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Abstract
Background: Little is known about the risk of recurrent 
stroke in low- and middle-income countries. This study was 
designed to identify the long-term risk of stroke recurrence 
and its associated factors. Methods: From November 21, 
2006 for a period of 1 year, 624 patients with first-ever stroke 
(FES) were registered from the residents of 3 neighborhoods 
in Mashhad, Iran. Patients were followed up for the next 5 
years after the index event for any stroke recurrence or 

death. We used competing risk analysis and cause-specific 
Cox proportional hazard models to estimate the cumulative 
incidence of stroke recurrence and its associated variables. 
Results: The cumulative incidence of stroke recurrence was 
14.5% by the end of 5 years, with the largest rate during the 
first year after FES (5.6%). Only advanced age (adjusted haz-
ard ratio [HR] 1.02; 95% CI 1.01–1.04) and severe stroke (Na-
tional Institutes of Health Stroke Scale score >20; HR 2.23; 
95% CI 1.05–4.74) were independently associated with an 
increased risk of 5-year recurrence. Case fatality at 30 days 
after first recurrent stroke was 43.2%, which was significant-
ly greater than the case fatality at 30 days after FES of 24.7% 
(p = 0.001). Conclusion: A substantial number of our patients 
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either died or had stroke recurrences during the study peri-
od. Advanced age and the severity of the index stroke sig-
nificantly increased the risk of recurrence. This is an impor-
tant finding for health policy makers and for designing pre-
ventive strategies in people surviving their stroke.

© 2018 S. Karger AG, Basel

Introduction

Stroke recurrence rates vary widely between countries 
with less information in low- to middle-income countries 
[1]. Although some international efforts, such as Global 
Burden of Disease study, provide worldwide data regard-
ing burden of stroke [2], there is still a high level of un-
certainty regarding stroke estimates, particularly in low- 
to middle-income countries without national-based 
health surveillance systems. Cohorts or repeated cross-
sectional epidemiological studies from such countries are 
instrumental in providing these estimates. In addition, 
the relationship between stroke types and long-term re-
currence has not been thoroughly investigated [3]. 

In a population-based study of stroke, the Mashhad 
Stroke Incidence Study (MSIS), we have previously shown 
an excessive rate of stroke in Iran as compared to many 
western countries [4]. In this study, we sought to deter-
mine the 5-year risk of stroke recurrence and the associ-
ated risk factors in the MSIS.

Methods

Study Population
MSIS is a prospective population-based stroke cohort [4]. 

From November 21, 2006 to November 20, 2007, all cases with 
stroke were recruited from 3 different neighborhoods (total popu-
lation 450,229; online suppl. Fig. 1; for all online suppl. material, 
see www.karger.com/doi/10.1159/000485509). The study was ap-
proved by the Ethics Committee of the Mashhad University of 
Medical Sciences, Iran.

Definitions
Stroke was defined according to the World Health Organiza-

tion criteria [5]. Recurrent stroke was defined as stroke-like symp-
toms that occurred at least 24 h after the index event, and were not 
attributable to edema, mass effect, brain shift syndrome, or hemor-
rhagic transformation [6, 7].

Follow-Up
Patients or their proxies were telephoned at 28 days, 1 and 5 years 

after their index stroke, and were asked to participate in an outpa-
tient face-to-face follow-up visit. Severely disabled patients, who 
could not visit the outpatient department, were mostly assessed in 
their homes, but in a few cases, only telephone interviews were con-

ducted. From March 10, 2013 to January 21, 2014, 3 investigators 
(A.A., P.H., and Abbas Heshmati) and community health volunteers 
visited the patient’s most recent addresses and checked with patients 
or neighbors for any change in contact numbers or address [8]. 

Statistical Analysis
We used competing risk analysis to determine the cumulative in-

cidence of recurrent stroke, with death considered a competing event 
for recurrence. Kaplan-Meier analysis was used to determine cumu-
lative risk of death during the 5-year period of follow-up. To control 
for the effect of previous strokes, first-ever stroke (FES) was consid-
ered the denominator in the data analyses. We assessed the role of all 
prognostic variables on stroke recurrence using univariable and mul-
tivariable cause-specific Cox proportional hazard regression (back-
ward stepwise model) analyses. R statistical software was used to run 
competing risk analysis and cause-specific Cox proportional hazard 
regression with 95% CIs. SPSS statistical software version 16 (SPSS 
Inc., Chicago, IL, USA) was used for all other analyses.

