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BACKGROUND: The incidence of ischemic stroke has increased among adults aged 18 to 64 years, yet little is known about re-
lationships between specific risk factors and outcomes. This study investigates in-hospital and long-term outcomes in patients
with stroke aged <65 years with preexisting diabetes mellitus.

METHODS AND RESULTS: Consecutive patients aged <65 years admitted to comprehensive stroke centers for acute ischemic
stroke between 2003 and 2013 were identified from the Ontario Stroke Registry. Multinomial logistic regression was used to
estimate adjusted odds ratio (OR [95% CI]) of in-hospital mortality or direct discharge to long-term or continuing care. Cox
proportional hazards regression was used to estimate the adjusted hazards ratio (@HR [95% ClI]) of long-term mortality, read-
mission for stroke/transient ischemic attack, admission to long-term care, and incident dementia. Predefined sensitivity analy-
ses examined stroke outcomes among young (aged 18-49 years) and midlife (aged 50-65 years) subgroups. Among 8293
stroke survivors (mean age, 53.6+8.9 years), preexisting diabetes mellitus was associated with a higher likelihood of in-hospital
death (adjusted OR, 1.46 [95% CI, 1.14-1.87]) or direct discharge to long-term care (adjusted OR, 1.65 [95% ClI, 1.07-2.54]).
Among stroke survivors discharged (N=7847) and followed up over a median of 6.3 years, preexisting diabetes mellitus was
associated with increased hazards of death (aHR, 1.68 [95% ClI, 1.50-1.88]), admission to long-term care (@HR, 1.57 [95%
Cl, 1.35-1.82)), readmission for stroke/transient ischemic attack (@HR, 1.37 [95% ClI, 0.21-1.54]), and incident dementia (aHR,
1.44 [95% ClI, 1.17-1.77]). Only incident dementia was not increased for young stroke survivors.

CONCLUSIONS: Focused secondary prevention and risk factor management may be needed to address poor long-term out-
comes for patients with stroke aged <65 years with preexisting diabetes mellitus.
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in recent decades, according to a US study.! And

yet there are exceptions,’? including stroke among
young adults,® such as acute ischemic stroke having
increased 36% from 2003 to 2012 among adults aged
35 to 44 years.* Across multiple population-based co-
horts from Europe and the United States, pooled an-
nualized median incidence of stroke in young adults

The incidence of stroke shows a decreasing trend

increased 4.4% between the mid 1980s and the late
2000s.% Although younger adults who sustain stroke
tend to show better functional recovery compared with
older adults,® recovery can be highly variable, and few
studies have identified risk factors associated with long-
term outcomes in younger stroke survivors. Questions
remain surrounding at-risk profiles in working-aged’
and young stroke,® which is highly pertinent given the
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CLINICAL PERSPECTIVE

What Is New?

e There was a higher likelihood of mortality in
hospital and after discharge, recurrent stroke,
incident dementia, and the need for long-term
care among adults with stroke and pre-existing
diabetes compared to stroke with no diabetes.

e These risks were notable for stroke in midlife,
as well for young stroke survivors, with the ex-
ception of dementia, which was uncommon for
those aged <50 years.

What Are the Clinical Implications?

e QOptimizing diabetes mellitus care for vascular
protection in stroke prevention and recovery
may be needed to alleviate morbidity and mor-
tality associated with young and middle-age
stroke.

Nonstandard Abbreviations and Acronyms

aHR adjusted hazard ratio
LTC long-term care

increasing prevalence of premorbid cardiovascular risk
factors (ie, diabetes mellitus, hypertension, obesity,
dyslipidemia, and tobacco use) over the past decades
in these stroke demographics.*

Diabetes mellitus is particularly relevant as it is
associated with poor stroke outcomes among older
adults.® More recent young stroke studies report di-
abetes mellitus to be an independent risk factor for
mortality and recurrent events'®'"; however, other long-
term outcomes that reflect independent living after
stroke have received little to no research attention.
This study follows adult patients with or without co-
morbid diabetes mellitus who were admitted for acute
ischemic stroke at an age of <65 years. We investi-
gate whether preexisting diabetes mellitus increases
the likelihood and hazards of adverse in-hospital and
long-term outcomes. Specifically, relative to patients
with stroke without diabetes mellitus, we examined
whether stroke with comorbid diabetes mellitus was
associated with increased risks of in-hospital and
long-term mortality and long-term recurrent stroke
and institutionalization. Recognizing the interplay be-
tween cerebrovascular disease, diabetes mellitus, and
cognitive impairment,'?~'> we also examined associa-
tions between diabetes mellitus and incident dementia
after stroke.
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METHODS

