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Background and Aim: Romanian national level stroke mortality data is relatively
scarce. The current study investigated stroke mortality rates and trends in Romania.
Methods: All individual deaths registered in Romania during 1994-2017 were ana-
lyzed using an anonymized database, based on death certificates. Stroke crude mor-
tality rates (CMR) and age-standardized mortality rates (ASMR) were calculated
and expressed per 100,000 persons-year. Results: Between 1994 and 2017, 6,281,873
persons died in Romania, stroke being registered as the underlying cause of death
in 959,319 cases. The overall stroke CMR was 188.2 (199.3 for women and 176.5 for
men). The CMR for hemorrhagic stroke (HEMS) was 32.4 and for ischemic stroke
(ISCS) 10.9. There was a significant decrease in stroke ASMR from 344.4 (95% confi-
dence interval [CI] 343.4-345.4) in 1994 to 192.1 (95% CI 191.5-192.7) in 2017, with
an annual percent change (APC) of 2.53% per year (95% CI 2.50-2.55, P < .001).
Although compared with men, women had higher CMRs, when those rates were
age-standardized men had higher ASMR as compared with women. The decline in
HEMS ASMR had an APC of 4.65% per year (95% CI 4.59-4.70, P < .001). ISCS
ASMR showed an initial increase in ASMR during 1994-2005, with APC 6.39% per
year (95% CI 6.09-6.70, P < .001), followed by a significant decrease until 2017, with
APC 2.83% per year (95% CI 2.59-3.07, P < .001). Conclusion: There was a significant
reduction in stroke ASMR during 1994-2017. The decline was slow until 2002 and
became steeper after that, with significant differences in gender analysis.
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rates
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Introduction

Stroke is a major public health problem, being respon-
sible for approximative 10% of all deaths worldwide.1,2

It is estimated that 25% of people aged more than or
equal to 25 years are affected by stroke during their
lifetime.3 Between 2007 and 2017, the stroke global age-
standardized mortality rates (ASMR) decreased by
13.6%, which was paralleled by a 13.8% decrease in the
rate of years of life lost due to stroke.1 Similar results
were found for ischemic stroke (ISCS) and hemorrhagic
stroke (HEMS).1 In Romania, between 1990 and 2016,
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stroke deaths decreased by 27% (95% confidence interval
[CI] 19.6-33.8%).2

Data addressing stroke mortality at the national level in
Romania are mainly registered as stroke, not specified as
ischemic or hemorrhagic.4 While ISCS is more closely
related to the atherosclerotic disease, HEMS is to hyper-
tension. Consequently, there is an intricate benefit result-
ing from the study of ISCS and HEMS mortality trends, as
they might reflect different general changes in stroke risk
factors. The stroke burden is different in men as compared
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with women. A gender analysis of stroke mortality rates
and trends might reveal important aspects, apprising the
public health authorities.
The current study investigated the age and gender-

related stroke mortality rates and trends in Romania
between 1994 and 2017. The study covers the whole terri-
tory of Romania and includes all stroke deaths registered
during the study period.

Materials and Methods

Study Population

All individual deaths registered in Romania between
1994 and 2017 were available for analysis using an anony-
mized database obtained from the National Institute of
Statistics (Eurostat microdata). Death related data were
collected retrospectively using the information available
on the death certificate. Age and sex-specific general pop-
ulation data were available as mean estimates on July 1st,
for each year covered by the study.

Outcomes and Confounders

For each deceased person, the following parameters
were analyzed: gender, date of birth, year of death, cause
and place of death (at home, in hospital, or elsewhere).
Causes of death were encoded using a local code system
directly derived from International Statistical Classifica-
tion of Diseases and Related Health Problems (ICD) 9th
revision during 1994-1999, and the ICD 10th revision dur-
ing 2000-2017 (I60-I64). A sensitivity analysis was per-
formed for HEMS (I60-I62) and ischemic stroke (I63). As
the day and month of death were not available, we have
registered July 1st as the day of death, for all the persons.
This date was chosen for minimizing the error of calcula-
tion of age at death. Also, the corresponding living gen-
eral population was measured on July 1st, for every year
of the study.

