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Abstract

Background

Type 2 Diabetes (T2DM) is the most rapidly increasing risk factor for ischemic stroke. We

aimed to compare trends in outcomes for ischemic stroke in people with or without diabetes

in Spain between 2003 and 2012.

Methods

We selected all patients hospitalized for ischemic stroke using national hospital discharge

data. We evaluated annual incident rates stratified by T2DM status. We analyzed trends in

the use of diagnostic and therapeutic procedures, patient comorbidities, and in-hospital out-

comes. We calculated in-hospital mortality (IHM), length of hospital stay (LOHS) and read-

mission rate in one month after discharge. Time trend on the incidence of hospitalization

was estimated fitting Poisson regression models by sex and diabetes variables. In-hospital

mortality was analyzed using logistic regression models separate for men and women.

LOHS were compared with ANOVA or Kruskal-Wallis when necessary.

Results

We identified a total of 423,475 discharges of patients (221,418 men and 202,057 women)

admitted with ischemic stroke as primary diagnosis. Patients with T2DM accounted for

30.9% of total. The estimated incidence rates of discharges increased significantly in all

PLOS ONE | DOI:10.1371/journal.pone.0145535 December 29, 2015 1 / 17

OPEN ACCESS

Citation: Muñoz-Rivas N, Méndez-Bailón M,
Hernández-Barrera V, de Miguel-Yanes JM, Jiménez-
García R, Esteban-Hernández J, et al. (2015) Time
Trends in Ischemic Stroke among Type 2 Diabetic
and Non-Diabetic Patients: Analysis of the Spanish
National Hospital Discharge Data (2003-2012). PLoS
ONE 10(12): e0145535. doi:10.1371/journal.
pone.0145535

Editor: Dimitrios Karamichos, University of
Oklahoma Health Sciences Center, UNITED STATES

Received: August 22, 2015

Accepted: December 4, 2015

Published: December 29, 2015

Copyright: © 2015 Muñoz-Rivas et al. This is an
open access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper.

Funding: This study forms part of research funded
by the FIS (Fondo de Investigaciones Sanitarias—
Health Research Fund, grant no. PI13/00118,
Instituto de Salud Carlos III) and partly funded by the
Grupo de Excelencia Investigadora URJC-Banco
Santander N°30VCPIGI03: Investigación traslacional
en el proceso de salud - enfermedad (ITPSE). The
funders had no role in study design, data collection

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0145535&domain=pdf
http://creativecommons.org/licenses/by/4.0/


groups. The incidence of hospitalization due to stroke (with ICD9 codes for stroke as main

diagnosis at discharge) was higher among those with than those without diabetes in all the

years studied. T2DM was positively associated with ischemic stroke with an adjusted inci-

dence rate ratio (IRR) of 2.27 (95% CI 2.24–2.29) for men and 2.15 (95%CI 2.13–2.17) for

women. Over the 10 year period LOHS decreased significantly in men and women with and

without diabetes. Readmission rate remained stable in diabetic and non diabetic men

(around 5%) while slightly increased in women with and without diabetes. We observed a

significant increase in the use of fibrinolysis from 2002–2013. IHM was positively associated

with older age in all groups, with Charlson Comorbidity Index > 3 and atrial fibrillation as risk

factors. The IHM did not change significantly over time among T2DMmen and women rang-

ing from 9.25% to 10.56% and from 13.21% to 14.86%, respectively; neither did among

non-diabetic women. However, in men without T2DM IHM decreased significantly over

time. Diabetes was associated to higher IHM only in women (OR 1.07; 95% CI, 1.05–1.11).

Conclusions

Our national data show that incidence rate of ischemic stroke hospitalization increased sig-

nificantly during the period of study (2003–2012). People with T2DM have more than double

the risk of ischemic stroke after adjusting for other risk factors. Women with T2DM had

poorer outcomes- IHM and readmission rates- than diabetic men. Diabetes was an indepen-

dent factor for IHM only in women.

Background
Strokes or cerebrovascular accidents (CVA) represent one of the most important public health
problems particularly in industrialized countries [1]. Stroke is the second leading cause of
death worldwide and non fatal stroke is the second leading cause of long-term disability in
high-income countries [2]. Ischemic strokes represent around 80–87 percent of all CVA [3].