Study Design

In this retrospective study, we used data from the
Ontario Stroke Registry to identify a cohort of consec-
utive patients presenting with an acute ischemic stroke
to comprehensive stroke centers in Ontario, Canada,
from 2003 to 2013. Registry data were linked via unique
encoded identifiers with administrative databases at
Institute for Clinical Evaluative Sciences. Although data
sharing agreements prohibit making the data publicly
available, access may be granted to those who meet
prespecified criteria for confidential access via https:/
www.ices.on.ca/DAS. The study creation plan and un-
derlying analytic code are available from the authors
on request, understanding that the programs may rely
on unique coding templates and/or macros.

Patients entered the cohort on the date of admission for
stroke and classified as having preexisting diabetes mellitus
if there was a record of diabetes mellitus from the Ontario
Diabetes Database on a date that preceded the stroke. To
ascertain relationships between preexisting diabetes mel-
litus and in-hospital outcomes, patients with stroke were
followed up to the time of mortality or discharge, whichever
occurred first. To ascertain relationships between diabetes
mellitus and long-term outcomes, patients with stroke who
were discharged were subsequently followed up until one
of the following end points: all-cause death, occurrence
of a secondary outcome (readmission for stroke/transient
ischemic attack [TIA], admission to long-term care [LTC], or
dementia), or the cohort end date of December 31, 2016,
as shown in the flow chart (Figure 1).

This study was approved by the Research Ethics
Board at Sunnybrook Health Sciences Centre.
Because the Institute for Clinical Evaluative Sciences
is a prescribed entity under Ontario’s Personal Health
Information Protection Act, data collection for the Ontario
Stroke Registry is permitted without patient consent.

Cohort Selection

We used the Ontario Stroke Registry to identify cases of
ischemic stroke. Individuals from Ontario were included
in this study if they sustained an ischemic stroke be-
tween the ages of 18 and 65 years at the time of hos-
pital admission, over a time period between 2003 and
2013. Exclusion criteria were premorbid dementia, diag-
nosis of dementia at the time of admission, admission to
hospital from an LTC facility, admission for hemorrhagic
stroke, and non-Ontario resident status (Figure 1).

Ascertainment of Diabetes Mellitus and
Covariates

A diabetes mellitus diagnosis (type 1 or 2) was iden-
tified before the date of cohort entry via the Ontario
Diabetes Database. Sociodemographic variables were
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‘ All Ontario Stroke Registry records

~
Exclusion Criteria:

Diagnosis of dementia at admission (n = 3,825)
Admit from LTC (n = 2,070)

Duplicate records (n = 1,411)
Missing data (n = 1,547)

<18 years of age (n = 84)
Non-Ontario residents (n = 18)

n = 37,373
|
‘ Eligible unique community cases
N = 28,406
|
.
‘ Stroke under 65 years of age
N = 8,293

Prior to stroke admission

J Admission Date (2003-2013)

* 265 years of age (n=20,113)

All-cause Discharged to
Exposu L mortality LTC
{ J ( )
! L
Diabetes diagnosis In-hospital >

Survivors at discharge

All-cause
mortality

Readmission Admission to Dementia

for stroke/TIA LTC
J

|

Post-discharge Follow-up until Dec 31, 2016 >

Figure 1.

Flow chart showing the participants who were included in this study after accounting for exclusions by previous

medical conditions, missing and duplicate data, study criteria, and ages <18 and >65 years.

Diabetes mellitus was ascertained by all available Ontario Diabetes Database records that preceded the stroke admission. A total of
8293 participants were available to test the in-hospital outcomes. There were 4 outcomes tested among the stroke survivors who were
discharged alive. LTC indicates long-term care; and TIA, transient ischemic attack.

