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ABSTRACT

Objective: Atrial fibrillation (AF) is an important risk
factor for ischemic stroke, with a high morbidity and
mortality ratios. Diabetes mellitus (DM) was reported
as a strong and independent risk factor for both the
occurrence of AF and ischemic stroke. In this context,
here we investigated the influence of diabetes mellitus on
the recurrence of ischemic stroke in patients with atrial
fibrillation.

Material and Method: In this retrospective cohort study,
we reviewed the files of 2798 patients with stroke followed
in our cerebrovascular outpatient clinics for 15 years.

Results: A total of 313 patients (11.2%) with ischemic
stroke had atrial fibrillation. Of these, 152 patients
on regular follow-up were included; mean duration of
follow-up was 94.6+52.2 (median, 34) months. The mean
age of the study population was 70.0+10.3 years, and

54.3% were females (83 patients). Diabetes mellitus was
present in 28.3% (43 patients). The mean TTR (time in
therapeutic range) calculated for INR was 56.6+35.5%
(median, 58%). Sixteen patients (10.5%) had a recurrent
ischemic stroke. The presence of diabetes mellitus was very
significantly associated with the re-occurrence of ischemic
stroke in patients with AF (p=0.012), with an Odds ratio
of 4.2 (1.4-12.7). TIR for serum fasting glucose levels was
also significantly associated with recurrent ischemic stroke
(p=0.011). TTR calculated for HbAlc (p=0.354) or for
INR (p=0.106) did not show a significant association.

Conclusion: The presence of diabetes mellitus and serum

fasting glucose levels seems to be the most important and

independent risk factors for recurrent ischemic stroke in
patients with AE
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ATRIYAL FIBRILASYONU OLAN HASTALARDA
DIiYABETIN ISKEMIiK iINME REKURRENSI
UZERINE ETKISi

OZET

Amac: Atriyal fibrilasyon (AF) iskemik inme icin
onemli bir rik faktorudur, yuksek morbidite ve
mortalite oranlarma sahiptir. Diabetes mellitus
(DM) hem AFnin tetiklenmesinde hem de iskemik
inme icin bagimsiz ve guiclii bir risk faktortdur. Bu
baglamda, bu calismamizda, atriyal fibrilasyonu
olan hastalarda diyabetin iskemik inme rektrrensi
tizerindeki etkilerini arastirmay1 hedefledik.

kohort

inme

Metot: Bu
15 il
poliklinigimizde takipte olan ardisik 2798 hasta

Materyal ve

calismasinda,

retrospektif
boyunca ayaktan
dosyalarini inceledik.

Bulgular: Toplam 313 iskemik inme hastasinda
(%11,2) atriyal fibrilasyon mevcuttu. Bu hastalardan
diizenli takiplere geldigi izlenen 152 hasta calismaya

dahil edildi; ortalama takip stiresi 94,6+52,2 (ortanca,
34) ay idi. Calisma grubunun ortalama yast 70,0£10,3
yil olarak hesaplandi, %54,3'4 kadindi (83 hasta).
Diabetes mellitus hastalarin %28,3tinde (43 hasta)
mevcuttu. INR degerleri i¢in ortalama TTR (time in
therapeutic range) %56,6+35,5 (ortanca, %58) olarak
hesaplandi. On alt1 hastada (%10,5) tekrarlayict inme
izlendi. Diabetes mellitus varhg ile inme tekrar
arasinda olduke¢a yiiksek anlamli iligki saptandi
(p=0,012), Odds orani 4,2 (1,4-12,7) idi. Serum achk
glukoz dtizeyleri icin hesaplanan TTR degerlerinin
de iskemik inme tekran ile anlamh iligkili oldugu
gozlendi (p=0,011). HbAlc icin (p=0,354) veya INR
icin (p=0,106) hesaplanan TTR degerleri ile iskemik
inme tekrar1 arasinda anlamb iliski saptanmad.

