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Abstract 

Dementia impairs patients’ ability to manage comorbidities, which puts them at risk for adverse 

outcomes and negatively impacts their quality of life. Infections are among the most common 

comorbidities that are potentially preventable. People with dementia are more susceptible to 

getting infections; they are more likely to have their infections underdiagnosed and mismanaged; 

and infections may play a role in the pathology of dementia by worsening/ accelerating the disease. 

However, this topic remains insufficiently explored, and evidence is needed to shape interventions. 

This thesis investigates the role of infections in people with dementia aged ≥65 years in Denmark. 

It’s based on three population and registry-based studies exploring hospitalization and mortality. 

These studies are the first to explore and compare such outcomes in all types of infections.  

Results from our studies showed that people with dementia had a 50% higher risk for an infection-

related hospital contact than those without dementia, and that infections may be an early sign of 

dementia. Following an infection-related hospital contact, people with dementia were 7-fold more 

likely to die compared with the general population, and increased mortality was both short- and 

long-term. Acute admissions for an infection of people with dementia were more likely to result 

in 7-day readmissions than of people without dementia, mostly in the youngest dementia patients. 

Readmissions were mostly due to infections as well.   

Most frequent infections in our studies were of the respiratory and urinary systems, sepsis, 

infections of the digestive system, skin infections, and other uncategorized/unspecified infections. 

For these, there were increased rates of hospital contacts and mortality in people with dementia, 

as well as increased 7-day readmission risk (mainly in the youngest). Such associations were 

generally observed for all other infection sites, with some variations.  

Findings reflect pitfalls in dementia care and infection management and highlight issues of equity 

in healthcare. Future research is needed to test further hypotheses on the possible role of infections 

in dementia, and to shape interventions. I emphasize the need for focus on infection prevention 

and specialized care for people with dementia. This calls for strong collaborations that span 

disciplines of clinical care (geriatrics, neurology), research (neurology, epidemiology, sociology), 

and other professions e.g. social care professionals and policy makers.  
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Resume 

Demens forringer patienters evne til selv at mestre komorbiditeter, hvilket øger risikoen for 

komplikationer og påvirker livskvaliteten negativt. Infektioner kan potentielt forebygges og er 

blandt de hyppigste komorbiditeter hos ældre med demens. Personer med demens er mere sårbare 

overfor infektioner; de bliver oftere udsat for mangelfuld diagnose; og infektioner spiller måske 

en rolle ved at forværre/accelerere demenssygdommen. Imidlertid er emnet stadig utilstrækkeligt 

undersøgt, og der er behov for mere evidens for at udvikle interventioner. 

Denne afhandling undersøger infektioner hos mennesker med demens i alderen ≥65 år i Danmark. 

Den er baseret på tre befolknings- og registerbaserede studier af hospitalsbesøg og mortalitet. 

Disse studier er de første til at undersøge og sammenligne dette for alle typer infektioner. 

Vores resultater viste, at personer med demens havde 50% højere risiko for et infektionsrelateret 

hospitalsbesøg end personer uden demens, og at infektioner kan være et tidligt tegn på demens. 

Efter et infektionsrelateret hospitalsbesøg havde personer med demens 7 gange højere risiko for at 

dø sammenlignet med baggrundsbefolkningen, og dødeligheden var øget på både kort og lang sigt. 

Akutte indlæggelser for en infektion hos personer med demens resulterede oftere i genindlæggelser 

indenfor 7 dage end hos personer uden demens, hovedsageligt hos de yngste demenspatienter. 

Genindlæggelserne var for det meste også pga. infektioner. 

De hyppigste infektioner i vores undersøgelser var i luft- og urinvejene, blodforgiftning, 

infektioner i fordøjelsessystemet, hudinfektioner og uspecificerede infektioner. For disse var der 

øget hospitalsbesøg og dødelighed for personer med demens samt øget risiko for genindlæggelse 

indenfor 7 dage (især hos de yngste). Sådanne resultater blev generelt også observeret for andre 

infektionstyper, men med nogle variationer. 

Resultaterne afspejler udfordringer i plejen af mennesker med demens og i forebyggelse og 

behandling af infektioner og fremhæver spørgsmål om ulighed i adgang til sundhed. Fremtidig 

forskning er nødvendig for at teste yderligere hypoteser om infektioners mulige rolle for demens 

og for at udvikle interventioner. Jeg påpeger behovet for fokus på infektionsforebyggelse og 

specialiseret pleje af personer med demens. Dette kalder på stærke samarbejder, der spænder på 

tværs af discipliner inden for klinisk pleje (geriatri, neurologi), forskning (neurologi, epidemiologi, 

sociologi) og andre erhverv, f.eks. plejepersonale og beslutningstagere.    
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1. BACKGROUND 

I will start out by providing a brief background on dementia and put it in the context of infections. 

I will highlight in this section what we already know on the topic and go through key points 

describing the need for research. I will then present the gaps in knowledge that led to forming the 

aims of this thesis. 

Dementia  

Dementia is not one disease, it is a syndrome (set of symptoms) that is characterized by cognitive 

decline and impairment to memory, behavior, reasoning, and thinking, which result from abnormal 

brain changes.1 Other symptoms of disorientation, agitation, anxiety, and sometimes 

hallucinations are also common in people with dementia and are referred to as neuropsychiatric 

and behavioral symptoms.1,2 The most common underlying brain diseases in dementia – also called 

dementia subtypes – include Alzheimer’s Disease (AD) that accounts for 60-70% of all cases, 

followed by vascular dementia, dementia with Lewy bodies, and frontotemporal dementia.1,3 More 

than one type may also coexist.1,4  

In the absence of a neuropathological confirmation, dementia diagnosis relies on criteria developed 

to increase accuracy.5 These are criteria developed by the World Health Organization in the 

International Classification of Diseases (ICD-10) in 1992 and by the American Psychiatric 

Association in the Diagnostic and Statistical Manual of Mental Disorders (DSM-V) in 2013.6,7  

Although there are differences in the exact criteria between the two, both primarily require the 

presence of decline in memory functions and other cognitive abilities such as judgement, together 

with declines in social and emotional behavior (e.g. irritability).6,7 Criteria are developed over the 

years based on understanding of the dementias, for example, the recent DSM-V changed the term 

dementia (in the earlier DSM-IV) to “Major Neurocognitive Disorder”, and an updated ICD-11 is 

expected in 2021.7,8 

Age is the strongest risk determinant of dementia. With advancing medicine and people living 

longer, far more people have dementia today than previously. It is estimated that 50 million people 

were living with dementia in 2018.4 And as people continue to live longer, it is expected that 
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people living with dementia will also continue to grow in number, reaching an estimated sum of 

152 million people in 2050.4 That’s more than the size of Russia. In Denmark, around 36,000 

people were registered with dementia in 2015 (the number of people living with dementia is 

estimated to be at least double in reality).9,10 A recent study has shown that the incidence has 

increased annually by 9% between 1996 and 2013 and decreased thereafter by 2% until 2015.9 

However, the prevalence continued to increase9 i.e. more people are living with dementia.  

Age and genetics are risk factors for dementia that one cannot change. However, with advancing 

research, we now know more and more about potentially modifiable risk factors in mid- and late 

life that contribute to dementia.3,11 These include medical conditions (hypertension, diabetes, 

hearing loss, depression, obesity, brain injury), social factors (education, lack of social support), 

environment (air pollution), and lifestyle (smoking, physical inactivity, alcohol consumption).3,11 

Dementia has serious deleterious impact on the quality of life of the person living with dementia, 

their caregivers, and the healthcare system and the society as a whole.1,4,5 It is not “just another” 

diagnosis in a patient’s medical journal. Dementia impairs the patient’s ability to manage other 

diseases and to communicate new symptoms.11,12 Consequently, the prognosis of dementia is 

impacted negatively by increased comorbidity burden that put people with dementia at higher risk 

for mortality, frequent hospitalizations, and further deterioration in the already afflicted cognitive 

and functional levels. This further decreases their overall well-being and majorly reduces their 

quality of life.13,14 Understanding factors and events that contribute to this vicious cycle is a 

research priority – albeit a complex endeavor.    

Treatment for patients with dementia have so far targeted lessening the cognitive and non-

cognitive (neuropsychiatric and behavioral) symptoms.5 Drugs that aim to put the brakes on the 

cognitive decline are in development, with the first drug – Aducanumab – having been approved 

this year for AD treatment in the United States.15 To date, there is no cure for dementia and 

therefore it is of utmost importance that people living with dementia are provided with the needed 

optimal care, and that their comorbidities are properly managed.3  
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Living with dementia; infections 

One of the most common comorbidities is infections. I will describe here the following key 

messages: People with dementia may be more susceptible to getting infections; they are more 

likely to have their infections underdiagnosed and mismanaged; these may lead more frequently 

to hospitalizations, readmissions, and mortality; and infections may play a role in the pathology of 

dementia by worsening/accelerating the disease.   

It is well-known both clinically and in research that infections are common in older adults and in 

people with dementia. Most common infections are pneumonia, urinary tract infections (UTIs), 

sepsis, and skin infections.16,17   

Susceptibility to infections in people with dementia is likely multifactorial and includes patient 

and social factors. Although these may be common to all older adults, dementia adds another layer. 

Impaired cognition in dementia and its consequences can result in changes in people’s hygienic 

habits and can lead to difficulty in communicating needs (e.g. water intake or bathroom visit). 

Changes in the immune system with age makes older adults and people with dementia less capable 

to fight off infectious challenges,18–21 and it has been proposed that an impaired blood brain barrier 

may predispose people with dementia to infections.22,23 Other changes in the body with age may 

also predispose to infections such as microbiota changes,20 swallowing difficulties,20 reduced 

cough reflux, urinary/ fecal incontinence,24 and drug-induced acquired immunodeficiency.24 

Further, reduced mobility can increase the risk for bed sores that result from prolonged periods of 

bed rest and can develop to skin infections.24 Social factors include malnutrition,25 nursing homes 

residence, lack of external help, and possible reduced acceptance of infection prevention measures. 

The relationship between patient and social factors is certainly complex and the accumulation of 

several factors increases susceptibility to infections.  

Not only is there a question about increased susceptibility to infections, another issue is that people 

with dementia may be more likely to have infections mismanaged. One study showed that people 

with dementia are not at a higher risk for pneumonia than other older – frail – adults, but that the 

challenge lies in diagnosis.26 People with dementia often present with atypical infection 

symptoms,13,27 and sometimes the only clinical sign is a change in the person’s mental state.13,24 

Further, cognitive decline challenges infection symptom expression and increases the risk that 
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infections are undiagnosed and mismanaged.20 Mismanagement can also be due to decreased renal 

functions28 and age-related changes in pharmacokinetics that affect how antibiotics are absorbed 

and eliminated, and hinder treatment efficacy and may even lead to toxicity.29 

Challenges in infection diagnosis and management can lead to frequent hospitalization, 

readmissions, and death.  

We know from previous literature that people with dementia have an increased risk for 

hospitalization with infections generally, and specifically with UTIs and pneumonia (and in two 

studies, gastroenteritis was also documented).30–45 Hospitalization can be  burdensome and 

destabilizing for any person, but particularly for a person with dementia, especially in older age. 

Frequent hospitalization comes parallel to increased comorbidity and polypharmacy, which predict 

readmissions and excess mortality in people living with dementia.3,14 

Unplanned readmissions put an added strain on the well-being of a person with dementia and on 

the healthcare system. Previous studies have shown an increased 30-day readmission risk, 

recurrent hospitalization, and complications after admissions with UTIs and pneumonia in people 

with dementia.33,46–51 After hospital-acquired infections, they were more likely to be readmitted 

and most commonly after and for C. difficile and UTIs (linked readmissions).52  

Infections may also place them at an increased risk of death. Previous reviews have shown that 

pneumonia has been consistently reported as a common cause of death in dementia, and also more 

common when compared with no dementia patients.53,54 Higher in-hospital mortality after sepsis 

in people with than without dementia has also been shown in one study.55 Following respiratory 

infections/ pneumonia, a few studies documented increased mortality56–58 and decreased survival59 

in people with dementia. In these studies, comparison of mortality between people with and 

without dementia was however scarce. There is also a growing interest in the underlying biological 

and pathological mechanisms involved in the interactions between infections and dementia, 

especially infections’ role for developing/ worsening dementia. The hypothesis investigates 

whether infection/ inflammation contributes to cognitive decline and neurodegeneration, and is 

being continuously tested.60–66 Although this thesis does not investigate such mentioned possible 

roles, these are of value for interpreting results of hospitalization patterns and adverse outcomes. 
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Public health interest- need for research  

I would like to pinpoint some core considerations that motivated this PhD research project. 

1) Global burden. Dementia and infections are among the top 10 leading causes of death 

worldwide, highlighting their impact globally.67 The interaction of the two may contribute to 

an even bigger disease burden. 

2) Infections are common and preventable. Such avoidable causes for hospitalization and 

consequent adverse events should thus be a research priority.  

3) Dementia care and equity. Outcomes of hospitalizations, readmissions, and mortality are 

important to investigate because these provide evidence for dementia care. They show disease 

trajectories, can be markers for the quality of healthcare, and are important for healthcare 

service planning and policy making. These outcomes can also reflect equity issues in the 

healthcare services received. If there are differences in these outcomes between people with 

and without dementia, then there is a problem. Indeed, previous findings point out this equity 

gap in the provision of services.11 The gap is only expected to grow in importance in the coming 

years as the number of people living with dementia increases, especially if the gap is present 

for such common events as infections. Consequences of such a gap burdens the patients, their 

families, and the healthcare system in terms of both the quality of life and the societal expenses. 

4)  Possible underlying biological mechanisms in interactions between infections and 

dementia. Large observational studies cannot provide evidence on such mechanisms, but they 

are valuable to guide novel hypotheses on infections’ possible role in dementia. These may 

include mechanisms involved in increased susceptibility to infections, an altered reaction to an 

infection, and infections’ role for developing/ accelerating dementia.   

5) A focus on all types of infections. A comprehensive investigation of all infections is needed 

to provide important avenues for intervention. Research on pneumonia (mainly), UTIs, and 

sepsis has allowed for development of targeted interventions and generation of hypotheses on 

e.g. hospitalization and treatment decisions.57,68,69 The research loop thus continues with these 

infections, and it is of value to compare with and include other infections. Further, patient-

social factor interactions and possible biological mechanisms may vary by infection type. Thus, 

all types need to be investigated together and in comparison, to develop interventions for 

appropriate dementia care and to further knowledge on dementia through possible biological 

and pathological mechanisms underlying interactions with several infection types. 
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Knowledge gaps  

Previous studies that investigated hospitalizations, readmissions, and mortality in the context of 

infections in dementia are few. Studies only assessed outcomes for pneumonia (mainly), followed 

by UTIs and sepsis and in a few studies also infectious diseases generally. However, no studies 

have investigated such outcomes with focus on all types of infections or comparing infection types. 

Further, studies that were based on entire populations are few31,35,44,48,49,55 and previous work is 

generally limited by smaller, single-site, or selected study samples such as a single hospital, 

patients on a specific insurance scheme, recruited cohorts, selected nursing home facilities, persons 

with advanced dementia or terminally ill persons with dementia (end of life care). Majority of the 

already few population-based studies assessed all-cause hospitalization rates where the mentioned 

selected infections were included. Only three assessed mortality or readmission and these were 

focused on pneumonia and sepsis only.48,49,55 Together with short follow-up periods in most 

studies, findings from previous work may face issues in generalizability and bias.  

In addition to these common pitfalls, there is also a need for more comprehensive knowledge on 

the mentioned outcomes. For example, research on hospitalization patterns from the time of 

dementia diagnosis is needed to assess its impact on the rates of infection-related hospital contacts; 

knowledge on readmission reasons after infections in people with dementia is needed to inform 

targeted interventions; and the short- and long-term mortality following infections is valuable 

knowledge for investigating the consequences of infections in dementia. Regarding the latter, the 

impact of infections may extend beyond the period right after the infection70 as shown in several 

studies in sepsis survivors (without focus on dementia).70–72 Such studies highlight the value for 

investigating the long-term consequences of infections.  

Finally, there is a lack of evidence to date on which types of infections are behind increased 

hospital contacts, and which infections show an increase in adverse outcomes of readmissions and 

mortality in people with dementia. 

Thus, the role of infections for hospitalizations and mortality in people living with dementia 

remains insufficiently explored and such gaps in knowledge hinder public health and clinical 

efforts that aim to target these outcomes in people with dementia.    
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2. AIMS  

I present here the overall aims and specific aims per study (Figure 1). The overall aim was to 

investigate the role of infections in dementia in 65+ year old persons in Denmark.  

In study I, the aim was to investigate the association between incident dementia and rates of 

hospital contacts with infection, and to investigate which infections are behind such rates. In study 

II, the aim was to investigate the impact of infection in people with dementia on the short- and 

long-term mortality, and to investigate this impact in the different infection sites. In study III, the 

aim was to investigate the impact of dementia on readmission in a population with at least one 

acute inpatient admission for an infection. We further aimed to investigate readmission risks in the 

different infection sites, and to explore reasons for readmissions. In all studies, we hypothesized 

that people with dementia have increased risk for the listed outcomes. 

Figure 1. Graphical presentation of the main aims of this thesis 
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3. MATERIALS AND METHODS 

Since all three studies of this thesis use the same source population and data on infections and 

dementia, I will first present an overview of these as used in all studies and will later go into study 

specific methods. All methods are described in detail in each of the study manuscripts and their 

supplementary materials. Here I will give an overview of key methods that serve in understanding 

the studies and findings. 

Setting and data source  

This thesis takes place in the Danish healthcare system. Most healthcare services are provided by 

the state free of charge (tax-financed) for everyone with a residency in Denmark.73,74 All contacts, 

procedures, and redeemed pharmaceutical prescriptions are registered in the national registries 

digitally using the person’s unique 10-digit civil registration number. This number allows for 

accurate individual-level linkage between all registries. The Civil Registration System (CRS) is 

the main administrative registry in Denmark. It was established in 1968 and contains individual-

level data such as date of birth, kinship, and status (e.g. emigration).75 Sources of health data in 

this thesis are: the National Patient Registry (NPR), the Psychiatric Central Research Registry 

(PCRR), and the National Prescription Registry (NPrR), each described briefly in the following.  

The NPR was established in 1977 and originally covered inpatient admissions in somatic wards 

and in 1995, outpatient and emergency contacts were included. The PCRR was established in 1969 

and has included all inpatient admissions in psychiatric wards,76 and in 1995, the register also 

included outpatient and emergency contacts. Here, the PCRR also became integrated in the NPR.77  

Several records may be recorded for each hospital contact in the NPR if there were e.g. transfers 

between hospital departments. In our studies, such records were combined into one merged record 

if they occurred on the same date (or +1 day), and we grouped outpatient clinic and emergency 

contacts into “outpatient contacts”, resulting in records divided into inpatient and outpatient 

contacts. All diagnoses given by the physician during a hospital contact are recorded upon 

discharge (hereafter referred to as discharge diagnoses) using the ICD codes (version 8 until 1993 

and version 10 from 1994 and onwards).77 These diagnoses are categorized into primary and 

secondary based on the diagnosis seen as the primary reason for the hospital contact. In our studies, 
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each hospital contact may – as a result of the merged records described – contain several primary 

and/or secondary diagnoses. The data management of this for each study is detailed in their 

supplementary material. 

The NPrR contains individual-level information on all drugs prescribed in the primary and 

secondary sectors and dispensed at Danish pharmacies from 1995.78 All medication is registered 

with an Anatomical Therapeutic Chemical Classification (ATC) code.  

Identifying people with dementia  

In all studies of this thesis, (registered) dementia was defined as a recorded dementia diagnosis at 

age ≥65 years, using the ICD-8 and ICD-10 codes from the NPR and PCRR (secondary care 

setting), or a redeemed prescription for an anti-dementia medication (ATC code) from age 65 years 

from the NPrR (outside of the secondary care setting) (Table 1). A recorded dementia diagnosis 

(using ICD codes) included all  primary and secondary discharge diagnoses recorded during in- or 

outpatient contacts. Dementia cases before age 65 years were excluded in all studies, because 

dementia was found to be over-diagnosed in younger patients.79 The date of (registered) dementia 

was the first of either a recorded dementia diagnosis or the redeemed anti-dementia prescription.  

