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Summary

Globally, the number of people living with dementia is expected to increase rapidly during the next
decades. Age is the most predominant risk factor for developing dementia, and the number of people
with dementia is predicted to grow due to increasing life expectancy. The number of people living
with dementia is affected by the incidence and mortality of dementia as well as the development in
demographic structure. If people with dementia live longer, or the number of elderly people increase,
it will result in a rising number of people living dementia. Nevertheless, population-based studies
have reported declining incidence during the past decades. Many of these studies have been based on
small populations or have reported tendencies and not significant results. Consequently, it has been
questioned if the observed decline in incidence was real. Moreover, if incidence is declining how is it
expected to affect the prevalence of dementia. As incidence, prevalence, and mortality are
interdependable parameters, providing a time trend analysis of all three parameters in a large
population could be useful in assessing more correct estimate of the future prevalence of dementia.
Accurate estimates are crucial when planning future health care, so the needs of a large population of

people with dementia can accommodated.

Increasing age is not only associated with increasing risk of dementia, but also with increasing risk of
multiple comorbidities and death. Due to longevity, the number of people with dementia and multiple
chronic comorbidities is expected to grow extensively during the next decades. Mortality is know to
be markedly increased in people with dementia compared to the general elderly population.
However, the association of dementia and concurrent chronic diseases and how it is related to
mortality, is not well described. Despite the fact that mortality is increased in people with dementia,
dementia diseases may not be perceived as fatal conditions. No previous studies have investigated if
causes of death in people with dementia had changed over time. Such studies could contribute with

knowledge about which comorbidities are associated with mortality in dementia.

This thesis is based on four nationwide registry-based studies using the entire Danish elderly

population as a cohort. Overall, the aim was to investigate aspects of mortality in people with

12



dementia by assessing the time trends of incidence, prevalence, mortality, and causes of death in

dementia, and the effect of comorbidities on mortality in dementia.

In Study I, we found that the age- and sex-adjusted incidence rate declined by 2% annually from 2004
to 2015, while the total prevalence increased during the entire period from 1996 to 2015. In Study I,
we observed that mortality declined at the same rate in people with dementia compared to the
general elderly population. Nevertheless, mortality remained about 2.9 times higher in people with
dementia during the entire 20-year period. Additionally, the five-year survival after a dementia
diagnosis was largely similar to the five-year survival after a diagnosis of cancer or acute ischemic
heart disease. In Study Ill, we found that when comparing people with the same load of
comorbidities, the mortality was significantly higher in people with dementia compared to those
without. Even after adjusting for sex, age, calendar year, and comorbidities the mortality remained
2.7 times higher in people with dementia. In Study IV, we observed that from 2002 to 2015, dementia
became the leading underlying cause of death in people with dementia. At the same time, there was a
marked decline in the registration of cardio- and cerebrovascular disease as underlying cause of death

in people with and without dementia.

In conclusion, this thesis described the time trends of incidence, prevalence, mortality, and causes of
death in people with dementia in an entire national population. It identified people with dementia as
a vulnerable group emphasized by a markedly higher mortality. Moreover, it underpins that dementia
conditions should be perceived as serious and fatal brain diseases, as the five-year mortality is largely
similar to that in cancer and acute ischemic heart disease. Hopefully, this change in perception of
dementia as a fatal disease should result in more investments in research, including continuing the

search for efficacious, disease modifying drugs, and in better health care for people with dementia.
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Resumé

Pa verdensplan forventes antallet af mennesker med demens at stige markant over de naeste artier.
Da alder er den stgrste risikofaktor for at udvikle demens, er netop tiltagende levealder den primaere
arsag til den forventede stigning. Befolkningsundersggelser de seneste artier har dog vist faldende
incidens af demens. Mange af disse undersggelser har veeret foretaget i mindre populationer eller har
fundet tendenser snarere end signifikante resultater. Derfor har der veeret saet tvivl om incidensen af
demens reelt er faldende og i sa tilfaelde, i hvilken grad det vil pavirke praevalensen af demens.
Praevalensen afhanger af incidens, mortalitet samt den demografiske udvikling. Hvis antallet af nye
tilfeelde forgges eller mennesker lever laengere tid med deres demenssygdom, vil dette afstedkomme
en stigning i praevalensen af demens. For at kunne danne et mere komplet estimat af hvorledes
antallet af mennesker med demens vil udvikle sig, er det derfor yderst brugbart at undersgge
tidsudviklingen af incidens, praevalens og mortalitet af demens i en samlet population. Sadanne
estimater vil kunne bruges i planlaegningen af fremtidens samfund, saledes at behovene fra et

voksende antal mennesker med demens kan imgdekommes.

Med stigende alder gges ikke blot risikoen for at udvikle demens, men ogsa risikoen for andre
kroniske sygdomme og d@d. Det forventes at antallet af mennesker der kommer til at leve med
demens og komorbiditeter vil tiltage pga. stigende levealder. Nar man sammenligner dgdeligheden
blandt zldre med og uden demens, er den markant hgjere blandt de med demens. Tilstedevaerelsen
af andre kroniske sygdomme bidrager formentlig til denne overdgdelighed, men dette aspekt er
endnu ikke velbeskrevet. Selvom demens er forbundet med en overdgdelighed, opfattes
demenssygdomme ofte ikke som dgdelige sygdomme. Dette er problematisk, da alvorligheden ved
disse sygdomme bgr understrege vigtigheden af forebyggelse og videre forskning inden for demens.
Ingen tidligere studier har undersggt om dgdsarsager hos mennesker med demens har andret sig
over tid. Sadanne studier kunne bidrage med vigtig viden om hvilke komorbiditeter, der er

tilgrundliggende dgdsarsager hos mennesker med demens.

Denne afhandling er baseret pa fire nationale registerstudier, der alle benytter den samlede danske

2ldrebefolkning som population. Formalet var at undersgge forskellige aspekter af mortalitet ved
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demens. Det gjorde vi ved at undersgge tidsudviklingen af incidens, praevalens, mortalitet og

dgdsarsager hos mennesker med demens samt forholdet mellem komorbiditeter og dgdeligheden.

Studie | fandt at incidensraten i gennemsnit fald 2% arligt fra 2004 til 2015, mens den totale
praevalens steg fra 1996 til 2015. | Studie Il observerede vi over den 20-arige periode, at dgdeligheden
var stabilt ca. 2,9 gange hgjere hos mennesker med demens end hos de uden demens. Dette var
selvom dgdeligheden faldt i samme tempo hos mennesker med og uden demens. Femarsoverlevelsen
efter en demensdiagnose var stort den samme som ved kraeftsygdom eller akut iskeemisk
hjertesygdom. | Studie Ill sammenlignede vi mennesker, der havde den samme mangde
komorbiditeter. De med demens havde en signifikant hgjere dgdelighed i forhold til den generelle
®ldrebefolkning uden demens. Nar vi justerede for kgn, alder, kalenderar og komorbiditeter, forblev
dgdeligheden 2,7 gange hgjere for mennesker med demens. | Studie IV observerede vi, at fra 2002 til
2015 blev demens den hyppigste registrerede tilgrundliggende dgdsarsag blandt mennesker med
demens. Samtidig var der et markant fald i registreringen af kardio- og cerebrovaskulzaere sygdomme

som tilgrundliggende dgdsarsag hos mennesker med og uden demens.

Denne afhandling beskriver tidsudviklingen af incidens, preaevalens, mortalitet og dgdsarsager hos
mennesker med demens. De faldende incidensrater efterlader hab om at det maske er muligt at
forebygge nogle demenstilfeelde. Selvom mortaliteten faldt blandt mennesker med demens, var
overdgdeligheden gennem hele den 20-3rige periode ca. 2,9 gange hgjere end ldrebefolkningen
uden demens. Herved identificerede vi mennesker med demens som en sarbar gruppe. Vores
resultater understreger at demens bgr opfattes som alvorlige og dgdelige hjernesygdomme. Dette
fremhaeves af at femarsoverlevelsen ved demens er pa samme niveau som for kraeftsygdom og akut
iskeemisk hjertesygdom. Demens blev hyppigere registreret som en tilgrundliggende fremfor en
medvirkende dgdsarsag og er nu den hyppigste registrerede dgdsarsag blandt mennesker med
demens. Dette afspejler muligvis en gget bevidsthed om demens som en dgdelig sygdom. Det er
habet at en @&ndring i opfattelsen af demens som dgdelig sygdom vil fgre til flere investeringer i
demensforskning med henblik pa udvikling af effektive sygdomsmodificerende lzegemidler og bedre

pleje af mennesker med demens.
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Introduction

Dementia - a growing challenge

The world’s population is ageing.! Globally, there were 703 million people aged 65 years or older in
2019, and this number is expected to double to 1.5 billion in 2050.! In 2015, there were 46.8 million
people living with dementia worldwide.? With age being the strongest risk determinant for developing
dementia, the number of people with dementia is expected to increase to 131.5 million by 2050.2 In
2005, Ferri et al. estimated that the global prevalence of dementia was 24.3 million, expecting it to
double every 20 years.3 Nonetheless, just ten years later, in 2015, the prevalence of dementia had
almost doubled, emphasizing the speed of the increasing prevalence.? This was primarily driven by an

increase in life expectancy and thereby ageing populations.?

As the prevalence of dementia is increasing, so are the expenses related to this group of conditions. In
2015, the worldwide cost of dementia was estimated USD 818 billion and expected to increase to one
trillion dollars by 2018.%2 Besides the huge economic costs, dementia has enormous human impact on
both the lives of patients with dementia and their caregivers. Losing autonomy and the ability of
controlling ones’ life, physical dependency in performing activities of daily living, and impaired
physical health leads to reduced quality of life.* Impaired cognition has a strong impact on the ability
of self-care management.” It can cause reduced medical compliance leading to decreased physical
health.® Moreover, up to 90% of patients with dementia experience behavioral and psychological
symptoms which are known to reduce quality of life in patients and their caregivers.” Consequently,
dementia also affects the health of caregivers. Having a partner with dementia is associated with

impaired mental health and reduced life satisfaction.®

To this day, there is no cure for dementia. The existing pharmaceutical treatments for dementia are
symptomatic.®1° Thus, it is essential to provide the best treatment, care, preservation of activities of

daily living, and support for each person with dementia and her or his caregivers.
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A historical perspective
Defined by the World Health Organization (WHO), “Dementia is a syndrome, usually of a chronic or

progressive nature, caused by a variety of brain illnesses that affect memory, thinking, behaviour, and

ability to perform everyday activities”. 11

The most frequent cause of dementia is Alzheimer’s disease (AD), first described by Alois Alzheimer’s
in 1907.1213 He reported the case of a 51-year-old woman, Auguste Deter, who at this relatively young
age showed symptoms (e.g. paranoia, cognitive impairment, hallucinations) that was known in senile
dementia.® Until the late 1970s, senile dementia was viewed as a normal process of ageing, and the
term AD was reserved for younger cases.'* However, large population studies subsequently described
that the majority of people actually preserved their intellectual capacity despite getting older.% In the
mid-1980s, beta amyloid and tau were identified as the proteins causing plagues and tangles, in the
pathogenesis of AD.1'7 Autopsy studies also showed that the pathological brain changes in presenile
AD and in elderly people who had died from senile dementia were similar.'® Accordingly, AD was
recognized as the most common cause of dementia in elderly as well as younger people. Better
biological understanding of the disease led to the ability of earlier diagnostics. In the USA, Germany,
and Sweden the first clinics for people with dementia opened around 1985.> They provided
assessments, counselling, and follow-up. The first pharmaceutical treatment against Alzheimer’s
disease was introduced in USA that same year.!> Alzheimer’s associations and organizations had
already been established to support patients and their families while bringing awareness of the need
of a specialized dementia intervention. In Denmark, the first memory clinic was established in 1995,
and the first pharmacological treatment against AD was licensed in 1997.° Since then, more
advanced diagnostic tools have been introduced in the aim of making more precise diagnoses.
National clinical and evidence-based guidelines for diagnostic evaluation of dementia have been
available in Denmark since 1998 when a national multidisciplinary reference program was published

by the Danish Neurological Society.*®
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Incidence, prevalence, and mortality
The prevalence of people living with dementia is highly related to incidence and mortality of

dementia. With no cure for dementia, the only ways the prevalence can change is if incidence,
mortality, or the development in demographic structure alter. In a paper by Wu et al., the authors use
an example with a water tank to illustrate the association between incidence, prevalence, and
mortality (Figure 1).2° The prevalence is visualized as the water level in the tank. The prevalence can
change either by adjusting flow rate of new dementia cases into the tank (incidence) or the flow rate

of cases leaving the tank (mortality). This way of

Incidence: proportion of new
dementia cases

{ prevalence, and mortality can be useful in illustrating

how changes in each of the parameters could affect

visualizing the relationship between incidence,

Prevalence:

proportion of the future prevalence of dementia.

people

withdementia A rocent Lancet commission report quantified

&} individual risk factors’ impact on developing dementia
. 21 .

Mortality: proportion of people (Figure 2).%! It concluded that 40% of the risk of
with dementia who die developing dementia is potentially modifiable (with
Figure 1. Relation between incidence, most of the exposure happening in mid- or later life),
prevalence, and mortality. Modified from

Wu et al.20 whereas 60% of the risk attribution is unknown.

Likewise, a study based on existing meta-analyses concluded that approximately one third of cases of

AD might be attributable to potentially modifiable risk factors.??

A Finnish study investigated a multidomain lifestyle intervention in at-risk elderly people. They found
results suggesting that intervention in life style factors could maintain or improve cognitive
functions.?? Since then, multiple studies have been initiated worldwide, investigating a multiple
domain life style intervention in order to reduce cognitive decline and dementia.?* In high-income
countries there has been an increased focus on healthier lifestyle and improvement and on reduction
of cardiovascular risk factors during the last decades. Thus, it is possible that with general

improvement of health and reductions of risk factors, dementia may to some extent be preventable.
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Early life Accordingly, population-based studies

Percentage reduction in dementia prevalence
if this risk factor is eliminated

Less education investigating time trends of incidence of

a Hypertension
0 "o indicated an increase.3? Findings from

dementia in high-income countries
during the past decades have indicated
tendencies of declining incidence of

Hearing loss
dementia in elderly people.?>32

Traumatic brain injury

n— However, one study from Japan

>21 units per week
Cheity registry-based studies on incidence of

dementia are not consistent.34-38

/'° Smoking Population-based studies investigating

P Depression time trends of prevalence show no clear
0 Social isolation

Later life trend. One American, one Spanish, and

' Physical inactivi
5 Ai,m;uzn three Swedish studies reported stable

Diabetes

4 ——\ prevalence3*3, one American and one
— Potentially

modifiable British study observed declining

40%
prevalence?**, one study from Japan
Risk unk . .
T found an increase in prevalence33,

whereas one American and one French

Figure 2. Population attributable fraction of potentially
modifiable risk factors for dementia. Reprinted from
Livingston et al.?! with permission from Elsevier. results*®4.

study found more inconclusive

Fewer studies have investigated time trends of mortality in people with dementia. Four population-
based studies, one from Sweden, two from the Netherlands, and one from Japan observed a declining
mortality 26334348  contradicting results from one German and one American study indicating

increasing mortality344°,

Even though the time trend of incidence, prevalence, and mortality in dementia has been investigated

in previous studies, only two of the study cohorts have investigated all three parameters, and none of
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these studies used continuous data.3%3343 As incidence, prevalence, and mortality are interdependent
parameters, assessing all three of them in the same population is important to obtain a more detailed
picture of the development over time. This knowledge is important in making projections and

planning future health care services and costs.

Mortality in dementia
Mortality is known to be markedly increased in people with dementia.’®>! The increased mortality

seems to be complex and influenced by a range of multiple factors. Research is quite consistent when
establishing an association between level of severity and subtype and increased mortality in
dementia.>*® Increased mortality in dementia has been linked to age>’~®3, male sex®:-%4, reduction in
activities of daily living®”°>6>66 and institutionalization®®. Furthermore, studies have suggested that
mortality in people with dementia is related to low cognitive performance>%-86467.68

antipsychotics®”#%, and polypharmacy’®’.

The presence of concurrent chronic comorbidities have also been associated with increased mortality
in people with dementia.>%>%°6:7273 |n addition, specific comorbidities have been found to increase
mortality in dementia. These include cerebrovascular disease?, diabetes’?, and hypertension’2. Other
studies compared mortality in people with and without dementia, and even after adjusting for
comorbidities and other relevant variables, an excess mortality persisted in people with dementia.”*~
76 |n a study based on the world’s largest dementia cohort, the Swedish SweDem database, Haaksma
et al. introduced a tool to predict three-year survival in patients diagnosed with dementia.>® They
found that when they included comorbidity load as defined by the Charlson Comorbidity Index (CCl),
it resulted in more accurate estimates. Overall, by using five variables (sex, age, cognitive function,
CCl score, and dementia subtype), they were able to predict survival probability within a three-year
period correctly in 71-72% of the cohort.>® In line with the Swedish study, a Canadian study reported

an increased mortality related to the numbers of comorbidities in people with dementia.”?

Mortality is substantially increased in people with dementia and caused by multiple factors. However,

studies investigating the association between load of comorbidities and mortality in people with

23



dementia compared with people without dementia are scarce.”®’3 As the risk of developing dementia
increases with age, so does the prevalence of chronic comorbidities. Therefore, it becomes essential
to gain more knowledge about the association between comorbidities and mortality in the growing
population of people with dementia. Additionally, many people may not perceive dementia as a fatal
disease. To create a context for emphasizing the severity of a dementia diagnosis it may be helpful to
compare mortality and survival in dementia with the most frequent causes of death in high income

countries; cancer and heart disease.””’8

Dementia - a leading cause of death
With the number of people living with dementia rapidly growing?, the registration of dementia as a

cause of death is also increasing. From 2005 to 2015, the Global Burden of Disease study reported a
38% increase in dementia disorders as cause of deaths.”” WHO estimated that in the year 2016, AD
and other dementias were the fifth leading cause of death globally.”” In high-income countries,
dementia was the third leading cause of death in 201677. In the UK®® and Australia®! dementia has

become the leading cause of death in women.

Thus, the proportion of people registered with dementia as cause of death has increased during the
last decades. In the Norwegian population, the proportion of death certificates with dementia
registered as a cause of death increased substantially from 1969 to 2010 (in women from 4% to 15%
and in men from 3% to 7%).8% The same study observed that the proportion of dementia as cause of
death was highest in the oldest age groups.®? Likewise, a report from the UK described that the
percentage of dementia registered as a cause of death in people >20 years increased from 6.6% in

2001 to 15.8% in 2014.83

Death certificates can include multiple causes of death. This includes one underlying, one immediate,
and multiple contributing causes of death. According to WHO, death certificates must state the
underlying cause of death, whereas listing immediate and contributing causes of death are optional.®*
The underlying cause of death is defined as the disease or condition that started the process leading

to death.®* The immediate cause of death is defined as the immediate disease or injury that causes
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death.® Contributing causes of death can either be diseases or conditions describing the path from
underlying to immediate cause of death as a chain of events.®> Otherwise, contributing causes of

death can be diseases or conditions that increase susceptibility to the conditions causing death.8>

A Canadian report found that in the period from 2004 to 2011, AD was registered as cause of death in
4.3% of all deaths during that period, and it was more frequently reported as an underlying (2.6%)
compared to a contributing cause of death (1.7%).26 The previously mentioned Norwegian study also
investigated the registration of dementia as underlying versus contributing cause of death.®2 The
proportion where dementia was registered as underlying cause of death as opposed to a contributing

cause of death increased from 6.2% in 1972 to 50.6 % in 2009.82

Thus, the registration of dementia as a cause of death is increasing. Additionally, the Norwegian study
suggests an increase in the registration of dementia as an underlying as opposed to a contributing
cause of death. These changes may reflect a paradigm shift towards perceiving dementia as fatal

diseases.

No studies have assessed if causes of death in people with dementia have changed over time.
Mortality risk and risk of dementia increase with age. Thus, when investigating changes in dementia
as a registered cause of death over time, it is essential to perform analyses stratified by sex and age-
groups. Additionally, a potential change in the registration of dementia as an underlying cause of
death as opposed to a contributing cause of death may provide an insight about an altered perception

of the fatality of dementia among medical doctors.

Causes of death in people with dementia
While the registration of dementia as a cause of death is increasing, dementia may still be

underreported as cause of death in people diagnosed with a dementia disorder.?” A systematic review
based on seven population-based studies concluded that only 7%—42% of the people diagnosed with
dementia also had a dementia diagnosis registered on their death certificate.®” The review also found

that people diagnosed with AD were more likely to be registered with a dementia diagnosis on their
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death certificate compared to people diagnosed with unspecific dementia or vascular dementia
(vaD).®” It also concluded that the probability of having a dementia diagnosis registered on death

certificates was higher if the dementia disease was severe.

Studies based on death certificates report that besides dementia the leading causes of death in
people with dementia are cardiovascular disease or pneumonia/respiratory diseases.?8°! These
findings are in line with observations from autopsy studies reporting pneumonia as the leading cause
of death in people with dementia followed by cardiovascular disease or ischemic heart disease
(IHD).?>°6 Additionally, a meta-analysis concluded that people with dementia had a higher risk of
dying from pneumonia compared with people without dementia (odds ratio = 2.2)%/, while they were

less likely to be registered with cancer as a cause of death.88°1.%8

It is yet to be explored if there has been a change in registered causes of deaths in people with
dementia over time. Fluctuations over time could identify some causes of death as less frequent in
people with dementia. This could be a sign that they may be underdiagnosed. If people with dementia
are more likely to die of some disease groups, this knowledge should lead to increased awareness and
potential interventions. Furthermore, if causes of death in people with dementia have changed over
time, this knowledge may inform us about alterations in comorbidities and their association to death

over time.

Dementia and mortality - the importance of more knowledge
The prevalence of dementia is expected to increase substantially during the next decades due to

increasing life expectancy. Incidence, prevalence and mortality are interdependent parameters.
Although studies from high income countries have suggested trends of declining incidence of
dementia during the last decades,?>=32 studies assessing prevalence?®33:39-444647 gng

26,33,34,43,4849 show no clear trends. Furthermore, only findings from two population-based

mortality
cohorts have described all three parameters in the same populations, and these found different
results.33343 Most time trend studies have been performed in smaller population and without access

to continuous follow up, which can result in less accurate results. Though observational studies
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cannot be used to establish causal pathway, but only associations, they can still provide valuable

knowledge and help establish associations and time trends.

With growing elderly populations, the number of people living with one or multiple chronic comorbid
diseases is expected to increase as is the number of people living with dementia. Dementia is
associated with excess mortality, and some of this excess mortality might be associated to other
chronic conditions. However, the association between comorbidities and mortality in dementia is not

well described.

In investigating dementia as a fatal disease, an aspect that has previously not been investigated is
whether causes of death have changed over time in people with dementia. This knowledge may help
identify some diseases that are potentially underdiagnosed. Furthermore, it may provide an insight in
the use of dementia as a registered cause of death and how it has changed over time. This could

potentially be used as a marker of awareness about the fatality of dementia.

The Danish national registries enable the use of an entire population as a cohort. Combined with
access to continuous data over decades, it is possible to assess sex and age-stratified time trends of
incidence, prevalence, mortality and causes of death in dementia. To be able to plan the future health
care system meeting the specific requirements for a large population of people with dementia, more
knowledge is needed about the time trends incidence, prevalence, mortality, and causes of death in

people with dementia.
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Aim and hypothesis

The overall aim of this PhD thesis was to investigate aspects of mortality in people with dementia. We

wished to do so by assessing the time trends of incidence, prevalence, mortality, and causes of death

in dementia, as well as the effect of comorbidities on mortality in dementia.

Study |

Study I

Study Il

Study IV

Aim: to investigate the time trend of incidence and prevalence of dementia from 1996 to
2016.
Hypothesis: the incidence of dementia may have declined in recent years, despite

increasing prevalence, due to healthier lifestyle.

Aim: to investigate survival and the time trend of mortality in people with dementia
compared to the general elderly population and to people diagnosed with acute IHD or
cancer from 1996 to 2015.

Hypothesis: mortality is higher in people with dementia but have declined more rapidly
than in the general population due to higher awareness and provision of appropriate

care.

Aim: to assess the contribution of concurring psychiatric and chronic somatic conditions
on mortality in people with dementia compared to the general elderly population.
Hypothesis: the presence of other somatic and psychiatric conditions is associated with
increased mortality in people with dementia. After adjusting for comorbidities, people

with dementia will have higher a mortality than people without dementia.

Aim: to assess causes of death, including annual changes, in people with dementia
compared to the general elderly population in the time period from 2002 to 2015.
Hypothesis: the proportion of people who were registered with a diagnosis of dementia
on their death certificates increased from 2002 to 2015. Furthermore, we hypothesized
that the leading underlying causes of death in people with dementia were pneumonia,

cardiovascular, and cerebrovascular disease.
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Methods

The Danish health care system and the Danish national registries
Denmark has a long tradition of public welfare. This includes tax-financed universal health care.?® All

contacts to hospitals, general practitioners, and specialist are free for residents in Denmark.*® At the
same time the private health care sector is very limited.*® Since 1968, all residents in Denmark have
been assigned a unique personal identification number.1% This makes it possible to link information

from a range of different registries, including health data, at an individual level.0!
This study used data from the following Danish national registries:
1) The Civil Registration System

The system was established in 1968 when all people alive and living in Denmark were assigned a
personal identification number, known as a CPR number.1® Since then, all live born babies and
immigrants have been assigned CPR numbers.1® The registry is run by Statistics Denmark, and data is
continuously updated, including information on sex, civil status, residence, and date of birth,

emigration, immigration, and death.
2) The Danish National Patient Registry

Since 1977, the registry has included data on all hospital inpatient admissions.%! Since 1995,
additional information on outpatient and emergency contacts has been included.®! From 1977 to
1994, diagnosis codes were registered according to the International Classification of Diseases 8t
revision (ICD-8), and from 1995 and onwards, registration has been recorded according to the

International Classification of Diseases 10 revision (ICD-10).101
3) The Danish Central Psychiatric Research Register

This registry was established in 1969 and contains information on every psychiatric admission since
then.'%2 From 1995, the registry has also included data on outpatient and emergency contacts.'%? That

same year, the Danish Central Psychiatric Research Register was integrated in the Danish National
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Patient Registry.1%? Like the Danish National Patient Registry, the ICD-8 codes were used in the period
from 1970 to 1994, and the ICD-10 codes have been used since 1995.102

4) The Danish National Prescription Registry

This registry was established in 1994 and includes data on all redeemed prescription drugs.'% It
includes information on date of completed sale, number of packages and package size, dose and

WHO-defined Anatomical Therapeutically Chemical (ATC) codes.!%3
5) The Danish Register of Causes of Death

Registration of causes of death was established in 1875 by the National Board of Health.8* Since 1970,
the Register of Causes of Death has been fully computerized and holds data on all Danish residents
that have died in Denmark including causes of death, manner of death, date and place of death.?* In
2002, the Automated Classification of Medical Entities (ACME), a new international decision-making
tool for coding causes of death, was introduced in Denmark.* The ACME software determines the
underlying cause of death by examining if there can be established a causal link between the
immediate, the contributing, and underlying cause of death.%* In the rest of this thesis, the ACME
code will refer to the underlying cause of death as determined by the ACME tool. About 10% of death
certificate data are validated by coding specialist, who decide causes of death manually (appear as the
ACME code in our datasets). In Denmark, death certificates have been electronically submitted since

2007.

This thesis used copies of datasets from the registries listed above. All datasets were updated to

December 31, 2015.

Population
The study population consisted of all individuals living in Denmark who were born before 1961 and

alive at least one day during the follow-up periods in the different studies. Hereby, our population
comprised people who were all 65 years or older in 2015. In all studies only people aged 65 years or

older were included. Due to risk of misregistration, people were excluded if aged >110 years.
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People with dementia were identified as individuals who were either 1) registered with a dementia
diagnosis in the Danish National Patient Register or the Danish Psychiatric Central Research Register
or 2) individuals who had redeemed at least one prescription for an anti-dementia drug, whichever
event came first. Diagnosis codes for dementia are presented in Table 1. ATC codes are presented in
Table 2. Date of onset was defined as the first date where a dementia diagnosis was registered or a
prescription on an anti-dementia drug was filled. We chose to use data on filled prescriptions on
antidementia drugs in order to include people diagnosed by their general practitioner or in a private

healthcare setting.

Table 1. ICD-8 and ICD-10 diagnosis codes for identification of dementia

Disease name ICD-8 ICD-10

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 290.09-19 F03.9, G31.9

Other dementias - G31.8

Table 2. Anatomical Therapeutic Chemical (ATC) codes for identification of pharmaceutical treatment

of dementia
Memantine NO6DX01
Donepezil NO6DA02
Rivastigmine NO6DAO3
Galantamine NO6DA04
Covariates

All analyses were performed separately for men and women. Age was used as a continuous variable
or, when appropriate, in one-, five- or ten-year age groups. Data on sex and age was obtained from
the Civil Registration System at Statistics Denmark. Age, sex, and calendar year were included as

covariates in all four studies. Table 3 lists the additional variables included in the four studies.



Information on somatic and psychiatric comorbidities was obtained from The Danish National Patient
Registry and The Danish Central Psychiatric Registry. They were defined using diagnoses codes from

all hospital contacts (in- and outpatient as well as emergency room contacts).

In Study Il and Study IV, we included a modified version of the CCI. In the original version of the CCl,
dementia is included. Comorbidity scores assign weights from 1-6 to each comorbidity for every

individual. Individuals who are then given a sum of the weights based on all present comorbidities. A
CCl score of zero represents no comorbidities, and a score from 1 to >6 represents a gradually higher
load of comorbidities.1% In our use of the CCl, all comorbidities were defined as continuous variables
based on the weighted comorbidity scores. As dementia was the exposure, we wished to examine, it

was removed from the index. In the rest of this thesis this modified CCl will be referred to as the CCI.

Table 3. A list of covariates included in the four studies. Because age, sex, and calendar year were
included as covariates in all four studies, these have not been listed in the table.

Study Covariates

| -
I Cancer

Acute ischemic heart disease

1] Charlson Comorbidity Index
19 somatic disease groups
4 psychiatric disease groups

v Charlson Comorbidity Index

Marital status

Data analysis

In Study I-11l we used Poisson’s regression model for most of our analyses. The Poisson model is
equivalent to a Cox regression model.1° However, it has some advantages compared to the Cox
Regression, including the possibility to include several time origins.%® Another advantage of the
Poisson Regression is that the assumption of proportional (constant) rates only has to apply to
piecewise constant rates, as oppose to the Cox Regression where the assumption of proportional

hazards is often difficult to fulfill.1%® Before applying the Poisson model to our data, we made sure
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that the assumption of piecewise constant intensity was verified. In Study Il, we included analyses on
survival using the Kaplan-Meier estimator. This model was chosen over models taking competing risks
into account, as mortality was the only outcome, and no competing risks were deemed relevant to

adjust for.

Data management and analyses were all performed using SAS, version 9.4 (SAS Institute Inc., Cary,

North Carolina, U.S.A.). We defined statistical significance to a p-value of 0.05.

Study specific methods
All four studies were designed as observational cohort studies using the Danish elderly population
(age =65 years) as a cohort. The study specific methods and statistical analyses are described in the

following sections.