Statistical Analysis

Stroke crude mortality rates (CMR) and ASMR were
calculated using the European Standard Population.5

Patients were distributed in 5-year age groups. The last
group included all deaths registered for people aged more
than or equal to 85 years. The last age band was chosen
based on the availability of the corresponding data for the
general population. Although the data were used in over-
all and age-adjusted mortality analysis, CMRs for age
groups below 40 years were not reported in the tables
showing detailed analysis due to the low number of
encountered deaths. All CMRs are expressed per 100,000
persons per year. Poisson regression was used for the cal-
culation of annual percentage change (APC) in mortality.
To predict mortality up to 2030, trend analysis used the
APC recurrently applied to the latest available ASMR
(year 2017). Life table analysis for the year 2017 was used
to calculate the gain in life expectancy at birth possibly
obtained by the complete removal of stroke mortality. Sta-
tistical analysis was performed using Stata version 13
(www.stata.com).
The study was approved by the local ethics committee.

Informed consent was not obtained because this is a retro-
spective, anonymized, database-driven study. Written
consent for data usage was obtained from the Eurostat/
National Institute of Statistics.
Results

Between 1994 and 2017, 6,281,873 persons died in
Romania, stroke being the underlying cause of death in
959,319 cases (78.2% of all deaths due to cerebrovascular
diseases), 520,463 (54.3%) women and 438,856 (45.7%)
men. Occlusion and stenosis of precerebral or cerebral
arteries, not resulting in cerebral infarction, and other
cerebrovascular diseases (ie, aneurysms, hypertensive
encephalopathy) were responsible for 11.8% of all cere-
brovascular diseases. These stroke deaths were further
divided into 165,294 cases of HEMS (17.2%), 55,525 cases
of ISCS (5.8%), and 738,500 cases of stroke not specified
as hemorrhage or infarction (77.0% of all stroke deaths).
The matching alive general population showed a linear
decrease from 22.7 million in 1994 to 19.6 million in 2017.
The overall stroke CMR per 100,000 person-years was
188.2 (199.3 in women and 176.5 in men). The CMR for
HEMS was 32.4 (32.7 in women and 32.2 in men), and
for ISCS 10.9 (11.5 in women and 10.2 in men). Stroke
overall CMR and age-adjusted mortality rates (ASMR)
were summarized in Figure 1, and supplementary
appendix Tables e1 and e2. They were further detailed
for HEMS and ISCS in supplementary appendix Tables
e3-e6. All CMRs increased with age and decreased with
the calendar year, in both women (Table 1) and men
(Table 2). Life table analysis for the year 2017 showed
that complete removal of stroke mortality would result
in 0.97 years gain in life expectancy at birth, with similar
results in women and men.
There was a significant decrease in stroke ASMR per

100,000 person-years from 344.4 (95% CI 343.4-345.4)
in 1994 to 192.1 (95% CI 191.5-192.7) in 2017, see Sup-
plementary appendix Table e2. A similar decrease was
found in both men and women, with higher mortality
rates in men as compared with women for the entire
time covered by the study (Supplementary appendix
Table e2). There was a decline in stroke ASMR, with an
APC of 2.53% per year (95% CI 2.50-2.55, P < .001),
with gender analysis showing 2.59% per year (95%CI
2.56-2.63, P < .001) in women and 2.43% per year (95%
CI 2.41-2.47, P < .001) in men.
Death by stroke occurred at home (n = 729,536; 76.0%),

in hospital (n = 186,093; 19.4%), and elsewhere (n = 43,690;
4.6%). Deaths from other causes than stroke were less
likely to happen at home (69.1%, P < .001), and more

http://www.stata.com


Figure 1. Stroke age standardized mortality rates in Romania (1994-2017).
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likely in the hospital (22.7%, P < .001), and elsewhere
(8.2%, P < .001). There was a significant increase in
the proportion of stroke deaths registered in the hospital,
from 15.0% (95% CI 14.6-15.3) in 1994 to 28.1% (95% CI
27.6-28.6, P < .001) in 2017, and elsewhere from 3.5%
(95% CI 3.3-3.7) in 1994 to 6.7% (95% CI 6.5-7.0, P < .001)
in 2017. This was accompanied by a corresponding signifi-
cant decrease in deaths registered at home from 81.5%
(95% CI 81.2-81.9) in 1994 to 65.2% in 2017 (95% CI 64.6-
65.7, P < .001).
Among stroke deaths registered in the hospital, HEMS

