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Abstract
Objective: We assessed the association between pre-stroke 
cognitive status and 90-day case-fatality. Methods: Patients 
with ischemic stroke (IS) or spontaneous intracerebral hem-
orrhage (ICH) were prospectively identified among residents 
of Dijon, France, between 2013 and 2015, using a popula-
tion-based registry. Association between pre-stroke cogni-
tive status and case-fatality at 90 days was evaluated using 
Cox regression. Results: Seven hundred sixty-two patients 
were identified, and information about pre-stroke cognitive 
status was obtained for 716 (92.6%) of them, including 603 
IS (84.2%) and 113 ICH (15.8%). Before stroke, 99 (13.8%) pa-
tients had mild cognitive impairment (MCI) and 98 (13.7%) 
had dementia. Patients with cognitive impairment were old-
er, had a higher prevalence of several risk factors, more se-
vere stroke, more frequent ICH, and less admission to stroke 
unit. Case-fatality rate at 90 days was 11.7% in patients with-
out cognitive impairment, 32.3% in MCI patients, and 55.1% 

in patients with dementia. In multivariable analyses, pre-ex-
isting MCI (hazard ratio [HR] 2.22, 95% CI 1.21–4.05, p = 0.009) 
and dementia (HR 4.35, 95% CI 2.49–7.61, p < 0.001) were 
both associated with 90-day case-fatality. Conclusion: Pre-
stroke MCI and dementia were both associated with in-
creased mortality. These associations were not fully ex-
plained by baseline characteristics, pre-stroke dependency, 
stroke severity or patient management, and underlying rea-
sons need to be investigated. © 2019 S. Karger AG, Basel

Introduction

Although the incidence of stroke in high-income 
countries has stabilized or decreased over the last 2 de-
cades [1, 2], the aging population has been associated with 
an increase in the absolute annual number of cases, espe-
cially in elderly people [2, 3]. Currently, about 60% of 
stroke patients are > 75 years old, and 40% are > 80 years 
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old, and these proportions are expected to rise in the com-
ing years according to demographic estimates [3, 4]. As a 
consequence, stroke physicians find themselves treating 
more and more elderly patients in their clinical practice, 
and, since the epidemiology of cognitive disorders is 
greatly associated with age [5], a significant proportion of 
these patients have cognitive impairment prior to stroke 
onset [6].

In this context, several studies have suggested that de-
mented patients may have a poorer prognosis after stroke 
[7–9]. More frequent acute complications, less access to a 
dedicated stroke care unit, and fewer diagnostic resourc-
es or acute treatments are some of the reasons put forth 
to explain these findings [9–11]. However, dementia is 
the extreme end of cognitive disorders, and whether mild 
cognitive impairment (MCI) may affect outcome after 
stroke has been far less evaluated.

Therefore, in this population-based study, we aimed to 
assess the association between pre-stroke cognitive im-
pairment, including both MCI and dementia, and mor-
tality after stroke. 

Methods

Study Population and Case-Ascertainment Procedures
This study was based on epidemiological data dated January 1, 

2013 to December 31, 2015 prospectively collected from the Dijon 
Stroke Registry. This is an ongoing population-based study that 
complies with the defined criteria for conducting “ideal” inci-
dence stroke studies [12], and the guidelines for the reporting of 
incidence and prevalence studies in neuroepidemiology accord-
ing to Standards of Reporting of Neurological Disorders [13]. 
Case-collection and adjudication procedures have been described 
extensively elsewhere [14]. Briefly, multiple overlapping sources 
of information are used to identify all cases of stroke and transient 
ischemic attack (TIA) that occur among residents of the city of 
Dijon, France (155,000 inhabitants) using “hot” and “cold” pur-
suit procedures. These procedures include: a review of medical 
records of all patients referred to the Dijon University Hospital 
where the only stroke unit is located, as well as a review of com-
puterized hospital diagnostic codes using the International Clas-
sification of Diseases, tenth revision (I61, I62, I63, I64, G45, G46, 
and G81); a review of medical records from the departments of 
the private hospitals of the city and its suburbs; cooperation with 
local general practitioners and private neurologists to identify 
stroke patients from home or nursing homes, and Dijon residents 
who had a stroke when outside the city; a review of the medical 
records of patients identified from a computer-generated list of 
all requests for imaging to radiology centers in Dijon; and regular 
reviewing of death certificates to identify fatal strokes that oc-
curred outside the hospital. Senior neurologists trained in stroke 
ascertainment are responsible for final stroke adjudication ac-
cording to the WHO diagnostic criteria (i.e., “rapidly developing 
clinical signs of focal, at time global, disturbance of cerebral func-

tion, lasting more than 24 h or leading to death with no apparent 
cause other than that of vascular origin”) [15]. We only included 
patients with ischemic stroke (IS) and spontaneous intracerebral 
hemorrhage (ICH).