Study |

This study assessed incidence and prevalence of dementia in the period from January 1, 1996 to
December 31, 2015. On January 1, 1996, all Danish residents aged >65 years and up to 110 years were
included. During the 20-year period, people were included upon turning 65 years of age, or if they

immigrated to Denmark at age =65 years.

Incidence study: We defined incident cases as people registered with dementia for the first time

within a given calendar year. Individuals registered with a dementia diagnosis prior to the age of 65
were excluded. The following events led to censoring: 1) a dementia diagnoses (the outcome), 2)
emigration, 3) loss to follow-up, 4) death, 5) turning 110 years old, or 6) the end of the study period

(whichever event came first).

Prevalence study: We defined prevalent cases as people aged 65 years or older registered with

dementia from 60 years of age. We chose to exclude people with dementia diagnosed prior to the age
of 60 years as a previous study found that the validity of dementia diagnoses in the Danish registries
given before that age is low.'%” The rest of the study population comprised the reference group.

Events leading to censoring were 1) emigration, 2) loss to follow-up, 3) death, 4) turning 110 years
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old, or 5) the end of the study period (whichever event came first).

We tested trends in incidence rates using Poisson regression analysis evaluating the calendar year as a
time-dependent covariate. Trends in prevalence were assessed as annual period prevalence percent.
For each year, we compared the number of person-years lived by people with dementia to the total
number of person-years lived by the study population. Incidence rates and period prevalence percent
were assessed for men and women in five-year age groups. During the rest of this thesis, period
prevalence percent will be referred to as prevalence rates. Lastly, we evaluated total incidence as the
total number of new dementia cases in a year, whereas total prevalence was evaluated as point

prevalence on January 1 each year.

Study Il

This study assessed both mortality and survival in dementia using different time periods, study
populations, and statistical methods. To bring mortality and survival of dementia into perspective, we
chose to compare these results with other leading causes of death in high-income countries; cancer
and acute IHD.””78 Thus, we assessed mortality and survival in acute IHD and cancer using the same
methodology as is described for dementia. Our definition of these two disease groups were based on
the diagnosis codes as defined in the CCl (Table 4). People diagnosed with dementia, acute IHD, or

cancer prior to the age 65 were excluded from the respective analyses.

Table 4. ICD-8 and ICD-10 diagnosis codes for identification people with cancer and acute IHD

Disease name ICD-8 ICD-10
Myocardial infarction 410 121; 122; 123
Cancer 140-189; 195-199; 200-207; 275.59 C00-85; C88; C90-96

Mortality: In assessing mortality, the study period was defined as January 1, 1996 to December 31,
2015. On January 1, 1996, all Danish residents aged >65 years were included, and until December 31,
2015 people were included the day, they turned 65. During follow-up, people were censored if they 1)
died, 2) emigrated, 3) were lost to follow-up, 4) turned 110 years, or 5) at the end of the follow-up.

People not registered with dementia comprised the reference group.
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To assess time trends in mortality of dementia, we performed a survival analysis with dementia as
exposure and death as outcome. We applied a Poisson Regression to assess mortality rate ratios
(MRR). Mortality rates (MR) are similar to incidence rates, but the outcome assessed is death.'%® The
MRR expresses the ratio between MR in different groups. We assessed MRR by defining the reference
value of 1.00 for men and women without dementia in 1996. We then tested if there was a difference
in the MR in men and women with and without dementia for each of the following years. Similarly,
we evaluated if there was a difference in the time trend of MR between people with dementia, acute

IHD, cancer, and the total elderly population.

Survival: In assessing survival, we calculated cumulative incidences of death. This was done by
applying Kaplan-Meier analyses to calculate survival probabilities in five-year age groups. The study
period was restricted to January 1, 2000 to December 31, 2015, because the period from 1996 to
1999 had a higher all-cause mortality and incidence of dementia than the subsequent period. We
chose to exclude this period as Kaplan-Meier analyses could not adjust for calendar year efficiently.
We only assessed incident cases. Thus, if people were registered with dementia, acute IHD, or cancer
before January 1, 2000, they were excluded from the respective analyses. We constructed an age and

calendar time matched cohort to represent the general population.

Study Il

In this study, we assessed the effect of somatic and psychiatric diseases on mortality in people with
dementia compared to the general elderly population. All Danish residents aged 265 years in the
period from January 1, 2006 to December 31, 2015 were included. People diagnosed with dementia
prior to age 65 were excluded. From January 1, 2006 to December 31, 2015 risk time was assessed
until 1) emigration, 2) loss of follow-up, 2) turning 110 years, or 4) death (whichever event occurred

the first).

Investigating the load of comorbidities, we used the CCI.1% We defined our somatic disease groups as
the ones listed in the CCl. Additionally, we decided to include atrial fibrillation, as it is a known risk

109

factor for developing dementia,®” and we believed it could potentially also have an effect on

mortality. Table 5 presents the diagnosis codes used for defining the somatic disease.
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Table 5. ICD-8 and ICD-10 diagnosis codes for identification somatic diseases

Disease hame
Myocardial infarction

ICD-8
410

ICD-10
121;122; 123

Congestive heart failure

427.09; 427.10; 427.11;
427.19; 428.99; 782.49

150; 111.0; 113.0; 113.2

Peripheral vascular disease

440-445

170; 174; 177

Cerebrovascular disease

430-438

160-169; G45; G46

Chronic pulmonary disease

490-493; 515-518

J40-)47; 160-)67; )68.4; J70.1,
J70.3;J84.1; 192.0; J96.1; )98.2;
198.3

Connective tissue disease

712;716; 734; 446;
135.99

MO5; M06; M08; M09; M30-
M36; D86

Ulcer disease

530.91, 530.98, 531-534

K22.1; K25-K28

Mild liver disease

571, 573.01, 573.04

B18; K70.0-K70.3; K70.9; K71,
K73; K74; K76.0

Diabetes mellitus

249.00, 249.06, 249.07,
249.09, 250.00, 250.06,
250.07, 250.09

E10.0, E10.1; E10.9 E11.0;
E11.1; E11.9

Hemiplegia

344

G81; G82

Moderate/severe renal disease

403, 404, 581-584,
590.09, 593.19, 753.10-
753.19, 792

112; 113; NOO-NO5; NO7; N11;
N14; N17-N19; Q61

Diabetes mellitus with chronic
complications

249.01-249.05, 249.08,
250.01-250.05; 250.08

E10.2-E10.8; E11.2-E11.8

Any tumor 140-195 C00-C75
Leukemia 204-207 C91-C95
Lymphoma 200-203; 275.59 C81-C85; C88; C90; C96

Moderate/severe liver disease

70.00; 70.02; 70.04;
70.06; 70.08; 573.00;
456.00-456.09

B15.0; B16.0; B16.2; B19.0;
K70.4; K72; K76.6; 185

Metastatic solid tumor 195-199 C76-C80
AIDS 79.83 B21-B24
Atrial fibrillation 427.93; 427.94 148
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Information on all available hospital-based psychiatric diagnoses were obtained from 1970 to 2015,
and information on all available hospital-based somatic diagnoses were obtained from 1977 to 2015.
We chose to investigate four psychiatric disease groups: 1) mental and behavioral disorders due to
psychoactive substance abuse, 2) schizophrenia and related disorders, 3) affective disorders, and 4)

neurotic, stress-related and somatoform disorders (Table 6).

Table 6. ICD-8 and ICD-10 diagnosis codes for identification psychiatric diseases

Disease name ICD-8 ICD-10
Mental and behavioral disorders due 291.x9, 294.39, 303.x9, 303.20, 303.28, F10-F19
to psychoactive substance abuse 303.90, 304.x9

Schizophrenia and related disorders  295.x9, 296.89, 297.x9, 298.29-298.99, F20-F29
299.04, 299.05, 299.09, 301.83

Mood disorders 296.x9 (excluding 296.89), 298.09, F30-F39
298.19, 300.49, 301.19

Neurotic, stress-related, and 300.x9 (excluding 300.49), 305.x9, F40-F48

somatoform disorders 305.68, 307.99

Mortality was assessed as MRR calculated using Poisson Regression as described in Study Il. Four
different approaches were used.

1. MRR were assessed for women and men with and without dementia stratified by CCl scores of
0 to =6 adjusted for age and calendar year. We defined the reference groups as women and
men without dementia and a CCl score of zero (reference value=1.00).

2. Excess mortality was evaluated by assessing MRR for men and women stratified by both CCI
score and five-year age groups. We defined the reference to be 1.00 for each of the age- and
CCl score groups in women and men without dementia, hereby annulling the effect of an
increasing CCl score on mortality. These analyses were adjusted for calendar year.

3. MRR were assessed for the selected 23 comorbidities in combination with dementia. We
defined the reference as 1.00 for women and men with the specific comorbidity, but without
dementia. This analysis was adjusted for age and calendar year.

4. MRR were assessed in three different adjusted models.
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i. Model 1: age and calendar year
ii. Model 2: model 1 plus selected psychiatric conditions

iii. Model 3: model 2 plus atrial fibrillation and somatic diseases included in CCI

Study IV

This study assessed dementia-related deaths and causes of death in people with dementia compared
to the general elderly population. The study design was purely descriptive. The cohort comprised all

Danish residents 265 years who died in Denmark from January 1, 2002 to December 31, 2015.

The study used data from The Danish Register of Causes of Death. The data available came from
death certificates filled out by medical doctors.®* On death certificates, causes of death must be listed
as a chain of events. The underlying cause of death is defined as the disease or condition leading to
death. In this chain of events, two contributing causes of death can be listed and, additionally, an
immediate cause of death; the immediate disease or injury causing death. Furthermore, up to four
medical conditions or diseases can be listed as contributing causes of death. These are defined as
conditions which may have led to reduced resistance or increased vulnerability; thereby making the

person susceptible to the conditions causing death.

In this study we identified people registered with dementia while alive using the methodology
previously described. People diagnosed with dementia prior to age 65 were excluded. Furthermore,
we investigated dementia-related deaths using data from death certificate data in the complete
Danish elderly population and in people with dementia. The same diagnostic codes as presented in
Table 1 were used. We defined the underlying cause of death as the ACME code. Dementia as a
contributing cause of death was defined as a dementia diagnosis registered as either immediate cause
of death, any contributing causes of deaths, or underlying cause of death (if not equal to the ACME
code). The term dementia-related deaths was used when dementia was listed as either underlying or

contributing cause of death.

We also investigated underlying causes of death in people diagnosed with dementia compared to the

general elderly population. Underlying causes of death were divided into 11 groups (Table 7). To
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preserve anonymity, we combined groups of underlying causes of death if there were <5

observations.

Table 7. ICD-10 codes for categorizing underlying causes of death.

Disease category ICD-10

Dementia F00.0-9, F01.0-9, F02.0, F03.9, G30.0-9, G31.8-9
Cardiovascular disease 100-159, 170-199 RO0-R0O1, Q20-Q28
Cerebrovascular disease 160-169

Cancer C00-C96

Pneumonia J10-J22

Chronic respiratory diseases 140-)47

Genitourinary diseases NOO-N98, R30-R39

Gastrointestinal diseases K00-K93, R10-R19

Unnatural causes F11-F16, F19, F55, VO0-X44, X50-X99, Y00-Y39, Y85-87.1, Y88-89
Other causes of death All remaining ICD-10 codes

Not registered No underlying cause of death registered

To describe the population, the following variables were assessed on the date of death: 1) median
age, 2) CCl score, and 3) civil status (i. Married/civil partnership/ separated; ii. Single/ divorced; iii.

Widowed).

The aim of the study was descriptive, and our cohort comprised an entire national population.
Because the cohort was not a sample, differences in percentages of distributions depicted an actual
difference, and consequently statistical analyses were considered unnecessary. The time trend of
dementia-related deaths was evaluated as the annual percentage of all deaths in our population.
Analyses were performed separately for women and men in five-year age groups. In addition, the
annual distribution of cases where dementia was registered as underlying versus contributing cause
of death, was assessed in 10-year age groups. An identical analysis was performed for people
diagnosed with dementia. The time trend of underlying causes of death was assessed as the annual

distribution in percentages performed for women and men with and without dementia in the entire
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groups and in 10-year age-groups. Last, we identified the number of people who received their first

dementia diagnoses in the national registries on their death certificate from 2002 to 2015.

Ethical considerations and approvals

This PhD study was part of a larger epidemiological research project approved by the Danish Data
Protection Agency (ID no: 2007-58-0015/30-0667), Statistics Denmark, and the Danish Health and
Medicine Authority (ID no: 6-8011-907/1).

As all data was handled anonymously using the server of Statistics Denmark, and the personal
identification numbers were encrypted, Danish law does not require ethics committee approval or

informed patient consent.
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Results

Presented in this chapter are the key findings from the four studies included in this thesis. Please see

the appendices for additional results.

Populations, Study I-IV

Table 8 provides an overview of the time periods, populations, person-years and deaths in each of the

four studies.

Table 8. Summary table of time periods, populations, person-years, and deaths included in Study I-IV.

' Study | Study I ' Study Il Study IV
Time period 1996-2015 1996-2015 2006-2015 2002-2015
Population, total 1,999,375 1,999,366 1,518,917
Person-years, total Incidence:
16,944,630 17,541,315 9,433,208
Prevalence:
17,541,315

People with dementia Incidence: 165,716 114,109

152,761

Prevalence:

170,478
Person-years, dementia Prevalence: 529,629 326,112

554,483
Deaths 905,991 439,205 621,826
Deaths, people with 131,321 77,409 103,785
dementia
People with acute IHD 144,380
Person-years, acute IHD 665,640
Deaths, acute IHD 109,154
People with cancer 400,610
Person-years, cancer 1,565,110
Deaths, cancer 283,143
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Study |

The total elderly population in Denmark increased from 803,334 in 1996 to 1,055,984 in 2015, whilst
the median age decreased from 74.2 years to 72.9 years. From 1996 to 2015, the total incidence as
percentage of the elderly population increased from 0.58% to 0.72%. The total incidence increased
from 4875 people in 1996 to 8017 people in 2015. The highest number of incidence cases was
observed in 2009 (n=8832) (Figure 3). The absolute prevalence increased from 14,019 people in 1996
to 36,129 people in 2015.

Figure 3. Time trends of total incidence and prevalence of dementia in Denmark from 1996 to 2015.
Reprinted from Taudorf et al.11°
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Except for men and women in the age group 65-69 years, the incidence rates of dementia were
significantly higher in 2015 compared with 1996 for all women and men (Figure 4). The increase was
most prevailing in the oldest age groups. The overall increasing incidence rates from 1996 to 2015
showed the pattern of a steep increase from 1996 to 2003, followed by stabilization/fluctuation until
2009 and 2010, and then a moderate decline from 2010 to 2015. This time trend was most
pronounced in the oldest age groups. Adjusted for sex and age, the incidence rate increased 9%

annually from 1996 to 2003, followed by an averagely annual decline of 2% from 2004 to 2015.
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Prevalence rates increased from 1996 to 2015 for both sexes in all age groups (Figure 5). The older the
age group, the higher the prevalence. Prevalence rates were higher in women compared to men >75

years. From 2010 to 2015, the prevalence rates were relatively stable in men and women.

Figure 4. Time trend of incidence rates of dementia in Danish women (A) and men (B) from 1996 to
2015. Error bars represent 95% confidence intervals. Reprinted from Taudorf et al.11°
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Figure 5. Time trend of dementia prevalence rates in Danish women (A) and men (B) from 1996 to
2015. Reprinted from Taudorf et al.110
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Study I
Adjusted for age and calendar year, the MRR was 2.77 (95% Cl: 2.75-2.80) for women with dementia

and 3.13 (95% Cl: 3.10-3.16) for men with dementia. When assessing MRR in five-year age-groups
adjusted for sex and calendar year, we found that MRR varied from 5.54 (95% Cl: 5.28-5.80) in people
aged 65-69 years to 2.08 (2.06—-2.11) in people age 290 years. Evaluating sex- and age-adjusted MRR

in five-year calendar periods found the MRR stable.

From 1996 to 2015, the MRR was significantly higher in dementia compared with people without
dementia (Figure 6). Similarly, the MRR was significantly higher in acute IHD or cancer compared to
people without acute IHD or cancer. After adjusting for age, sex, and calendar year, the MRR was 2.91
(95% CI: 2.90-2.93) in people with dementia compared with the general elderly population without
dementia (reference value=1.00). In women and men with dementia, the MRR declined at the same
speed as in the general population from 1996 to 2015. This was in contrast to MRR for women and
men with acute IHD and cancer, where mortality declined significantly faster compared with the

general population during the 20-year period.

The results from the Kaplan-Meier analyses showed that the one-year survival probabilities in women
and men with dementia were lower in all age groups compared to the general elderly population
(Figure 7). Nonetheless, the one-year survival probability was higher for women and men with
dementia compared with acute IHD and cancer. Five-year survival probabilities were lower for women
and men of all age groups with dementia, acute IHD, or cancer groups when comparing to the general
elderly population. However, when comparing women with dementia to women with acute IHD, the
five-year survival probabilities were lower in dementia for women <80 years, while they were similar
in women 280 years. Comparing dementia to cancer, women with dementia age <85 years had a
higher five-year probability of survival compared to cancer, whereas it was lower in women with
dementia age 285 years. When comparing five-year survival probabilities in men, they were
substantially lower in dementia than in acute IHD. Comparing men with dementia to those with
cancer, five-year survival probabilities were similar in the age group 65—69 years, but in all older age

groups the probability of survival was lower for men with dementia than for men with cancer.
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Figure 6. Time trend of all-cause mortality for women and men. Graphs showing age-adjusted MRR
for women and men with dementia, acute IHD, and cancer compared to people without. The
reference value was defined as 1.0 in 1996 for women and men without dementia, acute IHD, or

cancer. Error bars represent 95% confidence interval. Reprinted from Taudorf et al.!!
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Figure 7. A) Women, one-year survival probabilities; B) Men, one-year survival probabilities; C)
Women, five-year survival probabilities; D) Men, five-year survival probabilities. Reprinted from
Taudorf et al.}1!
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The population comprised of 1,548,917 people 265 years living in Denmark from 2006 to 2015. In this
period there were 114,109 people registered with dementia. Comparing people <85 years, those with
dementia had higher load of comorbidities compared to people without dementia. In people age 285
years and older, the load of comorbidities was similar in people with and without dementia. In people
<85 years, the percentages of person-years lived with a low CCl scores were markedly lower in people
with dementia than in those without dementia. In people >85 years, the distribution of person-years
according to CCl score was comparable in people with and without dementia. In women and men,
mortality increased with higher comorbidity load (Figure 8). However, when comparing women and
men with a similar CCl score, the MRR were significantly higher in women and men with dementia

than in women and men without dementia.
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Figure 8. The age- and calendar year-adjusted mortality by Charlson Comorbidity Index in women (A)
and men (B) with and without dementia.
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Divided into five-year age groups, the excess mortality in dementia, it was most pronounced in the
youngest age groups with a low CCl score. In men and women with dementia who were 65 to 79 years
and had a CCl score of zero, the MR were 10.04 (95% Cl: 8.16—-12.35) to 17.28 (95% Cl: 15.52-19.25)
times higher compared to those without dementia. Furthermore, mortality was significantly higher in

all CCl score- and age groups for women and men with dementia compared to those without.

This study also investigated mortality in 23 selected somatic and psychiatric disease groups in women
and men with and without dementia. For all 23 conditions, also having dementia was associated with

a significantly higher mortality (Figure 9).

Last, we assessed MRR in women and men with dementia applying the three models presented in
Table 9. Model 1 was adjusted for age and calendar-year. The MRR was highest in the 65—69-year-old
age groups (women: 5.39 (95% Cl: 4.84—6.01); men: 5.41 (95% Cl: 4.98-5.88)) and lowest in the 290
year-old age groups (women: 2.06 (95% Cl: 2.03—-2.10); men: 2.21 (95% Cl: 2.15-2.28)). Model 3 was
adjusted for age, calendar-year, and 23 psychiatric and somatic conditions. A noticeably reduction in
MRR was observed for the 65—69-year-old age groups (women: 2.73 (95% Cl: 2.44-3.05); men: 3.34
(95% ClI: 3.07-3.63)), whereas the MRR in the >90-year-old age groups did not change significantly.
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Figure 9. Excess mortality in dementia and concurring comorbidities. Excess mortality in women and

men with dementia and selected comorbidities. The reference is defined as 1.00 for women and men
without dementia but with the selected comorbidities. Error bars represent 95% confidence interval.
Results for AIDS are not presented due to low sample size.
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Table 9. MRR for women and men in five-year age strata and an age-adjusted average. In each of the
three models presented, the reference is defined as 1.00 for women and men without dementia.

Model 1 Model 2 Model 3
Adjusted for age and Adjusted for age, Adjusted for age,

calendar year calendar year and calendar year, and
psychiatric conditions  psychiatric and chronic
somatic conditions

Women with dementia Women with dementia Women with dementia
Age MRR 95% CI MRR 95% CI MRR 95% ClI
Age-adjusted 2.78 (2.75-2.81) 2.66 (2.63-2.68) 2.61 (2.59-2.64)
average
65-69 years 5.38 (4.82-6.00) 3.97 (3.55-4.43)  2.70"  (2.41-3.01)
70-74 years 5.33 (5.08-5.60) 451 (4.29-4.74) 3.29* (3.12-3.46)
75-79 years 4.16 (4.04-4.29) 3.79 (3.67-3.91)  3.24*  (3.14-3.35)
80-84 years 3.46 (3.38-3.54) 3.31 (3.24-3.39)  3.12*  (3.05-3.19)
85-89 years 2.77 (2.71-2.82) 2.70 (2.65-2.76)  2.67*  (2.61-2.72)
>90 years 2.06 (2.03-2.10) 2.04 (2.01-2.08)  2.04*  (2.00-2.08)

Men with dementia Men with dementia Men with dementia

Age MRR 95% CI MRR 95% Cl MRR 95% CI
Age-adjusted 3.09 (3.05-3.13) 2.93 (2.89-2.97) 2.83 (2.79-2.87)
average
65-69 years 5.40 (4.97-5.87) 4.26 (3.92-4.63)  3.34*  (3.07-3.63)
70-74 years 4.69 (4.49-4.90) 4.10 (3.92-4.28)  3.39*  (3.24-3.54)
75-79 years 4.00 (3.88-4.12) 3.73 (3.61-3.84) 3.44* (3.33-3.55)
80-84 years 3.28 (3.20-3.36) 3.18 (3.10-3.26)  3.01*  (2.93-3.09)
85-89 years 2.76 (2.69-2.83) 2.71 (2.64-2.78) 2.64* (2.57-2.70)
>90 years 221 (2.15-2.28) 2.19 (2.13-2.26) 2.17* (2.10-2.24)

fLeukemia, lymphoma, and AIDS has been excluded from the model due to low sample size. *AIDS
has been excluded from the model due to low sample size.
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Study IV

Out of 621,846 deaths, 65,012 (10.5%) cases had a dementia diagnosis on their death certificates
(underlying: 36,181; contributing: 28,831). Dementia-related deaths were more frequent in women

(12.7%) than in men (7.9%).

Time trend of dementia-related deaths: In the 14-year study period, the prevalence of dementia-

related deaths in the general elderly population increased for women and men >70 years (Figure 10).
From 2002-2015, there were 14,593 persons (women: 9,964, men: 4,629) who were registered with a
first-ever dementia diagnoses on their death certificate. The percentage of dementia-related deaths
increased with age. From 2002 to 2015, the overall percentage of dementia-related deaths in the
elderly population increased from 10.1% to 15.2 in women and from 6.3% to 9.5% in men. In people
already diagnosed with dementia, the percentage of registered dementia-related death in women
increased from 41.9% in 2002 to 56.2% in 2015 and in men from 39.2 % in 2002 to 53.2% in 2015
(Figure 8). The increase in dementia-related deaths was driven by an increase in the registration of
dementia as an underlying cause of death, both in the general elderly population and in people

already diagnosed with dementia whilst alive.

Changes in causes of death from 2002 to 2015: From 2002 to 2015, we observed a change in the

registered underlying causes of death in women and men with and without dementia (Figure 11).
During the 14-year period, dementia became the leading underlying cause of death in women and
men already diagnosed with dementia. Meanwhile, the registration of cardio- and cerebrovascular
disease as underlying cause of death declined for all women and men. This decline was more
pronounced in women and men with dementia compared to those without. The proportion of cancer
as underlying cause of death only increased modestly in people with dementia compared to a marked
increase in people without dementia. The registration of pneumonia as an underlying cause of death
declined in people with dementia, while it was stable for women without dementia, and increased in

men without dementia.
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Figure 10. Time trends of the distribution of dementia-related deaths in women and men in the
general elderly population and women and men registered with dementia.

A All women
T 604
<
=
©
Q
°
‘s 404
[+
(7]
3
©
o
& 204
8
=
[
[
&
a 0-

Bl Underlying cause of death W Contributing cause of death

C All men

gﬁo-

£

«©

Q

o

5 40-

0

7]

=

©

o

8 20

8

T

[

£

3

(=) 0=
NI R IR RS I N A I
D S I S SR S I S S S S S S

Year

Bl Underlying cause of death mm Contributing cause of death

Dementia as cause of death (%)

Dementia as cause of death (%)

B Women with dementia

60—
40+
20+
0-
FEFE ST

B Underlying cause of death mm Contributing cause of death

D Men with dementia

60—
40+
20+
o_
O P P QA PSSO N A O B> ®
S & S S NN AN NN
e
Year

B Underlying cause of death mm Contributing cause of death

52




Figure 11. Time trend of the annual distribution (in percentages) of registered underlying causes of death in women and men

with and without dementia, A) women without dementia, B) women with dementia, C) men without dementia, and D) men
with dementia from 2002 to 2015.
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Discussion

Key findings

This study included the entire population of Denmark in the time period from 1996 to 2015. We
observed that incidence rates of dementia have been declining since 2010, while the total
prevalence of people living with dementia is still increasing. The mortality was constantly
approximately three-fold higher in people with dementia compared with people without
dementia, even though mortality declined at the same rate in the two groups during the 20-year
period. Dementia is a fatal disease, and the five-year survival is similar to that after a diagnosis of
cancer or acute IHD. Our findings also showed that the excess mortality cannot be explained by co-
morbid psychiatric and somatic conditions, as the excess mortality persisted after adjusting for 23
comorbidities. The excess mortality was most predominant in the youngest age groups with
dementia, but at =90 years the MR was still twice as high in people with dementia compared with
those without. This finding illustrates the severity of dementia, as people age 90 years in the
general population already have a high age-related risk of dying. From 2002 to 2015, dementia
became the leading registered underlying cause of death in people with dementia. This could
reflect increased awareness that dementia is a fatal disease. However, dementia is still

underreported on death certificates in people registered with dementia.

Time trends in incidence, prevalence, and mortality

Our studies assessed the time trends of incidence, prevalence, and mortality in the Danish elderly
population from 1996 to 2015. We observed that age- and sex-adjusted incidence increased
averagely by 9% annually from 1996 to 2003 followed by a 2% annual decline. Prevalence rates
increased from 1996 to 2009 followed by a stabilization to 2015. Mortality declined in people with

dementia during the 20-year period.

Incidence
We were able to identify ten population-based studies from high-income countries which had
investigated time trends of incidence of dementia using multiple cohorts. Out of these, eight

studies indicated trends of declining incidence rates of dementia over time?>-32 (1977-2015), while
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the Chicago Health and Ageing Project (1994-2012)!? investigating only AD reported a stable
incidence rate, and the Hisayama Study (1985, 1992, 1998, 2005, and 2012)33 reported an increase
in incidence rates overall dementia and AD.

A meta-analysis based on five of these studies (the Rotterdam Study (1990 and 2000), the
Indianapolis-lbadan Dementia Project (1992 and 2001), the Bordeaux Study (1988-1989, and 1999-
2000), Cognitive Function and Ageing Studies (1990-1994 and 2008-2011), and the Hisayama
Study) concluded that the overall results indicated a stabilizing trend in incidence rather than a
decline.'3 The Alzheimer Cohorts Consortium performed a time trend analysis based on
aggregated data from the Rotterdam Study, the Bordeaux Study, the Cognitive Function and
Ageing Studies, the Framingham Heart Study (1977-1983, 1986-1991, 1992-1998, and 2004-2008)
plus data from four additional not previously published population-based cohorts.'* They
concluded that since 1998 there had been a decline in dementia incidence rate of 13% (95% Cl:
7%—19%) per decade. For AD, this decline was 16% per decade (95% Cl: 8%—24%). Both meta-
analyses included only multiple-cohort studies, whereas Alzheimer Cohorts Consortium study
included single cohort studies to assess a time trend of incidence based on birth cohorts.!'®> The
latter found a significant association between birth year and decreased incidence rates for
dementia in general.''> However, when assessing time trends for AD separately, this study found
no decline in incidence rates in Western countries, while incidence increased in younger age
groups in non-Western countries.'*> Even though our study observed a significant decline in
incidence rate, our analyses did not show any effect of birth cohort.

Results of time trends of incidence of dementia based on registry data show inconsistent results. A
German (2006-2007 and 2009-2010)** and a Canadian (2005-2013) study reported significant
declines®, a Dutch study (1992-2014)37 found an increase, and a Canadian (2002-2013)3¢ and
Swedish (1987-2016)38 study reported time trends with either incline or fluctuations of dementia
followed by declines.

Overall, a majority of population-based studies and meta-analyses observed trends of declining

incidence of dementia, which is in line with findings from our study.

Prevalence
Prevalence rates of dementia increased from 1996 to 2015 for men and women in all age-groups,

although relatively stable from 2010. Multi-cohort population-based studies have observed
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different time trends when examining prevalence rates. The Indianapolis-lbadan Dementia Project
(1992 and 2001)3?, a Spanish study (1988-1989 and 1994-1996)%°, and three Swedish studies
(1976-2006, 1995-1998 and 2001-2003, and 1987-1994 and 2001-2008)*1~*3 reported stable
prevalence, whereas the Cognitive Function and Ageing Studies (1989-1994 and 2008-2011)*, and
an American study (2000 and 2012)** observed a decline in prevalence, while the Hisayama Study
(1985, 1992, 1998, 2005, and 2012)33 showed an increase in prevalence. Additionally, the Chicago
Health And Ageing Project (1994-2012)* and the Bordeaux Study (1988-1989, and 1999-2000)*’
observed no clear time trends. While most studies assessing time trends of prevalence in
dementia primarily have observed declining or stabilizing prevalence, our findings are in line with

result from the Hisayama Study showing an increase in prevalence rates.

Mortality

In Study Il, we observed that during the 20-year period the mortality declined at the same rate in
people with and without dementia. However, the mortality was constantly about 2.9 times higher
(age- and sex-adjusted MRR) in people with dementia compared with elderly people without
dementia. A systematic review from 2011 reported a similar increase in mortality for people with
dementia (odds ratio: 2.63, 95% Cl: 2.17-3.21).11® Few studies have previously examined time
trends of mortality in dementia. In line with our findings, four population-based studies observed
either declining mortality or increasing survival (1987-2012).26334348 |n contrast, two other studies
found trends, however not significant, of increasing mortality in dementia (1993-2010).34%°
Overall, only few studies have investigated time trends of mortality in people with dementia, and
our study adds weight to the evidence that mortality in dementia has declined during the past two

decades.