part of the Ontario Stroke Registry and based on in-
formation abstracted from patient charts, including
age, sex, race/ethnicity, income quintile, marital sta-
tus, and urban/rural location. These variables were
used as covariates in each of the models. The follow-
ing clinical covariates were captured from the Ontario
Stroke Registry or using Institute for Clinical Evaluative
Sciences—derived validated algorithms from physician
encounters in the ontario health insurance plan billing
database or admissions from the Canadian Institute for
Health Information Discharge Abstract Database: glu-
cose on admission, atrial fibrillation, cancer, coronary
artery disease, heart failure, hyperlipidemia, hyperten-
sion, renal disease, current smoking, and preadmission
dependency. Current use of antihypertensive, an-
tithrombotic, and lipid-lowering medications was also
included as confounders. Premorbid depression was
a binary covariate that was accessed from the Ontario
Mental Health Reporting System and the Canadian
Institute for Health Information Discharge Abstract
Database and defined conservatively as >1 hospitali-
zation related to depressive disorders within 5 years
before cohort entry. To account for stroke severity and
functional status, we used the Canadian Neurological
Scale score on admission and modified Rankin Scale
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score, respectively. Last, length of stay was an added
covariate for the long-term outcomes using groupings
of 3to 7, 8 to 14, and >15 days. Table S1 shows whole
cohort associations between covariates and outcome
measures.

Outcome Ascertainment

All-cause mortality was the first in-hospital outcome,
compared with discharge to the community as the
reference group. Discharge from hospital directly to
LTC was the second in-hospital outcome, which was
also compared with discharge to the community as
the reference group. Long-term outcomes occurring
after discharge included all-cause mortality, admis-
sion for recurrent stroke/TIA, admission to LTC, and
incident dementia. Admissions for recurrent stroke/
TIA were captured using the Canadian Institute for
Health Information Discharge Abstract Database, and
incident dementia was ascertained using a previously
established algorithm with a sensitivity of 79% and a
specificity of 99%.'® Admission to LTC was captured
via the continuous care reporting system and defined
as cases with an admit date at any point during the
follow-up period, and a length of stay >10 days.
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Statistical Analysis

Data analyses were performed using SAS 9.4 (SAS
Institute Inc, Cary, NC). Multinomial logistic regression
was used to estimate the adjusted odds ratio (OR) of
in-hospital outcomes (ie, mortality or discharge from
hospital directly to LTC) for patients with stroke with
preexisting diabetes mellitus compared with those
without. Among those discharged, we used Cox pro-
portional hazards regression to estimate the adjusted
hazard ratio (@HR) of all-cause mortality, readmission
for stroke/TIA, admission to LTC, and incident de-
mentia. We opted to use a Fine and Gray competing
risks framework to estimate cumulative incidence for
each of the nonmortality outcomes, in which case all-
cause mortality was considered as a competing risk.
This approach is suited to estimate absolute risk of an
event over time, which others have noted relates more
to prognosis than cause.'” To further characterize the
influence of diabetes mellitus on stroke outcomes in
young versus midlife adults, we conducted sensitiv-
ity analyses examining these associations in 2 pre-
specified age subgroups: (1) young stroke, between 18
and 49 years, and (2) midlife stroke, between 50 and
65 years.

RESULTS

Cohort Description

A total of 8293 adults aged <65 years with acute is-
chemic stroke were identified for entry into the co-
hort and evaluated for in-hospital outcomes (aged
53.6+8.9 years; 63.7% men, 36.3% women; Table 1).
There were 2411 patients with stroke who had preexist-
ing diabetes mellitus. To provide context, on querying
the Ontario Diabetes Database, 63.3% of people di-
agnosed with diabetes mellitus were aged <65 years.
The proportion of the cohort that was midlife was 6101
individuals (73.6%), whereas the remainder were young
individuals. Marital status was available for a propor-
tion of participants, whereas race/ethnicity details were
sparse. A total of 446 (5.4%) died in hospital, leaving
7847 stroke survivors discharged from acute care and
subsequently evaluated for long-term outcomes over a
median follow-up time after discharge of 6.3 years, up
to a maximum of 12 years.

Diabetes Mellitus and In-Hospital
Outcomes

Patients with stroke and diabetes mellitus had a 46%
higher likelihood of death during their hospital stay,
versus being discharged to the community, compared
with those without diabetes mellitus (adjusted OR, 1.46
[95% ClI, 1.14-1.87]). Patients with stroke and diabe-
tes mellitus had a 65% higher likelihood of being dis-
charged directly to LTC after stroke, versus discharge
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to the community, compared with those without dia-
betes mellitus (adjusted OR, 1.65 [95% ClI, 1.07-2.54]).
Subgroup analyses indicated that these associations
were driven primarily by the midlife subgroup (Table 2).
The frequency of adverse in-hospital outcomes was
less common in the young stroke subgroup (ie, 3.9%
of 2192 young patients with stroke died in hospital,
whereas 0.5% were discharged directly to LTC).