Table 1. Algorithm for defining a registered dementia 

Dementia type ICD-8 code ICD-10 code 
Alzheimer’s disease  290.10  F00.0-00.9, G30.0-30.9  

Vascular dementia  293.09-19  F01.0-01.9  

Frontotemporal dementia  290.11  F02.0  

Dementia without specification  290.09, 290.19  F03.9, G31.9  

Other dementias 290.18 G31.8 

Medication ATC code  

Cholinesterase inhibitors   

Donepezil  N06DA02  

Rivastigmine N06DA03  

Galantamine N06DA04  

Glutamate-receptor antagonists   

Memantine N06DX01  
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Identifying people with infections 

In all studies of this thesis, data on infections were those diagnosed in the public secondary care 

hospital setting. Data were extracted from the NPR where primary and secondary diagnoses 

recorded as ICD-10 codes upon a hospital in- and out-patient contact were used as a surrogate 

marker for the presence or absence of infection during a hospital contact.  

ICD-10 codes for infections were selected after a thorough process described in detail in the 

Supplementary material of study I and study II.80,81 Briefly, the ICD-10 manual was reviewed 

through its sections (disease system categories). All codes were screened by three of the authors 

independently and agreed on subsequently with one authors’ guidance as an infectious disease 

expert. We further relied on previous literature that used ICD-10 codes of infections from the 

NPR.82–85 Conditions that occur due to an infection but that are not an infection were not extracted, 

and conditions that may have mixed etiologies including an infection were carefully judged where 

some conditions were deemed unspecific (further handled in sensitivity analyses in our studies). 

All chosen ICD-10 codes were categorized according to the system in which the infection was 

found (following the ICD-10 manual disease system categories), referred to as the “infection site”. 

Infection sites were: Respiratory, urinary, digestive, circulatory, genital, musculoskeletal, nervous, 

surgical, skin, eye, ear, sepsis, herpes, hepatitis, uncategorized/ unspecified, and less occurring. 

The latter five sites were put in separate categories instead of the disease system categorization in 

the ICD-10 manual. Detailed rationale for this is in supplementary material of studies I and II. A 

list of ICD-10 codes included in each of the studies are in the supplementary tables of each study. 

In all studies, HIV infections were not included in our list of infections, and instead were counted 

as one of the diseases included in the Charlson Comorbidity Index (CCI) described below.   

Overview of variables used in the studies to refer to infections 

In studies I and II, identified hospital contacts with an infection included all in- and out-patient 

contacts with either primary or secondary diagnoses. In study I, this was referred to as infection-

related hospital contacts. In study II, only the first such contact was counted and thus is referred 

to as infection or first infection. In study III, to focus on unplanned hospital stays that were due 

to infection, only the acute inpatient hospital contacts with a primary diagnosis of infections  were 

counted and are thus referred to as infection index admissions. 
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Covariates 

Covariates were chosen as factors judged to be associated with exposures and are risk factors for 

the outcomes in each study, as indicated by previous literature. All covariates were obtained from 

the national registries and included: socio-demographic information on age, sex, civil status, and 

highest educational level attained; comorbidity information; calendar year;  and in study III, 

information on the length of hospital stay (LOS) was also included.  

Civil status was defined as married, unmarried, divorced, or widowed. Highest educational level 

attained was defined as low (primary school), medium (upper secondary, business high school, 

vocational internship), and high (short-term further education, middle-range education, bachelor’s 

degree, extended education and research degree). Information on comorbidities was obtained using 

the CCI, which was first developed in 1987 and includes 19 comorbidities.86 For each comorbidity, 

a person is given a score between one and six depending on the disease severity and the associated 

mortality risk. Scores are summed to give an index per person. Dementia was taken out of the CCI 

algorithm, keeping 18 comorbidities using the ICD-8 and 10 codes. The CCI has been shown to 

be an appropriate measure of disease burden in health care research that is based on administrative 

data.87 Finally, LOS was defined as the number of days from the admission date of an acute 

inpatient admission until the discharge date.  

Ethics and approvals 

This PhD was conducted as part of a larger epidemiological research project approved by 

Statistics Denmark, the Region’s Data Protection Agency (ID no: 2007-58-0015/30-0667), and 

the Danish Health Data Authority. Ethics committee approval and patient consent are not 

required for registry-based studies.88 Data were handled in an anonymized form (using 

encrypted personal numbers) on the platform of Statistics Denmark following all regulations.   
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Source population and study design (all studies) 

The three studies in this thesis were observational cohort studies using prospectively collected 

administrative and health data from the Danish national registries. The source population for 

all studies was all Danish residents born in or before 1950 included in the population from 1 

January 2000 if they were at least 65 years of age, or from their 65th birthdate between 1 

January 2000 and 31 December 2015 (all studies’ period). People were alive and residing in 

Denmark at the start of the studies. Figure 2 presents each study’s population and exclusion 

criteria. Table 2 presents methods that are further detailed in the following section. 

Figure 2. Source population and exclusion criteria for each of the three studies 

 

In all studies in this thesis, analyses and data management have been conducted using SAS 

9.4. (SAS Institute inc.). A two-sided type I error of 5% was considered as statistically 

significant. 
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Study specific methods 

Table 2. Overview of methods in all three studies of this thesis 

 

Study I 

The aim was to investigate the association between incident dementia (exposure) and rates of 

infection-related hospital contacts (outcome). After excluding people with dementia before the 

start of the study period (Figure 2), we identified everyone with an incident dementia (defined 

as the date of a first registered dementia diagnosis or the date of first redeemed anti-dementia 

drug). On the date of incident dementia (index date), people were matched on sex and 

birthdate (±90 days) with three randomly chosen people without dementia.  

To avoid counting rehospitalizations for the same infection, we chose a period of 90 days 

between each counted infection-related hospital contact (or one year for specific infections 

with longer treatment). Hepatitis and herpes were counted as one-time events per person. 

People were followed from index date until date of death, emigration, or 31 December 2015, 

whichever came first. Matched people without dementia also ended follow-up on the date of 

a registered dementia. They were then censored and further matched as people with dementia.  

Incidence rate ratios (IRRs) were calculated in people with dementia compared with those 

without dementia (reference group), with 95% confidence intervals (CI). Poisson regression 

with the logarithm of the person years (PYs) at risk as an offset variable was used to calculate 

the IRRs (a model equivalent to a Cox regression model).89,90 Dementia was a time-dependent 

variables. IRRs were calculated for any infection-related hospital contact, and by infection 

site, sex, and age. If one contact included diagnosis codes of several infection sites, then that 

contact was represented in several infection sites. Additionally, we calculated the percentage 



15 

 

 

of people with infection-related hospital contacts during the five years prior to index date. 

Finally, three adjustment models were used, and multiple sensitivity analysis models were 

conducted to test whether any arbitrarily made decisions influenced the results.  

Study II 

The aim was to investigate the association between incident dementia and first infection 

(exposure) and all-cause mortality (outcome). Four exposure groups were thus analyzed: 

Dementia/infection, Dementia/No infection, No dementia/infection, and No dementia/no 

infection (reference groups). For people with a first infection prior to dementia, it was judged 

incorrect to categorize them in the Dementia/No infection group or in the Dementia/infection 

group, so they were put in their own sub-category. People were followed from start of study 

period (age 65 years, or 1 January 2000) until the date of death, emigration, or 31 December 

2015, whichever came first.  

IRRs (here called Mortality Rate Ratios- MRRs) were estimated as described above using 

Poisson regression, in the four exposure groups for any infection, and stratified by sex, 

infection site (from first infection in each site), and time since infection (for short- and long-

term mortality, and also stratified by sex). For each infection site, MRRs were estimated for 

infections of each site and no other infections compared with the reference group. 

We further quantified the additive interaction between infections and dementia for any 

infection and in each infection site. This is often referred to as biological interaction and is 

widely used in clinical epidemiology research.91–94 We used the Synergy Index as described 

in Andresson et al.94 that quantifies the excess risk of the outcome (here, death) for two 

interacting exposures (here, dementia and infection). In this thesis, the term “excess” 

mortality will refer to results of the Synergy Index.   

Finally, three adjustment models were used (same as study I), and similarly, multiple 

sensitivity analyses were conducted to test robustness of our results.   

Study III 

The aim was to investigate the association between dementia (exposure) and all-cause 7-day 

readmission risk (outcome) as well as reasons for readmission (outcome) in people with at 
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least one infection index admission. Secondary outcomes were 30- and 90-day all-cause 

readmissions. The study unit was admissions. Two exposure groups were analyzed: Infection 

index admissions of people with dementia, and of people without dementia (reference group).  

All-cause 7-day readmission was defined as an admission for any reason occurring within 

seven days of the discharge date of an infection index admission. For each readmission, the 

primary diagnoses were grouped into a) Any infection, further subdivided into: Linked infections 

(primary diagnosis of index admission and readmission were of the same infection site); sepsis; 

and other infections. b) Primary readmission diagnoses not of an infection were grouped as disease 

categories in the ICD-10 manual (e.g. other respiratory disease).95 These are referred to as 

“reasons for readmission”. Each infection index admission could be counted as both that and 

as a readmission for a previous one. A follow-up period of seven days (for secondary 

outcomes 30 and 90 days) was the risk period. If dementia was registered during follow-up, 

the infection index admission was not counted as such but was eligible to be counted as a 

readmission for a previous infection index admission of a person without dementia.   

We used a generalized estimation equation model with a Poisson distribution and a log link 

function to estimate Risk Ratios (RR) between exposure groups, with 95% CI and stratified 

by sex and age. To account for repeated measures i.e. multiple admissions per person, the 

person was the random effect in the model. Due to possible competing risk of death, and 

because censoring was not possible, we computed mortality RRs. Each index admission could 

result in a readmission, death or neither. Seven-day readmission risks were estimated for 

infection sites. If there were primary diagnoses of several infection sites recorded in the same 

infection index admission, it was represented in several sites. Finally, in each infection site, 

we calculated the percentage of readmissions within each group of reasons for readmissions. 

If a readmission included multiple primary diagnoses that belonged to several groups of 

reasons for readmission, then we presented that readmission in all groups. Finally, three 

adjustment models were used (as in studies I and II and additionally adjusting for LOS). Age-

strata are also adjusted for age. In a sensitivity analysis, we investigated whether readmission 

and mortality were different following index admissions due to other causes than infections.   
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4. RESULTS SUMMARY 

Figure 4 presents the study populations and results’ summary. In study I, 396,640 people with and 

without dementia were followed for 2,322,528 PYs (129,660 people with dementia followed for 

403,744 PYs). In study II, 1,496,436 people with and without dementia were followed for 

12,739,135 PYs (112,565 people with dementia followed for 354,456 PYs). In study III, the 

population was 421,133 people with at least one acute inpatient index admission for an infection 

(total of 789,732 index admissions eligible for 7-day readmissions), with and without dementia 

(34,599 people with dementia, and 72,103 index admissions with dementia). In summary, 

compared with people without dementia, people with dementia had a 1.5 higher rate for infection-

related hospital contacts, had increased mortality following a first infection (7.35 higher mortality 

compared with the reference population), and the risk for readmissions was higher following 

infection index admissions of people with dementia (particularly for ages 65-74 years).  

Figure 3. Summary of the study population and results of each of the three studies 
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Results from analyses by infection sites showed such associations in most but not all sites. Specific 

results for infection sites are presented in the following three sections for each of the studies. Figure 

4 presents results in each infection site from study I (rates of hospital contacts) and study II 

(mortality). Infection sites are ordered by most to least frequent in our cohort data. Results from 

study III on readmission risks are presented later in Figure 5.  

Figure 4. Results of studies I and II for each infection site 

 

In each of the studies, majority of the entire study population and people with dementia were 

women (of people with dementia: 62% in study I and II, and 58% in study III). Mean age of 

incident dementia in our cohort (studies I and II) was 82 years.  
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Study I: Dementia identified as a risk factor for infection-related hospital contacts  

During the study period, there were 97,586 infection-related hospital contacts (outcome) in people 

with dementia, and 280,848 contacts in people without dementia.  

The fully adjusted IRR of any infection-related hospital contact was 1.5-fold higher in people with 

dementia compared with people without dementia (IRR= 1.50, 95% CI 1.49- 1.51).  

The most frequent infections in people with and without dementia were those of the respiratory 

and urinary tracts. IRRs for most infections were significantly increased in people with dementia. 

The highest were for infections of the nervous system (IRR=2.10, 95% CI 1.83- 2.24), followed 

by those of the urinary system, sepsis, uncategorized infections, and infections of the respiratory 

system (IRR=1.42, 95% CI 1.40- 1.43). Infections of the genital and musculoskeletal systems as 

well as herpes and hepatitis were not significant, although herpes infections and those of the genital 

systems were slightly increased, while the other two were slightly decreased. Infections of the eye 

and ear and of the circulatory system showed decreased IRRs in people with dementia compared 

with those without.  

IRRs for any infection were higher in men with dementia (1.62, 95% CI 1.61- 1.64) than they were 

in women with dementia (1.42, 95% CI 1.40- 1.43); were highest among the youngest in the cohort 

(65-69 years); and decreased with increasing age, remaining significantly higher in people with 

than without dementia in all age groups (65-69 years IRR= 2.50, 95% CI 2.36- 2.65; 90+ years 

IRR=1.19, 95% CI 1.17- 1.21). Five years prior to index date, a larger proportion of people with 

dementia than without had infection-related hospital contacts, with the biggest difference 

particularly seen during the year prior to index date (16.5% of people with dementia at index date 

vs 7.5% of those without dementia at index date).  

Controlling for civil status and highest attained educational level slightly decreased the observed 

IRRs, while further adjustment for CCI had a smaller impact on the IRRs, although also decreasing 

the observed IRRs. Rates in people with and without dementia increased with higher CCI scores, 

but the relative rates were highest when comparing between people with no comorbidities. In a 

sensitivity analysis, the IRR for inpatient hospital admissions was 1.54 (95% CI 1.53- 1.55) while 
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the IRR for outpatient contacts was 1.12 (95% CI 1.09- 1.14). In the remaining sensitivity analyses, 

results showed robustness to any decisions we made for definitions and categorizations.   

Study II: Increased short- and long-term mortality following infections in dementia 

During the study period, there was a total of 575,260 deaths (outcome) in the cohort, where most 

deaths (77.4%) were in the Dementia/Infection exposure group.  

The fully adjusted MRRs for the Dementia/Infection group was 7.35 (95% CI 7.25- 7.45) 

compared with the reference group, while the MRR was 2.93 (95% CI 2.91- 2.95) for the No 

dementia/Infection group. MRRs were higher in men than in women, when each compared with 

their respective reference group. The Synergy Index of 1.383 showed the presence of excess 

mortality in the Dementia/Infection group, bigger than the sum of the mortality risks following 

infections alone or dementia alone.   

The most frequent infections in the study population were those of the respiratory urinary and 

tracts (as also observed in Study I). The MRRs for each of the infection sites were higher in people 

with dementia than without, when compared with the reference group without dementia or 

infections. The highest MRRs were seen following sepsis, and the lowest were seen following ear 

infections. The Synergy Index for each of the infection sites showed that some infections sites 

presented an excess mortality in people with dementia, while others showed statistically 

insignificant results. However, all these were in the same direction, except for herpes and ear 

infections (Figure 3 in study II).   

Looking at the time since first infection (Figure 4 in study II), MRRs were higher in the 

Dementia/Infection group than No dementia/Infection in all time periods analyzed. MRRs were 

highest within the first 30 days of first infection (short-term mortality) and remained higher in the 

Dementia than No Dementia group even after 10 years of first infection (long-term mortality).  

The adjustment models showed that adjusting for civil status and highest attained educational level 

made little difference on the observed MRRs and adjustment for CCI decreased the MRRs. 

Mortality rates were highest in the highest CCI score for all exposure groups. The relative mortality 

rate between people with and without dementia (all with infections) was however highest when 
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comparing people with no comorbidities. The sensitivity analyses yielded MRRs that were only 

slightly different than the ones observed in the main analysis.   

Study III: Hospital readmissions following infections in dementia  

During the study period, there was a total of 55,303 readmissions within seven days (primary 

outcome), 161,550 readmissions in 30 days, and 259,745 readmissions in 90 days (secondary 

outcomes). Regarding death (competing risk in this study), there was a total of 78,732 deaths in 

seven days, 97,027 in 30 days, and 108,328 in 90 days. Interactions with sex and age were 

significant and results are stratified and presented accordingly. 

The fully adjusted 7-day readmission RRs (readmission risk following infection index admissions 

of people with dementia relative to readmission risk following infection index admissions of 

people without dementia) were 1.37 (95% CI: 1.22 to 1.53)  for women and 1.23 (95% CI: 1.12 to 

1.35) for men in the youngest age group of the cohort (65-74 years). In the 75-84 years and ≥85 

years age groups, 7-day readmission RRs were also increased in women, and a statistically 

insignificant yet increased RR was observed in men. Seven-day mortality RRs were also increased 

in women and men in all age groups (and higher in men). 

For the secondary outcomes of 30- and 90- day readmissions, the observed RRs remained 

significantly increased in the youngest age group of the cohort in women only and were lower than 

those observed for the 7-day readmission outcome. The 30- and 90- day readmission RRs were 

statistically insignificant or slightly decreased in the 75-84 age group for both women and men. 

Finally, in the oldest age group, 30- and 90-day readmission RRs were overall slightly decreased 

in women and men. 

We observed a trend where readmission RRs were highest within seven days and in the youngest 

age group and got smaller both with increasing age and with longer follow-up period (Figures 3 

and 4 in study III). For mortality, the observed trend is that RRs were highest within 90 days and 

in the youngest age group, and similar to readmission RRs, these got smaller with increasing age, 

but unlike readmission RRs’ trend, mortality RRs got larger with longer follow-up period.   
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Figure 5. Seven-day readmission risk by infection site reprinted from Janbek et al 96 

 

Category “Others” pooled infection sites with <2000 infection index admissions. If an index admission had primary diagnoses of 
multiple infection sites, it was categorized in multiple sites. Presented reasons for readmissions are those that comprised ≥10%. 
Primary readmission diagnoses are those that comprised ≥50% of all primary diagnoses.  
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Results also showed that higher 7-day readmission risks for people with dementia than those for 

people without dementia were seen across all infection sites and mainly in the youngest age group 

(65-74 years). The most common reason for 7-day readmissions was any infection (including 

linked infections and other infections), and reasons varied across infection sites. Most notably, for 

unspecified infections, all presented reasons for readmission were higher in people with dementia 

than without (Figure 5). Here, of all readmissions of people with dementia, 95% were due to 

infection (22% due to unspecified infections, 63% due to other infections of which pneumonia was 

the most common, and 15% due to sepsis), and of all readmissions of people without dementia, 

42% were due to infection. Another reason for readmission that was notably more frequent (in 

more than one infection site) in people with dementia than those without was volume 

depletion/dehydration. We also found that for linked infections in all infection sites, the most 

common primary readmission diagnosis was also the most common infection index admission 

primary diagnosis.  

Adjustment for civil status and highest attained educational level made essentially no changes to 

the readmission and mortality RRs, while further adjustment for CCI yielded larger (yet only very 

slightly) readmission RRs and larger mortality RRs. 

Finally, in our sensitivity analysis, readmission and mortality RRs following index admissions for 

causes other than infections were overall smaller than those observed in our main analysis for 

infection index admissions, and mostly insignificant (e.g. 7-day readmission RR in women in the 

age group 65-74 was 1.03, 95% CI 0.95- 1.11; and in men 1.04 with 95% CI 0.98- 1.11).  
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5. DISCUSSION 

In this section, I will discuss the results of the three studies, divided into four subsections. In the 

first, I will discuss the increased rate of infection-related hospital contacts in people with dementia; 

in the second and third, I will discuss the two adverse outcomes following infections (mortality 

and readmissions); and in the last subsection, I will present the knowledge gained in this thesis for 

the infection sites. Throughout, I directly compare estimates from our studies to those of previous 

work where there were relevant previous studies. Studies that only reported on outcomes for 

specific infections are discussed later in “Infection Sites”. Of note, all relevant previous work on 

mortality and readmission was focused on selected infections.  

