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Identifying the complexities of the effect of sex on stroke risk, etiology, and lesion progression may lead to advances in the treatment and care of ischemic stroke (IS) and non-traumatic intracerebral hemorrhage patients (ICH). We studied the sex-related discrepancies on the clinical course of patients with IS and ICH, and we also evaluated possible molecular mechanisms involved. The study's main variable was the patient's functional outcome at 3-months. Logistic regression models were used in order to study the influence of sex on different inflammatory, endothelial and atrial dysfunction markers. We recruited 5,021 patients; 4,060 IS (54.8% male, 45.2% female) and 961 ICH (57.1% male, 42.9% female). Women were on average 5.7 years older than men (6.4 years in IS, 5.1 years in ICH), and more likely to have previous poor functional status, to suffer atrial fibrillation and to be on anticoagulants. IS patients showed sex-related differences at 3-months regarding poorer outcome (55.6% women, 43.6% men, p < 0.0001), but this relationship was not found in ICH (56.8% vs. 61.9%, p = 0.127). In IS, women had higher levels of NT-proBNP and 3-months worse outcome in both cardioembolic and non-cardioembolic stroke patients. Stroke patients showed sex-related differences in pre-hospital data, clinical variables and molecular markers, but only IS patients presented independent sex-related differences in 3-months poor outcome and mortality. There was a relationship between the molecular marker of atrial dysfunction NT-proBNP and worse functional outcome in women, resulting in a possible indicator of increased dysfunction.
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INTRODUCTION

Stroke among adults is a common cause of death, disability and poor functional outcome in Europe and other developed countries. Due to the aging of the population, the incidence of cerebrovascular disease is increasing and it seems that it will continue to do so in the next decades (1, 2). In this situation, the demographic conditions (lifestyle habits and socio-economic status), therapeutics strategies, healthcare structures, as well as clinical and molecular variables are known to play an important role in stroke incidence, treatment, clinical course and patient mortality (3–5).

According to recent research, ischemic stroke (IS) and non-traumatic intracerebral hemorrhage (ICH) patients present sex-related differences in functional outcomes and mortality (6, 7). Biological factors, clinical variables, and little differences in stroke diagnosis and management could be the more important sex-related considerations (8–11). In particular, conventional stroke risk factors as hypertension, atrial fibrillation, diabetes mellitus and inflammation processes have recently received more sex differences attention (12, 13).

In this context, the study of sex-related differences and risks factors in the clinical results obtained should provide valuable data for a future personalized, safe and effective medical practice. To this end, we analyzed the data of the patients admitted to a specialized Stroke Unit of a tertiary hospital in Northwestern Spanish (Galicia) in the last 10 years. The main objective of this study was to evaluate the influence of sex in the functional outcomes in patients with IS and ICH. The secondary objective was to confirm whether sex differences were associated with an increase of inflammation, endothelial and atrial dysfunction markers during IS and ICH.

MATERIALS AND METHODS

Study Design

From a prospective registry, we conducted a retrospective study enrolling patients with ischemic stroke and non-traumatic intracerebral hemorrhage admitted to the Stroke Unit (Neurology Department of the Hospital Clínico Universitario de Santiago de Compostela) and who were included in a prospective stroke registry (BICHUS). Recruitment period was from September 2007 to September 2017. This study was carried out in accordance with the Declaration of Helsinki of the World Medical Association (2008) and approved by the Ethics Committee of Clinical Research of Galicia (CEIC). Signed informed consent was obtained from every patient or their relatives after full explanation of the procedures. The inclusion criteria for the study was IS and ICH patients attended by a neurologist according to common protocol (14, 15) and admitted to the stroke unit, patients without subsequent diagnostic confirmation were excluded.