Sonug: Diabetes mellitusun varligi ve serum aclik
glukoz diizeyleri, atriyal fibrilasyonu olan hastalarda
inme tekrart i¢in en oOnemli ve bagimsiz risk
faktorleridir.

Anahtar kelimeler: Atriyal fibrilasyon, iskemik inme,
diabetes mellitus.

INTRODUCTION

Atriyal fibrillation (AF) is an important risk factor for
ischemic stroke, with an increased risk by 4 to 5 fold.!
Patients with highly symptomatic AF are at particular
risk for higher morbidity and mortality, and several
measures of AF chronicity and severity are significantly
predictive of poor prognosis due to cardiovascular
complications.? Moreover, the presence of AF also
constitute an important correlate of recurrent strokes,
for which stroke risk stratification schemes have been
developed and validated to facilitate the decision
of whether to prescribe long-term anticoagulation.
Leading clinical practice guidelines’* recommend a
risk-based approach to the decision of anticoagulation
in AE such as CHADS2,> CHA2DS2-VASc® or the
ATRIA stroke risk scores.” In the original validation
cohort for CHA2DS2-VASc score from Denmark, the
highest relative ischemic stroke risk was conferred
by the presence of diabetes mellitus (Hazard ratio,
HR: 4.46), followed by advanced age (65-75 years,
HR:3.68), hypertension (HR: 2.76), heart failure (HR:
1.92), female sex (HR: 1.60), and vascular disease
(HR: 0.97).°

Diabetes mellitus (DM) is well-known as a strong
and independent risk factor for both the occurrence
of AF and ischemic stroke, with an odds ratio (OR)
of 2.13 and 1.86 respectively.” The risk of AF and
stroke was shown to increase with the duration of
DM, high HbAlc levels, and poor blood glucose

control.'™!' Diabetes mellitus was also associated
with an increased stroke severity, poorer functional
recovery, and higher mortality."*'* Because diabetes
mellitus has been associated with worse long-term
vascular prognosis,'” special attention should be paid
to the patients with diabetes after stroke. Here we
investigated the influence of diabetes mellitus on the
recurrence of ischemic stroke in patients with atrial
fibrillation.

MATERIALS AND METHODS

In this retrospective cohort study, we reviewed the
files of 2798 patients with stroke followed in our
cerebrovascular outpatient clinics between June 1996
and June 2014. Of these, 313 patients (11.2%) with
ischemic stroke had atrial fibrillation. We could reach
152 of these patients and questioned the presence
of recurrent ischemic stroke. TOAST classification
was used in the determination of the subtype of the
ischemic strokes, as atherothrombotic, cardioembolic,
small vessel disease, other rare etiologies and stroke of
undetermined etiology.'® The mean follow-up period
was for a mean period of 94.6+52.2 (median, 34)
months.

