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Abstract.

Background: Stroke and dementia are interrelated diseases and risk for both increases with age. Even though stroke incidence
and age-standardized death rates have decreased due to prevention of stroke risk factors, increased utilization of reperfusion
therapies, and other changes in healthcare, the absolute numbers are increasing due to population growth and aging.
Objective: To analyze predictors of death after stroke in patients with dementia and investigate possible time and treatment
trends.

Methods: A national longitudinal cohort study 2007-2017 using Swedish national registries. We compared 12,629 ischemic
stroke events in patients with dementia with matched 57,954 stroke events in non-dementia controls in different aspects of
patient care and mortality. Relationship between dementia status and dementia type (Alzheimer’s disease and mixed dementia,
vascular dementia, other dementias) and death was analyzed using Cox regressions.

Results: Differences in receiving intravenous thrombolysis between patients with and without dementia disappeared after the
year 2015 (administered to 11.1% dementia versus 12.3% non-dementia patients, p = 0.117). One year after stroke, nearly 50%
dementia and 30% non-dementia patients had died. After adjustment for demographics, mobility, nursing home placement,
and comorbidity index, dementia was an independent predictor of death compared with non-dementia patients (HR 1.26
[1.23-1.29]).

Conclusion: Dementia before ischemic stroke is an independent predictor of death. Over time, early and delayed mortality
in patients with dementia remained increased, regardless of dementia type. Patients with < 80 years with prior Alzheimer’s
disease or mixed dementia had higher mortality rates after stroke compared to patients with prior vascular dementia.

Keywords: Alzheimer’s disease, dementia, ischemic stroke, mixed dementia, mortality, vascular dementia

*Correspondence to: Sara Garcia-Ptacek, MD, PhD, Depart-

ment of Neurobiology, Care Sciences and Society (NVS), Department of Neurology, University Medical Centre Zaloska
Division of Clinical Geriatrics, Blickagangen 16, 14152 Huddinge, c. 2a, 1000 Ljubljana, Slovenia. Tel.: +38631879575; E-mail:
Sweden. E-mail: sara.garcia-ptacek@ki.se; Eva Zupanic, MD, eva.zupanic @kclj.si.

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


mailto:sara.garcia-ptacek@ki.se
mailto:eva.zupanic@kclj.si
https://creativecommons.org/licenses/by-nc/4.0/

1254 E. Zupanic et al. / Mortality After Ischemic Stroke in Patients with Dementia

INTRODUCTION

In the past years, stroke incidence and age-stan-
dardized death rates have decreased [1] due to pre-
vention of stroke risk factors, of stroke recurrence,
complications after stroke, other changes in health-
care [2], and increased utilization of reperfusion
therapies [3]. However, population growth and aging
resulted in a greater absolute number of strokes,
and improved stroke survival led to a greater overall
stroke burden [1], since 50% of survivors still remain
chronically disabled [4].

Dementia and stroke are strongly interrelated dis-
eases, sharing risk factors and increasing the chances
of one leading to the other. Dementia is common in
older people and age by itself is a prognostic factor
for a poor outcome after stroke [5].

It is estimated that there are 150,000 people liv-
ing with dementia in Sweden [6] and every year
around 20,000 Swedes have an ischemic stroke [7].
Previous studies have reported that dementia leads
to an increased risk for death after stroke [8—12];
however, some studies did not differentiate between
pre-stroke and post-stroke dementia [8, 10] or char-
acterized pre-stroke dementia retrospectively [9].
Differences in stroke outcomes might be primarily
driven by other conditions than by dementia itself
[11].In our prior study, performed in a similar popula-
tion, pre-stroke dementia was associated with excess
mortality risk 3 months after stroke; however, this
was partially mediated by poorer pre-stroke mobil-
ity [13]. Another possible explanation for increased
mortality could be the higher occurrence of car-
dioembolic strokes in patients with dementia due
to underutilization of anticoagulation in patients
with dementia and atrial fibrillation (AF), as these
strokes are more severe [14—17]. Even though intra-
venous thrombolysis and mechanical thrombectomy
have lower population benefits (lives saved from
death or dependency) than, e.g., hospitalization in
a stroke unit or pharmacological prevention [18],
lower utilization of these in patients with demen-
tia [19] could lead to worse outcomes and worse
survival.