In Study Il, we also compared the time trends of mortality in dementia to that in cancer and acute
IHD. We observed that MRR declined significantly more in people with cancer and acute IHD
compared with dementia. During the time period from 1996 to 2015, efficacious treatments were
introduced and improvements in the organization of care were implemented for cancer and acute
IHD, and both disease groups were made a priority in the Danish Health care sector.!'”118 The
mortality gap between these two disease groups and the general elderly population was
significantly reduced during this time period. To compare, no new medications have been

approved for treating dementia diseases in Denmark since 2003.%%° Overall, we had to reject our
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hypothesis that mortality in dementia had declined more rapidly than in the general population

due to a higher awareness of providing appropriate care.

The one-year survival was significantly higher in people with dementia compared to cancer and
acute IHD, but we found different results when assessing five-year survival. The five-year survival
after diagnoses was largely similar in people with dementia compared with people with cancer
and acute IHD. We believe the higher risk of dying during the first year after diagnoses is related to
differences in the disease progression and time courses of the three diseases. The highest risk of
mortality in acute IHD are the day of onset and the first few following days. Similarly, some cancer
types have a tendency of rapid progression and are fatal early in the course of the disease, e.g.
pancreas, liver, brain, lung, and esophagus cancer.29121 This may explain the low one-year survival
in cancer diagnoses as a whole. The severity of a dementia diagnosis is emphasized by the five-

year survival largely being similar when comparing with cancer and acute IHD.

Combining time trends

Combining findings from Study | and Study |l produced an annual time trend of incidence,
prevalence, and mortality of dementia in the Danish elderly population over a 20-year period.
Previously, a Swedish and a Japanese population-based study have investigated all three
parameters in the same population, albeit without access to continuous data as in our study.3%3343
The Swedish study observed a 30% decline in incidence (HR=0.70, 95% Cl: 0.61—-0.80) from follow-
up in their first cohort 1987-1998 compared with follow-up in their second 2001-2003.3% At
baseline, the two different time period cohorts had similar age- and sex-standardized prevalence
of dementia (17.5% vs. 17.9%). After controlling for age, sex, education, and cognitive function,
the likelihood of death was reduced similarly in people with and without dementia.*? In the
Japanese study, five cross sectional surveys were performed in 1985, 1992, 1998, 2005, and 2012
when assessing incidence and prevalence.3? The age- and sex-adjusted incidence as well as the
age-standardized prevalence rates increased for all-cause dementia and AD, which was not the
case for VaD.33 Survival was assessed in two cohorts (1988 and 2002) as five-years survival rate.
The five-year survival rates improved for all-cause dementia and AD from the 1988 to the 2002
cohort, whereas the 5-year survival in VaD did not change significantly.33 Overall, the results from

our time trend analyses are in agreement with findings from the Swedish study. However, neither

our study nor the Swedish study investigated dementia subtypes as the Hisayama study did.
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Multiple reasons have been suggested to explain a decline in incidence of dementia during the
past decades. One hypothesis is that the declining incidence of dementia is related to general
improvements in health, including better control of risk factors and treatments of especially
cardiovascular diseases. In accordance with this hypothesis, it has been suggested that the
observed decline in dementia may primarily represent a decline in VaD. This is also suggested in
the meta-analysis by Gao et. al, reporting a decline in all-cause dementia, while AD remained
stable.!*®> The study did not assess mortality in VaD.

A second explanation of declining incidence has been linked to improvement in cognitive reserve.
Both the Swedish study and the Framingham Heart study reported that their later cohorts had a
higher level of education than their earliest cohorts. However, the Framingham Heart Study found
that the risk reduction of dementia in the later cohorts was limited to those with at least a high
school diploma, whereas the Swedish study observed the opposite result, that a decline in
incidence was particularly observed in people with only elementary education.?>*3 Thus, more
knowledge is needed to examine the association between time trends and incidence and cognitive
reserve.

A third explanation of our observed decline in incidence could reflect a change in the use of
dementia diagnoses. Over the 20-year period, there have been several improvements in
neuroimaging and biomarkers related to neurodegenerative diseases. Although the same
diagnostic criteria have been applied throughout the entire observation period, these
improvements might have led to a more restrictive and higher precision in the use of dementia
diagnoses. With the data available, we cannot exclude that the declining incidence of dementia in

our cohort could be related to a decline in the diagnostic rate.

Results from Study | revealed a paradox of declining incidence rates and yet increasing total
prevalence. By combining the results from Study | and Study I, we can conclude that the increase
in prevalence of dementia in the Danish elderly population is driven by a decline in mortality. This
is backed up by the results that the median age of incidence was similar in 1996 and 2015 (1996:
82.4 years vs. 2015: 82.3 years), while the median age at death in men and women with dementia
increased from 2002 (women: 86.6; men:83.6) to 2015 (women: 88.0 years; men: 84.8 years).
Thus, during the two decades observed, people lived longer after being diagnosed with dementia.

This could be related to better care and improvements in health in people with dementia.
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Comorbidities and mortality in dementia

Elderly people often live with one or multiple comorbidities. These comorbidities may affect
mortality, and possibly differently in a person who additionally is diagnosed with dementia.
Questions related to concurring comorbidity in people with dementia was investigated in Study Il
We also assessed excess mortality stratified by CCl score. Comparing men and women with a CCl
score of zero, men and women aged 65-79 years with dementia had MRR that were were 10.04
(95% Cl: 8.16—12.35) to 17.28 (95% Cl: 15.52-19.25). This emphasizes that dementia diseases are
fatal progressive brain diseases. Without the presence of comorbidities, they are associated with
an extensively increased mortality. Furthermore, we observed that excess mortality in people with
dementia persisted after adjusting for a range of chronic comorbidities. When stratifying by age
group, CCl score, and dementia status, we found that the excess mortality in people with
dementia was most predominant in the youngest age groups with few comorbidities. Nonetheless,
our results also showed that even in the oldest age groups with a CCl score =6, mortality was still

significantly higher in people with dementia.

We were able to identify a single study that had investigated the effect of multiple comorbidities
on mortality in dementia compared with the general elderly population.’® In concordance with our
results, this Canadian study reported that in all elderly people, mortality increased with the
number of comorbidities, but was significantly higher in people with dementia.”® Additionally,
when comparing people with and without dementia, the difference in hazard ratios (HR) for
mortality declined when the number of comorbidities increased. Furthermore, the HR for
mortality in dementia declined with increasing age.”®> Our MRR were markedly higher compared
with the Canadian study’s HR. This could be related to the following; 1) the probability of having
comorbidities were higher in the Canadian study, because they included more comorbidities; or 2)
our comorbidities are likely to represent more severe disease or disease stages as we only

included diagnoses from the secondary health sector.

In the most advanced Poisson regression model, we adjusted for age, calendar year, psychiatric
and somatic comorbidities and found an MRR of 2.70 (95% Cl: 2.68-2.72) for dementia. Other
studies that performed analyses with models adjusting for multiple comorbidities, all reported
lower estimates (HR of mortality of 1.47 (95% Cl: 1.35-1.60)74; 2.07 (95% Cl: 1.62—2.66)">; and a
relative risk of 1.80 (95% Cl: 1.46—2.21)7%. We believe our higher estimate may be explained by

59



two factors. First; results from the three mentioned studies were adjusted for activities of daily
living or level of care, in addition to the multiple comorbidities. Reduction in the ability to perform
activities of daily living have been associated to increased mortality in dementia.>”>%6566 This
could explain why adjusting for this parameter could result in lower estimates. Second; two of the
mentioned studies assessed status of comorbidities only at time of diagnosis of dementia or
baseline.”*”> It is likely that people with dementia may have developed more comorbidities in the
time period between their dementia diagnosis and death. Hereby, the association between

comorbidities and mortality may have been underestimated.

Conclusively, comorbidities only explained some of the excess mortality in people with dementia.
Several factors besides comorbidities and age have been linked to increased mortality in dementia
including reduction in activities of daily living>’>>6>%¢ institutionalization®, low cognitive
performance °7°8616467.68 antipsychotics®®, and polypharmacy’%’t. Most dementia diseases are
progressive neurodegenerative brain diseases, and it is highly likely that dementia per se
contributes markedly to the persistent excess mortality. This was illustrated by quantifying the
excess mortality related to dementia. In people younger than 80 years, who had no registered
comorbidities (CCl score=0), the mortality rates were 10 to 17 times higher in people with
dementia than those without. Additionally, it is possible that some of the excess mortality could
be linked to different risk factor profiles in people with and without dementia.*?%'23 As an
example, a review found that falls, delirium, epilepsy, weight loss and nutritional disorders,
incontinence, sleep disturbances, visual dysfunction, oral disease, and frailty were more frequent
in people with dementia compared to people without dementia.'?® Furthermore, comorbidities
might be underdiagnosed in people with dementia, and people with dementia might not have the
same access to treatment or care.'?* People with dementia might also have a higher risk of

receiving inappropriate or insufficient treatments for their comorbidities.?2>126

What causes death in people with dementia?

The last two decades have seen numerous advances in the diagnostics, treatments, and
organization of multiple disease groups, including cardio- and cerebrovascular disease and cancer.

Moreover, there has been an increased awareness of improving health in the elderly population.
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Globally, life expectancy is increasing. Causes of death in people with dementia as well as in the
general elderly population may have changed. Therefore, we performed a time trends analysis
investigating causes of death. To the best of our knowledge, this is the first study to investigate if

causes of death have changed over time in people with dementia.

From 2002 to 2015, we observed an increase in the registration of dementia as cause of death in
the general elderly population. This is in line with the trend that dementia globally is increasing as

a cause of death.”?

In people with dementia, we found an increase in the registration of dementia as cause of death.
This incline was driven by an increased use of dementia as underlying cause of death. Findings
from a UK study observed a similar increase in the registration of dementia as cause of death from
39.9% in 2006 to 63.0% in 2013.1%7 Furthermore, our finding of an increase in registering dementia
as an underlying cause as opposed to contributing cause of death is in line with a Norwegian
study.®? The increase in registering dementia as an underlying cause of death may reflect
increased awareness of dementia as a fatal disease among doctors. Nonetheless, more than 40%
of people with dementia, did not have a dementia diagnosis registered on their death certificates.

Consequently, more should be done to increase awareness about dementia as a fatal disease.

Some studies use data from death certificates to assess time trends of mortality in dementia. As
our results underpin that this can be problematic, such studies were not included when comparing
to previous research. In Study Il, we observed that the all-cause mortality in people with dementia
declined from 1996 to 2015. Using results from Study IV to evaluate mortality of dementia
(dementia-related deaths), we observed an increase instead. This increase represents an increase
in recordings of dementia as a cause of death on death certificates, and conclusions on time

trends in dementia should not be based on these data.

Previous research based on death certificates and autopsy studies has been consistent in reporting
the leading causes of death in people with dementia to be cardiovascular disease or
pneumonia/respiratory diseases.®°° In our study, we observed that the percentages of
pneumonia registered as an underlying cause of death were similar in people with and without
dementia. Our finding is contradictory to results from a meta-analysis concluding that people with

dementia had a significantly higher risk of dying with pneumonia.®” We believe this could be
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explained by two factors: 1) The autopsy-based studies reported immediate cause of death
whereas our study used the underlying cause of death, 2) Dementia was the most frequent
registered underlying cause of death in our study, and increased awareness about dementia as a
cause of death could have led to the preferred use of dementia as underlying cause of death

instead of pneumonia.

From 2002 to 2015, we observed a marked reduction in the percentages of cardio- and
cerebrovascular disease registered as underlying cause of death. This reduction was even more
predominant in people with dementia compared to those without. We believe this reduction to be
related to: 1) a change in the use of preferred diagnostic codes, 2) improvements in control of risk
factors and treatments of cardio- and cerebrovascular disease.?> As an example, the 90-days
mortality after acute myocardial infarction was reduced from 19.6% in 1997-1998 to 11.7% 2009-
2010 in Denmark likely due to improvements in the organization of treatment and
pharmacotherapy.''® This progress was reflected by our finding from Study I, observing a decline
in all-cause mortality after acute IHD from 1996 to 2015. Dementia and cardio- and
cerebrovascular share multiple risk factors. It is possible that a larger proportion of people with
dementia have benefited from improvements of risk factor control and treatment compared to
the general elderly population. This could explain why cardio- and cerebrovascular disease as
underlying cause of death declined more markedly in people with dementia compared with the
general elderly population. However, we cannot exclude that there may also have been a change

in the preferred use of codes for underlying cause of death by medical doctors.

The registered cause of death in people with dementia could be affected by the fact that no
disease modifying drugs are available. Possibly, it is more acceptable that people with severe
dementia die from less severe diseases that are otherwise considered curable. Overall, this may

affect what diseases are registered as causes of death.

Methodological considerations

This thesis was based on four registry-based observational studies, which used the Danish elderly

population as cohort. In the following section, limitations and strengths will be discussed.
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In all of our studies, we defined people with dementia by using the same diagnostic codes and ATC
codes. We included the use of prescription data to be able to identify individuals diagnosed by
neurologists and psychiatrists in the private health sector, or by general practitioners. In Denmark,
it is only possible to receive reimbursement for dementia medication, if the medication is
prescribed by either a neurologist, a geriatrician, or a psychiatrist.??® Thus, identification by
prescription data may be just as precise or even more precise than identification by diagnoses. In
contrast to prescription data, dementia syndrome codes have previously been validated in the
Danish registries and were found to be correct in 86% of the cases.'?° Based on extrapolations
from European population-based studies, it was estimated that in 2015, there were approximately
87,000 people with dementia in Denmark.'3° However, we know that dementia is generally
underreported in the Danish national registries,*3° since we only identified 36,129 people living
with dementia in 2015 when using our definitions. This incoherence in dementia prevalence was
supported by Study IV, identifying 14,796 people registered with a dementia diagnosis for the first
time on their death certificates. People diagnosed with dementia are likely to have lived with the
disease years prior to their diagnoses, and date of diagnosis does not represent onset of disease.
Consequently, the number of person-years lived with dementia is likely to be underestimated in
our studies. Therefore, we acknowledge that the underreporting of dementia in the Danish
registries could have affected our results. Furthermore, our reference population is likely to
include individuals with dementia. However, we believe that this is likely to have a limited effect,
as our reference population of elderly people is large. Overall, the presence of people with
dementia in our reference population is more likely to result in a dilution between the actual
association between dementia and an outcome rather than an overestimation. Consequently, this
will lead to results that are conservative estimates.

During the study periods, the same diagnostic criteria (ICD-10) have been used in the Danish
health care system. Nonetheless, the use of the diagnoses may have changed. As we observed a
decline in incidence rates starting from 2009, one could speculate that a more restrictive use in
the latter years may be related to increased precision in diagnostics. We were only able to identify
individuals, who were either diagnosed in the secondary health sector, or who used prescribed
anti-dementia medication. We acknowledge that there are groups of people with dementia that

were less likely to be included. We believe that these groups primarily represent: 1) people in the
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early stages of dementia, who have not yet sought medical advice, and 2) people with late stage
dementia, who are not able to participate in a diagnostic evaluation, and where a diagnosis will
have no consequences. Thus, there is a risk that our population of people with dementia is less
likely to represent certain clinical stages of dementia. This may affect the association between
dementia and death.

In all of our studies, we chose to investigate late-onset dementia only, as previous research has
shown that dementia is overdiagnosed in younger people in the Danish national registries.'%” As it
is likely that incidence, prevalence, mortality, and causes of death varies with different dementia
subtypes, it would have been interesting to perform analyses by subtypes specifically.
Unfortunately, even though the validity of the dementia syndrome diagnoses is high, the dementia

subtype diagnoses are not.'?°

We included prescription data on cholinesterase inhibitors in our definition of dementia. This
group of drugs are used to treat AD, Lewy body dementia, and dementia in Parkinson’s disease.
However, in our definition of dementia, we did not include dementia in Parkinson’s disease as a
dementia outcome. Yet, we acknowledge that our dementia cohort may include some individuals

with dementia in Parkinson’s disease.

We chose different approaches in terms of adjustment for different variables in the statistical
models that might otherwise have contributed to confounding. All our analyses addressed the
effect of sex and age, using either stratification or adjustment to account for potential

confounding. Furthermore, calendar year was considered a confounder, as calendar year may

correlate with both the risk of a dementia diagnosis and mortality.

In Study Il, we compared time trend of mortality as well as survival in people with dementia
compared to people diagnosed with cancer and acute IHD. The disease groups were defined using
the ICD-8 and ICD-10 codes as defined in the CCI. This way of defining cancer is heterogeneous,
and mortality differs in various cancer subtypes.!!’ As improvements in screening regimes,
treatments, and organization of care may have differed among cancer subtypes, it is likely that the
time trends of mortality have evolved differently for different cancer subtypes during the study
period. Furthermore, the reduction in mortality gap observed in cancer may partly be explained by

earlier diagnoses, which could be associated with increased awareness and screening regimes.
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In Study lll, we examined the association between comorbidities in people with and without
dementia using death as the outcome. The diagnoses included in the CCl have previously been
validated and the positive predictive values of the ICD-10 codes ranged between 82% and 100%.°>
To define comorbidities, we used continuous data including both ICD-8 and ICD-10 codes. As
diagnoses on admissions to somatic and psychiatric hospital departments are the only ones
available before 1994, there has been a change in the available diagnoses over time. Having
diagnoses available only from the secondary health care sector, we acknowledge that they likely
represent the most severe cases of the diseases, since these diagnoses require hospital contact to
be registered. As an example, most people with diabetes are treated by their general practitioner,
while people with diabetes identified in the national registries are likely to represent a group of
patients with more severe diabetes needing hospitalization or treatment at an endocrinological
outpatient clinic. Consequently, with only hospital diagnoses available, we are not able to adjust
for the entire effect of diabetes. We acknowledge that residual confounding cannot be ruled out.
This is likely the case with other comorbidities as well, if they are treatable in the primary health
care sector. In some comorbidities, not only the disease, but also the treatment may contribute to
increased mortality in people with dementia. For example, antipsychotics have been associated
with increased mortality.'3! Additionally, people who are in contact with the hospital system may
have an increased risk of being diagnosed with multiple diseases. In the case of dementia, people

who are admitted with another condition may be more likely to be referred to a memory clinic.

All four studies were based on routine healthcare data from the secondary health care sector.
Several variables with a possible impact on both the risk of developing dementia and mortality
were unavailable. These include all of the early, midlife, and late life risk factors for developing
dementia as proposed in the model by Livingston et al. (Introduction, page 17).2* Furthermore,
data including physical and cognitive performance status, whether a person lived in a nursing
home, and clinical data, paraclinical evaluations and biomarkers (including Apolipoprotein E allele
variant) would have been highly relevant to investigate when assessing incidence and prevalence

as well as the association between dementia and mortality.

The outcome assessed in this study was either date of dementia registration, date of death, or
causes of death. Date of death is for practical purposes complete with no missing data. A major

limitation of Study IV is that data on causes of death have not been validated. This could have
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been done in an autopsy study, but the frequency of autopsies is low in Denmark (below 10%).84
Thus, data registered on death certificates depends on the decisions of individual medical doctors
and on the coding by the National Board of Health.®* We attempted to handle this limitation by
categorizing causes of death into disease groups to ensure more robust outcomes compared with

using single diagnoses.

In all our studies, our populations comprised a national cohort of the entire elderly population.
Thus, there was no risk of selection bias. For practical purposes, the follow-up is complete,
thereby, excluding the risk of loss to follow up. Most of the variables used in our four studies were
available as continuous data. When performing time trend analyses, the access to continuous data
is an advantage. It is possible to assess yearly or even monthly changes if the exposure and
outcome are frequent. The power of assessing time trends using continuous data was illustrated in
Study I, where we observed that the incidence rates increased markedly from 1996 to 2003
followed by a stabilization and later decline. If we had access to data from the years 1996 and
2015, we would have wrongfully concluded that the incidence of dementia had increased during
the 20-year period. By the use of continuous data, time trend analyses provide a more accurate
picture. Furthermore, the results from Study | and Study Il showed that incidence, prevalence, and
mortality varied with calendar year, illustrating that this was an important co-variate to take into

account in our analyses.
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Conclusions and perspective

The findings from this PhD thesis contributed with important new knowledge on incidence,

prevalence, and mortality in people with dementia in a national population of elderly people.

First, our study was the first nationwide study to confirm time trends of declining incidence of
dementia previously observed in primarily smaller populations. As the decline was observed
during a time period with increased focus on reducing risk factors, this leads to cautious optimism
that it may be possible to prevent some cases of dementia. Combined with previous studies, it also
raises the question of whether the observed decline in dementia could be limited to VaD. Future
research should investigate time trends of incidence classified by dementia subtypes in order to
distinguish between them and to target dementia prevention action plans. Even though incidence
rates have been declining since 2009, the total prevalence of people living with dementia is still
increasing due to demographic changes. The increasing number of people with dementia should
be considered in relation to prevention initiatives, planning future healthcare services, and

creating a dementia friendly society.

Second, it is well-known that mortality is increased in people with dementia. However, our study
was the first to show that the excess mortality in people with dementia has been stable during the
past 20 years. The fatality of a dementia diagnosis was highlighted by our results showing that the
five-year survival after a dementia diagnosis was largely similar to that of a diagnosis of cancer or
acute IHD. As long as we do not have any disease modifying drugs for the underlying brain
disorders, it may not be possible to fully diminish the excess mortality in dementia. However,
efforts should still be made to try to reduce the excess mortality in dementia. This includes
reductions of improper medication or polypharmacy, optimizing of treatment of comorbidities,
maintaining of activities of daily living, and optimizing organization of support and healthcare

services.

Third, this thesis emphasized the severity of dementia disorders by demonstrating the effect of
comorbidities on mortality. Having any of the selected 23 somatic or psychiatric conditions in
combination with dementia was associated with a significantly higher MR. When we compared
people with and without dementia who had the same amounts of comorbidities, people with

dementia had a significantly higher mortality. Furthermore, mortality remained high in people
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with dementia after adjusting for co-morbid psychiatric and somatic condition. This indicates that

dementia disorders alone contribute to excess mortality.

Last, this study was the first to assess if causes of death in people with dementia had changed over
time. We observed that dementia became the leading underlying cause of death from 2002 to
2015. Furthermore, dementia was more likely to be registered as an underlying cause of death in
contrast to a contributing cause of death in the later years of the study period. This could imply a
change in the awareness and perception of dementia as a fatal disease. However, more than 40%
of people with dementia did not have a dementia diagnoses registered as a cause of death,
illustrating that dementia is still underreported on death certificates. These results call for more
awareness of dementia as a fatal disease. A change in the perception of dementia as a fatal
disease is important in motivating dementia research and the highly needed search for new
efficacious drugs against dementia. Furthermore, awareness about dementia as a fatal disease is

needed for making prioritization and investments in better health care for people with dementia.

This thesis identified people with dementia as a vulnerable group in the general elderly population
with a markedly higher mortality. The severity of a dementia diagnosis was emphasized by the
persistent excess mortality and by the fact that the five-years survival was similar to that in cancer
and acute IHD. These findings highlight that dementia should be perceived as a fatal disease. It
also emphasizes the need of reducing the negative consequences related to dementia. The thesis
showed findings of declining incidence bringing hope that it may be possible to prevent some
cases of dementia. Though the prevalence of dementia may not be as rapidly increasing as
previously expected, measures should still be taken in order to reduce risk factors of dementia,
and promote a healthy life. Furthermore, investments in dementia research are needed including
development of new disease-modifying drugs and improvement of health care for people with

dementia.

68



References

1.

10.
11.

12.

13.

14.

15.

United Nations. World Population Ageing 2019.; 2020.
http://link.springer.com/chapter/10.1007/978-94-007-5204-7_6

Prince M, Wimo A, Guerchet M, Ali G, Wu Y, Prina M. World Alzheimer Report 2015 The
Global Impact of Dementia. Alzheimer’s Disease International.; 2015.
https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf

Ferri C.P., Prince, M.P., Brayne. C., Brodaty, H., Fratiglioni, L., Ganguli, M., Hall, K.,
Hasegawa, K., Hendrie, H., Huang, Y., Jorm, a., Mathers, C., Menezes, P.R., Rimmer, E., &
Scazufca M. Global prevalence of dementia: a Delphi consensus study. Lancet.
2005;366(9503):2112-2117. doi:10.1016/5S0140-6736(05)67889-0.Global

Jing W, Willis R, Feng Z. Factors influencing quality of life of elderly people with dementia
and care implications: A systematic review. Arch Gerontol Geriatr. 2016;66:23-41.
doi:10.1016/j.archger.2016.04.009

Bunn F, Burn A-M, Goodman C, et al. Comorbidity and dementia: a scoping review of the
literature. BMIC Med. 2014;12(1):192. d0i:10.1186/s12916-014-0192-4

Luzny J, lvanova K, Juri¢kova L. Non-Adherence in Seniors With Dementia — a Serious
Problem of Routine Clinical Practice. Acta Medica (Hradec Kral Czech Republic).
2014;57(2):73-77. d0i:10.14712/18059694.2014.43

Cerejeira J, Lagarto L, Mukaetova-Ladinska EB. Behavioral and psychological symptoms of
dementia. Front Neurol. 2012;(May):1-21. doi:10.3389/fneur.2012.00073

Ask H, Langballe EM, Holmen J, Selbaek G, Saltvedt |, Tambs K. Mental health and wellbeing
in spouses of persons with dementia: the Nord-Trgndelag health study. BMC Public Health.
2014;14(1):1-24. d0i:10.1186/1471-2458-14-413

Ritchie CW, Ames D, Clayton T, Lai R. Metaanalysis of randomized trials of the efficacy and
safety of donepezil, galantamine, and rivastigmine for the treatment of Alzheimer disease.
Am J Geriatr Psychiatry. 2004;12(August):358-369. doi:10.1176/appi.ajgp.12.4.358

Areosa SA, McShane R SF. Memantine for dementia (Review). Cochrane Libr. 2004;(4).

World Health Organization. Dementia: a public health priority. Dementia. Published online
2012:112. doi:978 92 4 156445 8

Berrios G. Dementia: Historical overview. In: Ames D, O’Brien JT, Burns A, eds. Dementia.
5th ed. CRC Press; 2017:3-18.

Alzheimer A. Uber eine eigenartige Erkrankung der Hirnrinde. Allg Zeitschrift fur Psychiatr
und Psych Medizin. 1907;(64):146-148.

Roman GC. Evidence-Based Dementia Practice. 1st ed. (Qizilbash N, Brodaty H, Chui H, et al.,
eds.). Blackwell Science; 2003.

Alzheimerforeningen. Forstd Demens. 2. (Arndahl A, Hasselbalch SG, Lolk A, eds.). Hans
Reitzels Forlag; 2011.

69



16.

17.

18.

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Glenner GG, Wong CW. Alzheimer’s disease: Initial report of the purification and
characterization of a novel cerebrovascular amyloid protein. Biochem Biophys Res Commun.
1984;120(3):885-890. doi:10.1016/S0006-291X(84)80190-4

Grundke-Igbal I, Igbal K, Tung YC, Quinlan M, Wisniewski HM, Binder LI. Abnormal
phosphorylation of the microtubule-associated protein tau (tau) in Alzheimer cytoskeletal
pathology. Proc Nat/ Acad Sci U S A. 1986;83(13):4913-4917. doi:10.1073/pnas.83.13.4913

Madsen LP, Hasselbalch SG, @ksnebjerg L. Fa det bedste ud af livet med demens. In: 1st ed.
Strandberg Publishing; 2020:22-35.

Waldemar G, Bruhn P, Dam AM, et al. Referenceprogram for Demensudredning.; 1998.