Diabetes Mellitus and Long-Term
Outcomes

The proportion of stroke survivors who died after dis-
charge was 20.5%, 12.2% were admitted to LTC, and
19.3% were readmitted for stroke/TIA over a median
of 6.3 years of follow-up. In the case of readmission
for stroke among those without diabetes mellitus,
there were 18.0% and 14.9% for midlife and young
subgroups, respectively, which is in contrast to the
24.8% and 25.2% of midlife and young stroke and
diabetes mellitus. Patients with stroke and diabetes
mellitus had a 68% increased hazard of all-cause
mortality (aHR, 1.68 [95% CI, 1.50-1.88]), a 37% in-
creased hazard of recurrent stroke (aHR, 1.37 [95%
Cl, 0.21-1.54]), and a 57% increased hazard of ad-
mission to LTC (aHR, 1.57 [95% CI, 1.35-1.82]), com-
pared with the discharged patients with stroke and
no diabetes mellitus (Figure 2). These associations
were significant in both the young and the midlife
subgroups (Table 2).

A total of 485 (6.2%) patients were diagnosed with
incident dementia after discharge and over the fol-
low-up period. Patients with stroke and diabetes mel-
litus had a 44% increased hazard of incident dementia
after stroke (aHR, 1.44 [95% CI, 1.17-1.77]; Figure 2 and
Table 2), compared with stroke and no diabetes mel-
litus. Notably, this heightened risk of dementia among
those with diabetes mellitus was significant only for the
midlife subgroup, of whom 441 of 5740, or 7%, were
diagnosed with dementia over the follow-up period.
Additional results can be found in Data S1.

DISCUSSION

In Ontario, patients with stroke who were aged
<65 years, particularly those between 50 and 65 years,
were more likely to die in hospital, and to be discharged
directly to LTC from hospital, if they had preexisting
diabetes mellitus. Among midlife and younger patients
with stroke who were discharged alive, diabetes mel-
litus was associated with subsequent increased haz-
ards of readmission for stroke/TIA, admission to LTC,
incident dementia, and mortality, with the exception of
dementia in the younger group. Although midlife stroke
may be viewed optimistically from the perspective of
survival and functional recovery, prognoses must be
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Table 1. Participant Demographics, Comorbidities, Stroke Characteristics, and Concomitant Medications for Adults With
Stroke Aged <65 Years

Diabetes Mellitus Diabetes Mellitus
Overall Cohort Absent Present

Variable (n=8293) (n=5882) (n=2411) Standardized Difference
Demographics

Age, mean+SD, y 53.64+8.94 52.52+9.53 56.35+6.55 0.469

Sex, % women 36.3 36.5 36 0.009
Ethnicity, %

Chinese 241 1.9 25 0.037

South Asian 1.8 1.2 3.2 0.132

Other’ 96.1 96.8 94.4 0.121
Income quintile, %

Lowest 25.6 23.9 30.0 0.138

Second 21.7 211 23.1 0.048

Third 19.2 19.7 18 0.042

Fourth 17.6 18.1 16.3 0.047

Highest 16.9 17.3 12.6 0.132
Marital status, %

Married 24 24.4 23.0 0.032

Common-law 2.8 3.1 2.0 0.037

Single 6.4 6.8 5.4 0.056

Divorced 2.8 2.8 29 0.008

Widowed 1.4 1.3 1.7 0.032

Undetermined 611 60.0 63.6 0.425
Geographic location, %

Urban 85.6 85.5 85.9 0.009

Rural 14.4 14.5 141 0.009
Comorbidities, %

Hypertension 55.0 45.2 78.8 0.738

Dyslipidemia 35.5 26.6 57.4 0.656

Atrial fibrillation 6.6 6.2 7.6 0.057

Heart failure 9.6 6.3 17.6 0.353

Coronary artery disease 15.9 10.8 28.4 0.453

Ml 10.3 7.2 18.0 0.329

Angina 4.0 2.6 7.3 0.217

PCI 2.2 1.4 4.3 0177

CABG 2.6 1.1 6.1 0.272

Cancer 5.2 5.6 41 0.068

Renal dialysis 2.8 1.3 6.5 0.269

Depression 9.9 9.2 1.6 0.001
Preadmission disability, %

Dependent 10.2 8.2 16.2 0.219

Independent 89.8 91.8 84.8 0.219
Glucose on admission, % 2.4 0.5 741 0.353
Smoking, % 39.1 40.9 34.6 0.129
Stroke characteristics