was registered in 32.8% (48.2% in 1994 versus 23.0% in
2017, P < .001) and ISCS in 15.4% (12.1% in 1994 versus
14.4% in 2017, P < .001). Among stroke deaths registered
at home, HEMS was registered in 13.4% (P < .001 versus
in hospital) and ISCS in 3.4% (P < .001 versus in hospital).
HEMS represented 18.9% of all stroke deaths registered at
home in 1994 and 7.8% in 2017 (P < .001), while ISCS
1.8% in 1994 and 5.2% in 2017 (P < .001).
The decline in HEMS ASMR had an APC of 4.65% per

year (95% CI 4.59-4.70, P < .001), with gender analysis
showing 4.86% per year (95% CI 4.77-4.94, P < .001) in
women and 4.37% per year (95% CI 4.29-4.45, P < .001)
in men. Stroke mortality rate for ischemic stroke
showed an initial increase during 1994-2005, with an
annual percentage change (APC) of 6.39% per year
(95% CI 6.09-6.70, P < .001), women showing an APC
of 6.46% per year (95% CI 6.02-6.90, P < .001), while
men had an APC of 6.36% per year (95% CI 5.95-6.78,
P < .001). After 2005, there was a significant decrease
in ASMR until 2017, with an overall APC of 2.83% per
year (95% CI 2.59-3.07, P < .001), 3.23% per year for
women (95% CI 2.83-3.63, P < .001), and 2.0% per year
(95% CI 1.62-2.38, P < .001) for men.
Based on the 1994-2017 dynamics, predictions for 2030

showed an overall stroke ASMR of 137.7 (95% CI 137.3-
138.1), which was 124.1 (95% CI 123.5-124.6) in women
and 155.4 (95% CI 154.7-156.1) in men. The HEMS ASMR
in 2030 was predicted to be 12.1 (95% CI 12.0-12.2), gender
analysis showing 10.0 (95% CI 9.9-10.1) in women and
14.8 (95% CI 14.6-15.0) in men. Overall ISCS ASMR was
predicted to reach 10.4 (95% CI 10.1-10.7) by the year
2030, with 9.0 (95% CI 8.6-9.5) in women and 12.8 (95%CI
12.1-12.4) in men.
There was a significant increase of 6.5 years (95% CI 6.3-

6.7) of the women’s mean age at death by stroke from 74.8
§ 10.9 years in 1994 to 81.3 § 9.4 years in 2017 (P < .001).
Similarly, the mean age at death by stroke in men
increased by 5.7 years (95% CI 5.4-5.9), from 70.6 §
11.8 years in 1994 to 76.2 § 11.5 years in 2017 (P < .001).
This was paralleled by a significant increase in mean age
at death from causes other than stroke in both women



Table 1. Stroke crude mortality rates in Romanian women, by age and calendar year

Women crude mortality rates per 100,000 person-years, by age group (years)