Demographic, Clinical, and Molecular Variables

The pre-hospital variables analyzed were: age, history of arterial hypertension (at least 2 blood pressure measurements >140/85 mmHg or under antihypertensive treatment), diabetes (previous diagnosis or under anti-diabetic treatment), alcoholism (>300 g of alcohol per week), smoking (habitual smoker or up to the previous year), dyslipidemia (at least a previous determination of total cholesterol >230 mg/dL or anti-hyperlipidemic treatment), peripheral arterial disease, coronary disease, atrial fibrillation, known carotid disease, prior transient ischemic attack, history of IS or ICH, anticoagulants and antiplatelet agents.

The clinical variables collected were: National Institute of Health Stroke Scale (NIHSS) (16) on admission, at 48 h and at discharge, previous Modified Rankin Scale (mRS) (17), at discharge and at 3-months, latency time from the stroke onset, whether it was a wake-up stroke, axillary temperature at admission, admission systolic blood pressure (SBP), diastolic blood pressure (DBP), and reperfusion treatments (intravenous or intraarterial fibrinolysis, thrombectomy, or both procedures).

Blood sample measurements were: glucose, erythrocyte sedimentation rate (ESR), glycated hemoglobin, triglycerides, LDL and HDL cholesterol. The inflammation molecular markers included were leukocytes, fibrinogen and C-reactive protein. Microalbuminuria and N-terminal pro-B-type Natriuretic Peptide (NT-proBNP) were the endothelial and atrial dysfunction markers determined, respectively.

Neuroimaging variables in IS were: baseline infarct volume (DWI-lesion) and ischemic lesion volume in a second computed tomography (CT) between 4th and 7th day, existence and type of hemorrhagic transformation (according to ECASS II criteria) (18). In hemorrhagic stroke, we collected basal hematoma volume (CT) and hematoma and edema volume (second CT between 4th and 7th day). IS and ICH and perihematomal edema volumes were calculated by using the ABC/2 method (19). ICH topography was classified as lobar when it predominantly affected the cortical / subcortical white matter of the cerebral lobes, or as deep when it was limited to the internal capsule, the basal ganglia or the thalamus, brain stem and cerebellum. All neuroimaging evaluations were performed by senior neuroradiologists blinded to the clinical data.

The etiological diagnosis of IS was performed according to TOAST criteria (20). Non-traumatic ICH was classified into hypertensive, amyloid, related to anti-platelets/anticoagulants and undetermined (21, 22).

The mRS at 3 ± 1 months was assessed face-to-face or by telephone by accredited expert neurologists (ER-C, IL-D, MS-C, SA-R, MR-Y). The computed tomography study performed at the 4th−7th was performed in 3,878 of the total patients included (79.39% IS and 68.5 ICH). Demographic and clinical data were available of all patients, laboratory variables microalbuminuria in 2,760 patients and NT-proBNP levels in 3,372.

Primary Endpoint

The study's primary endpoint was the functional outcome evaluated by mRS at 3-months after stroke. We considered good functional outcome a mRS score of ≤2 and poor functional outcome or morbidity a mRS>2. Early neurological deterioration was defined as an increase of ≥4 points in NIHSS within the first 48 h with respect to baseline NIHSS score. We also analyzed the association between different biomarkers (inflammation, endothelial and atrial dysfunction) and outcome variables in IS and ICH patients.

We defined hospital improvement as the percentage difference between the basal and discharge NIHSS through the formula ([NIHSS at admission—NIHSS at discharge]/NIHSS at admission × 100), and the outpatient improvement between the NIHSS at discharge and at 3 ± 1 months, using the formula ([NIHSS at discharge—NIHSS at 3-months]/NIHSS at discharge × 100).

Sex possible correlations between NT-proBNP serum levels and 3-months modified Rankin Scale (mRS) score after stroke were evaluated in all patients, cardioembolic and non-cardioembolic stroke patients, as well as in early neurological deterioration patients. A possible relationship between hematoma growth and endothelial dysfunction marker were studied in all patients, female, male and male with ICH of hypertensive etiological origin.