Infection-related hospital contacts in dementia  

People with dementia have 50% increased risk of infection-related hospital contacts compared 

with people without dementia, and infections may be an early sign of dementia. Perhaps the most 

relevant studies to compare with are by Phelan et al35 and Tolpannen et al44 that investigated 

incidence rates of hospitalizations in people with and without dementia where infections were one 

category of hospitalization diagnoses. For this category, the authors reported rate ratios of 1.31 

(95% CI 1.11- 1.53) in people with AD44 and 2.01 (95% CI 1.15- 3.52) in people with dementia,35 

both compared with those without AD or dementia. One other study by Tuppin et al found a 1.90 

hospital admission risk following infectious disease (95% CI 1.7- 2.2) in people with dementia 

relative to those without.37 Our findings are consistent with these and magnitudes varied (as well 

as the size of CIs) due to varying infection code algorithms included, focus of AD in one study, 

and methodological differences. Other studies also found increased risk of hospitalization for any 

infection in people with dementia than those without dementia40 or without AD.42  

Such increased risk reflects possible pitfalls in dementia care. It also begs the question of whether 

biological mechanisms underlying interactions between infections and dementia have a role for 

these pitfalls and thus contribute to explaining our findings. Such interactions could include that 

infections develop faster and more seriously in people with dementia (i.e. they may be sicker than 

others) due to e.g. frailty, increased central nervous system vulnerability to metabolic effects of 

such acute infections,35 and it’s been proposed that an impaired blood brain barrier may predispose 

them to infections.22,23 
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Pitfalls in dementia care that can be behind increased risk of infection-related hospital contacts 

may be taking place over several stages. 

The first is infection prevention. As presented in the background, people with dementia may be 

more susceptible to infections due to several patient and social factors. These include altered 

hygienic habits and reduced self-care such as ensuring proper hydration, nutrition, and mobility 

for which people with dementia need external and specialized care.20,24 Thus, failure in dementia 

care to address such factors and prevent infections may cause more frequent infections, which may 

be what is reflected in our observed increased rates in hospital contacts in people with dementia. 

The second is infection detection i.e. identifying early signs of infection. Challenges in 

communicating symptoms of infections in people with dementia, together with atypical symptoms 

of an infection27,97 means that often, the only visible sign of an infection is a change in the person’s 

mental state, or confusion that accompanies an infection.24 Such behavioral symptoms might be 

misattributed to dementia rather than the underlying infection.30 Failure to identify these as 

infection signs (or as signs that prompt assessment for an infection) leads to the infection remaining 

undetected until it reaches a severity point that requires a hospital contact.  It can be the caregivers 

or care personnel (e.g. at a nursing home) who overlook early signs of infections, meaning that the 

person never presents to the healthcare system (i.e. primary care) before the infection becomes 

severe. Alternatively, the person may present to the primary care and if infection signs are not 

identified (e.g. misattributed to dementia), the infection may be undetected. Regrettably, our data 

don’t indicate whether it’s one or the other. It’s been previously shown that people with dementia 

are actually less likely to have primary care contacts,98 while other studies showed the opposite.37 

Identifying what the case is for infections is crucial for shaping interventions.  

The third is infection management i.e. providing care for the dementia patient with a detected 

infection. People with dementia need external care to carry out daily activities that are crucial for 

proper infection management e.g. hydration, nutrition, toilet habits, and adherence to infection 

treatment. Lack of such care, together with the possible biological interactions between infections 

and dementia, may lead to severe infections or their consequences requiring a hospital contact. 
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In total, our findings are likely a combination of more frequent infections than in people without 

dementia, and that these are more frequently resulting in hospital contact. Therefore, this reflects 

an equity issue in attitudes and the receipt of needed care. The healthcare system is responsible to 

ensure proper healthcare for everyone, also considering the aforementioned possible pitfalls in 

dementia care even when these are not directly perceived as attributed to the healthcare service 

but are simply a patient characteristic. For example, if people with dementia are less likely to 

present to the healthcare system (primary care) for their infections, awareness is needed of patient 

characteristics and disabilities that may hinder such healthcare seeking patterns. Thus, awareness 

of the need for more specialized and personalized care for people with dementia is required.   

However, another plausible explanation for the observed increased risk could be that people with 

dementia are hospitalized as soon as something wrong is suspected (i.e. perhaps not severe 

infections), or they are over-diagnosed. We did not have data on infection severity at the time of 

the hospital contact. However, the risk for inpatient admissions was substantially higher (54%) 

than for outpatient contacts (12%), indicating that infections may be left undetected until severe 

(i.e. require an inpatient admission). Previous studies documented decreased outpatient visits but 

increased inpatient admissions for people with dementia for all causes,37,44 but did not focus on 

infections. While our results do not show decreased outpatient contact rates, they were lower for 

such contacts than for inpatient admissions. Further, the excess mortality following infections (in 

studies II and III) together with our finding that infection-related hospital contacts were increased 

even before a dementia diagnosis may also indicate that people with dementia have more severe 

infections at time of hospitalization (and not a case of unnecessary hospitalization).   

Highest risks of infection-related hospital contacts were in the youngest dementia patients (65-74 

years), consistently with previous studies on all-cause hospitalization37 and those for UTIs, 

pneumonia, sepsis, and infectious disease.40 Older dementia patients may be less likely to be 

hospitalized. Firstly, accompanying confusion or delirium are more likely to be misattributed to 

dementia rather than suspected as a sign for underlying condition (i.e. infection) in older 

patients.40,99 Secondly, for older patients with dementia, general practitioners, care personnel, and 

family members may be more reluctant to hospitalize,100 especially in advanced stages of 

dementia, nursing home residents, and terminal patients.101 For these patients, weighing 

hospitalization and treatment burden against benefits is often at the core of dementia care.101 Often, 
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decisions to hospitalize are parallel to decisions to treat e.g. pneumonia requires IV treatment at 

the hospital.102 Here, treatment goals shift between function maintenance, comfort, and life 

prolongation and several ethical and treatment considerations come into play (e.g. antimicrobial 

resistance). Decisions not to hospitalize older dementia patients, together with increased contacts 

in older patients without dementia thus explains the observed decrease in risks with increasing age. 

Of note, our observed rate ratios decreased only slightly (39%) when we removed people who died 

within a year of the index date. Thus, results do not reflect hospitalization in end of life only.   

We also observed that rate ratios were higher for men, which may reflect higher incidence rates 

for the most common infection (respiratory infections) in men with dementia, as previously 

reported.99 Moreover, highest rate ratios were for people with dementia and no comorbidities 

(compared with those without dementia or comorbidities), which means that the increased risk for 

infection-related hospital contacts is most pronounced for people with dementia who are less 

severely burdened with other diseases, likely suggesting that our findings can be attributed to 

dementia disease and its consequences.    

Factors related to dementia pathology (e.g. declines in cognitive and functional abilities) that 

increase vulnerability to infections are already present years before a dementia diagnosis is 

registered. Thus, increased infection-related hospital contacts in the previous five years may be 

“red flags” for a coming dementia diagnosis. Our findings may also reflect episodes of e.g. 

delirium that accompany severe infections increase the chance that a person is investigated for and 

subsequently diagnosed with dementia. It can also be that these episodes may accelerate the 

cognitive decline process and unmask a clinical dementia, which has been underway already.103,104 

Whether infections accelerate cognitive decline or possibly cause dementia is being continuously 

investigated,60,63,105,106 however our study cannot and does not claim this, but rather encourages 

further investigations on the matter. 

Adverse outcomes; mortality 

Increased mortality risk (studies II and III) can be explained and further built on in the context of 

a) dementia care prior to, during, and following the hospital contact with infection; and b) possible 

biological and pathological mechanisms underlying interactions between infections and dementia.  
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Regarding dementia care, prior to a hospital contact, the lack of timely infection detection may 

result in severe infections and severity may be a reason for increased mortality in people with 

dementia. During the hospital contact, diagnostic challenges of infections may result in poor 

management and treatment of the infection, leaving it untreated and eventually leading to increased 

mortality. Studies have shown that failure to identify the site of infection or the pathogen – in 

sepsis – results in increased mortality, and so does ineffective antibiotic treatment (due to possible 

misdiagnosis).55,107 Following a hospital contact with a severe infection, people with dementia may 

become even more reliant on help from others, their functional levels decline further, and their 

overall health deteriorates increasing the risk for further complications and adverse events.  

Regarding possible biological mechanisms, while the short-term increased mortality (within 30 

days of an infection) may well be attributed to the infection itself, the observed increased long-

term mortality – especially after 10 years of an infection – may be more reflective of a long-term 

impact of an infection on overall health or on neurodegeneration. It has been hypothesized that 

infections play a role in cognitive decline and dementia progression,106 which may ultimately 

increase mortality.108 Deterioration in cognition due to e.g. delirium accompanying a severe 

infection may accelerate cognitive decline in people with dementia,109 and may also explain 

increased mortality.110 A recent study found that infection-related hospitalizations in nursing home 

residents were associated with immediate and persistent cognitive decline,111 and other studies 

have documented cognitive decline following an infectious episode in persons who did not have 

dementia.112,113 Further, previous studies have also documented increased mortality in people with 

dementia regardless of failures in infection management during the hospital contact55 and despite 

treatment.57 Thus, perhaps just getting a severe infection leads to increased mortality, possibly 

through its impact on dementia progression. Further, in study II, we noted an excess mortality due 

to the interaction of infection and dementia that went beyond the risk of mortality for infections 

alone or for dementia alone or even the sum of the two risks. Such an interaction may be indicative 

of a biological interaction92 in the combination of infections and dementia and may support 

infections’ role in dementia pathology.  

In total, the infection might start a cascade of events (including cognitive decline and overall 

poorer health) that each on their own and all together lead to increased short- and long-term 

mortality. This has been referred to previously as “cascade iatrogenesis”, which describes the serial 
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development of several events/complications that have been set in motion by what seemed to be 

an innocuous first event.114 In this case, one infection could be the trigger for such events. This is 

in keeping with our finding that increased mortality was also seen in our study (in the same 

magnitude) in people who only had one infection during the study period.  

In study II, an infection included primary or secondary diagnoses during inpatient and outpatient 

contacts. It is therefore possible that the observed increased mortality could be attributed to the 

primary reason for the hospital contact (where an infection was also diagnosed), especially if such 

primary reasons differed in people with and without dementia. However, in study III, we estimated 

mortality risks following inpatient admissions where an infection was the primary admission 

reason. Here, mortality risks were also substantially more increased for people with dementia.  

Mortality was higher in men (studies II and III) and highest in the youngest age group (study III, 

following acute admissions only), consistent with previous findings.55,58,115,116 It’s also relevant to 

note the increased mortality in people with dementia and no infection, compared with the general 

population, as also previously reported.108 Further, we noted that the reported increased mortality 

was despite comorbidities, as also previously documented in people with dementia and no 

infection,117 and in one study also people with dementia and sepsis.55 Thus likely attributing 

mortality risk to dementia and the interaction with infections.  

Adverse outcomes; readmission 

Another adverse outcome of hospitalization with infections in people with dementia is 

readmissions. If a person is acutely hospitalized and the reason is treated, and discharge 

appropriately managed, then ideally, we would see zero – or realistically – close to zero 

readmissions. If this is not the case and if a person’s risk of readmission is then also higher because 

the person has dementia, we have an issue.  

The observed increased risk of 7-day readmission in people with dementia compared with those 

without can be either due to the quality of healthcare provided to the patient upon hospitalization, 

or due to patient characteristics, and the interplay of these is important.118 This issue revolves 

around dementia care prior to, during, and following hospitalization with an infection. 
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First, acute hospitalizations with severe infections (due to e.g. delayed diagnosis) leads to poorer 

health and further declines in functional levels which can result in complications that may lead to 

readmission within a short period of time.51  Examples of such complications are malnutrition119 

and dehydration.120 We found in our study that dehydration was a common reason for 7-day 

readmissions after infections and was a notably more common reason in people with dementia.  

Second, challenges in infection diagnosis may result in misdiagnosis during hospitalization, thus 

leaving the infection undertreated and results in a readmission shortly after discharge.33 Further, 

poor discharge planning for dementia patients may also increase readmission risk.  

Third, impaired cognition, further declines in functional levels, and lack of caregiver support post 

discharge may hinder treatment compliance and ability to follow discharge plan.33,121 This would 

also leave the infection undertreated and result in readmission.  

The most common reason for readmission in people with dementia was infections. These included 

both linked infections (of the same site as the initial infection), and other infections (of a different 

site than the initial infection). This supports these issues of possible misdiagnoses of infections, 

inappropriate discharge planning, and insufficient post-discharge care. 

Finally, hospitalizations for patients with dementia might put them at higher risk for a new 

infection (hospital-acquired infections), which is in keeping with our finding that “other” or “new” 

infections were a common reason for readmission. These “other/ new” infections could have been 

hospital-acquired or a resulting complication of the initial infection, which might be more common 

in people with dementia.51 However evidence on this is scarce, and generally, there is a lack of 

evidence on whether the risk of hospital-acquired infections for people with dementia is higher, 

and thus this remains speculative. Previous research has shown that associations between hospital-

acquired infections and readmissions in older adults (without focus on dementia) were not 

explained by factors related to vulnerability to infection and readmission risk, but rather were 

likely due to failure in treatment and post-care transitions from the hospital.52 

Readmission risks were higher for people with dementia than without in the youngest of the cohort 

and decreased with increasing age, consistent with previous findings.40,49 This trend may be in 
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keeping with the reluctance of hospitalizations in older dementia patients and nursing home 

residents. Previous evidence is inconsistent regarding whether readmission risks were lower for 

nursing home residents.33,48,52,122  

Overall, the readmission risk disappears in longer follow-up periods, partly explained by the 

increased competing risk of death.     

Readmission risk ratio was higher for women with dementia than men. There is not much data to 

compare this with. Two previous studies (not focused on infections) documented that women with 

dementia were at lower risk for 30-day readmission33,123 but were at higher risk for three month 

readmission.123 In one of the studies, the authors found that risk factors associated with 

readmission also varied by sex, and what predicted the risk for men (e.g. fewer cohabitants) was 

not a predictor for women.123 Thus, the discrepancies between our results and the two studies could 

be due to different factors (not assessed in our study), or be because we focused on infection 

admissions while the previous ones were on all-cause admissions.   

Finally, in our study III, readmissions risks in people with dementia (compared with those without) 

were higher after a hospitalization for an infection rather than for other causes than infections. This 

further highlights the excessive burden of infections in dementia. However, grouping all other 

causes may have masked that risks were decreased for some causes and increased for others. 

We noted in our study that index admissions of people with dementia were with less comorbidities 

than for people without dementia. However, this does not directly reflect the comorbidity burden 

in people with dementia since people without dementia also had markedly lower mortality and 

could thus accumulate more comorbidities than people with dementia. At least one previous study 

has noted the same trend in people with and without dementia hospitalized for sepsis.55  

Infection sites 

Infections investigated in the studies of this thesis are of course different from each other and the 

underlying mechanisms for the investigated outcomes vary per infection site and type, thus the 

point here was not to claim a common pathway between all infections that explains the outcomes, 

but rather to comprehensively include them all, to compare them and provide new knowledge on 
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where the focus should be. Looking at the different infection sites and the difference in risks will 

hopefully allow for hypotheses and further investigation of underlying factors and mechanisms. 

Most frequent infections in people with and without dementia were of the respiratory and urinary 

systems and sepsis, as also previously documented in literature.16,17 Increased hospital contacts, 

readmissions, and mortality have been shown for these infections and our results are consistent 

with such findings (detailed below). However, direct comparison of such associations in people 

with and without dementia for other infections are close to non-existent.  

In our studies, the most frequent infections after the three already mentioned were infections of 

the digestive site, skin infections, and other uncategorized/ unspecified infections. Readmission 

risks were only calculated site-specific for these six most frequent sites that all showed increased 

7-day readmission risk in people with dementia (especially in the youngest). In all these six sites, 

there were also increased rates of hospital contacts and mortality in people with dementia as well 

as excess mortality. Similar trends were observed for nervous infections, surgical infections, and 

those that were less occurring in each of the studies.    

For the remaining infection sites, there were no increased rates of hospital contacts, and while all 

sites showed higher mortality in people with dementia than in people without dementia, these 

infection sites had no excess mortality due to interaction with dementia (except for genital 

infections). Insignificant – or decreased – estimates can be attributed to small sample sizes for 

some of these sites, or to actual differences in the observed outcomes in these sites e.g. differences 

in symptom expression and visibility. Also, if decisions to hospitalize differ between people with 

and without dementia for certain infections, then they will remain undetected in our study.  

It is interesting that nine infection sites showed an increase in both rates of hospital contacts and 

excess mortality, while neither were increased in the remaining sites (except the genital site). One 

could cautiously speculate on a link between the outcomes where increased risk of hospital 

contacts in people with dementia indicates more severe infections that also result in excess 

mortality. However, due to small sample sizes in some sites, and considerations regarding the use 

of the synergy index to estimate excess mortality, this remains purely a speculation.       
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I would like to draw attention to the uncategorized/ unspecified infections. Majority of these are 

diagnoses of e.g. general bacterial infection. For these, there was a 53% increased rate for hospital 

contacts, they had the second highest mortality rate in people with dementia as well as an increased 

excess mortality, 7-day readmission risks after such infections were the highest of all sites, and 

unlike other sites, all reasons for readmission were notably higher in people with dementia than 

without. Most notably, 95% of all readmissions were also due to an infection. The three studies 

together indicate that people with dementia are more likely to have hospital contacts where an 

unspecific diagnosis of an infection is given (in keeping with the diagnostic challenges) and that 

such possible misdiagnosis results in an increased readmission risk and higher mortality. Indeed, 

it’s been shown previously that not identifying the infection site or pathogen in people with 

dementia hospitalized with sepsis showed an even more increased mortality.55 Misdiagnosis may 

lead to failure of treatment, and ineffective antibiotic treatment has previously been shown to also 

increase mortality.107  

The highest rates for infection-related hospital contacts among all sites were seen for nervous 

infections, of which most the common were bacterial meningitis and viral encephalitis. Both have 

could be mistaken for a dementia disease, as they may present with similar clinical symptoms.124 

However, we did not find that a dementia diagnosis was recorded close to a diagnosis of one of 

these infections. Also, important to note are the wide CIs and small sample size in the nervous 

infections site. This is a finding that has not been previously reported and needs further 

investigation. 

All infections showed increased mortality in people with dementia. Infections generally seen as 

non-life threatening (e.g. eye and ear infections) also increase a person with dementia’s risk of 

dying. This should not be phrased as dying from an infection but rather following an infection. As 

mentioned above, infections may trigger a cascade of adverse events that ultimately result in 

death.114 Whether an infection is that first event and what series of following complications occur 

is where the value lies. This further highlights the importance of looking at all types of infections.  

The external validity of our findings for each infection site is difficult to explore since there are 

few previous studies to date, and these only included pneumonia (mainly), followed by UTIs, 

sepsis, and in a few also gastroenteritis. Phelan et al. reported a rate ratio of 1.88 (95% CI 1.25- 
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2.82) for hospital admissions with bacterial pneumonia and 3.38 (95% CI 1.93- 5.93) for UTI in 

people with dementia.35 In our study, respiratory infections showed a rate ratio of 1.42 (95% CI 

1.40- 1.43) and 1.90 (95% CI 1.87- 1.92) for urinary infections. This is a consistent trend with 

findings of Phelan et al but with varying magnitudes. This is likely due to methodological 

differences, difference in infection algorithm and categorization, and study population difference 

(hence the wide CIs in the previous study). As for outcomes of mortality, the two most relevant 

studies were by Bouza et al55 and Graversen et al.49 Bouza et al found a 1.32 odds ratio (OR) for 

in-hospital mortality after sepsis in people with dementia compared with those without.55 In our 

study II, sepsis showed the highest MRRs, but the two studies cannot be directly compared. The 

study by Graversen et al reported a 30-day MRR of 2.29 (95% CI 2.21- 2.37) following pneumonia 

admission in people with dementia.49 In our study, respiratory infections showed an MRR of 9.40 

in people with dementia, a much higher rate probably mainly because the reference group in our 

study was people with no infections unlike theirs. In the same study by Graversen et al reported a 

7% increased 30-day readmission rate in people with dementia (following pneumonia admissions), 

that was highest in the first days immediately after discharge and highest in the youngest cohort 

members.49 As we did not investigate 30-day readmission risks for infection sites in our study, we 

cannot directly compare findings. Nevertheless, consistently, we found higher 7-day readmission 

risks in people with dementia relative to those without for respiratory infections, especially for the 

youngest in the cohort. Consistently, one other relevant study, by Knox et al also found increased 

OR for readmission after pneumonia for people with dementia relative to those without (OR 2.9, 

95% CI 1.93- 4.40).48 

Additionally, several other studies (generally smaller and based on selected population groups) 

have consistently reported increased hospitalization for people with dementia where common 

reasons were UTIs,32,34,37,38,40,45 pneumonia,32,34,37,40 sepsis,32,40 and gastroenteritis.37,38 Such 

studies also reported increased mortality and readmission risks following pneumonia (mainly) and 

in a few also UTIs and sepsis.33,47,50,51,56,125  

Strengths and limitations 

Detailed strengths and limitations are discussed in each paper. Here, an overview of the main 

strengths and limitations are presented to give a better context to the interpretation of our findings.   
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All studies in this thesis were based on registry data, which have several strengths: 1) these cover 

the entire Danish population, and record all civil/administrative information on the population 

continuously as well as the vast majority of all healthcare contacts due to the free of charge services 

for everyone; 2) data have high validity and completeness for epidemiological research, although 

it varies depending on the data and specific diagnoses used;73,126–129 3) common issues of non-

participation or loss to follow-up were practically negligible;128 and 4) data allow to study the 

entire nation as one dynamic cohort.73 The latter gives statistical power, which means we get 

precise estimates without the risk of overlooking small effects (hence no risk of random error). 

