of
Alzheimer’s disease (stratified by age and sex)

Exposure Cases, n (%) Controls, n (%) c(:ggcg: g IF; A%ﬁ;ﬁ%gR
<65 years old (n=12,401) (n =495,129)

No infections 9,416 (75.9) 390,545 (78.9) Reference Reference

>1 infection 2,985 (24.1) 104,584 (21.1) 1.20 (1.15to0 1.26) 1.05 (1.01to 1.10)
>65 years old (n =28,054) (n=1,115,373)

No infections 22,989 (81.9) 930,929 (83.1) Reference Reference

>1 infection 5,065 (18.1) 184,444 (16.9) 1.12 (1.08 to 1.15) 1.04 (1.01 to 1.08)
Male (n = 14,454) (n =573,799)

No infections 12,492 (86.4) 501,469 (87.3) Reference Reference

>1 infection 1,962 (13.6) 72,330 (12.7) 1.08 (1.04 to 1.14) 0.99 (0.94 to 1.04)
Female (n =26,001) (n=1,036,703)

No infections 19,913 (76.6) 820,005 (79.1) Reference Reference

>1 infection 6,088 (23.4) 216,698 (20.9) 1.17 (1.13 to 1.20) 1.08 (1.04 to 1.11)

Abbreviations: OR, odds ratio; Cl, confidence interval.

“Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,
coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic

kidney disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer,
oral anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme

inhibitors, angiotensin 11 receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and

antidepressants.
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Supplementary Table 4. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of
Alzheimer’s disease (sensitivity analyses)

*kk

Exposure Cases Controls Crude OR Adjusted " OR
n (%) n (%) (95% CI) (95% CI)

3-year lag” (n = 38,690) (n=1,540,372)

No infections 31,504 (81.4) 1,282,588 (83.2) Reference Reference

>1 infection 7,186 (18.6) 257,784 (16.8) 1.14 (1.11t0 1.18) 1.05 (1.02 to 1.08)
5-year lag” (n=34,717) (n=1,381,762)

No infections 29,093 (83.8) 1,179,010 (85.3) Reference Reference

>1 infection 5,624 (16.2) 202,752 (14.7) 1.13(1.10to 1.17) 1.04 (1.01 to 1.07)
10-year lag” (n =22,957) (n =912,548)

No infections 20,200 (88.0) 815,887 (89.3) Reference Reference

>1 infection 2,757 (12.0) 96,661 (10.7) 1.16 (1.11 to 1.21) 1.08 (1.03 to 1.12)
Censoring on other dementia (n =38,697) (n=1,521,962)

No infections 31,024 (80.2) 1,250,672 (82.1) Reference Reference

>1 infection 7,673 (19.8) 271,290 (17.9) 1.15(1.12 t0 1.18) 1.05 (1.03 to 1.08)
Stricter exposure definition™ (n = 40,455) (n=1,610,502)

No infections 32,725 (80.9) 1,334,297 (82.8) Reference Reference

>1 infection 7,730 (19.1) 276,205 (17.2) 1.15 (1.12 to 1.18) 1.05 (1.02 to 1.08)

Abbreviations: OR, odds ratio; Cl, confidence interval.

“ Cases and controls with a duration of follow-up shorter than the duration of the lag were excluded from these analyses.
“Medical codes for pneumonia were restricted to those with a clear link to Chlamydophila (medical codes for other infections remained

unchanged).
Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,

*hKk

coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic
kidney disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer,
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oral anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme
inhibitors, angiotensin 11 receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and
antidepressants.
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Supplementary Table 5. Baseline characteristics of dementia cases and their matched

controls™

Characteristic Cases Controls®

(n = 111,366) (n = 4,419,042)
Age in years, mean (standard deviation) 81.7 (7.8) 81.7 (7.8)
Follow-up in years, mean (standard deviation) 10.2 (5.5) 10.2 (5.5)
Male sex 40,889 (36.7) 1,618,000 (36.7)

Body mass index in kg/m?
<25
25-29
>30
Unknown
Smoking
Ever
Never
Unknown
Alcohol-related disorders
Arterial hypertension
Atrial fibrillation
Congestive heart failure
Coronary artery disease
Stroke or transient ischemic attack
Peripheral vascular disease
Dyslipidemia
Diabetes mellitus
Chronic kidney disease
Liver disease
Depression
Epilepsy
Parkinson’s disease
Previous traumatic brain injury
Osteoporosis
Hypothyroidism
Cancer
Medications®
Oral anticoagulants
Antiplatelet agents
Opioids
Lipid-lowering drugs
Antihypertensives®
Antipsychotics

Non-steroidal anti-inflammatory drugs

Antidepressants

32,906 (26.7)
28,296 (23.0)
13,049 (10.6)
49,021 (39.8)

