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Abstract.

Background: Gastrointestinal infections cause significant health problems, including those affecting the immune, muscu-
loskeletal, and nervous system, and are one of the leading causes for death worldwide. Recent findings suggest that microbiota
of the gastrointestinal tract contribute to dementia.

Objective: In this nested case-control study we investigated the role of common gastrointestinal infections on the subsequent
risk of dementia.

Methods: We used a longitudinal sample of 202,806 individuals from health claims data of the largest German health
insurer and applied a nested case-control design with 23,354 initial dementia cases between 2006 and 2014 and 23,354
matched controls. We used conditional logistic regression to compute odds ratios (ORs) for dementia and corresponding 95%
confidence intervals (CIs), adjusting for potential confounders.

Results: The risk of dementia was increased in patients with recurring incidences of quarters with diagnosed gastrointestinal
infections when compared to the unexposed population (one quarter: OR =1.49, 95% CI = 1.40-1.58; two quarters: OR = 1.70,
95% CI=1.51-1.91; three or more quarters: OR =1.64, 95% CI =1.40-1.93), adjusted for potential confounders.
Conclusion: Our findings suggest that recurring gastrointestinal infections are associated with an increased risk of subsequent
dementia.
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INTRODUCTION

The microbiome of the human gastrointestinal tract
has attracted great attention because recent discover-
ies have shown that it affects human development
and health in multiple and previously unimaginable
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ways, playing a role, for instance, in obesity, cancer,
autoimmune diseases, and autism spectrum disorders
[1-4]. The influence of the gut microbiome on the
development, aging, and degeneration of the central
nervous system (CNS), the microbiota-gut-brain axis,
is still only poorly understood and remains to be fully
explored [1, 5]. Recently, we showed that dysbiosis
of the gastrointestinal tract in form of gastrointesti-
nal infections (GIIs) increases the subsequent risk of
Parkinson’s disease (PD), the second most common
neurodegenerative disorder after Alzheimer’s disease

ISSN 1387-2877 © 2021 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).


mailto:erdem@fz-jue{penalty -@M }lich.de
https://creativecommons.org/licenses/by/4.0/

798 A. Fink et al. / Gastrointestinal Infections Can Promote Dementia

(AD) [6]. Dementia patients with AD have an altered
gut microbiome with a decreased microbial diversity,
which is replicated in animal models of AD [7-10].
Moreover, antibiotic treatment-induced changes in
microbiota composition as well as microbial defi-
ciency in germ-free mice have been associated with
reduced neuropathology in AD [9, 11-13]. The
major pathogens causing GllIs are viruses, bacteria,
and protozoa, which often remain unidentified. GIIs
can cause gastroenteritis and colitis, also known as
infectious diarrhea, which is an acute inflammatory
condition of the GI tract with symptoms of diarrhea,
vomiting, and abdominal pain [14]. Symptoms typi-
cally last less than two weeks and most cases resolve
within 2448 h after contracting the infectious agent.
GlIs cause significant health problems and are one
of the leading causes for death worldwide, especially
among children of the developing world [15]. Many
acute and chronic consequences have been ascribed to
GllIs, including those affecting the immune, muscu-
loskeletal, and the nervous system [16, 17]. Intrigued
by our earlier findings, we wondered if GIIs could
also have an effect on more prevalent neurode-
generative conditions such as dementia. With an
extensive impact on individuals, families, and the
healthcare system, the etiology of dementia is of
increasing concern. According to a recent estimate
from the World Alzheimer Report 2019 the global
number of people with dementia is over 50 mil-
lion and is estimated to increase to 152 million by
2050 [18]. Dementia is defined as deterioration in
memory, thinking, and behavior affecting a patient’s
daily functioning and independent living. The most
common types of dementia are neurodegenerative
and include AD, vascular dementia, frontotempo-
ral dementia, Lewy body dementia, and PD with
dementia, which are all collectively irreversible and
usually progressive. Among the dementias, AD is
the most common and contributes to 60-80% of
all cases [19]. Vascular dementia, the second most
common type of dementia causing up to 15% of all
cases, is caused by vascular injury or disease within
the brain and may predispose some individuals to
acquire AD, or may exacerbate the clinical course of
AD, and thus frequently coexists with AD [20, 21].
Clinical, epidemiological, genetic, and neuropatho-
logical studies show that the causes for dementia
are complex. The strongest risk factor for develop-
ing dementia is advancing age [22]. For AD, the
major genetic risk factor is presence of the €4 allele of
apolipoprotein E (APOE) [23]. Other risk factors con-
tributing to cognitive decline and dementia are family

