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OBJECTIVE

Althoughpatientswith type 1diabetes have apoor prognosis after a stroke, predictors
of survival after an incident stroke in these patients are poorly studied.

RESEARCH DESIGN AND METHODS

In this observational study, a total of 144 patients of 4,083with type 1 diabetes from
the Finnish Diabetic Nephropathy (FinnDiane) Study suffered an incident stroke in
1997–2010, and were followed for a mean 3.4 6 3.1 years after the stroke. Infor-
mation was recorded on hard cardiovascular events and death as a result of cardio-
vascular or diabetes-related cause, collectively referred to as vascular composite end
point. Information was collected from medical records, death certificates, and the
National Care Register of Health Care. Predictors at the time of the incident stroke
were studied for the end points.

RESULTS

During follow-up, 104 (72%) patients sufferedavascular composite endpoint.Of these,
33 (32%) had a recurrent stroke, 33 (32%) a hard cardiovascular event, and 76 (53%)
diedof cardiovascular or diabetes-related causes,withanoverall 1-year survival of 76%
and 5-year survival of 58%. The predictors of a vascular composite end point were
hemorrhagic stroke subtype (hazard ratio 2.03 [95% CI 1.29–3.19]), as well as chronic
kidney disease stage 2 (2.48 [1.17–5.24]), stage 3 (3.04 [1.54–6.04]), stage 4 (3.95
[1.72–9.04]), and stage 5 (6.71 [3.14–14.34]). All-cause mortality increased with de-
teriorating kidney function.

CONCLUSIONS

Patients with type 1 diabetes with an incident stroke have a poor cardiovascular
prognosis and a high risk of all-cause mortality. In particular, hemorrhagic stroke
subtype and progression of diabetic kidney disease conveys worse outcome.

The number of patients with type 1 diabetes is increasing worldwide. These patients
also carry a markedly increased risk of stroke (1), and this risk materializes more than
10 years earlier than in subjects without diabetes (2). Although survival after a stroke
has improved in the general population (3), only a few studies have investigated the
survival of patients with type 1 diabetes and an incident stroke (4).
In the general population, the survival rate after an incident stroke is decreasing each

year after by ;10%, with the cause of death usually being a recurrent stroke, a car-
diovascular event, or complications as a result of the first stroke (5). The predictors of
poor outcome after a stroke are male sex, ischemic heart disease, older age, and the
presence of diabetes (6,7), with diabetes being one of the strongest predictors of poor
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outcome (8,9). In young patients with an
incident ischemic stroke, type 1 diabetes
independently increased the risk of
5-year mortality more than threefold
(10). Compared with individuals without
diabetes, patients with type 1 diabetes
also experience a worse vascular progno-
sis after an incident ischemic stroke (11).
Despite the fact that type 1 diabetes

increases the risk of premature mortality
after a stroke in young patients, conspicu-
ously few studies have explored the sur-
vival after an incident stroke in this patient
group. According to a study by Secrest
et al. (4), 87% of all patients with an inci-
dent strokediedwithin thenext 3.8 years.
This is a significantly higher mortality rate
than in the general population (5,6). How-
ever, only 32 incident stroke cases were
recorded in the study by Secrest et al. (4),
which jeopardized any attempts to ex-
plore potential predictors of survival. In
contrast, the Finnish Diabetic Nephropa-
thy (FinnDiane) Study is large enough to
provide the stage to explore such predic-
tors in a reasonably large number of case
subjects with sufficient follow-up time af-
ter the stroke.
We therefore aimed to study the prog-

nosis of patientswith type 1 diabeteswho
had suffered an incident stroke and, fur-
thermore, to identify the predictors of sur-
vival after a stroke in these patients.

RESEARCH DESIGN AND METHODS

All patients were part of the FinnDiane
Study, a nationwide multicenter study
with the aim to uncover genetic, clinical,
and environmental risk factors for micro-
andmacrovascular complications of type 1
diabetes. Type 1 diabetes was defined as
diabetes diagnosis before 40 years of age
and insulinmedication commencedwithin
1year after diagnosis. The studypopulation
consists of patients with type 1 diabetes
from all over Finland. All adult patients
with type 1 diabetes attending the 77par-
ticipating study centers’ (Supplementary
Data) diabetes and/or renal outpatient
clinics were consecutively asked to partic-
ipate in the study. The baseline visits be-
gan in 1998 and are still ongoing, and
follow-up visits have been conducted
since 2004. For this particular study, we
included all 149 patients with type 1 di-
abetes and an incident stroke between
1997 and 2010, as described in detail pre-
viously (12). The local ethics committee
of each center approved the study pro-
tocol, and the study was performed in

accordancewith theDeclarationofHelsinki.
Each participating patient signed an in-
formed written consent.