Data Collected and Outcome
At registration, the following vascular risk factors and past 

medical history were collected [14]: hypertension (high blood 
pressure recorded in a patient’s medical history or patients un-
der  antihypertensive treatment), diabetes mellitus (glucose level 
≥7.8 mmol/L reported in the medical record or patients taking in-
sulin or oral hypoglycemic agents), hypercholesterolemia (total 
cholesterol level ≥5.7 mmol/L reported in the medical history or 
patients treated with lipid-lowering therapy), smoking status (cur-
rent smoker, past smoker or never smoker), history of coronary 
heart disease, history of stroke or TIA, peripheral artery disease, 
heart failure, excessive alcohol consumption (defined as alcohol 
intake ≥3 units a day in men and ≥2 in women), active cancer, and 
atrial fibrillation (either previously known or diagnosed during 
stroke evaluation). Premorbid therapies including oral anticoagu-
lants, antiplatelet agents, antihypertensive treatment, and statins 
were recorded. 

The functional status before stroke was evaluated using pre-
morbid modified Rankin Scale score. Pre-stroke cognitive status 
was assessed based on interviews with patients, their relatives or 
their general practitioner, as well as the review of medical files. 
Overlapping sources of information were analyzed by investiga-
tors including primary care record, individual consultation re-
cords, all hospital outpatient clinic and hospitalization letters ob-
tained from a unique electronic medical file. The only cognitive 
impairment confirmed by a doctor based on the clinical evaluation 
before stroke was considered, and final adjudication was finally 
made by an investigator of the Dijon Stroke Registry based on the 
overall information collected. Patients were classified as follows: 
no cognitive impairment, MCI defined as a cognitive decline with-
out any interference with activities of daily life, or dementia de-
fined as a cognitive decline sufficient to interfere with indepen-
dence in activities of daily living or patients receiving specific treat-
ment for Alzheimer’s disease. Patients in whom it was impossible 
to obtain reliable information were considered as having missing 
data about pre-stroke cognitive impairment. Stroke severity at on-
set was quantified by the means of the National Institutes of Health 
Stroke Scale (NIHSS) score obtained at the first clinical examina-
tion. In 29% of cases, the NIHSS score was estimated retrospec-
tively on the basis of medical records and charts, as previously 
validated in the literature [16]. For hospitalized patients, medical 
complications occurring during the acute portion of the stay were 
collected. 

The outcome measured was all-cause case-fatality at 90 days. 
Vital status was systematically recorded, thanks to the use of death 
certificates. Information was available for all patients.

Statistical Analyses
Proportions and mean values of baseline characteristics were 

compared using the chi-square test, the Wilcoxon-Mann-Whitney 
test, and the Kruskal-Wallis test when appropriate. Person-days 
were calculated from the date of stroke at onset until death, the last 
contact date, and the end of follow-up at 90 days. Survival curves 
of patients according to their cognitive status before stroke were 
obtained using Kaplan-Meier analysis. Cox regression models 
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were used to evaluate the association between premorbid cognitive 
status and death at 90 days. The proportional-hazards assumption 
was checked. In multivariable analyses, we first introduced age and 
gender. Then, baseline variables (medical history, stroke type, and 
NIHSS score) with a p value < 0.20 in unadjusted models were in-
troduced in a second model. Statistical interaction terms between 
pre-stroke cognitive status and the variables included in the final 
model were tested using the likelihood-ratio test. Additional anal-
yses were performed on hospitalized patients only. In the multi-
variable model, admission to the intensive care stroke unit was 
added as a confounding variable. Finally, to account for acute 
stroke treatment (IV thrombolysis and mechanical thrombecto-
my), a subgroup analysis restricted to IS patients was also per-
formed. Values of p < 0.05 were considered statistically significant. 
Statistical analysis was performed with STATA@13 software 
(StataCorp LP, College Station, TX, USA).