Patients with dementia have a shorter life ex-
pectancy [20]. Dementia was the third leading cause
of death in the United States while Alzheimer’s dis-
ease was the sixth in 2017 [21]. In a previous study
conducted on patients with dementia in Sweden (Sve-
Dem cohort), the most frequent cause of death was
cardiovascular (37%), followed by dementia (30%)
and respiratory causes (26%) [22]. After receiving a

dementia diagnosis, factors associated with increased
death risk were age, male sex, worse cognition, higher
number of medications, and nursing home placement
[23]. After non-fatal stroke, the most frequent causes
of death are heart or cerebrovascular diseases with 2-
to 8-times increased risk of death respectively [24];
however, causes of death after stroke in patients with
pre-existing dementia are poorly characterized. Fur-
thermore, most studies reported increased mortality
rates for patients with vascular cognitive impairment
compared to Alzheimer’s disease dementia (AD)
[25-28], or no difference [29-31], but it remains
unexplored if certain dementia types worsen survival
after stroke.

The aim of our study was to analyze predictors
of death after stroke in patients with dementia and
investigate possible time trends.

METHODS

Quality registries and study population

A longitudinal cohort study of patients diagnosed
with dementia who subsequently suffered an is-
chemic stroke was performed. Patients with demen-
tia were identified either from 1) SveDem, the
Swedish Dementia Registry [6], 2) having ICD-
10 codes F00-F03, G30, and G31 according to the
Swedish National Inpatient Register, covering all in-
hospital and hospital-based outpatient visits [32],
or 3) having been prescribed anti-dementia drugs
(ATC codes NO6D; including donepezil, rivastig-
mine, galantamine and memantine) according to the
Swedish Prescribed Drug Register.

The occurrence of ischemic stroke was determined
by Riksstroke, the Swedish national quality registry
for stroke [7], which collects information on the entire
chain of stroke care and contains both process and
outcome variables.

Ischemic stroke events in patients with pre-stroke
dementia were compared to ischemic stroke events
in a population without dementia, matched by age
(£3 years), sex, year of stroke, and geographic
region. Non-dementia controls were excluded if they
ever had a SveDem registration, were diagnosed
with dementia or confusional syndrome (ICD-10
codes FOO-F09 or G30-G32), or took anti-dementia
drugs (ATC codes NO6DX and NO6DA; including
donepezil, rivastigmine, galantamine, and meman-
tine). Patients and controls were matched on date of
first stroke.
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Variables

Data on stroke event, demographics, functional
status, living arrangements, medication therapy,
comorbidities, and outcome variables were obtained
from Riksstroke. From patients registered in Sve-
Dem, information on dementia type was used.
Modified Rankin Scale (mRS) was used to compare
functional premorbid states and stroke outcomes. As
mRS score is not included in Riksstroke registry,
it was estimated by translation of 5 self-reported
Riksstroke functional outcome variables with high
precision [33], with conversion of lowest scores lim-
ited to categories mRS 0-3. Independence in daily
activities was defined as independence in dressing,
toilet use, and moving around indoors and outdoors
without the help of another person, while the use of
assistive devices was permitted. Stroke alarm was
defined as an activation of a protocol for management
for those eligible for acute reperfusion therapies.
The Charlson Comorbidity Index (CCI) was calcu-
lated using data on comorbidities obtained from the
Swedish National Inpatient Register [34]. Date of
death was obtained from the Swedish Cause of Death
Register, with data available until October 2019.

Outcome measures

The primary outcome was all-cause mortality at a
1-month, 3- month, 1-year, and 3-year period.

Statistical analysis

Categorical variables are presented as number
of cases and percentages and continuous variables
as median (Zinterquartile range—IQR). To calculate
intergroup differences, Mann-Whitney U-test and
Chi-square or Fisher’s exact tests were used for con-
tinuous and categorical variables respectively. Tests
were 2-tailed with p value <0.05 considered signifi-
cant.