This also means that statistical significance might result from possibly clinically irrelevant 

associations, and thus results are discussed thoroughly. Our studies also presented important 

methodological refinement over previous work. In addition to the mentioned points above, we 

assessed rates of hospital contacts and mortality from recorded incident dementia and for 15 years. 

Utilizing the entire nation allowed for comparison of population rates of outcomes between 

multiple groups and with appropriate reference populations e.g. people with and without dementia, 

people with and without infection-related hospital contacts. We also used time varying adjustments 

which allowed for proper prospective follow up. Calendar year as a time-dependent variable was 

included, which accounted for any coding or registration practices over the years. Moreover, we 

conducted several sensitivity analyses to test the robustness of our findings. Finally, we do not 

claim causality from our reported associations. Nevertheless, findings from such nationwide and 

population-based observational studies with high validity (both internal and external) over 15 years 

provide a solid building block on which future research can build important hypotheses.  

Important to note however is that registry data were not originally collected for research purposes, 

which can mean possible issues of information bias, residual confounding, and lack of some 

information interesting to include for specific studies. I will present these within the coming 

subsections: information on dementia, information on infections, confounding, and other 

limitations. 

Information on dementia  

Dementia diagnosis in the NPR has a high validity as shown in a validation study conducted based 

on patient records and interviews that found that a registered dementia diagnosis was correct in 

86% of the patients.127 However, information bias is important to consider here. A registered 
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dementia was defined as either a diagnosis or a redeemed anti-dementia medication. Further, a 

mini review from 2009 showed that prescription data in the NPrR are both valid and reliable for 

epidemiologic research on the use of medicine.130 Since diagnoses given in the primary care setting 

are not available in the registries, medication redemption in the NPrR may be used as proxy for 

diagnosis. Not everyone diagnosed with dementia would get medication, and thus if a person was 

diagnosed outside of the public secondary healthcare setting (no registered diagnosis with an ICD 

code) and did not redeem anti-dementia medication, this remains undetected in the registries. 

Further, people living with dementia may not all be diagnosed. These could be cases in early stages 

of dementia not yet diagnosed, cases not seeking help thus not diagnosed, and cases in advanced 

stages of dementia for whom a diagnosis may have been deemed unnecessary. In 2015, there were 

around 36,000 people living with dementia in Denmark, and the estimated number is around 

80,000.9 In total, such information bias may have resulted in misclassification which was likely 

non-differential and our results in this case would be under-estimated. To limit this, in study I, we 

chose to match each person with dementia with three randomly chosen people with dementia, and 

in the remaining studies, the reference group was big enough to avoid the effect of possible 

misclassification. 

Registered diagnoses of the subtypes of dementia are of low validity and thus subtypes were not 

used in any of the studies of this thesis.127,131 We also did not have information on dementia 

severity or cognitive and functional measures at the time of diagnosis or longitudinally. Although 

we included incident dementia cases (except in study III), people with dementia are diagnosed at 

different severity stages, and this means that included dementia cases were in different stages of 

severity and our defined date of diagnosis does not mark the onset of disease. Lack of information 

on all these dementia disease-specific factors probably did not directly bias our findings, however 

investigating these could have resulted in more detailed findings relevant for identifying specific 

patient risk groups, as well as furthering understanding of possible underlying biological 

mechanisms in the interactions between infections and dementia. Increased mortality generally,132–

134 and due to pneumonia, have been found to be related to dementia subtypes,135 but what subtype 

shows better survival is somewhat inconsistent (e.g. AD was shown to result in favorable 

survival,132–134 but in one study it was shown to increase pneumonia-associated in death).135 

Further, the role of these factors for the risk of hospitalizations (all-cause and including infections) 

remains inconsistent or generally inconclusive34,35,41,100,136 but points towards no difference across 
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subtypes.46  Interactions between dementia subtypes and different infection types is also of interest 

to further understanding on dementia pathology, and to shape targeted interventions reducing 

adverse outcomes according to infection type. 

Lastly, we did not include dementia in Parkinson’s disease in our definition using ICD codes. 

However, we did include cholinesterase inhibitors medication group. These are prescribed for AD, 

Lewy body dementia, and dementia in Parkinson’s disease. As such, our dementia cohort could 

include some persons with dementia in Parkinson’s disease. 

Information on infections  

There is generally a lack of validation studies on infection diagnosis codes in NPR, which means 

that what the results reflect is registered infection diagnoses rather than the presence or absence of 

the infection. Perhaps the best and most relevant example is UTIs. These are commonly over-

diagnosed and overtreated due to diagnosis difficulties45 resulting possibly in over-estimation of 

the presence of the UTI among older adults and people with dementia, particularly if a more liberal 

approach in diagnosis is practiced in people with dementia. However, our data did identify 

everyone in the cohort who had an infection-related hospital contact. From available validation 

studies on infection diagnoses in the NPR, the positive predictive value (PPV) ranged between 

72% to 98%, depending on the infection type.137–139 Bacteremia and septicemia showed lower PPV 

in three studies.140–142 Generally, broader categorization of infection types had higher validity than 

for specific types137,139 hence the decision in our studies to categorize infections in broader 

infection sites. Further, two studies have shown higher validity in more recent years (2011/2012 

vs 1994-2000).141,142 However, since PPVs are highly dependent on the prevalence of the disease 

(the infections investigated) in the study population, results from the mentioned studies may not 

be directly comparable with those in dementia patients or the elderly population as a whole, and 

variation in the validity of the types of infections is expected due to a different infection 

susceptibility profile in the elderly (and especially those with dementia) vs younger adult 

populations or other specific patient groups (e.g. cancer patients).     

We did not have information on infection severity or on infection diagnoses in the primary care. 

Infections in the primary care were not included in our studies because the focus was on hospital 

contacts, and because diagnoses in the primary care are not recorded in the national registries. One 
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could of course use redeemed anti-microbials as a proxy for infection, however that also comes 

with challenges such as precisely identifying the specific infection. We did not distinguish 

infection discharge diagnoses by relevant groupings such as community vs hospital acquired 

infections, medical vs surgical patients, and by type of pathogen i.e. bacterial, viral. We also did 

not investigate the impact of co-infections for our outcomes. Like the dementia disease-specific 

factors we did not have information on, these information on infections probably did not directly 

bias our reported associations but investigating these could have important value that explains our 

results further. Research on primary care infections can further our understanding on whether 

patients with dementia are presented to the primary care but not managed adequately or whether 

they do not present at all. It can also show whether infections treated only in the primary care are 

also associated with adverse outcomes in similar ways as hospitalizations. Investigating severity 

of infections both in primary care and at time of hospitalization is necessary for determining its 

role in both readmission and mortality risks. Another interesting factor to explore is whether 

certain combinations of infections are more common in people with dementia and if adverse 

outcomes are more serious in such combinations. Finally, distinguishing community- from 

hospital-acquired infections is important for shaping future interventions. 

Confounding 

The lack of data on potentially important confounders such as lifestyle factors, frailty, nursing 

home admission, medication use, and delirium could have explained part of the observed 

associations. We accounted for education and civil status that are related to lifestyle. However, 

information on these for some individuals in our cohort was missing, and lead to suboptimal 

adjustment for these factors. Generally, older cohorts in our studies meant that many people were 

registered with low education according to our categorization, and re-classification of these might 

have been relevant. Further, we did not include information on economic status (income) which 

may have accounted for some of the associations as well as it’s been shown to predict mortality.143 

In total, socio-economic status was likely not ideally accounted for, and residual confounding 

remained. As for the remaining potential confounders, more thorough considerations are 

warranted. Frailty and reduced activities of daily living, polypharmacy, and delirium are all related 

to dementia,144,145 have been documented as risk factors for excess mortality (and some indications 

for further cognitive decline e.g. for delirium and frailty),109,144,146–149 and for all-cause and 

infection-related hospitalizations.100,148,150,151 Similarly, nursing home admissions is a potential 
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confounder and may serve as a proxy for dementia severity and – as discussed earlier – decisions 

and hospitalization patterns may be altered there and distort our associations.100,101  

We did not include information on these factors because 1) we did not have data to measure 

activities of daily living or frailty (often includes measures of e.g. weight loss, muscle grip, 

mobility)146,148,152,153 2) available data on nursing home admissions is of low validity,154 and 3) 

while listed factors might potentially have a confounding effect, the relationship with dementia 

might be complex and need careful considerations where concepts may e.g. overlap and diminish 

the effect of the studied exposures. Further, inclusion of these would result in multiple timelines 

as they would need to be included time-dependently and can complicate interpretation of results.  

Nevertheless, these certainly give important information on our explored associations. For 

example, targeted interventions may benefit from understanding the degree of impact that self-

care and dependency on external care has on our outcomes. Such knowledge can translate into  

establishing competent care that meets the individualized needs of people with dementia.146,153 

Accounting for delirium can give better understanding of the role of infections in e.g. cognitive 

decline where at least one recent study found that hospitalization without delirium did not 

influence cognitive decline.109 Further, a paper reflecting on our study I has been published 

bringing to light important considerations regarding dementia, infection, frailty, and delirium.145 

These were presented as loops with infection at the center, and marked the complexity of these 

phenomena where future – especially interdisciplinary  – research is key to start disentangling 

these loops. 

We did not have genetic information in our data, and research into whether apolipoprotein E 

(ApoE4) allele may explain increased predisposition to severe infection and mortality in people 

with dementia and ApoE4 would be interesting, as some research has suggested,155 including that 

on COVID-19 has suggested.156 In this regard, such information can further understanding of the 

underlying mechanisms between infections/ inflammation and cognitive decline. The interaction 

of ApoE4 and inflammatory markers e.g. c-reactive protein for cognitive outcomes is continuously 

tested.157,158 
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Other limitations 

A selection bias called Berkson’s bias should also be considered.159,160 The more you go to the 

hospital, the more you’re likely to have your infections detected, and the more likely you are to 

get a dementia diagnosis. This is somewhat represented in our analysis in study I, where five years 

prior to a dementia diagnosis, more people had infection-related hospital contacts. Dementia could 

have been more easily detected and recorded due to repeated hospitalizations.  

It is also important to note that although we adjusted for calendar year, civil status, and education, 

I have not discussed outcomes reported in this thesis with focus on these factors. This is due to the 

missing information for some people in the cohort on civil status and education. As for calendar 

year, although interesting, a time trend discussion of our outcomes would be influenced by parallel 

timeline of age and possibly dementia disease progression.   

Finally, we stratified by sex and age in all our studies, but not in the infection sites. Differences 

between sexes and across ages in the healthcare seeking/ provision patterns for the different 

infections, or in the underlying biological mechanisms of our investigated outcomes could thus 

regrettably not be noted. Further research needs to address whether such differences exist, and for 

which infections.  

Methodological considerations and reflections 

Here I provide explanations and reflections over some decisions made in our studies. These are: 

Poisson regression, the choice of the synergy index for estimation of additive interaction in study 

II, adjustment for the CCI, choosing all-cause mortality, and relative vs absolute risk measures.  

First, we used the Poisson regression model to analyze outcome incidence rates in studies I and II. 

The Poisson model is equivalent to the more familiar Cox Proportional Hazards model, but it does 

not have underlying assumptions of proportionality.90 Poisson regression only assumes constant 

piecewise rates i.e. constant rates in the periods used (e.g. during one calendar year). As we have 

chosen small time periods, we made sure to fulfill the assumption. Further, a Poisson model more 

easily reduces large data into event counts and person years.90  

Second, the interpretation of the synergy index in study II is not straightforward since it assumes 

no residual unmeasured confounding.161 Although it does show that there might be biological (or 
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causal)92 interaction between infections and dementia, it may still be reflective of the underlying 

unmeasured factors. Nevertheless, the synergy index has been recommended in clinical 

epidemiology for its possible value for public health.92  

Third, in all our studies, we adjusted for the CCI which has a PPV between 82-100% in NPR.162 

Management of patients with chronic diseases is continuously evolving, and the population is 

aging and living longer with chronic disease, and perhaps living with more severe conditions as 

well. Therefore, the weights of such diseases for the risk of mortality could change.163 There are 

continuous discussions about appropriate weights for each disease in the CCI164–167 and its 

performance compared with others such as the Elixhauser Index168,169 and the CCI may lead to risk 

over-adjustment. Further, the CCI only includes diseases diagnosed in the secondary care settings, 

and patients who were living with e.g. diabetes that was controlled at the GP’s office would not 

be identified in our cohort members. In all our studies, we presented three adjustment models. The 

fully adjusted model included the CCI, and its inclusion or exclusion did not impact the 

conclusions, although its inclusion did impact mortality estimates, and less so with infection-

related hospital contacts or readmissions. The CCI was included time-dependently to account for 

changes in comorbidities over time and the added risk of such changes on our outcomes, especially 

mortality. The CCI was developed based on mortality predictions, and adjustment for it for other 

outcomes than mortality might not have been ideal. Nevertheless, the CCI is the most widely used 

measure for comorbidity burden and can serve well at least for comparison of studies. 

Fourth, when investigating mortality outcome following infections, we did not investigate whether 

infections were a cause of death. The Causes of Death Registry has not been validated, and all-

cause mortality was used instead because information was almost 100% complete75,170 and because 

we were interested in short- and long-term mortality rather than the cause of death only. 

Finally, in all our studies, we used relative risk estimates. Additionally, using absolute risk 

measures (perhaps most relevant is the Population Attributable Fraction) could provide additional 

relevant public health information. However, absolute risk measures assume little or no residual 

confounding/ bias and are often misinterpreted to indicate causality.171,172 Nevertheless, with 

cautious interpretation, such measures supplement relative risk estimates and provide additional 

indications for the findings’ external validity/ generalizability to other populations.173   
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5. IMPLICATIONS 

Future research implications  

Our studies have generated several important insights which have made it possible to ask numerous 

additional key questions. In this section, I highlight recommendations for future research that will 

in one way or another help clarify points raised throughout this thesis. 

Future research is needed to advance knowledge on the possible underlying biological mechanisms 

in our associations, and to identify specific risk groups which can in turn be translated into needed 

interventions.  

I present here first a summary of factors discussed throughout this thesis that are relevant for our 

investigated outcomes. These include: 

1) Dementia disease-specific factors: Severity stage, subtypes, and measures of cognition and 

functional levels. 

2) Infection-related factors: Infections in the primary care setting, severity of infections, co-

infections, and relevant groupings such as community vs hospital acquired infections, 

medical vs surgical patients, and by type of pathogen i.e. bacterial, viral.  

3) Other disease, patient-related, social, and healthcare service factors: frailty, nursing home 

admission, medication use, delirium, socio-economic factors, lifestyle, social environment, 

and genetic influences. 

These factors should also be investigated for their role across the different types of infections. All 

infection sites need to be further investigated, especially those highlighted in our studies but not 

previously investigated (e.g. nervous and unspecified infections).   

Further, exploration of the events that occur between a hospital contact with an infection and death 

(cascade iatrogenesis) is needed. One possibility could be to map the path(s) between that first 

infection and death with all events (both social and health related) and their interactions identified. 

This can contribute to generating relevant hypotheses to be tested, which can explain the excess 

mortality and aid in shaping interventions.  
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Evidence on antibiotic prescribing appropriateness in people with dementia is limited, especially 

for a spectrum of all infections and should be a research priority.57,68,102,174 Antibiotics may be 

associated with adverse outcomes such as gastrointestinal discomfort, allergic reactions, and most 

importantly antimicrobial resistance.174  

Further, sitting with these “big data” really highlights the need for qualitative data to better 

understand the attitudes and thought processes that take place when general practitioners/ 

physicians, family members, and healthcare personnel surrounding people with dementia go 

through complex decision making regarding symptom recognition, hospitalization, and treatment. 

The most obvious example and one that is continuously researched is the decisions to treat in 

advanced stages of dementia and for particularly weak and frail patients. Another example is 

attitudes of people with dementia and their caregivers towards e.g. home help services which is 

crucial to consider when shaping interventions. A lack of evidence for such experiences has 

previously been noted and highlighted.175   

Finally, future research focused on assessing the global burden of infections in dementia is key for 

prioritization of recourses and to inform policy makers. This includes investigating the incidence 

rates of infections and hospitalizations with infections over the years and in multiple healthcare 

systems/countries. Moreover, the burden of infections should be put in context of other 

events/diseases, to understand its relative magnitude among other comorbidities.  

While this thesis was not about whether infections cause dementia, it highlights the need for further 

research on the possible role of all types of infections in dementia pathology (causing/ accelerating 

dementia) and the underlying biological mechanisms of infection dementia interactions. 

Clinical and public health implications 

Findings from the three studies in this thesis carry important implications for dementia care and 

emphasize the need for infection prevention, closer attention, and specialized care for people with 

dementia prior to, during, and following an infection-related hospital contact.  

I’m writing this thesis during the COVID-19 pandemic which has taught us – if anything – that 

focus on preventing an infection is both the first line of defense and is a reasonable place to start. 
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Many infections are potentially preventable and focusing on infection prevention is key. 

Sometimes drastic measures such as a full societal lockdown are undertaken to protect from excess 

deaths especially for vulnerable persons in the society. COVID-19 came as an immediate threat 

and so action was also immediate. If we approach all infections in people with dementia as a 

COVID-19 situation, considering the obvious adverse outcomes, it becomes clear that immediate 

attention is warranted.  Infection preventive measures should include targeting the modifiable risk 

factors and tailoring interventions to patient needs while considering their characteristics (e.g. race, 

socio-economic background). Examples are ensuring proper hygiene and nutrition,25 deprescribing 

medication that may cause drug induced acquired immunodeficiency,24 and ensuring competent 

care personnel.  