Ethics
The Dijon Stroke Registry was approved by the Comité 

d’Evaluation des Registres (French National Committee of Regis-
ters), Santé Publique France (French Institute for Public Health 
Surveillance), and the Commission Nationale Informatique et Lib-
erté (French data protection authority). 

Results

Over the study period, 762 patients with acute stroke 
were recorded. Information about cognitive status prior 
to stroke was available in 716 (94%) patients, including 
603 IS (84.2%) and 113 ICH (15.8%) patients. Among 
these patients, 99 (13.8%) had pre-existing MCI and 98 
(13.7%) pre-existing dementia. 

Baseline patient characteristics are given in Table 1. 
Several differences were observed according to cogni-
tive status. Older age at onset, as well as a greater prev-
alence of atrial fibrillation, history of stroke, heart fail-
ure, and premorbid use of anticoagulants and antihy-
pertensive therapy, were noted in patients with MCI or 
dementia. Stroke subtype distribution also differed be-
tween groups; there was a greater proportion of ICH in 
MCI patients (20.2%) and patients with dementia 
(24.5%) than in patients without cognitive impairment 
(13.3%). Additionally, a greater severity at onset was 
observed in patients with MCI and even more so in pa-
tients with dementia. Patients with dementia were more 
likely to be living in an institution than MCI patients or 
those without cognitive impairment. Moreover, they 
were less likely to be hospitalized for acute stroke man-
agement (79.6 vs. 97% of MCI patients and 96.2% of 
patients without cognitive impairment). When consid-
ering hospitalized patients, admission to a stroke unit 
was more frequent in patients without cognitive im-

pairment (56.3%) than in those with MCI (43.8%) or 
dementia (29.5%). Among IS patients, those with de-
mentia were less likely to receive IV thrombolysis. No 
patient with MCI or dementia was treated with me-
chanical thrombectomy. 

At 90 days, 172 patients had died (22.6%) in the overall 
cohort. The case-fatality rate was 11.7% (95% CI 9.2–
14.8) in patients without cognitive impairment, 32.3% 
(95% CI23.7–42.3) in MCI patients, and 55.1% (95% CI 
45.0–64.8) in patients with dementia (Fig. 1). In univari-
ate analyses, both MCI (hazard ratio [HR] 3.15, 95% CI 
2.06–4.84, p <  0.001), and dementia (HR 6.16, 95% CI 
4.26–8.89, p < 0.001) were associated with increased 90-
day mortality when compared with patients without cog-
nitive impairment. After adjustment for risk factors and 
clinical variables, the associations remained significant in 
multivariable models (adjusted HR 1.90, 95% CI 1.13–
3.17, p = 0.014 for MCI and adjusted HR 3.14, 95% CI 
1.96–5.05, p < 0.001 for dementia; Table 2). Further ad-
justment on pre-stroke dependency (modified Rankin 
Scale ≥2) did not alter the results (adjusted HR 2.22, 95% 
CI 1.21–4.05, p = 0.009 for MCI and adjusted HR 4.35, 
95% CI 2.49–7.61, p < 0.001 for dementia). No significant 
statistical interaction was found for each of the variables 
included in the models. 

Analyses restricted to hospitalized patients (n = 673; 
94% of patients with available data about cognitive sta-
tus) revealed a similar excess risk of death in patients with 
MCI (adjusted HR 2.03, 95% CI 1.22–3.40, p = 0.007) 
and dementia (adjusted HR 3.35, 95% CI 2.04–5.49, 
p < 0.001) after adjustment for clinical variables and risk 
factors (Table 3). The associations remained significant 
after adjustment for hospitalization in a stroke care unit 
(adjusted HR 1.91, 95% CI 1.13–3.21, p = 0.015 for MCI 
and adjusted HR 2.97, 95% CI 1.79–4.91, p < 0.001 for 
dementia), even after adjustment for pre-stroke depen-
dency (adjusted HR 2.25, 95% CI 1.22–4.16, p = 0.01 for 
MCI and adjusted HR 4.08, 95% CI 2.24–7.41, p < 0.001 
for dementia). In a subgroup analysis restricted to IS 
patients, after adjustment for confounding variables in-
cluding IV thrombolysis and mechanical thrombecto-
my, dementia was associated with an increased risk of 
death (adjusted HR 2.28, 95% CI 1.23–4.23, p = 0.009), 
whereas the association was no longer significant for 
MCI (adjusted HR 1.54, 95% CI 0.82–2.89, p = 0.18).