Incident Stroke
A detailed description of the identification
and classification of the incident strokes
has previously been reported (12). In
short, patients with an incident stroke
during follow-up were identified from the
FinnDiane questionnaires (either from the
baseline visit or the follow-up visit), death
certificates, and the National Care Regis-
ter of Health Care based on the ICD-10
(codes I60-I64). Patients with a stroke be-
fore the FinnDiane baseline visit were ex-
cluded. On all patients with an incident
stroke, medical records, computed to-
mography images, and magnetic reso-
nance images were ordered from the
hospitals where the patients had been
treated for the stroke. Based on this in-
formation, two stroke neurologists (J.P.
and R.L.) classified all the incident strokes
presenting with clinical symptoms into ei-
ther ischemic stroke or hemorrhagic stroke.
Ischemic strokes were further subdivided
into lacunarandnonlacunar infarctions (13).

Data at the Time of the Incident Stroke
Data prior to the incident stroke consisted
of information on the patients’ medical
condition and history, medication, and
lifestyle, collected from the FinnDiane
baseline or follow-up visits. Data at
the time of the incident stroke included
HbA1c values, creatinine concentrations,
renal status, presence of coronary heart
disease (CHD), medication, current smok-
ing, age at stroke, as well as duration of
diabetes at the time of stroke. These data
were collected from medical records or
death certificates or from the FinnDiane
visits if no information could be obtained
from the other two sources. Kidney status
was defined based on the urinary albumin
excretion rate (UAER), as well as the pres-
ence of end-stage renal disease (ESRD),
and further divided into five groups: nor-
mal UAER, microalbuminuria, macroalbu-
minuria, kidney transplant, and dialysis
treatment. A normal UAER was defined
as ,20 mg/min or ,30 mg/24 h, micro-
albuminuria as a UAER $20 and ,200
mg/min or $30 and ,300 mg/24 h, and
macroalbuminuria as a UAER $200
mg/min or$300 mg/24 h. Estimated glo-
merular filtration rate (eGFR) was calcu-
lated with the Chronic Kidney Disease
EpidemiologyCollaboration (CKD-EPI) for-
mula (14). CKD was defined based on the

eGFR and divided into five stages: stage
1 was defined as an eGFR $90 mL/min/
1.73 m2, stage 2 as an eGFR $60–89,
stage 3 as an eGFR $30–59, stage 4 as
an eGFR $15–29, and stage 5 as an
eGFR ,15 or dialysis treatment. Severe
diabetic retinopathy (SDR) was defined as
retinal laser treatment. CHD was defined
as a history of myocardial infarction or cor-
onary artery revascularization or treatment
with long-acting nitroglycerin. Medication
included anticoagulation medication,
antihypertensive medication, and lipid-
lowering medication. Current smoking
was defined as smoking of at least one
cigarette per day.

Follow-up Data
Follow-up information after the incident
stroke consisted of hard cardiovascular
end points, such as acute myocardial in-
farction, coronary artery bypass surgery,
coronary angioplasty, stroke, or death
as a result of cardiovascular or diabetes-
related cause, collectively referred to as a
composite vascular end point. The infor-
mation was collected from medical re-
cords, death certificates until August
2012, the FinnDiane database, and the
National Care Register of Health Care,
based on the ICD-10 by December 2011
for cardiovascular events, and by Decem-
ber 2012 for strokes. All events during
follow-up were registered. Follow-up
time was calculated from the date of the
incident strokeuntil thedateof the second
stroke, first hard cardiovascular end point,
or death, or until the last date the patients
were known to be free of a composite end
point, i.e., December 2011. We excluded
3 of the 149 incident stroke case subjects
as a result of unclear information during
follow-up. Two of the patients without an
event during follow-up died of an un-
known cause and were excluded. Thus, a
total of 144 case subjects were included in
the final analyses.

Statistical Analyses
All variables were tested for normal dis-
tribution. Parametric continuous vari-
ables were analyzed with the Student
t test; results are presented as mean
with SD. Nonparametric continuous vari-
ables were analyzed with the Mann-
Whitney U test; results are presented as
medians with interquartile range. The dif-
ference in categorical variables between
groupswas testedwith thex2 test. In order
to estimate the survival of the patients
after the incident stroke, we performed
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Kaplan-Meier survival plots for overall
survival, survival based on incident stroke
type, and survival based on renal status at
the time of the stroke. According to the
results of the univariate analyses or of
the survival analyses, Cox proportional
hazards analyses were performed and
adjusted for incident stroke type, kidney
status, and lacunar infarction in order to
determine which factors independently
affected the prognosis of the patients.
The results are presented as hazard ratio
(HR) with 95% CI. P , 0.05 was consid-
ered statistically significant. All analyses
were performed with SPSS Statistics
23.0 (IBM Corporation, Armonk, NY).