CNS score on admission, %

Mild 72.0 71.2 74.0 0.063
Moderate 18.3 19.1 16.3 0.073

(Continued)
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Table 1. Continued
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Diabetes Mellitus Diabetes Mellitus
Overall Cohort Absent Present
Variable (n=8293) (n=5882) (n=2411) Standardized Difference
Severe 9.7 9.7 9.7 0.001
Score, mean+SD 8.54+2.79 8.54+2.81 8.55+2.73 0.003
Length of stay, mean+SD, d 11.08+18.89 10.64+19.10 12.16+18.31 0.081
Modified Rankin Scale score at discharge
Score, mean+SD 2.51+1.54 2.44+1.53 2.68+1.56 0.1558
Concomitant medications, %
Lipid-lowering agent 76.7 76.6 77.8 0.028
Antihypertensive 67.9 60.6 86.4 0.611
Antithrombotic/coagulant 24.2 25.7 20.6 0.121

Information is tabulated separately for those with and without diabetes mellitus. We used the standardized difference for means or proportions to compare
patients with and without diabetes mellitus, with clinically meaningful differences defined as an absolute value >0.20 (at least a small effect size). CABG indicates

coronary artery bypass grafting; CNS, Canadian Neurological Scale; MI, myocardial infarction; and PCI, percutaneous coronary intervention.
"An algorithm was used to classify some ethnic groups (i.e., Chinese and South Asian) but not all ethnic groups (i.e., Other).

counterbalanced against the more complex burden of
stroke in the context of comorbid disease.

In contrast to the 46% increased hazard observed
herein, the association between diabetes mellitus and
in-hospital mortality has not been entirely consistent
previously.®21819 The association between diabetes
mellitus and admission to LTC, including those aged
<50 years who were initially discharged, is a novel find-
ing that calls for action, given that these stroke survi-
vors are among the 6.6% of LTC residents aged <65
years. The result compliments reports of heightened
risks of adverse functional outcomes® and recurrent
stroke'®'" among young and midlife stroke survivors
with diabetes mellitus. Among the cardiovascular risk
factors investigated in the Netherlands young stroke
longitudinal follow-up of transient ischemic attack

and stroke patients and unelucidated risk factor eval-
uation study, diabetes mellitus yielded the highest,
albeit nonsignificant, aHR for recurrent stroke and
composite vascular events (1.44) among vascular risk
factors.?® Herein, we demonstrate a significant risk
of recurrent stroke associated with diabetes mellitus
(@HR, 1.78 for the young subgroup), possibly attribut-
able to a larger sample size and controlling for death
as a competing risk. The observed long-term risk of
death associated with diabetes mellitus is consistent
with studies of working-aged South Asians in the
United Kingdom?' and young adults in Finland."
Poststroke cognitive impairment is a major bur-
den for stroke survivors of all ages.'®?223 The 44%
increased hazard of dementia in this study was pre-
dominantly driven by the midlife subgroup who were on

Table 2. Adjusted Associations Between Diabetes Mellitus and In-Hospital and Long-Term Stroke Outcomes

In-Hospital Outcomes Total Cohort Young Adults Midlife Adults
Sample, N event/total 446/8293 85/2192 361/6101
All-cause mortality 1.46 (1.135-1.872) 1.05 (0.486-2.274) 1.49 (1.136-1.948)
Sample, N event/total 113/7847 10/2107 108/5740

Discharged to LTC 1.65 (1.065-2.544)

111 (0.126-9.812) 1.61 (1.029-2.508)

Long-term outcomes from discharge

Sample, N event/total 1606/7847 228/2107 1378/5740
Mortality from discharge 1.68 (1.497-1.882) 1.78 (1.250-2.546) 1.61 (1.426-1.814)
Sample, N event/total 961/7847 138/2107 828/5740
Admitted to LTC 1,57 (1.350-1.817) 1,73 (1.085-2.760) 1.50 (1.279-1.748)
Sample, N event/total 1512/7847 351/2107 1161/5740
Recurrent stroke/TIA 1.37 (1.212-1.540) 1.60 (1.190-2.146) 1.32 (1.156-1.501)
Sample, N event/total 485/7847 44/2107 441/5740

Incident dementia 1.44 (1.165-1.767)

0.98 (0.415-2.295) 1.41 (1.136-1.740)

The in-hospital outcomes were based on multinomial logistic regression, for which adjusted odds ratios (95% Cls) are reported. The long-term, postdischarge
outcomes were based on Cox proportional hazard regression models, for which adjusted hazard ratios (95% Cls) are reported. The corresponding events and
sample sizes are provided for each outcome. LTC indicates long-term care; and TIA, transient ischemic attack.