Year 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 �85

1994 20.9 44.9 84.8 141.8 247.4 476.1 897.6 1573.8 2386.6 3740.5

1995 21.0 38.3 85.2 139.9 255.3 470.8 870.9 1470.2 2370.7 3618.6

1996 21.0 43.2 86.4 141.0 253.1 447.9 865.5 1477.4 2525.8 3792.2

1997 19.7 43.3 79.6 135.8 249.7 458.1 868.7 1400.1 2451.7 3736.0

1998 19.4 40.9 81.4 135.7 248.8 435.0 821.3 1477.0 2461.9 3715.5

1999 21.6 38.0 75.6 128.0 223.8 436.0 817.6 1476.4 2365.4 3917.1

2000 19.2 37.6 65.3 125.7 212.2 416.5 785.9 1453.6 2349.2 3827.8

2001 18.2 38.2 72.1 121.4 222.9 406.7 793.2 1431.2 2151.3 3850.0

2002 15.2 36.1 72.1 121.2 220.1 424.2 791.3 1442.4 2398.2 4025.4

2003 16.3 33.1 65.8 119.8 202.2 404.3 768.5 1405.8 2350.4 4001.1

2004 13.5 33.7 60.4 105.1 195.4 369.3 707.9 1325.9 2261.2 4071.7

2005 12.9 35.6 60.3 97.4 175.1 366.2 735.6 1346.3 2372.6 4478.8

2006 12.6 24.4 50.0 94.8 167.9 335.2 689.7 1309.4 2321.4 4293.5

2007 11.2 21.0 43.0 76.1 151.0 307.9 605.8 1175.8 2119.6 3893.4

2008 8.4 20.7 38.3 69.1 140.8 270.0 554.3 1089.6 1947.9 3620.4

2009 8.2 21.9 35.6 68.3 128.7 250.0 517.7 1040.4 1965.3 3512.5

2010 8.8 17.8 29.7 52.7 126.2 247.9 507.6 1044.4 1924.3 3500.9

2011 6.4 14.5 30.8 53.1 108.0 211.3 472.8 940.2 1814.6 3636.3

2012 8.0 20.7 32.4 53.5 104.0 199.3 429.5 937.6 1787.9 3499.9

2013 9.6 14.4 27.3 48.8 97.1 203.6 426.8 872.1 1722.6 3313.2

2014 5.2 14.9 26.3 48.4 84.5 178.0 391.0 842.7 1640.2 3130.0

2015 6.9 14.1 26.2 41.1 82.5 165.6 351.3 784.5 1610.6 3066.6

2016 7.4 12.0 22.8 42.2 77.9 154.8 351.6 737.9 1518.8 2929.2

2017 6.5 12.2 20.1 40.6 75.6 146.7 336.5 711.8 1468.1 2970.1
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(70.0 § 19.8 years in 1994, and 77.1 § 14.3 years in 2017,
P < .001), and men (62.7 § 20.2 years in 1994, and 69.9 §
15.7 years in 2017, P < .001). The mean age at death from
stroke was significantly higher than the mean age at death
from causes other than stroke.
Discussions

There was a significant reduction in age-standardized
stroke mortality rates from 1994 to 2017, in both genders.
The decline was slow until 2002 and became steeper after
that. Although women had higher CMRs as compared
with men, when those rates were age-standardized, men
had higher ASMR as compared with women. This phe-
nomenon might be explained by the fact that women live
longer than men, contributing a higher absolute number
of events with increasing age. Stroke has a higher impact
on men as compared with women also because it was
shown to have higher age-specific mortality rates in men
for most of the age groups (except for �85 years old).
ISCS and HEMS had a discordant trend until 2005, with

HEMS declining, but ISCS rising during 1994-2005. Start-
ing with 2006, both HEMS and ISCS registered a steady
decline, which is expected to continue in the next years
(as for total stroke).
According to the WHO mortality database, cerebrovas-

cular diseases deaths registered in Romania ranged from
53,480 cases in 1994 (24,881 men and 28,599 women) to
42,875 cases (19,073 men and 23,802 women) in 2016 (last
available data).6 The total population of Romania was
22.7 million in 1994 and 19.7 million in 2016.5 Conse-
quently, the cerebrovascular CMR per 100,000 was 235 in
1994 (223 in men and 247 in women) and 218 in 2016 (198
in men and 236 in women). All “corresponding” deaths
and CMR numbers from the current study are 20%-25%
less than those reported by the WHO mortality database.
The reason for this apparent discrepancy resides in the
strict focus on stroke mortality in the current study (ie, I60-
I64 codes) as opposed to the broader category of cerebro-
vascular diseases (ie, I60-I69) in the WHO mortality data-
base. Indeed, the current study found a stroke prevalence
of 75%-80% of cerebrovascular diseases deaths. The Global
Burden of Disease Study 2017 uses various data sources,
including local registry data, aiming to provide more
robust statistical estimates.1 In the Global Burden of Dis-
ease Study 2017, stroke was reported to be responsible for
52,418 deaths in Romania in 1994 (CI 95% 53,532-51,248)
and 49,221 deaths in 2016 (CI 95% 51,502-47,746).7 Again,
there the estimated figures were 20%-25% higher as com-
pared with those found in the current study. The same
explanation can be easily inferred here, stroke being found
responsible for all the death due to cerebrovascular dis-
eases. As many other studies which rely on data available
on public repositories (ie, WHO mortality database or