Statistical Analyses

Results were expressed as percentages for categorical variables and as mean [standard deviation (SD)] or median and range (25th−75th percentiles) for continuous variables depending on whether their distribution was normal or not. The Kolmogorov-Smirnov test was used to assess normality. Proportions were compared using the chi-square test. The Student's t-test (normal data) and the Mann Whitney test (non-normal data) was used to compare continuous variables. Correlations were performed using Pearson's (normally distributed variables) or Spearman (variables without normal distribution) coefficients. Each logistic regression analysis model (Enter method) was adjusted for the main baseline variables with a proven relevance for outcome in the univariate analyses and taking into account the clinical relevance. Results were expressed as odds ratios (ORs) with 95% confidence intervals (CI 95%). p < 0.05 was considered to be statistically significant in all tests. Statistical analysis was conducted in SPSS 21.0 (IBM, USA).

RESULTS

We recruited 5,021 patients; 4,060 were IS and 961 were ICH. Of these IS, 2,226 (54.8%) were male and 45.2% (1,834) were female; the mean male and female ages were 68.7 ± 13.1 and 75.1 ± 14.4. Of ICH patients, 549 (57.1%) were male and 412 (42.9%) female; the mean male and female ages were 71.1 ± 12.8 and 76.2 ± 13.1.

Sex-Related Analysis on IS Patients

Ischemic stroke differences between sexes are detailed in Table 1. Women were older, had a higher proportion of hypertension, ischemic heart disease, atrial fibrillation, and to be on anticoagulants. Men had greater smoking and alcohol use, had a higher proportion of previous ischemic heart and peripheral arterial disease.


Table 1. Univariate analysis according to sex in ischemic stroke patients (n = 4,060).
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According to clinical variables, women had a higher proportion of previous poor functional status [0 [0, 1] vs. 0 [0, 0], p < 0.0001] and higher NIHSS at admission [13 [7, 18] vs. 15 [9, 21], p < 0.0001]. As to early neurological deterioration and stroke on awakening, there were no significant differences associated to sex among patients.

There were sex-related differences in the latency time from the stroke onset and care in the Emergency Department (222.5 ± 167.4 min in men, 256.5 ± 169.1 min in women; p < 0.0001).

There were significant sex-related variations regarding the IS subtype (p < 0.0001), where the high percentage of cardioembolic strokes (40.7% vs. 32.2%) is worthy of attention.

No sex differences were found among patients who received r-tPA and thrombectomy. However, sex differences were found in hospital and outpatient improvement of IS patients with or without fibrinolytic treatment. Women with fibrinolytic therapy showed substantial hospital improvement (71.3 ± 34.1% of men, 81.4 ± 28.3% of women; p < 0.0001) and this tendency seemed to be reversed regarding outpatient improvement (44.6 ± 42.9% of men, 41.1 ± 50.1% of women; p = 0.271). While all groups of patients without fibrinolytic treatment did not seem to vary their hospital improvement (17.2 ± 34.1% of men, 15.9 ± 37.3% of women; p = 0.348), female got worse at discharge (19.1 ± 55.2% of men, 6.8 ± 50.4% of women; p < 0.0001).

There were no sex differences in DWI at admission. However, the computed tomography scan performed at 4th−7th day reflected sex differences in the lesion volume (47.6 ± 79.6 mL in men, 63.8 ± 94.8 mL in women; p < 0.0001) and hemorrhagic transformation (IH1 5.3% vs. 7.0%). Women had higher levels of sedimentation rate and HDL cholesterol.

Molecular markers showed that female patients had higher levels of inflammation markers (leukocytes, fibrinogen, C-reactive protein) and atrial dysfunction marker (NT-proBNP levels). Despite that, the inflammatory response was slightly higher in women; there were no sex differences in their 3-months mRS.