history, depression, physical frailty, low educational
attainment, poor social relationships, smoking, car-
diovascular disease, hypercholesterolemia, diabetes
mellitus, hypertension, cerebrovascular disease, and
intracranial injury [20]. To our best knowledge there
is no population study which has investigated the
impact of Glls, including gastroenteritis and colitis,
on dementia. In the present nested case-control study
using population-based data, we investigated the risk
of dementia in patients who previously suffered from
GIIs compared to unexposed counterparts.

METHODS

Data source

We used a random longitudinal sample (N=
250,000) of insured individuals born before 1955
of Germany’s largest public sickness fund, the All-
gemeine Ortskrankenkasse (AOK). The sample was
drawn in the first quarter of 2004 and followed up
until the end of 2015. The data consisted of a demo-
graphic part with information on gender, year and
month of birth and death if applicable, place of liv-
ing, and whether the individual lived in an institution
or not. The second part contained information on all
reimbursed inpatient and outpatient diagnoses coded
by the German modification of the 10th revision of
the International Statistical Classification of Diseases
and Related Health Problems (ICD-10). A third part
contained information on all filled prescriptions from
the outpatient sector coded by the Anatomical Ther-
apeutic Chemical (ATC) classification system. All
information was available on a quarterly basis.

Selection of cases and controls

We used data of 202,806 individuals aged 50 and
older who had no diagnosis of dementia, no diag-
nosis of PD (ICD-10: G20), and no diagnosis of
stroke or complications of stroke (ICD-10: 163-164,
169.3, 169.4) in their medical history during the years
2004 and 2005. We excluded persons with previous
diagnoses of PD or stroke because they are more
likely to develop a subsequent dementia due to those
pre-existing illnesses, which could bias our analysis.
From among the 202,806 individuals in our anal-
ysis sample 23,354 were diagnosed with dementia
between the beginning of 2006 and the end of 2014
(Fig. 1).

We defined dementia as having at least one of
the following ICD-10 codes: dementia in AD (F00);
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Fig. 1. Inclusion of patients and controls in the analyses.

vascular dementia (FO1); dementia in other diseases
classified elsewhere (F02); unspecified dementia
(F03); delirium superimposed on dementia (F05.1);
AD (G30); and circumscribed brain atrophy (G31.0).
We applied an established two-stage validation strat-
egy to overcome the problem of false-positive
diagnoses [24, 25]. In the first stage, “verified” out-
patient diagnoses as well as inpatient discharge or
secondary diagnoses were identified. In the second
stage, the diagnoses were confirmed by a simultane-
ous in- and outpatient diagnosis, by two diagnoses
from two different types of physicians within the
same quarter, or by co-occurrence over the study
period plus the year 2015, which was only used for
validation. A diagnosis was also considered valid if an
individual died within the same quarter during which
dementia was diagnosed for the first time. All per-
sons were censored at the time of death, attrition,
or at the end of 2014. The date of the first diagno-
sis is subsequently referred to as the diagnosis date.
Each dementia case was matched to one control by
age (in ten-year age groups), gender, and time since
observation using incidence density sampling (Stata
command sttocc). For the controls, the index date was
set to the date of dementia diagnosis of the matched
cases.