Relationship between dementia status and time to
death was analyzed using Cox regressions. The pro-
portionality of hazards was checked with log minus
log plot. We added the covariates in a stepwise man-
ner to adjust for possible confounding. Model 1 of
regression analyses is adjusted for age and sex. In
model 2, we adjusted for age, sex, independent mobil-
ity, and nursing home placement prior to stroke.
In model 3, we additionally adjusted for covariates
of overall comorbidity using Charlson comorbidity
index (CCI). In model 4, we used dementia subtypes

instead of dementia diagnosis. Adjusted hazard ratios
(HRs) with 95% Cls are presented and additionally
dichotomized for patients < 80 years and > 80 years
of age.

IBM Statistical Package for Social Sciences (IBM
SPSS) for Windows, Sciences software version 22
(IBM Corporation, Armonk, NY, USA) was used.

Standard protocol approvals and patient consent

This study complies with the Declaration of Hel-
sinki and was approved by the regional ethical
review board in Stockholm, Sweden (dnr 2015/743—
31/4; 2018/563-32). Patients and relatives were in-
formed of inclusion in the registries at the time of
diagnosis and could decline participation or withdraw
consent. Data were de-identified before analysis.

RESULTS

Between January 2007 and December 2017, there
were 45,798 stroke events in patients with dementia,
which were matched to 66,784 stroke events in non-
dementia controls. Hemorrhagic strokes, duplicated
stroke entries, and stroke events in patients with post-
stroke dementia were excluded (n =41,999). For final
analyses 12,629 ischemic stroke events in dementia
and 57,954 ischemic stroke events in non-dementia
patients were available. The patient selection process
is illustrated in Fig. 1.

Information on dementia type was available only
for 3,756 stroke events in patients registered in Sve-
Dem; there were 754 (20.1%) with AD, 809 (21.5%)
with mixed, 1,100 (29.3%) with vascular demen-
tia and 1,093 (29.1%) with other dementias. Out of
12,629 ischemic stroke events in dementia, 8,873
stroke events occurred in patients with dementia not
registered in the Swedish national dementia registry,
SveDem.

In Table 1 and Supplementary Table 1, charac-
teristics of patients prior to stroke, activation of
stroke alarm, use of acute reperfusion treatments,
and stroke outcomes are presented for the following
time intervals: 2007-2009, 2016-2017 (Table 1) and
2010-2012, 2013-2015 (Supplementary Table 1).
Before stroke, dementia patients were more likely
to be nursing home residents, to be dependent in
everyday activities, and to have more comorbidi-
ties. They were less likely to be receiving stroke
preventive medication except for antiplatelets. The
difference in activation of stroke alarm disappeared
after the year 2012 (activated in 27.7% dementia and
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Fig. 1. The flowchart of patient selection.

27.9% non-dementia patients, p=0.772). After the
year 2015, a similar proportion of patients with and
without dementia received intravenous thrombolysis
(11.1% dementia and 12.3% non-dementia patients,
p=0.117). Differences for acute reperfusion treat-
ments (intravenous thrombolysis and endovascular
thrombectomies) remained (years 2016-17, 11.8%
in dementia and 13.7% in non-dementia patients,
p=0.010), inferring less patients with dementia
receive endovascular thrombectomy.

Over the years, early and delayed mortality in
patients with dementia remained increased. One
month after stroke, approximately 25% dementia
and 15% non-dementia patients died (in 2007-2009
23.6% dementia and 16.5% non-dementia patients
and in 2016-2017 25.9% dementia and 14.5% non-
dementia patients were dead). One year after stroke,
nearly 50% dementia and 30% non-dementia patients
had died (in 2007-2009 46.4% dementia and 33.8%
non-dementia patients and in 2016-2017 49.0%
dementia and 28.1% non-dementia patients died).
Adjusted analyses with Cox hazard ratios (HRs) with
95% ClIs for days until death for the whole study
period are presented in Table 2. Dementia was an
independent predictor of death in all of the models.

We performed Cox hazard analyses for demen-
tia types (Alzheimer’s disease and mixed dementia,
vascular dementia, and other dementias), stratified
by age (Table 2, Fig. 2). All dementia subcate-
gories presented significantly higher mortality in
the hazard regression model compared to controls,
regardless of dementia type. When patients with
Alzheimer’s disease and mixed dementia were used
as a reference category (results not presented in the
table), patients with vascular dementia did not dis-
play significantly increased mortality rates (HR 0.94
[0.86—1.03]). However, when the analysis was strat-
ified to patients < 80 years and > 80 years, patients
with vascular dementia in the younger strata had sig-
nificantly decreased mortality compared to patients
with AD or mixed dementia (<80 years, HR 0.84
[0.72-0.99]), but not in the older strata (>80 years,
HR 1.03 [0.91-1.16). Survival function patterns for
patients < 80 years and >80 years are presented in
Fig. 2.