Type 2 Diabetes (T2DM) and ischemic stroke often come up together. Diabetes causes ath-
erosclerotic changes in the heart and the cerebropetal arteries and is associated with different
subtypes of ischemic stroke, including lacunar, large artery occlusive and thromboembolic
strokes [4]. T2DM is a significant risk factor for stroke conferring two to three times increase
in relative risk [5,6] and it is also associated to an increased risk of mortality [7]. Its indepen-
dent effect on incidence of ischemic stroke is well stablished [8].

In Spain, CVA are the second leading cause of mortality in general population, and the first
in women [9], specially affecting the elderly [10]. Stroke incidence has been evaluated in several
studies in our country with a great variability between them [11] and most of studies included
both, ischemic and hemorrhagic subtypes. Incidence rates fluctuate between 120 and 350 cases
per 100.000 people/year [12,13]. The IBERICTUS study that included transient ischemic
attack, ischemic and hemorrhagic stroke estimates 187 new cases per 100.000 people, 150 of
them were ischemic ones, with the greatest impact in over 85 years old group [14]. The preva-
lence of diabetes is constantly increasing and elderly people account for nearly 40% of the dia-
betic population [15]. Moreover, nearly 20% of diabetic people die from CVA [16]. For the
reasons above, it can be expected that stroke will continue to be a health concern.

However, despite T2DM has become an increasingly common disease, a recent review
showed a 42% decrease in stroke incidence rates in high-income countries over the past four

Ischemic Stroke and Type 2 Diabetes in Spain

PLOS ONE | DOI:10.1371/journal.pone.0145535 December 29, 2015 2 / 17

and analysis, decision to publish or preparation of the
manuscript.

Competing Interests: The authors have the
following interests: This study was partly funded by
URJC-Banco Santander to the Grupo de Excelencia
Investigadora ITPSE (Grant N°30VCPIGI03). There
are no patents, products in development or marketed
products to declare. This does not alter the authors’
adherence to all the PLOS ONE policies on sharing
data and materials, as detailed online in the guide for
authors.

Abbreviations: CAT, Computed tomography
angiography; CCI, Charlson comorbidity index; CVA,
Cerebrovascular accidents; CMBD, Spanish
Minimum Basic Data Set (Conjunto Mínimo Básico
de Datos); ICD-9-CM, International Classification
Diseases-Ninth Revision, Clinical Modification; ICH,
Intracranial hemorrhage; IHM, In-hospital mortality;
IRR, Incidence rate ratio; LOHS, Length of hospital
stay; OR, Odds ratio; SD, Standard deviation; T2DM,
Type 2 diabetes.



decades [17]. Limited information is available regarding the trend in ischemic stroke incidence
in Spain. To reliably estimate the burden of T2DM associated diseases for health care planning,
a better understanding of how T2DM affects the risk of stroke in clinically important sub-
groups is needed.

The aim of this study was to compare trends in the incidence rates and outcomes of ische-
mic stroke among hospitalized men and women with and without type 2 diabetes between
2003 and 2012 in Spain using national hospital discharge data. In particular, we analyzed
trends in the use of diagnostic and therapeutic procedures such as fibrinolysis, patient comor-
bidities, and in-hospital outcomes- length of hospital stay (LOHS), readmissions rates and in-
hospital mortality (IHM).

Methods
This retrospective, observational study was conducted using the Spanish National Hospital
Database (CMBD, Conjunto Mínimo Básico de Datos). This database is managed by the Span-
ish Ministry of Health, Social Services and Equality and compiles all public and private hospital
data, hence covering more than 95% of hospital discharges [18]. The CMBD includes patient
variables (sex, date of birth), admission date, discharge date, up to 14 discharge diagnoses, and
up to 20 procedures performed during the hospital stay. The Spanish Ministry of Health, Social
Services and Equality sets standards for record-keeping and performs periodic audits [18].

Disease and procedure criteria were defined according to the International Classification of
Diseases-Ninth Revision, Clinical Modification (ICD-9-CM), which is used in the Spanish
CMBD.

We selected all patients hospitalized for ischemic stroke (ICD-9-CM codes 434.01, 434.11 and
434.91) as the primary diagnosis between January 1, 2003 and December 31, 2012. Discharges
were grouped by diabetes status as follows: type 2 diabetes (ICD-9-CM codes: 250.x0; 250.x2)
and no diabetes. Patients with type 1 diabetes (ICD-9-MC codes: 250.x1; 250.x3) were excluded.