Exposures

We defined GIIs as having one of the ICD-10 codes
for intestinal infectious diseases (A00-A09). We only
considered “verified” outpatient diagnoses and inpa-
tient discharge or secondary diagnoses. Here, we did
not follow an internal validation strategy by assum-
ing at least two diagnoses. GIIs are often short-term
and very acute diseases that are rarely confirmed by
a second physician. We focused on the cumulative
number of quarters with a GII diagnosis and distin-
guished between persons without a GII, and persons
with one quarter, two quarters, and three and more
quarters with GIIs from the start of observation until
the date of diagnosis/index date.

Covariates

We adjusted our regression models for prescrip-
tions of antibacterials (AB) for systemic use (ATC
code: JO1). We distinguish between persons who have
never had a prescription for AB and persons that
have had at least one prescription for AB. Further,
we controlled for important chronic comorbidities
including diabetes mellitus (E10-E14), cerebrovas-
cular diseases (I60-169), hypertension (I110-115),
ischemic heart diseases (I120-125), hypercholes-
terolemia (E78.0), intracranial injury (S06), atrial
fibrillation (I48), noninfective enteritis and colitis
(K50-K52), acute infections of the urinary tract
(N30, N33, N37, N39), and pneumonia (J12-J18),
and whether the patients were living in a nursing
home or not.

Statistical analysis

To assess the association between GIIs and demen-
tia, we used conditional logistic regression models.
Model 1 considers the cumulative number of quarters
with a GII diagnosis. Model 2 additionally controls
for prescriptions of AB for systemic use. In model 3,
we combined information on the cumulative number
of quarters with GIIs and AB in one categorical vari-
able to distinguish between a) persons without GlIs
and without AB, b) persons with one GII quarter and
without AB, c) persons with two GII quarters and
without AB, d) persons with three or more GII quar-
ters and without AB, e) persons without GIIs and with
AB, f) persons with one GII quarter and with AB, g)
persons with two GII quarters and with AB, and h)
persons with three or more GII quarters and with AB.



800 A. Fink et al. / Gastrointestinal Infections Can Promote Dementia

Table 1

Characteristics of case patients and matched controls

Characteristics

Study participants

Cases Controls
n=23354 % n=23,354 %
Men 7,668 32.8 7,668 32.8
Women 15,686 67.2 15,686 67.2
Age in years at diagnosis/index date
50-59 313 1.3 313 1.3
60-69 1,600 6.9 1,600 6.9
70-79 7,625 32.6 7,625 32.6
80-89 10,876 46.6 10,876 46.6
>90 2,940 12.6 2,940 12.6
Number of quarters with a GII until diagnosis/index date since 2004
0 18,981 81.3 20,322 87.0
1 3,238 13.9 2,317 9.9
2 753 32 470 2.0
>3 382 1.6 245 1.0
Prescription of AB until diagnosis/index date since 2004
0 7,093 304 7,715 33.0
>1 16,261 69.6 15,639 67.0
Chronic comorbidities at diagnosis/index date
Diabetes 10,636 45.5 8,497 36.4
Cerebrovascular diseases 9,149 39.2 5,264 22.5
Hypertension 20,661 88.5 19,566 83.8
Ischemic heart disease 12,451 53.3 10,624 45.5
Hypercholesterolemia 7,814 335 7,808 334
Intracranial injuries 1,319 5.6 569 2.4
Atrial fibrillation 6,429 27.5 4,203 18.0
Noninfective enteritis and colitis 4,656 19.9 3,555 15.2
Acute comorbidities at diagnosis/index date
Urinary tract diseases 5,064 21.7 1,868 8.0
Pneumonia 1,504 6.4 257 1.1
Institutionalization status at diagnosis/index date
Living at home 20,190 86.5 22,757 97.4
Living in nursing home 3,164 13.5 597 2.6

GII, gastrointestinal infection; AB, antibacterials for systemic use

In the fully adjusted model 4, we controlled for the
chronic and acute comorbidities mentioned above as
well as for the institutionalization status at the diagno-
sis/index date. As a sensitivity analysis, we assessed
the time since the last GII and distinguished between
a) persons that had never had a GII, b) persons with a
GII in the quarter of the diagnosis/index date, c) per-
sons with the last GII one to two quarters prior to the
diagnosis/index date, and d) persons with the last GII
three or more quarters prior to the diagnosis/index
date (model 5). All analyses were performed using
Stata 16.0 MP (StataCorp LLC).