Results

Cohort Characteristics
In total, 684 patients with acute stroke were registered 

in the MSIS, of whom 624 had FES (online suppl. Fig. 1). 
Among those with FES, there were 512 (82.1%) ischemic 
strokes, 80 (12.8%) intracerebral hemorrhages, 14 (2.2%) 
subarachnoid hemorrhages, and 18 (2.9%) undefined 
strokes. Despite all attempts, 69 patients were lost to fol-
low-up due to change of address or loss of contact; 3 im-
mediately after discharge from hospital, 5 during the first 
year, and 61 patients after 1 year (online suppl. Table 1).

Recurrence Risk
During the 5-year follow-up period, among 624 FES, 

330 patients died and 81 patients had at least one recur-
rent stroke. The majority of recurrent events following 
FES were reported within the first year after the index 
stroke, with 7 (1.1%) occurring within the first 30 days 
and 29 (4.6%) occurring between the first month and the 
first year. Competing risk analysis accounting for death 
demonstrated that the cumulative incidence of recurrent 
stroke over 5 years was 14.5%, with the greatest incidence 
of first recurrence during the first year (5.6%; Fig. 1; on-
line suppl. Table 2).

Case Fatality
Among those with FES who experienced recurrence, 

64.2% (52/81) died within 5 years after the index stroke. 
Case fatality at 30 days after first recurrent stroke was 
43.2%, which was significantly greater than the case fatal-
ity at 30 days after FES of 24.7% (p = 0.001). However, at 
5 years after stroke, there was no detectable difference 
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between these groups (68.1% among those with any re-
current event and 55.2% among those without a further 
event, p = 0.7). Although stroke, by itself, was the most 
common reason for death among all patients, after recur-
rence the rate of death due to stroke increased signifi-
cantly (69.2% in patient with recurrence, 36% in those 
without recurrence; p < 0.001).

Association between Index Stroke Subtype and Risk of 
Recurrence
At the 5-year follow-up, patients with ischemic stroke 

(17.9%) had the largest cumulative incidence rate of re-
current stroke, followed by hemorrhagic stroke (15.1%) 
and undefined stroke (10.5%). However, these differenc-
es were not statistically significant (p = 0.1; Fig. 2; online 
suppl. Table 2). 

Factors Associated with Recurrence
In univariable cause-specific Cox proportional hazard 

regression analysis, increasing age and history of atrial 
fibrillation were associated with an increased 5-year risk 
of recurrent stroke (online suppl. Table 3). In multivari-
able analysis, the only factors independently associated 
with an increased risk of stroke recurrence at 5 years were 
older age (hazard ratio [HR] 1.02; 95% CI 1.01–1.04) and 
severe stroke, as based on the NIHSS score (HR 2.23; 95% 
CI 1.05–4.74).

Discussion

Our study has major clinical and public health impli-
cations. First and foremost, to the best of our knowledge, 
the MSIS is the only population-based study of stroke in 
the Middle East, and so provide unique data on recur-
rences and deaths in this region. A substantial number of 
our patients with FES either died (330/624) or had a re-
current stroke (81/624). After controlling the competitive 
effect of death, 5-year recurrence was 14.5%. The largest 
rate of recurrence was observed during the first year after 
the index events. Stroke severity at the time of the index 
stroke and advanced age were associated with an in-
creased risk of stroke recurrence. In addition, 30-day 
case-fatality was greater in those with a recurrent stroke 
than those without.