J Am Heart Assoc. 2021;10:e019991. DOI: 10.1161/JAHA.120.019991
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Figure 2. Cumulative incidence curves (fractional units) are shown as a function of time after
discharge among all stroke survivors.

The panels (top to bottom) show 3 of the long-term outcomes of interest: readmission for stroke/transient
ischemic attack (TIA), admission to long-term care (LTC), and incident dementia, respectively. Stroke and
preexisting diabetes mellitus increased the risk of an event in all 3 of these outcomes compared with
stroke and no diabetes mellitus. The x axis shows the longitudinal follow-up period in years. Individuals
with stroke and preexisting diabetes mellitus are represented by a red line, whereas individuals with stroke
and no diabetes mellitus are represented by the blue lines. Corresponding Cls are shown as the shaded
color area. Numeric data denote the proportion of people who do or not reach the event proportion at
successive years after discharge.
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average aged 58 years at the time of stroke. Cognitive
status in the years that precede a dementia diagnosis
would be highly valuable, such as screening for mild
cognitive impairment; however, these data were un-
available in the current study. A previous study found
that processing speed, working memory, and attention
were impaired among young adults with first-time isch-
emic stroke, followed up for 11 years®; however, an
effect of diabetes mellitus on cognitive outcomes was
not assessed. Thus, to our knowledge, this is the first
study to report diabetes mellitus as a risk for demen-
tia in working-aged stroke survivors. Incident demen-
tia in the current <65 years of age sample should be
viewed as relatively early age of onset; for comparison,
the Ontario census data only start to report dementia
prevalence for adults aged >65 years.

Patients would have received a high standard of care
implemented at comprehensive stroke centers across
Ontario. Given the high observed long-term risks asso-
ciated with diabetes mellitus in this study, one interpre-
tation is that the standard of care may not be sufficient
to mitigate the risk of the long-term adverse outcomes
associated with diabetes mellitus, or that adherence to
recommended therapies was not optimal, both of which
merit further exploration. Although outside of the scope
of this study, repeated assessments, diabetes mellitus
control data, and adjustment for potentially time-varying
concomitant medication use after discharge would have
been useful to further address the potential for con-
founding in the assessment of long-term risks. Glycemic
targets and glucose-lowering medications are import-
ant future directions to better understand these stroke
outcomes.? Best practice guidelines state that glycated
hemoglobin <7.0% is desirable for diabetes mellitus
management after stroke; however, one trial on inten-
sive treatment of hyperglycemia showed no evidence of
improved functional outcomes for adults with stroke and
diabetes mellitus.?® Subcutaneous injections of dulaglu-
tide, a glucagon-like peptide 1 receptor agonist, reduced
ischemic stroke in the Researching Cardiovascular
Events with a Weekly INcretin in Diabetes trial; and yet
this drug did not appear to alleviate stroke severity among
those participants who had a stroke over the course of
the median follow-up of 5.4 years.?” Educational re-
sources for stroke clinicians as well as stroke survivors
with diabetes mellitus may help to address potential
gaps in treating younger adults with stroke and diabetes
mellitus. Strategies that foster adherence and participa-
tion in structured risk factor management among adults
with stroke and diabetes mellitus are warranted.?® The
pathophysiology of stroke is more complex in the face
of comorbid diabetes mellitus. Integrity of the blood-
brain barrier, neuroinflammation, propensity for lacunar
infarcts, and impaired cerebral autoregulation should be
further investigated as mediators of poorer outcomes
among adults with diabetes mellitus.?®
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This study benefitted from a large prospectively
collected sample of consecutive cases, but some lim-
itations must be acknowledged. Our diabetes melli-
tus exposure was ascertained robustly on the basis
of physician billing and admissions records; however,
we are unable to distinguish between type 1 and type
2 diabetes mellitus,"" which may carry different mor-
tality risks.®% Although we accounted for glucose on
admission, glycemic control and concomitant medica-
tions were unavailable to be included as time-varying
covariates to long-term outcomes. Stroke subtypes
and small-vessel disease could not be ascertained.'®?’
Participants without stroke were not included to es-
timate interactive effects of stroke and diabetes mel-
litus. South Asian and Chinese ethnicity data were
available for only a small proportion of the cohort; fu-
ture research is needed to characterize associations
between diabetes mellitus and stroke among different
racial/ethnic groups. Despite a large sample size, we
observed relatively low frequency of some outcomes
(eg, 21% of the young patients with stroke got de-
mentia). The follow-up period (mean, 6.3 years) may
not have been long enough to fully ascertain hazards,
warranting longer observational studies, particularly in
young patients with stroke.