Data availability

The data that support the findings of this study
are available from the AOK but restrictions apply
to the availability of these data, which were used

under license for the current study, and so are not pub-
licly available. Data are, however, available from the
authors upon reasonable request and with permission
of the AOK.

RESULTS

Inclusion criteria and characteristics of the case
patients and matched controls

The base cohort comprised 202,806 individuals
aged 50 years and above. During a total of 1,408,787
person-years of follow-up, 23,354 people were diag-
nosed with dementia. 23,354 case patients and 23,354
matched controls were eligible for inclusion (Fig. 1).
Their characteristics are shown in Table 1. During the
time until the diagnosis/index date 81.3% (18,981) of
the case patients and 87.0% (20,322) of the controls
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never had a GII diagnosis. One quarter with a GII
was observed among 13.9% of the case patients and
9.9% of the controls. Two quarters with a GII were
observed among 3.2% of the case patients and 2.0%
of the controls. Three or more quarters with a GII
were observed in 1.6% of the case patients and 1.0%
of the controls. Prevalence values were higher in case
patients than in controls for prescribed AB and all
the comorbidities. At the diagnosis/index date 13.5%
(3,164) of the case patients and 2.6% (597) of the
controls lived in a nursing home.

Multiple preceding quarters with a GII diagnosis
increases the risk of dementia

Model 1 (Table 2) depicts the cumulative effect
of multiple preceding quarters with a GII diagno-
sis on the risk of dementia. Here, exposure of one
quarter with a GII diagnosis is associated with a
50% increased OR for dementia compared to unex-
posed persons (p<0.001). Two quarters with a GII
increased the OR for dementia by a factor of 1.73
(p<0.001), and three or more quarters increased the
OR for dementia by a factor of 1.68 (p<0.001).
Adjusted for AB, GIIs did not show a remarkable
effect on the OR for dementia, but prescription for
AB was associated with increased ORs for dementia
(Table 2, model 2: OR=1.10, p <0.001). In model 3,
we combined the information on quarters with a GII
and prescription for AB and revealed increased ORs
for dementia with an increasing number of quarters
with a GII among individuals without AB prescrip-
tion (Table 2, model 3: 1 GII & no AB: OR=1.92,
p<0.001; 2 GIIs & no AB: OR=2.22, p<0.001; >3
GIIs & no AB: OR=2.22, p<0.001). Among indi-
viduals with at least one AB prescription, GIIs also
increased the OR for dementia (1 GII & >1 AB:
OR=1.59, p<0.001; 2 GIIs & >1 AB: OR=1.85,
p<0.001; >3 GIIs & >1 AB: OR=1.80, p<0.001).
Adjusting for all confounding variables revealed
that the institutionalization status and all comor-
bidities, except hypercholesterolemia, were strongly
associated with increased ORs for dementia, fully
explaining the GII effect among individuals with AB
prescription (Table 2, model 4: 1 GII & >1 AB:
OR=1.02, p=0.632; 2 GIIs & >1 AB: OR=0.99,
p=0.926; >3 GlIs & >1 AB: OR=0.945, p =0.554).
However, among persons without an AB prescrip-
tion, multiple preceding quarters with a GII diagnosis
still increased the risk of dementia (1 GII & no AB:
OR=1.40, p<0.001; 2 GIIs & no AB: OR=1.65,
p=0.017; >3 GIIs & no AB: OR =1.84, p=0.066).