We calculated the incidence of discharge rates after ischemic stroke for men and women
with and without type 2 diabetes per 100,000 inhabitants. We calculated yearly diabetes-spe-
cific incidence rates dividing the number of cases per year, sex, and age group by the corre-
sponding number of people in that population group, using age- and sex-adjusted estimated
prevalence of diabetes obtained from National Health Surveys conducted in 2003/4, 2006/7,
2009/10 and 2011/12 and data from Di@bet.es Study [19,20]. From 2001 till 2010, Spanish
National Health Survey has been published every two or three years. So diabetic population for
missing years (2005 and 2008) was estimated assuming that growth rate was the same thorough
the period 2004–2010. We estimated rate fitting a linear regression model with population
from years when NHS was available and we used this model to impute population for 2005 and
2008. We also calculated the yearly age- and sex-specific incidence rates for non-diabetic
patients dividing the number of cases per year, sex, and age group by the corresponding num-
ber of people in that population group (excluding those with type 2 diabetes), according to data
from the Spanish National Institute of Statistics, as reported on December 31 of each year [21].

Clinical characteristics included information on overall comorbidity at the time of diagno-
sis, which was assessed by calculating the Charlson Comorbidity Index (CCI). The index
applies to 17 disease categories, the scores of which are added to obtain an overall score for
each patient [22]. We divided patients into three categories: low index, which corresponds to
patients with no previously recorded disease or with one disease category; medium index,
patients with two categories; and high index, patients with three or more disease categories. To
calculate the CCI we used 15 disease categories, excluding diabetes and stroke as described by
Thomsen RW et al. [23].
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We analyzed the presence of hypertension (ICD-9-CM codes: 401, 401.0, 401.1, 401.9) and
atrial fibrillation (ICD-9-CM code: 427.31) in any diagnosis position during ischemic stroke
hospitalization. Information on current smoking was also identified using ICD-9-CM codes:
305.1 and V1582.

We specifically identified the following diagnostic and therapeutic procedures: magnetic
resonance (ICD-9-CM code: 88.91), computed tomography angiography (CAT) (ICD-9-CM
code: 87.03), doppler echocardiography (ICD-9-CM code: 88.71), mechanical ventilation
(ICD-9-CM codes: 96.7, 96.70, 96.71, 96.72), parenteral nutrition (ICD-9-CM codes: 99.15)
and fibrinolysis (ICD-9-CM codes: 99.10).

Patient readmissions were defined as inpatient re-hospitalization within 30 days after dis-
charge (30-day readmission) regardless of that new hospitalization was related to previous one
or not. So that, case definition in this study included patients with ICD9 codes for stroke in the
primary position, no matter they were readmissions or not.

The median LOHS and the proportion of patients that died during the hospital admission
(IHM) were also estimated for each year studied.

Statistical analysis
A descriptive statistical analysis was performed for all continuous variables and categories by
stratifying discharges for ischemic stroke according to diabetes status and sex. According to
type and distribution of the variables, they were described using proportions, means with stan-
dard deviations or medians with interquartile ranges (LOHS). Bivariate analyses of the changes
in variables according to year included Poisson regression (incidence by year of discharge),
Pearson's chi-square (proportions), ANOVA (means) and Kruskal-Wallis test (medians). We
fitted separate multivariate Poisson regression models for men and women with and without
type 2 diabetes with age, CCI, hypertension, atrial fibrillation, smoking, diagnostic and thera-
peutic procedures, readmission and year of discharge as independent variables. So that esti-
mates correspond to Incidence Rate Ratio (IRR) with their 95% confidence intervals. The
inclusion of year of discharge allow us to estimate the average yearly rate of change.

A global model including the same variables and diabetes status was also conducted to
assess the adjusted effect of diabetes in the incidence for each sex.

In-hospital mortality was analyzed fitting separate logistic regression models for men and
women, with death during the hospitalization as a binary outcome using the same independent
variables for those with and without diabetes and for the entire population to assess the influ-
ence of diabetes on IHM. Estimates were Odds Ratios with their 95% confidence intervals. Sta-
tistical analyses were performed using Stata version 10.1 (Stata, College Station, Texas, USA).
Statistical significance was set at p<0.05 (2-tailed).

Ethics
Data confidentiality was maintained at all times in accordance with Spanish legislation. Patient
identifiers were deleted before the database was provided to the authors in order to maintain
patient anonymity. It is not possible to identify patients on individual levels, either in this arti-
cle or in the database. Readmission variable is created by technical staff at the Ministry of
Health using information from several variables (patient National Health System identification
code, date of birth and sex). After that, database is anonymized prior to delivery for investiga-
tion purposes.