RESULTS

Of the 149 patients with an incident
stroke, there was complete information
on 144 patients during follow-up. A total
of 104 (72%) patients suffered from a
composite end point during follow-up,
whereas 40 (28%) patients were free
of a composite event. The flowchart in
Fig. 1 describes the follow-up events of
the patients. During follow-up, 33 (32%)
patients with a composite end point
experienced a hard cardiovascular event,
33 (32%) experienced a recurrent stroke,
and 8 (8%) experienced multiple strokes

during follow-up. Of the patients with a
composite end point, eight patients suf-
fered from recurrent stroke as well as a
cardiovascular event (CVD event) (Fig. 1).
In total, 77 (53%) of the patients with an
incident stroke died during follow-up, of
whom 31 had experienced another hard
cardiovascular end point before death. Of
all patients, 76 (53%) died of a cardiovas-
cular or diabetes-related death. The
mean follow-up time to the composite
end point was 3.4 6 3.1 years, range
0.0–14.7 years (Fig. 1).

Figure 2A shows the overall survival
after an incident stroke. Overall survival
decreased steadily, with 1-year survival be-
ing76% and 5-year survival 58%. Figure 2B
shows the survival stratified by incident
stroke type, and survival was significantly
poorer if the incident stroke was of hem-
orrhagic subtype; the 1-year survival was
52% for hemorrhagic stroke as compared
with 87% for ischemic stroke (P, 0.001).
For the 5-year survival, the difference in
survival rates was decreased, survival
being 46% for hemorrhagic stroke and
64% for ischemic stroke (P = 0.038). Sur-
vival also decreased significantly with de-
teriorating kidney function, as shown in
Fig. 2C, with the 1-year survival for stage
1 being 87%, stage 2 88%, stage 3 81%,

stage 4 64%, and stage 5 50% (P = 0.008),
and the 5-year survival for stage 1 being
87%, stage 2 63%, stage 3 52%, stage
4 57%, and stage 5 30% (P = 0.001).

Table 1 shows the characteristics at the
time of the first stroke of the patients
with a composite end point during follow-
up compared with patients without an
event. The distribution of men and women
was equal in both groups, the majority
beingmen. The patientswere also equally
old at the time of the stroke and had sim-
ilar age at onset of diabetes. The distribu-
tion of hemorrhagic strokes was the same,
whereas lacunar infarctions were more
common in those without any composite
end point. Notably, ESRD was more com-
mon in those with a composite end point,
aswas also CKD stages 3 and 5. Therewere
no differences in the presence of SDR or
CHD or use of aspirin, antihypertensive
medication, lipid-lowering medication, or
warfarin. Also, no differences in current
smoking or HbA1c were seen, whereas in
those with a composite end point, the
creatinine concentrations were higher
(Table 1).

In order to determine which factors in-
dependently affect the prognosis after a
stroke, we performed Cox proportional
hazards analyses, as shown in Table 2. In
model 1, we adjusted for stroke type and
renal status. A hemorrhagic stroke, having
received a kidney transplant, or being on
dialysis were all independent predictors
of a composite end point. We also ad-
justed the models for kidney function
based on eGFR, as well as kidney disease
stages. Hemorrhagic stroke, lower eGFR,
and CKD stages 2–5 were all independent
predictors for a composite end point
(Table 2, models 2 and 3).

Similar analyses were performed for
the subtypes of ischemic stroke (lacunar
or nonlacunar infarction). In these analyses,
having received a kidney transplant, being
on dialysis, lower eGFR, and CKD stages
2–5 were all independent predictors for a
composite end point, with similar HRs as
in the analyses for incident stroke (data
not shown). Nonlacunar infarction was
an independent predictor for a composite
end point in the analysis adjusted for
eGFR (HR 1.79 [95% CI 1.09–2.94]) and
for CKD (1.99 [1.20–3.27]), but not in the
analysis for renal status (1.58 [0.99–
2.54]).

We performed similar subanalyses to
determine potential predictors of other
end points, such as CVD event, recurrent

Figure 1—Flowchart of incident stroke case patients and events during follow-up. CVD-event,
cardiovascular hard end point (acute myocardial infarction, coronary artery bypass surgery, or
coronary angioplasty); FU, follow-up.
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stroke, or death. However, no predictors
were found for recurrent stroke, whereas
similar results as shown in Table 2 were
found for CVD event or death as the end
point (data not shown).