The risk of dementia remains increased 1-2
quarters after the last documented GII diagnosis

In the sensitivity analysis (Table 3) the risk of
dementia of individuals with GIIs remained sig-
nificantly increased compared to non-exposed indi-
viduals after implementing information on times
since the last GII diagnosis. Having adjusted the ORs
for the risk of dementia for all covariates, we observed
increased ORs for dementia when the last GII diag-
nosis was made in the quarter of the dementia diag-
nosis/index date (OR=2.36, p<0.001) compared to
non-exposure. A GII diagnosis one to two quarters
prior to the diagnosis/index date was associated with
an increased OR of 1.23 (p=0.013). GIIs three or
more quarters before the diagnosis/index date did not
increase the OR for dementia (OR =1.01, p =0.824).

DISCUSSION

Our findings reveal increased ORs for dementia
among individuals with GIIs. The risk of demen-
tia was still significantly increased when adjusted
for antibiotics, comorbidities, and institutionalization
status. The results of a sensitivity analysis suggest that
the risk of dementia after the last documented GII
diagnosis remains increased up to two quarters prior
to the diagnosis/index date. Our data argue that GIIs
increase the subsequent risk of dementia and suggest
that gut microbiota can have a strong influence on
higher cognitive functions.

How exactly dysbiosis of the gut microbiome re-
sults in dementia remains to be clarified. Acute as well
chronic GIIs can alter the composition of gut micro-
biota either directly or through the use of medications
such as antibiotics [26]. Sequence analyses com-
paring the gut microbiome of cognitively impaired
elderly and controls have identified significant dif-
ferences between the two groups that associate brain
amyloidosis causing dementia with proinflamma-
tory gut bacterial taxa and peripheral inflammation
markers [8, 27]. Remarkably, gut microbiota directly
control the maturation and inflammatory capabilities
of microglia in the CNS through the production of
small chain fatty acids in the gastrointestinal tract,
and the lack of a complex gut microbiota can affect
microglia innate immune function [28]. Bacterial and
viral neuroinvasion of the CNS could be initiated
and further exacerbated by inflammation of the gas-
trointestinal tract during GIIs, which is known to
increase the leakiness of the gastrointestinal tract



Table 2
Risk of dementia dependent on the cumulative number of preceding quarters with a GII diagnosis
Model 1 Model 2 Model 3 Model 4
OR p 95% CI ~ OR p 95% ClI ~ OR p 95% CI ~ OR p 95% C1
Number of quarters with a GII until diagnosis/index
date since 2004
0 1.00 1.00
1 1.50 <0.001 1.42-159 1.49 <0.001 1.40-1.58
2 1.73 <0.001 1.54-194 1.70 <0.001 1.51-1.91
>3 1.68 <0.001 1.43-197 1.64 <0.001 1.40-1.93
Prescription of AB until diagnosis/index date since 2004
0 1.00
>1 1.10 <0.001 1.06-1.15
GIIs x AB
No GII & no AB 1.00 1.00
1 GII & no AB 1.92 <0.001 1.69-2.19 1.40 <0.001 1.20-1.63
2 GlIIs & no AB 222 <0.001 1.55-3.18 1.65 0.017 1.09-2.49
>3 GlIs & no AB 222 <0.001 1.26-3.92 1.84 0.066 0.96-3.52
NoGII & >1 AB 1.13 <0.001 1.09-1.18 0.90 <0.001 0.86-0.95
1GII & >1 AB 1.59 <0.001 1.48-1.70 1.02 0.632 0.94-1.11
2GlIIs & >1 AB 1.85 <0.001 1.63-2.10 0.99 0.926 0.86-1.15
>3 Glls & >1 AB 1.80 <0.001 1.52-2.14 0.94 0.554 0.77-1.15
Chronic comorbidities at diagnosis/index date
Diabetes 1.28 <0.001 1.22-1.34
Cerebrovascular diseases 1.94 <0.001 1.85-2.03
Hypertension 1.14 <0.001 1.07-1.22
Ischemic heart disease 1.05 0.026 1.01-1.10
Hypercholesterolemia 0.94 0.013 0.90-0.99
Intracranial injuries 1.98 <0.001 1.77-2.22
Atrial fibrillation 1.38 <0.001 1.31-1.45
Noninfective enteritis and colitis 1.10 0.001 1.04-1.17
Acute comorbidities at diagnosis/index date
Urinary tract diseases 2.60 <0.001 2.44-2.77
Pneumonia 4.27 <0.001 3.68-4.95
Institutionalization status at diagnosis/index date
Living at home 1.00
Living in nursing home 5.36 <0.001 4.83-5.95
Log likelihood -16038.648 -16028.177 -16017.273 -13274.237
p value (log likelihood) <0.001 <0.001 <0.001 <0.001
Pseudo R? 0.009 0.010 0.011 0.180