Wu YT, Fratiglioni L, Matthews FE, et al. Dementia in western Europe: Epidemiological
evidence and implications for policy making. Lancet Neurol. 2016;15(1):116-124.
doi:10.1016/5S1474-4422(15)00092-7

Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, intervention, and care:
2020 report of the Lancet Commission. Lancet. 2020;396(10248):413-446.
doi:10.1016/50140-6736(20)30367-6

Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary prevention of
Alzheimer’s disease: An analysis of population-based data. Lancet Neurol. 2014;13(8):788-
794. d0i:10.1016/51474-4422(14)70136-X

Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain intervention of diet, exercise,
cognitive training, and vascular risk monitoring versus control to prevent cognitive decline
in at-risk elderly people (FINGER): A randomised controlled trial. Lancet.
2015;385(9984):2255-2263. doi:10.1016/5S0140-6736(15)60461-5

Kivipelto M, Mangialasche F, Snyder HM, et al. World-Wide FINGERS Network: A global
approach to risk reduction and prevention of dementia. Alzheimer’s Dement.
2020;16(7):1078-1094. doi:10.1002/alz.12123

Satizabal CL, Beiser AS, Chouraki V, Chéne G, Dufouil C, Seshadri S. Incidence of Dementia
over Three Decades in the Framingham Heart Study. N Engl J Med. 2016;374(6):523-532.
doi:10.1056/NEJM0al1504327

Schrijvers EMC, Verhaaren BFJ, Koudstaal PJ, Hofman A, lkram MA, Breteler MMB. Is
dementia incidence declining? Trends in dementia incidence since 1990 in the Rotterdam
Study. Neurology. 2012;78(19):1456-1463. doi:10.1212/WNL.0b013e3182553beb

Grasset L, Brayne C, Joly P. Trends in dementia incidence : Evolution over a 10-year period
in France. 2017;12(2016):272-280. doi:10.1016/j.jalz.2015.11.001

Matthews FE, Stephan BCM, Robinson L, et al. A two decade dementia incidence
comparison from the Cognitive Function and Ageing Studies i and Il. Nat Commun. 2016;7.
doi:10.1038/ncomms11398

Gao S, Ogunniyi A, Hall KS, et al. Dementia incidence declined in African-Americans but not
in Yoruba. Alzheimer’s Dement. 2016;12(3):244-251. doi:10.1016/j.jalz.2015.06.1894

70



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Derby CA, Katz MJ, Lipton RB, Hall CB. Trends in dementia incidence in a birth cohort
analysis of the Einstein Aging Study. JAMA Neurol. 2017;74(11):1345-1351.
doi:10.1001/jamaneurol.2017.1964

Ahmadi-Abhari S, Guzman-Castillo M, Bandosz P, et al. Temporal trend in dementia
incidence since 2002 and projections for prevalence in England and Wales to 2040:
Modelling study. BMJ. 2017;358(July):1-11. doi:10.1136/bm;.j2856

Ding M, Qiu C, Rizzuto D, Grande G, Fratiglioni L. Tracing temporal trends in dementia
incidence over 25 years in central Stockholm, Sweden. Alzheimer’s Dement. 2020;16(5):770-
778. doi:10.1002/alz.12073

Ohara T, Hata J, Yoshida D, et al. Trends in dementia prevalence, incidence, and survival
rate in a Japanese community. Neurology. 2017;88(20):1925-1932.
doi:10.1212/WNL.0000000000003932

Doblhammer G, Fink A, Zylla S, Willekens F. Compression or expansion of dementia in
Germany? An observational study of shortterm trends in incidence and death rates of
dementia between 2006/07 and 2009/10 based on German health insurance data.
Alzheimer’s Res Ther. 2015;7(1):1-11. d0i:10.1186/s13195-015-0146-x

Kosteniuk JG, Morgan DG, O’Connell ME, et al. Simultaneous temporal trends in dementia
incidence and prevalence, 2005-2013: A population-based retrospective cohort study in
Saskatchewan, Canada. Int Psychogeriatrics. 2016;28(10):1643-1658.
doi:10.1017/51041610216000818

Cerasuolo JO, Cipriano LE, Sposato LA, et al. Population-based stroke and dementia
incidence trends: Age and sex variations. Alzheimer’s Dement. 2017;13(10):1081-1088.
doi:10.1016/j.jalz.2017.02.010

van Bussel EF, Richard E, Arts DL, et al. Dementia incidence trend over 1992-2014 in the
Netherlands: Analysis of primary care data. PLoS Med. 2017;14(3):1-13.
doi:10.1371/journal.pmed.1002235

Seblova D, Quiroga M, Fors S, et al. Thirty-year trends in dementia: a nationwide population
study of Swedish inpatient records. Clin Epidemiol. 2018;Volume 10:1679-1693.
do0i:10.2147/CLEP.S178955

Hall KS, Gao S, Baiyewu O, et al. Prevalence rates for dementia and Alzheimer’s disease in
African Americans: 1992 versus 2001. Alzheimer’s Dement. 2009;5(3):227-233.
doi:10.1016/j.jalz.2009.01.026

Lobo A, Saz P, Marcos G, et al. Prevalence of dementia in a southern European population in
two different time periods: The ZARADEMP Project. Acta Psychiatr Scand. 2007;116(4):299-
307.d0i:10.1111/j.1600-0447.2007.01006.x

Wiberg P, Waern M, Billstedt E, et al. Secular trends in the prevalence of dementia and
depression in Swedish septuagenarians 1976-2006. Psychol Med. 2013;43(12):2627-2634.
do0i:10.1017/50033291713000299

Wimo A, Sjélund B-M, Skoldunger A, et al. Cohort Effects in the Prevalence and Survival of

71



43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

People with Dementia in a Rural Area in Northern Sweden. J Alzheimer’s Dis. 2016;50:387-
396. doi:10.3233/JAD-150708

Qiu C, Von Strauss E, Backman L, Winblad B, Fratiglionis L. Twenty-year changes in dementia
occurrence suggest decreasing incidence in central Stockholm, Sweden. Neurology.
2013;80(20):1888-1894. d0i:10.1212/WNL.0b013e318292a2f9

Langa KM, Larson EB, Crimmins EM, et al. A Comparison of the Prevalence of Dementia in
the United States in 2000 and 2012. JAMA Intern Med. 2017;177(1):51-58.
doi:10.1001/JAMAINTERNMED.2016.6807

Matthews FE, Arthur A, Barnes LE, et al. A two-decade comparison of prevalence of
dementia in individuals aged 65 years and older from three geographical areas of England:
Results of the cognitive function and ageing study i and II. Lancet. 2013;382(9902):1405-
1412. doi:10.1016/50140-6736(13)61570-6

Rajan KB, Weuve J, Barnes LL, Wilson RS, Evans DA. Prevalence and incidence of clinically
diagnosed Alzheimer’s disease dementia from 1994 to 2012 in a population study.
Alzheimer’s Dement. Published online 2018:1-7. doi:10.1016/j.jalz.2018.07.216

Pérés K, Brayne C, Matharan F, et al. Trends in Prevalence of Dementia in French Farmers
from Two Epidemiological Cohorts. J Am Geriatr Soc. 2017;65(2):415-420.
doi:10.1111/jgs.14575

van de Vorst IE, Vaartjes |, Bots ML, Koek HL. Decline in mortality in patients with dementia:
Results from a nationwide cohort of 44 258 patients in the Netherlands during 2000 to
2008. Int J Geriatr Psychiatry. 2018;33(12):1620-1626. doi:10.1002/gps.4960

Langa KM, Larson EB, Karlawish JH, et al. Trends in the prevalence and mortality of cognitive
impairment in the United States: Is there evidence of a compression of cognitive morbidity?
Alzheimer’s Dement. 2008;4(2):134-144. doi:10.1016/j.jalz.2008.01.001

Guehne U, Riedel-Heller S, Angermeyer MC. Mortality in dementia: A systematic review.
Neuroepidemiology. 2005;25(3):153-162. doi:10.1159/000086680

Brodaty H, Seeher K, Gibson L. Dementia time to death: A systematic literature review on
survival time and years of life lost in people with dementia. Int Psychogeriatrics.
2012;24(7):1034-1045. doi:10.1017/51041610211002924

Snowden MB, Steinman LE, Bryant LL, et al. Dementia and co-occurring chronic conditions:
a systematic literature review to identify what is known and where are the gaps in the
evidence? Int J Geriatr Psychiatry. 2017;(December 2016):357-371. doi:10.1002/gps.4652

Mueller C, Soysal P, Rongve A, et al. Survival time and differences between dementia with
Lewy bodies and Alzheimer’s disease following diagnosis: A meta-analysis of longitudinal
studies. Ageing Res Rev. 2019;50(November 2018):72-80. doi:10.1016/j.arr.2019.01.005

Strand BH, Knapskog AB, Persson K, et al. Survival and years of life lost in various aetiologies
of dementia, mild cognitive impairment (MCl) and subjective cognitive decline (SCD) in
Norway. PLoS One. 2018;13(9):1-14. doi:10.1371/journal.pone.0204436

72



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Andersen K, Lolk A, Martinussen T, Kragh-Sgrensen P. Very mild to severe dementia and
mortality: A 14-year follow-up - The odense study. Dement Geriatr Cogn Disord.
2010;29(1):61-67. d0i:10.1159/000265553

Haaksma ML, Eriksdotter M, Rizzuto D, et al. Survival time tool to guide care planning in
people with dementia. Neurology. 2020;94(5):e538-e548.
doi:10.1212/WNL.0000000000008745

Connors MH, Ames D, Boundy K, et al. Predictors of Mortality in Dementia: The PRIME
Study. J Alzheimer’s Dis. 2016;52(3):967-974. doi:10.3233/JAD-150946

Garcia-Ptacek S, Farahmand B, Kareholt |, et al. Mortality risk after dementia diagnosis by
dementia type and underlying factors: a cohort of 15,209 patients based on the Swedish
Dementia Registry. J Alzheimer’s Dis. 2014;41(2):467-477. doi:10.3233/JAD-131856

Aglero-Torres H, Fratiglioni L, Guo Z, Viitanen M, Winblad B. Prognostic Factors in Very Old
Demented Adults: A Seven-Year Follow-Up From a Population-Based Survey in Stockholm. J
Am Geriatr Soc. 1998;46(4):444-452. d0i:10.1111/j.1532-5415.1998.th02464.x

Koedam ELGE, Pijnenburg YAL, Deeg DJH, et al. Early-onset dementia is associated with
higher mortality. Dement Geriatr Cogn Disord. 2008;26(2):147-152. doi:10.1159/000149585

Steenland K, MacNeil J, Seals R, Levey A. Factors affecting survival of patients with
neurodegenerative disease. Neuroepidemiology. 2010;35(1):28-35. doi:10.1159/000306055

Villarejo A, Benito-Ledn J, Trincado R, et al. Dementia-associated mortality at thirteen years
in the NEDICES cohort study. J Alzheimer’s Dis. 2011;26(3):543-551. doi:10.3233/JAD-2011-
110443

Nourhashemi F, Cantet C, Vellas B. Living Alone With Alzheimer’ S Disease : Cross-Sectional
and Longitudinal Analysis in the Real . Fr Study. J Nutr Heal Aging. 2005;9(2):117-120.

Wattmo C, Londos E, Minthon L. Risk factors that affect life expectancy in Alzheimer’s
disease: A 15-year follow-up. Dement Geriatr Cogn Disord. 2014;38:286-299.
doi:10.1159/000362926

Roehr S, Luck T, Bickel H, et al. Mortality in incident dementia - results from the German
Study on Aging, Cognition, and Dementia in Primary Care Patients. Acta Psychiatr Scand.
2015;132(4):257-269. d0i:10.1111/acps.12454

Soto M, Andrieu S, Gares V, et al. Living alone with alzheimer’s disease and the risk of
adverse outcomes: Results from the plan de soin et d’aide dans la maladie d’alzheimer
study. J Am Geriatr Soc. 2015;63(4):651-658. doi:10.1111/jgs.13347

St. John PD, Montgomery PR, Kristjansson B, McDowell I. Cognitive scores, even within the
normal range, predict death and institutionalization. Age Ageing. 2002;31(5):373-378.
doi:10.1093/ageing/31.5.373

Verdan C, Casarsa D, Perrout MR, et al. Lower mortality rate in people with dementia is
associated with better cognitive and functional performance in an outpatient cohort. Arg
Neuropsiquiatr. 2013;72(August):278-282. doi:10.1590/0004-282X20140003

73



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Schneider-Thoma J, Efthimiou O, Huhn M, et al. Second-generation antipsychotic drugs and
short-term mortality: a systematic review and meta-analysis of placebo-controlled
randomised controlled trials. The Lancet Psychiatry. 2018;5(8):653-663. d0i:10.1016/52215-
0366(18)30177-9

Schubert CC, Boustani M, Callahan CM, et al. Comorbidity profile of dementia patients in
primary care: Are they sicker? J Am Geriatr Soc. 2006;54(1):104-109. do0i:10.1111/j.1532-
5415.2005.00543.x

Porter B, Arthur A, Savva GM. How do potentially inappropriate medications and
polypharmacy affect mortality in frail and non-frail cognitively impaired older adults? A
cohort study. BMJ Open. 2019;9(5):1-11. doi:10.1136/bmjopen-2018-026171

Helzner EP, Scarmeas N, Cosentino S, Tang MX, Schupf N, Stern Y. Survival in Alzheimer
disease: A multiethnic, population-based study of incident cases. Neurology.
2008;71(19):1489-1495. doi:10.1212/01.wnl.0000334278.11022.42

Tonelli M, Wiebe N, Straus S, et al. Multimorbidity, dementia and health care in older
people:a population-based cohort study. C Open. 2017;5(3):E623-E631.
d0i:10.9778/cmajo.20170052

Koller D, Kaduszkiewicz H, Van Den Bussche H, et al. Survival in patients with incident
dementia compared with a control group: A five-year follow-up. Int Psychogeriatrics.
2012;24(9):1522-1530. doi:10.1017/51041610212000361

Noale M, Maggi S, Minicuci N, et al. Dementia and disability: Impact on mortality - The
Italian Longitudinal Study on Aging. Dement Geriatr Cogn Disord. 2003;16(1):7-14.
doi:10.1159/000069987

Helmer C, Joly P, Letenneur L, Commenges D, Dartigues JF. Mortality with dementia: Results
from a French prospective community-based cohort. Am J Epidemiol. 2001;154(7):642-648.
doi:10.1093/aje/154.7.642

World Health Organization. https://www.who.int/news-room/fact-sheets/detail/the-top-
10-causes-of-death. Accessed September 25, 2020.

Sundhedsdatastyrelsen. Dgdsdrsagsregisteret 2018 Tal Og Analyse.; 2019.
www.sundhedsdata.dk

Lancet T. Global, regional, and national life expectancy, all-cause mortality, and cause-
specific mortality for 249 causes of death, 1980-2015. Lancet. 2016;388(10053):1459-1544.
doi:10.1016/50140-6736(16)31012-1

John S. Deaths Registered in England and Wales: 2018.; 2019.
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deat
hs/bulletins/deathsregistrationsummarytables/2018

Australian Institute of Health and Welfare. Deaths in Australia [Internet]. Canberra, 2019.
https://www.aihw.gov.au/reports/life-expectancy-death/deaths-in-australia

Hjellvik V, Engedal K, Handal M, et al. Dementia in the national cause of death registry in

74



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Norway 1969-2010. Nor Epidemiol. 2012;22(2):217-224.

Szczepaniak M, Salema L, Lane S, et al. Data Analysis Report Dying with Dementia National.;
2016.

Helweg-Larsen K. The Danish Register of Causes of Death. Scand J Public Health. 2011;39(7
Suppl):26-29. doi:10.1177/1403494811399958

Sundhedsdatastyrelsen. Dgdsattesten - Principper Og Vejledning | Registrering Af
Dgdsdrsager Og Andre Kliniske Oplysninger | Dgdsattesten.; 2016.

Park J. Mortality from Alzheimer’s disease in Canada: A multiple-cause-of-death analysis,
2004 to 2011. Heal Reports. 2016;27(5):17-21.

Romero JP, Benito-Ledn J, Louis ED, Bermejo-Pareja F. Under reporting of dementia deaths
on death certificates: A systematic review of population-based cohort studies. J Alzheimer’s
Dis. 2014;41(1):213-221. doi:10.3233/JAD-132765

Van De Vorst IE, Koek HL, Bots ML, Vaartjes I. Evaluation of Underlying Causes of Death in
Patients with Dementia to Support Targeted Advance Care Planning. J Alzheimer’s Dis.
2016;53(1):117-125. doi:10.3233/JAD-150925

Cermakova P, Szummer K, Johnell K, et al. Management of Acute Myocardial Infarction in
Patients With Dementia: Data From SveDem, the Swedish Dementia Registry. J Am Med Dir
Assoc. 2017;18(1):19-23. doi:10.1016/j.jamda.2016.07.026

Romero JP, Benito-Ledn J, Mitchell AJ, Trincado R, Bermejo-Pareja F. Under reporting of
dementia deaths on death certificates using data from a population-based study (NEDICES).
J Alzheimer’s Dis. 2014;39(4):741-748. doi:10.3233/JAD-131622

Chamandy N, Wolfson C. Underlying cause of death in demented and non-demented elderly
Canadians. Neuroepidemiology. 2005;25(2):75-84. doi:10.1159/000086287

Attems J, Konig C, Huber M, Lintner F, Jellinger K a. Cause of death in demented and non-
demented elderly inpatients; an autopsy study of 308 cases. J Alzheimers Dis. 2005;8:57-62.

Brunnstréom HR, Englund EM. Cause of death in patients with dementia disorders. Eur J
Neurol. 2009;16(4):488-492. d0i:10.1111/j.1468-1331.2008.02503.x

Kammoun S, Gold G, Bouras C, et al. Immediate causes of death of demented and non-
demented elderly. Acta Neurol Scand Suppl. 2000;102(176):96-99. doi:10.1034/j.1600-
0404.2000.00314.x

Keene J, Hope T, Fairburn CG, Jacoby R. Death and dementia. Int J Geriatr Psychiatry.
2001;16(10):969-974. d0i:10.1002/gps.474

Magaki S, Yong WH, Khanlou N, Tung S, Vinters H V. Comorbidity in dementia: Update of an
ongoing autopsy study. J Am Geriatr Soc. 2014;62(9):1722-1728. d0i:10.1111/jgs.12977

Foley NC, Affoo RH, Martin RE. A systematic review and meta-analysis examining
pneumonia-associated mortality in dementia. Dement Geriatr Cogn Disord. 2015;39:52-67.
doi:10.1159/000367783

75



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.

111.

112.

Ganguli M, Dodge HH, Shen C, Pandav RS, DeKosky ST. Alzheimer Disease and Mortality.
Arch Neurol. 2005;62(5):779. doi:10.1001/archneur.62.5.779

Schmidt M, Schmidt SAJ, Adelborg K, et al. The Danish health care system and
epidemiological research: from health care contacts to database records. Clin Epidemiol.
2019;Volume 11:563-591. doi:10.2147/CLEP.S179083

Pedersen CB. The Danish Civil Registration System. Scand J Public Health. 2011;39(7
suppl):22-25. doi:10.1177/1403494810387965

Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sgrensen HT. The Danish
National patient registry: A review of content, data quality, and research potential. Clin
Epidemiol. 2015;7:449-490. doi:10.2147/CLEP.S91125

Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research Register. Scand J
Public Health. 2011;39(7 Suppl):54-57. doi:10.1177/1403494810395825

Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sgrensen HT, Hallas J, Schmidt M. Data
Resource Profile: The Danish National Prescription Registry. Int J Epidemiol. 2017;46(3):798—
798f. d0i:10.1093/ije/dyw213

Lu TH. Using ACME (Automatic Classification of Medical Entry) software to monitor and
improve the quality of cause of death statistics. J Epidemiol Community Health.
2003;57:470-472. d0i:10.1136/jech.57.6.470

Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sgrensen HT. The predictive value of
ICD-10 diagnostic coding used to assess Charlson comorbidity index conditions in the
population-based Danish National Registry of Patients. BMC Med Res Methodol.
2011;11(1):83. d0i:10.1186/1471-2288-11-83

Andersen PK, Keiding N. Multi-state models for event history analysis. Stat Methods Med
Res. 2002;11(2):91-115. d0i:10.1191/0962280202SM276ra

Salem LC, Andersen BB, Nielsen TR, et al. Overdiagnosis of dementia in young patients-a
nationwide register-based study. Dement Geriatr Cogn Disord. 2012;34(5-6):292-299.
doi:10.1159/000345485

Juul S. Epidemiologi Og Evidens. 2nd ed. Munksgaard; 2015.

Singh-Manoux A, Fayosse A, Sabia S, et al. Atrial fibrillation as a risk factor for cognitive
decline and dementia. Eur Heart J. 2017;38(34):2612-2618. doi:10.1093/eurheartj/ehx208

Taudorf L, Ngrgaard A, Islamoska S, Jergensen K, Laursen TM, Waldemar G. Declining
incidence of dementia: A national registry-based study over 20 years. Alzheimer’s Dement.
2019;15(11):1383-1391. doi:10.1016/j.jalz.2019.07.006

Taudorf L, Ngrgaard A, Waldemar G, Laursen TM. Mortality in Dementia from 1996 to 2015:
A National Registry-Based Cohort Study. J Alzheimer’s Dis. In Prepress. doi:10.3233/JAD-
200823

Rocca W a, Petersen RC, Knopman DS, Hebert LE. Trends in the incidence and prevalence of
Alzheimer’s disease, dementia and cognitive impairment in the United States. Alzheimers

76



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Dement. 2012;7(1):80-93. d0i:10.1016/j.jalz.2010.11.002.Trends

Roehr S, Pabst A, Luck T, Riedel-Heller S. Is dementia incidence declining in high-income
countries? A systematic review and meta-analysis. Clin Epidemiol. 2018;Volume 10:1233-
1247. d0i:10.2147/CLEP.S163649

Wolters FJ, Chibnik LB, Waziry R, et al. Twenty-seven-year time trends in dementia
incidence in Europe and the United States: The Alzheimer Cohorts Consortium. Neurology.
2020;95(5):e519-e531. doi:10.1212/WNL.0000000000010022

Gao S, Burney HN, Callahan CM, Purnell CE, Hendrie HC. Incidence of Dementia and
Alzheimer Disease Over Time: A Meta-Analysis. J Am Geriatr Soc. 2019;67(7):1361-1369.
doi:10.1111/jgs.16027

Dewey ME, Saz P. Dementia, cognitive impairment and mortality in persons aged 65 and
over living in the community: a systematic review of the literature. Int J Geriatr Psychiatry.
2001;16(8):751-761. doi:10.1002/gps.397

Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance of trends in cancer survival
2000-14 (CONCORD-3): analysis of individual records for 37 513 025 patients diagnosed
with one of 18 cancers from 322 population-based registries in 71 countries. Lancet.
2018;391(10125):1023-1075. doi:10.1016/50140-6736(17)33326-3

Gjesing A, Gislason GH, Kgber L, et al. Nationwide trends in development of heart failure
and mortality after first-time myocardial infarction 1997-2010: A Danish cohort study. Eur J
Intern Med. 2014;25(8):731-738. doi:10.1016/j.ejim.2014.08.009

Cummings J, Lee G, Ritter A, Sabbagh M, Zhong K. Alzheimer’s disease drug development
pipeline: 2019. Alzheimer’s Dement Transl Res Clin Interv. 2019;5:272-293.
doi:10.1016/j.trci.2019.05.008

Norum J, Hansen TM, Hovland A, et al. Calculating the 30-day survival rate in acute
myocardial infarction: Should we use the treatment chain or the hospital catchment model?
Heart Int. 2017;12(1):e24-e30. doi:10.5301/heartint.5000238

John S, Broggio J. Cancer Survival in England : Adult, Stage at Diagnosis and Childhood -
Patients Followed up to 2018.; 2019.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsa
nddiseases/bulletins/cancersurvivalinengland/stageatdiagnosisandchildhoodpatientsfollow
edupto2018

Kurrle S, Brodaty H, Hogarth R. Physical comorbidities of dementia. In: Physical
Comorbidities of Dementia. ; 2012:1-124. doi:10.1017/CB09780511894534

Heun R, Schoepf D, Potluri R, Natalwala A. Alzheimer’ s disease and co-morbidity :
Increased prevalence and possible risk factors of excess mortality in a naturalistic 7-year
follow-up. Eur Psychiatry. 2013;28(1):40-48. doi:10.1016/j.eurpsy.2011.06.001

Bunn F, Burn A-M, Goodman C, et al. Comorbidity and dementia: a scoping review of the
literature. BMC Med. 2014;12(1):192. d0i:10.1186/s12916-014-0192-4

77



125.

126.

127.

128.

129.

130.

131.

Chanti-Ketterl M, Pathak EB, Andel R, Mortimer JA. Dementia: A barrier to receiving
percutaneous coronary intervention for elderly patients with ST-elevated myocardial
infarction. Int J Geriatr Psychiatry. 2014;29(9):906-914. doi:10.1002/gps.4078

Callisaya ML, Purvis T, Lawler K, Brodtmann A, Cadilhac DA, Kilkenny MF. Dementia is
Associated With Poorer Quality of Care and Outcomes After Stroke: An Observational Study.
Journals Gerontol Ser A. 2020;XX(Xx):1-8. doi:10.1093/gerona/glaal39

Perera G, Stewart R, Higginson 1J, Sleeman KE. Reporting of clinically diagnosed dementia on
death certificates: Retrospective cohort study. Age Ageing. 2016;45(5):667-672.
doi:10.1093/ageing/afw077

Frederiksen KS, Waldorff FB, Pedersen H, Wermuth L. Midler mod demens. Published 2020.
Accessed November 11, 2020.
https://pro.medicin.dk/Laegemiddelgrupper/grupper/315685

Phung TKT, Andersen BBB, Hggh P, Kessing LV, Mortensen PBB, Waldemar G. Validity of
dementia diagnoses in the Danish hospital registers. Dement Geriatr Cogn Disord.
2007;24(3):220-228. doi:10.1159/000107084

Jgrgensen K, Waldemar G. Praevalens af demens i Danmark. Ugeskr Laeger. 2014;177:1041-
1044.

Banerjee S. The use of antipsychotic medication for people with dementia: Time for action.
Dep Heal. Published online 2009:60. doi:10.1037/e608642011-001

78









Study manuscripts

81






Study |

Declining incidence of dementia: A national registry-based study over 20 years

Reprinted from Alzheimer's & Dementia: The Journal of the Alzheimer's Association, Vol. 15, Issue 11
Taudorf L, Ngrgaard A, Islamoska S, Jgrgensen K, Laursen TM, Waldemar G

Declining incidence of dementia: A national registry-based study over 20 years

Pages 1383-1391, November 2019, with permission from John Wiley and Sons.

The publication is available at Wiley through https://doi.org/10.1016/].jalz.2019.07.006

83






) Alzheimers
Checkior &
Dementia

ELSEVIER

Declining incidence of dementia: A national registry-based study over

Lzarke Taudorf"*, Ane Ngrgaard®, Sabrina Islamoska”, Kasper Jgrgensen®,

“Danish Dementia Research Centre, Department of Neurology, Rigshospitalet, University of Copenhagen, Copenhagen 0, Denmark

“National Centre for Register-based Research, Department of Economics and Business Economics, Aarhus BSS, Aarhus University, Aarhus, Denmark

Alzheimer’s & Dementia 15 (2019) 1383-1391

Featured Article

20 years

Thomas Munk Laursen®, Gunhild Waldemar"

bDepartment of Public Health, University of Copenhagen, Copenhagen K, Denmark

Abstract

Introduction: The aim of this study was to investigate the registry-based national time trends in inci-
dence and prevalence rates of dementia from 1996 to 2015.

Methods: We assessed annual incidence and prevalence using longitudinal data from nationwide
registries on dementia status and demographics on all residents > 65 years old in Denmark.
Results: Our population comprised 2 million people, of whom 152,761 were diagnosed with demen-
tia. The age- and sex-adjusted incidence rate increased, on average, by 9% annually from 1996 to
2003, followed by a 2% annual decline, while total prevalence increased during the whole period.
Discussion: This is the first study to report continuous time trends of incidence and prevalence in an
entire national population. The incidence rate has declined steadily since 2003, while the total prev-
alence is still increasing. Future health care planning on prevention and treatment of dementia should
take these findings into account.

© 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).

Keywords:

Dementia; Incidence; Prevalence; Time trend; Epidemiology; Registry study; Nationwide study

1. Introduction

In 2015, the World Alzheimer Report estimated that 46.8
million people worldwide were living with dementia and
projected an increase to 131.5 million by 2050 [1]. The
magnitude and potential consequences of the expected in-
crease in prevalence have led to a stronger focus on the po-
tential for prevention and on finding a cure for Alzheimer’s
disease (AD) and other dementia disorders.

The risk of developing dementia is influenced by a combi-
nation of lifestyle and genetic factors. In a recent Lancet Com-
mission article, Livingston et al. presented a model for
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quantifying the impact of individual factors on overall risk of
dementia [2]. The authors concluded that approximately 35%
of the risk of developing dementia was potentially modifiable,
encompassing mainly midlife and late-life risk factors such as
hypertension, obesity, smoking, physical inactivity, diabetes,
depression, social isolation, and hearing loss [2]. The Finnish
Geriatric Intervention Study to Prevent Cognitive Impairment
and Disability indicated that a multifaceted intervention pro-
gram aimed at at-risk elderly people may prevent cognitive
decline by focusing on cardiovascular risk factors [3]. In
high-income countries, treatment of cardiovascular risk factors
has improved and the focus on healthy lifestyles has increased
during the last three decades [4]. Thus, it is plausible that, with
general improvement in health and better control of risk factors,
prevention of dementia may be possible to some extent.
Recent follow-up studies in large population-based co-
horts indicated a possible decline in the incidence of demen-
tia in the elderly during the past 10-42 years [5-11].

1552-5260/ © 2019 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Nevertheless, study results are inconsistent and, in some
studies, the declining incidence was driven mainly by
certain subgroups of either men, women, or specific
subtypes of dementia [5,7,8].

Although population-based cohort studies offer detailed,
systematic data on the individual participants, they have lim-
itations, such as small cohorts, discontinuous data collection
with long follow-up intervals, high dropout rates, recruit-
ment from a small geographical area, and selection bias.
Denmark’s unique national registries enable linkage be-
tween a wide range of registries, including, for example, de-
mographic and continuous health care data at an individual
level for every resident [12]. Consequently, it is possible to
explore time trends in an entire population based on high
quality health care data from the secondary sector. Investi-
gating time trends in incidence and prevalence of dementia
is vital in planning future health care services and, hence,
the ability to provide the best care and treatment for people
with dementia.

The aim of this study was to investigate registry-based
time trends in incidence and prevalence rates of dementia
in an entire national population over a 20-year period. We
hypothesized that the incidence of dementia may have
declined in recent years, despite increasing prevalence.

2. Methods

We linked nationwide population data from the Danish
Civil Registration System to information about dementia
status using data from the Danish National Patient Registry,
the Danish Psychiatric Central Research Register, and the
Danish National Prescription Registry [12-15]. Every
individual living permanently in Denmark is given a
unique personal identification number, enabling linkage of
data from Danish registries [13].

2.1. Registries and data

The Danish National Patient Registry and the Danish Psy-
chiatric Central Research Register began registering data on
all hospital admissions in 1977 and 1969, respectively, and
in 1995, they began collecting data from emergency depart-
ments and hospital-based outpatient clinics [12,14]. Atevery
patient contact, date of admission and discharge, and
primary and optional secondary diagnosis have been
registered according to the International Classification of
Diseases, 8" revision (ICD-8) from 1977 to 1993 and the
10" revision (ICD-10) from 1994 [12,14]. ICD-9 was never
implemented in Denmark [12]. The Danish National Patient
Registry has collected information on filled prescription
medication since 1995. Data include date of dispensing,
dose, strength, and the Anatomical Therapeutic Chemical
code (ATC code) [15]. Because of the implementation of
ICD-10 and opening of the Danish Prescription Registry,
the observation period was defined as January 1, 1996 to
December 31, 2015.

2.2. Definition of dementia

A diagnosis of dementia was defined as either a registered
dementia diagnosis in the Danish National Patient Registry
or the Danish Psychiatric Central Research Register
(Supplementary Table S1 lists the diagnostic codes), or as
having filled at least one prescription for an anti-dementia
drug (ATC: NO6D, see Supplementary Table S2, which lists
ATC codes for pharmaceutical treatment of dementia). Date
of dementia onset was defined as the date of the first demen-
tia diagnosis registered or the date of the first prescription
filled, whichever came first.

2.3. Study population

People were included in the study upon turning 65 years,
or if they were between 65 and 110 years old and registered
as living in Denmark at some point from 1996 to 2015.
Owing to the potential risk of misregistration, people older
than 110 years were censored. The study population will
be referred to as people aged 65 years and older.

2.3.1. Incidence study

Incident cases were defined as people diagnosed with de-
mentia, according to the abovementioned definition, for the
first time within a given calendar year. People diagnosed
with dementia before the age of 65 were excluded because
we wanted to investigate incident cases in people aged
65 years and older. Individuals were censored when they
were diagnosed with dementia, emigrated, were lost to
follow-up, died, turned 110 years old, or at the end of the
study period, whichever came first.

2.3.2. Prevalence study

Prevalent cases were defined as people aged 65 years or
older registered with a dementia diagnosis from 60 years
of age, as a previous study showed that the validity of de-
mentia diagnoses in the Danish registries given before the
age of 60 years is low [16]. The rest of our study population
served as the reference group. Individuals were censored
when they emigrated, were lost to follow-up, died, turned
110 years old, or at the end of the study period, whichever
came first.

2.4. Statistical analysis

Trends in incidence rates were tested with survival anal-
ysis techniques using Poisson regression analysis evaluating
the calendar year as a time-dependent covariate. Incidence
rates were calculated for men and women in strata of five-
year age groups (65-69, 70-74, 75-79, 80-84, and 85+).
Trends in prevalence were evaluated as annual period prev-
alence percent by comparing the number of person-years
lived by people with dementia to the total number of
person-years lived in the study population each year. Preva-
lence period percent was calculated for men and women in
strata of five-year age groups (65-69, 70-74, 75-79, 80-84,
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Table 1

Demographic data for all Danish residents aged 65 years and older; total number of people living with dementia; and the percentage of people living with
dementia presented for the first and the last year in the 20-year observation period. The distribution is shown for men, women, age groups, median age, and

interquartile range.