Table 2. Stroke crude mortality rates in Romanian men, by age and calendar year

Men crude mortality rates per 100,000 person-years, by age group (years)

Year 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 �85

1994 37.4 73.4 139.4 253.7 420.3 693.3 1082.6 1719.8 2419.6 3485.4

1995 38.7 79.7 133.5 239.8 392.3 664.9 1069.8 1613.3 2416.4 3431.7

1996 46.2 73.0 144.9 259.4 403.9 658.6 1081.9 1662.5 2559.0 3606.4

1997 39.4 81.6 141.9 255.4 420.7 665.7 1098.4 1648.2 2536.6 3565.8

1998 36.0 70.9 132.0 247.3 416.9 644.5 1073.4 1681.9 2549.6 3627.0

1999 33.6 66.2 122.4 222.5 376.4 642.1 1065.3 1661.3 2507.5 3684.8

2000 29.8 59.1 116.4 212.7 379.7 609.8 1010.8 1638.5 2375.4 3461.7

2001 30.6 64.8 129.5 222.6 381.0 614.2 998.2 1683.7 2281.8 3640.5

2002 31.4 66.4 123.1 219.7 379.1 604.2 1,023.3 1667.9 2499.1 3887.3

2003 28.6 62.0 111.4 205.6 348.3 601.7 992.6 1633.2 2422.7 2910.5

2004 25.4 54.1 106.3 185.0 320.8 570.3 912.3 1527.6 2395.5 3042.2

2005 23.6 55.7 93.1 179.5 321.0 565.0 968.6 1594.2 2396.0 3307.6

2006 23.0 48.6 90.5 175.0 301.6 535.0 884.2 1556.3 2378.1 3084.5

2007 23.2 48.6 86.1 151.8 282.6 499.4 834.2 1344.6 2213.1 2798.4

2008 20.0 40.2 86.5 143.0 253.0 441.5 765.9 1253.4 2107.4 2618.0

2009 17.5 40.7 82.2 139.3 261.4 427.0 751.9 1259.0 2086.1 2693.8

2010 16.4 40.4 73.4 136.1 239.5 433.5 764.3 1306.7 2115.4 2715.4

2011 15.2 39.3 65.8 112.8 211.4 370.7 686.9 1191.7 1971.0 2684.3

2012 12.9 30.2 61.0 112.5 198.3 375.8 621.7 1173.4 1961.1 3415.6

2013 15.7 31.1 63.9 104.5 209.2 359.7 625.8 1162.2 1827.9 3307.6

2014 16.0 33.4 48.6 108.3 188.9 318.4 595.7 1102.8 1832.6 3079.5

2015 14.7 28.0 56.8 101.2 169.2 320.3 566.7 1070.8 1857.0 3043.3

2016 12.7 26.6 51.4 100.0 175.4 299.5 555.9 995.6 1717.6 2854.6

2017 13.9 27.8 49.1 93.5 167.1 294.3 532.1 957.4 1664.8 2723.0
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Global Burden of Disease Study), the Stroke Alliance For
Europe published valuable stroke mortality data for Roma-
nia, but again, stroke was the generic term used for all the
deaths due to cerebrovascular diseases (ie, 54,272 deaths
due to stroke per year reported for 2015). The only reliable
stroke mortality data published so far comes from a local
registry expressing a single-center practice.8 As this is a
hospital-based experience, its relevance for the broader
outpatient and national stroke population is not straight-
forward. A recent effort has been done to combine data
from some neurological excellence centers, but this also
provides data on a short term, in-hospital mortality.
According to our best knowledge, the current study is the
first to provide national level, granular data on real stroke
mortality, further differentiated into ISCS and HEMS, as
coded in the death certificates.
The main risk factors for stroke incidence and mortality