Given the anonymous and mandatory nature of the dataset, it was not necessary to obtain
informed consent. The study protocol was approved by the ethics committee of the Universi-
dad Rey Juan Carlos.
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Results
We identified a total of 423,475 discharges of patients (221,418 men and 202,057 women)
admitted with ischemic stroke as primary diagnosis in Spain from 2003 to 2012. Patients with
type 2 diabetes accounted for 30.9% of total (68,267 men and 62,591 women).

Table 1 shows the annual hospital discharges rates and clinical characteristic for men with
an ischemic stroke discharge diagnosis according to diabetes status from 2003 to 2012.

Mean age was 71.57 years (SD, 10.51 years) in diabetic men and 71.21 years (SD, 13.11
years) in men without diabetes. Percentage of men with type 2 diabetes who have two or more
coexisting conditions according to the CCI is slightly higher than that of non diabetic men
(44.85% vs. 42.85%).

Smoking was also similar among men with type 2 diabetes (33.57%) than among non dia-
betic ones (35.47%). Hypertension was significantly more prevalent in diabetic men than in
those without diabetes (63.17% and 49.4% respectively) but atrial fibrillation was more fre-
quent (p<0.05) in non-diabetic men (21.54% and 17.56%, respectively).

The estimated incidence rate of discharges due to ischemic stroke in men with diabetes
increases significantly from 492.26 cases per 100,000 diabetic men in 2003 to 588.91 cases in
2012. In men without diabetes, the incidence rate also increased significantly from 74.68 cases
per 100,000 non-diabetic men in 2003 to 100.26 cases in 2012. Incidence rates of ischemic
stroke were consistently higher among those with diabetes than those without diabetes in all
the years studied.

At discharge, diabetic and non diabetic men hospitalized in 2012 are older, have more
comorbidities and higher prevalence of smoking, hypertension and atrial fibrillation than
patients hospitalized in 2003. Over the period study, 47.7% of all ischemic stroke discharges
were women. Mean age for women with and without type 2 diabetes was 77.5 years. Women
with type 2 diabetes had higher CCI values compared to those without diabetes (41.3% and
39.29% with two or more coexisting conditions, respectively).

Atrial fibrillation and smoking were more prevalent (34.28% and 5.53% vs. 30.14% and
2.82%) in women without diabetes. However hypertension was more prevalent in diabetic
women (70.57% vs. 57.36%, p<0.05).

As can been seen in Table 2, incidence rate of hospitalization among women with type 2 dia-
betes increases significantly from 422.85 cases per 100,000 diabetic women in 2003 to 504.67
cases in 2012. Incidence rates also increased from 62.38 cases per 100,000 in 2003 to 92.25
cases in 2012 (p<0.05) among non diabetic women. As happened with men, rates were consis-
tently higher in diabetic group.

Like in men, mean age, comorbidity and prevalence of smoking, hypertension and atrial fibril-
lation have also raised along the study period in women with and without diabetes (Table 2).

If we compare diabetic men with diabetic women we find that men have higher crude esti-
mated incidence than women in all years analyzed.

Men are significantly younger (71.57 vs 77.51 years), have higher CCI (CCI 2, 42.88% vs
38.29%) and smoke (33.57% vs 2.84%) in greater proportion than women along the study
period. On the other hand women show more atrial fibrillation (30.14% vs 17.56%) and hyper-
tension (70.57%vs 63.17%) than men.

Tables 3 and 4 show the diagnostic and therapeutic procedures and in-hospital outcomes for
men and women with an ischemic stroke according to diabetes status over the period of study.

The IHM among men with type 2 diabetes did not change significantly over the period of
study ranging from 10.56% to 9.25%. Crude estimates of IHM were higher among those with-
out diabetes, but significantly decreased along the period of analysis (11.26% in 2003 to 9.78%
in 2012) (Table 3).
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The mean LOHS fell significantly from 9 days in 2003 to 7 days in 2012 in diabetic men and
in those without diabetes from 8 days in 2003 to 7 days in 2012 (p<0.05). Readmission remained
stable over time for men (both groups) with figures around 5% in all the years studied.

As can been seen in Table 3, a significant increase in the use of fibrinolysis was found raising
from 0.27% in 2003 to 4.9% in 2012 was among diabetic men and from 0.53% to 8.1% among
those without the disease.

Of the diagnostic procedures analyzed the most commonly used was CAT followed by Dopp-
ler echocardiography andmagnetic resonance. The use of all diagnostic procedures have increased
in the last ten years in diabetic and non-diabetic men with similar figures for both groups.

