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Do Systemic Infections Contribute to the Pathogenesis
of Dementia?
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With over 50 million people currently living with dementia

and numbers expected to double every twenty years, the

world is currently facing a dementia epidemic. Neverthe-

less, a poor understanding of the etiology of dementia has

resulted in the inability to develop any successful disease-

modifying treatment. Over the past year, several research-

ers have highlighted the role of systemic infections in

increasing the risk of developing dementia. These findings

are particularly troubling given the ongoing coronavirus 19

(COVID-19) pandemic, adding yet another cause for

concern over the long-term impact of COVID-19 on the

public’s mental health.

In a recent article published in The Lancet Infection

Diseases, Sipilä and colleagues investigated whether being

hospitalized following a severe infection was linked with

an increased risk of developing dementia [1]. Previous

findings have suggested that people who experienced a

severe infectious disease are more likely to be diagnosed

with dementia in subsequent years [2]. However, due to the

long preclinical phase of dementia, it is difficult to

determine if these associations reflect a causal role for

infections in the etiology of dementia or are a consequence

of the pathological changes that arise prior to cognitive

decline. To address this, Sipilä et al. assessed whether a

history of hospital-treated infection is linked to long-term

diagnoses of incident dementia in a primary cohort

consisting of 260,490 Finnish adults and a replication

cohort of 485,708 participants obtained from the UK

Biobank with median follow-up periods of 15.4 and 7.7

years, respectively [1]. Hospitalization records for [900

different types of infection were obtained and associated

with the risk of later developing dementia or specific types

of dementia (Alzheimer’s, vascular, frontotemporal, and

Parkinson’s). The results suggest that being hospitalized

for any type of infection is associated with an increased

risk of developing dementia, with the strongest risk found

for vascular dementia. Notably, these findings were then

confirmed in follow-up analyses that excluded incident

dementia cases occurring within 10 years of the hospital-

treated infection. This method minimized the interference

of reverse causation on the effect size (i.e., the effect that

preclinical dementia has on disease susceptibility) and

strongly supported the notion that infection might play a

role in the pathogenesis of dementia.

It has been suggested that the association between

infectious diseases and dementia may be specific to certain

pathogens or types of dementia. For example, experimental

studies have linked infection with the herpes virus to

Alzheimer’s disease (AD) by showing that Ab fibrillization

can entrap the viruses, leading to greater Ab deposition in

the brain of an AD transgenic mouse model [3]. However,

Sipilä and colleagues found that the risk of developing

dementia does not vary substantially with the type of

infectious disease (bacterial, viral, parasitic, or fungal) or

the capacity of the disease to enter the central nervous
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system (CNS) [1]. On the other hand, a clear dose-response

relationship was found between the burden of infection

(i.e., the number of infectious episodes) and dementia.

Together, the absence of disease specificity and the dose-

response relationship between infectious burden and the

incidence of dementia implies that the increased dementia

risk may be driven by the inflammatory challenge itself

rather than the specific pathogen.

To determine if the involvement of the CNS is necessary

for a pathogen to affect the brain, the authors also

investigated the risk of developing dementia when analyses

were restricted to infections localized outside the CNS (i.e.,

pneumonia and appendicitis). Although a greater risk was

found for CNS infections, peripheral infections were also

linked to an increased risk of dementia, including a 1.8-fold

greater risk of AD and a 3.3-fold greater risk of vascular

dementia. These findings suggest that systemic infections

can invoke an inflammatory response that sufficiently

enables peripheral pathogens to contribute to the develop-

ment of dementia without entering the brain. A potential

mechanism behind this could be that peripheral infections

trigger an increased production of pro-inflammatory

molecules leading to the activation and infiltration of

peripheral monocytes into the brain (Fig. 1) [4]. In a mouse

model of vascular cognitive impairment, elevated neuroin-

flammatory signaling in the brain can cause microglial

activation and chronic reactive gliosis that contributes to

cognitive decline in an astrocyte-dependent manner [5].

Collectively, the results of these studies also indicate that

inflammatory mediators of vascular dementia might serve

as a common pathological mechanism that underlies the

association between infectious diseases and dementia.

These findings are particularly relevant given the potential

implications for the COVID-19 pandemic. With [200

million confirmed cases, including [4.3 million deaths

already reported by the World Health Organization (https://

covid19.who.int/info), the results of Sipilä et al. highlight

the need to explore whether the inflammatory reaction

contributes to the development of cognitive dysfunction in

COVID-19 patients.