are age, hypertension, dyslipidemia, diabetes, obesity,
smoking, stroke size, acute complications, and other co-
morbid conditions. A recent cross-sectional study in a
national representative sample of Romanian adult popu-
lation showed a high prevalence of obesity (31.9%), waist
circumference (73.9%), metabolic syndrome (38.5%), and
diabetes (11.6%).9,10 SEPHAR III report revealed, on one
hand, a mild increase in the prevalence of hypertension
(compared with SEPHAR I and II), and on the other hand
a significant increase in people's awareness regarding the
diagnosis (80.9% versus 69.6%) and treatment of arterial
hypertension (72.2% versus 59.2%), with one third of
them attaining the blood pressure target (30.8% versus
25%).11,12 The life expectancy of Romanian diabetes
patients increased significantly during the last decade,
posing a high public health burden associated with stroke
and cardiovascular diseases in general.13-15

Smoking prevalence in the general Romanian popula-
tion aged more than or equal to 15 years was 26.1%
(37.4% in men and 16.7% in women), the vast majority
being cigarettes daily smokers.16 More than two thirds of
them reported smoking their first cigarette within 30
minutes after getting out of bed in the morning.16 Starting
with 2016, smoking was forbidden in all enclosed public
spaces, including restaurants, bars, public transportation,
universities or government institutions.
Major healthcare reforms were implemented after the

country’s admission into the European Union in 2007,
improving access to outpatient health care. Consequently,
hospitals were able to admit more complex cases, which
might explain a nearly doubling in the proportion of
stroke deaths registered in the hospital in 2017 as com-
pared with 1994. Despite all efforts, only 1% of strokes
were admitted in dedicated stroke units.17

Minor differences between the ASMRs reported by this
study and some officially reported data might be explained
by the overall adjustment for all deaths occurring after the
age of 85 years in this study (last age group in the official
data was �95 years). Another possible explanation could
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reside in the measurement error in age at death (see Meth-
ods), with a consequent misclassification of the age band for
some deaths. However, due to the relatively large number of
deaths available for analysis, the positive and negative mis-
classified cases should efficiently cancel each other.
The generalizability of findings from the current study

can be broadly divided into 2 aspects. First, regarding the
extrapolation to the whole Romanian population, the cur-
rent study offers the best possible solution by studying all
the deaths caused by stroke in the Romanian population.
However, the majority (77%) of stroke cases were not des-
ignated as ischemic or hemorrhagic. Given this, the analysis
of data related to stroke subtype is likely not generalizable
to the population as a whole. Second, extrapolating the
results to the Balkan region is not a straightforward process
as important differences exist between the cultural back-
ground and the healthcare systems in the region.
As a strength, the current study included all deaths due

to stroke registered at the national level. The study data
were able to discern them from the larger group of cere-
brovascular diseases. The deaths due to stroke were fur-
ther differentiated as ISCS and HEMS. The time covered is
more than 2 decades, with an estimated 100% rate of death
capture, leading to a very robust trend analysis. Only
stroke deaths were analyzed, and this differentiates our
study from most previously published data. Having access
to case by case analysis allowed very precise measure-
ments of age and gender stroke mortality rates and trends.
There are some weaknesses too, starting with the inherent
coding errors on the death certificates, in the context of a
very low rate of autopsies. Most of the time these errors
are systematic, meaning they have little influence on trend
analysis. There is no validation study of death certificate
data for Romania. Coding outside hospitals resides heavily
on general practitioners. They tend to ascribe codes based
on known comorbidities, ie HEMS when such an event
was recorded in patient’s (recent) history. The healthcare
information presented in this study is strictly informative,
as there is no data to support any causality.
In conclusion, age-standardized stroke mortality in Roma-

nia decreased from 1994 to 2017. Age-standardized stroke
mortality rates were higher in men compared with women
and increased with age in both genders. Predictions for 2030
showed a continued decline in stroke mortality rates.
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