The IHM among women with an ischemic stroke did not change significantly for those with
and without type 2 diabetes, as can we see in Table 4, with similar crude figures for both groups
of around 13–14%. Over the 10-year study period, LOHS in women with and without diabetes
decreased significantly from 9 days (IQR, 10 days) in 2003 to 7 days (IQR, 8 days) in 2012. We
found an slightly but significant increase in the frequency of readmission for women over the
period of study (6.04% in 2003 to 6.93% in 2012 in women with type 2 diabetes and 4.79% in
2003 to 5.35% in 2012 in women without diabetes).

As observed for men a significant increase in the use of fibrinolysis from 0.19% to 4.49% in
diabetic women and from 0.43% to 7.49% in non-diabetic women with an ischemic stroke was
found along the study period. The most commonly used diagnostic procedure was CAT for
both groups of women. However it was used in a higher proportion among those with than
without diabetes in all the years studied. The use of the three diagnostic procedures analyzed
has increased in diabetic and non-diabetic women over time.

When we compared hospitalization outcomes by gender, we found that crude IHM esti-
mates were always higher in woman than men in diabetic group as well as non diabetic group,
and for every year considered. Readmission rates were also higher among women in the total
study population and for all the years analyzed. The use of CAT was similar for both sexes but
magnetic resonance (31.29% vs 20.76%) and Doppler echocardiography (35.71% vs. 27.22%)
were used in a significantly higher proportion of diabetic men than diabetic women.

The Poisson regression models conducted to assess the adjusted time trend in the incidence
rate of ischemic stroke hospitalization from 2003 to 2012 in Spain, yielded an adjusted incidence
rate ratio (IRR) for men with type 2 diabetes of 1.02 (95%CI 1.01–1.03). This result shows that
after adjusting for possible confounders the incidence has increases, on average, 2% per year.

The IRR for diabetic women was also 1.02 (95%CI 1.01–1.03) so the average increase per
year was identical for both sexes. We also found this positive time trend among men and
women without diabetes (IRR 1.03 95% CI 1.02–1.04 for both sexes).

We merged data subsets of men with and without diabetes, to assess the effect of the disease
in the incidence of ischemic stroke hospitalizations, we found an IRR of 2.27 (95%CI 2.24–
2.29). The corresponding figure for women was 2.15 (95%CI 2.13–2.17). This means that after
adjusting for possible confounders the incidence among diabetic men and women were 2.27
and 2.15 times higher than among non diabetic men and women respectively (IR for interac-
tion term sex by diabetes 1.044[1.031–1.058] (p<0.001).

Table 5 summarize the results of multivariate logistic regression analysis for factors associ-
ated with IHM among men and women with and without diabetes hospitalized for an ischemic
stroke. Figures are Odds Ratio with 95% confidence interval.

Among men and women with diabetes, IHM was significantly greater in older subjects (OR
8.35; 95%CI 4.88–14.26 and OR 5.75;95%CI 3.04–10.88 in�84 aged group compared with ref-
erence category 15–44 years, respectively), in those with more comorbidities (OR 2.73; 95%CI,
2.38–3.14 and OR 2.24; 95%CI, 1.89–2.65 for those with�3 comorbidities, respectively) and in
those with atrial fibrillation (OR 1.73; 95%CI, 1.63–1.83 and OR 1.67;95%CI 1.59–1.75,
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respectively). Those diabetic men and women who received a fibrinolysis procedure had higher
probability of dying (1.65-fold and 1.16-fold, respectively) during their stay than those who did
not undergo this procedure.

Over the entire period of time and after adjusting the model for the rest of the variables,
those diabetic men and women who had a readmission also had higher probability of dying
(1.82 times and 1.79 times) during their stay than those men and women without readmission
for ischemic stroke. Time trend analysis showed a significant decrease in IHM from 2003 to
2012 in diabetic men and women (OR 0.96 95% CI 0.95–0.97 and OR 0.98; 95%CI 0.96–0.99).
As can be seen in Table 5, same variables were associated to IHM among those men and
women without diabetes. When we analyzed the entire database, women with type 2 diabetes
had significantly higher mortality than women without diabetes after adjusting for all covari-
ates (OR, 1.07; 95%CI, 1.05–1.11) and no difference was found for men.

Discussion
In this observational, retrospective, national-based study of more than 400,000 events, we have
found that the incidence of discharge due to ischemic stroke in Spain from 2003 to 2012 has
increased in all groups. After adjusting for possible confounders, the incidence has increased at
a mean of 2% per year in diabetic and 3% in non diabetic patients.