To further explore these results, we analyzed the 
medical complications that occurred during the acute 
stay of hospitalized patients (Table 4). The only differ-
ence found was a greater prevalence of acute confusion 
in MCI patients (16.7%) and patients with dementia 
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(10.3%), as compared with patients without cognitive 
impairment (2.8%). The addition of confusion to the 
multivariable Cox model did not alter our results, and 
both MCI (adjusted HR 1.86, 95% CI 1.10–3.14, p = 
0.021) and dementia (adjusted HR 2.98, 95% CI 
1.81– 4.91, p < 0.001) were still associated with 90-day 
case fatality. 

Discussion

The present study found that about 14% of stroke pa-
tients had pre-existing MCI and 14% had pre-existing de-
mentia. Compared with patients whose medical history 
showed no cognitive impairment, dementia and, to a less-
er extent, MCI were independently associated with a 

Table 1. Baseline characteristics of stroke patients according to pre-stroke cognitive status

No cognitive impairment 
(n = 519)

MCI (n = 99) Dementia (n = 98)

n (%) 95% CI n (%) 95% CI n (%) 95% CI p value

Age, years, mean ± SD 71.9±16.5 80.8±12.4 85.2±9.3 <0.001
Age, years, median (IQR) 76.1 (70.0–84.4) 84.5 (73.8–89.2) 87.9 (80.4–92.1) <0.001
Gender, male 266 (51.3) 46.9–55.5 37 (37.4) 28.4–47.3 33 (33.7) 25.0–43.6 0.01
Medical history

Hypertension 358 (69.0) 64.9–72.8 76 (76.8) 67.3–84.2 75 (76.5) 67.0–84.0 0.13
Diabetes 86 (16.6) 13.6–20.0 23 (23.2) 15.8–32.7 21 (21.4) 13.2–29.7 0.20
Hypercholesterolemia 182 (35.3) 31.3–39.5 41 (41.4) 32.0–51.5 44 (44.9) 35.2–55.0 0.13
Atrial fibrillation* 115 (22.2) 18.6–25.8 39 (39.4) 29.6–49.2 38 (38.8) 29.0–48.6 <0.001
Smoking 0.002

Never smoker 323 (65.8) 61.6–70.0 74 (78.7) 70.3–87.2 70 (76.1) 67.2–85.0
Current smoker 79 (16.1) 12.8–19.4 4 (4.3) 0.1–8.4 4 (4.3) 0.1–8.6
Past smoker 89 (18.1) 14.7–21.5 16 (17.0) 9.3–24.8 18 (19.6) 11.3–22.8

Alcohol intake 29 (5.8) 3.7–7.9 6 (6.3) 1.3–11.3 1 (1.1) 0.0–3.2 0.15
Previous TIA 64 (12.3) 9.5–15.2 15 (15.2) 7.9–22.3 17 (17.4) 9.7–25.0 0.35
Previous stroke 94 (18.2) 14.8–21.5 29 (29.3) 20.2–38.4 36 (36.7) 27.0–46.4 <0.001
Peripheral artery disease 28 (5.4) 3.5–7.4 5 (5.1) 0.7–9.5 7 (7.1) 2.0–12.3 0.78
Heart failure 22 (4.3) 3.6–6.1 9 (9.2) 3.4–15.0 10 (10.2) 4.1–16.3 0.023
Coronary heart disease 69 (13.4) 10.5–16.4 13 (13.4) 6.5–20.3 17 (17.5) 9.8–25.2 0.56
Active cancer 23 (4.5) 3.0–6.7 2 (2.0) 0.5–7.9 8 (8.3) 4.2–16.0