DISCUSSION

The main findings of our study are 1) patients with
dementia continued to have increased early and late
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Table 1
Characteristics, functional outcome, and mortality of patients prior and after ischemic stroke with and without dementia in years 2007-2009
and 2016-2017

2007-2009 2016-2017
Strokes events Stroke events in P Strokes events Stroke events in P
in dementia non-dementia in dementia non-dementia
(n=2,260) (n=12,778) (n=2,544) (n=10,805)

Age, median (IQR) 83 (9) 83 (9) 0.538 84 (10) 84 (10) <0.001
Female sex 1,273 (56.3) 7,277 (56.9) 0.582 1,459 (57.4) 5,981 (55.4) 0.068
Nursing home 838 (37.1) 1,288 (9.6) <0.001 1,078 (42.4) 845 (7.8) <0.001
Independence in daily activities 987 (45.5) 10,406 (82.9) <0.001 864 (38.1) 8,547 (82.3) <0.001
mRS before stroke

0-3 1,143 (53.1) 10,926 (87.4) <0.001 1,208 (49.9) 9,179 (87.0) <0.001

4 679 (31.5) 1,152 (9.2) <0.001 851 (35.2) 1,073 (10.2) <0.001

5 331 (15.4) 425 (3.4) <0.001 362 (15.0) 296 (2.8) <0.001
CCI at stroke, median (IQR) 2(2) 1(2) <0.001 3(3) 2(3) <0.001
AF (old or new) 821 (36.9) 4,814 (38.1) 0.250 988 (39.0) 4,016 (37.2) 0.106
Previous stroke or TTA 956 (42.9) 4,298 (33.9) <0.001 962 (37.9) 3,036 (28.2) <0.001
Previous stroke 846 (37.4) 3,700 (29.0) <0.001 835 (32.8) 2,388 (22.1) <0.001
Previous TIA 245 (11.5) 1,212 (9.9) 0.027 294 (11.6) 1,122 (10.4) 0.078
Diabetes (old or new) 498 (22.2) 2,575 (20.3) 0.038 658 (25.9) 2,320 (21.5) <0.001
Smoking 113 (5.8) 963 (8.6) <0.001 125 (6.0) 739 (8.0) 0.002
Antihypertensives 1,543 (69.5) 9,430 (74.8) <0.001 1,799 (71.0) 8,036 (74.6) <0.001
Statins 473 (21.3) 3,068 (24.4) 0.002 677 (26.7) 3,431 (31.9) <0.001
Antiplatelets 1,361 (61.3) 6,675 (52.9) <0.001 1,043 (41.1) 3,960 (36.8) <0.001

In AF 574 (70.8) 2775 (58.4) <0.001 309 (31.3) 1,061 (26.5) 0.002

In nonAF 768 (55.6) 3,826 (49.5) <0.001 731 (47.3) 2,893 (42.8) 0.001
Anticoagulants in AF 73 (9.0) 847 (17.8) <0.001 313 (31.7) 1,610 (40.1) <0.001
Consciousness at arrival

Fully awake 1,568 (70.4) 10,210 (80.7) <0.001 1,864 (75.0) 9,171 (86.0) <0.001

Lethargic 495 (22.2) 1,763 (13.9) 481 (19.4) 1142 (10.7)

Unconscious 164 (7.4) 678 (5.4) 139 (5.6) 346 (3.2)
Stroke alarm 179 (8.1) 1,276 (10.2) 0.002 869 (34.4) 3,461 (32.4) 0.057
VT 34 (1.5) 409 (3.2) <0.001 283 (11.1) 1,323 (12.3) 0.117
IVT or EVT 34 (1.5) 418 (3.3) <0.001 299 (11.8) 1,479 (13.7) 0.010
New nursing home placement 352 (18.0) 1,389 (11.9) <0.001 277 (13.6) 808 (8.6) <0.001
Dead after 1 month 534 (23.6) 2,108 (16.5) <0.001 658 (25.9) 1,568 (14.5) <0.001
mRS at 3 months