GII, gastrointestinal infection; AB, antibacterials for systemic use; OR, odds ratio; CI, confidence interval.
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Table 3
Risk of dementia by time since last GII
Model 5
OR p 95% C1

Time since last GII

Never GII 1.00

Last GII at diagnosis/index date 2.36 <0.001 2.02-2.76

Last GII 1-2 quarters prior to diagnosis/index date 1.23 0.013 1.04-1.44

Last GII >3 quarters prior to diagnosis/index date 1.01 0.824 0.94-1.08
Chronic comorbidities at diagnosis/index date

Diabetes 1.27 <0.001 1.22-1.33

Cerebrovascular diseases 1.93 <0.001 1.84-2.03

Hypertension 1.13 <0.001 1.06-1.21

Ischemic heart disease 1.04 0.056 1.00-1.09

Hypercholesterolemia 0.94 0.005 0.90-0.98

Intracranial injuries 1.95 <0.001 1.74-2.19

Atrial fibrillation 1.37 <0.001 1.30-1.44

Noninfective enteritis and colitis 1.08 0.005 1.02-1.15
Acute comorbidities at diagnosis/index date

Urinary tract diseases 2.50 <0.001 2.34-2.67

Pneumonia 4.10 <0.001 3.53-4.75
Institutionalization status at diagnosis/index date

Living at home 1.00

Living in nursing home 5.30 <0.001 4.78-5.89
Log likelihood -13239.835
p value (log likelihood) <0.001
Pseudo R? 0.182

GII, gastrointestinal infection; OR, odds ratio; CI, confidence interval.

for gut microbiota, microbial components and prod-
ucts, allowing them to be transported to the brain via
blood where they can contribute to the impairment
of the blood-brain barrier and neuroinflammation
[29, 30]. Moreover, microbial products that have
escaped the gastrointestinal tract can bind to and acti-
vate peripheral immune cells, inducing the release of
proinflammatory cytokines as observed, for example,
for lipopolysaccharides of Gram-negative bacteria
after binding to Toll-like receptor 4 on macrophages
and B cells [31]. This affects not only systemic but
also CNS inflammation and injury, foremost through
the activation of microglia and by increasing the per-
meability of the blood-brain barrier, which allows the
entry of immune cells and inflammatory molecules
into the brain [32].

Due to the structure of our data, we could not assess
the role of recurring GIIs on the risk of dementia
dependent on patients’ APOE genotypes, which influ-
ences susceptibility to AD [23]. APOE4 is not only
the greatest genetic risk factor for AD but also leads to
blood-brain barrier dysfunction predicting cognitive
decline, which would allow peripheral penetration of
the brain by microbial components and pathogens,
and proinflammatory cytokines [33]. Moreover, sev-
eral studies suggest that APOE4 is tied to an increased
susceptibility to several pathogens, including herpes

simplex virus 1 (HSV-1), human immunodeficiency
virus (HIV), or severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [34-37]. Lastly, the
APOE genotype influences the gut microbiome struc-
ture and function, by which it could also affect the risk
of AD [38, 39].