Next, hospitalization (and readmission) prevention is another area for intervention where 

identifying early signs of infection is key. Whether increased hospitalization is a result of  infection 

diagnosis failure in the primary care, or whether people with dementia do not even present in the 

primary care for their infections, the implication is clear: people with dementia need more 

specialized and personalized care that e.g. takes into account that they may not seek care for an 

infection on their own. In a nursing home setting, this may mean that people with dementia should 

be in close contact with a physician that can spot any changes that may warrant assessment for an 

infection. In the Netherlands, nursing homes employ elderly care physicians who have the nursing 

home as their principal site of practice, and therefore see the patients regularly.176 One study 

showed that nursing homes with on-site nurse practitioners reduced hospitalizations for 

pneumonia, UTIs, and gastroenteritis by more than 50% in residents with dementia, and less for 

residents without dementia.38 Further, it’s been previously shown that education programs for care 

professionals on the timely diagnosis and early treatment of sepsis resulted in reduced mortality.177  

Unfortunately, efforts to reduce hospitalization and rehospitalization in people with dementia have 

to date been generally ineffective,12,178–180 with exceptions noted in the coming section. Infections 

are often complications of other disease and can be acquired during hospitalization. Interventions 

should therefore also consider other events/ diseases when targeting hospitalization. Because of 

multimorbidity in people with dementia, this obviously makes such efforts quite complex.  
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During and following a hospital contact, specialized care provided for the patient with dementia is 

crucial to limit negative outcomes and ensure a high quality of life. Indeed, several studies have 

noted that post discharge home care was a common factor in interventions with some levels of 

success for reducing readmissions in older adults generally,179,181,182 while at least one study 

reported the opposite in people with dementia.33 Further, another previous study found that 

specialized aftercare programs for sepsis survivors (without focus on dementia) reduced the 

otherwise markedly increased five-year mortality.70 Further, focusing attention towards support of 

the caregiver has shown potential for targeting hospitalization and adverse outcomes in people 

with dementia.183 Additionally, vaccinations for people with dementia (and caregivers) might 

reduce hospitalization for severe infections and negative outcomes like mortality.184  

Finally, an important public health perspective sheds light on the current and future burden of 

hospital care use. One recent study has estimated that – assuming no changes – the number of 

hospital days for people 70+ years of age will account for almost 60% of all hospital days by the 

year 2050 in Denmark.185 This, together with the estimated rise in the number of people living 

with dementia in the coming decades,4 is major, and emphasizes the urgent need to focus attention 

towards prevention of avoidable hospitalizations (focus point: infections) in people with dementia. 

Interdisciplinary way forward 

Infection prevention, specialized care, proper infection management, and appropriate care during 

and following infection-related hospital contacts should be at the core of dementia care. “Proper” 

and “appropriate” are intentionally chosen terms that include considerations of patient 

characteristics and wishes, as well as caregiver wishes, and the burden of versus need for 

treatment.11,14,174 As Sir William Osler said: “The good physician treats the disease; the great 

physician treats the patient who has the disease.”  

Optimizing infection management and providing appropriate care for people with dementia calls 

for a strong collaboration across disciplines of geriatrics, neurology, psychology, infection disease 

specialists, pharmacists, primary care practitioners, and in advanced stages, experts in palliative 

care.13,186 For example, hospital-based interventions that aim to decrease readmissions or mortality 

would have limited impact if they did not include collaboration with the patient’s family, and the 

nursing home that the patient is discharged to.187 Another example is including a clinical 
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pharmacist in the health care team for patients with dementia,118,188,189 which in one study reduced 

drug-related readmissions.189 So interdisciplinary care tailored to the needs of the person with 

dementia and their caregivers may reduce adverse outcomes after a hospital contact.14,118 When 

we think of the multifactorial aspect of the risk of infections in people with dementia as well as 

the risk of adverse outcomes following a hospital contact with an infection, it becomes crystal 

clear that the way forward is an interdisciplinary approach (e.g. need for social support, nutrition 

management, physical therapy for possible deterioration of physical function).30 Indeed, studies 

that noted the success of post discharge home care have emphasized the required advanced levels 

of collaboration between all involved agents.179 Home health services would not be able to on their 

own meet patient needs post discharge, further highlighting the need for interdisciplinary efforts.33  

Successful interdisciplinary efforts should not only span different disciplines of medical care 

(geriatrics, neurology, primary care), but also cross to e.g. social care professionals and the 

responsible entities e.g. municipalities. Such interdisciplinary collaborations can be referred to as 

case management teams. These include professionals and agents that work together, and not just 

side by side or in combination, to integrate the complexity of needs of patients with dementia into 

an individualized service delivery plan.3,13 The lancet commission has reviewed effectiveness of 

case management in people with dementia and found an overall low to moderate positive impact 

on patients’ quality of life and adverse outcomes.3 However, heterogeneity between case 

management approaches is noted.3 Since such approaches are dependent on evidence on what 

works well in dementia care, there also needs to be focus on interdisciplinary approach in research.  

The call for interdisciplinary approach also applies to research needs, where parties from across 

disciplines of geriatrics; neurology; public health and epidemiology; sociology; and infectious 

disease need to come together to bridge knowledge and build solid evidence that is translated to 

clinical practice and interventions. Additionally, research utilizing quantitative, big data, and 

administrative health data should be supplemented with and mapped together with qualitative 

research and clinical randomized trials to align research needs. Perhaps the first step is raising 

awareness of these needs to better facilitate future collaborations that acknowledge the cruciality 

of coming together.  Finally, we need system wide policy changes that can encourage and push for 

a patient-oriented interdisciplinary intervention approaches, particularly focused on this 

potentially preventable and very common issue (infections).  
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Infections are common in older people, can lead to hospital­
ization1–3 and can often be terminal events4. It is expected  
that older persons are more vulnerable to infections5 due to  

the clinical impact of immunological aging5,6, frailty7 and physio­
logical changes such as nutritional status8. People with dementia 
may have increased sensitivity to infections, possibly due to altered 
hygienic habits and decreased mobility resulting from cogni­
tive impairment. Furthermore, the difficulty in observing typical  
clinical signs of infection in older people9, and the reduced  
ability of people with cognitive impairment to communicate  
infectious symptoms10,11, may lead to frequent hospitalization  
with infections.

Previous epidemiological studies have shown increased all-cause 
hospitalization for people with dementia12, of which infections  
generally13, or infections of the respiratory and urinary tracts spe­
cifically, were among the most common causes2,3,14–18. However, 
these studies were based on selected populations. The aim of the 
current study was to compare the rates of infection-related hospital 
contacts (that is, contacts (or interactions) of an individual with a 
hospital as the result of an infection) in people with and without 
dementia, in a prospectively followed-up nationwide cohort, to 
investigate the association between incident dementia and rates of 
infection-related hospital contacts, as well as the differences in rates 
across the different infection types.

An understanding of which infections are behind increased  
hospital contacts in people with dementia is crucial for public  
health knowledge that can shape targeted interventions and aid  
in ensuring a better quality of life for people living with dementia.

Results
The source population included 1,712,100 people (Fig. 1), where 
129,660 people had a dementia diagnosis and were matched with 

297,476 people without a dementia diagnosis on or before the index 
date. The index date was defined as the date when a person was 
diagnosed with dementia during the study period. Each person 
diagnosed with dementia was matched to three randomly cho­
sen people on sex and age who did not have a registered dementia 
diagnosis on or before their date of diagnosis. This diagnosis date 
was assigned as the index date for people with and without demen­
tia and marked the start of follow-up. For fewer than five people 
with a dementia diagnosis, it was not possible to match three peo­
ple without a diagnosis, so these people were matched with fewer 
than three people or not included in the final cohort. In addition, 
some of the people without dementia served as a matching pair for 
more than one person with dementia. Matching therefore yielded 
388,976 pairs. Of those without dementia on or before the index 
date, 266,980 people remained free of a dementia diagnosis during 
follow-up, while 30,496 people were registered with dementia, cen­
sored and then matched to people without dementia. These 30,496 
people are included in the total number of people diagnosed with 
dementia during the study period (that is, 129,660); therefore, the 
total sample size was 396,640 unique individuals.

Total follow-up was 403,744 person years for people with demen­
tia and 1,918,784 person years for people without dementia. Table 1 
presents the matching characteristics at the index date and person 
years of follow-up (Supplementary Table 6 presents time at risk in 
the remaining covariates).

The most frequent infections were those of the respiratory and 
urinary systems and sepsis. Figure 2 and Table 2 presents fully 
adjusted incidence rate ratios (IRRs) for people with dementia for 
any infection-related hospital contact, as well as by infection site 
category. The IRR of any contact was 1.5 (95% confidence inter­
val (CI) = 1.49–1.51), meaning that the incidence of infection  
was 1.5-fold higher in people with dementia compared with those 

Dementia identified as a risk factor for infection- 
related hospital contacts in a national, population- 
based and longitudinal matched-cohort study
Janet Janbek   1 ✉, Niels Frimodt-Møller2,3, Thomas Munk Laursen4 and Gunhild Waldemar5,6

The aim of this study was to investigate the association between incident dementia and rates of infection-related hospital con-
tacts. We conducted a registry- and population-based matched-cohort study of all Danish residents who were born in or before 
1950, included from 1 January 2000 or their 65th birthday (whichever came later), who were alive and resided in Denmark at 
the start of the study, excluding those who had received a dementia diagnosis before 1 January 2000 or their 65th birthday 
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highest for nervous and urinary system infections and sepsis, decreased with increasing age and was higher in men. More 
people with than without dementia had contacts five years before the index date. Our findings show that dementia is a risk  
factor for infection-related hospital contacts and infections might be an early sign of dementia.
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without. IRRs were highest for infections of the nervous and urinary 
systems and sepsis, and were also significantly higher in the remain­
ing sites in people with dementia compared with those without, 
except for infections of the eye, ear and circulatory system (where 
IRRs were significantly higher in people without dementia). IRRs 

for herpes, hepatitis and infections of the genital and musculoskel­
etal systems were not significant (Supplementary Table 7).

Figure 3 presents IRRs stratified by sex and by age. Compared 
with their respective reference groups, IRRs were higher in men. 
IRRs were more than twofold in the youngest age group and 

People born in or before 1950 and alive and residing in Denmark on 1 January 2000 or at age 65+

years

n = 1,739,288

Eligible for study

n = 1,712,100

Excluded people with dementia

diagnosed before 1 January 2000

or before age 65 years

n = 27,188

People with dementia

n = 129,660
People without dementia

n = 297,476

Identified all people with a first

registered dementia diagnosis

throughout the study period

Matching 1:3

n = 388,976

266,980 people remained

free of a dementia

diagnosis during follow-up

30,496 people received a dementia

diagnosis during follow-up (counted in

people with dementia)

Study sample

n = 396,640

Fig. 1 | Cohort population flow chart. Of a total of 1,712,100 people eligible for the study, 129,660 were identified with a first registered dementia diagnosis 
during the study period and were matched using a ratio of one to three (where possible; see main text) to people who did not have a registered dementia 
diagnosis during this time. Matching resulted in 388,976 pairs. There were 129,660 unique individuals with a registered dementia diagnosis and 297,476 
matched unique individuals without. Of the matched people without dementia at the index date, 30,496 people were registered with a dementia diagnosis 
after the index date and were counted among the 129,660 people with dementia, while 266,980 matched persons remained free of a dementia diagnosis 
throughout the follow-up period. The total sample size thus consisted of 396,640 unique individuals.
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dropped with increasing age to 1.2-fold in the oldest age group 
(Supplementary Table 8).

In all analyses, the IRRs decreased slightly following adjustment 
for covariates (Supplementary Tables 7 and 8).

Figure 4 presents the percentage of people with and without 
dementia with infection-related hospital contacts during the 5 years 
before the index date. A higher percentage of people with demen­
tia than without dementia had contacts. Percentages markedly 
increased for people with dementia closer to the index date, with 
the highest percentage during the year before the index date (16.5% 
compared with 7.5% for people without dementia).

Lastly, we performed seven sensitivity analyses (see Methods for a 
description of each). Models 1–5 showed no major influence on our 
results; for example, in model 4, similar IRRs were observed whether 
the infection was a primary or secondary diagnosis during the hos­
pital contact. In model 6, inpatient admissions resulted in an IRR for 
any infection of 1.54 (95% CI = 1.53–1.55), whereas outpatient visits 
resulted in an IRR of 1.12 (95% CI = 1.09–1.14). Finally, in model 7,  
the use of a modified Charlson comorbidity index (CCI; weight 
of human immunodeficiency virus (HIV) reduced from 6 to 1)  
did not change the estimates (Supplementary Table 9).

Discussion
In this nationwide, longitudinal and population-based matched- 
cohort study of people aged 65 years or older, dementia diagnosis 
was associated with an increased rate of infection-related hospital 
contacts, where people with dementia had a 1.5-fold increased rate 
compared with people without dementia. Rates were higher in men 
and were increased across most, but not all, infection sites. The 
most frequent infections were those of the respiratory and urinary 
systems and sepsis, and the rates of these were highest in people 
with dementia. During the 5 years before a registered dementia 
diagnosis, a higher percentage of people with a registered dementia 
diagnosis than without one had infection-related hospital contacts, 
particularly during the year before the index date. Our findings 
contribute to the small amount of existing literature on associa­
tions between dementia and risk of infections. In our study, we 
comprehensively investigated the rates of infection-related hospi­
tal contacts across all infections following a diagnosis of incident 
dementia and until death or for a period of 15 years using prospec­
tively collected and highly valid national registry data. Our results 
are generally consistent with previous studies, although they are 
not directly comparable. In one study, hospital discharge diagnoses 
did not differ between people with and without Alzheimer’s disease 
except for infectious diseases, where 40.8% of hospitalized patients 
with Alzheimer’s disease had pneumonia or another infectious  
disease compared with 27.2% of patients who did not have 
Alzheimer’s disease13. Previous studies investigating associations 

Table 1 | Matching characteristics of age and sex in people with and without dementia

Matching 
characteristic

People with dementia People without dementia

n at index date Pyrs n contacts Rate n at index date Pyrs n contacts Rate

Total 129,660 403,744 97,586 241.7 297,476 1,918,784 280,848 146.4

Sex

 Women 80,315 265,053 57,026 215.2 179,977 1,217,335 168,286 138.2

 Men 49,345 138,691 40,560 292.4 117,499 701,450 112,562 160.5

Age (years)

 65–69 7,872 13,967 2,690 192.6 22,522 46,958 2,348 50.0

 70–74 14,874 42,292 8,752 206.9 39,959 159,554 11,339 71.1

 75–79 25,996 76,689 16,792 219.0 63,912 317,677 30,734 96.7

 80–84 34,578 107,020 26,397 246.7 77,287 483,713 63,833 132.0

 85–89 30,237 101,642 26,399 259.7 62,127 516,026 88,818 172.1

 90+ 16,103 62,135 16,556 266.5 31,669 394,857 83,776 212.2

Rates were calculated as the rate per 1,000 person years at risk (Pyrs).
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Fig. 2 | IRRs of infection-related hospital contacts, by infection site category, 
in people with dementia. IRRs are plotted for any infection-related hospital 
contact, as well as by infection site category, in people with dementia.  
For the reference group (people without dementia), the IRR is equal to 1  
(as indicated by the solid black vertical line). Error bars represent 95% CIs. 
IRRs were estimated using Poisson regression. A two-sided type 1 error of 5% 
was considered statistically significant. Total person years at risk (Pyrs) were 
403,744 in people with dementia and 1,918,784 in people without dementia. 
The IRRs presented are adjusted for sex, age, calendar year, civil status, 
highest educational level attained and CCI. All adjustment models, along with 
the resulting IRRs, CIs and P values, are presented in Supplementary Table 7. 
Note that the sum of the number of contacts from each infection site does not 
equal the number for any infection because in some cases multiple contacts 
for different infection site categories occurred on the same date. These were 
counted separately for each infection site category, but would count for only 
one in the total for any infection, thus giving a slightly smaller sum. The most 
frequent uncategorized infections in our cohort were unspecified bacterial 
and viral infections. The most frequent less-occurring infections included 
Clostridium perfringens, infectious unspecified gastroenteritis and colitis.
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with all-cause hospitalization have only looked at infections of the 
urinary tract, pneumonia and sepsis, which are among the common 
hospitalization causes in people with dementia2,3,14–21.

To our knowledge, no previous studies have investigated other 
infections or compared the rates of several types of infections. We 
thus extend previous knowledge and report that people with demen­
tia have substantially increased rates of infections generally, and of 
several infection types. Our findings confirm that infections of the 
respiratory and urinary systems and sepsis are most frequent, and 
the rates of these infections are highest in people with dementia. We 
also identified increased IRRs for other infection types in people with 
dementia (infections of the nervous and digestive systems, infections 
of the skin, surgical infections and uncategorized and less-occurring 
infections). Of the infections we studied, the IRR for infections of the 
nervous system was the highest; however, these results were based 
on a small sample size, hence the observed wide CI. Most hospital 
contacts associated with infections of the nervous system, both in 
people with and without dementia, were cases of bacterial meningitis  
and viral encephalitis. It has been shown that some symptoms of 
encephalitis and meningitis could be mistaken for dementia, and one 
might expect that most of the cases with such infections occurred on 
or very close to the registered dementia diagnosis. However, we did 
not find this to be the case in our study (data not shown), and future 
research is needed to confirm and clarify such associations.

The observed increased IRRs in people with dementia in our 
study could be due to the deleterious effects of dementia on expres­
sive language and symptom perception, which can impair people’s 
ability to express and communicate symptoms of infections. This 
can subsequently create diagnostic challenges for clinicians in the 
primary care setting, leading to infections being left undiagnosed 
for longer and later requiring hospitalization, particularly as demen­
tia progresses22. Moreover, our findings could reflect the increased 
sensitivity of people with dementia to contracting infections, where 
cognitive impairments result in altered hygienic habits, decreased 
mobility and reliance on external care. We found that IRRs were 
substantially higher for inpatient than outpatient infection-related 

hospital contacts, suggesting that the severity of infections plays an 
important role in explaining the observed increased IRRs in people 
with dementia, where inpatient infection-related hospital contacts 
reflect more severe episodes of infections than outpatient contacts. 
While outpatient infection-related hospital contacts were also 
higher in people with dementia than in those without, they were 
substantially lower compared with inpatient contacts.

We found that IRRs decreased with increasing age, which could 
reflect clinicians’ reluctance to hospitalize older people with demen­
tia and comorbidities, to decrease burdensome hospital transitions, 
adverse hospitalization outcomes and aggressive treatments. This is 
particularly true for people who are terminally ill, have advanced 
dementia or reside in nursing homes, as was reported in one Dutch 
study23. These individuals might not be referred to hospitals, and 
incidences of infection might therefore remain undetected in our 
population, resulting in lower than expected rates. In contrast, 
one study reported no differences in hospitalization during the 
last month before death between nursing home residents with and 
without dementia where infections were the leading cause of such 
hospitalizations24. It is also possible that the decreasing IRRs with 
increasing age could be explained by elevated rates of infection 
among people without dementia as well in older age.

Moreover, hospitalization patterns may differ with the type of 
infection; for some infections, clinicians might be more reluctant 
to refer a patient to hospital and such infections would therefore 
be handled in the primary care setting and remain undetected in 
our study. If such hospitalization patterns differ for people with and 
without dementia, it is possible that these led to the insignificant 
rates observed for some of the infection types in our study.

After excluding the data for everyone who died within 1 year 
of the index date, IRRs in people with dementia decreased only 
slightly, indicating that the observed rates could not be attributable 
to increased infections at the terminal stage of life only. Moreover, 
the increased IRRs may reflect an increased rate of all-cause  
hospitalization in people with dementia, where infections were 
diagnosed. However, we have shown that the rates are not just a 

Table 2 | Frequency and rates of infection-related hospital contacts, by infection site category, in people with dementia

Number of contacts Rate per 1,000 Pyrs IRR (95% CI)

Dementia No dementia Dementia No dementia Dementia/no dementia

Any infection 97,586 280,848 241.7 146.4 1.50 (1.49–1.51)

Nervous 309 571 0.8 0.3 2.10 (1.83–2.42)

Urinary 35,277 83,796 87.4 43.7 1.90 (1.87–1.92)

Sepsis 9,431 24,443 23.4 12.7 1.62 (1.58–1.66)

Uncategorized 3,686 10,723 9.1 5.6 1.53 (1.47–1.59)

Respiratory 39,538 116,433 97.9 60.7 1.42 (1.40–1.43)

Less occurring 709 2,374 1.8 1.2 1.26 (1.15–1.37)

Skin 4,711 16,929 11.7 8.8 1.23 (1.19–1.27)

Digestive 7,677 28,180 19.0 14.7 1.16 (1.13–1.19)

Surgical 1,177 4,500 2.9 2.3 1.07 (1.01–1.15)

Genital 836 3,583 2.1 1.9 1.06 (0.98–1.14)a

Herpes 438 1,841 1.1 1.0 1.04 (0.93–1.15)a

Musculoskeletal 609 2,578 1.5 1.3 1.00 (0.91–1.09)a

Hepatitis 68 239 0.2 0.1 0.95 (0.73–1.25)a

Eye and adnexa 799 4,030 2.0 2.1 0.90 (0.83–0.97)

Circulatory 317 1,416 0.8 0.7 0.88 (0.78–1.00)

Ear 483 2,741 1.2 1.4 0.79 (0.72–0.88)
aNon-significant.
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reflection of increased hospitalization for other events (where the 
infection was a secondary diagnosis) since the IRRs were similar 
when infections were the primary or secondary diagnosis during 
the hospital contact. Increased infection-related hospital con­
tacts in people with dementia were already seen 5 years before the 
dementia diagnosis date. Cognitive impairment is likely to have 
started years before a registered dementia diagnosis and, as such, 
the increased percentage of people with infection-related hospi­
tal contacts before a dementia diagnosis might reflect the conse­
quences of impaired cognition that put people with dementia at 
risk for infections (for example, altered hygienic habits and reli­
ance on external care). The observed increase up to 5 years before 
a dementia diagnosis may also reflect people presenting with 
infections associated with confusion and delirium who were sub­
sequently more likely to be diagnosed with dementia during such 
hospital contacts. Because of this observed increase, we propose 
that infection-related hospital contacts could be an early sign of 
dementia. Finally, with growing literature on associations between 
infections and dementia incidence25–30, one could also speculate 
that the observed increase in rates of infection-related hospital 

contacts in the period before a dementia diagnosis might iden­
tify infections as risk factors for dementia, although our analysis 
cannot confirm such associations, and longer periods of follow-up 
between infections and dementia diagnosis are needed to establish 
such evidence.