Demographic data and the risk factors were reviewed
in these 152 patients. Risk factors included gender,
age, comorbid carotid atherosclerosis, nature of AF
(persistent or paroxysmal), coronary artery disease,
ventricular dysfunction (ejection fraction <50%),
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non-insulin dependent diabetes (fasting blood glucose Table 1. Comparison of demographic and clinical data in study population.
>7.8 mmol/L in two consequent measurements or Patients without | _ Patients with
blood glucose level of >11.1 mmol/L after 75 mg Variables recurrent stroke | recurrent stroke |  p value
oral glucose tolerance test), antidiabetic therapy, the (n=136) (n=16)
presence of hypertension (HT; systolic blood pressure Mean age (years) 69.9+19.6 66.6+107 0,209
2140 mmHg and/or diastolic blood pressure =90 Female gender (%) 536 37 0994
mmHg that was recorded in medical files, or the use - X
) . CGomorhid atherosclerosis (%) 221 188 0569
of antihypertensive therapy), course of HT (regulated
or not), dyslipidemia (blood total cholesterol >200 Coronary artery disease (%) 316 315 0192
mg/dl, triglyceride =150 mg/dl, LDL cholesterol 2100 Mirial fibrillation (%) 105 625 0399
mg/dL, HDL cholesterol <40 mg/dL, or the use of Ventricular dysfunction (%) b8.8 88.7 0474
lipid-lowering therapy), use of anti-thrombotic or Mean ejection fraction (%) 536479 56.6+28 0593
anticoagulation therapy, smoking status, and alcohol Hypertension (%) 79 037 017
intake.
Diabetes mellitus (%) 19.1 315 0012
Detailed data was collected on medical history Strictly-regulated hypertension (%) 934 750 0081
including oral anticoagulation use, and international Hyperlipidemia (%) 316 312 0.563
normalized ratio (INR) data; the time in therapeutic Smoking (%) 979 319 0431
range (TTR) was calculated based on the Rosendaal Alcohol intake (%) 05 62 0934
method.!” Therapeutic range for diabetes mellitus
o . . . Mean TTR for INR (%) 0924304 34.7£35.1 0106
was similarly quantified on the basis of serum fasting
glucose and HbAlc measurements. (mexian, 64 (median, 50)
Mean TTR for glucose (%) 1332441 201218 0.01
The statistical analyses were performed with the (median, 714) (median, 25)
software (version 15.0 for Windows; SPSS, Chicago, Mean TTR for HbATc (%) 6254518 3004447 0354
IL). The data was given as mean =+ standard deviation . .
. . . (median, 60) (median, 40)
or in percentages, appropriately. In the analysis of
nominal Variables, Pearson Chi—square test was used7 TTR: Time in Therapeutic Range, INR: International Normalized Ratio.
Mann-Whitney U test was used for independent
numerical variables which did not normally TOAST classification revealed that 90.8% of the
distributed. A p value of <0.05 was considered ~ Patents had cardioembolic = stroke, 3.3% had
statistically significant. atherothrombotic stroke (5 patients), 3.3% had
stroke due to small vessel disease (5 patients), 2.0%
RESULTS had dissection (3 patients) and one patient (0.7%)
had an underlying hematological abnormality. While
The mean age of the study population was 70.0+10.3 2 patients had no anti-coagulation or anti-aggregant
years, and 54.3% of them were females (83 patients). therapy (because of hemorrhagic complications),
Comorbid atherosclerosis was present in 36 patients 50% of the population had anti-coagulation therapy
(23.6%). AF was persistent in 68.4% and paroxysmal (76 patients), 31.6% had anti- aggregant therapy (48
in 29.3% of the patients. While 53.7% of them had patients), and 17.1% of them had dual anti- aggregant
no anti-arrhythmic use, 21.1% were on a beta-blocker therapies (26 patients). The mean TTR calculated
agent, 15.0% had digoxin glycosides, 3.4% had a for INR was found as 56.6+35.5% (median 58%),
calcium channel blocker, and 2.7% had amiodarone ranging between 0-100%. After a mean follow-up of
therapy. Surgical pacemaker was implanted in 4.1% 94.6+52.2 (median, 34) months, 16 patients (10.5%)
of the patients. Coronary artery disease was present had a recurrent ischemic stroke.
in 30.9% (47 patients) of the patients. Ventricular
dysfunction was present in 42.1%; the mean EF was In the analysis of prognostic factors, we found
calculated as 53.8+7.4%; ranging between 35 and that age (p=0.202), gender (p=0.224), comorbid
70%. Diabetes mellitus was present in 28.3% (43 atherosclerosis (p=0.569), type of AF (p=0.399),
patients); most of them were on oral anti-diabetic ventricular dysfunction (p=0.474), mean EF values
therapy (51.2%). Hypertension was present in 79.6% (p=0.593), hypertension (p=0.127), hyperlipidemia
of the patients and only 66.4% were strictly regulated. (p=0.563), smoking (p=0.431), and alcohol intake
Dyslipidemia was present in 32.9%, smoking was (p=0.234) were not found to be associated with the
present in 27.6% and alcohol intake was observed in occurrence of recurrent ischemic stroke (see Table 1).
only 7.9% of the study population. Whether HT was strictly regulated or not showed a
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Tahle 2. Comparison of demographic and clinical data in patients with and without diabetes mellitus (DM).
Patients without | Patients with
Variables DM DM pvalue
(n=109) (n=43)
Mean age (years) 7024105 694+938 0.558
Female gender (%) 528 58.1 0.340
Gomorhid atherosclerosis (%) 231 262 0423
Coronary artery disease (%) 294 326 0368
Persistent / Paroxysmal atrial fibrillation (%) 736/ 264 634 /366 0.155
Ventricular dysfunction (%) 55.8 124 0.090
Mean ejection fraction (%) 539+7.7 03670 0992
Hypertension (%) 725 97.7 <0.001
Strictly-regulated hypertension (%) 65.1 674 0.591
Hyperlipidemia (%) 303 395 0183
Smoking (%) 215 218 0.556
Alcohol intake (%) 92 47 0286
Mean TTR for INR (%) 60.7+33. 38.2+39.5 0.036
(median, 66) (median, 33)
TTR: Time in Therapeutic Range, INR: Intemational Normalzed Retio
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borderline significance in association with recurrent
ischemic stroke (p=0.081). The presence of diabetes
mellitus, however, was very significantly associated
with the re-occurrence of ischemic stroke in this
group of patients with AF (p=0.012), with an Odds
ratio of 4.2 (1.4-12.7). TTR for serum fasting glucose
levels was also significantly associated with recurrent
ischemic stroke (p=0.011), while TTR calculated for
HbAlc (p=0.354) or for INR (p=0.106) did not show
a significant association.