Interestingly, our data show that increasing num-
bers of preceding quarters with a GII diagnosis
cumulatively augment the risk for dementia, sup-
porting the association in a dose-response manner,
even when adjusted for one or more prescriptions
of antibiotics (Table 2, model 3). However, when
adjusted for various comorbidities, especially urinary
tract infections and pneumonia, increasing numbers
of preceding quarters with a GII diagnosis still cumu-
latively augmented the risk for dementia among
patients without a prescription for antibiotics but
were harmless for those receiving antibiotics (Table 2,
model 4), which warrants further studies.

Despite a careful study plan, this study has lim-
itations. Because our data only contain individuals
aged 50 years and older, we do not have information
on the exposure to GlIs or antibiotics prior to the age
of 50 and prior to 2004. Also, the data are based on
health records, meaning they include only the medi-
cal histories of those individuals who sought medical
attention. Especially, in the case of very short-term
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and acute infections of the gastrointestinal tract, peo-
ple often abstain from seeking medical help which
results in an underestimation of very mild cases. Fur-
thermore, due to the data structure we cannot assess
a potential interaction effect for the severity of GIIs.
On that basis, severe GIIs may be more likely to pre-
dict dementia than mild GIIs. Detailed clinical data,
such as results of stool or blood samples, biomarkers,
or results of neuropsychological tests, are missing
so that the validity of diagnoses could not be ver-
ified by clinical data. Moreover, there were factors
known to be associated with dementia that are not
available in health claims data, such as family his-
tory, educational attainment, the quantity and quality
of social relationships, physical activity, and tobacco
or alcohol consumption. Further, the AOK’s propor-
tions of people with lower income and low education
is higher than in private or other public health insur-
ers in Germany, which may lead to higher morbidity
rates. We tried to capture this bias by including sev-
eral comorbidities and nursing home status, which
are in turn associated with a person’s socio-economic
status. Another limitation is that the actual onset of
dementia is unknown. However, we take this issue
into account by excluding individuals with demen-
tia and possible prodromes of dementia, such as PD,
stroke, and complications of stroke during the years
2004 and 2005, and we find that GIIs remain signif-
icantly associated with an elevated risk of dementia.
We cannot completely exclude the possibility that
our findings are coincidental and that both GIIs and
dementia are correlated with a third, unquantified fac-
tor. Also, prodromal dementia patients may have a
higher risk of developing GlIs. However, the cor-
relation between GIIs and dementia risk disappears
in patients with a prescription for AB, suggesting a
causal relationship.

Our analyses rely on a large sample size with
23,354 dementia cases and 23,354 matched controls.
Health claims data are only marginally biased due to
attrition for reasons other than death as the data are
complete over time and the rate of change between
public health insurance funds is low, especially at the
oldest ages. The medical diagnoses were not prone
to recall bias. Selection bias by health care providers
or self-selection into the study can be ruled out.
Moreover, all insured individuals, regardless of their
functional and cognitive status, were included in the
study.

In conclusion, this is the first population-based
nested case-control study that is given on a national
basis showing an increased risk of dementia after

GIIs. The risk of dementia was increased with at least
asingle preceding GII diagnosis and further increased
with the cumulative number of preceding quarters
with a GII diagnosis among individuals without a
prescription for antibiotics. The higher risk indicates
a plausible biological association between GIIs and
dementia. Our study has exploratory validity and is
aimed to guide future research towards the investi-
gation of underlying gastrointestinal pathogens and
mechanisms by which GIIs could cause or contribute
to dementia. Lastly, our findings should be consid-
ered by patients, clinicians, and health policy makers
when assessing the relative risks and benefits of deliv-
ering clinical follow-up and monitoring patients with
frequent gastrointestinal infections.
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