Table 5. Multivariate binary logistic regression analysis of the factors associated with in hospital mortality after ischemic stroke hospitalization
amongmen and women with and without type 2 diabetes in Spain, 2003–2012.

Men Women
Age (years) No Diabetes Diabetes Total No Diabetes Diabetes Total

15–44 1 1 1 1 1 1

45–54 1.33(1.12–1.58) 1.32(0.75–2.32) 1.26(1.07–1.47) 1.51(1.23–1.87) 1.20(0.60–2.39) 1.43(1.18–1.75)

55–64 1.58(1.35–1.85) 1.88(1.09–3.22)) 1.53(1.31–1.77) 1.68(1.38–2.03) 1.39(0.73–2.66) 1.57(1.30–1.88)

65–74 2.19(1.88–2.54) 2.88(1.69–4.90 2.18(1.89–2.52) 2.08(1.73–2.49) 1.81(0.96–3.44) 1.97(1.66–2.34)

75–84 3.41(2.94–3.95) 4.59(2.69–7.83) 3.42(2.97–3.94) 3.37(2.82–4.02) 3.13(1.66–5.91) 3.27(2.76–3.87)

>84 6.38(5.50–7.42) 8.35(4.88–14.26) 6.36(5.51–7.35) 6.80(5.70–8.11) 5.75(3.04–10.88) 6.42(5.42–7.59)

CCI

0–1 1 1 1 1 1 1

2 1.44(1.39–1.49) 1.53(1.45–1.61) 1.46(1.42–1.50) 1.24(1.20–1.28) 1.38(1.32–1.45) 1.28(1.25–1.31)

� 3 2.41(2.20–2.64) 2.73(2.38–3.14) 2.49(2.30–2.69) 1.87(1.65–2.11) 2.24(1.89–2.65) 1.97(1.78–2.18)

Atrial Fibrillation

No 1 1 1 1 1 1

Yes 1.36(1.31–1.42) 1.73(1.63–1.83) 1.46(1.41–1.50) 1.37(1.33–1.42) 1.67(1.59–1.75) 1.45(1.42–1.49)

Readmission

No 1 1 1 1 1 1

Yes 1.80(1.70–1.92) 1.82(1.66–1.98) 1.81(1.72–1.90) 1.81(1.70–1.91) 1.79(1.65–1.93) 1.80(1.72–1.89)

Fibrinolysis

No 1 1 1 1 1 1

Yes 1.32(1.21–1.44) 1.65(1.42–1.92) 1.39(1.29–1.50) 0.94(0.86–1.04) 1.16(0.98–1.36) 0.99(0.91–1.08)

Year 0.97 (0.96–0.97) 0.96(0.95–0.97) 0.97(0.96–0.98) 0.98(0.97–0.99) 0.98(0.96–0.99) 0.98(0.97–0.99)

Diabetes

No 1 1

Yes 0.98(0.95–1.02) 1.07(1.05–1.11)

CCI (Charlson Comorbidity Index): Comorbidities included in the Charlson comorbidity index, except diabetes and stroke.

Figures are Odds Ratios (95% CI)

doi:10.1371/journal.pone.0145535.t005
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Our results contrast with the decline on the incidence described in the last few decades in
our country [24] and other international series [25,26] attributed to the measures adopted to
control risk factors. Similarly, in Greece, Vasiliadis et al reports a decline of almost 20% despite
the projection on stroke incidence as a result of economic crisis [27]. It is worth noting that the
mentioned Greek study finished in 2002 and the impact of economic crisis could be more
important in recent years. Stroke mortality has been gradually declining in Spain. From 1990
to 2006 stroke mortality decrease 2% per year on average [28]. Cayuela et al. [29] showed
decreases even larger (-6.3% for women and -7.2% for men) on mortality rates for the period
2005–2011. Lower mortality rates (higher survival rates) would make compatible an increase in
the incidence of hospitalization (first and subsequent events) due to stroke with the aforemen-
tioned decrease on stroke incidence.

As expected we found that incidence rate of hospitalization due to ischemic stroke were
higher among those with than those without diabetes in all the years studied [30]. Diabetes is
often associated with a number of diseases and medical conditions such as hypertension, obe-
sity, dyslipidemia, hyperglycemia and inflammation that accelerate and aggravate the athero-
sclerotic process and thus favor the onset of stroke [31]. After adjusting for potential
confounders, the independent effect of diabetes on the incidence of ischemic stroke hospitaliza-
tion remained significant for both sexes accordingly with literature [5,32].