CONCLUSIONS

In this study, we show that patients with
type 1 diabetes and an incident stroke
have a high risk of cardiovascular compli-
cations, and that the overall survival of
these patients is poor. As many as 53%
of the patients died during amean follow-
up time of 3.4 years. In general, ischemic
stroke was associated with a better sur-
vival than a stroke of the hemorrhagic
subtype, especially during the first year
of follow-up. A novel finding was that
the independent predictors of a compos-
ite end point were hemorrhagic stroke
subtype, worsening kidney function, and
especially ESRD. Traditional predictors
for a poor outcome after a stroke, such
as CHD andmale sex, were not significant
in our study.

The prognosis after an incident stroke
in patients with type 1 diabetes is poorly
studied. Our results are in line with the
study by Secrest et al. (4) that followed
incident stroke case subjects for 4 years.
In their study, 33% died of a recurrent
stroke, 33% of a cardiovascular event,
and 30% of a diabetes-related cause,
numbers that are almost identical to the
ones found in our study. In our study, the
mortality rate was, however, lower: 53%
comparedwith 87% in the studyby Secrest
et al. (4). The patient characteristics in
both studies were similar, so the differ-
ence could be explained by, for example,
differences in treatment strategies or the
smaller numberof patients, and, thus, lower
power in the study by Secrest et al. (4).

In subjects without diabetes, 5-year
mortality varies between 11 and 60%, de-
pending on the age at the incident stroke
(5,6,10), as well as the subtype of stroke.
Hemorrhagic stroke usually has a higher
cumulative risk of death, especially during
the first year after a stroke (5,15). At the
time of their index stroke, the patients in
our study were markedly younger (mean
50.4 years), compared with patients with
type 2 diabetes and the general popula-
tion, in which most of the strokes occur
between the age of 60 and 80 years
(16,17) and 65 and 85 years, respectively
(18,19). Despite the lower age at stroke,
the duration of diabetes is longer in our
patients, ;30 years, compared to 10

Figure 2—Survival after incident stroke.A: Overall survival after incident stroke.B: Survival stratified
by incident stroke type. *P, 0.05, comparedwith incident ischemic stroke. C: Survival stratified by
CKD stage. *P, 0.05, compared with stage 1; †P , 0.05, compared with stage 5.
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years in patients with type 2 diabetes
(17). Compared with the general popula-
tion, not only is the mortality rate higher
in patients with type 1 diabetes, but
death also occurs much earlier, giving
these young patients a far worse progno-
sis after a stroke than for subjects free of
diabetes.
In accordance with studies in the gen-

eral population (8), we also found that
hemorrhagic stroke is associated with a
poorer outcome than stroke of ische-
mic origin. In most cases, a hemorrhage
causes more extensive brain tissue dam-
age, edema, and associated deleterious
effects than a stroke of ischemic origin,
thus leading to higher early mortality.
The survival is, however, only poorer

during the first months (20), and after
5 years, no differences are seen between
these two subtypes of stroke (5,15). A
similar decline in mortality was also
seen in our study, withmost of the deaths
as a result of hemorrhagic strokes occur-
ring during the first year after the stroke,
and similar survival seen at;8 years after
the stroke.

We have shown previously that dia-
betic nephropathy and decreasing kidney
function independently increase the risk
of both ischemic and hemorrhagic strokes
(21). In the current study, we could fur-
ther show that kidney disease was the
main determinant of poor survival after
an incident stroke. Other available risk
factors measured at the time of the first

stroke did not affect the prognosis. Im-
paired kidney function has been associated
with poor outcome after an incident stroke
also in young subjects without diabetes
(22), as well as in patients with type 2 di-
abetes (23). In patients with type 1 diabe-
tes, diabetic nephropathy predicts both
cardiovascular mortality and all-cause
mortality (24,25). Our findings are in line
with these studies. Not only is the risk of
a premature death increased in these
patients, but the risk of suffering a hard
cardiovascular event is also increased.
Moreover, a new finding is that the risk
seems tobe increasedalready at CKD stage
2 in thesepatients,whereasmicro- ormac-
roalbuminuria do not increase the risk.

In studies performed on subtypes of
ischemic stroke (nonlacunar or lacunar in-
farction), nonlacunar infarction has been
associated with a poorer outcome than
lacunar infarction (26,27). In our study,
nonlacunar infarction independently pre-
dicted poorer survival after an incident
stroke. In nonlacunar infarction, brain le-
sions are more extensive than in lacunar in-
farction, leading tomoreoutspreaddamage
in the brain tissue and, therefore, a higher
risk of a recurrent stroke or death.