The analysis of the variables on the basis of the
presence of DM is given in Table 2. Only the presence
of HT was significantly more common in patients with
DM (p<0.001), while other risk factors associated
with stroke were similar between two groups. TTR
calculated for INR was also found to be worse in
patients with diabetes (p=0.036). The mean TTR
calculated for serum fasting glucose was 52.7+47.1%
(median 66%; between 0-100), and the mean TTR
calculated for HbAlc was 46.4+49.8 (median 50%;
between 0-100%). The subtypes of stroke were not
significantly different between two groups (p=0.090).

In patients without diabetes, the only significant
variable associated with recurrent ischemic stroke
was the TTR calculated for INR (p=0.021), while all
other variables failed to show a significant association.
Whether HT was strictly-regulated or not was close
to be significantly associated with the recurrent
ischemic stroke (p=0.075). In patients with DM, on
the other hand, TTR calculated for INR was no longer
significantly associated with the recurrent ischemic

stroke (p=0.485), while TTR calculated for serum
fasting glucose levels (p=0.011) was significantly
associated. All other variables failed to have a
significant association with the recurrent ischemic
stroke. The comorbid presence of both DM and HT
was also significantly associated with higher ratios of
recurrent ischemic stroke (p=0.009), with an Odds
ratio of 4.4 (1.4-13.3). The presence of DM and
female gender, however, did not show a significant
association (p=0.345), neither the presence of DM
and age 75 years (p=0.300).

DISCUSSION

Diabetes mellitus is known to be significantly
associated with poorer outcome in patients with
stroke.” A large number of studies has demonstrated
a worse functional outcome, along with higher long-
term mortality in stroke patients with diabetes.'*!®
The ADVANCE study showed that the mortality in
DM patients was higher in the presence of AE" In
the presented study, we studied patients with stroke
and atrial fibrillation, and demonstrated that the
Odds ratio for recurrent ischemic stroke was four
times higher in the presence of DM. This may suggest
that DM may be the most important risk factor for
recurrent ischemic stroke in patients with AE

Age and female sex have been reported as important
and consistent predictors of stroke and mortality
in patients with AE'* In this context, age and
female gender constitute items in CHA2DS2-VASc
risk stratification scheme designed for AF patients.
However, we did not find a significant association
between gender and recurrent ischemic stroke in
patients with AF and DM. Similar results were also
reported in the literature.”” In addition, gender was
not associated with recurrent ischemic stroke in our
patients with AF, and those with or without DM.
Similarly, Euro Heart Survey*' did not observe any
effect of gender on the risk of all-cause mortality,
either. Concomitant risk factors placed in CHA2DS2-
VASc risk score may explain this difference in the
literature.