People admitted to hospital due to ischemic stroke were progressively older. This was
expected because age is one of the risk factors more strongly associated to stroke [10]. For both
groups studied, risk factors associated to stroke such as hypertension, smoking and the preva-
lence of atrial fibrillation showed a significant increase along the study period. This is in con-
cordance with previous studies which highlight that stroke patients are far from optimal
control of cardiovascular risk factors in our country. According National Health Survey, overall
smoking prevalence in general population have decreased in Spain along the period analyzed
(2004–2011), but this decrease is mainly due to population under 45. For the same period,
prevalence of smoking has increased in people over 55, so a higher prevalence of smoking was
expected.

Similarly prevalence of hypertension in Spain has been traditionally higher than in neigh-
boring countries [33]. and National Health Survey show an increase on the prevalence of self-
declared hypertension for all age groups. Arboix et al also found an increase in the prevalence
of HBP among first-stroke patients in the Stroke Registry of Barcelona[34]. Furthermore,
ICTUSCARE study, that included 975 patients in secondary prevention, showed that only
17.6% of them achieved recommended values of blood pressure [35]

Since diabetes is a risk factor for AF, we expected a higher prevalence in this group than
among non diabetic ones. A plausible explanation to this unexpected finding is that diabetic
patients suffer more frequently lacunar and atherothrombotic strokes due to atherosclerosis
rather than cardioembolic ones associated to AF[36]

As described in general population, we have found a higher incidence in men than in
women in both diabetic and non-diabetic patients except for older than 85 years. Men have a
higher age-specific stroke incidence rate of hospitalization except for women aged 35–44 years
(probably related to pregnancy and the use of contraceptives) and those older than 85 years.
Their relative longevity contributes to the higher risk of stroke in older women [37].

In our study, men were younger, more often were smokers and had more comorbidities.
There is a recognized group of younger patients, mostly men<65 years, which has cardiovas-
cular risk factors undiagnosed or uncontrolled [38]. Efforts to identify risk factors and imple-
ment preventive and therapeutic measures in this subgroup are needed.

Sex differences in the association of T2DM with stroke has been reported in previous studies
with conflicting results. The meta-analysis of Peters shows an excess risk of stroke significantly
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higher in women than in men independent of other major cardiovascular risk factors After
adjustment, the relative risk of stroke associated with diabetes was 2.28 (95% CI 1.93–2.69) for
women and 1.83 (1.60–2.08) for men, and the ratio of relative risks between women and men
with diabetes was 1.27 (1.10–1.46) [39]. The findings of Shah et al in a cohort study of nearly 2
million people are not consistent with this previous report. They didn´t find gender differences
in associations between T2DM and cardiovascular outcomes except for incident coronary
heart disease [8]. In our study we noted weak evidence of a slightly stronger association of
T2DM with ischemic stroke in men than in women, IRR of 2.27 for men (95%CI 2.24–2.29) vs
2.15 (95%CI 2.13–2.17) for women. Nevertheless, diabetic women had higher crude IHM and
readmission rates than diabetic men consistently with previous evidence. Investigators of the
UK Prospective Diabetes Study reported that women with diabetes had more than twice the
risk of men with diabetes for stroke case fatality [40]. The poorer survival after stroke of
women with diabetes compared with men was also noted in the MONICA study [7]. The
mechanism involved could rely on gender differences in diabetes-related changes in the pro-
gression of atherosclerosis or in more novel risk factors (such as markers of coagulation and
inflammation, lipid peroxidation, and endothelial function [41–43] Mansfield and colleagues
reported that women had significantly higher factor VII and plasminogen activator inhibitor 1
activity than men [44]. Similarly, data from the British Regional Heart Study and the British
Women’s Heart Health Study showed a greater adverse effect of diabetes in women than in
men on markers of coagulation, fibrinolysis, lipids, and blood pressure, which were mediated
by greater changes in central adiposity and insulin resistance in women [45]. Further work is
needed to clarify whether the excess risk of stroke conferred by diabetes differs between the
sexes and the mechanism involved.