Our findings provide knowledge on which infections are behind 
increased rates of hospital contacts in people with dementia. Such 
knowledge points to the need for developing tools and measures 
that aid in the prevention of infections in people with dementia. 
People with dementia who also have reduced functional abilities 
and impaired memory may consequently forget to drink, eat or 
follow agreed plans or daily routines. Focus on ensuring proper 
hygiene, as well as healthy habits of hydration and food intake, in 
people with dementia is key to better management of susceptibility 
to infections. Moreover, there is a need to develop measures to aid 
the recognition of early signs and symptoms of different infections 
so that hospitalizations are prevented. This demands that people 
with dementia are offered and receive specialized care by person­
nel who are well equipped and educated to recognize early signs of 
infections. Finally, research efforts need to identify patient-related 
characteristics (such as living status, functional abilities and so on) 
that may be particularly linked to increased susceptibility to infec­
tions. The identification of these can aid the development of spe­
cific and targeted interventions for infection prevention. To date, 
infections such as pneumonia and sepsis have been increasingly 
researched, resulting in the provision of crucial evidence that is 
used to shape targeted interventions for people with dementia. 
As such, our comprehensive exploration of all infection types is a 
building block to encourage and advance research on other impor­
tant infections.

Strengths and limitations
Several limitations in our study should be addressed. First, we did 
not investigate the subtypes of dementia due to the low validity of 
such data in the registries31. Moreover, dementia is generally under­
diagnosed, so several cases could have gone undetected32,33. For 
example, the number of dementia cases in our cohort represents the 
registered population rate; however, a recent Danish study showed 
a prevalence of 36,000 registered dementia cases in 2015 compared 
with an expected prevalence of around 83,000–89,000 (refs. 34,35).

We also lacked information on the severity stage of demen­
tia at the time of diagnosis and at the time of the hospital contact.  
Similarly, we lacked information on the severity stage of the  
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Fig. 3 | IRRs by sex and age group in people with dementia. IRRs are 
listed for any infection-related hospital contact by sex and age group in 
people with dementia. For the reference group (people without dementia), 
the IRR is equal to 1 (as indicated by the solid black vertical line). Error 
bars represent 95% CIs. IRRs were estimated using Poisson regression. 
A two-sided type 1 error of 5% was considered statistically significant. 
Total person years at risk were 403,744 in people with dementia and 
1,918,784 in people without dementia. Detailed distributions of person 
years at risk, number of infections and rates across the two sexes and all 
age groups are presented in Table 1. The IRRs presented are adjusted for 
sex or age (whichever is not plotted), as well as calendar year, civil status, 
highest educational level attained and CCI. All adjustment models with the 
resulting IRRs, CIs and P values are presented in Supplementary Table 8.

People without dementia

People with dementia
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Fig. 4 | Infection-related hospital contacts during the 5 years before the 
index date. Percentages of people with and without dementia who had 
infection-related hospital contacts during the 5 years before the index date.
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infection at the time of the hospital contact and could thus not 
investigate whether the threshold for a hospital contact with an 
infection was the same for people with and without dementia. 
However, the results from our sensitivity analyses suggest that the 
severity of infections plays an important role in explaining the 
observed increased IRRs in people with dementia, as previously 
discussed. Second, all of the infections included in our study were 
severe and treated and led to a hospital contact (inpatient hospital 
admission or an outpatient hospital visit). We have no information 
on infections that were handled in the primary care setting only 
(because this information could only be obtained through prescrip­
tion data, which include all redeemed prescription medications and 
lack diagnostic information); thus, our results should be interpreted 
as such. Furthermore, outpatient hospital contacts are registered as 
a treatment period (from the date of the first contact to the date of 
the last contact) rather than each hospital contact. Consequently, 
if treatment periods for infections of outpatient contacts differed 
between people with and without dementia, this could have affected 
our rates. Third, we did not include information on nursing home 
residency due to the lack of validity of such data36. Lastly, as with 
all observational studies, the possibility of residual confounding 
(for example, lifestyle factors and frailty) cannot be excluded. The 
impact of frailty on the incidence of infections among people with 
dementia could be a crucial explanatory factor for our findings 
(rather than comorbidities alone) as it takes into account additional 
factors that we lacked information on.

It is also important to mention several strengths. First, with the 
study’s prospective and population-based design and long follow-up 
period, biases arising from common issues of nonresponse, selec­
tion or loss of follow-up were limited. Moreover, we used a 1:3 
matching ratio, thus limiting potential bias arising from having 
undetected cases of dementia in the reference group. Second, the 
data in the national registries on dementia and infections are valid 
and complete, thus limiting potential information bias31,37. This 
means that, although cases of undiagnosed dementia would have 
been missed, every single case of diagnosed dementia in the popula­
tion would have been registered and included in our study. Third, 
we had data on several key covariates, such as calendar year, to con­
trol for time trends in dementia diagnosis and healthcare utilization 
patterns over the follow-up period31. Fourth, we comprehensively 
investigated all infection sites. Finally, we conducted several sen­
sitivity analyses to test the robustness of our data to any decisions  
we had made.

Conclusion
People with dementia have higher infection-related hospital contact 
rates compared with people without dementia. This is the case for 
infections generally and across most, but not all, infection sites. Rates 
were higher in men and decreased with increasing age. Even 5 years 
before a dementia diagnosis, more people had infection-related hos­
pital contacts. Our findings highlight the need for increased aware­
ness by clinicians, caregivers and other healthcare personnel of the 
risk of infection-related hospitalization in people with dementia. 
Future efforts need to identify specific factors that the risk could be 
attributed to in people with dementia (for example, nutritional and 
living status), to further our understanding of the possible mecha­
nistic pathways that link dementia and infections.

Methods
Study design and population. We conducted a nationwide, longitudinal, registry- 
and population-based matched-cohort study using the Danish national registries. 
The source population was all Danish residents born in or before 1950, as identified 
from the Danish Civil Registration System38. People in the source population 
were included in the study from 1 January 2000 if they were at least 65 years old, 
or otherwise from their 65th birthday from 1 January 2000 and onwards. People 
had to be alive and resided in Denmark at the time of inclusion into the study. We 
excluded people with a dementia diagnosis registered before 1 January 2000 or 

before the age of 65 years, thus focusing on late-onset incident dementia.
On the date that a person was diagnosed with dementia (the index date), they 

were matched on sex and age (using their birth date ± 90 days) to three randomly 
chosen people without a registered dementia diagnosis on or before the index date. 
This date marked the start of follow-up.

Danish law does not require ethics committee approval or informed patient 
consent for registry-based studies39. This study is part of a project that has been 
approved by the Danish Data Protection Agency, Statistics Denmark and the 
Danish Health and Medicines Authority.

Dementia. We defined first registered dementia diagnosis using the International 
Classification of Diseases codes from the Danish National Patient Registry40 
and Psychiatric Central Research Register41, or a first redeemed prescription for 
an anti-dementia medication from the Danish National Prescription Registry42 
(Supplementary Table 1).

Infection-related hospital contacts. Infection-related hospital contacts were 
defined as any in- or outpatient hospital contact registered in the Danish National 
Patient Registry with a primary or secondary discharge diagnosis of infection 
(Supplementary Tables 2–4). A hospital contact was defined as an acute or planned 
inpatient admission or outpatient visit. In cases where admissions or visits were 
registered on the same admission date or the same discharge date (+1 day) as 
the previous registered admission or visit, we collapsed these into one record 
representing an entire episode of care from first admission to the date of discharge 
from the hospital, such that any administrative registrations and transfers between 
departments in the hospital were counted as one record or ‘contact’.

Diagnosis codes were categorized as follows: sepsis; eye and adnexa; ear; 
circulatory; respiratory; digestive; skin; musculoskeletal; urinary; genital; nervous; 
surgical; herpes; hepatitis; uncategorized; and less occurring. People with multiple 
hospital contacts with infections were represented in multiple site categories. We 
did not include diagnosis codes for HIV, which we already included in the CCI43. 
We relied on previous literature44,45 and expert knowledge for the categorization 
process (Supplementary Methods).

To avoid counting re-hospitalizations for the same infection episode, we 
counted infection-related hospital contacts for new infections as defined in the 
Supplementary Methods. In all analyses (except sensitivity analysis model 3), we 
used a cleaned up dataset where the data were cleaned such that we counted and 
reported on each episode of care as one hospital contact, creating one hospital 
record for a patient from initial admission to final discharge, and accounting for 
any transfers between hospital departments and other administrative registrations 
that would have resulted in multiple records for the same hospital contact (the data 
clean-up process is detailed in the Supplementary Methods).

Confounding factors. Data on all covariates were obtained from the national 
registries and defined following Statistics Denmark methods. Covariates were 
either fixed or time-dependent variables and included age (time dependent), 
sex (fixed), civil status (time dependent; defined as married, single, divorced or 
widowed), highest educational level attained (fixed at age 65 years; defined as low, 
medium or high), comorbidities (time dependent; defined using the CCI as 0, 1, 2, 
3 or ≥4; Supplementary Table 5) and calendar year (time dependent).

Statistical analyses. Matching characteristics for people with and without dementia at 
the index date were presented as numbers and person years at risk during follow-up.

Follow-up was from the index date until the date of death, immigration or  
31 December 2015 (whichever came first). For matched people without dementia 
at the index date, the follow-up also terminated on the date of a registered 
dementia diagnosis, at which point they were censored and assigned three new 
matched people without dementia.

Two exposure groups were investigated in all analyses: people with and without 
dementia. IRRs of infection-related hospital contacts were calculated using Poisson 
regression models in people with dementia (the reference group was people without 
dementia; IRR = 1). IRRs were calculated by infection site, sex and age similarly. 
Poisson regression analysis does not assume that the data follow any distribution and 
we only assumed constant rates in the time periods we used (that is, age and calendar 
year), which were small enough periods to ensure that the constant rates were 
fulfilled. The logarithm of the estimate (IRR) was normally distributed and the 95% 
CIs followed this normal distribution (represented as error bars in Figs. 2 and 3).

Three IRR models were used in all of the analyses: (1) adjusted for sex, age and 
calendar year; (2) further adjusted for civil status and highest attained educational 
level; and (3) further adjusted for CCI.

To explore whether infection-related hospital contacts increased in people 
with dementia during the period before the dementia diagnosis, we calculated the 
percentage of people with contacts (with and without dementia) before the assigned 
index date during the periods 0–1 years, 1–2 years, 2–3 years, 3–4 years and 4–5 years.

To test the robustness of our data to any arbitrary definitions, we conducted 
a series of sensitivity analyses. In model 1, we excluded all diagnosis codes 
unspecific to an infection alone (Supplementary Methods). In model 2, we 
changed the definition of one infection-related hospital contact from a period  
of 90 days to either 7, 14 or 30 days, and from a period of 1 year to 6 months.  
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In model 3, we calculated IRRs without data clean up. In model 4, we calculated 
IRRs separately for contacts where the infection was a primary or secondary 
diagnosis (Supplementary Methods). In model 5, we excluded all people with 
and without dementia who died within 1 year of the index date, to test whether 
the observed rates were attributed to rates in the terminal phase of life only. In 
model 6, we calculated IRRs separately for inpatient admission and outpatient 
visit contacts (Supplementary Methods). Finally, in model 7, we modified the 
CCI by changing the weight of HIV (from 6 to 1) and repeated adjustment model 
3 with this modified CCI, to test whether the CCI was overestimating HIV’s 
adverse prognosis.

A two-sided type 1 error of 5% was considered statistically significant. Analyses 
were performed using SAS 9.4 (SAS Institute). All data were handled in an 
anonymized form, as is the standard procedure for research using Danish national 
registries on the platform Statistics Denmark46. This paper adheres to the STROBE 
(Strengthening the Reporting of Observational Studies in Epidemiology) reporting 
standards (Supplementary Table 10).

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
All of the data used in this study are derived from the Danish National and Public 
Health registries. These data are collected and stored by the relevant authorities and 
cannot be made public or accessed by unauthorized parties. Access to such data is 
given via standard rules and regulations of data access outlined by the Danish Data 
Protection Agency and Danish Health Data Authority.

Code availability
SAS software version 9.4 was used for analysis and coding relating to all of the 
methods used in this study. We used the procedure PROC GENMOD.
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Abstract 

BACKGROUND: Mortality following infections in dementia has not yet been comprehensively 

explored. The aim of this cohort study was to investigate the short- and long-term mortality following 

infections in dementia. 

METHODS: Follow-up was from January 1, 2000, or the 65-year birthday until death, immigration 

or December 31, 2015. Exposure was incident dementia and a first infection. The outcome was all-

cause mortality. Mortality rate ratios (MRR) were calculated using poisson regression in four 

exposure groups (Dementia yes/no, Infection yes/no) by sex, infection site, and time since infection.  

RESULTS: 1,496,436 people were followed with 12,739,135 person years. MRR in 

Dementia/Infection was 7.35 (95% CI, 7.25 to 7.45) and was increased for infections of all sites. 

Increased mortality was short- (30 days) and long-term (10 years). 

CONCLUSIONS: Increased mortality in people with dementia identifies them as a particularly 

vulnerable group who need clinical attention. 

Keywords: Infection; Dementia; Mortality; Registry-based study; Epidemiology. 
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Introduction 

The role of infections in dementia remains insufficiently explored. Infections can have severe 

consequences in elderly people and particularly in those with dementia. People with dementia have a 

higher all-cause mortality and the cause may be different than in people without dementia.1 One of 

such causes is infections.2–12 Specifically, infections of the respiratory tract and sepsis have been 

shown to be causes of death in people with dementia2–6,11,12 and an increased mortality months after 

such infections7–9 as well as a shorter survival probability10 have been reported. However, studies that 

investigated mortality and survival over time following infections are few and were based on selected 

populations (eg, nursing home residents,8–10 end-stage dementia7), had small sample sizes,7,8,10 and 

mainly focused on pneumonia.7–10   

Thus, it is not known whether infections have a long-term impact on mortality in people with 

dementia. Consequences of severe infections may extend well beyond the period immediately 

following an infection as observed in previous studies in people without dementia that showed an 

increased mortality following severe infections and sepsis, observed up to five years following an 

infection.13–16 Therefore, it is important and highly relevant to investigate the long-term mortality in 

people with dementia, especially due to the lack of such data in literature to date. Understanding the 

influence of infections on the clinical time-course of dementia is key for the identification of 

vulnerable patient groups, thus, optimizing clinical management and applying possible preventive 

measures.  

The aim of this study was to investigate the impact of infections on the short- and long-term mortality 

in people with and without dementia and to specifically examine the differences in infection sites.  

Methods 

Study population 

We conducted a nationwide registry-based cohort study using prospectively collected data from 

Danish national registries. The cohort population was all residents born in or before 1950, identified 

from the Civil Registration System.17 People were included in the cohort from January 1, 2000, if 

they were at least 65 years old, or from the date they turned 65 years old between January 1, 2000, 

and December 31, 2015 (start of follow-up). Everyone was alive and resided in Denmark at start of 

follow-up and people with a dementia diagnosis registered before that were excluded to focus on late-
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onset incident dementia. We also excluded people with hospital contacts with infections during five 

years before start of follow-up to establish a washout period. 

Danish law does not require ethics committee approval or informed patient consent for registry-based 

studies. 

Dementia definition 

Dementia was defined as a first registered dementia diagnosis using the International Classification 

of Diseases (ICD) codes from the Danish National Patient Registry18 and the Psychiatric Central 

Research Registry,19 or a first redeemed prescription for an anti-dementia medication from the Danish 

National Prescription Registry20 (Table 1 in the Supplement). 

Infections definition 

We used hospital contacts with infections as a proxy variable to define infections. A hospital contact 

with infections was defined as any in- or outpatient contact registered in the Danish National Patient 

Registry with a primary or secondary discharge diagnosis of an infection (Tables 2-4 in the 

Supplement). In this paper, we will use the term infections throughout.  

We categorized all diagnosis codes according to infection site, into: Sepsis; Eye and adnexa; Ear; 

Circulatory; Respiratory; Digestive; Skin; Musculoskeletal; Urinary; Genital; Nervous; Surgical; 

Uncategorized (eg, Bacterial infections without site specification); Less occurring; Herpes; and 

Hepatitis. We did not include diagnosis codes for HIV infections which were already included in the 

Charlson Comorbidity index (CCI).21 We relied on previous literature22,23 and expert knowledge for 

the categorization process (Methods in the Supplement). 

We only used first infections defined as a first hospital contact with an infection after start of follow-

up. If the dementia diagnosis was registered on the same date as a hospital contact with an infection, 

then this was counted as a dementia diagnosis and as the first infection.  

Outcome- Mortality  

The primary outcome was all-cause mortality, identified from the registered date of death in the Civil 

Registration System.17 

Covariates 

Data on covariates were obtained from the national registries and were either fixed at the start of 

follow-up or time-dependent. These were age (time-dependent), sex (fixed), civil status (time-

dependent), highest educational level attained at age 65 years (fixed), comorbidities (time-
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dependent), and calendar year (time-dependent). Civil status was defined as married, unmarried, 

divorced, or widowed. Highest educational level attained was defined as low, medium, and high 

(detailed in legend of Table 6 in the Supplement). Comorbidities were defined using the CCI21 as 

zero, one, two, three, and four and above (Table 5 in the Supplement).  

Statistical analysis 

Characteristics were presented with person-years at risk, number of deaths, and mortality rate/1000 

person years in the exposure groups.  

Four exposure groups were investigated: Dementia/No Infection, Dementia/Infection, No Dementia 

/Infection, and No Dementia/No Infection. Follow-up was from the date of inclusion into the study 

until the date of death, immigration, or the end of follow-up on December 31, 2015. Mortality rate 

ratios (MRR) were calculated for all-cause mortality from a first infection using Poisson regression 

models with the logarithm of the person years at risk as an offset variable in all exposure groups, 

stratified by sex, and with the No Dementia/No Infection as the reference group in all analyses. This 

model is equivalent to a Cox Regression model.24,25 We subdivided the Dementia and Infection group 

into two levels, depending on whether the infection occurred after or before a dementia diagnosis. 

Dementia and infections were included as time-dependent variables. We fitted three analysis models: 

One adjusted for age, sex, and calendar year; the second further adjusted for civil status and highest 

attained educational level; and the third model further adjusted for CCI. 

By infection site 

MRRs were similarly calculated by infection site category. We added another level (MRR for 

infections of other sites that occurred prior to the first infection of the site category) to get an estimate 

for infections of each site category independently of other infections and relative to the general 

population without an infection. 

Additive interaction 

We tested for statistical interaction between dementia and infections (for any infection and by 

infection site categories) on an additive scale using the synergy index calculated using the fully 

adjusted MRRs. This was calculated as previously described.26–29We used the template provided by 

Andersson et al 29 (Figure 1 in the Supplement).  
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By time since first infection 

To investigate short- and long-term mortality following infections, we calculated MRRs by time since 

first infection stratified by sex in all exposure groups and with No Dementia/No Infection as the 

reference group. Time at risk was divided as: within 30 days of first infection, 30 days to one year, 

one to five years, five to 10 years, and after 10 years. We also calculated MRRs by time since first 

infection of the different site categories stratified by sex. In each infection site category, we added a 

level for infections for other sites as described earlier. Due to the small sample sizes in some infection 

site categories, we only analyzed six categories (respiratory, urinary, digestive, sepsis, skin, and 

uncategorized infections) and divided the time at risk into: within 30 days of first infection, 30 days 

to one year, one to five years, and after five years. Years were calculated based on 365 days. 