1996 2015
All (n) Dementia (n) (%) All (n) Dementia (n) (%)

All 803,334 14,019 1.75 1,055,984 36,129 3.42

Men 332,857 4554 1.37 481,331 13,271 2.76

Women 470,477 9465 2.01 574,653 22,858 3.98
Age (years)

65-69 225,551 838 0.37 353,724 2036 0.58

70-74 208,162 1849 0.89 274,746 4185 1.52

75-79 163,644 2875 1.76 187,236 6492 3.47

80-84 116,090 3693 3.18 122,514 8607 7.03

85-89 63,162 3177 5.03 74,933 8744 11.67

90+ 26,725 1587 5.94 42,831 6065 14.16

Median age 74.2 82.1 72.9 83.2

IQR 69.5-80.2 76.6-86.8 68.8-79.3 77.5-88.2

Abbreviation: IQR, Interquartile range.

85-89, and 90+). Prevalence period percent will be referred
to as prevalence rates. Total incidence was evaluated as the
total number of new dementia cases each year, while total
prevalence was evaluated as point prevalence on January
first.

Supplemental analyses of incidence by birth year were
made to assess a possible birth cohort effect.

The analyses were performed using SAS, version 9.4
(SAS Institute Inc., Cary, NC). This study was approved
by the Danish Data Protection Agency, Statistics Denmark,
and the Danish Health and Medicines Authority.

3. Results

Between 1996 and 2015, there were 1,999,375 people
(men: 920,093; women: 1,079,282) aged 65 years and older
living in Denmark. A total of 152,761 people were diag-
nosed with dementia (men: 57,977, women: 94,784)
observed over 16,944,630 person-years (men: 7,415,232;
women: 9,529,398). During the 20-year study period,
170,478 people had been living with a dementia diagnosis
(men: 64,559; women: 105,919).

The population for the prevalence study was followed
over 17,541,315 person-years. Of these, 16,986,832 were
lived without dementia (men: 7,439,899; women:
9,546,933) and 554,483 with dementia (men: 188,936;
women: 365,547).

Table 1 shows the age and sex distribution of the total
elderly population and of people with dementia in 1996
and 2015. As shown, the total elderly population increased
from 803,334 in 1996 to 1,055,984 in 2015, while the me-
dian age decreased from 74.2 years in 1996 to 72.9 years
in 2015. The percentage of people with dementia increased
over the 20-year period for all age groups, and the trend
was most pronounced in the oldest age groups.

Fig. 1A and B show time trends in incidence rates in
women and men, respectively. Incidence rates were signifi-
cantly higher in 2015 than in 1996 in all age groups in
both men and women, except for men and women aged
65-69 years. The increase in incidence rates was most domi-
nant in the oldest age groups. However, the increased inci-
dence rates from 1996 to 2015 reflected a steep increase
from 1996 to 2003, followed by stabilization/fluctuation un-
til 2009 and 2010, and then a moderate decline from 2010 to
2015. This time trend was most predominantly observed in
the oldest age groups. When assessing trends in the inci-
dence rate adjusted for age and sex from 1996 to 2003 and
from 2004 to 2015, we found an average annual increase
in incidence rate of 9% from 1996 to 2003. From 2004 to
2015, the incidence rate decreased by 2%, on average, annu-
ally. The total incidence percentage of dementia increased
from 0.58% in 1996 to 0.72% in 2015. The additional anal-
ysis investigating the incidence of dementia by birth year did
not show any clear effect of birth cohort on incidence
(Supplementary Figs. S1-4).

Fig. 2A and B show time trends in prevalence rates (pre-
sented as percent of the total elderly population) in women
and men, respectively. Prevalence rates increased from
1996 to 2015 for both sexes in all age groups. The older
the age group, the higher the prevalence. The prevalence
rates were higher in women than in men aged 75 years and
above. For both men and women, the prevalence rates
have been relatively stable since 2010.

Fig. 3 and Supplementary Figs. S5 and S6 show overall
trends in total incidence and prevalence. The total incidence
increased from 4875 people diagnosed in 1996 to 8017 peo-
ple in 2015. The highest incidence was observed in 2009
(n = 8832). The prevalence increased from 14,019 people
in 1996 to 36,129 people in 2015. The prevalence increased
steadily over the total period, although with a lower rate of
increase in most recent years.
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Fig. 1. (A) Time trend of incidence rates of dementia in Danish women from 1996 to 2015. Error bars represent 95% confidence intervals. (B) Time trends of
incidence rates of dementia in Danish men from 1996 to 2015. Error bars represent 95% confidence intervals.

4. Discussion

To our knowledge, this is the first complete national pop-
ulation study based on routine health care data to confirm
trends in declining incidence of dementia that have previ-
ously been described in population-based research studies.
For men and women in all age groups, incidence rates
reached their peak values from 2003 to 2010, followed by
a decline. Adjusted for age and sex, the incidence rate of de-
mentia in the total population increased annually by 9%, on
average, until 2003, followed by a 2% annual decline. The
prevalence rates increased for men and women in all age
groups during the whole period from 1996 to 2015, most pre-
dominantly in the oldest age groups. Thus, while incidence

rates stabilized around 2003 and have declined since 2010,
the total prevalence of dementia is still increasing.

Several population-based studies have compared inci-
dence and prevalence in two, or more, time intervals. Nine
studies in high-income countries have investigated trends
in dementia incidence using population-based cohort study
designs: The Rotterdam Study: 1990 and 2000 (The
Netherlands) [6]; The Cognitive Function and Aging Studies
(CFAS): 1990-1994 and 2008-2011 (UK) [8]; The English
Longitudinal Study of Aging: 2002-2013 (UK) [11]; The
Indianapolis-Ibadan Dementia Project (IIDP): 1992 and
2001 (USA) [9]; The Framingham Heart Study: 1977-
1983, 1986-1991, 1992-1998, and 2004-2008 (USA) [5];
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Fig. 2. (A) Time trends of dementia prevalence rates in Danish women from 1996 to 2015. (B) Time trends of dementia prevalence rates in Danish men from

1996 to 2015.
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Fig. 3. Time trends of total incidence and prevalence of dementia in
Denmark from 1996 to 2015.

The Chicago Health and Aging Project: 1994-1997, 1998-
2000, 2001-2003, 2004-2006, 2007-2009, and 2010-2012
(USA) [17]; The Einstein Aging Study: 1993-2015 (USA)
[10]; The Bordeaux Study: 1988-1989 and 1999-2000
(France) [7]; and The Hisayama Study: 1998 and 2012
(Japan) [18]. A recent meta-analysis included the Rotterdam
Study, the IIDP, the Bordeaux Study, the CFAS, and the Hi-
sayama Study [19]. Overall, the meta-analysis concluded
that the results indicated a stabilizing trend in incidence of
dementia rather than a decline [19]. It also found that the
risk of bias for domains of external validity was high for
all study populations, except for the UK and Japanese
studies, indicating that the study populations could be unrep-
resentative of their national populations [19]. Furthermore,
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they concluded that there was a risk of minimal nonresponse
bias in the Rotterdam Study, the IIDP, the Bordeaux Study,
and the Framingham Heart Study [19]. The quantitative syn-
thesis suggested a nonsignificant decline of incidence of de-
mentia; however, the heterogeneity between studies was
high [19].

The declining incidence suggested in most of these
studies may be related to changes over time in the risk factor
profile. Thus, the Bordeaux Study found the later cohort was
better educated, had a lower stroke prevalence, and used
more antihypertensive and lipid-lowering drugs [7]. When
adjusting for cardiovascular status and educational level,
however, the association only explained some of the
decrease seen in women [7]. The Framingham Heart Study
found a decreasing effect of cardiovascular events and an
increased effect of treatment with antihypertensive drugs
on the risk of developing dementia in the later cohorts,
although this benefit seemed to be more noticeable in people
with at least a high school diploma [5]. When evaluating de-
mentia subtypes, the Framingham Heart Study found a sig-
nificant trend in decline only for vascular dementia, not
AD, whereas the IIDP noted a decline in all-cause dementia
and in AD [5,9]. The Hisayama Study reported a significant
increase in incidence of AD, while incidence of vascular
dementia remained stable over time [18]. This increase
may partly reflect a difference in risk factor profiles and
the ethnicity in high-income countries in the Western world
and in East Asia.

Time trends in the incidence of dementia have also been
reported in a few studies based on registry data. A German
study evaluated incidence rates based on samples from
health insurance data in 2006/07 and 2009/10 and reported
a significant decline between the two time points [20].
Two Canadian studies assessed continuous time trends of
incidence rates in the provinces of Saskatchewan (2005-
2013) and Ontario (2002-2013), respectively, based on
data from administrative health databases [21,22]. The
Saskatchewan study reported a significant decline in
incidence rates from 2005 to 2013 [21]. Findings from On-
tario had a pattern similar to our study, with fluctuations
from 2002 to 2008 followed by a decline, but the overall
trend in declining incidence was only significant in women
[22]. A Dutch registry-based study using data from primary
care only reported an annual growth in incidence of 2.1%
from 1992 to 2014 [23]. Registry-based data from hospital-
ized inpatients in Sweden on incidence rates of dementia
from 1987 to 2016 demonstrated an increase until 2011, fol-
lowed by a decline [24]. Thus, although there is a lack of
consistency among results from registry-based studies,
many have indicated stabilizing or declining trends in inci-
dence rates of dementia during recent years, while some
only observe these trends to be limited to subgroups and
one study reported increasing incidence.

In our study, we also assessed time trends in prevalence
rates. To sum up findings from ten population-based studies
investigating time trends in the prevalence rates of dementia,

the IIDP, a Spanish study, and three Swedish studies
observed a stable prevalence, whereas the CFAS and an
American study found a declining prevalence and the Hi-
sayama Study found an increasing prevalence [18,25-31].
The Chicago Health And Aging Project found substantial
variation over time but no secular trend from 1994 to 2012
[17]. Using two different analytical approaches, the
Bordeaux study described trends moving in opposite direc-
tions [32]. Most studies investigating prevalence of dementia
reported trends in declining or stabilizing prevalence, while
our study observed trends similar to the Hisayama Study,
with increasing prevalence in both sexes and all ages during
the 20 years.

Our study demonstrates the power of access to continuous
data for assessing time trends as compared with using a few
discrete time points. Had we only compared incidence rates
in 1996 and 2015, the decline since 2009 would have been
missed. Both the initial increase and later decline in demen-
tia incidence rates should be interpreted in the context of
increased public awareness of dementia. In Denmark, the
first memory clinic was established in 1995 and the first
pharmaceutical drug against AD was launched in 1997.
These events have potentially contributed to an increase in
public awareness, and we believe that the marked increase
in incidence from 1996 to 2003 reflects an increased diag-
nostic rate, rather than an actual increase in incidence of de-
mentia. Likewise, there is a possibility that the later decline
could be partly related to a higher precision in diagnosis re-
sulting in a more restrictive use of the diagnosis of dementia.

Thus, when interpreting possible causes for the stabiliza-
tion and later decline in incidence, one hypothesis relates to
improvement in health and another to improved precision in
diagnosing dementia.

First, during the last decades, we have experienced a
marked improvement in living conditions and health in
Western high-income countries. We believe that the general
improvement in health, including better control and treat-
ment of risk factors, may prevent vascular cognitive impair-
ment and may contribute to the observed decline in
incidence of dementia in recent years.

In the Framingham Heart Study, the declining incidence
was only significant for vascular dementia, and not AD
[5]. The Hisayama Study reported stabilization in the inci-
dence of vascular dementia whereas AD increased [18]. Re-
sults from magnetic resonance imaging scans performed in
the Rotterdam Study showed that people in the 2000 cohort
had lesser brain atrophy and fewer white matter lesions than
those in the 1990 cohort [6]. Thus, the decline in incidence
rates reported in Western high-income countries may mainly
represent vascular dementia.

Our analysis of dementia incidence by birth year did not
demonstrate any effect of birth cohort on incidence.

Second, even though the diagnostic criteria for demen-
tia have not changed within our study period, there have
been improvements over time regarding the application
of neuroimaging and biomarkers for neurodegenerative
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disorders. Consequently, the precision in diagnosis may
have improved, especially when diagnosing subtypes
of dementia. We cannot exclude the fact that this may
have led to a more restrictive use of the dementia (syn-
drome) diagnosis during this period contributing to a
change in diagnostic rate over time and an apparent
decline in incidence.

Even though incidence rates are declining, our study
shows that the number of people living with a registered de-
mentia diagnosis in Denmark (prevalence) is still increasing.
There are two possible explanations for this apparent
paradox. First, the number of elderly people is increasing
because of increasing life expectancy and large birth cohorts
from the 1940s and 1950s having reached the elderly popu-
lation. As the risk of dementia increases with age, we expect
that the larger elderly population will lead to an increasing
number of people living with dementia over the next de-
cades. The large birth cohorts from the 1940s also explain
the fact that the median age of our total elderly population
declined from 74.2 years to 72.9 years from 1996 to 2015
[33]. Second, people may live for a longer time registered
with dementia because of either earlier diagnosis or decline
in mortality. If our study population was registered with de-
mentia at an earlier age later in our study period, this may
have led to an increased amount of time lived with a diag-
nosis. However, the median age of incidence of dementia
was 82.4 years in 1996 and 82.3 years in 2015. Hence, we
do not believe this explanation to be very likely. As life ex-
pectancy is increasing in the general population, there is a
possibility that individuals diagnosed with dementia live
for a longer time with their diagnosis than previously.
Population-based studies from Stockholm, Rotterdam, and
Hisayama have reported declining mortality over time in
people with dementia [6,18,29]. Thus, we believe it to be
possible that individuals with dementia live longer after
being diagnosed, which contributes to the continued
increase in prevalence.

4.1. Limitations of the study

This study was based on registered diagnoses from sec-
ondary health care and prescription data identifying 36,129
people living with dementia aged 65 years or more in
2015. Based on extrapolation from European population-
based studies, it is estimated that approximately 87,000 peo-
ple in Denmark aged 60 years or more are living with de-
mentia, likely leaving a large proportion of undiagnosed
cases of dementia [34]. Thus, as in many other countries,
the diagnostic rate may be relatively low. Our study is based
on national health care data from the secondary health sector
and the Danish National Prescription Registry. Thus, our
data reflect diagnoses established in routine medical care
and do not include information on clinical manifestations,
the level of cognitive decline, or diagnostic workup leading
to the diagnosis.

National clinical and evidence-based guidelines have
been available in Denmark since 1998, and ICD-10 criteria
were applied for the (syndrome) diagnosis of dementia
throughout the entire period. Brief cognitive testing was rec-
ommended to support a diagnosis of dementia in all recom-
mendations. Our registry-based data do not inform us to
which extent these recommendations were followed when
physicians were making the diagnosis. However, in a previ-
ous study, we evaluated the quality of the registered cases of
dementia in the Danish health care registries and found that
the diagnoses of dementia were justified in 85.8% of the
cases in elderly people [35]. Unfortunately, as a large pro-
portion of the patients were registered with a diagnosis of
“unspecific dementia,” our registry-based data are not suffi-
cient for clarifying the etiology of dementia.

4.1.1. Strengths of the study

Government-funded, universal health care, combined
with unique personal identification numbers, provides an
excellent setting for epidemiological studies. Our study
was based on data using an entire population as the cohort,
which means it is large, has no dropouts, and represents
trends in an entire nation. Data in the Danish registries are
continuously updated and data on follow-up are, for all prac-
tical purposes, complete and registered continuously in all
calendar years.

This study assessed national trends in incidence and prev-
alence in Denmark, and we assume that these trends can be
generalizable to other Western high-income countries that
have similar access to diagnostic evaluation and support.

5. Conclusions

In conclusion, our study shows that incidence rates of de-
mentia have declined since 2010. The total incidence of de-
mentia has also declined, while the total prevalence is still
increasing, albeit less rapidly in recent years. When planning
future health care services, it is crucial to take the increasing
number of people living with a dementia diagnosis into ac-
count. In future models for estimating projections of preva-
lence and incidence, the fluctuations in incidence rates and
prevalence percentage over time should be considered. The
decline in total incidence and incidence rates of dementia
leads to a cautious optimism that with better health and man-
agement of risk factors, it may be possible to lower the risk
of dementia. However, previous studies imply that this effect
may be limited to vascular dementia, highlighting the need
for better prevention and treatment of AD and other neuro-
degenerative dementias.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using a PubMed search. Even though there was
evidence of declining or stabilizing incidence of de-
mentia in Western high-income countries, the num-
ber of studies was small and the heterogeneity of
findings was high.

2. Interpretation: Studying an entire national popula-
tion based on high quality routine health care data
from the secondary sector, we observed that the
age- and sex-adjusted incidence rate increased, on
average by 9% annually from 1996 to 2003, followed
by a 2% annual decline from 2004 to 2015. While the
total incidence and incidence rates declined, the total
prevalence was still increasing.

3. Future directions: Future healthcare planning on pre-
vention and management of dementia should take
these findings into account. More studies are needed
to clarify whether the decline in incidence of demen-
tia is limited to vascular dementia. This would
emphasize the great need for targeted treatment for
neurodegenerative dementias.
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During the process of conducting this study, we created some additional figures that we believe should be

accessible to our readers.
Figures S1-S4 represent the results from our analyses when investigating for the effect of birth cohort.

Figure S1 sums the effect of calendar period on incidence of dementia, as also shown in figures 1A and
1B in the manuscript. As previously described in the manuscript, we observed a strong effect of age, in
that the risk of dementia increased with age.

We observed a decline in incidence in all age groups during the last period from 2010 to 2015. However,
as pointed out by the reviewer, this trend could reflect a birth-cohort effect rather than a period effect.
Figure S2 reports the incidence of dementia by birth-year (five-year birth cohorts) in each of the six five-
year age strata (age at diagnosis). As an example, we have highlighted the group born in the first half of
the 1930s (1930-34) in yellow. As illustrated in the figure, for each birth cohort (e.g., 1920s, 1930s,
1940s), there is a clear increase in incidence by age. None of the birth cohorts showed patterns of a
particularly low or high incidence. In all of the age strata, we observed a decrease in incidence for the
latest birth cohorts. Hence, the declining incidence seems to be related to period rather than cohort
effect.

Thus, we did not see a clear effect of birth cohorts on incidence of dementia.

To further investigate if a possible birth cohort effect could have been hidden, we investigated incidence of
dementia by birth year (one-year groups) in five-year age strata for men and women (figures S3 and S4).
For each of the strata, we see the exact same pattern, with low incidence when the follow-up was in the
start of our study period, then high in the middle and low towards the end of our study period. Note that

the end of each line should be interpreted with caution as they do not include all five years of the age

group.
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Figure S1. Incidence rate of dementia per 1000
person-years at risk
Calendar period (period effect) in 5-year age strata

ST0¢-0T0¢
600¢-500C
¥00¢-000¢ %_
666T-966T

ST0C-0T0C
600¢-500¢
¥00¢-000¢
6661-5661

85-89

S§T0¢-0T0¢C
600¢-500¢
¥00¢-000¢
6661-566T

80-84

ST0¢-0T0¢
600¢-500¢
¥00¢-000¢
6661-566T

75-79

S10¢-0T0¢C
600¢-500¢
¥00¢-000¢
6661-5661

70-74

ST0¢-0T0C
600¢-500¢
¥00¢-000¢

65-69

6661-S66T

40
35
30
25
20

15
10
5
0

person-years at risk

Figure S2. Incidence rate of dementia per 1000
Birth years (cohort effect) in 5-year age strata
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Figure S3. Incidence rate of dementia per 1000
years at risk in men by birth cohorts
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Figures S5 and S6 present the incidence and prevalence of dementia by age distribution in five-year age

strata. We defined the incidence age as the age at diagnosis.

Figures S5 and S6 illustrate that no specific age group accounted primarily for the increase in prevalence or
the incidence of dementia. However, both graphs illustrate how incidence and prevalence of dementia

have predominantly increased most in the oldest age groups.

Figure S5. Incidence of dementia by
age distribution
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Table S1. ICD-8 and ICD-10 diagnoses codes for identification of dementia.

Disease name ICD-8 ICD-10
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

ICD = International Classification of Diseases

Table S2. Anatomical Therapeutic Chemical codes for identification of pharmaceutical treatment of

dementia.
Memantine NO6DX01
Donepezil NO6DA02
Rivastigmine NO6DAO03
Galantamine NO6DA04
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ABSTRACT

Background: It remains unclear whether the increased focus on improving healthcare and

providing appropriate care for people with dementia has affected mortality.

Objective: To assess survival and to conduct a time-trend analysis of annual mortality rate ratios

(MRR) of dementia based on healthcare data from an entire national population.

Methods: We assessed survival and annual MRR in all residents of Denmark 265 years from
1996—-2015 using longitudinal registry data on dementia status and demographics. For
comparison, mortality and survival were calculated for acute ischemic heart disease (IHD) and

cancer.

Results: The population comprised 1,999,366 people (17,541,315 person years). There were
165,716 people (529,629 person years) registered with dementia, 131,321 of whom died. From
1996-2015, the age-adjusted MRR for dementia declined (women: 2.76 to 2.05; men: 3.10 to
1.99) at a similar rate to elderly people without dementia. The sex-, age-, and calendar-year-
adjusted MRR was 2.91 (95% Cl: 2.90-2.93) for people with dementia. MRR declined significantly
more for acute IHD and cancer. In people with dementia, the five-year survival for most age-

groups was at a similar level or lower as that for acute IHD and cancer.

Conclusions: Although mortality rates declined over the 20-year period, MRR stayed higher for
people with dementia, while the MRR gap, compared with elderly people without dementia,
remained unchanged. For the comparison, during the same period, the MRR gap narrowed
between people with and without acute IHD and cancer. Consequently, initiatives for improving

health and decreasing mortality in dementia are still highly relevant.
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INTRODUCTION

During the last two decades, there has been increased focus on improving health in the rapidly increasing
elderly population [1,2]. These initiatives are important for maintaining good quality of life for the
individual, for increased life expectancy, and for limiting societal economic costs. With age as the
predominant risk factor for dementia, prevalence of dementia worldwide is expected to increase

considerably from 46.8 million in 2015 to 131.5 million by 2040 [1].

Even though mortality is markedly increased in dementia [3], it may not be perceived of as a fatal disease in

the same way as acute ischemic heart disease (IHD) and cancer are, for example.

Currently, no cure or disease-modifying treatments for dementia are available [4]. The existing
antidementia drugs are only symptomatic, with documented efficacy on Alzheimer’s dementia, Lewy body
dementia, and Parkinson’s disease with dementia. Dementia research has nonetheless seen a variety of
other improvements occur in recent, including the acquisition of greater knowledge about the underlying
pathophysiological changes, leading to better and more precise diagnostics and, thus, also improvements in
the evaluation and management of dementia. Consequently, these changes have been accompanied by
increased awareness, a change in the perception of dementia disorders as brain disorders, and greater
knowledge about the need for psychosocial support, not to mention improved treatment of comorbidities.
As in other high income countries, the most frequent causes of death in Denmark are heart disease and
cancer [5,6]. In the general population, these are perceived as life-threatening, where as a dementia
disorder may not be perceived as a fatal condition. In contrast to dementia disorders, the treatment of
acute IHD and cancer, including identification of risk factors, early detection, and novel disease modifying
interventions, has improved markedly in the last 20 years, leading to a significant decline in mortality.
Hence, it is of interest to examine whether improvements in the management of dementia disorders have
been accompanied by a decline in mortality in people with dementia and then to put results into a context,

comparing with changes in mortality in people with acute IHD and cancer.

Evidence for the time trend of mortality with dementia is scarce [7-11]. Monitoring time trends is
challenging as the date of dementia diagnosis must be linked to the date of death at an individual level. Of
the five studies investigating changes in mortality in dementia over time, three found a declining trend in
mortality rates in dementia [8,10,11]. Nevertheless, these results were based on small cohorts, covered
only a few years, or included limited observation points in time. National Danish registries are uniquely
poised to provide data enabling exploration of time trends of mortality in an entire population over

decades [12].
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We hypothesized that mortality was higher in people with dementia compared with the general population
without dementia. Furthermore, we also suggested that the mortality in people with dementia had
declined more rapidly than in the general population due to a higher awareness of providing appropriate
care. The aim of this study was to assess time trends in all-cause mortality in people with dementia
compared to the general elderly population using healthcare data from the entire population of Denmark
from 1996-2015. In addition, we aimed to compare all-cause mortality in dementia with all-cause mortality
in people with acute IHD and cancer. Finally, our goal was to study the current survival in people with

dementia compared to both the general elderly population and people with acute IHD or cancer.

METHODS
Study setting

This cohort study was based on data from national Danish registries. Since 1968, the Danish Civil
Registration System has provided all permanent residents with a unique 10-digit personal identification
number that includes vital information on an individual level, such as date of birth and death [13]. This

number enables individual linkage on demographic and healthcare data for the entire population [13].
Data sources

Danish Civil Registration System data was merged with data from three national registries. The first two,
the Danish National Patient Registry and the Psychiatric Central Research Register, began registering data
on all hospital admissions in 1977 and 1969, respectively. Since 1995, they have also collected data on
contacts to emergency departments and hospital-based outpatient clinics [12]. Date of admission, date of
discharge, and primary and optional secondary diagnoses have been registered according to the
International Classification of Diseases (ICD), 10™ Revision at every patient contact since 1994 [12]. Before
then, ICD 8™ Revision was in use [12]. The third registry, the Danish National Prescription Registry, has
collected data on filled prescription medication since 1995 that includes date of dispensing, dose, strength,

and the anatomical therapeutic chemical code [14].
Study period

The observation period was defined as January 1, 1996 to December 31, 2015. For the survival analyses
calculating cumulative incidences, we restricted the study period to January 1, 2000 to December 31, 2015
as we were unable to adjust for calendar period in the cumulative incidences and because 1996-2000 had a

higher all-cause mortality and incidence of dementia than the subsequent period.
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Study population

All Danish residents age 265 years as of January 1, 1996 were included in the assessment of mortality.
During follow-up, people were included the day they turned 65 and then censored if they died, left the
country permanently, were lost to follow-up, or at the end of the study period. When assessing mortality in
dementia, individuals registered with dementia age <65 years were excluded due to our focus on late onset
dementia, while individuals not registered with dementia served as the reference group. For comparison,
mortality and survival were calculated for people age 265 years with acute IHD and cancer using the same
methodology. Thus, the analysis assessing annual mortality rate ratios (MRRs) excluded individuals

diagnosed with acute IHD and cancer age <65 years.

The methodology was adjusted in three ways to calculate cumulative incidences of death. First, the study
period began January 1, 2000. Second, only incidence cases were assessed, which meant that people with
dementia, acute IHD, and cancer diagnosed before January 1, 2000 were excluded from their respective
analyses. Lastly, we constructed a group to represent the general population (see supplementary material).
Apart from these adjustments, the same criteria for inclusion, exclusion, and censoring were used when

assessing MRRs and cumulative incidence of death.

Definition of dementia, acute IHD, and cancer

Dementia was defined as either a registered dementia diagnosis (primary or secondary) in the Danish
National Patient Registry or the Psychiatric Central Research Register (ICD-8 codes: 290.9-11, 290.18-19,
293.09-19; ICD-10 codes: F00.0-9, F01.0-9, F02.0, F03.9, G30.0-9, G31.8-9) or having filled a prescription for
an antidementia drug (ATC-codes NO6DAO02 (donepezil), NO6DAO3 (rivastigmine), NO6DA04 (galantamine),
and NO6DX01 (memantine)). Onset date was defined as the first contact with a registered dementia
diagnosis, or a prescription filled for an antidementia drug, whichever came first. Denmark has universal
tax-funded healthcare and less than one percent of hospital beds are in private hospitals [15]. When people
experience symptoms of dementia, they usually make an appointment with their general practitioner, who
performs a preliminary examination. If the general practitioner suspects dementia, the person is referred to
a hospital memory clinic, which performs diagnostic evaluation. If symptoms are obvious and additional
workup safely deemed unnecessary, the general practitioner may assign the diagnosis without referring the
patient to the hospital. Another factor is that some people, though a highly limited number, are seenin a
private healthcare setting. In an effort to include the last two groups mentioned, we used data on

prescriptions filled for antidementia drugs.
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The definition of acute IHD and cancer were based on diagnosis codes as defined in the Charlson
Comorbidity Index (acute IHD, ICD-8 code: 410, ICD10-codes: 121-23; cancer: ICD-8 codes: 140-189, 195-
199, 200-207, 275.59, ICD-10 codes: C00-85, C88, C90-96) [16].

Statistics

Mortality: Time trends in mortality in people with dementia from 1996 to 2015 were assessed by MRRs
analyzed using Poisson regression analysis, which is equivalent to a Cox regression [17]. In our first model,
the exposure was dementia and the outcome was death. All analyses were stratified by sex, as mortality
differs among women and men. We tested whether there was a difference in the time trend of the
mortality rates in people with dementia compared to the elderly population without dementia and chose
the reference value to be the mortality rate for women and men without dementia in 1996. Our second
and third Poisson regression models were used to calculate MRR trends for individuals registered with
acute IHD and cancer, respectively, compared to people without either disease using the same methods as
described for dementia. Furthermore, we examined differences in change in mortality rates between
people with dementia, acute IHD, cancer, and the total elderly population by assigning the reference value
of 1.00 to all four groups in 1996. The assumption of piecewise constant intensity in the age groups was
verified, as should be the case before applying a Poisson regression analysis [18].

Cumulative incidences: We assessed cumulative incidence rates of death in people registered with and
without dementia, acute IHD, cancer, and in the general elderly population age 265 years from 2000-2015
using Kaplan-Meier analyses to calculate survival probabilities for women and men in strata of 5-year age
groups (65-69, 70-74, 75-79, 80—-84, 85-89, 90+). The Kaplan-Meier methods cannot take changes due to
calendar year properly into account. In order to try and limit the effect of changes related to calendar year,
we chose to exclude the years 1996-1999 because mortality was highest in this period and our previous
study showed a marked increase in incidence of dementia those years as well [19]. This left us with the
time period from 2000-2015 when assessing survival. To prevent any identification of individual cases, the
two oldest age groups were combined into one group of people aged >85 for the Kaplan-Meier curves, thus
maintaining anonymity. In figures, the maximum follow-up time was also limited to ten years to preserve
anonymity.

A P-value was considered significant at 0.05 for all analyses, which were performed using SAS Version 9.4

(SAS Institute Inc., Cary, NC, USA).

112



Approvals and data availability

This study was approved by the Danish Data Protection Agency (ID no.: 2007-58-0015/30-0667), Statistics
Denmark, and the Danish Health and Medicines Authority (ID no.: 6-8011-907/1). As this study used

anonymized data, Danish law does not require ethics committee approval or informed patient consent.

This study was based on data from nationwide public registries and, according to Danish law, sharing such
datasets is not allowed. To gain access to Danish registry data, individual research projects must seek
approval from the Danish Data Protection Agency. Hence, further data sharing of this project is not

possible.

RESULTS

Between 1996 and 2015, there were 1,999,366 people (women: 1,079,276; men: 920,090) age 265 years
living in Denmark. They were observed over 17,541,315 person years (women: 9,912,480; men: 7,628,835),
resulting in an average of 8.77 years at risk per person. There were 165,716 people living with a dementia
diagnosis (women: 103,683; men: 62,033), observed over 529,629 person years (women: 353,211; men:
176,418). A total of 15,300 people with dementia

was solely identified using prescription data.

In the same period, there were 144,380 people living with an acute IHD diagnosis (women: 65,622; men:
78,758), observed over 665,640 person years (women: 290,760; men: 374,880), and 400,610 people living
with a cancer (women: 195,483; men: 205,127), observed over 1,565,110 person years (women: 841,299;
men: 723,811).