In-hospital mortality has remained stable over the study period among diabetic patients and
non diabetic women whereas it has decreased in the group of non-diabetic men. Older patients,
higher coexisting comorbidities and atrial fibrillation were the variable associated to IHM for
all groups. Comorbidity has been associated with stroke mortality and poor outcomes in a pre-
vious study conducted in our country [46]. Age is also a well-known non modifiable risk factor
for stroke mortality. Not surprisingly, we have found that mortality among diabetic patients
was significantly higher in the very elderly (> 84 years). On the other hand, after adjusting for
covariates (Age-groups, CCI, AF and fibrinolysis) diabetes slightly increase the risk of IHM
among women (1.07[1.05–1.11]) but not among men (0.98[0.95–1.02]). Influence of diabetes
has been previously described to be time dependent in men. In the first 30 days after incident
stroke, mortality was lower in diabetic than in nondiabetic individuals [47]

We also observed a reduction in LOHS in this period. However with this dataset we are not
able to ascertain the reason for this minor reduction in the LOHS. Budget restrictions could
influence this figure in the period 2008–2012 but a better clinical management of patients can-
not be discarded either.

The management of patients admitted for ischemic stroke has included more often effective
therapeutic procedures as fibrinolysis. Our study shows that there has been an enormous
increase (over seven fold for every subgroup after stratifying by gender and diabetes) in the use
of fibrinolysis from 2003 to 2012 accordingly with guidelines recommendations. Intravenous
thrombolysis with recombinant tissue-type plasminogen activator (r-tPA), alteplase, improves
survival free of dependency for�18 months after stroke, despite the risk of early symptomatic
intracranial hemorrhage (sICH) [48]. Fibrinolysis increases the odds of ICH by�4-fold and
large or symptomatic ICH that are not immediately fatal are associated with an increased risk
of subsequent death or disability [49,50].

In our study those diabetic men and women who underwent fibrinolysis had higher proba-
bility of dying. This could be related to a higher risk of hemorrhage although it´s only a
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hypothesis because we lack this information due to the nature of our study. Higher severity
increase the chance of fibrinolysis indication and at the same time is related to the risk of
death. But other baseline features usually weighed up when considering endovascular treat-
ment like 1) time since onset of ictus, 2) severity of neurologic deficit, 3) age 4) baseline func-
tional status 5) information suggestive of stroke etiology and 6) vascular anatomy [51] can also
play similar role.

Our analysis only include ischemic stroke. We also include age group as a covariate but we
don’t have information about either time since onset of ictus, severity, baseline functional sta-
tus or anatomical localization. So we cannot evaluate the role of this variables on IHM. It has
been suggested that diabetic people and patients with history of prior stroke could have an
unacceptable high risk of hemorrhagic transformation [52] but there have been published con-
flicting results. Zhang et al recently published that diabetes is significantly associated to hemor-
rhagic transformation after thrombolysis [53] while Lindley et al report the outcomes by
clinically important subgroups in the Third International Stroke Trial and they did not identify
any subgroups for whom treatment should be avoided, including diabetic patients [54]. It´s
worth mentioning that only 3035 of the originally planned 6000 patients were recruited, and
the trial was underpowered for the primary outcome.

The strength of our investigation lies in its large sample size, its 10-year follow-up period and
its standardized methodology, which has been with previously used to investigate diabetes and
its complications in Spain and elsewhere [55]. Nevertheless, our study is subject to a series of lim-
itations. Our data source was the MBDS. This database contains administrative discharge data
for Spanish hospitalizations and uses information the physician included in the discharge report.
As we described in the methods section, readmission variable (“New hospitalization within 30
days after discharge.”) is created before database is anonymize prior to delivery for research pur-
poses, so that we are not able to distinguish first from subsequent events. Furthermore if stroke
hospitalization occur after 30 days, the event is indistinguishable from first event of any other
patient. Anyway, previous studies with MBDS showed readmission only account for 7% of the
stroke hospitalizations [56], so that readmission will have a minor impact on our estimates.

We are not able to identify which of these patients died due to a hemorrhagic transforma-
tion after fibrinolysis or if they were under anticoagulation or antiplatelet therapy. Another sig-
nificant limitation is the fact that we have not broken down our diabetic patients into groups
based on therapy used to controlling blood glucose, and we were unable to state their glycosy-
lated hemoglobin.

We are aware that considering other databases, such as mortality registries, beside discharge
data would be advisable in order to detect patients with ischemic stroke dying outside hospital.
Unfortunately in Spain this process is still unavailable for us.

In conclusion our national data show that incidence of ischemic stroke increased signifi-
cantly during the period of study (2003–2012). People with T2DM have more than double the
risk of ischemic stroke after adjusting for other risk factors. For diabetic and non diabetic
patients the use of fibrinolysis has increased over time and it was associated with increased
mortality in patients with T2DM. Women with T2DM had poorer outcomes- IHM and read-
mission rates- than diabetic men. Diabetes was an independent factor for IHM only in women.
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