0-3 420 (21.2) 5,783 (50.2) <0.001 350 (16.9) 5,063 (55.3) <0.001

4 382 (16.9) 1,383 (10.8) <0.001 397 (15.6) 1,087 (10.1) <0.001

5 408 (18.1) 1257 (9.8) <0.001 363 (14.3) 739 (6.8) <0.001

(dead) 6 772 (39.0) 3,105 (26.9) <0.001 958 (46.3) 2,260 (24.7) <0.001
Worse mRS at 3 months 1,336 (70.7) 6,530 (57.9) <0.001 1,409 (71.7) 3,680 (41.3) <0.001
Dead after 1 year 1,048 (46.4) 4,319 (33.8) <0.001 1,246 (49.0) 3,040 (28.1) <0.001
Dead after 3 years 1,563 (69.2) 6,591 (51.6) <0.001 / / /

Data are presented as number of cases (n) and percentage proportion (%) or median and interquartile range (IQR). In variables where n
(%) are reported, p-values were obtained by chi-square, whereas in variables where median (IQR) are reported, p-values were obtained by
Mann-Whitney test. AF, atrial fibrillation; CCI, Charlson comorbidity index; IQR, interquartile range; IVT, intravenous thrombolysis; EVT,
endovascular thrombectomy; mRS, modified Rankin scale; TIA, transient ischemic attack.

mortality after stroke during the whole study period,
2) dementia is an independent predictor of mortality
after stroke, and 3) patients with prior Alzheimer’s
disease and mixed dementia may have worse survival
after stroke when compared to patients with vascular
dementia.

Comorbidities have a strong impact on outcome
and mortality after stroke. Another observational

Swedish Stroke Register (Riksstroke) study demon-
strated high comorbidity burden in first-ever ischemic
stroke patients, which more than doubled the propor-
tion of poor outcome (the strongest being dementia,
kidney, and heart failure) [35]. Since cardioembolic
strokes in general are more severe and fatal, the
increased risk of death in patients with dementia
could be partly explained by a stroke mechanism.
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Table 2
Cox hazard regression models for time to death. Stroke events in patients without dementia are the reference category
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Model 1

Model 2

Model 3

Model 4

Dementia
Age
Female sex
Dependent mobility
Nursing home placement
Year of stroke
CCI
Vascular dementia
AD and mixed dementia
Other or unspecified dementias
Only patients < 80 years of age
Dementia
Age
Female sex
Dependent mobility
Nursing home placement
Year of stroke
CCI
Vascular dementia
AD and mixed dementia
Other or unspecified dementias
Only patients > 80 years of age
Dementia
Age
Female sex
Dependent mobility
Nursing home placement
Year of stroke
CCI
Vascular dementia
AD and mixed dementia
Other or unspecified dementias

1.86 (1.82-1.90)***

1.09 (1.08-1.09)***

0.92 (0.91-0.94)***
/

~ O~~~ ~

2.56 (2.45-2.67)**

1.08 (1.07-1.08)***

0.92 (0.89-0.95)***
/

~ O~~~ ~

1.68 (1.64-1.73)***

1.09 (1.08- 1.09)***

0.92 (0.91-0.94)***
/

~ O~~~ -

/

1.39 (1.36-1.43)"*

1.08 (1.08-1.08)***

0.87 (0.85-0.89)"**

1.80 (1.75-1.84)"*

1.46 (1.42-1.50)"*

0.96 (0.96-0.96)"*
/

/
/
/

1.73 (1.65-1.82)***

1.07 (1.07-1.08)***

0.87 (0.84-0.90)***

2.25 (2.13-2.38)***

1.64 (1.54-1.76)***

0.96 (0.96-0.97)***
/

/
/
/

1.27 (1.24-1.31)***
1.08 (1.08-1.08)***
0.87 (0.85-0.89)***
1.70 (1.65-1.75)***
1.45 (1.41-1.50)***
0.96 (0.96-0.97)***

/

/

/

/

1.26 (1.23-1.29)**
1.08 (1.08-1.08)**
0.92 (0.90-0.93)"**
1.67 (1.63-1.71)"*
1.44 (1.40-1.48)"*
0.95 (0.95-0.96)**
1.14 (1.13-1.14)***
/