Over the past year, evidence from observational studies

has already hinted at a potential link between COVID-19

and dementia. For instance, COVID-19 infections have

been found to adversely impact the immune and nervous

systems even among patients without neurological symp-

toms [6], suggesting the potential for long-term cognitive

effects. Furthermore, a recent article published in Molec-

ular Neurodegeneration by Dr. Yan-Jiang Wang’s research

group has provided early insights into the potential impact

of COVID-19 on cognitive decline [7]. Focusing their

study on the first batch of patients to be discharged from

three designated COVID-19 hospitals in Wuhan, China, the

authors investigated the cognitive effects of mild and

severe COVID-19 infections on cognition in elderly

patients after six months of recovery. They recruited

1539 COVID-19 patients, including 238 severe and 1301

Fig. 1 How systemic infections

could contribute to dementia.

After severe infection, chroni-

cally elevated levels of inflam-

matory mediators could

promote monocyte infiltration

into the brain. Invading mono-

cytes then release high levels of

inflammatory cytokines (1),

leading to microglial activation

(2) and inducing neuroinflam-

matory reactive astrocytes. In

turn, activated microglia further

produce inflammatory cytokines

and reduce the clearance of

toxic products (3). Reactive

astrocytes then cause vasocon-

striction and chronic hypoper-

fusion across the blood-brain

barrier (BBB; 4), ultimately

leading to neurodegeneration

and cognitive dysfunction.
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non-severe cases, along with 466 uninfected spouses who

were selected as controls. Disease severity was associated

with the cognitive status of patients (mild cognitive

impairment and dementia) and their longitudinal cognitive

decline during the recovery period, and assessments were

made using standardized telephone surveys. The results of

this study indicated that severe COVID-19 patients were

more likely to exhibit cognitive deficits six months

following infection when compared to mild patients and

controls, with 35.7% of patients meeting the criteria for

cognitive impairment. However, no such differences were

found between mild COVID-19 patients and controls,

suggesting that experiencing a severe reaction is critical in

predisposing patients to cognitive impairment. On the other

hand, both severe and mild COVID-19 patients were

reported by relatives as exhibiting longitudinal cognitive

decline over the six-month recovery period. As such, these

findings suggest that elderly COVID-19 patients experi-

enced a rapid decline in cognitive capabilities during post-

infection recovery, with stronger effects found after a

severe infection.

New research presented at the Alzheimer’s Association

International Conference (AAIC) 2021 further highlighted

other studies currently underway to determine whether

COVID-19-related cognitive deficits persist in the long

term and if they are associated with biomarkers of

particular types of dementia. For example, preliminary

findings on a cohort of 300 COVID-19 patients from

Argentina suggested an increased risk of cognitive deficits

among patients assessed between three and six months

after infection. Importantly, participants will continue to be

tracked for three years to monitor long-term changes.

Another study currently underway at New York Univer-

sity-Langone Health is investigating the blood of [300

COVID-19 patients for biomarkers of AD (Neergaard L.

Research looks for possible COVID tie to later Alzhei-

mer’s. https://medicalxpress.com/news/2021-07-covid-alz

heimer.html. 2021). Patients with incident neurological

symptoms were found to exhibit elevated levels of certain

biomarkers linked to neuroinflammation and dementia,

including C-reactive peptide, glial fibrillary acid protein,

total tau, and phosphorylated tau (pTau-18). These markers

suggest that COVID-19 may induce pathological changes

associated with dementia, such as inflammation-related

neuronal injury and glial activation.

Overall, a growing body of research seems to support the

notion that systemic infections contribute to the etiology of

dementia. The report by Sipilä and colleagues was the first

large-scale multicohort study to incorporate a wide range of

infectious diseases and specifically examine the long-term

effects of infection on dementia risk. Their findings provide

strong support for the link between infection and dementia

and suggest that inflammatory mediators of vascular

dementia might serve as a common pathological mechanism

underlying this association [1]. Notably, the generalizability

of the infection-dementia association found in this study

indicates that a similar pathologymay extend to patientswith

COVID-19. In agreement, the report by Dr. Wang and

colleagues found that elderly COVID-19 patients are more

likely to exhibit cognitive deficits as early as 6 months

following a severe infection [7]. While more longitudinal

studies are needed to assess the long-term consequences of

COVID-19 on cognitive function, the preliminary results

recently reported at the AAIC also indicate that COVID-19

patients may be at a higher risk for dementia (Neergaard L.

Research looks for possible COVID tie to later Alzheimer’s.

https://medicalxpress.com/news/2021-07-covid-alzheimer.

html. 2021). These findings are particularly concerning for

the long-term health of the elderly and people with AD, the

most vulnerable population during the COVID-19 pandemic

[8]. Future studies are needed to investigate the causal

mechanism whereby an infection may trigger dementia and

identify the time window when patients are more at risk as

this might help provide specific targets for therapeutic

intervention.
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