Recurrence following an initial stroke has not been 
thoroughly investigated, particularly in low- to middle-
income countries. In our study, one out of 6 patients with 
FES had at least one recurrent event within 5 years of their 
stroke. In a recent meta-analysis, 5-year stroke recurrenc-
es varied from 16 to 32% [1]. However, none of these 
studies were conducted in the Middle East. Although the 
proportion of our subjects having recurrences is less than 
in some of these prior studies, the majority of these stud-
ies were performed between 10 and 30 years ago [9–12] 
(Fig.  3). Likewise, stroke case fatality in our study was 
similar to those reported in high-income countries 2–3 
decades ago [13–15]. Such a high rate of death may affect 
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Fig. 1. The cumulative incidence of recurrent stroke accounting for 
competing risk of death after the index first-ever stroke during the 
5-year study period.
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Fig. 2. The cumulative incidence of recurrent stroke during the 
5-year study period: a competing risk analysis of death according 
to the index first-ever index stroke types. 
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the rate of recurrence but, in competing risk analysis, 
death did not affect the recurrence rate. Similar to a pre-
vious study [10], we showed that recurrent stroke is more 
likely to be fatal than initial stroke. Furthermore, signifi-
cantly larger proportions of patients with a history of re-
currence died due to stroke itself, emphasizing the impor-
tance of secondary prevention. Similar to previous stud-
ies [16, 17], we found that advanced age was associated 
with more frequent recurrences. A relatively younger age 
of our patients at time of index strokes [4] might also af-
fect the rate of stroke recurrence.

Despite having an estimated HR above 2 in univariable 
analysis, AF did not appear to be independently associ-
ated with stroke recurrence. It is possible that the preva-
lence of AF is underestimated in our sample, partly be-
cause only patients who were hospitalized had long-term 
cardiac monitoring.

Our study has some limitations. We were unable to 
identify the underlying pathophysiology of recurrent 
stroke in the majority of cases, as many patients died or 
became disabled after recurrence. We cannot also com-
ment on the effects of treatment on recurrence figures, 
as we have limited information about the long-term 
compliance of our patients (online suppl. Table 4). Al-
though recurrences after stroke may have changed since 
this study was completed, our data are relatively contem-
poraneous with case ascertainment being completed in 
2007 and follow-up completed in December 2012. 
Strengths of this study include the use of several overlap-
ping sources to find cases of stroke, including revisiting 
all cases. Furthermore, our study provides unique data, 
being the first population-based study of stroke in the 
Middle East with long-term outcome after stroke. A 
large sample size of patients with stroke and recurrences 

provides adequate statistical power for the outcomes as-
sessed. Thus, we provide novel information about the 
long-term outcome of stroke in Iran and, potentially, 
many similar with similar risk factors and health care 
systems.

Conclusion

The rate of stroke recurrence in our study is compa-
rable with stroke recurrence in high-income countries 
between 1 and 3 decades ago. A considerable number of 
our patients died or had recurrent events. Case-fatality 
was poorer in those having a first stroke recurrence than 
in those with a first-ever stroke. Further studies, from 
both low- to middle-income and high-income countries 
are necessary to implement worldwide preventive mea-
sures against stroke recurrence.
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The oxfordshire cummunity stroke project (1981–1986)
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Fig. 3. The 30-day, 1- and 5-year cumula-
tive risk of the recurrent stroke among pa-
tients with first-ever strokes: a comparison 
between population-based studies of stroke 
from the 1980s to 2008.

D
ow

nl
oa

de
d 

by
: 

G
öt

eb
or

gs
 U

ni
ve

rs
ite

t
13

0.
24

1.
16

.1
6 

- 
1/

12
/2

01
8 

8:
38

:1
4 

A
M



Salehi et al.Neuroepidemiology 2018;50:18–2222
DOI: 10.1159/000485509

References

  1	 Mohan KM, Wolfe CD, Rudd AG, Heus-
chmann PU, Kolominsky-Rabas PL, Grieve 
AP: Risk and cumulative risk of stroke recur-
rence: a systematic review and meta-analysis. 
Stroke 2011; 42: 1489–1494.

  2	 GBD 2016 DALYs and HALE Collaborators: 
Global, regional, and national disability-ad-
justed life-years (DALYs) for 333 diseases and 
injuries and healthy life expectancy (HALE) 
for 195 countries and territories, 1990–2016: 
a systematic analysis for the Global Burden of 
Disease Study 2016. Lancet 2017; 390: 1260–
1344.