/
/

1.47 (1.40-1.54)"*
1.07 (1.07-1.07)***
0.92 (0.88-0.95)"**
1.94 (1.84-2.05)"*
1.70 (1.59-1.82)*
0.95 (0.94-0.95)"*
1.19 (1.18-1.19)y**
/

/
/

1.18 (1.14-1.21)***
1.08 (1.08-1.09)**
0.91 (0.89-0.93)***
1.61 (1.56-1.65)"*
1.42 (1.37-1.46)"*
0.95 (0.95-0.96)"**
112 (1.11-1.12)"*

/

/

/

/
1.08 (1.08-1.08)***
0.92 (0.90-0.93)"**
1.67 (1.63-1.71)"*
1.43 (1.40-1.47)"*
0.95 (0.95-0.96)***
1.14 (1.13-1.14)y***
1.16 (1.08-1.24)"*
1.23 (1.16-1.31)***
1.28 (1.24-1.31)y"**

/
1.07 (1.07-1.07)***
0.91 (0.88-0.95)"**
1.94 (1.84-2.05)***
1.69 (1.58-1.81)**
0.95 (0.94-0.96)***
1.19 (1.18-1.19)***
1.23 (1.09-1.40)***
1.46 (1.30-1.64)***
1.50 (1.43-1.59)***

/
1.08 (1.08-1.09)***
0.91 (0.89-0.93)***
1.61 (1.56-1.65)***
1.42 (1.37-1.46)***
0.95 (0.95-0.96)***
112 (1.11-1.13y***
1.10 (1.01-1.19)***
1.16 (1.08-1.25)***
1.19 (1.15-1.22)***

Results are presented as hazards ratios (HRs) with 95% CI. *p < 0.05, **p <0.01, ***p < 0.001 CCI, Charlson comorbidity index. Independent
mobility, nursing home placement and CCI are reported prior to stroke.

Patients < 80 years Patients > 80 years

1.01 -IAD and mixed dementia 1.0 e
~'Vascular dementia : 'AD and mixed dementia
Other dementlas ~Vascular dementia
~Non-dementia controls Other dementias
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Fig. 2. Cumulative survival in years after stroke in patients < 80 years and > 80 years.
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Even though a similar proportion of patients with
and without dementia had AF (35%—-40%), patients
with dementia and AF were less likely to be receiv-
ing anticoagulation in the beginning of the study
period (e.g., in 2010-2012, 9.6% of dementia and
20.9% of non-dementia patients received anticoagu-
lants, p<0.001), hence AF could partly account for
the increased mortality among patients with dementia
in our study.

Nonetheless, even though previous studies have
demonstrated increased mortality in patients with
dementia [8—12], pre-stroke dementia was not an
independent predictor for death [9, 11]. In a study
by Henon et al., 54.5% of patients with pre-stroke
dementia and 24.9% non-dementia patients died in
a 6-month period after stroke, but probably due to
stroke characteristics rather than pre-stroke demen-
tia [9]. In contrast, our study demonstrates increased
early and delayed mortality in patients with demen-
tia. This completes a previous study from our group
showing that prestroke mobility was worse in patients
with dementia, and together with dementia was asso-
ciated with mortality at 1 and 3 months after stroke
[13].

Patients with pre-existing dementia might be more
severely affected by stroke because of reduced neu-
roplasticity and neuronal loss, which may explain
worsening of dementia and poorer recovery after
stroke [36]. We did not observe a difference in stroke
mortality in a previous study on outcomes of intra-
venous thrombolysis in dementia; however, patients
receiving acute reperfusion treatment might have had
a better functional status at baseline [19]. Stroke
detection may be delayed in patients with dementia,
missing the window for acute reperfusion treatments.
These treatments may be withheld in patients with
reduced life expectancy [14]. Nevertheless, during
the study time period, utilization of stroke alarm
increased in both groups and the differences between
its use in patients with and without dementia dis-
appeared. Additionally, the gap between dementia
and non-dementia patients for acute stroke treatment
with intravenous thrombolysis also decreased, with
the differences dissappearing in 2016-2017. The dif-
ference in endovascular thrombectomy persisted.