Figures 1A–C shows the distribution of mRS scores in all IS patients, cardioembolic stroke and non-cardioembolic stroke patients categorized by sex. In the three groups analyzed, a good functional outcome at 3-months was more frequent among males (IS: 56.4% of men vs. 44.4% of women; cardioembolic stroke: 40.4% of men vs. 23.8% of women; non-cardioembolic stroke: 64% of men vs. 58.5% of women). Interestingly, sex-related differences in 3-months functional outcome were observed, although women had a higher proportion of poor functional status in the case of cardioembolic strokes. Indeed, when we analyzed the relationship with morbidity and mortality in the three groups, cardioembolic strokes also presented positive sex-related variations in both variables. This highlights that non-cardioembolic stroke exposed differences only in mortality. Figure 1D shows the distribution of mRS scores in lacunar IS, where a good functional outcome at 3-months was more frequent among males (88% of men vs. 94% of women).


[image: image]

FIGURE 1. Modified Rankin Scale (mRS) scores in ischemic stroke patients (A), cardioembolic (B), and non-cardioembolic (C) stroke patients categorized by sex. (D) distribution of mRS scores in lacunar IS.



The univariate analysis showed that women had higher levels of NT-proBNP. Female cardioembolic stroke with higher NT-proBNP concentration had worse, 3-months outcome, while in the non-cardioembolic stroke this tendency seemed to be less marked (Figures 2A–C). In keeping with these results, we also found a clear sex-related difference in NT-proBNP levels among patients with early neurological deterioration (Figure 2D).


[image: image]

FIGURE 2. (A–C) Sex correlations between pro-brain natriuretic peptide (NT-proBNP) serum levels and 3-months modified Rankin Scale (mRS) score after stroke in all patients, cardioembolic and non-cardioembolic stroke patients. (D) Sex-related difference in NT-proBNP levels with and without early neurological deterioration patients.



Finally, women had a higher proportion of 3-months poor functional outcome (55.6% vs. 43.6%, p < 0.0001) with higher mRS [3 [1, 4] vs. 2 [0, 4], p < 0.0001].

Sex-Related Analysis of ICH Patients

Non-traumatic intracerebral hemorrhage differences between sexes are detailed in Table 2. Women were older than men (average 76.2 ± 13.1 vs. 71.1 ± 12.8 years, p < 0.0001), had a higher proportion of previous transient ischemic attack, atrial fibrillation and to be on anticoagulants. Men had greater smoking and alcohol use, and had a higher proportion of previous ischemic heart and peripheral arterial disease.


Table 2. Univariate analysis according to sex in ICH patients (n = 961).
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As to clinical variables, women had a higher proportion of previous poor functional status [0 [0, 1] vs. 1 [0, 1], p < 0.0001] and higher NIHSS at admission [13 [8, 18] vs. 12 [7, 16], p = 0.003]. Like in the case of IS, there were no significant sex differences among ICH patients as regards early neurological deterioration and stroke on awakening.

We found sex-related variations in the latency time from the stroke onset and care in the Emergency Department (212.7 ± 198.2 min in men, 285.5 ± 156.2 min in women; p < 0.0001).

When analyzing patients according to the etiology of bleeding, there were significant sex differences (p = 0.008): hypertensive and undetermined hemorrhages were more frequent in males (50.6% vs. 46.6%; 32.8% vs. 28.2%, respectively), and cerebral amyloid angiopathy and hemorrhages by anticoagulants were more frequent in females (9.0% vs. 4.9%; 16.3% vs. 11.7%, respectively).

Although we found no sex differences in hematoma location (p = 0.389), there was a clear sex-related difference in lobar (35.2% of men, 41.5% of women) or deep ICH location (53.8% of men, 48.1% of women).

There were no differences between women and men in hematoma volume at admission and at 4th−7th day, although we found sex-related variations in the hematoma growth (14.1 ± 30.9 mL in men, 6.4 ± 26.1 mL in women; p = 0.001). Figures 3A,B details the hematoma growth by 3-months neurologic outcome. We found a statistically significant association when we analyzed the whole ICH sample, but this difference disappeared after adjusting for sex. In this line, we studied the association between hematoma growth and an endothelial dysfunction marker in all patients, female, male and male with ICH of hypertensive etiological origin. In Figures 3C–F a higher correlation can be seen in all groups except in females, i.e., all patients (r = 0.412, p < 0.0001), female (r = −0.135 p = 0.214).
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FIGURE 3. (A) Hematoma growth in good and poor outcome patients. (B) Sex-related difference in hematoma growth in 3-months good and poor outcome patients. (C–F) Correlation between hematoma growth and endothelial dysfunction marker in all patients, female, male and male with intracerebral hemorrhage of hypertensive etiological origin.