Sensitivity analyses 

To test the robustness of our data to any decisions we made, we conducted several sensitivity 

analyses: a) We excluded ICD-10 codes which were unspecific to an infection (Methods in the 

Supplement); b) We changed our exclusion criteria and kept people with hospital contacts due to 

infections during five years prior to start of follow-up; c) We modelled CCI continuously to test 

whether our categorization influenced results; d) For the analysis by time since first infection, we 

conducted a sub-group analysis of people with only one infection (defined by a data cleaning process 

detailed in the Supplement), to investigate the long-term mortality in the absence of repeated or a 

mixture of infections. 

Post hoc analysis 

Based on our results from the time since first infection analysis, we divided the time period between 

30 days and one year into: within 30 days, 30 days to three months, three to six months, six to nine 

months, nine months to one year, and more than one year (months were calculated based on 30 days 

and one year based on 365 days). To test whether dementia alone explained the increased long-term 

mortality observed in our time since infection analysis, we analyzed MRRs by time since dementia 

diagnosis in Dementia/Infection group with reference to Dementia/No Infection group. We analyzed 

this in a separate model to avoid multiple different timelines, model complication and the 

interpretation of results.  

In all analyses, a 2-sided type 1 error of 5% was considered statistically significant. Analyses were 

performed using SAS 9.4 (SAS Institute Inc).  
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Results 

The cohort included 1,496,436 people (Figure 1) with 12,739,135 person years of follow-up (average 

follow-up per person= 8.5 years). Of the cohort population, 54% were women. During the study 

period, 112,565 people were registered with dementia with 354,456 person years of follow-up and 

518,880 people had infections (4.5% of the cohort were registered with dementia and infections). At 

the end of follow-up, there were 575,260 deaths in the cohort. The proportion of deaths was 77.4% 

in Dementia/Infection group, 56.1% in No Dementia/Infection, 67.4% in Dementia/No Infection and 

25.7% in the reference group (Table 1). Table 6 in the Supplement presents cohort characteristics for 

all exposure groups. 

Figure 1. Cohort population flowchart 

 

 

The fully adjusted MRR for the Dementia/Infection (after dementia) group was 7.35 (95% CI, 7.25 

to 7.45) compared with the reference group (No Dementia/No Infection), while MRR in the No 

Dementia/Infection group was 2.93 (95% CI, 2.91 to 2.95) and in the Dementia/No Infection group 

3.66 (95% CI, 3.62 to 3.71). Compared with their respective reference groups, MRRs were higher in 

men than in women (Table 1). Interactions by sex were highly significant (p≤0.00001) but with small 

effect sizes.
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Figure 2 presents the MRR for infections of each infection site (without other infections) that occurred 

after a dementia diagnosis relative to the general population without an infection. MRRs in each of 

the site categories were higher in the Dementia and Infection than the Infection only group. Highest 

ratios were seen for sepsis followed by infections in the respiratory system, uncategorized infections, 

nervous, and circulatory systems. (Table 7 in the Supplement). Estimates of additive interactions 

between dementia and infections are presented in Figure 3. The synergy index for any infection was 

1.383 (95% CI, 1.360 to 1.407) and was highest for infections in the respiratory system followed by 

uncategorized infections, sepsis, and surgical infections. A non-significant synergy index was seen 

for infections of the eye, musculoskeletal and circulatory systems as well as for herpes, hepatitis and 

ear infections.  

Figure 3. Synergy index for any infection and in all infection 

 

Figure presents the calculated synergy index (S) for estimation of the excess mortality between dementia and infections 

that is beyond the mortality risk from infections or dementia alone and is beyond the added sum of the two mortality risks. 

S can range from 0 to infinity, where S=1 indicates no interaction or exact additivity, S>1 indicates positive interaction 

or more than additivity, and S<1 indicates negative interaction or less than additivity. Error bars represent the 95% 

confidence intervals (CI). Infection sites are ordered as in Figure2. S was calculated from the fully adjusted mortality rate 

ratios (MRRs) in the 4 main exposure groups. For any infection, MRR=7.35 was used to calculate S. 
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Figure 4. Mortality rate ratios (MRRs) by time since first infection in women (a) and men (b) 

(a)  

(b)  

Error bars represent the 95% confidence intervals. MRRs presented for groups: dementia/infection (infection after 

dementia), no dementia/infection, dementia/no infection, and no dementia/no infection (reference group), adjusted for 

sex, age, calendar year, highest attained educational level, civil status, and Charlson Comorbidity Index. Refer to Tables 

S8andS9for the complete analysis model. 
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Figure 4A-B presents MRRs by time since first infection in women and men, respectively. MRRs for 

the Dementia and Infection group were higher than for the Infection only group in all time periods, 

were highest within 30 days of first infection and remained higher after 10 years of first infection 

(Tables 8-9 in the Supplement). 

Similar trends were seen in each of the 6 infection site categories analyzed (Tables 10- 11 in the 

Supplement). 

Results from the sensitivity analyses showed very slight changes in the observed MRRs (Tables 12-

16 in the Supplement).  

Results from our post-hoc analysis showed that MRRs remained highest within 30 days of first 

infection and were higher for the Dementia/Infections group than the No Dementia/Infection group 

(Table 17, Fig 2 in the Supplement). In our second post-hoc analysis, results showed increased MRRs 

in the Dementia/Infection compared with Dementia/No Infection groups across all time periods 

(Table 18, Fig 3 in the Supplement). 

Discussion 

In this prospective nationwide cohort study with a 15-year follow-up period, we showed a more than 

7-fold overall increased mortality in elderly people with dementia and infections and found evidence 

for a synergistic interaction between dementia and infections on mortality risk. Mortality was 

increased in this group for infections of all sites, with varying magnitudes and significant synergistic 

interactions were seen in most but not all sites. Additionally, increased mortality in people with 

dementia was both short- and long-term.  

A synergy index of 1.383 shows excess mortality risk in people with both dementia and infections 

that is beyond the mortality risk from either dementia or infections alone and is beyond the added 

sum of the two mortality risks. The synergy index for interaction on the additive scale has been 

recommended in clinical epidemiology due to its potential implications for public health.27 

Implications of our study identify people with dementia as a vulnerable group in relation to infections. 

It is however important to note that the synergistic effect might also be attributed to differences in 

several psychosocial characteristics of people with dementia, as discussed below, which remain 

unmeasured in our study and may explain the additive interaction result in people with dementia and 

infections. 
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It is difficult to directly compare our results to those of previous studies since to our knowledge, this 

is the first study that investigated short- and long-term impact of several different infections on 

mortality in dementia using a large nationwide cohort. Previous studies have reported an increased 

six-month and one-year mortality after  pneumonia in patients with dementia.7–9 Pneumonia was also 

found to be a common cause of death in dementia and recent reviews have reported a twofold 

increased pneumonia-associated death in people with dementia.6,11,12 Sepsis was also found to 

increase the risk of in-hospital death in patients with dementia4 and identified dementia as a risk factor 

for in-hospital mortality due to sepsis.3 Consistently, we also found that highest MRRs were seen in 

people with dementia and sepsis as well as infections in the respiratory system.  

Mortality estimates from literature for infections other than pneumonia and sepsis are lacking, as is a 

comparison between these and all other infections. Our study showed that increased mortality was 

higher in all infection sites and MRRs ranged from 11.79 in people with dementia and sepsis to 3.98 

in those with dementia and ear infections. However, synergistic interactions with dementia were seen 

in most but not all infection sites. In some sites, smaller sample sizes when calculating the synergy 

index could have led to wider confidence intervals and therefore shown insignificance.  

Our results showed an increased mortality that was highest within 30 days of first infection in people 

with dementia and remained markedly higher than in people without dementia after 10 years 

following a first infection. We then showed in our sub-group analysis that this long-term impact was 

present even in people without co-occurring or recurring infections. We further showed in our post 

hoc analysis an increased long-term mortality in the Infection compared with No Infection group in 

dementia, suggesting that infections continue to play a role long-term.  

Several explanations of our findings are plausible. People with dementia have a different psycho-

social profile and hospitalization without support from relatives, together with poorer physical health 

and dependency on external-care following severe infections may increase frailty and lead to a decline 

in functional levels,30,31 thus explain the observed increased and excess mortality. Consistently, one 

study found that the effect of dementia on mortality was lower after accounting for frailty.32 The 

severity of infections at the time of hospital contact was unknown in our study due to lack of data, 

thus the differences in MRRs could reflect health care attitudes towards people with dementia with 

possibly more severe infections at the time of the hospital contact than those without dementia, due 

to delayed diagnosis of the infection or a delayed presentation of symptoms.33 It is also possible that 

due to challenges in observing moderate infections in people with dementia, they may present to the 



 
 

102 
 

hospital with an infection earlier than those without dementia. Moreover, since the hospital contacts 

we investigated also included secondary diagnoses of infections, one could speculate that in those 

cases the observed increased mortality was driven by the primary reason for the hospital contact 

during which an infection was also diagnosed, if such reasons differed between people with and 

without dementia.33  

It is reasonable to attribute increased mortality risk to infections, particularly within the first 30 days 

following an infection. However, for the observed long-term mortality (particularly after 10 years), 

infections may play less of a direct role. This is a surprising finding and even though we do not 

directly attribute the increased mortality to exposure to that first infection and do not interpret it as 

such, we do believe that our findings shed light on possible long-term consequences of severe 

infections in people with dementia that ultimately led to increased mortality. Consequences of severe 

infections may extend well beyond the period immediately following an infection as documented 

previously in literature where severe infections were associated with an increased mortality up to five 

years post infection (in people without focus on dementia).13–16 A study investigating long-term 

mortality in sepsis survivors has concluded that survivors retain mortality risk both from the index 

(first) hospitalization with sepsis and also accumulate additional risk following hospital-discharge.16 

Therefore, consequences and risk factors that may independently be associated with increased long-

term mortality observed in our study are crucial to investigate in future research and may guide 

targeted interventions. 

Additionally, a growing recent attention has been directed towards the involvement of infections in 

the neurodegenerative process and the pathogenesis of dementias.34 A bidirectional relationship 

between cognitive function and pneumonia has been demonstrated where a decrease in cognitive 

status was reported to increase the risk of pneumonia and that following a pneumonia episode, 

cognitive decline was accelerated,35 a relationship that may be common to all infections. It could be 

hypothesized based on our findings that infections in dementia impact the neurodegeneration process 

and worsen dementia. With the plausibility of several explanations for the observed increased and 

excess mortality, we do not conclude on causality between infections in dementia and mortality, and 

our findings should be interpreted in light of the points discussed in this paper.   

Strengths and limitations    

Our study has limitations important to draw attention to. First, we were unable to investigate the 

different subtypes of dementia due to the low validity of such data.36 Moreover, dementia is generally 
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under-diagnosed in our population as in other populations and so several cases undetected in the 

registries.33,37 We also lacked information on the severity stage of dementia at the times of diagnosis, 

the hospital contact with an infection, and death.  

Second, we do not know if the threshold for a hospital contact with an infection was the same for 

people with and without dementia which could be a determining factor for the observed increased 

and excess mortality. Infections in our study were only the severe and treated ones that led to a 

hospital contact and our results should be interpreted as such. We only investigated first infections in 

our analyses and the impact of recurrent or co-occurring infections on mortality was not estimated.  

Third, we did not include information on nursing home residency due to the lack of validity of such 

data.38 Such information could have clarified our results since people in nursing homes could have 

altered patterns of medical care and decision-making regarding hospitalization. Lastly, as with all 

observational studies, the possibility of residual confounding cannot be excluded (eg, lifestyle 

factors).  

Our study also has several strengths. First, it is a large nationwide cohort study, and with its long 

follow-up and use of prospectively collected data, biases arising from common issues of nonresponse, 

selection, or loss of follow-up were limited. Second, we investigated both short- and long-term 

mortality after several different infections. Third, data on dementia and infections in the national 

registries were complete and valid thus limiting potential information bias.36,39 We only investigated 

all-cause mortality using the valid and almost 100% complete data17 to avoid any misclassifications 

of the underlying causes of death.40 Fourth, we included several covariates, including calendar year 

to control for time-trends in dementia diagnosis over the follow-up period.36 Finally, we conducted 

several sensitivity analyses to ensure robustness of our data to any decisions we have made and found 

essentially no changes to our estimates in the several models. 

Conclusion 

Mortality is substantially increased in people with dementia following infections of all sites. This 

increase was observed both short- (within 30 days) and long-term (after 10 years). Although we do 

not directly attribute the increased mortality after 10 years of first infection to that first infection, we 

believe that our findings reflect that possible consequences of infections, specifically in people 

dementia, are associated with a long-term increased mortality, and research into which factors or 

events this increase may be attributed to is crucial. Our findings identify people with dementia and 
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infections as a vulnerable group and steps towards better clinical management of infections should 

be identified. Future research that builds hypotheses on the role of infections in the pathogenesis of 

dementia as well as investigates possible mechanistic pathways involved is needed to clarify the 

associations that we report. 
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Abstract 

INTRODUCTION: We aimed to investigate readmission risks following infections in dementia; 

identify types of infections behind risks; and highlight reasons for readmissions. 

METHODS: Acute inpatient hospital admissions for infections in Danish residents included from 

January 1, 2000 or age 65 years. Primary outcomes: 7-day readmissions risk ratios (RR, Risk 

following infection index admissions of people with dementia relative to those of people without 

dementia); risks by infection site; and reasons for readmission. Secondary outcomes: 30- and 90-day 

readmission risks. Competing risk of death was estimated. 

RESULTS: 7-day readmission RR was increased in all ages and highest in the youngest (Women RR 

1.37, 95% confidence interval [CI] 1.22-1.53; Men RR 1.23, 95% CI: 1.12-1.35). RRs got smaller 

with increasing age and longer follow up. Most notable common readmissions were for infections 

and dehydration in dementia. 

DISCUSSION: We conclude on a substantially increased readmission risk in people with dementia 

than those without, particularly within 7 days, and for the youngest in the cohort.  Readmission risks 

were higher for infection index admissions than for admissions for other causes than infection, and 

readmissions were mostly due to infections. Findings highlight the burden of infections in people 

with dementia and call for in-depth investigations of determinants related to readmission risks, to 

inform public policy and identify avenues for interventions that can decrease or prevent potentially 

avoidable readmissions.  
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Introduction  

Unplanned acute hospital readmissions in persons with dementia place them at increased risk for 

adverse outcomes and result in poor health as well as burdening the health care system. Readmissions 

are also used as a measure of quality of health care provided during hospitalization and post 

discharge.1 It is therefore crucial to identify avenues for interventions to effectively decrease or 

prevent readmissions, especially in vulnerable groups such as those living with dementia and 

particularly for common and potentially preventable reasons for hospitalization such as infections. 

Infections can result in health complications2,3 and are linked to excess mortality.4 Importantly, these 

are potentially preventable and therefore represent an efficient place to focus interventions. 

However, despite the well-known impact, relatively little is known about hospitalization trajectories 

for people with dementia who get admitted for an infection, and surprisingly little is documented in 

literature.   

One study reported a 1.16 risk ratio of 30-day readmission,5 another an odds ratio of 2.9,6 and the 

third a 7% increased risk following pneumonia hospitalization in people with dementia.7 

Additionally, another study showed that dementia was one of the risk factors for readmissions 

following pneumonia.8 However, no study has comprehensively compared readmissions following 

all types of infections in people with and without dementia and in population-based cohorts. Such 

knowledge is crucial for understanding the impact of infections on dementia, to shape public health 

practice and policy. 

To contribute to such knowledge, we aimed to investigate readmission risks (7, 30, and 90 days) 

following acute inpatient hospital admissions for infections in people with and without dementia; to 

identify types of infections linked to such risks; and to highlight reasons for readmissions.  

Materials and methods 

Study design and population 

We conducted a nationwide registry-based cohort study using prospectively collected data from the 

Danish national registries. The population was people born in or before 1950, identified from the 

Danish Civil Registration System. People were included in the study from 1 January 2000 if they 

were at least 65 years old, or otherwise from the date they turned 65 years old between 1 January 

2000 and 31 December 2015. People were alive (at the start of the study) and residing in Denmark 
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(during the study period) and had at least one registered hospital inpatient admission in the Danish 

National Patient Register (DNPR) 9 after start of the study. We excluded everyone with a dementia 

diagnosis registered before the age of 65 years. To allow for complete follow up, an exclusion based 

on admission date was set for each readmission period. Admissions occurring on or after 24 

December 2015, 1 December 2015, and 02 October 2015 were excluded for 7, 30, and 90 days 

respectively.  

Admissions definition 

Data were extracted from the DNPR by identifying inpatient acute (unplanned) hospital records and 

the primary discharge ICD-10 diagnosis codes. Each hospital record is registered with an admission 

and discharge date. Transfers between hospital departments during one admission would result in 

multiple records. Hospital records that occurred on the same admission or discharge date (+1 day) as 

the previous record were counted as a single record. As such, an admission was defined as an inpatient 

acute hospitalization that represented one complete period of hospitalization from first admission date 

to last discharge date. Moreover, because we combined hospital records into one admission, each 

admission could be registered in our study’s dataset with several primary discharge diagnoses.   

Except for the first admission in the study period for each person, admissions were eligible to be both 

an index admission for future readmissions and a readmission for prior index admissions as defined 

below. 

Infection index admissions definition 

Infection index admissions were defined as inpatient acute admissions with a primary discharge 

diagnosis of an infection (using ICD-10 codes).  

Infection index admissions were categorized using the ICD-10 codes according to the system in which 

the infection is located as classified in the ICD-10 manual (e.g. respiratory), and categories are 

referred to as “infection sites” throughout this paper (Table S1). Previous literature10,11 and expert 

knowledge guided this categorization. We removed diagnosis codes for HIV infections which were 

instead included in the Charlson Comorbidity index (CCI).12  Details of choosing infection codes and 

categorization are previously described.4 
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Exposure: Dementia diagnosis 

The date of dementia diagnosis was defined as a first registered diagnosis at age 65 years or older 

using ICD codes, or a first redeemed anti-dementia medication prescription (Table S2), as previously 

described. 4  

Outcomes: Readmissions and reasons for readmission 

The primary outcomes were 7-day readmission, and reasons for readmission. Readmissions were 

defined as any registered admission (regardless of the primary diagnosis) that occurred within 7 days 

of the infection index admission’s discharge date. Thus, these were all-cause readmissions, referred 

to as “readmissions” throughout this paper.    

Based on their primary discharge diagnoses, readmissions were categorized into the following groups 

referred to as “Reasons for readmission”:  

a) Any infection (primary readmission diagnosis was of any infection). This group was 

subdivided into: Linked infections (primary readmission diagnosis was of an infection in the 

same infection site category as that of the infection index admission); Other infections 

(primary readmission diagnosis was of an infection that was not in the same infection site 

category as that of the infection index admission); and sepsis (primary readmission diagnosis 

was sepsis). When the infection index admission’s primary diagnosis was sepsis, then this 

category was omitted from reasons for readmission since sepsis in that case was categorized 

as “Linked infections”.  

b) The remaining primary readmission diagnoses which were not of an infection were 

categorized according to the disease system categories in the ICD-10 manual (e.g. other 

respiratory disease, other circulatory disease).13 

The secondary outcome was 30- and 90-day readmission (all-cause readmissions). 

Competing risk of death 

Due to the competing risk of death before readmission, we investigated death as an outcome 

(registered date of death). 
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Covariates 

Covariates were obtained from the national registries, and were: age, sex, civil status, highest 

educational level attained, comorbidities (CCI, previously described4), hospital length of stay (LOS), 

and the calendar year. All covariates were fixed on the date of each infection index admission. 

Data analyses 

Baseline characteristics were presented for infection index admissions of people with dementia and 

without. The study unit was  admissions. We used a generalized estimating equation (GEE) model 

with a Poisson distribution, a log link function and with individuals’ identification number as the 

random effect to account for repeated measures (PROC GENMOD in SAS 9.4). We estimated risk 

ratios (RR) of readmission and mortality (risks in infection index admissions of people with dementia 

relative to risks in infection index admissions of people without dementia), with 95% confidence 

intervals (CIs). Each infection index admission could result in readmission, death, or neither. We 

tested interactions with sex and age and stratified our main analyses accordingly. Examples of data 

coding and outcome definitions are presented in Figure S1.  