One of the limitations of this study is
the observational study setting. The clin-
ical data at the time of the stroke were
reviewed from medical files; thus, for ex-
ample, no centrally measured laboratory
data were available from the time of the
incident stroke. We were, however, able
to retrieve data on creatinine and HbA1c
at the time of the stroke on the majority
of the patients. Thus, we cannot rule out
that there could be other independent
predictors of survival and confounding
factors that we were not able to assess.
Furthermore, we were unable to acquire
information on treatment strategies during
follow-up, and, therefore, the effect of sec-
ondary prevention could not be assessed.
Another limitation is that the number of
patients included in this study is small com-
pared with studies in the general popula-
tion.However, to thisdate, this is the largest
existing study population of patients with
type 1 diabetes and stroke, which enables
us for the first time to study independent
predictors of survival after an incident
stroke in patients with type 1 diabetes.
Another strength in our study is the well-
characterized patient population. Only pa-
tients with complete data on follow-up
were included, and all of the composite
end points were confirmed from either

Table 1—Characteristics at the time of their first stroke of patients with no event
compared with patients with composite end point during follow-up

Characteristics No event (n = 40) Composite end point (n = 104) P

Men (%) 65 66 0.879

Age at onset of diabetes (years) 16.0 (8.0–26.0) 12.0 (7.0–19.5) 0.076

Age at stroke (years) 51.1 6 9.5 50.4 6 9.0 0.656

Duration of diabetes (years) 34.2 6 8.9 36.2 6 8.2 0.201

Incident hemorrhagic stroke (%) 23 31 0.325

Incident ischemic stroke (%) 78 69 0.325
Lacunar infarction 74 47 0.012
Nonlacunar infarction 26 53 0.012

History of TIA (%) 3 4 0.673

HbA1c (%) 8.8 6 1.3 8.8 6 1.7 0.999

HbA1c (mmol/mol) 72 6 14 72 6 18 0.999

Renal status (%)
Normoalbuminuria 28 10 0.006
Microalbuminuria 25 13 0.067
Macroalbuminuria 30 21 0.263
Kidney transplant 15 40 0.004
Dialysis 3 16 0.024

ESRD (%) 18 57 ,0.001

eGFR (mL/min/1.73 m2) 91 (58–107) 44 (26–66) ,0.001

CKD (%)
Stage 1 (eGFR$90) 51 12 ,0.001
Stage 2 (eGFR 60–89) 23 22 0.879
Stage 3 (eGFR 30–59) 18 35 0.045
Stage 4 (eGFR 15–30) 5 13 0.203
Stage 5 (eGFR,15 or dialysis) 3 19 0.014

SDR (%) 75 86 0.133

CHD (%) 23 29 0.443

Atrial fibrillation (%)
Prior 5 1 0.149
At diagnosis 0 2 0.375

Aspirin (%) 50 60 0.297

Warfarin (%) 5 5 0.971

Antihypertensive medication (%) 88 91 0.485

Lipid-lowering medication (%) 50 39 0.208

Current smoking (%) 23 26 0.766

Data are presented as mean6 SD or median with interquartile range, unless otherwise noted.
Composite end point is recurrent stroke, cardiovascular hard event, or death by cardiovascular
or diabetes-related cause. TIA, transient ischemic attack.
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medical records or death certificates. In
Finland, virtually all patients with a hard
cardiovascular end point are treated in
hospitals, and if the patient dies outside a
treatment facility, an autopsy is performed
routinely to ascertain the cause of death.
Therefore, we believe that no false events
have been reported during follow-up. Fur-
thermore, all the strokes included were
confirmed and classified by the same neu-
rologists using the same methodology.
In conclusion, we show here that the

cardiovascular prognosis and overall sur-
vival after an incident stroke in patients
with type 1 diabetes is poor, and that a
hemorrhagic stroke is associated with a
worse outcome than that of an ischemic
stroke. For the first time, predictors of sur-
vival and prognosis after an incident stroke
in type 1 diabetes could be elucidated, and
hemorrhagic stroke, ESRD, and CKD stages
2–5 all independently increase the risk
of a recurrent stroke, hard cardiovascular
event, or death by cardiovascular or di-
abetes-related cause. Preventionof stroke,
and especially of diabetes-related kidney
disease, is therefore of great importance
to improve the prognosis of patients with
type 1 diabetes.
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