AF  chronicity and ventricular dysfunction was
demonstrated to significantly be associated with
several  cardiovascular and  noncardiovascular
comorbidities.” The Euro Heart Survey showed higher
rates of thromboembolic events in patients with
permanent AE?! The ACTIVE W study, on the other
hand, showed that the risk of thromboembolic events
did not differ between paroxysmal and permanent
AFE? Similarly in our study population, we failed to
show a significant association between the type of AE

as well as the presence of ventricular dysfunction and
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lower EF values, with recurrent ischemic stroke. It
was suggested that not only the type of AE but the
duration and frequency of paroxysmal AF may be
related with the occurrence of thromboembolic risk.>*

The prevalence of HT was very high in our patients
with DM in compared to those without. Although
HT itself was not found to play an important role in
recurrent ischemic stroke in our study population,
the comorbidity of HT and DM was significantly
associated with recurrent ischemic stroke in patients
with AF, which proved a small but significant risk for
the recurrent ischemic stroke in additional to DM
alone. It was hypothesized in the SPS3 trial® that
lower targets for systolic blood pressure would be
particularly beneficial in the prevention of recurrent
strokes among patients with DM, but this was not
confirmed yet.

In our study, INR regulation calculated as TTR was the
only significant risk factor for the recurrent ischemic
stroke in patients without DM. Furthermore, the
serum fasting glucose levels were the only significant
associate for the recurrent ischemic stroke in patients
with DM. Moreover, although TTR for INR was not
significantly associated with the recurrent ischemic
stroke in patients with DM, it was significantly
lower in the patients with DM. Nevertheless, better
management of patient with AF — especially in the
absence of DM as another risk factor for stroke — may
require novel anti-coagulant therapies, for which the
long term prognostic results should be demonstrated.
In stroke patients with AF and DM, on the other
hand, glycemic control was found to be the most
important factor associated with recurrent ischemic
stroke. In the literature, although hyperglycemia
and poor outcome following stroke have been

demonstrated in many studies,***’

there is only one
study®® showing that HbAlc levels were associated
with the prognosis of stroke in patients with DM. In
our study population with ischemic stroke and AF, we
failed to show a significant association with HbAlc
levels, but demonstrated a strong association between
the presence of DM and serum fasting glucose levels

with the recurrent ischemic stroke.

Multiple observational studies have demonstrated
greater severity and greater
impairment in the patients with hyperglycaemia. Acute
glucose excursion has been shown to trigger oxidative
stress and endothelial dysfunction, while chronic
hyperglycemia was also accused of poor outcome in
stroke patients with diabetes, which alters microvascular
hemodynamics and membrane function, reduces
cerebral blood flow, and impairs oxygen exchange.”
Moreover, DM was reported to be associated not only
with stroke but also with AF; a longer duration of DM
and worse glycemic control has been independently

stroke functional

associated with increased risk of AE**3!

Among limitations of our study, we did not analyze
the hemorrhagic complications of anti-coagulant or
anti-aggregant therapy; however, this was beyond
the scope of this study. The investigation of DM-
related factors in a subgroup of patients with TTR
for INR higher than 90% may better reveal the effects
of confounding factors. Another main issue of the
study population is the low numbers of patients with
diabetes mellitus. Although the influences of DM is
well-documented in patients with ischemic stroke,
especially of atherothrombotic type or in small vessel
disease, the deleterious effects of DM in stroke patients
with AF should be confirmed in larger studies with
prospective and longitudinal design.

CONCLUSION

On these bases, we may conclude that in a stroke
patient with AF, the most important risk factor for
recurrent ischemic stroke may be diabetes mellitus
with poor glycemic control; which has deleterious
effects on both ischemic brain tissue and atrial
fibrillation. For this reason, the presence of DM should
particularly be searched and vigorously be treated in
patients with ischemic stroke and atrial fibrillation.
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