Even though global stroke incidence and age-
standardized death rates have decreased [1], we
observed this trend only in patients without demen-
tia, where mortality continuously decreased over the
study period (e.g., 1-year mortality decreased by
approximately 5%, from 33.8% in 2007-2009 to
28.1% in 2016-2017). In patients with dementia, a

similar trend was not observed, on the contrary, at
most mortality increased by approximately 2%. In
Sweden, there are no or small differences for most
aspects of stroke care (direct access to stroke units,
CT, swallowing assessments, etc.) in patients with
dementia [37], and stroke care is improving over time.
Riksstroke only covers hospital stroke events, and this
could explain the increase in mortality in patients with
dementia. With the development and greater accessi-
bility of reperfusion treatments, more nursing home
residents with dementia and other comorbidities, who
previously died in their residences, could be referred
to hospitals and hence increase hospital stroke
mortality.

AD and vascular dementia were found to be
important predictors of death [25]. While most other
studies found poorer survival in patients with vascular
dementia compared to AD [23, 25-28], or no differ-
ences [29-31], we found worse survival in AD and
mixed dementia in ‘younger’ patients (< 80 years)
compared to vascular dementia after stroke. Simi-
lar findings were reported in an older study, where
patients with AD had worse survival compared to
multi-infarct dementia [38]. On the other hand, a
majority of these studies are older and survival in
patients with vascular dementia might have improved
over the years. Another Swedish study including
Riksstroke and the Swedish Cause of Death Reg-
ister found vascular dementia as the most common
subtype in patients with dementia who died because
of ischemic stroke while AD was the most common
subtype in those who died from other causes [39].

Importantly, the patients received dementia diag-
nosis subtypes prior to the stroke event. Con-
sequently, patients with AD or mixed pre-stroke
dementia could then suffer from additional post-
stroke vascular cognitive impairment, which might
have had a greater impact on survival. The combi-
nation of pre-stroke AD and new ischemic stroke
lesions might have a synergistic and more detrimen-
tal effect on outcome compared to ischemic stroke
in a patient with a prior vascular cognitive decline.
In older patients with dementia (> 80 years), demen-
tia subtypes seem less important. The reasons behind
this remain unknown; it could also be a reflection of
substantial increases in mortality in all old patients
(including non-dementia) or the fact that pure AD
becomes uncommon with increasing age. Nonethe-
less, ‘younger’ patients with prior AD or mixed
dementia and ischemic stroke having worse survival
compared to vascular dementia and ischemic stroke
is a novel finding of this study.
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Strengths and limitations

A major strength of this study is the use of national
quality registries, SveDem and Riksstroke, which
have high coverage. SveDem is connected to all spe-
cialist memory clinics in Sweden and to increasing
number of primary care centers and nursing homes;
however, registered cases may not be representa-
tive of the general dementia population. Riksstroke’s
follow-up of functional outcomes have tolerable pro-
portion of missing (approximately 15%). However,
it is worthwhile mentioning there might be some
residual confounding we did not adjust for and other
contributing disease states could be involved, for
example frailty, a risk factor for developing stroke,
including factors such as sarcopenia, mobility, and
cognitive status [40]. Frail people with dementia often
reside in nursing homes and may be underrepre-
sented in this study if they are not referred to hospital
for treatment in ischemic stroke, since Riksstroke
covers only hospital stroke events. Additionally, it
was impossible to determine dementia severity at the
time of stroke, while stroke severity, assessed by the
National Institutes of Health Stroke Scale (NIHSS),
had too many missing values to be useful for anal-
yses. Nonetheless, Riksstroke contains information
on living arrangements and independence in daily
activities prior to stroke. We were unable to differ-
entiate between mRS 0-3 pre-stroke and mRS 0-2
poststroke, since Riksstroke only allows an mRS
estimation. Information on dementia subtype was
available only for patients registered in SveDem, lim-
iting reliability of dementia subtype diagnosis, since
some patients in ‘other dementias’ group could have
had vascular, mixed or AD dementia.

CONCLUSION

Over time we did not observe a decrease in early
or delayed mortality in patients with dementia; how-
ever, some aspects of stroke care improved (e.g.,
stroke alarm, access to intravenous thrombolysis).
Dementia before ischemic stroke is an independent
predictor of death after stroke. Patients < 80 years
with prior Alzheimer’s disease and mixed dementia
might have higher mortality rates after stroke com-
pared to patients with prior vascular dementia.
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