Molecular markers indicated that women only presented higher levels of fibrinogen, while leukocytes, C-reactive protein and NT-proBNP levels were similar in both sexes.

Finally, there were no sex differences in 3-months poor functional outcome (61.9% vs. 56.8%, p = 0.127). We saw, however, higher mRS [3 [2, 6] vs. [1, 6], p = 0.078]. Figure 4 shows the distribution of mRS scores in ICH patients, where 3-months good functional outcome was more frequent in males (43.2% of men vs. 38.2% of women). In keeping with these results, women were not independently associated with poor outcome in the logistic regression model (OR, 1.23; 95% CI, 0.95–1.60, p = 0.114).
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FIGURE 4. Distribution of the modified Rankin Scale (mRS) scores in ICH patients categorized by sex.



Baseline Characteristics of IS and ICH Patients by Neurologic 3-Months Outcome

Table 3 details the baseline demographic variables, clinical characteristics and molecular markers by 3-months neurologic outcome in IS. In summary, a good outcome was observed in 2,071 patients (51.0%) and a poor outcome was observed in 1,989 (49%). Patients with unfavorable outcome were older, smoked more, were more likely to be women, tended to present later to hospital after the onset of stroke, to suffer from hypertension, atrial fibrillation and ischemic heart disease. They had higher NIHSS scores, previous poor functional status, higher early neurological deterioration, higher axillary temperature at admission, higher blood glucose levels, hypercholesterolemia, higher sedimentation rate, higher frequency cardioembolic stroke, higher lesion volume (DWI at admission and CT 4th−7th day), to suffer hemorrhagic transformation and were under fibrinolytic treatment.


Table 3. Baseline demographic data, clinical characteristics, and molecular markers findings in IS patients with good or poor outcome at 3-months (n = 4,060).
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In the multivariate model analysis, females were associated independently with the poor prognosis in all the models in which the demographic, clinical and molecular variables were introduced (Table 4). In Table 5 we detailed the ICH patient's characteristics by 3-months neurologic outcome. A good outcome was observed in 398 patients (41.4%) and a poor outcome was observed in 563 (58.6%). Patients with unfavorable outcome were older, had a higher proportion of atrial fibrillation and ischemic heart disease, but there were no sex differences. It should be highlighted that the molecular markers associated with a poor outcome were the ones corresponding with inflammation and endothelial dysfunction.


Table 4. Multivariate analysis: Adjusted OR of poor outcome at 3-months for baseline associated variables in the univariate analysis in IS patients.
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Table 5. Baseline pre-hospital data, clinical characteristics and molecular markers findings in ICH patients with good or poor outcome at 3-months (n = 961).
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DISCUSSION

Of the whole sample analyzed in our study, women were on average 5.7 years older than men (6.4 years in IS, 5.1 years in ICH), more likely to have previous poor functional status, to suffer atrial fibrillation and to be on anticoagulants. These results may directly influence comorbidity, the intensity of neurological involvement, access to certain treatments or management protocols, and patient clinical course. In addition, as the aging of population is expected to continue, the patients with IS who will not be able to benefit from reperfusion treatment will increase, and the absence of an effective ICH treatment will aggravate this perspective. As to IS and ICH patients, our data suggest that only IS women had a higher proportion of 3-months poor functional outcome. Early neurological deterioration, morbidity and mortality were similar for the two sexes. Results are in agreement with recent findings related to the sex of the patient and post-stroke health outcome (7, 23).

Our study showed that women had later hospital arrival time compared with men from stroke onset (34 min in IS, 72.7 min in ICH). However, as it can be seen in the global results presented, arrival time is not likely to be a major contributor to differences in outcome and mortality between sexes, in keeping with a recent study (24).