CONCLUSIONS

Given threats to survival and independence, aggres-
sive prevention and risk factor management strategies
may be needed to address poor subacute and long-
term outcomes for younger patients with stroke with
preexisting diabetes mellitus. The findings reinforce
the need to identify causal clinical and neurodegen-
erative factors that increase the risk of poststroke de-
mentia. More research is needed to identify whether
improving diabetes mellitus care can lead to greater
time living independently after stroke for those aged
<65 years.
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Additional independent predictors of in-hospital outcomes

Variables independently associated with an increased probability of in-hospital mortality were male
sex, lower income, insulin-use, premorbid cancer, heart failure, preadmission independence, and
CNS score. Variables independently associated with direct discharge to LTC were male sex, rural
setting, hypertension, premorbid renal impairment and preadmission dependence, CNS score, and

previous stroke (See Table S1 for corresponding aOR).

Additional independent predictors of and long-term outcomes

Variables associated with long-term all-cause mortality post-discharge were male sex, widowed
marital status, rural setting, premorbid atrial fibrillation, cancer, premorbid coronary disease, stroke,
heart failure, and renal impairment, hypertension, current smoking, anti-platelets, anti-coagulants,
and lipid medications, and modified Rankin Score; meanwhile, highest income was inversely
associated. Variables associated with readmission for stroke after discharge were South Asian
ethnicity, premorbid coronary disease and stroke. Variables adversely associated with admission to
LTC after discharge were divorced, hyperglycemia at admission, preadmission independence and
premorbid stroke, anti-hypertensive medication, CNS group, modified Rankin score, and length of
in-hospital stay; meanwhile, the three higher income tertiles were inversely associated with LTC. In
addition, prior record of depression was associated with a 25% increased risk of admission to LTC

(aHR=1.25[1.034, 1.512], p=0.0213). Variables associated with incident dementia were premorbid



atrial fibrillation and preadmission independence; CNS group, modified Rankin score, and length of

in-hospital stay (See Table S1 for corresponding aHR).



Table S1. Whole cohort associations between covariates and outcome measures.