Pre-stroke treatments
Antiplatelet agents 157 (30.7) 26.7–34.7 37 (38.9) 29.0–48.9 34 (34.7) 25.1–44.3 0.25
Anticoagulants 74 (14.5) 11.4–17.5 20 (21.0) 12.7–29.4 25 (25.5) 16.7–34.3 0.015
Antihypertensive therapy 314 (61.5) 41.8–49.4 71 (74.7) 28.9–42.8 65 (66.3) 45.9–63.4 0.04
Statins 137 (26.8) 23.0–30.7 30 (31.6) 22.1–41.1 30 (30.6) 21.3–39.9 0.52

Pre-stroke dependency (mRS ≥2) 110 (21.6) 18.2–25.4 62 (66.0) 55.6–75.0 82 (91.1) 83.0–95.5 <0.001
Living in an institution 21 (4.1) 2.6–6.1 15 (15.2) 9.3–23.8 51 (52.0) 42.0–61.9 <0.001
Hospitalization for stroke 499 (96.2) 94.1–97.5 96 (97.0) 90.9–99.0 78 (79.6) 70.3–86.6 <0.001

Intensive care stroke unit$ 281 (56.3) 51.9–60.6 42 (43.8) 34.0–54.0 23 (29.5) 20.3–40.8 <0.001
Stroke type 0.009

IS 450 (86.7) 83.8–89.6 79 (79.8) 71.7–87.8 74 (75.5) 66.8–84.2
ICH 69 (13.3) 10.4–16.2 20 (20.2) 12.1–28.3 24 (24.5) 15.8–33.2

NIHSS score at admission <0.001
Mean ± SD 7.3±8.5 9.1±9.5 12.0±10.2
Median (IQR) 3 (2–11) 6 (2–15) 9 (3–22)

Acute treatment for IS§

IV thrombolysis 59 (13.1) 10.3–16.6 11 (13.9) 7.8–23.7 2 (2.7) 0.7–10.5 0.032
Mechanical thrombectomy 24 (5.3) 3.6–7.8 0 (0) – 0 (0) – 0.02

* Atrial fibrillation was defined as either previously known or diagnosed during stroke evaluation.
$ Expressed as percentage of hospitalized patients.
§ Expressed as percentage of IS patients.
MCI, mild cognitive impairment; TIA, transient ischemic attack; IS, ischemic stroke; ICH, intracerebral hemorrhage; NIHSS, National In-

stitutes of Health Stroke Scale.
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greater risk of death at 90 days. In-hospital complications 
did not differ between groups, except for more frequent 
acute confusion in those with MCI and dementia. 

Limited data about cognitive status before stroke are 
available in the literature. In a meta-analysis, only 3 pop-

ulation-based studies that assessed pre-stroke dementia 
were identified, and the prevalence of the disease was 
9.1% [6]. More recently, a prevalence of pre-stroke de-
mentia of 8% was reported in the OXVASC study [17]. 
This study included patients with TIA, which could have 
contributed to the lower prevalence as compared with our 
findings. In hospital-based studies, the prevalence was es-
timated to be greater (14.4%) [6]. Information about MCI 
before stroke is scarce, and, to the best of our knowledge, 
no other population-based study has reported such data. 
In a hospital-based cohort, 12.6% of stroke patients had a 
cognitive impairment without dementia before the event 
[18]. Another study restricted to IS patients treated with 
IV thrombolysis identified 31% of patients with pre-ex-
isting MCI, but patients with prior dementia were exclud-
ed [19]. In a multicenter study, also limited to IS patients 
who received thrombolysis therapy, pre-stroke cognitive 
impairment (including both dementia and MCI) ac-
counted for 30% of the cohort [20]. In these studies, 
the Informant Questionnaire of Cognitive Decline in the 
Elderly (IQCODE) was used to determine the presence of 
pre-stroke cognitive impairment. 