Infection index admissions were classified into two groups: 1) Of people with dementia: infection 

index admissions where a patient was already registered with a dementia diagnosis prior to or on the 

discharge date of the admission; and 2) Of people without dementia. Following this definition, if 

infection index admissions were of people with dementia, then the following readmission was 

referred to as a readmission of people with dementia. If a dementia diagnosis was registered within 

the follow up period (7, 30, or 90 days) of an infection index admission then  it was not counted as 

such but was  still eligible to be counted as a readmission (Figure S1).  

Three adjustment models were used: Model 1 adjusted for sex, age, and calendar year; model 2 further 

adjusted for civil status, highest attained educational level, and LOS; and model 3 further adjusted 

for CCI. 

Infection sites 

To compare 7-day readmission risks across infection sites (of the infection index admission), we 

estimated risks in each infection site and by age groups, for infection sites with 2000 or more infection 

index admissions (an arbitrarily chosen cut point based on the frequency of infection index 

admissions of each site in the study population), and pooled the remaining sites into “other sites”. In 
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case one infection index admission had primary diagnoses of multiple infection sites, then the same 

infection index admission was categorized in multiple infection sites. 

Reasons for readmission 

For each infection site, we calculated the percentage of readmissions within each group of reasons 

for readmissions.  Due to data regulations, we only presented reasons for readmissions that comprised 

at least 10%. Within each reason for readmission, if one primary readmission diagnosis comprised 

more than 50% of all primary diagnoses, then we presented that diagnosis. In case there was more 

than one primary readmission diagnosis that fell under multiple groups of reasons for readmission, 

then that readmission was presented in all the groups. We did not present percentages by age groups 

due to small numbers. 

Sensitivity analysis  

To explore whether risks were different after index admissions for other causes than infection, we 

performed a sensitivity analysis where we investigated readmission and mortality RRs following all 

index admissions without a primary diagnosis of an infection.  

All analyses were performed using SAS 9.4 and a 2-sided type 1 error of 5% was considered 

statistically significant. Danish law does not require ethics committee approval or informed patient 

consent for registry-based studies. Data were handled anonymously using the server of Statistics 

Denmark.  

Results 

Baseline characteristics and outcome summary 

Figure 1 presents the study sample. A total of 789,732 infection index admissions (421,133 people) 

eligible for 7-day readmissions were included. Of these, 783,119 (418,507 people) and 769,042 

(412,823 people) infection index admissions were eligible for 30- and 90-day readmissions, 

respectively. In each of the follow-up periods, 9% of infection index admissions were of people with 

dementia. Table 1 presents a description of infection index admissions eligible for 7-day readmissions 

and Table S3 presents these for 30- and 90-day readmissions. Of infection index admissions of people 

with dementia, 55% were of women (and 51% in infection index admissions of people without 

dementia). Most infection index admissions of people with and without dementia were of people 75-

84 years of age. Socio-demographic and disease characteristics were similar in all follow-up periods. 
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There were 55,303 readmissions in 7 days (10% were of people with dementia), 161,550 readmissions 

in 30 days, and 259,745 readmissions in 90 days (for each, 8% were of people with dementia). A total 

of 78,732 deaths were recorded in 7 days (14% were of people with dementia), 97,027 in 30 days, 

and 108,328 in 90 days (for each, 16% were of people with dementia) (Table S4). Interactions with 

age were significant in all follow-up periods, and only in 7 days for interactions with sex (Table S5). 

Figure 1. Flow chart of study 
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Table 1. Baseline characteristics for infection index admissions eligible for 7-day readmissions (of people with 

and without dementia) 

Characteristic Level With dementia Without dementia 

Total, N (%)a  Index admissions 72,103  (9.1) 717,629 (90.9) 

 People 34,599 (8.2) 386,534 (91.8) 

Sex, Women N (%) Index admissions 39,935 (55.4) 364,102  (50.7) 
 People 20,102 (58.1) 199,664 (51.7) 

Age, years N (%) 65-74 8752 (12.1) 275,098 (38.3) 

75-84 32,952 (45.7) 287,827 (40.1) 
 85-++ 30,399 (42.2) 154,704 (21.6) 

Calendar year, N (%) 2000-2004 13,938 (19.3) 176,535 (22.4) 

2005-2009 22,085 (30.6) 207,226 (26.2) 

 2010-2015 36,080 (50.0) 333,868 (46.5) 

Civil status, N (%) Married  25,693 (35.6) 322,550 (45.0) 

Unmarried  4227 (5.90) 40,516 (5.7) 

 Widowed  33,723 (46.8) 260,705 (36.3) 

 Divorced  8428 (11.7) 93,183 (13.0) 
 Unknown  32 (0.04) 675 (0.1) 

Education, N (%) Low 46,528 (64.5) 525,068 (73.2) 

Medium 4661 (6.5) 54,927 (7.7) 
 High 1792 (2.5) 16,803 (2.3) 

 unknown 19,122 (26.5) 120,831 (16.8) 

LOS, days, Mean (SD)  7.9  (10.2) 8.6  (11.3) 

CCI, N (%) 0 14,488 (20.1) 113,511 (15.8) 
1 15,968 (22.2) 149,492 (20.8) 

 2 13,806 (19.2) 143,052 (19.9) 

 3 9901 (13.7) 102,058 (14.2) 

 4+ 17,940 (24.9) 209,516 (29.2) 

Infection site, N (%) Respiratory 35,006 (48.6) 389,603 (54.3) 

Urinary 18,854 (26.2) 97,081 (13.5) 

 Sepsis 8598 (11.9) 69,662 (9.71) 
 Digestive 4446 (6.2) 63,485 (8.9) 

 Skin 2987 (4.1) 44,211 (6.2) 

 Unspecified 2037 (2.8) 19,118 (2.7) 

 Surgical 824 (1.1) 16,689 (2.3) 
 Less occurring 422 (0.6) 7348 (1.0) 

 Genital 360 (0.5) 7459 (1.0) 

 Musculoskeletal 301 (0.4) 6560 (0.9) 
 Herpes 203 (0.3) 3300 (0.5) 

 Nervous 192 (0.3) 2613 (0.4) 

 Circulatory 184 (0.3) 6337 (0.9) 
 Eye 57 (0.1) 1570 (0.2) 

 Ear 31 (0.04) 879 (0.1) 

 Hepatitis 25 (0.03) 745 (0.1) 
Table presents baseline sociodemographic and disease characteristics of infection index admissions of people with 

dementia (With dementia) and of infection index admissions of people without dementia (without dementia). Infection 

index admissions are those eligible for 7-day readmissions, and characteristics of infection index admissions which were 

also eligible for 30-and 90-day readmissions are described in Table S3. Abbreviations: LOS, hospital length of stay; SD, 
standard deviation; CCI, Charlson Comorbidity Index. a Percentage of all infection index admissions, and all people. 

Education: highest educational level attained was defined as low (primary school), medium (upper secondary, business 

high school, vocational internship and main course), and high (short-term further education, middle-range education, 

bachelor's degree, extended education and research degree). Infection sites are ordered from highest to lowest frequency 

in the exposure groups. 
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Readmission and mortality risk ratios 

Infection index admissions of people with dementia showed an increased risk for readmission and 

mortality in women (Figure 2) and men (Figure 3) compared with infection index admissions of 

people without dementia. This risk varied in magnitude across follow-up periods and age groups, 

with the 7-day readmission RR in the age group 65-74 years being 1.37 (95% CI: 1.22 to 1.53) in 

women and 1.23 (95% CI: 1.12 to 1.35) in men. Seven-day readmission RRs got smaller with 

increasing age but remained significantly increased in all age groups, except for ≥75-year-old men, 

where RRs were insignificant.  

The 30- and 90-day readmission RRs were also significantly increased in the 65-74 years age group 

in women (30-day readmission RR in women 1.14 with 95% CI: 1.05 to 1.24, men: 1.06 with 95% 

CI: 0.99 to 1.12; 90-day readmission RR in women 1.10 with 95% CI: 1.03 to 1.18, men 1.03 with 

95% CI: 0.97 to 1.08), while in the older age groups, these were either insignificant or slightly 

decreased (Figures 2-3). Mortality RRs were significantly increased in all age groups and follow-up 

periods and got larger with longer follow-up. The highest were observed in the 65-74 years age group 

and in 90 days (Women, fully adjusted RR 1.90, 95% CI: 1.75-2.06; Men, fully adjusted RR 1.99, 

95% CI: 1.86 to 2.12). Tables A.6-9 present the complete analysis models. 

Readmission risks in infection sites 

Seven-day readmission risks were higher following infection index admissions of people with 

dementia in the 65-74 years age group for all infection sites (7-11%), than following those of people 

without dementia (5-9%). For all sites, risks were more notably different across age groups following 

infection index admissions of people with dementia than without (Figure 4A).  

Reasons for readmission  

Reasons for 7-day readmissions varied depending on the infection site and most common reason in 

all sites was infection (Figure 4B). The most notable difference was for unspecified infections. Here, 

of all readmissions of people with dementia, 95% were due to infection (22% due to unspecified 

infections and 63% due to other infections of which pneumonia was the most common), while of 

readmissions of people without dementia, 42% were due to infection. Additionally, volume 

depletion/dehydration was a more common reason for readmissions of people with dementia (12-17% 

after admissions with unspecified, urinary, and digestive infections), than for those of people without 

dementia (5-8%). For linked infections in all sites, the most common primary readmission diagnosis 

was the same as the most common infection index diagnosis (data not shown). 
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Figure 2. Women, readmission, and mortality. 

 

Panel (a) presents the risks of readmission and death in infection index admissions of people with dementia (With 

dementia) and of infection index admissions of people without dementia (Without dementia) in women in the follow-up 

periods and across age groups. Panel (b) presents the fully adjusted readmission risk ratios (RRs) (top heat map) and 

mortality RRs (bottom heat map) for women in all follow-up periods (horizontal x-axes) and across the age groups 
(vertical y-axes). RRs are the ratios of risk in infection index admissions of people with dementia/risk in infection index 

admissions of people without dementia. The fully adjusted model was for age, sex, calendar year, civil status, highest 

attained educational level, length of stay, and Charlson Comorbidity Index. Each cell in the two heat maps represents RR 

estimates and colors increase in intensity with increasing RR. Numbers inside each cell are the RRs as presented in the 

adjacent tables to each of the heat maps where 95% confidence intervals (95% CIs) are also presented. Numbers in 

cells that are in red represent those with insignificant RRs. Infection index admissions that were eligible for more than 

one of the follow-up periods were represented in multiple periods in our analyses. Full analysis model is presented in 

Tables S6–S7. 
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Figure 3. Men, readmission, and mortality. 

 

Panel (a) presents the risks of readmission and death in infection index admissions of people with dementia (With 

dementia) and of infection index admissions of people without dementia (Without dementia) in men in the follow-up 

periods and across age groups. Panel (b) presents the fully adjusted readmission risk ratios (RRs) (top heat map) and 

mortality RRs (bottom heat map) for men in all follow-up periods (horizontal x-axes) and across the age groups (vertical 

y-axes). RRs are the ratios of risk in infection index admissions of people with dementia/risk in infection index admissions 

of people without dementia. The fully adjusted model was for age, sex, calendar year, civil status, highest attained 

educational level, length of stay, and Charlson Comorbidity Index. Each cell in the two heat maps represents RR estimates 

and colors increase in intensity with increasing RR. Numbers inside each cell are the RRs as presented in the adjacent 

tables to each of the heat maps where 95% confidence intervals (95% CIs) are also presented. Numbers in cells that are 

in red represent those with insignificant RRs. Infection index admissions that were eligible for more than one of the 

follow-up periods were represented in multiple periods in our analyses. Full analysis model is presented in Tables S8,S9. 
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Figure 4. Readmission risks in infection sites and reasons for readmission. 
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Panel (a) presents the 7-day readmission risks following infection index admissions of each of the infection sites and 

stratified by age groups. The category “Others” pooled all infection sites described in the Methods section, which had 

less than 2000 infection index admissions. Infection sites are ordered from the highest to the lowest readmission risk in 

all age groups, with the category “Others” at the end. In case one infection index admission had primary diagnoses of 

multiple infection sites, then the same infection index admission was categorized in multiple infection sites. Panel (b) 

presents the reasons for 7-day readmissions in each of the infection sites, in all age groups. For each infection site we 

calculated the percentage of readmissions within each group of reasons for readmissions. Within each reason for 

readmission, if one primary readmission diagnosis comprised more than 50% of all primary diagnoses, then we presented 

that diagnosis in text adjacent to the bars together with the ICD-10 codes. In any case where there was more than one 

primary readmission diagnosis that fell under multiple groups of reasons for readmission, then that readmission was 
presented in all the groups. In both panels (a) and (b), the bars present the readmission risk (panel a) and percentage of 

readmissions (panel b) following infection index admissions of people with dementia (With dementia), and the plus signs 

present readmission risks and the percentage of readmissions following infection index admissions of people without 

dementia (Without dementia) 

 

Sensitivity analysis  

Seven-day readmission and mortality RRs were lower than those observed in infection index 

admissions (Readmission RR in 65-74 years, women 1.03 with 95% CI: 0.95 to 1.11; men 1.04 with 

95% CI: 0.98 to 1.11). Trends for readmission and mortality RRs were also different where 

readmission RRs got smaller with increasing age, while mortality RRs got larger with increasing age 

and with longer follow up (Figures S2, S3). 

All three adjustment models showed the same trends for readmission and mortality RRs. Adjustment 

for the CCI increased readmission RRs and mortality RRs.  

Discussion 

In this nationwide and population-based cohort study, we emphasize three major findings: 1) 

Infection index admissions of people with dementia were 37% more likely to result in 7-day 

readmissions in the 65-74 years age group in women (and 11-13% in older age groups), and 23% in 

men (and insignificantly 4-5% in older age groups), compared with infection index admissions of 

people without dementia; 2) Readmission and mortality RRs were higher following infection index 

admissions than those for other causes than infection; and 3) Readmission risks of people with 

dementia were notably higher in the 65-74 years age group in all infection sites, and readmissions 

were mostly due to infection.  

Our results are generally consistent with previous studies in that readmission risk is elevated in people 

with dementia after hospitalization for any reason (reviewed in 2,14) but results cannot be directly 

comparable due to our focus on hospitalizations for infections specifically. A few studies reported an 

increased 30-day readmission risk in people with dementia following pneumonia,5,6,8 and a recent 

Danish study showed that such risks were primarily within the first days after discharge and were 



 

151 
 

highest amongst the youngest in the cohort.7 Our results on 7-day readmission risks after admissions 

for respiratory infections (of which majority were for pneumonia) were consistent with previous 

findings, however varied in risk magnitude due to different study design and follow-up period.        

Our results do not explain why the readmissions are occurring and which factors may determine these 

causally. However, there are several plausible explanations to our findings. First, people with 

dementia present with atypical signs of infection and have reduced ability to express their symptoms, 

particularly in older age and advanced stages of dementia. This contributes to challenges in 

identifying early symptoms of infection and subsequently delay infection diagnosis15 and result in 

more severe infections at the time of admission. Severe infections may further deteriorate functional 

and cognitive abilities of a person with dementia  and an overall poorer health may result in 

complications that subsequently lead to readmissions.3 For example, we showed that volume 

depletion was a more common reasons for readmission in people with dementia than without, 

consistent with findings from a recent study.16 Another complication may be hospital-acquired 

infections in people with dementia.  

Second, challenges in diagnosing infections can result in misdiagnosis and consequent failure of 

treatment and thus readmissions. Our results showed that readmission risks following unspecified 

infections (e.g. general bacterial infection) were notably higher in people with dementia than without, 

indicating that subsequent readmissions are possibly due to the improper diagnosis of the infection.  

Third, impaired cognition and functional abilities, especially if further deteriorated by the 

hospitalization for a severe infection, can challenge compliance with instructions after discharge that 

require the patient’s involvement in complex decision making and adjustments of routines and 

medication intake. Such a challenge can result in the undertreatment of the infection, leaving it 

unresolved and lead to readmission. Our finding that readmissions were commonly due to linked 

infections may be indicative of unresolved infections, a finding previously documented in the general 

elderly population in one study.17  

In all infection sites, readmission risk was higher in people with dementia than without, particularly 

in the age group 65-74 years, indicating that observed readmission RRs were not likely attributed to 

one infection site only. 

Because death is a competing risk, readmission estimates should be interpreted considering the 

mortality RRs, and the readmission RRs getting smaller with longer follow-up could be explained by 
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the increasing mortality. It could also be interpreted that 7 days is a critical period where more 

readmissions occur for people with dementia than without, whereas in 30 and 90 days, more 

readmissions occur for people without dementia and thus explain the observed reduction in RRs in 

those periods. 

An important confounder that we could not investigate is placement in nursing homes, where 

hospitalization patterns may be altered, particularly for people with dementia for whom 

hospitalization events can be more destabilizing18 and where decisions by care personnel and 

caregivers may favor avoidance of hospitalizations.19 Readmission RR’s pattern across ages can thus 

be explained by placement in nursing homes (and not by the competing risk of death, since mortality 

RRs also got smaller with increasing age). This is supported by our results in Figures 2A and 2B 

where readmission risks decreased more steeply with older age for infection index admissions of 

people with dementia than without. Moreover, younger people with dementia (who are more likely 

to be living at home) might be prioritized and deemed to more likely benefit from hospitalization for 

infections and treatment, and thus experience more readmissions after infections.   

Readmissions can either be due to the quality of care provided during hospitalization, patient 

characteristics, or the interaction of the two. 14 Understanding such interactions is a crucial research 

priority as such knowledge can pave the way to develop appropriate measures to decrease and 

possibly prevent readmissions. Such measures include identifying early infection symptoms; ensuring 

proper diagnosis and treatment of the infection at the initial hospitalization; ensuring successful 

discharge planning and transition from the hospital to community settings; and  applying preventive 

measures for potentially preventable infections and complications following infection (e.g. 

dehydration).  

Strengths and limitations 

Interpretation of our findings should be considered within several constraints. First and most 

importantly, we did not have data on nursing home residency, due to their low validity.20 Second, 

although we identified all registered dementia cases in Denmark, dementia is generally under-

registered,21,22 and we assume that our estimates of risks and ratios were thus underestimated. Third, 

we did not have information on the severity stage of dementia at diagnosis or at the time of each index 

admission. Infection index admissions of people with dementia were those with prevalent and 

incident dementia, so some people with a first registered dementia diagnosis prior to start of study 

might have had hospital admissions that were not counted in our study. Similarly, the threshold of 
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infection severity at the time of index admission and readmission was unknown, and it was unknown 

whether the threshold was different in people with and without dementia. Fourth, due to small sample 

sizes in some infection sites, we were unable to explore these further. Fifth, admissions that occurred 

1 day following the index admissions were counted as a single hospitalization and not a readmission, 

as we could not reliably distinguish internal transfers between hospital sections and actual discharge 

with readmission within one day. Lastly, residual confounding is always an important limitation to 

observational studies, and information on factors such as lifestyle and living status that we did not 

have could boost our understanding of determinants of readmissions and provide evidence for 

interventive strategies.  

It is also important to note our study’s strengths. Given the population- and registry-based design, we 

had complete and valid data on all dementia cases registered in the country, as well as all hospital 

admissions and deaths.23,24 Further, with the long follow-up period (up to 15 years), we captured all 

acute inpatient hospital admissions for individuals. Loss to follow up and selection bias common in 

observational studies were minimal in ours. Lastly, we considered the competing risk of death and 

interpreted our findings considering these risks.   

Conclusion 

We conclude on a substantially increased readmission risk in people with dementia than those 

without, particularly during the period immediately following discharge, and for the youngest in the 

cohort. Readmission risks were higher for infection index admissions than for admissions for other 

causes than infection, and readmissions were mostly due to infections. Thus, findings highlight the 

burden of infections in people with dementia. We urge in-depth investigations of determinants related 

to readmission risks, to identify avenues for interventions that can decrease or prevent potentially 

avoidable readmissions. 
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