38,805 (31.5)
51,279 (41.6)
33,188 (26.9)
2,272 (2.0)
37,124 (33.3)
4,234 (3.8)
3,329 (3.0)
18,668 (16.8)
6,782 (6.1)
3,226 (2.9)
11,197 (10.1)
9,924 (8.9)
2,762 (2.5)
397 (0.4)
14,686 (13.2)
2,075 (1.9)
1,037 (0.9)

7 (0.01)
3,937 (3.5)
9,599 (8.6)
9,989 (9.0)

10,908 (9.8)

50,534 (45.4)
46,278 (41.6)
45,509 (40.9)
75,157 (67.5)
17,831 (16.0)
20,006 (18.0)
37,848 (34.0)

1,173,972 (24.2)
1,145,249 (23.7)
505,272 (10.6)

1,995,597 (41.5)

1,353,577 (28.4)
2,046,023 (42.0)
1,420,490 (29.6)
57,637 (1.3)
1,420,360 (32.1)
139,220 (3.2)
109,021 (2.5)
652,770 (14.8)
190,246 (4.3)
101,136 (2.3)
395,995 (8.9)
307,333 (7.0)
96,164 (2.2)
13,510 (0.3)
447,041 (10.1)
52,155 (1.2)
17,187 (0.4)

92 (0.0)
132,425 (3.0)
360,553 (8.1)
388,671 (8.8)

384,841 (8.7)
1,588,400 (35.9)
1,734,172 (39.2)
1,612,827 (36.4)
2,941,945 (66.5)
349,644 (7.9)
915,226 (20.6)
801,189 (18.1)
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“ Numbers are presented as n (%) unless otherise specified.

& For controls, means and percentages were weighted by the inverse number of controls matched
to each case.

b Measured in the two years prior to index date as a surrogate measure of overall health.

¢ Includes beta-blockers, thiazide diuretics, angiotensin-converting enzyme inhibitors,
angiotensin Il receptor blockers, and calcium channel blockers
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Supplementary Table 6. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of
any dementia (overall and stratified by cumulative number of infections and time since first infection)

Exposure Cases (n=111,366) Controls (n = 4,419,042) Crude OR Adjusted™ OR
n (%) n (%) (95% ClI) (95% CI)
No infections 89,775 (80.6) 3,694,008 (83.6) Reference Reference
>1 infection 21,591 (19.4) 725,034 (16.4) 1.25 (1.23 t0 1.27) 1.08 (1.07 to 1.10)
Cumulative number of infections
(‘dose-response’)
No infections 89,775 (80.6) 3,694,008 (83.6) Reference Reference
1 13,813 (12.4) 470,825 (10.7) 1.22 (1.20 to 1.25) 1.09 (1.07 to 1.11)
2-3 5,693 (5.1) 186,323 (4.2) 1.28 (1.25t0 1.32) 1.08 (1.05t0 1.11)
>3 2,085 (1.9) 67,886 (1.5) 1.30 (1.25 to 1.36) 1.04 (0.99 to 1.09)
Time since first infection in years
(‘time-response’)”
No infections 89,775 (80.6) 3,694,008 (83.6) Reference Reference

2-3.9
4-6.9
7-10.9
11-30

5,336 (4.8)
5,839 (5.2)
5,211 (4.7)
5,205 (4.7)

169,413 (3.8)
196,758 (4.4)
181,880 (4.1)
176,983 (4.1)

1.30 (1.26 to 1.34)
1.24 (1.20 to 1.27)
1.20 (1.17 to 1.24)
1.24 (1.21 0 1.28)

1.13 (1.10 to 1.16)
1.08 (1.05 to 1.11)
1.05 (1.02 to 1.08)
1.08 (1.04 to 1.11)

Abbreviations: OR, odds ratio; Cl, confidence interval.

“ Given the use of a 2-year lag period in the definition of exposure, the minimum time since first infection was 2 years.

“ Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,
coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic kidney
disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer, oral
anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme inhibitors,
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angiotensin Il receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and antidepressants.
P values for trend were 0.11 for the dose-response analysis and <0.0001 for the time-response analysis.
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Supplementary Table 7. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of

any dementia (stratified by specific type of infection)

Exposure Cases (n =111,366) Controls (n = 4,419,042) Crude OR Adjusted” OR
n (%) n (%) (95% CI) (95% CI)
Specific type
No infections 89,775 (80.6) 3,694,008 (83.6) Reference Reference

Urinary tract infections 15,950 (14.3)

534,616 (12.1)

1.23 (1.21 to 1.25)

1.08 (1.06 to 1.10)