  3	 Azarpazhooh MR, Nicol MB, Donnan GA, 
Dewey HM, Sturm JW, Macdonell RA, et al: 
Patterns of stroke recurrence according to 
subtype of first stroke event: the North East 
Melbourne Stroke Incidence Study (NEME-
SIS). Int J Stroke 2008; 3: 158–164. 

  4	 Azarpazhooh MR, Etemadi MM, Donnan 
GA, Mokhber N, Majdi MR, Ghayour-Mo-
barhan M, et al: Excessive incidence of stroke 
in Iran: evidence from the Mashhad Stroke 
Incidence Study (MSIS), a population-based 
study of stroke in the Middle East. Stroke 
2010; 41:e3–e10. 

  5	 Hatano S: Experience from a multicentre 
stroke register: a preliminary report. Bull 
World Health Organ 1976; 54: 541–553. 

  6	 Coull AJ, Rothwell PM: Underestimation of 
the early risk of recurrent stroke: evidence of 
the need for a standard definition. Stroke 
2004; 35: 1925–1929.

  7	 Kolominsky-Rabas PL, Weber M, Gefeller O, 
Neundoerfer B, Heuschmann PU: Epidemiol-
ogy of ischemic stroke subtypes according to 
TOAST criteria: incidence, recurrence, and 
long-term survival in ischemic stroke sub-
types: a population-based study. Stroke 2001; 

32: 2735–2740.
  8	 Saber H, Thrift AG, Kapral MK, Shoamanesh 

A, Amiri A, Farzadfard MT, et al: Incidence, 
recurrence, and long-term survival of ischemic 
stroke subtypes: a population-based study in 
the Middle East. Int J Stroke 2017; 12: 835–843.

  9	 Burn J, Dennis M, Bamford J, Sandercock P, 
Wade D, Warlow C: Long-term risk of recur-
rent stroke after a first-ever stroke. The Ox-
fordshire Community Stroke Project. Stroke 
1994; 25: 333–337. 

10	 Hardie K, Hankey GJ, Jamrozik K, Broad-
hurst RJ, Anderson C: Ten-year risk of first 
recurrent stroke and disability after first-ever 
stroke in the Perth Community Stroke Study. 
Stroke 2004; 35: 731–735.

11	 Hillen T, Coshall C, Tilling K, Rudd AG, Mc-
Govern R, Wolfe CD: Cause of stroke recur-
rence is multifactorial: patterns, risk factors, 

and outcomes of stroke recurrence in the 
South london stroke register. Stroke 2001; 34: 

1457–1463.
12	 Mohan KM, Crichton SL, Grieve AP, Rudd 

AG, Wolfe CD, Heuschmann PU: Frequency 
and predictors for the risk of stroke recur-
rence up to 10 years after stroke: the South 
London Stroke Register. J Neurol Neurosurg 
Psychiatry 2009; 80: 1012–1018.

13	 Brønnum-Hansen H, Davidsen M, Thorvald-
sen P; Danish MONICA Study Group: Long-
term survival and causes of death after stroke. 
Stroke 2001; 32: 2131–2136.

14	 Hardie K, Hankey GJ, Jamrozik K, Broad-
hurst RJ, Anderson C: Ten-year survival after 
first-ever stroke in the perth community 
stroke study. Stroke 2003; 34: 1842–1846.

15	 Terént A: Trends in stroke incidence and 10-
year survival in Söderhamn, Sweden, 1975–
2001. Stroke 2003; 34: 1353–1358.

16	 Hankey GJ, Jamrozik K, Broadhurst RJ, 
Forbes S, Burvill PW, Anderson CS, et al: 
Long-term risk of first recurrent stroke in the 
Perth Community Stroke Study. Stroke 1998; 

29: 2491–2500.
17	 Modrego PJ, Mainar R, Turull L: Recurrence 

and survival after first-ever stroke in the area 
of Bajo Aragon, Spain. A prospective cohort 
study. J Neurol Sci 2004; 224: 49–55.

D
ow

nl
oa

de
d 

by
: 

G
öt

eb
or

gs
 U

ni
ve

rs
ite

t
13

0.
24

1.
16

.1
6 

- 
1/

12
/2

01
8 

8:
38

:1
4 

A
M