The number of people with dementia who died was 131,321 (women: 81,855; men: 49,466). In the acute
IHD group, the number of deaths was 109,154 (women: 51,172; men: 57,982), and in the cancer group, it
was 283,143 (women: 137,834; men: 145,309).

Table 1 presents mortality rates and MRRs stratified by sex, age, and 5-year calendar periods for people
with dementia compared with the general population without dementia. Age and calendar year adjusted
MRRs were higher for both women and men with dementia. MRRs in dementia decreased with age from
5.54 (95% Cl: 5.28-5.80) in people age 65-69 years to 2.08 (2.06-2.11) in people age 290 years. Sex- and
age-adjusted MRRs were similar in 1996-2000, 2001-2005, 2006—-2010, and 2011-2015.
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Table 1. Distribution of number of deaths, person years, mortality rates, and mortality rate ratios in people
with and without dementia who died from 1996—-2015 for women and men, for age-standardized 5-year
age groups, and age- and sex-adjusted five-year calendar periods.

Variable Dementia No dementia MRR? (95% Cl)
n PY MR n PY MR

Women 81,855 353,211 231.7 405,048 9,529,139 42.5 2.77 (2.75, 2.80)*
Men 49,466 176,418 280.4 369,622 7,415,073 49.8 3.13 (3.10, 3.16)*
Age groups

65-69 1767 17,127 103.2 92,770 5,390,626 17.2 5.54 (5.28, 5.80)*
70-74 7289 54,893 132.8 115,363 4,222,806 27.3 4.81(4.70, 4.93)*
75-79 17,564 102,533 171.3 140,657 3,230,175 43,5 3.99 (3.92, 4.05)*
80-84 31,426 140,918 223.0 152,891 2,220,656 68.8 3.34(3.30, 3.38)*
85-90 38,638 132,920 290.7 139,527 1,259,591 110.8 2.72 (2.69, 2.75)*
90+ 34,637 81,239 426.4 133,462 620,357 215.1 2.08 (2.06, 2.11)*

Time periods

1996-2000 21,909 79,664 275.0 215,235 3,908,805 55.1 2.91(2.87, 2.95)*

2001-2005 32,003 123,854 258.4 197,639 3,928,311 50.3 2.89 (2.86, 2.93)*

2006-2010 38,276 157,020 243.8 184,273 4,214,293 43.7 2.85(2.82, 2.88)*

2011-2015 39,133 169,092 231.4 177,523 4,892,802 36.3 2.95(2.91, 2.98)*
Mortality rates are listed in 1000 person years. MRR, mortality rate ratio; Cl, confidence interval; N, number
of deaths; PY, person years, MR, mortality rates; ? adjusted/stratified for age, calendar year, and sex; *, P
value <.00001;
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Figure 1 presents the MRR time trends for women and men with and without dementia, acute IHD, and
cancer. MRRs was significantly higher in dementia compared with people without dementia throughout the
20-year period. Similar trends were observed for acute IHD and cancer. Adjusted for age, sex, and calendar
year, the MRR was 2.91 (95% Cl: 2.90-2.93) in people with dementia compared with the general elderly

population without dementia.

Figure 2 presents MRR time trends using the reference value of 1.00 in 1996 for dementia, acute IHD,
cancer, and the total elderly population. For both women and men with dementia, the MRRs declined at
the same speed as in the general population, just as a similar decline was observed in MRRs for both groups
when comparing each year from 1997-2015 to the index year 1996. The MRRs, in contrast, declined
significantly faster in acute IHD and cancer compared with the general population.

Figure 3 shows Kaplan-Meier curves for women and men with dementia, acute IHD, cancer, and the general
elderly population. A steeper decline in survival was observed in the first months after onset of acute IHD

and cancer compared with dementia.

Figure 4 presents 1- and 5-year probabilities of survival in the same groups. In women and men with
dementia, the 1-year survival probabilities were lower compared with the whole elderly population in all
age groups. However, they were higher in women and men with dementia compared with acute IHD and
cancer. The 5-year probability of survival was lower for the dementia, acute IHD, and cancer groups
compared with the general elderly population in both sexes for all age strata. In women, the 5-year survival
probability was lower in dementia than in acute IHD in women age <80 years, whereas in age >80 years,
they were comparable. Women with dementia age <85 years had a higher 5-year probability of survival
compared with cancer, whereas it was lower in women with dementia age >85 years.

When comparing 5-year survival probabilities in men, they were substantially lower in dementia than in
acute IHD. Comparing men with dementia to those with cancer, 5-year survival probabilities were similar in
the age group 65—-69 years, but in all older age groups, the probability of survival was lower for men with
dementia than for men with cancer.

Lastly, we calculated the 50% fractiles of the survival curves, i.e. how many years have passed before half of
the population in each subgroup has died (Supplementary Material, Table S1 and S2). In women and men
with dementia < 75years, the 50% fractiles were comparable to or lower than for those with acute IHD,

cancer, and the general elderly population.
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Fig. 1 Time trend of all-cause mortality for women and men
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interval.
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Fig. 2 Time trend of all-cause mortality for women and men
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Fig. 3 Survival for women and men
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Fig. 3 Survival for women and men
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Fig. 4 1-year and 5-year survival for women and men
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DISCUSSION

To our knowledge, this is the first study of time trends in mortality for dementia in an entire national
population. In accordance with previous findings, our study confirmed that all-cause mortality rates in
dementia were higher than in people without dementia [3]. Although MRRs in dementia declined over the
20-year period, it occurred at the same rate as in those without dementia, leaving the excess mortality in
people with dementia unchanged. In contrast, the excess mortality from acute IHD and cancer was

significantly reduced during the same period.

Our results highlight the fact that dementia is associated with increased mortality at all ages. Even though
the MRRs were higher in the youngest of the elderly when comparing people with and without dementia, a
dementia diagnosis was associated with significantly higher MRRs in women and men in all age groups.
Furthermore, the 5-year probability of survival after a dementia diagnosis was largely comparable to the 5-
year probability of survival after acute IHD or a cancer diagnosis. We believe this age-related difference in
MRRs is associated to the fact that the risk of mortality increases with age, which means that it is generally
high in people age >90 years. The risk of mortality is also affected by comorbidities, which are more
frequent in the most elderly. Thus, when comparing the people in the youngest dementia groups with the
general elderly population in the same age group, the latter will have fewer comorbidities and are at a
lower risk of dying. However, in the oldest age groups mortality rates are generally higher and the
frequency of comorbidities are similar in people with and without dementia. Thus, in the youngest there is
a greater difference in MRR between people with and without dementia because the background mortality

is low and, compared to their peers, people with dementia have more comorbidities.

We found that, over a 20-year period, the age- and sex-adjusted MRR was about 2.9 times higher in people
with dementia compared with people without dementia. In their meta-analysis, Dewey and Saz estimated a
similarly increased mortality risk for people with dementia (odds ratio: 2.63, 95% Cl: 2.17-3.21) [20].
However, only few studies have investigated time trends of mortality. Our findings of declining mortality
are in line with findings from four population-based studies, one from Sweden, two from the Netherlands,
and one from Japan [8,10,11,21]. In contrast, two other studies found a tendency of increasing mortality in
dementia. A German study based on health claims registry data from 2006—-2007 to 2009—-2010 found that
mortality with dementia tended to be lower in the first period, although this was only significant in women
[9]. This study observed mortality in dementia over a relatively short period. Similarly, a U.S. study based on
data from a population-based longitudinal survey observed that the 2-year mortality was higher in
individuals with moderate and severe cognitive impairment in 2002—2004 compared with 1993-1995 [7].

However, these results were not significant. To conclude, there is limited evidence of an increase in
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mortality in dementia, and our study results, based on data from an entire national elderly population over

a 20-year period, add weight to the scientific evidence that mortality in dementia is declining.

From 1996-2015, the mortality rates declined more in men compared with women in the groups with
dementia, cancer, and the general elderly population. For men and women with acute IHD, the mortality
rates declined at a similar rate. Interestingly, life expectancy is higher in women than in men. From 2000—
2015, this sex gap in Denmark narrowed by nearly one year [22]. Thus, we believe that the steeper decline
in mortality rates seen in most groups of men may be explained by an increased life expectancy in men in

general.

Most dementias are progressive, fatal brain diseases, which means that dementia alone contributes to an
increased risk of death [23]. It is also well-established that increased mortality in dementia is related to the
level of severity and subtype of dementia [24—-28]. We did not investigate the potential contributors of
other possible causes for the excess mortality in people with dementia found in our study. Previous studies
suggest that increased mortality in dementia may also be related to polypharmacy [23,29], antipsychotics
[30], frailty [29,31], co-occurring chronic conditions [24], and functional impairment [32]. Furthermore, it is
possible that insufficient treatment of other health conditions, unhealthy lifestyle, and compromised access

to healthcare due to a dementia diagnosis may contribute to the excess mortality.

We observed a decline in mortality rates in elderly people with and without dementia. There are several
possible explanations for this finding. First, the health of the entire elderly population with and without
dementia has generally improved. Second, increased awareness about dementia and improved dementia
care during our study period may have also contributed to the decline in mortality. Third, an artificial
decline in mortality rates of dementia unrelated to improved health may be due to earlier age at diagnosis.
If there had been a shift towards earlier diagnosis while overall life expectancy remained unchanged, this
would, somewhat misleadingly, result in increased survival after dementia diagnosis. Even though, our
previous study on declining incidence of dementia in Denmark showed that median age at diagnosis did not
change significantly from 1996 to 2015 [19], it is still possible that diagnoses towards the end of the study
were registered at an earlier stage of the disease process.

The mortality gap between people with acute IHD or cancer and the general elderly population was
reduced during the same 20-year period. The period covered by the present study saw the development of
better and more efficacious treatments, just as the diseases we examined were and are a priority in the
Danish healthcare sector, with full government support [33,34]. For example, the treatment and

organization of healthcare for acute IHD improved. From 1997-1998 to 2009-2010, the practice of
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revascularization (percutaneous coronary intervention) after onset of acute myocardial infarction increased

from 2.5% to 38.2%, while the use of statins and clopidogrel also increased even more markedly [34].

Although multiple disease-modifying drugs against Alzheimer’s disease are in the pipeline, no new
medications have been approved since 2003, and numerous attempts to find more effective drugs have
failed [35]. Nonetheless, several actions can be taken to possibly reduce mortality in dementia, for
instance, better treatment of comorbidities, a reduction in polypharmacy and inappropriate medications,

and improved access to healthcare to reduce functional impairment and frailty in people with dementia.

This study also assessed survival after first diagnoses. For 1- and 5-year survival probabilities, we observed
that survival was higher in the general elderly population, as compared to people with dementia, acute IHD,
or cancer. Nonetheless, 1-year survival for women and men with dementia was significantly higher than for
those with acute IHD and cancer. We believe this reflects the difference in the disease development and
time course of the three conditions examined. Acute IHD has the highest mortality on the day of onset and
closely after, which is why the general standard for reporting mortality is 30-day survival [36]. Our
definition of cancer covers a broad range of cancer diseases with very large differences in disease
progression patterns. The reason why the 1-year survival in cancer was lower than for dementia is related
to the fact that some cancer types are fatal very early in the course of the disease, e.g. pancreas, liver,

brain, lung, and esophagus cancer [37].

In terms of the 5-year survival probabilities, we observed different patterns for women and men when
comparing dementia with cancer and acute IHD. In general, the 5-year survival probability for the three
disease groups ranged from 0.72-0.11 in women and 0.74—-0.04 in men, according to age groups. In women
age <80 years, the 5-year survival was lowest in cancer, higher in dementia, and highest in acute IHD,
whereas in women age >80 years, the three diseases are largely comparable.

Overall, being diagnosed with dementia was more dangerous in men than a diagnosis of acute IHD and
cancer. We believe that one of the reasons why survival in men with acute IHD was relatively high may be
related to our selection of the group. From 1997-2010, the median age of first acute myocardial infarction
in men was 64—66 years and 73—75 years in women [34]. The fact that we excluded people with a previous
history of acute IHD prior to the age of 65 may have led to selection bias, possibly favoring men who were

healthier than the average male with acute IHD.

This study, which is based on routine healthcare data from the secondary sector, has limitations. Hence, for
dementia, one of the limitations is that we do not have access to data on, e.g., cognitive status or physical
performance status, that may affect mortality in dementia. Studies have shown that mortality differs

according to the various subtypes of dementia [24-26]. We would be interested in performing additional
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analyses investigating subtypes but, even though the dementia syndrome diagnosis has high validity in
Danish national registries, the validity of dementia subtype diagnoses is limited [38]. Our definition of
cancer is heterogeneous. As mortality varies with cancer subtypes [33], the time trend of mortality may
have changed differently for the various subtypes during our study period. Furthermore, the steep
decrease in cancer mortality may partly be mediated by earlier time of diagnosis due to screening regimes
for some cancer subtypes. In addition, not everyone with dementia is registered in our secondary
healthcare registries. Our previous study showed that there were 36,129 people age 265 years registered
with dementia in Denmark in 2015 [19]. Nevertheless, extrapolations from population-based studies
estimate the prevalence of dementia in Denmark to be around 87,000 [39]. Thus, a considerable number of
people with dementia are either undiagnosed or diagnosed in primary care only. We hypothesize that
possibly unregistered individuals with dementia may represent those with the mildest and the most severe
symptoms. The inability to include these groups may have influenced our results. However, having the
entire Danish elderly population as our reference group we believe the contamination of the comparison
group is limited. Thus, the underreporting of dementia in the registries may only lead to a limited

underestimate of the association between dementia and excess mortality.

Among the strengths of our study is the use of data from an entire large, unselected national cohort with
minimal dropout, no missing data, and a large sample size. Second, our data is continuous in terms of time,
enabling us to assess time trends at yearly intervals. This strengthens our time-trend analysis as compared

to only comparing two or a few points in time.

The validity of dementia syndrome diagnoses in the Danish registries used in this study has been assessed

and found to be correct in 85.8% of cases [38].

We believe our results are generalizable to high-income Western countries with similar improvements in

health in the elderly population over the last 20 years and with equal access to healthcare.

CONCLUSION

This study demonstrated that dementia is associated to a considerably increased mortality in women and
men of all age groups. The mortality rates declined for dementia over the 20-year period under study.
However, contrary to our hypothesis, we found that the mortality gap between people with dementia and
the general elderly population was not reduced, despite a stronger focus on appropriate care for people
with dementia during the study period. In the future, the discovery of more efficacious disease-modifying

treatments may hopefully contribute to lower mortality. In the meantime, initiatives for improving health
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and decreasing mortality in people with dementia are still highly relevant and can include improving the
treatment of comorbidities and the organization of support and healthcare services for people with

dementia.
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Supplementary Material (Appendix)

Cumulative Incidence: Composition of Cohort Representing the General Elderly Population

We calculated cumulative incidence rates of death for dementia, acute IHD, and cancer. To put these
results into perspective, we wanted to be able to compare our results to the Danish elderly population.
However, cumulative incidence rates depend on a defined time of onset. For dementia, acute IHD, and
cancer, this is the date the disease was first registered. As the general population did not have a date of
onset, we had to construct a reference group representing the entire Danish elderly population from 2000-
2015.

We evaluated point prevalence on June 1 in 2000, 2005, and 2010, stratified by 5-year age groups.

On June 1, in each of the three years selected, we created a cohort representing the population for each of

the six age groups (65—69, 70-74, 75-79, 80—84, 85—-89, 90+).

This meant that people could occur in more than one group. If someone appeared in more than one group,
it was indicated as separate lines of data. To prevent this, we assigned everyone a random number and
sorted them based on that number. If someone was represented by more than one line of data, the first

line was used and the rest deleted.
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Table S1. The table shows 50% fractiles in years for women with dementia. acute ischemic heart disease (IHD), cancer, and all women aged >65 years.

Dementia Acute IHD Cancer All 265 years

Women Women Women Women
Age 50% fractile 95% CI 50% fractile 95% ClI 50% fractile 95% ClI 50% fractile 95% ClI
65-69 6.5 (6.3- 6.7) 12.2] (11.5- 12.6) 9.6 (9.3- 9.8) >15* - -
70-74 5.6 (5.5- 5.8) 7.6 (7.4- 8.0) 5.0 (4.8- 5.2) 14.1| (14.0- 14.2)
75-79 4.6 (4.5- 4.7) 4.7 (4.5- 5.0) 3.1 (3.0- 3.2) 10.3| (10.2- 10.4)
80-84 3.8 (3.7- 3.8) 2.6 (2.5- 2.8) 2.1 (2.0- 2.2) 7.1 (7.1- 7.2)
85-89 27 (2.7- 2.8) 1.3 1.2- 1.4) 1.6 1.5- 1.7) 4.7 (4.7- 4.8)
90+ 1.6 (1.5- 1.6) 0.5 (0.4- 0.7) 1.1 (1.0- 1.2) 2.7 (2.7- 2.8)

*The maximum follow-up time was 15 years. Thus, the 50% fractile was not reached for this age group during the 15 years.

Table S2. The table shows 50% fractiles in years for men with dementia. acute ischemic heart disease (IHD), cancer, and all men aged >65 years.

Dementia Acute IHD Cancer All 265 years
Men Men Men Men
Age 50% fractile 95% Cl 50% fractile 95% Cl 50% fractile 95% Cl 50% fractile 95% Cl
65-69 55 (5.2- 5.6) 11.8 (11.5- 12.2) 6.4 (6.2- 6.6) >15* - -
70-74 4.3 (4.2- 4.4) 8.0 (7.8- 8.3) 4.3 (4.2- 4.4) 11.6| (11.5- 11.7)
75-79 3.4 (3.3- 3.5) 4.3 (4.1- 4.5) 2.8 (2.7- 2.8) 8.1 (8.0- 8.1)
80-84 2.6 (2.5- 2.7) 2.2 (2.0- 2.3) 1.9 (1.8- 1.9 5.6 (5.5- 5.6)
85-89 1.8 1.7- 1.9 0.9 (0.8- 1.0) 1.3 (1.2- 1.3) 3.6 (3.6- 3.7)
90+ 1.0 (0.9- 1.1) 0.4 (0.3- 0.5) 0.9 (0.8- 1.0) 2.4 (2.3- 2.4)

*The maximum follow-up time was 15 years. Thus, the 50% fractile was not reached for this age group during the 15 years.
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Abstract

Background: Mortality is known to be markedly increased in people with dementia. However, the
association between multiple chronic conditions and mortality in dementia is not well clarified. The aim
of this study was to investigate the impact of somatic and psychiatric diseases on mortality in dementia

compared with the general elderly population.

Methods: Using a cohort study design, nationwide registry data from 2006—2015 on dementia and
psychiatric and somatic comorbidities defined by the Charlson Comorbidity Index (CCl) were linked.
Impact of chronic conditions was assessed by mortality rate ratios (MRR) in all Danish residents 265

years with and without dementia.

Results: Our population comprised 1,518,917 people, of whom 114,109 people were registered with
dementia. MRR was 2.70 (95% Cl 2.68, 2.72) in people with dementia after adjusting for sex, age,
calendar year, and comorbidities. MRR increased with higher CCl score, and when comparing people

with a similar comorbidity load, MRRs were significantly higher for people with dementia.

Conclusions: The comorbidity load was associated with increased mortality in both people with and
without dementia. Mortality in dementia remained increased, even after adjusting for psychiatric and
chronic somatic comorbidities. Our findings suggest that dementia disorders alone contribute to excess

mortality, which may be further increased by comorbidities.
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Introduction

Mortality is markedly increased in people with dementia (1). This excess mortality is complex and
associated with multiple factors, such as age (2—8), being male (6-9), dementia subtype and severity (10),
reduction in activities of daily living (2,4,11,12), institutionalization (3), and possibly low cognitive
performance (2,3,6,9,13,14). Concurrent chronic comorbidities have also been linked to increased mortality
in people with dementia (1,15,16), just as specific comorbidities have been found to increase mortality in
dementia, including cerebrovascular disease (15), diabetes (16), and hypertension (16). It is possible that
insufficient treatment of comorbidities could attribute to excess mortality in dementia. However, studies
investigating the association between the load of chronic comorbidities and mortality in people with and

without dementia are scarce (17,18).

Globally, the number of people living with dementia is increasing, and due to higher life expectancy, it is
expected to increase more rapidly during the next decades (19). The prevalence of comorbidities also
increases with age. Therefore, in understanding the association between comorbidities and mortality in the

growing population of people with dementia more knowledge is needed.

Our study comprised three hypotheses: 1) the presence of other somatic diseases and psychiatric
conditions is associated with increased mortality in people with dementia; 2) even after adjusting for
comorbidities, people with dementia will have higher mortality compared with people without dementia;
and 3) people with chronic somatic or psychiatric conditions and dementia have excess mortality compared

with people with the same chronic somatic or psychiatric conditions and without dementia.

Denmark’s longstanding practice of assigning all residents an individual personal identification number
means that Danish national registries represented unique data sources for investigating the three
hypotheses in an entire national population. The aim of this study was to investigate the impact of
psychiatric and somatic conditions on mortality in people with dementia compared to people without

dementia.

Methods
Study design and data sources

The study was designed as a registry-based cohort study using data from Danish national registries: the
Danish Civil Registration System, the Danish National Patient Registry, the Psychiatric Central Register, the

National Prescription Registry, and Statistics Denmark (20-23). Denmark has universal free access to health
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care. The second and third registries just listed include information on all contacts to the secondary health

care system since 1995. The registries have previously been described (24).

We obtained data on all hospital-based psychiatric diagnoses from 1970 to 2015 and on all somatic
diagnoses from 1977 to 2015, and dementia medications from 1995 to 2015. Data were made available
through Statistics Denmark, which also provided data on immigration and date of death. Data were linked

using anonymized personal identification numbers.
Study period and study population

The study period was defined as January 1, 2006 to December 31, 2015. Within this ten-year period all
Danish residents and immigrants to Denmark aged 265 years were included. Each person was considered at
risk of death from time of inclusion until death, emigration, loss to follow-up, the day they turned 110 years
old, or until the study period ended, whichever occurred first. People were censored at the age of 110 as

the risk of accidental misregistration at this age was considered high (although rare).
Definition of dementia

Dementia was defined as either being registered with a dementia diagnosis in the Danish National Patient
Registry or the Psychiatric Central Register or as having filled a prescription for an anti-dementia
medication. Tables S1 and S2 in the Supplementary Material present the diagnosis codes and Anatomical
Therapeutic Chemical codes for this identification. Date of dementia onset was defined as either the date
of the first hospital contact (in- or outpatient) where a dementia diagnosis was registered, or the date an
anti-dementia drug prescription was fill for the first time, whichever occurred first. Dementia is usually
diagnosed in a hospital setting in Denmark. As we wanted to examine late-onset dementia, we excluded

people registered with dementia prior to age 65.
Definition of comorbidities

Comorbidities were defined as continuous variables, and risk time was delineated as the disease being
absent or present. We included information on 19 somatic diseases and four categories of psychiatric

conditions.
Somatic conditions

In accordance with the Charlson Comorbidity Index (CCI) method, all comorbidities were defined as
continuous variables based on weighted comorbidity scores. Comorbidity scores assign weights, from 1-6,

to each comorbidity for every individual, who are then given a sum of the weights based on all present
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comorbidities. A CCl score of zero represents no comorbidities, and a score from 1 to >6 represents a

gradually higher load of comorbidities (25).

To examine the load of comorbidities, we used a modified version of CCl in which dementia was excluded,
leaving 18 chronic somatic conditions: 1) myocardial infarction, 2) congestive heart disease, 3) peripheral
vascular disease, 4) cerebrovascular disease, 5) chronic pulmonary disease, 6) connective tissue disease, 7)
ulcer disease, 8) mild liver disease, 9) diabetes mellitus, 10) hemiplegia, 11) moderate/severe renal disease,
12) diabetes mellitus with chronic complications, 13) any tumor, 14) leukemia, 15) lymphoma, 16)

moderate/severe liver disease, 17) metastatic solid tumor, and 18) AIDS.

As atrial fibrillation is a known risk factor for developing dementia and could have an impact on mortality in
dementia, we added it to the list of investigated somatic diseases without including it in the CCI. In this

study, the modified CCl will be referred to as the CCl. Table S3 presents the diagnostic codes.
Psychiatric conditions

A recent study investigating psychiatric diseases and mortality found that all classes of psychiatric diseases
were related to excess mortality, even single episodes of depression (26). Thus, we believe that the

psychiatric diseases listed can have a potential effect on mortality, even after being declared cured.

We included data on four groups of psychiatric conditions: 1) mental and behavioral disorders due to
psychoactive substance abuse; 2) schizophrenia and related disorders; 3) affective disorders; and 4)

neurotic, stress-related and somatoform disorders. Table S4 presents the diagnosis codes.
Statistics

We used Poisson regression to calculate mortality rate ratios (MRR) with SAS, version 9.4 (SAS Institute Inc.,
Cary, North Carolina, U.S.A.). First, we assessed MRR comparing women and men, respectively, with and
without dementia stratified by CCl scores of 0 to 26. The reference group was defined as people without
dementia with a CCl score of zero (reference value was 1.00). Second, we quantified the excess mortality by
assessing MRR for men and women by CCl score stratified into five-year age groups (65-69, 70-74, 75-79,
80-84, 85—89, and 290 years). For each age- and CCl score-stratified groups, the reference groups were
defined as 1.00 in the same age- and CCl score group without dementia. Thus, in these analyses, the effect
of an increasing CCl score on mortality was annulled. Third, we assessed MRR for the selected 23
comorbidities in combination with dementia by defining the reference as 1.00 for women and men who
had the specific comorbidity but not dementia. Fourth, we assessed MRR using three different models

adjusting for the listed covariates: model 1: age and calendar year; model 2: model 1 plus selected
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psychiatric conditions (substance abuse disorders, schizophrenia, affective disorders, and neurotic, stress-
related, and somatoform disorders); model 3: model 2 plus atrial fibrillation and somatic diseases included
in CCl. Additionally, we performed a sensitivity analysis equivalent to Model 1-3, including only incident
cases diagnosed with dementia at age 265 years during the period from January 1, 2006 to December 31,

2015.
Statistical significance was defined according to a 5% significance level.
Data approvals

This study was approved by the Danish Data Protection Agency, Statistics Denmark, and the Danish Health
and Medicines Authority. Using anonymized registry data, no ethics committee approval was required by

Danish law.

Results

Our population comprised 1,518,917 people 265 years of age (women: 820,758; men: 698,159) observed
over 9,433,208 person years (women: 5,008,459; men: 4,209,921). There were 114,109 people (women:
71,528; men: 42,581) registered with dementia, accounting for 326,112 person years (women: 214,828;
men: 111,284). Mean follow-up time for people without dementia was 6.48 years and 2.86 years for people
with dementia. During the ten-year period, 439,205 people died (women: 234,517; men: 204,688) of whom
77,409 were registered with dementia (women: 48,295; men: 29,114). Table 1A and 1B show descriptive
data of the population. Additionally, we calculated the distribution of person years for the five-year age
groups by CCl score (Tables S5 and S6). In people with dementia <85 years, the percentage of years lived
with a low CCl scores was markedly lower than those without dementia, whereas in people >85 years, the

distribution was similar in people with and without dementia.
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TABLE 1A Demographic data for the Danish elderly population, 2006 to 2015, stratified by sex and dementia status; number of persons, number of
deaths, person years, crude mortality rates, mean age in 2006 and 2015, and the average mean age at death. Number of deaths, person years, and

crude mortality rates are presented in five-year age strata.

N, persons

Person years

Mean age, January 1, 2006 (SD)

83.8

Women

71,528

214,828

(6.5)

749,230

5,008,459

759 (7.7)

Men

42,581

111,284

81.1 (6.5)

655,578

4,098,637

74.1 (6.8)

65-69 years N, deaths

Person years

Average mean age at death (SD)

Mortality rate, per 100 person years

87.1

(6.5)

331

6.8

17,026

83.1 (9.0)

18422

1.2

1,198,014

84.1 (6.5)

576

10.5

15,918

79.6 (8.3)

27,506

1.8

1,076,665




75-79 years

N, deaths

Mortality rate, per 100 person years

4717

13.5

28035

3.1

4795

19.0

33,492

4.6

85-89 years

Person years

N, deaths

Mortality rate, per 100 person years

Person years

54,791

14,710

24.6

43,370

656,181

36,770

8.7

245,889

30,535

8334

35.3

10,419

452,816

28,582

12.6

88,180




TABLE 1B Descriptive data for the Danish elderly population, 2006 to 2015, stratified by sex and dementia status; number of persons, number of
deaths, person years, crude mortality rates stratified by the Charlson Comorbidity Index score and by the occurrence of psychiatric comorbidity.

0 N, deaths

Mortality rate, per 100 person years

Women

13,056

15.7

27,597

1.0

Men

5698

16.5

20677

1.0

Person years

Person years

2 N, deaths

Mortality rate, per 100 person years

48,683

9154

24.2

19,573

803,780

36,495

4.7

282,883

25,524

5362

27.2

11,939

709,212

30477

5.0

270,484

4 N, deaths

3421

17,640

2600

18,748




Mortality rate, per 100 person years

Person years

N, deaths

Mortality rate, per 100 person years

N, deaths

Mortality rate, per 100 person years

Person years

32.7

6917

3405

42.2

39,494

22.9

11.3

111,188

28,039

25.6

165,189

3.6

36.3

4919

3483

47.0

24,916

26.4

11.3

110,479

38,508

27.7

161,592

4.1

42,044 376,503 16,873 203,517




Figure 1 presents the age- and calendar-year adjusted MRR stratified by CCl score for men and women. The
MRR increased with higher CCl scores and was significantly higher for men and women with dementia for
all CCl scores compared to those without dementia. Additionally, the highest difference in MRR between

people with and without dementia was observed in the groups with zero or few comorbidities.

Figure 1A and 1B Mortality by Charlson Comorbidity Index

Mortality rate ratios adjusted for age and calendar year for women (Figure 1A) and men (Figure 1B)
stratified by Charlson Comorbidity Index. The reference is defined as 1.00 for women and men without
dementia with a CCl score of zero. Error bars represent 95% confidence intervals.

1A
20 mm No dementia

Bm Dementia

10

Mortality rate ratio

--2=-. .- - - Reference 1.00

Charlson Comorbidity Index Score

Figure 1A Age- and calendar year-adjusted mortality by Charlson Comorbidity Index in women

1B

20 = No dementia

B Dementia

20

10

Mortality rate ratio

--2= - - - - Reference 1.00

Charlson Comorbidity Index Score

Figure 1B Age- and calendar year-adjusted mortality by Charlson Comorbidity Index in men
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Figure 2 presents the excess mortality related to women and men with dementia stratified by age and CCl
score. Excess mortality was most predominant in the youngest age groups with a low CCl score. The
mortality was significantly higher for women and men in all age- and CCl score groups when compared with
women and men without dementia. Furthermore, we observed a higher excess mortality in women than in

men.

Figure 3 illustrates the excess mortality when comparing mortality in women and men with selected
chronic conditions to those with the chronic conditions and dementia. For all individuals with any of the
chronic somatic and psychiatric conditions, also having dementia was associated with a significantly higher

mortality.