Previous studies have reported that pre-existing de-
mentia may be associated with a greater risk of death after 
stroke [7–9, 21]. There are several explanations for this 
observation, including the fact that patients with demen-
tia are older and tend to have more severe strokes and 
more comorbidities, as observed in our results. In line 
with our findings, it has been reported that patients with 
dementia tend to be less frequently admitted to a stroke 
unit, and less frequently treated with IV thrombolysis 
[10]. In our analyses, these variables were adjusted to ac-

Table 2. Association between pre-stroke cognitive status and 90-
day case-fatality in overall patients

HR 95% CI p value

Unadjusted
No cognitive impairment Ref.
MCI 3.15 2.06–4.84 <0.001
Dementia 6.16 4.26–8.89 <0.001

Model 1*
No cognitive impairment Ref.
MCI 2.44 1.58–3.77 <0.001
Dementia 4.08 2.77–6.01 <0.001

Model 2$

No cognitive impairment Ref.
MCI 1.90 1.13–3.17 0.014
Dementia 3.14 1.96–5.05 <0.001

Model 3§

No cognitive impairment Ref.
MCI 2.22 1.21–4.05 0.009
Dementia 4.35 2.49–7.61 <0.001

* Adjusted for age and sex.
$ Model 1 plus hypertension, diabetes, atrial fibrillation, smok-

ing status, coronary heart disease, alcohol consumption, heart fail-
ure, active cancer, previous stroke, stroke type, and NIHSS score.

§ Model 2 plus pre-stroke dependency.
MCI, mild cognitive impairment; NIHSS, National Institutes 

of Health Stroke Scale.
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count for differences in baseline characteristics and man-
agement of patients, including pre-stroke dependency, 
and yet the excess in post-stroke mortality was still ob-
served, suggesting the influence of other factors. Among 
these, it has been suggested that hospitalized stroke pa-
tients with dementia could be at greater risk of acute med-
ical complications [8–10]. However, we did not observe 
any difference in the prevalence of post-stroke complica-
tions according to cognitive status, except for a higher 
frequency of acute confusion in patients with either de-
mentia or MCI. Previous studies have also found that pre-
existing cognitive decline is associated with post-stroke 
delirium [22], thus contributing to higher mortality [23]. 
However, acute confusion alone cannot explain the ex-
cess in mortality in patients with dementia or MCI since 
it was still observed after adjustment for this variable in 
Cox models, and it is likely that certain unmeasured con-
founders play a deleterious role on post-stroke prognosis. 
Patients with dementia are frailer than their non-demen-
tia counterparts, and it can be assumed that frailty may 
increase the vulnerability to adverse health outcomes, es-
pecially in stroke patients. Since frailty was not formally 
assessed in our study, we cannot exclude that this variable 
could account for the greater risk of death in patients with 
dementia. In line with this hypothesis, a recent study 
demonstrated that frailty, and especially its physical do-
mains including slow walking speed and grip strength, 
were associated with a shorter survival and a poorer out-
come in terms of activities of daily living in stroke patients 
aged 65–99 years [24]. 

Another consideration is the medical approach to pa-
tients with dementia. The practical approach in the man-
agement between these patients and non-demented pa-
tients may differ. It has been shown that stroke patients 
with dementia less frequently undergo certain diagnostic 
procedures [10, 25], swallowing assessments [10], or in-
vasive treatments such as endotracheal intubation [26]. 
This may result from an assumption that both the appli-
cation and the benefit of these types of procedures are 
limited for patients with dementia, especially those con-
sidered in poor health.

The new finding of the present study is that beyond 
dementia, pre-existing MCI was also associated with 
higher post-stroke mortality. Direct comparison with the 
literature is difficult since the impact of prior MCI on 
stroke outcome has been poorly investigated. Contrary to 
our results, 3-month mortality did not differ in patients 
with cognitive impairment, no-dementia and patients 
with normal cognition in 1 small study (n = 99 patients) 
restricted to IS treated with IV thrombolysis [19]. Several 

Table 4. In-hospital medical complications and length of stay of 
stroke patients according to pre-stroke cognitive status

No cognitive 
impairment 
(n = 499)

MCI 
(n = 96)

Dementia 
(n = 78)

p value

Length of stay in days, 
median (IQR) 10 (5–18) 12 (5–18) 9 (2–20) 0.46

Recurrent stroke 2.4 0 3.9 0.20
Hemorrhagic 

transformation* 5.8 4.0 3.5 0.65
Systemic bleeding 2.4 3.1 1.3 0.73
Infection 24.5 29.2 32.1 0.27
Venous thromboembolism 4.0 2.1 5.1 0.55
Arterial ischemic 

complication 1.8 4.2 1.3 0.29
Acute confusion 2.8 16.7 10.3 <0.001
Epileptic seizure 2.4 3.1 2.6 0.92
Other complications 10.4 16.7 9.0 0.17

* Expressed as percentage of ischemic stroke.
Numbers are expressed in percentage.
MCI, mild cognitive impairment; IQR, interquartile range.