Herpes 177 (0.2) 6,595 (0.2) 1.06 (0.92t0 1.23)  0.97 (0.83t0 1.13)
CMV related infections S 65 (0.001) 0.62 (0.09t04.44)  0.52 (0.07 to 3.73)
Lyme disease 14 (0.01) 465 (0.01) 1.20(0.71t02.05)  1.26 (0.74 to 2.15)
Gingivitis 585 (0.5) 18,199 (0.4) 128 (1.17t01.39) 1.11(1.02to 1.20)
Gastritis 4,154 (3.7) 134,536 (3.0) 124 (1.20t01.28)  1.06 (1.02 to 1.09)
Pneumonia 1,588 (1.4) 48,923 (1.1) 128 (1.22t01.35) 1.11(1.05to0 1.16)
Candidiasis 2,111 (1.9) 69,992 (1.6) 120 (1.15t01.26)  1.01 (0.97 to 1.06)

Abbreviations: OR, odds ratio; Cl, confidence interval; CMV, cytomegalovirus.

S = Cells with less than 5 counts are suppressed as per the confidentiality policies of the Clinical Practice Research Datalink.
“ Non-mutually exclusive categories.

“Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,
coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic kidney
disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer, oral
anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme inhibitors,
angiotensin Il receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and antidepressants.
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Exposure Cases, n (%) Controls, n (%) C(:g;oc/lf gIF; A%ﬁ;ﬁ%gR
<65 years old (n =25,927) (n =1,038,283)

No infections 19,591 (75.6) 829,292 (79.9) Reference Reference

>1 infection 6,336 (24.4) 208,991 (20.1) 1.32(1.28t01.36)  1.08 (1.04 to 1.11)
>65 years old (n =85,439) (n =3,380,759)

No infections 70,184 (82.2) 2,864,716 (84.5) Reference Reference

>1 infection 15,255 (17.9) 516,043 (15.5) 122 (1.20to 1.24)  1.08 (1.06 to 1.10)
Male (n =40,889) (n=1,618,000)

No infections 35,125 (85.9) 1,427,426 (88.2) Reference Reference

>1 infection 5,764 (14.1) 190,574 (11.8) 1.24(1.20t01.27)  1.07 (1.04 t0 1.10)
Female (n=70,477) (n=2,801,042)

No infections 54,650 (77.5) 2,266,582 (80.9) Reference Reference

>1 infection

15,827 (22.5)

534,460 (19.1)

1.25 (1.23 10 1.27)

1.09 (1.08 to 1.12)

Supplementary Table 8. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of
any dementia (stratified by age and sex)

Abbreviations: OR, odds ratio; Cl, confidence interval.

“Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,
coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic
kidney disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer,
oral anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme
inhibitors, angiotensin 11 receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and
antidepressants.
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Supplementary Table 9. Crude and adjusted odds ratios for the association between infectious disease burden and the risk of

any dementia (sensitivity analyses)

*kk

Exposure Cases Controls Crude OR Adjusted” OR
n (%) n (%) (95% CI) (95% CI)
3-year lag” (n = 103,469) (n = 4,105,728)
No infections 84,732 (81.9) 3,470,253 (84.5) Reference Reference

>1 infection
5-year lag”

No infections

>1 infection
10-year lag”

No infections

>1 infection

Stricter exposure definition™
No infections

>1 infection

18,737(18.1)
(n = 88,757)
74,709 (84.2)
14,048 (15.8)
(n = 52,989)
46,732 (88.2)
6,257 (11.8)
(n = 111,366)
90,800 (81.5)
20,566 (18.5)

635,475 (15.5)
(n = 3,521,396)
3,038,510 (86.2)
482,886 (13.8)
(n = 2,098,289)
1,884,398 (89.7)

213,891 (10.3)
(n = 4,419,042)
3,727,314 (84.3)

691,728 (15.7)

1.23 (1.20 to 1.25)

Reference
1.20 (1.17 to 1.22)

Reference
1.19 (1.16 to 1.22)

Reference
1.24 (1.22 to 1.26)

1.07 (1.05 to 1.09)

Reference
1.05 (1.03 to 1.07)

Reference
1.06 (1.03 to 1.09)

Reference
1.08 (1.06 to 1.10)

Abbreviations: OR, odds ratio; Cl, confidence interval.

“ Cases and controls with a duration of follow-up shorter than the duration of the lag were excluded from these analyses.
“Medical codes for pneumonia were restricted to those with a clear link to Chlamydophila (medical codes for other infections remained
unchanged).

“* Adjusted for body mass index, smoking, alcohol-related disorders, arterial hypertension, atrial fibrillation, congestive heart failure,
coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic kidney
disease, liver disease, depression, epilepsy, Parkinson’s disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer, oral
anticoagulants, antiplatelet agents, opioids, lipid-lowering drugs, beta-blockers, thiazides, angiotensin-converting enzyme inhibitors,
angiotensin Il receptor blockers, calcium channel blockers, antipsychotics, non-steroidal anti-inflammatory drugs, and antidepressants.
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