Table 2 presents three models of MRR for women and men with dementia adjusted for age divided into
five-year age groups. The reference groups were women and men, respectively, in the same age groups
without dementia. Model 1 was adjusted for age and calendar year. The results showed that the MRR was
highest in the 65-69-year-old age groups (women: 5.39 (95% Cl: 4.84, 6.01); men: 5.41 (95% Cl: 4.98, 5.88))
and lowest in the 290 year-old age groups (women: 2.06 (95% Cl: 2.03, 2.10); men: 2.21 (95%Cl: 2.15,
2.28)). In model 3, we adjusted for chronic psychiatric and somatic diseases and observed a decline in MRR
for the 65—69-year-old age groups (women: 2.73 (95%Cl: 2.44, 3.05); men: 3.34 (95%Cl: 3.07, 3.63)),
whereas the MRR in the 290-year-old age groups was stable (women: 2.04 (95%Cl: 2.00, 2.08); men 2.17
(95% Cl: 2.10, 2.24)). The sensitivity analysis on incident cases did not change the results (Table S7).
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Figure 2A and 2B Excess mortality by Charlson Comorbidity Index

The age and calendar year-adjusted mortality rate ratios (MRR) are presented for women (Figure 2A) and
men (Figure 2B) with dementia in five-year age groups stratified by Charlson Comorbidity Index (CCl). For
each of the age groups and CCl scores, the reference is defined as 1.00 for women and men without
dementia in the same age group and with the same CCl score. Thus, MRR becomes a measure of the excess
mortality stratified by CCl score. Error bars represent 95% confidence intervals.
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20-
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8 15 B 70-74y
©
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©
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Figure 2A Excess mortality in women with dementia by Charlson Comorbidity Index

2B
20+

65-69 y
B 70-74y
75-79y
I 80-84y
85-89y
>90y

Mortality rate ratio
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Charlson Comorbidity Index Score

Figure 2B Excess mortality in men with dementia by Charlson Comorbidity Index
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Figure 3 Excess mortality in dementia and concurring comorbidities

Excess mortality in women and men with dementia and selected comorbidities. The reference is defined as
1.00 for women and men without dementia but with the selected comorbidities. Error bars represent 95%
confidence interval. Results for AIDS are not presented due to low sample size.
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TABLE 2 Mortality rate ratios are presented for women and men in five-year age strata and an age-adjusted average. In each of the three models

presented, the reference is defined as 1.00 for women and men without dementia in each of the five-year age stratum.

Age

Age-adjusted average

65-69 years
70-74 years
75-79 years
80-84 years
85—-89 years

290 years

Model 1 Model 2 Model 3
Adjusted for age and calendar year Adjusted for age, calendar year and Adjusted for age, calendar year, and
psychiatric conditions psychiatric and chronic somatic
conditions

Women with dementia Women with dementia Women with dementia

MRR 95% CI MRR 95% CI MRR 95% CI

2.78 (2.75, 2.81) 2.66 (2.63, 2.68) 2.61 (2.59, 2.64)

5.38 (4.82, 6.00) 3.97 (3.55, 4.43) 2.70" (2.41, 3.01)

5.33 (5.08, 5.60) 4.51 (4.29, 4.74) 3.29% (3.12, 3.46)

4.16 (4.04, 4.29) 3.79 (3.67, 3.91) 3.24% (3.14, 3.35)

3.46 (3.38, 3.54) 3.31 (3.24, 3.39) 3.12% (3.05, 3.19)

2.77 (2.71, 2.82) 2.70 (2.65, 2.76) 2.67+ (2.61, 2.72)

2.06 (2.03, 2.10) 2.04 (2.01, 2.08) 2.04% (2.00, 2.08)



Men with dementia

Age MRR
Age-adjusted average 3.09
65-69 years 5.40
70-74 years 4.69
75-79 years 4.00
80-84 years 3.28
85—-89 years 2.76
290 years 2.21

95% Ci

(3.05,
(4.97,
(4.49,
(3.88,
(3.20,
(2.69,

(2.15,

3.13)
5.87)
4.90)
4.12)
3.36)
2.83)

2.28)

Men with dementia

MRR

2.93

4.26

4.10

3.73

3.18

2.71

2.19

95% Cl
(2.89, 2.97)
(3.92, 4.63)
(3.92, 4.28)
(3.61, 3.84)
(3.10, 3.26)
(2.64, 2.78)

(2.13, 2.26)

Men with dementia

MRR

2.83%

3.34%

3.39%

3.44%

3.01%

2.64%

2.17%

95% Cl
(2.79, 2.87)
(3.07, 3.63)
(3.24, 3.54)
(3.33, 3.55)
(2.93, 3.09)
(2.57, 2.70)

(2.10, 2.24)

"Leukemia, lymphoma, and AIDS has been excluded from the model due to low sample size. fAIDS has been excluded from the model due to low

sample size. Abbreviations: MRR, mortality rate ratio



Discussion

This is the first nationwide study to investigate the impact of comorbid psychiatric and somatic conditions
on mortality in dementia compared with the general elderly population. We found that a higher load of
somatic comorbidities, captured by the CCl, was associated with a higher mortality. Although the excess
mortality in people with dementia was most pronounced in groups with no or few comorbidities compared

with the general elderly population, it was, nonetheless, significantly higher for all CCl score groups.

In our fully adjusted model where we adjusted for calendar year, age, and psychiatric and somatic
comorbidities, mortality remained more than double that in people with dementia compared with the
general elderly population. Thus, our data suggest that the excess mortality in dementia cannot solely be
explained by the load of comorbidities. Finally, for each of the investigated somatic and psychiatric
conditions, having a coexisting dementia disease was associated with a significantly higher mortality, even

in terms of metastatic cancer.

It is difficult to compare our results with other studies because, to the best of our knowledge, there are no
studies available investigating the impact of multiple comorbidities in people with dementia in a complete
nationwide population. However, a Canadian study based on data from physicians, hospital admissions,
ambulatory care utilization, and clinical laboratory results included the entire elderly population of Alberta
(N =610,457) for practical purposes (17). The study investigated the impact of 29 comorbidities, as well as
occurrence of multiple comorbidities on the risk of mortality in people with dementia compared with
people without (17). In line with our results, they reported that 1) mortality increased with the number of
comorbidities for all elderly people but was significantly higher in people with dementia, and that 2)
differences in hazard ratios for mortality comparing people with and without dementia were reduced with
an increasing number of comorbidities and were attenuated with increasing age (17). When comparing the
hazard ratios from the Canadian study with our MRR, our values were markedly higher, especially in the
youngest age groups with few comorbidities. These differences could be explained by 1) the Canadian study
included more comorbidities, thus increasing the risk of having comorbidities; 2) our study only included
data on comorbidities diagnoses from the secondary health sector, hereby possibly reflecting more severe
diseases or disease stage; and 3) our study adjusted for calendar year. Thus, overall, our findings give
weight to the existing knowledge that mortality in people with dementia increases with the number of
comorbidities. The importance of including information about comorbidities when assessing risk of
mortality was also emphasized by Haaksma et al. (18). They introduced a survival prediction table,

estimating three-year survival probability after dementia diagnoses (18). The four strongest predictors of
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mortality were included in the model (age, sex, comorbidities, and global cognition). Hereby, the model

predicted three-year survival probability accurately 70-71% of the time in a primary care setting (18).

In this study, we also assessed mortality in people with dementia compared with the general elderly
population. In our fully adjusted model (age, calendar year, psychiatric and somatic comorbidities), the
MRR was 2.70 (95% Cl: 2.68, 2.72). Other studies have assessed mortality in smaller populations comparing
people and without dementia, adjusted for multiple comorbidities (27-29). They found hazard ratios of
mortality of 1.47 (95% Cl: 1.35, 1.60) (27); 2.07 (95% Cl: 1.62, 2.66) (28); and a relative risk of 1.80 (95% Cl:
1.46, 2.21) (29). However, these results all included adjustments for activities of daily living or level of care.
Furthermore, two of these studies assessed comorbidities at time of diagnosis of dementia or baseline only
(27,28), whereas our comorbidities were continuous variables, allowing the number of comorbidities to

increase throughout the study period. These two factors may explain why we found a higher MRR.

Our data suggest that the excess mortality in dementia cannot solely be explained by the load of
comorbidities. We believe that the excess mortality is caused by the dementia disorder per se, as most
dementia disorders are progressive, fatal brain diseases. There are several possible explanations for the
excess mortality in dementia. First, there may be an association between frailty, dementia, and mortality.
Frailty, identified as a risk factor for developing dementia (30), has also been associated to increased risk of
mortality in people with dementia (31,32). Furthermore, an autopsy study by Wallace et. al. reported that
people with less frailty were less likely to develop Alzheimer’s dementia clinically, despite similar
neuropathological Alzheimer’s pathology in their brains, whereas people who were more frail were more
likely to express both neuropathological changes and clinical dementia symptoms (33). Frailty may be a
moderator of the Alzheimer’s disease pathology and a risk factor of Alzheimer’s dementia. In our study, we
did not investigate the impact of frailty in people with dementia. However, we believe that increased frailty
could lead to increased risk of dementia, further increasing mortality. As a result, frailty could potentially

explain some of the observed excess mortality in dementia in our study.

Second, people with dementia have a different risk factor profile than people without dementia. A review
identified nine comorbidities to be more frequent in people with dementia (falls, delirium, epilepsy, weight
loss and nutritional disorders, incontinence, sleep disturbances, visual dysfunction, oral disease, and frailty)
(30) whereas a population-based study found that other comorbidities were less frequent (hypertension,
type 2 diabetes mellitus, ischemic heart disease, angina, and myocardial infarction) (34). There is also the

issue of whether comorbidities were actually less prevalent or just underdiagnosed (34).

Third, we believe that there might be higher risk of inappropriate or insufficient treatment of other

diseases in people with dementia and that this could increase mortality. For example, a review by Bunn et
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al. found some evidence that people with dementia and diabetes or visual impairment did not have the
same access to care as people with diabetes or visual impairment without dementia (35). We believe that a

difference in management of comorbidities could attribute to the excess mortality in dementia.

We found that in the youngest age groups, MRR was reduced significantly when adjusting for
comorbidities, whereas the adjustments did not change much in the oldest age groups. Younger age was
associated with higher MRR after adjusting for comorbidities. We believe that there are three possible
explanations for this. First, the mortality for people >85 years of age is already high, which is why
concurring conditions do not increase the mortality as much proportionally. Second, since comorbidities
were more frequent in the oldest age groups and the distribution of comorbidities was similar in people
>85 years of age with and without dementia, our results suggest that comorbidities represent an equally
great risk of mortality for people with and without dementia. In other words, the effect of dementia
becomes diluted by having more comorbidities. Third, there may be a difference in the distribution of
dementia subtypes in the various age groups, and this could affect mortality. Onset of frontotemporal
dementia and Lewy body dementia usually occurs earlier compared with Alzheimer’s disease and vascular
dementia. These two first-mentioned dementia subtypes have been reported to have significantly higher
mortality than in Alzheimer’s disease (3). Thus, an unequal distribution of dementia subtypes favoring the
ones with the highest mortality rate in the youngest age groups may partially explain the persistent excess

mortality in our fully adjusted model.
Limitations

This study has limitations. First, different comorbidities may increase the risk of dying from the various
dementia subtypes. However, even though the validity of dementia diagnoses in the Danish national
registries is high, the specific dementia subtypes are not useful, as a large proportion of people have an
unspecific dementia diagnosis (36). Second, the study aims of providing an overview of how a range of
multiple different conditions is associated to mortality in dementia led to broadly defining disease groups.
One example of this is cancer comorbidity since different cancer types and additional subtypes are
associated with different mortality risks (37). Thus, when interpreting our results, the differential mortality
risks for each disease group should be considered. Third, in Denmark, as in many other countries, the
estimated number of people living with dementia is substantially higher than the number of people that
are registered with a diagnosis. A study based on findings from population-based studies estimated that
Denmark would have approximately 87,000 people living with dementia in Denmark in 2015 (38). However,
in our previous study, only 36,000 people were registered with dementia in 2015 (39). Thus, our study may

underestimate the prevalence of dementia. Fourth, we included all diagnoses on comorbidities registered
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from the 1970s to 2015, and it is possible that the use of diagnoses changed during this period, also in
terms of the use of dementia diagnoses in the study period. Fifth, treatments for comorbid conditions may
have had an effect, for example antipsychotics have been associated with increased mortality in older

people (40).
Strengths

A strength of this study is the use of data from an entire, unselected national cohort. The population is
large and represents many person years at risk. The dates of diagnoses and deaths are continuous
variables, where the time intervals are days, which means that the risk time that each person in this study
contribute with is quite accurate. Furthermore, due to follow-up in national registries, this large cohort has
minimal dropouts and no missing data. Our information on comorbidities covered continuous variables
over a long period from the 1970s to 2015, allowing us to track changes in comorbidities until time of
death, instead of assessing a comorbidity status at baseline only. Finally, the registered dementia diagnoses
and somatic conditions have a high validity in the national registries, making them beneficial for use in

epidemiological studies (25,41).
Implications and generalizability

This study identifies people with dementia as a vulnerable group with increased mortality, especially, those
who have concurring chronic comorbidities. Without any disease-modifying treatments for dementia
disorders, attempts to moderate their course through better access to care and treatment of comorbidities
should be strengthened. We believe that the findings from our study are generalizable to other high-

income Western countries with similar access to health care.
Conclusion

The findings of this study emphasize the severity of dementia disorders. Having an additional dementia
disease associated with any of a wide range of somatic or psychiatric conditions was associated with a
significantly higher mortality rate. Mortality in dementia remained high, even after adjusting for psychiatric

and somatic comorbidities, which indicates that dementia disorders alone contribute to excess mortality.

Acknowledgements

The authors thank the Danish Ministry of Health for supporting the Danish Dementia Research Centre.

159



References

1.

10.

Guehne U, Riedel-Heller S, Angermeyer MC. Mortality in dementia: A systematic review.

Neuroepidemiology. 2005;25(3): 153-162. doi:10.1159/000086680

Connors MH, Ames D, Boundy K, Clarnette R, Kurrle S, Mander A, et al. Predictors of Mortality in
Dementia: The PRIME Study. Journal of Alzheimer’s Disease. 2016;52(3): 967-974. doi:10.3233/JAD-
150946

Garcia- Ptacek S, Bahman F, Kareholt I, Religa D, Cuadrado ML, Eriksdotter M. Mortality risk after
dementia diagnosis by dementia type and underlying factors: a cohort of 15,209 patients based on
the Swedish Dementia Registry. Journal of Alzheimer’s disease : JAD. 2014;41(2): 467-477.
doi:10.3233/JAD-131856

Agliero-Torres H, Fratiglioni L, Guo Z, Viitanen M, Winblad B. Prognostic Factors in Very Old
Demented Adults: A Seven-Year Follow-Up From a Population-Based Survey in Stockholm. Journal of

the American Geriatrics Society. 1998;46(4): 444—452. doi:10.1111/j.1532-5415.1998.tb02464.x

Koedam ELGE, Pijnenburg YAL, Deeg DJH, Baak MME, Van Der Vlies AE, Scheltens P, et al. Early-
onset dementia is associated with higher mortality. Dementia and Geriatric Cognitive Disorders.

2008;26(2): 147-152. doi:10.1159/000149585

Steenland K, MacNeil J, Seals R, Levey A. Factors affecting survival of patients with

neurodegenerative disease. Neuroepidemiology. 2010;35(1): 28-35. doi:10.1159/000306055

Villarejo A, Benito-Ledn J, Trincado R, Posada IJ, Puertas-Martin V, Boix R, et al. Dementia-associated
mortality at thirteen years in the NEDICES cohort study. Journal of Alzheimer’s Disease. 2011;26(3):
543-551. doi:10.3233/JAD-2011-110443

Nourhashemi F, Cantet C, Vellas B. Living Alone With Alzheimer’ S Disease : Cross-Sectional and

Longitudinal Analysis in the Real . Fr Study. J Nutr Health Aging. 2005;9(2): 117-120.

Wattmo C, Londos E, Minthon L. Risk factors that affect life expectancy in Alzheimer’s disease: A 15-
year follow-up. Dementia and Geriatric Cognitive Disorders. 2014;38: 286—299.
doi:10.1159/000362926

Brodaty H, Seeher K, Gibson L. Dementia time to death: A systematic literature review on survival
time and years of life lost in people with dementia. International Psychogeriatrics. 2012;24(7):

1034-1045. doi:10.1017/51041610211002924

160



11.

12.

13.

14.

15.

16.

17.

18.

19.

Roehr S, Luck T, Bickel H, Brettschneider C, Ernst A, Fuchs A, et al. Mortality in incident dementia -
results from the German Study on Aging, Cognition, and Dementia in Primary Care Patients. Acta

Psychiatrica Scandinavica. 2015;132(4): 257-269. doi:10.1111/acps.12454

Soto M, Andrieu S, Gares V, Cesari M, Gillette-Guyonnet S, Cantet C, et al. Living alone with
alzheimer’s disease and the risk of adverse outcomes: Results from the plan de soin et d’aide dans la
maladie d’alzheimer study. Journal of the American Geriatrics Society. 2015;63(4): 651—658.
doi:10.1111/jgs.13347

St. John PD, Montgomery PR, Kristjansson B, McDowell |. Cognitive scores, even within the normal
range, predict death and institutionalization. Age and Ageing. 2002;31(5): 373—-378.
doi:10.1093/ageing/31.5.373

Verdan C, Casarsa D, Perrout MR, Santos M, Souza JA de, Nascimento O, et al. Lower mortality rate
in people with dementia is associated with better cognitive and functional performance in an
outpatient cohort. Arquivos de Neuro-Psiquiatria. 2013;72(August): 278-282. doi:10.1590/0004-
282X20140003

Snowden MB, Steinman LE, Bryant LL, Cherrier MM, Greenlund KJ, Leith KH, et al. Dementia and co-
occurring chronic conditions: a systematic literature review to identify what is known and where are
the gaps in the evidence? International Journal of Geriatric Psychiatry. 2017;(December 2016): 357—
371. doi:10.1002/gps.4652

Helzner EP, Scarmeas N, Cosentino S, Tang MX, Schupf N, Stern Y. Survival in Alzheimer disease: A
multiethnic, population-based study of incident cases. Neurology. 2008;71(19): 1489-1495.
doi:10.1212/01.wnl.0000334278.11022.42

Tonelli M, Wiebe N, Straus S, Fortin M, Guthrie B, James MT, et al. Multimorbidity, dementia and
health care in older people:a population-based cohort study. CMAJ Open. 2017;5(3): E623—-E631.
doi:10.9778/cmajo.20170052

Haaksma ML, Eriksdotter M, Rizzuto D, Leoutsakos JMS, Olde Rikkert MGM, Melis RJF, et al. Survival
time tool to guide care planning in people with dementia. Neurology. 2020;94(5): e538—e548.
doi:10.1212/WNL.0000000000008745

Prince M, Wimo A, Guerchet M, Ali G, Wu Y, Prina M. World Alzheimer Report 2015 The Global
Impact of Dementia. Alzheimer’s Disease International. [Online] 2015.

https://www.alz.co.uk/research/WorldAlzheimerReport2015.pdf

161



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Pedersen CB. The Danish Civil Registration System. Scandinavian Journal of Public Health. 2011;39(7
suppl): 22-25. doi:10.1177/1403494810387965

Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, Sgrensen HT. The Danish National
patient registry: A review of content, data quality, and research potential. Clinical Epidemiology.

2015;7: 449-490. doi:10.2147/CLEP.S91125

Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research Register. Scandinavian

Journal of Public Health. 2011;39(7 Suppl): 54-57. doi:10.1177/1403494810395825

Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sgrensen HT, Hallas J, Schmidt M. Data Resource
Profile: The Danish National Prescription Registry. International Journal of Epidemiology. 2017;46(3):
798-798f. doi:10.1093/ije/dyw213

Islamoska S, Hansen AM, Ishtiak-ahmed K, Helene A, Andersen PK, Garde E, et al. Stress diagnoses in
midlife and risk of dementia : a register-based follow-up study. Aging & Mental Health. Routledge;
2020;0(0): 1-10. doi:10.1080/13607863.2020.1742656

Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sgrensen HT. The predictive value of ICD-10
diagnostic coding used to assess Charlson comorbidity index conditions in the population-based
Danish National Registry of Patients. BMC Medical Research Methodology. BioMed Central Ltd;
2011;11(1): 83. doi:10.1186/1471-2288-11-83

Plana-Ripoll O, Pedersen CB, Agerbo E, Holtz Y, Erlangsen A, Canudas-Romo V, et al. A
comprehensive analysis of mortality-related health metrics associated with mental disorders: a
nationwide, register-based cohort study. The Lancet. 2019;394(10211): 1827-1835.
doi:10.1016/S0140-6736(19)32316-5

Koller D, Kaduszkiewicz H, Van Den Bussche H, Eisele M, Wiese B, Glaeske G, et al. Survival in
patients with incident dementia compared with a control group: A five-year follow-up. International

Psychogeriatrics. 2012;24(9): 1522-1530. doi:10.1017/51041610212000361

Noale M, Maggi S, Minicuci N, Marzari C, Destro C, Farchi G, et al. Dementia and disability: Impact
on mortality - The Italian Longitudinal Study on Aging. Dementia and Geriatric Cognitive Disorders.

2003;16(1): 7-14. doi:10.1159/000069987

Helmer C, Joly P, Letenneur L, Commenges D, Dartigues JF. Mortality with dementia: Results from a
French prospective community-based cohort. American Journal of Epidemiology. 2001;154(7): 642—
648. doi:10.1093/aje/154.7.642

162



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kurrle S, Brodaty H, Hogarth R. Physical comorbidities of dementia. Physical Comorbidities of
Dementia. 2012. p. 1-124. doi:10.1017/CB09780511894534

Borda MG, Soennesyn H, Steves CJ, Osland Vik-Mo A, Pérez-Zepeda MU, Aarsland D. Frailty in Older
Adults with Mild Dementia: Dementia with Lewy Bodies and Alzheimer’s Disease. Dementia and

Geriatric Cognitive Disorders Extra. 2019;9(1): 176—183. d0i:10.1159/000496537

Maxwell CJ, Mondor L, Hogan DB, Campitelli MA, Bronskill SE, Seitz DP, et al. Joint impact of
dementia and frailty on healthcare utilisation and outcomes: A retrospective cohort study of long-

stay home care recipients. BMJ Open. 2019;9(6): 1-10. doi:10.1136/bmjopen-2019-029523

Wallace LMK, Theou O, Godin J, Andrew MK, Bennett DA, Rockwood K. Investigation of frailty as a
moderator of the relationship between neuropathology and dementia in Alzheimer’s disease: a
cross-sectional analysis of data from the Rush Memory and Aging Project. The Lancet Neurology.

Elsevier Ltd; 2019;18(2): 177-184. d0i:10.1016/51474-4422(18)30371-5

Heun R, Schoepf D, Potluri R, Natalwala A. Alzheimer’ s disease and co-morbidity : Increased
prevalence and possible risk factors of excess mortality in a naturalistic 7-year follow-up. European

Psychiatry. Elsevier Masson SAS; 2013;28(1): 40—48. doi:10.1016/j.eurpsy.2011.06.001

Bunn F, Burn A-M, Goodman C, Rait G, Norton S, Robinson L, et al. Comorbidity and dementia: a

scoping review of the literature. BMC Medicine. 2014;12(1): 192. doi:10.1186/s12916-014-0192-4

Phung TKT, Andersen BBB, Hggh P, Kessing LV, Mortensen PBB, Waldemar G. Validity of dementia
diagnoses in the Danish hospital registers. Dementia and Geriatric Cognitive Disorders. 2007;24(3):

220-228. doi:10.1159/000107084

Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Niksi¢ M, et al. Global surveillance of
trends in cancer survival 2000—14 (CONCORD-3): analysis of individual records for 37 513 025
patients diagnosed with one of 18 cancers from 322 population-based registries in 71 countries. The

Lancet. 2018;391(10125): 1023-1075. doi:10.1016/S0140-6736(17)33326-3

Jgrgensen K, Waldemar G. Praevalens af demens i Danmark. Ugeskrift for Laeger. 2014;177: 1041—
1044,

Taudorf L, Ngrgaard A, Islamoska S, Jgrgensen K, Laursen TM, Waldemar G. Declining incidence of
dementia: A national registry-based study over 20 years. Alzheimer’s and Dementia. 2019;15(11):

1383-1391. doi:10.1016/j.jalz.2019.07.006

163



40.

41.

Banerjee S. The use of antipsychotic medication for people with dementia: Time for action.

Department of Health. 2009; 60. doi:10.1037/e608642011-001

Phung TKT, Andersen BB, Kessing LV, Mortensen PB, Waldemar G. Diagnostic evaluation of
dementia in the secondary health care sector. Dementia and Geriatric Cognitive Disorders.

2009;27(6): 534-542. doi:10.1159/000223664

164



Study Il
Dementia increases mortality beyond effects of co-morbid conditions:
A national registry-based cohort study

Supplementary Material

165






Supplementary Material

TABLE S1. ICD-8 and ICD-10 diagnosis codes for identification of dementia

Disease name ICD-8 ICD-10

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

Abbreviations: ICD, International Classification of Diseases.

TABLE S2. Anatomical Therapeutic Chemical (ATC) codes for identification of pharmaceutical treatment of

dementia
Drug name ATC code
Memantine NO6DX01
Donepezil NO6DA02
Rivastigmine NO6DAO03
Galantamine NO6DA04
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TABLE S3. ICD-8 and ICD-10 diagnosis codes for identification somatic diseases

Disease name

ICD-8

ICD-10

Myocardial infarction

410

121; 122; 123

Congestive heart failure

427.09; 427.10; 427.11; 427.19;
428.99; 782.49

150; 111.0; 113.0; 113.2

Peripheral vascular disease

440-445

170; 174; 177

Cerebrovascular disease

430-438

160-169; G45; G46

Chronic pulmonary disease

490-493; 515-518

140-J47; J60-167; 168.4;
170.1; J70.3; J84.1; 192.0;
196.1; J98.2; J98.3

Connective tissue disease

712;716; 734; 446; 135.99

MO5; M06; M08; MOQ9;
M30-M36; D86

Ulcer disease

530.91, 530.98, 531-534

K22.1; K25-K28

Mild liver disease

571,573.01, 573.04

B18; K70.0-K70.3; K70.9;
K71; K73; K74, K76.0

Diabetes mellitus

249.00, 249.06, 249.07, 249.09,
250.00, 250.06, 250.07, 250.09

E10.0, E10.1; E10.9 E11.0;
E11.1; E11.9

Hemiplegia

344

G81; G82

Moderate/severe renal disease

403, 404, 581-584, 590.09,
593.19, 753.10-753.19, 792

112; 113; NOO-NO5; NO7;
N11; N14; N17-N19; Q61

Diabetes mellitus with chronic

complications

249.01-249.05, 249.08, 250.01-
250.05; 250.08

E10.2-E10.8; E11.2-E11.8

Any tumor 140-195 C00-C75
Leukemia 204-207 C91-C95
Lymphoma 200-203; 275.59 C81-C85; C88; C90; C96

Moderate/severe liver disease

70.00; 70.02; 70.04; 70.06; 70.08;
573.00; 456.00-456.09

B15.0; B16.0; B16.2; B19.0;
K70.4; K72; K76.6; 185

Metastatic solid tumor 195-199 C76-C80
AIDS 79.83 B21-B24
Atrial fibrillation 427.93; 427.94 148

Abbreviations: ICD, International Classification of Diseases
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TABLE S4. ICD-8 and ICD-10 diagnosis codes for identification psychiatric diseases

Disease name ICD-8 ICD-10
Mental and behavioral disorders due to 291.x9, 294.39, 303.x9, F10-F19
psychoactive substance abuse 303.20, 303.28, 303.90,
304.x9
Schizophrenia and related disorders 295.x9, 296.89, 297.x9, F20-F29
298.29-298.99, 299.04,
299.05, 299.09, 301.83
Mood disorders 296.x9 (excluding 296.89), F30-F39
298.09, 298.19, 300.49,
301.19
Neurotic, stress-related, and somatoform 300.x9 (excluding 300.49), F40-F48
disorders 305.x9, 305.68, 307.99

Abbreviations: ICD, International Classification of Diseases

169



TABLE S5. The distribution of person-years in women with and without dementia by age-group and Charlson Comorbidity Index score

Dementia
65-69 years 70-74 years 75-79 years 80-84 years 85-89 years 290 years
A v v v S e

0 2226 45.41 7434  43.66 13,877 39.85 20,650 37.69 22,384 37.36 16,725 38.56

1 866 17.67 3204 18.82 7379 21.19 12,612 23.02 14,168 23.65 10,453 24.10

2 764 15.59 2771 16.28 5968 17.14 9663 17.64 10,894 18.18 7776 17.93

3 377 7.69 1277 7.50 2999 8.61 5130 9.36 5666 9.46 4124 9.51

4 227 4.63 806 4.73 1737 4.99 2680 4.89 2976 4.97 2028 4.68

5 190 3.88 697 4.09 1257 3.61 1846 3.37 1799 3.00 1129 2.60
26 252 5.14 837 4.92 1609 4.62 2210 4.03 2024 3.38 1135 2.62
Total 4902 100 17,026 100 34,826 100 54,791 100 59,911 100 43,370 100

No dementia
65-69 years 70-74 years 75-79 years 80-84 years 85—-89 years 290 years
T e % Do Tmrow P ow B e BT

0 1,030,827 64.81 696,717 58.16 463,391 51.67 305,154 46.50 179,019 42.54 100,520 40.88

1 209,179 13.15 18,553 15.15 153,841 17.15 122,216 18.63 83,969 19.95 53,022 21.56

2 210,075 13.21 178,423 14.89 144,978 16.16 113,540 17.30 76,190 18.10 45,648 18.56

3 57,325 3.60 58,956 4.92 56,857 6.34 49,792 7.59 36,935 8.78 23,018 9.36

4 33,870 2.13 33,251 2.78 31,591 3.52 27,120 4.13 19,339 4.60 11,220 4.56

5 27,090 1.70 25,309 2.11 22,227 2.48 18,234 2.78 12,124 2.88 6205 2.52
26 22,276 1.40 23,805 1.99 23,988 2.67 20,126 3.07 13,281 3.16 6256 2.54
Total 1,590,642 100 1,198,014 100 896,873 100 656,182 100 420,857 100 245,889 100

Abbreviations: CCl, Charlson Comorbidity Index



TABLE S6. The distribution of person-years in men with and without dementia by age-group and Charlson comorbidity index (CCl) score

Dementia
65—-69 years 70-74 years 75—-79 years 80-84 years 85-89 years 290 years

T T w o ow Newow o NEewow T BT«
0 2103 38.40 5335 33.52 7842 31.00 9086 29.76 6954 29.42 3311 31.78
1 1179 21.53 3691 23.19 5834 23.06 6936 22.72 5564 23.54 2318 22.25
2 791 14.44 2564 16.11 4345 17.18 5539 18.14 4394 18.59 2071 19.88
3 455 8.31 1397 8.78 2575 10.18 3496 11.45 2789 11.80 1227 11.78
4 323 5.90 965 6.06 1654 6.54 2025 6.63 1564 6.62 629 6.04
5 252 4.60 715 4.49 1105 4.37 1408 4.61 1016 4.30 423 4.06
26 373 6.81 1251 7.86 1940 7.67 2044 6.69 1359 5.75 439 4.21
Total 476 100 15,918 100 25,295 100 30,534 100 23,640 100 10,418 100

No dementia
65—-69 years 70-74 years 75—-79 years 80-84 years 85—-89 years 290 years

R v e v e T
0 932,519 61.07 560,491 52.06 318,154 43.71 170,709 37.70 77,557 34.29 29,867 33.87
1 233,844 15.32 186,072 17.28 136,490 18.75 89,063 19.67 45,303 20.03 18,440 20.91
2 185,545 12.15 160,091 14.87 124,636 17.12 83,265 18.39 43,342 19.16 17,286 19.60
3 65,664 4.30 65,754 6.11 58,865 8.09 44,833 9.90 25,314 11.19 10,054 11.40
4 44,203 2.90 40,752 3.79 34,553 4.75 26,062 5.76 14,601 6.46 5715 6.48
5 30,012 1.97 27,921 2.59 23,537 3.23 16,988 3.75 8829 3.90 3192 3.62
>6 35,069 2.30 35,583 3.30 31,693 4.35 21,895 4.84 11,246 4.97 3628 411
Total 1,526,856 100 1,076,664 100 727,928 100 452,815 100 226,192 100 88,182 100




TABLE S7. Sensitivity analysis including only incident cases of dementia from January 1, 2006 to December

31, 2015. Mortality rate ratios are presented for women and men in five-year age strata and an age-

adjusted average. In each of the three models presented, the reference is defined as 1.00 for women and

men without dementia in each of the five-year age stratum.