Recurrent
stroke/TIA
In-hospital In-hospital to Mortality from | LTC/CCC from from Dementia from
mortality Adj. | LTC Adj. Odds | discharge Adj. | discharge Adj. | discharge Adj. | discharge Adj.
Odds Ratios Ratios [95% Hazard Ratios | Hazard Ratios | Hazard Ratios Hazard Ratios
Variable [95% CI] cl [95% ClI] [95% ClI] [95% CI] [95% ClI]
Male sex 1.26 [1.01, 1.61[1.05, 1.24[1.11, 0.88[0.77, 0.97 [0.87, 0.99 [0.82,
1.58] 2.48] 1.38] 1.01] 1.08] 1.20]
Income Quintile 2 vs 1 1.20[0.89, 1.29[0.78, 0.93[0.81, 0.881[0.74, 1.02[0.89, 0.911[0.71,
1.63] 2.13] 1.07] 1.05] 1.18] 1.16]
Income Quintile 3 vs 1 1.39[1.03, 0.78[0.42, 0.91[0.79, 0.73[0.60, 0.99 [0.86, 0.71[0.54,
1.89] 1.43] 1.06] 0.89] 1.16] 0.95]
Income Quintile 4 vs 1 1.15[0.83, 1.31[0.75, 0.911[0.78, 0.80[0.65, 0.881[0.75, 1.03[0.79,
1.60] 2.28] 1.06] 0.97] 1.04] 1.35]
Income Quintile 5 vs 1 1.04[0.73, 0.46 [0.20, 0.81[0.68, 0.69 [0.56, 0.881[0.75, 0.77[0.56,
1.47] 1.05] 0.95] 0.84] 1.04] 1.04]
Rural settin 1.09[0.81, 0.29[0.12, 1.20 [1.05, 0.871[0.71, 0.94[0.81, 0.75[0.56,
9 1.45] 0.72] 1.38] 1.06] 1.09] 1.01]
Blood alucose at admission 1.91[1.12, 2.11[0.81, 1.05[0.82, 1.53[1.10, 0.83[0.60, 1.07 [0.67,
9 3.25] 5.52] 1.36] 2.13] 1.15] 1.71]
Hvoertension 0.93[0.72, 1.64[1.03, 1.18[1.04, 1.14[0.96, 1.12[0.98, 1.37[1.08,
yp 1.19] 2.61] 1.34] 1.34] 1.27] 1.74]
Dvslividemia 0.80[0.61, 0.93[0.72, 0.96 [0.86, 0.90[0.77, 1.10[0.98, 0.92[0.75,
ysiip 1.04] 1.19] 1.08] 1.05] 1.24] 1.13]
e 1.08 [0.75, 1.77[0.93, 1.40[1.16, 1.23[0.94, 1.18[0.95, 1.59 [1.14,
Atrial fibrillation 1.56] 3.36] 1.70] 1.60] 1.47] 2.21]
Heart failure 1.98 [1.44, 0.80[0.42, 1.70 [1.47, 1.10[0.88, 1.09 [0.91, 1.01[0.74,
2.72] 1.56] 1.97] 1.38] 1.30] 1.37]
Coronary artery disease 0.84[0.62, 0.84[0.48, 1.42[1.25, 0.95[0.79, 1.16 [1.01, 1.12[0.88,
fy anery 1.14] 1.46] 1.61] 1.14] 1.33] 1.43]
Cancer 3.64[2.65, 1.17 [0.52, 4.20 [3.60, 1.03[0.77, 0.97[0.75, 0.67[0.41,
5.01] 2.62] 4.88] 1.37] 1.25] 1.09]
Renal dialvsis 1.54[0.91, 2.40[1.11, 2.16 [1.74, 1.26 [0.91, 0.86 [0.63, 0.91[0.54,
4 2.61] 5.18] 2.67] 1.74] 1.18] 1.54]
N 0.86 [0.61, 1.01[0.57, 1.15[0.99, 1.25[1.03, 1.12[0.95, 1.21[0.92,
P 1.22] 1.81] 1.34] 1.51] 1.33] 1.59]
Smokin 0.99 [0.80, 1.04 [0.70, 1.39[1.25, 1.14[0.99, 0.95 [0.86, 0.93[0.76,
9 1.24] 1.56] 1.54] 1.31] 1.06] 1.13]
Premorbid dependenc 0.68[0.51, 1,13[0.78, 0.53 [0.46, 0.81[0.67, 1.02 [0.86, 0.69 [0.53,
P Y 0.91] 1.65] 0.61] 0.99] 1.22] 0.90]]
Anti-hypertensive 1,13[0.78, 1.10[0.53, 1.08 [0.94, 1.30[1.09, 0.95 [0.83, 0.99[0.78,
medication 1.65] 2.28] 1.23] 1.56] 1.08] 1.27]
- . e 0.96 [0.71, 0.64[0.35, 0.83[0.72, 1.10[0.91, 1.04[0.89, 1.23[0.93,
Anti-thrombotic medications 1.30] 1.17] 0.95] 1.33] 1.26] 1.63]




Lipid lowering medications

Premorbid stroke

CNS moderate vs severe

CNS mild vs severe

mRS group

Length-of-stay 3-7 days

Length-of-stay 8-14 days

Length-of-stay >=15 days

1.11[0.73,
1.68]

1.15[0.85,
1.57]

0.23[0.18,
0.30]

0.05 [0.04,
0.07]

na

na

na

na

0.92[0.40,
2.15]

1.67 [1.02,
2.74]

0.49[0.31,
0.78]

0.09 [0.05,
0.15]

na

na

na

na

0.78[0.69,
0.88]

1.25[1.10,
1.43]

0.98[0.81,
1.19]

0.89 [0.75,
1.06]

1.39[1.24,
1.56]

0.85[0.71,
1.02]

0.95[0.79,
1.15]

1.17 [0.96,
1.42]

0.86 [0.72,
1.02]

1.78 [1.50,
2.10]

0.68[0.56,
0.84]

0.50[0.41,
0.60]

2.29[1.94,
2.69]

1.16[0.87,
1.56]

1.22[0.90,
1.64]

2.24[1.66,
3.02]

0.98[0.85,
1.13]

1.67 [1.46,
1.91]

1.14[0.90,
1.44]

1.230.99,
1.53]

0.97[0.86,
1.10]

1.05 [0.88,
1.24]

1.08 [0.90,
1.31]

1.03 [0.84,
1.27]

1.17[0.91,
1.50]

1.93 [1.56,
2.39]

0.81[0.59,
1.11]

0.67 [0.50,
0.90]

1.56 [1.26,
1.93]

1.15[0.79,
1.67]

1.41[0.96,
2.07]

1.76 [1.19,
2.62]