Table 3. Association between pre-stroke cognitive status and 90-
day case-fatality in hospitalized patients only

HR 95% CI p value

Unadjusted
No cognitive impairment Ref.
MCI 3.24 2.11–4.99 <0.001
Dementia 6.24 4.22–9.24 <0.001

Model 1*
No cognitive impairment Ref.
MCI 2.53 1.63–3.92 <0.001
Dementia 4.23 2.81–6.37 <0.001

Model 2$

No cognitive impairment Ref.
MCI 2.03 1.22–3.40 0.007
Dementia 3.35 2.04–5.49 <0.001

Model 3§

No cognitive impairment Ref.
MCI 1.91 1.13–3.21 0.015
Dementia 2.97 1.79–4.91 <0.001

Model 4¤
No cognitive impairment Ref.
MCI 2.25 1.22–4.16 0.01
Dementia 4.08 2.24–7.41 <0.001

* Adjusted for age and sex.
$ Model 1 plus hypertension, diabetes, atrial fibrillation, smoking 

status, coronary heart disease, heart failure, active cancer, previous 
stroke, stroke type, and NIHSS score.

§ Model 2 plus admission to a stroke care unit.
¤ Model 3 plus pre-stroke dependency.
MCI, mild cognitive impairment; NIHSS, National Institutes of 

Health Stroke Scale.
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explanations could account for the greater mortality ob-
served in patients with pre-existing MCI. Stroke occur-
rence may accelerate cognitive deterioration, as suggested 
by several studies that reported pre-stroke cognitive im-
pairment as a risk factor for post-stroke dementia [21, 
27]. In addition, as in demented patients, frailty may 
worsen post-stroke prognosis in MCI patients. 

The main strength of our study is the population-
based design that avoids a baseline selection bias related 
to hospital-based methodology [17] and consequently 
ensures more reliable estimations. Conversely, because of 
this design, it was not possible to administrate formal 
scales such as the IQCODE to assess pre-stroke cognitive 
status. Instead, we proceeded to interview patients, their 
relatives or their general practitioner, as well as to review 
the medical files to determine pre-existing MCI and de-
mentia. Hence, we cannot exclude that some patients 
with cognitive impairment were classified as having MCI 
instead of dementia because of an underestimation of the 
actual interference of cognitive impairment on daily ac-
tivities. However, the fact that the prevalence of pre-ex-
isting MCI and dementia was consistent with previous 
reports indicate that this limitation should have limited 
impact. In addition, despite rigorous investigations, in-
formation about pre-stroke cognitive status was missing 
in 6% of patients. In these patients (median age: 88 years 
old [interquartile range 79–91], 63% women), 3-month 
case-fatality rate was 54%, close to that observed in de-
mented patients. Of note, these patients did not differ 
with either patients with dementia, or those with MCI, 
with regard to stroke type, NIHSS score, or vascular risk 
factors (data not shown). In contrast, stroke severity was 
greater than that of patients with normal cognition (me-
dian NIHSS score 12, interquartile range 3–20, p < 0.001); 
they had a greater prevalence of atrial fibrillation (40.5%, 
p = 0.007) and heart failure (14.3%, p = 0.005), and a low-

er prevalence of current smoking (9.5%, p = 0.025). There-
fore, it could be assumed that a substantial proportion of 
these patients could have in fact pre-stroke cognitive im-
pairment. This would be in favor of an underestimation 
of the true effect of dementia and MCI on the risk of 
death, thus reinforcing our key findings. Finally, medical 
complications in hospitalized patients were assessed only 
during the acute portion of the stay. Therefore, we cannot 
conclude that not-hospitalized patients with dementia or 
MCI had more frequent acute complications that con-
tributed to mortality when considering the overall cohort. 
However, when analyses were restricted to hospitalized 
patients, the excess in mortality in MCI patients and pa-
tients with dementia was still observed.

To conclude, pre-existing MCI and dementia were 
both associated with increased 90-day mortality in stroke 
patients. Such associations were not fully explained by 
baseline characteristics, stroke severity or patient man-
agement, and need to be explored by further studies to 
identify the underlying mechanisms.
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