Age

Age-adjusted average
65—-69 years

70-74 years

75-79 years

80-84 years

85—-89 years

290 years

Age

Age-adjusted average
65-69 years

70-74 years

75-79 years

80-84 years

85—-89 years

290 years

Model 1
Adjusted for age and

calendar year

Women with dementia

MRR 95% Cl
2.75 (2.71, 2.78)
5.47 (4.87, 6.15)
5.25 (4.96, 5.56)
4.05 (3.90, 4.20)
3.27 (3.18, 3.37)
2.67 (2.61, 2.73)
2.11 (2.07, 2.16)

Men with dementia

MRR 95% Cl

3.11 (3.06, 3.16)
5.42 (4.96, 5.93)
4.59 (4.36, 4.83)
3.98 (3.84, 4.12)
3.26 (3.17, 3.36)
2.77 (2.69, 2.85)
2.27 (2.19, 2.35)

Model 2
Adjusted for age,
calendar year and

psychiatric conditions

Women with dementia

MRR 95% Cl
2.64  (2.60, 2.67)
4.04  (3.59, 4.55)
4.44  (4.19, 4.70)
3.70  (3.56, 3.84)
3.14  (3.05, 3.23)
261  (2.55, 2.67)
209  (2.04, 2.14)

Men with dementia

MRR 95% Cl

297  (2.92, 3.01)
429  (3.92, 4.69)
401  (3.81, 4.23)
3.73  (3.60, 3.87)
3.16  (3.07, 3.26)
272 (2.64, 2.80)
225  (2.17, 2.33)

Model 3
Adjusted for age,
calendar year, and
psychiatric and chronic

somatic conditions

Women with dementia

MRR 95% Cl
2.54  (2.50, 2.57)
279t (2.48, 3.14)
3.08t  (2.91, 3.27)
3.06t  (2.95, 3.19)
2.90f  (2.82, 2.98)
2.53t  (2.47, 2.59)
206t  (2.01, 2.10)

Men with dementia

MRR 95% Cl
2.83  (2.79, 2.88)
3.30f  (3.02, 3.61)
3.34f  (3.18, 3.52)
3.41f  (3.29, 3.54)
296t  (2.87, 3.05)
2.64t  (2.56, 2.72)
2.22¢ (215, 2.30)

fLeukemia, lymphoma, and AIDS has been excluded from the model due to low sample size. *AIDS has

been excluded from the model due to low sample size. Abbreviations: MRR, mortality rate ratio.
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ABSTRACT

Background: Dementia is associated with increased mortality. However, it is not clear whether

causes of death in people with dementia have changed over time.

Objective: To investigate if causes of death changed over time in people with dementia compared to

the general elderly population.

Methods: We included longitudinal data from nationwide registries on all Danish residents aged >65
years to 110 years who died between 2002 to 2015. We assessed the annual frequency of dementia-
related deaths (defined as a dementia diagnosis registered as a cause of death) and of underlying

causes of death in people registered with dementia compared to the general elderly population.

Results: From 2002 to 2015, 621,826 people died, of whom 103,785 were diagnosed with dementia.
During this period, the percentage of dementia-related deaths increased from 10.1% to 15.2% in
women, and from 6.3% to 9.5% in men in the general elderly population. From 2002 to 2015,
dementia became the leading, registered underlying cause of death in people with dementia.
Simultaneously, a marked decline in cardiovascular and cerebrovascular deaths was observed in

people with and without dementia.

Conclusion: This is the first study to investigate if the causes of death change over time in people
with dementia compared with the general elderly population. The increase in the registration of
dementia as an underlying cause of death could reflect increasing awareness of dementia as a fatal

condition.
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INTRODUCTION

Dementia was the third leading cause of death in high-income countries in 2016 [1]. From 2000-2015, the
number of estimated deaths from dementia more than doubled, making dementia the seventh leading
cause of death globally in 2015 [2]. In the United Kingdom and Australia, dementia has become the leading
cause of death in women [3,4]. Thus, dementia as a registered cause of death is increasing globally, while
the number of people living with dementia is rapidly increasing [5]. However, only few studies have
reported nationwide age-specific time trends for dementia-related deaths [6]. Since mortality and
dementia risk increase with age, performing an age-specific time trend analysis of dementia-related deaths

is important to identify which age groups contribute to the observed increase in dementia-related deaths.

While the number of dementia-related deaths is increasing, dementia may be underreported as cause of
death in people with a known dementia disorder [7]. A review based on seven population-based studies
included people with dementia and concluded that only 7.2%—-41.8% had a dementia diagnosis registered
on their death certificates [7]. It also found that people with Alzheimer’s disease were more likely to have a
dementia diagnosis registered on their death certificates than people with unspecific dementia or vascular

dementia [7].

The literature is quite consistent when investigating registered causes of death in people with dementia.
Studies based on data from death certificates list, besides dementia, the most frequent causes of death as
either cardiovascular disease or pneumonia/respiratory diseases [8—11]. Even though the literature is quite
consistent when reporting causes of death in people with dementia, no previous studies have investigated

if a change has occurred over time.

Thus, the objective of this study was to perform a thorough descriptive time trend analysis assessing
population-based data on dementia-related causes of death in the general elderly population as well as in

people with dementia using national registry data on the entire Danish population.

METHODS
Study design, study period and study population

The study used a cohort design. We defined the study period from January 1, 2002 to December 31, 2015.
We chose the first year to be 2002, as new procedures for coding causes of death was introduced this year.

All Danish residents aged >65 years to 110 years who died within the 14-year period were included.
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Data sources

Data was provided by the: 1) the Danish Civil Registration System [12]; 2) National Patient Registry [13]; 3)
Central Psychiatric Register [14]; 4) National Prescription Registry [15]; 5) Danish Register of Causes of
Death [16]; and 6) Statistics Denmark. Since 1968, all Danish residents have been assigned a unique,

personal identification number that enables linkage of personal data from different registries [17].

The Danish Register of Causes of Death includes data on all deaths among Danish residents occurring in
Denmark since 1970 [16]. Medical doctors fill out the death certificates and, since 1994, causes of death
have been registered according to the International Classification of Diseases, 10" Revision (ICD-10) [16].
The causes of death are listed as a chain of events: 1) the immediate cause of death, 2) up to two (optional)
contributing causes of death, and 3) the underlying cause defined as the disease or condition leading to
death. Furthermore, up to four contributing conditions or diseases can be listed as contributing causes of
death. These are defined as conditions that may have led to reduced resistance or increased vulnerability,
putting the person at higher risk due to the conditions causing death. In solely 2002 and 2005, five
additional contributing causes of death could be listed on death certificates. In 2002, the Danish National
Board of Health introduced a new international decision-making tool, the Automated Classification of
Medical Entities (ACME), for coding causes of death [16]. Using decision-making tables based on an
international standard, ACME determines the underlying cause of death by deciding if a causal link can be
established between the immediate, contributing, and underlying cause of death [18]. In cases where
ACME has been shown to be imprecise, coding specialists manually evaluated selected groups of causes of

death. Since 2007, death certificates have been electronically submitted in Denmark.

The other above-mentioned registries have been described previously elsewhere [19]. All data were made
available through Statistics Denmark, which also provided data on immigration, civil status, and date of

death.
Identification of people with dementia

Dementia was defined as either a registered dementia diagnosis (primary or secondary) in the Danish
National Patient Registry or the Psychiatric Central Research Register (Appendix, Table 1A presents the
diagnostic codes) or based on filling an antidementia drug prescription while alive (Appendix, Table 2A
presents the Anatomical Therapeutic Chemical codes). As we wished to investigate death in late-onset
dementia, dementia was defined as being registered in people >65 years, while people registered with a

dementia diagnosis <65 years were excluded.

Causes of death
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When investigating dementia-related deaths using death certificate data, we applied the list of ICD-10
codes as used when diagnosing dementia in people while still alive (Appendix, Table 1A). The underlying
cause of death was defined as the ACME code. Contributing causes of death were defined as any of the ICD-
10 codes listed as either immediate cause of death, any contributing causes of deaths, or underlying cause

of death if it was different from the ACME code.

When investigating the underlying causes of death in people diagnosed with dementia compared with the
general elderly population, the underlying cause of death was defined as the ACME code. Causes of death
were divided into nine categories of natural causes: 1) dementia; 2) cardiovascular disease; 3)
cerebrovascular disease; 4) cancer; 5) pneumonia; 6) chronic respiratory diseases; 7) genitourinary
diseases; 8) gastrointestinal diseases; and 9) other causes of death and unnatural causes of death.

Furthermore, we made a category for people without a registered cause of death.
Demographic variables

Age at death was defined as a continuous variable. Calendar year was defined as the year of death and as a
continuous variable. Civil status at time of death was defined as: 1) married/civil partnership/separated; 2)
single/ divorced; or 3) widowed. Load of comorbidity was assessed using the Charlson Comorbidity Index

(CCI) score on the day of death, where dementia was excluded from the standard CCl version [20].
Statistical analysis

Since our data comprises an entire population as opposed to a sample, a difference in, e.g., percentage of a

distribution in two different groups, describes an actual difference.

We assessed the time trend of dementia-related deaths as the annual percentage of all deaths in the
population. These analyses were carried out for women and men in five-year age strata (65-69 years, 70-74
years, 75-79 years, 80-84 years, 85-89 years, and =90 years). The stratification in five-year age groups
ensured that different calendar trends in age at death in the general population and among persons with
dementia did not affect the results. Additionally, we assessed the annual distribution of dementia
registered as underlying versus contributing cause of death in women and men in ten-year age groups (65-
74 years, 75-84 years, and >85 years). The same analyses were performed in people diagnosed with

dementia.

Furthermore, we assessed the annual distribution as percentages of underlying causes of death in ten-year
age groups (65-74 years, 75-84 years, and >85 years) in women and men registered with dementia
compared with women and men in the general elderly population from 2002 to 2015. If a cause of death

had <5 observations a year, we combined the cause of death categories to preserve anonymity. Finally, we
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assessed the total number of people whose first dementia diagnoses was given on their death certificates

during the study period.

All analyses were carried out using SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA).

Data approvals

This study was approved by the Danish Data Protection Agency, Statistics Denmark, and the Danish Health
and Medicines Authority. As all data comprised anonymized registry data, no ethical approval was needed,

according to Danish law.

RESULTS

During the study period, 621,826 people died (women: 333,857; men: 287,969), of whom 103,785 were

registered with dementia diagnoses prior to death (women: 64,879; men: 38,906).

In the total population, 65,012 (10.5%) people were registered with dementia as a cause of death
(underlying: 36,181; contributing: 28,831). Dementia-related deaths were more frequent in women (12.7%)
compared with men (7.9%). On average, from 2002 to 2015, the median age at death was 87.4 years (95%
Cl: 82.8; 91.5) in women with dementia, and 84.4 (95% Cl: 79.6; 88.6) in men with dementia. From 2002 to
2015, median age at death increased more in the dementia groups compared with women and men
without dementia (Supplementary Table 1). At time of death, 15.5% of women with dementia and 50.9% of
men with dementia were married, while 69.7% of women with dementia were widowed and only 16.6% of

men with dementia were widowed.
Dementia-related deaths in the general elderly population

From 2002 to 2015, the percentage of dementia-related deaths increased for women and men >70 years
(Figure 1). The percentage of dementia-related deaths increased with age; however, this seemed to
stabilize at age >85 as the time trend graphs were similar for men and women for the age groups 85-89 and
>90 years. In people >75 years, the percentage of dementia-related deaths was higher in women compared

with men.

During the study period, there was an increase in the registration of dementia as an underlying cause of
death as opposed to a contributing cause of death (Figure 2). From 2002 to 2015, the percentage of
dementia-related deaths increased from 10.1% (underlying: 4.6%) to 15.2% (underlying: 10.2%) in women,

and from 6.3% (underlying: 2.5%) to 9.5% (underlying: 5.8%) in men. For women and men of all age groups,
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the percentage of contributing cause of death was quite stabile, while the increase in percentage of
underlying cause of death primarily explained the overall increase in dementia-related deaths. The
percentage of dementia-related deaths increased with age in both men and women (Supplementary

Figures 1 and 2).

Table 1. Descriptive distribution of demographics in complete population, and women and men with

dementia
Complete Women with Men with
population dementia dementia
Number (%) 621,826 64,879 (62.5%) 38,906 (37.5%)
Median age at death 82.5 (75.5— 88.6) 87.4 (82.8-91.5) 84.4 (79.6-88.6)
(interquartile range)
Marital status
married (%) 214,352 (34.5%) 9,431 (14.5%) 19,799 (50.9%)
divorced/ single (%) 111,311 (17.9%) 10,218 (15.8%) 6101 (15.7%)
widowed (%) 285,434 (45.9%) 45,199 (69.7%) 12,969 (33.3%)
missing (%) 10,729 (2.1%) 31 (0.1%) 37 (0.1%)
Median CCl score at time of 2 (1-5) 1(0-3) 2 (1-4)
death

(interquartile range)

Abbreviation: CCl, Charlson Comorbidity Index
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FIGURE 1. Time trend of dementia-related deaths, 2002—-2015
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Figure 1A. Time trend of dementia-related deaths as a percentage of all deaths in women divided into five-
year age groups
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Figure 1B. Time trend of dementia-related deaths as a percentage of all deaths in men divided into five-
year age groups
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Dementia-related deaths in people registered with dementia

In people diagnosed with dementia, the percentage of registered dementia-related deaths increased from
41.9% (underlying: 20.6%) to 56.2% (underlying: 38.4%) in women, and from 39.2% (underlying: 15.9%) to
53.2% (underlying: 33.3%) in men from 2002 to 2015 (Figure 3). The percentage of causes of death

registered as dementia increased with age in both women and men (Supplementary Figures 3 and 4)
Causes of death in people with and without dementia

The leading underlying causes of death in women with dementia were dementia (29.9%), cardiovascular
disease (18.7%), and cerebrovascular disease (10.6%), whereas in women without dementia, the leading
causes were cancer (26.8%), cardiovascular disease (23.3%), and cerebrovascular disease (8.7%). In men
with dementia, the leading underlying causes of death were dementia (24.3%), cardiovascular disease
(19.2%), and cerebrovascular disease (11.1%), while in men without dementia, the leading underlying

causes of death were cancer (31.5%), cardiovascular disease (24.1%), and respiratory disease (7%).

From 2002 to 2015, there was a change in the distribution of registered causes of death both in people with
and without dementia (Figure 4). During the period, dementia became the leading underlying cause of
death in women and men diagnosed with dementia. The proportions of cardio- and cerebrovascular
disease as underlying cause of death declined for all women and men, though more markedly in women
and men with dementia. The registration of cancer as underlying cause of death increased markedly in
women and men without dementia, whereas in women and men with dementia, there was only a modest

increase.

In women and men with dementia, the percentage of pneumonia as the underlying cause of death
declined, but was quite stable in women without dementia, though it increased in men without dementia.
However, in 2015, pneumonia as the underlying cause of death was still more frequent in men with
dementia (5.1%) compared with men without dementia (3.7%), while in women the frequency was similar

(dementia: 4.1%; no dementia: 3.9%).

There were 12,650 people (2%) without a registered underlying cause of death, and this was more frequent

in people without dementia (n=12,537) compared with people with dementia (n=113).

The Supplemental material presents the time trend of underlying causes of death in men and women with

and without dementia in ten-year age groups (Supplementary Figures 5 and 6).

During the 14-year study period, 14,593 people (women: 9,964, men: 4,629) were registered with their
first-ever dementia diagnosis on their death certificates (Supplementary Tables 2 and 3), which is

equivalent to 24.3% of all registered dementia-related deaths.
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FIGURE 2. Time trend of the distribution of dementia-related deaths in the general elderly population
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Figure 2A. Time trend of the distribution of dementia-related deaths registered as contributing or
underlying in women in the general elderly population
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Figure 2B. Time trend of the distribution of dementia-related deaths registered as contributing or
underlying in men in the general elderly population
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FIGURE 3. Time trend of the distribution of dementia-related deaths in women and men with dementia
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Figure 3A. Time trend of the distribution of dementia-related deaths registered as contributing or
underlying in women with dementia
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Figure 3B. Time trend of the distribution of dementia-related deaths registered as contributing or
underlying in men with dementia
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Table 2. The distribution of causes of death (dementia-related versus other causes) in women and men not diagnosed with dementia, diagnosed with

dementia, and all women and men

Women
Not diagnosed with
dementia
Dementia-related 10,131
causes of death (%)
(3.03%)
Other causes of 258,847
death (%)
(77.53%)
Total (%) 268,978
(80.57%)

Diagnosed with

dementia

32,277

(9.67%)
32,602

(9.77%)
64,879
(19.43%)

All women

42,408

(12.7%)
291,449

(87.3%)
333,857
(100%)

Men

Not diagnosed with

dementia

4665

(1.62%)
244,398

(84.87%)
249,063
(86.49%)

Diagnosed with

dementia

17,939

(6.23%)
20,967

(7.28%)
38,906
(13.51%)

All men

22,604

(7.85%)
265,365

(92.15%)
287,969
(100%)



FIGURE 4. Time trend of the distribution of registered underlying causes of death in women and men with and without dementia
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DISCUSSION

This is the first study to investigate the time trends of a range of underlying causes of death in people with
dementia. During the study period, dementia became the leading underlying cause of death in people with
dementia. From 2012 to 2015, cardio- and cerebrovascular disease as an underlying cause of death
declined even more markedly in women and men with dementia compared to those without. Cancer was
registered less frequently as the underlying cause of death in people with dementia compared with the
general elderly population, and only increased very modestly in people with dementia compared with
elderly people without dementia. In the general elderly population, the proportion of dementia-related
deaths increased markedly from 2002 to 2015. This was primarily driven by an increase in the registration
of dementia as an underlying cause of death. In people diagnosed with dementia, we observed the same

pattern of an increase in registering dementia as an underlying cause of death.

To the best of our knowledge, since no previous studies have investigated if the causes of death change
over time in people with dementia, our findings cannot be compared with other studies. Since ischemic
heart disease and dementia share common risk factors, we believe that the reduction in cardio- and
cerebrovascular disease as the underlying cause of death in people with dementia observed in our study
could be related to a reduction in risk factors and an improvement in the treatment of cardiovascular risk
factors [21]. This assumption is supported by the fact that the Framingham Heart Study, which reported a
decline in the incidence of dementia, also reported a decline in vascular risk factors from the late 1970s to
the early 2010s [21]. It also found that the risk of dementia associated with stroke, atrial fibrillation, and
heart failure decreased over time [21]. In Denmark, there was a marked improvement in the organization
of treatment and an increase in the use of pharmacotherapy after myocardial infarction from 1997-1998 to

2009-2010, and the 90-day mortality decreased from 19.6% to 11.7% [22].

Autopsy studies are consistent in reporting pneumonia as the leading immediate cause of death (38%-66%)
in people with dementia [23—-27]. Also, studies based on death certificates identified pneumonia as a
leading underlying cause of death in people with dementia [8,10,11,28]. A meta-analysis found that people
with dementia had higher odds (OR = 2.2; 95% Cl: 1.44; 3.42) of dying from pneumonia compared with
people without dementia [29]. Thus, we hypothesized that our study would confirm these findings.
However, in our study, pneumonia was only registered as an underlying cause of death in 4.1% of women
and 5.1% of men with dementia in 2015, making it comparable in women with and without dementia.
Autopsy studies may show a clear difference in results because they primarily list the immediate cause of
death. Studies based on death certificates, in contrast, either registered the underlying cause of death or

multiple causes of death. Such studies show markedly lower prevalence of pneumonia as a cause of death,
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compared to autopsy studies. In our study, the percentage of people with dementia as the underlying cause
of death was markedly lower compared to other studies, perhaps because of increased awareness of

dementia as a cause of death.

In our study, cancer was less likely to be registered as the underlying cause of death in people with
dementia compared to the general elderly population, which is in line with findings from other studies
[8,10,30]. The question can be asked whether people with dementia less frequently die from cancer, or
whether there is a reluctance to diagnose cancer in people with dementia. One autopsy study reported that
cancer was less frequent in people with dementia [24], while another found that 7% of the deceased with
dementia had unregistered clinically undiagnosed neoplasms [27]. Thus, it is unclear whether cancer is

underdiagnosed in dementia.

This study observed an increase in the registration of dementia as a cause of death, which is in line with
findings from other studies [6,31]. A UK study reported that in people with clinically diagnosed dementias,
the percentage of dementia registered as cause of death increased from 39.9% in 2006 to 63.0% in 2013,
but the study did not report other causes of death [31]. We also observed that during the study period,
dementia was more likely to be registered as an underlying cause of death as opposed to a contributing
cause, which is in line with findings from a national Norwegian study [6]. We find this change interesting, as
it may reflect a changing medical view on dementia, and a paradigm shift towards perceiving that dementia
is fatal. We believe our study emphasizes that dementia is underreported as a cause of death, and this calls

for further improvements.

In our previous study involving a time-trend analysis of all-cause mortality in dementia, we found that the
mortality rate, assessed as mortality rate ratios, declined at the same rate as in the general elderly
population from 1996 to 2015 [32]. Some studies, however, base time trends in mortality on data from
death certificates. This study underpins why this can be problematic. If we used the results from this study
to evaluate dementia mortality rates, we would observe an increase primarily related to the increase in

recordings of dementia as a cause of death on death certificates.
Limitations

The most critical limitation of this study is that the data available from the Danish Register of Causes of
Death has not been validated in autopsy studies. The most accurate way to establish causes of death is by
performing autopsies, and the autopsy rate in Denmark is below 10% [16]. Thus, the data from death

certificates depends on the individual doctor and on changes in recommendations about which diagnostic
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codes should be prioritized [16]. We handled this limitation by dividing causes of death into more broadly

defined disease groups instead of using single diagnostic codes as outcomes.

Because dementia is a syndrome with many different etiologies, causes of death have been shown to vary
with different dementia subtypes, both in studies based on death certificates [8,33] and autopsies [23,24].
Thus, optimally, it would have been best to assess causes of death by dementia subtypes. Unfortunately,
though the validity of diagnoses for dementia syndrome is high, the subtype diagnoses are not accurate

enough [34].

Dementia is underreported in the Danish health registries. A study estimated that in 2015, there were
approximately 87,000 people in Denmark with dementia [35]. In our previous study, we were nevertheless
only able to identify 36,129 people with dementia in 2015 using the same methodology as in this study
[19]. Thus, we know that dementia is underreported in the national registries, which was emphasized by
the fact 14,593 people were identified by registration with a first-time dementia diagnosis in the national
registries on their death certificates from 2002 to 2015. We believe some patients are diagnosed by their
general practitioner but diagnoses from the primary health care sector are not included in Danish national

registries.
Strengths

This study comprised a large nationwide cohort, which made it possible to assess if the causes of death
changed over time. Using the national healthcare registries, we were able to identify people with dementia
and make comparisons with the entire general elderly population without dementia. This was possible
because the use of diagnoses for dementia syndrome in the Danish registries have been validated and
found to be correct 85.6% of the time [34]. Last, the number of deceased without a registered underlying

cause of death was low (2%).
Conclusion

This is the first study to investigate if causes of death change over time in people with dementia. From 2002
to 2015, dementia became the most frequently registered underlying cause of death in people with
dementia. Additionally, dementia was more likely to appear as an underlying cause of death as opposed to
a contributing cause in the latter years of the study period. We believe that this shift may reflect a positive
change in diagnostic procedures and in perceiving dementia not only as a disease that contributes to
mortality but as a disease that is actually fatal. Even though we observed an increase in the use of dementia
as cause of death, we believe that dementia is still underreported on death certificates and that more can

be done to increase awareness that dementia is fatal.
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Appendix

TABLE Al. ICD-8 and ICD-10 diagnosis codes for identification of dementia

Disease name ICD-8 ICD-10

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

Abbreviation: ICD, International Classification of Diseases

TABLE A2. Anatomical Therapeutic Chemical (ATC) codes for identification of pharmaceutical treatment of
dementia

Drug name ATC code
Memantine NO6DX01
Donepezil NO6DA02
Rivastigmine NO6DAO03
Galantamine NO6DA04
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TABLE A3. ICD-10 codes for categorizing causes of death. For these analyses only the underlying cause of
death, defined here as the Automated Classification of Medical Entities generated code, was used.

Disease category

ICD-10 codes

Dementia

F00.0-9, F01.0-9, F02.0, F03.9, G30.0-9, G31.8-9

Cardiovascular disease

100-159, 170-199 RO0-R01, Q20-Q28

Cerebrovascular disease 160-169
Cancer C00-C96
Pneumonia J10-J22
Chronic respiratory diseases J40-147

Genitourinary diseases

NOO-N98, R30-R39

Gastrointestinal diseases

K00-K93, R10-R19

Unnatural causes

F11-F16, F19, F55, VOO-X44, X50-X99, Y00-Y39, Y85-87.1,

Y88-89

Other causes of death

All remaining codes

Abbreviation: ICD, International Classification of Diseases
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Supplementary material

Supplementary Figure 1. Time trend of the distribution of dementia-related deaths registered as
contributing or underlying cause of all deaths in women in the general elderly population divided into three
age groups
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Supplementary Figure 2. Time trend of the distribution of dementia-related deaths registered as
contributing or underlying causes of all deaths in men in the general elderly population divided into three
age groups

Men, 65-74 years

;\? 25

-Fa Contributing cause of death
3 204 mm Underlying cause of death
‘s

e 15+

=]

[\

o 10_

”

©

8 5

€

£ FEEEEEEEET T |

@ 0-

o

Men, 75-84 years

§ 25

-F& Contributing cause of death
3 204 Bl Underlying cause of death
s

2 15+

=]

©

(3] 104

(2]

©

LA

c

g !—.—.—.—.—.—.—.—l—l—.—l—ll

o 0-

(=}

Men, > 85 years

Contributing cause of death
20 B Underlying cause of death

Dementia as cause of death (%)

201



Supplementary Figure 3. Time trend of the distribution of dementia-related deaths registered as
contributing or underlying causes of all deaths in women with dementia divided into three age groups

Women with dementia, 65-74 years
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Supplementary Figure 4. Time trend of the distribution of dementia-related deaths registered as
contributing or underlying causes of all deaths in men with dementia divided into three age groups

Men with dementia, 65-74 years
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Supplementary Figure 5. Time trend of the distribution (in percentages) of registered underlying causes of death in women with and without

dementia divided into three age groups from 2002 to 2015
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Supplementary Figure 6. Time trend of the distribution (in percentages) of registered underlying causes of death in men with and without
dementia divided into three age groups from 2002 to 2015

A Men without dementia, 65-74 years B Men with dementia, 65-74 years
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Supplementary Table 1. The annual median age at time of death in women and men not registered and registered with dementia while

alive
Women, no dementia Women, dementia Men, no dementia Men, dementia
Median age IQR Median age IQR Median age IQR Median age IQR

2002 83.2 (76.4-89.4) 86.6 (81.7-90.6) 79.3 (73.3-85.2) 83.6 (78.9-87.9)
2003 83.2 (76.4—89.5) 86.9 (82.2-90.7) 79.4 (73.4-85.4) 83.5 (79.1-88.0)
2004 83.2 (76.3—89.5) 87.0 (82.4-91.1) 79.6 (73.4-85.3) 83.7 (79.1-88.2)
2005 83.5  (76.4-89.7) 87.0  (82.4-91.2) 79.6  (73.4-85.4) 84.1  (79.4-88.4)
2006 83.5 (76.4-89.7) 86.8 (82.3-91.1) 79.4 (73.2-85.5) 83.9 (79.1-88.2)
2007 83.6 (76.5—89.6) 87.0 (82.7-91.2) 79.5 (73.1-85.6) 84.4 (79.9-88.4)
2008 83.7  (76.3-89.9) 87.3  (82.7-91.4) 79.5  (72.8-85.7) 84.6  (79.8-88.7)
2009 83.7 (76.4-89.8) 87.4 (83.0-91.4) 79.7 (73.0-85.8) 84.5 (79.5-88.5)
2010 83.6 (76.2—89.8) 87.6 (83.0-91.7) 79.4 (72.7-85.7) 84.5 (79.9-88.7)
2011 83.7 (76.0-90.2) 87.7 (83.2-91.7) 79.2 (72.6-85.8) 84.7 (79.7-88.8)
2012 83.5 (75.9-90.1) 87.9 (83.0-91.8) 79.3 (72.5-85.9) 84.5 (79.8-88.7)
2013 83.9 (76.2-90.4) 88.1 (83.3-92.0) 79.5 (72.4-86.0) 84.8 (80.0-88.9)
2014 83.7 (75.8-90.5) 88.1 (83.4-92.0) 79.5 (72.4-86.3) 84.9 (79.8-89.2)
2015 83.9 (76.0-90.8) 88.0 (83.1-92.3) 79.6 (72.7-86.4) 84.8 (80.1-89.2)

Abbreviation: IQR, inter quartile range



Supplementary Table 2. Number of first-ever dementia diagnoses on death certificates in women by calendar year

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total
65-74
years 32 24 21 13 24 22 18 13 14 23 22 20 23 18 287
75-84
years 224 210 172 157 167 131 131 136 123 123 100 106 104 102 1986
285
years 711 607 573 609 580 547 555 560 525 456 490 532 553 560 7858
Total 967 841 766 779 771 700 704 709 662 602 612 658 680 680 10,131

Supplementary Table 3. Number of first-ever dementia diagnoses on death certificates in men by calendar year

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total
65-74
years 29 26 23 34 26 16 30 21 27 28 35 28 25 33 381
75-84
years 147 128 128 123 129 97 106 95 87 94 102 96 86 93 1511
285
years 226 224 217 179 183 167 210 193 192 173 205 194 204 206 2773
Total 402 378 368 336 338 280 346 309 306 295 342 318 315 332 4665
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