Cardioembolic and non-cardioembolic IS patients categorized by sex determined that 3-months good functional outcome results, morbidity and mortality were more frequent in males. Several molecular markers were evaluated to identify representative prognostic factors in acute IS. We selected molecular markers that are associated with inflammation (including leukocytes, fibrinogen and C-reactive protein), associated with endothelial dysfunction (microalbuminuria), as well as associated with atrial dysfunction (NT-proBNP levels). We found that the inflammatory response is slightly higher in women, but an association with functional poor outcome was not statistically significant. However, it is thus interesting to note that in a recent clinical study (25), it has been determined that there are age and sex-related differences in lipid profiles among IS patients. In this line, a clinical research work have shown that middle-aged females have a detrimental combination of elevated pro-inflammatory T-cells and decreased anti-inflammatory regulatory T-cells in adipose tissue, which may promote a pro-inflammatory milieu and contribute to increased cardiovascular disease (26). Finally, these studies underline microglia as an important determinant of sex differences under physiological conditions and in the injured brain (13, 27).

On the other hand, there were no sex differences in microalbuminuria levels in our study. In contrast, the analysis showed that women had higher levels of NT-proBNP, and in cardioembolic stroke higher NT-proBNP concentration had 3-months worse outcome. This correlation is less marked in others subtype of IS. These findings support previous data about sex risk factors (28–30), and with a recent hospital based study; in which women-specific trends over a 24-year period (1986–2009) were an increase in the patient's age, hypertension, atrial fibrillation and cardioembolic infarction, as well as a decrease mortality and length of hospitalization (31). However, to our knowledge, independent association of women 3-months poor functional outcome with NT-proBNP levels in IS patients has not been previously accurately evaluated.

There were no sex differences among patients who received r-tPA and thrombectomy. However, we found sex differences in treatment between patients who received fibrinolytic treatment and those who did not; women showed substantial hospital improvement when they received r-tPA and this tendency seemed to be reversed regarding outpatient improvement. All patients without fibrinolytic treatment did not seem to vary their hospital improvement, while female seemed to get worse at discharge. Results are in line with a recent study on the influence of sex in stroke thrombolysis, where no relevant sex discrepancies were determined in outcome after intra-arterial thrombectomy (32).

We determined that there were significant sex differences in ICH patients on the basis of the etiology of bleeding: hypertensive and undetermined hemorrhages were more frequent in males; and cerebral amyloid angiopathy and hemorrhages by anticoagulants were more frequent in females. We did not find the same relationship with the hematoma location. A relationship between hematoma growth and men was obtained in ICH. However, its association with the functional poor outcome was not statistically significant. The endothelial dysfunction marker evaluated correlated significantly with the hematoma growth (except in female group), particularly in male patients with hypertensive ICH. Controversies exist regarding sex differences in ICH variables, hematoma expansion and mortality (33–35). A recent study concluded that patients with ICH showed sex-related differences in clinical variables, hematoma location, but not in stroke care, 3-months mortality, or adjusted poor outcome (7). Another similar clinical research determined that men with ICH experience a higher risk of both expansion and early and late mortality (35). Both studies highlight the importance of providing new data and analysis, such as those in our study, to explore the discrepancies observed.

Our study has some weaknesses: First, we conducted a retrospective single-center study. Second, the health area studied belongs mainly to urban and coastal population, with little rural population. Three, a relatively short follow-up time of 3-months as a consequence of clinical guidelines. On the other hand, our study also shows some strengths; we focused the analysis on a large homogeneous population of IS and ICH patients, with a strong demographic, clinical and molecular characterization. The data were obtained and included by the same neurologists trained in cerebrovascular diseases and all patients were managed under the same protocol.

CONCLUSION

Our data suggest that women who suffer from IS present with a poorer functional outcome than men at 3-months, regardless of other preclinical and clinical factors during the acute phase. These relationships seem to be mediated by atrial dysfunction and inflammation. The inflammatory response is slightly higher in women; however, there are no sex differences in their functional behavior. There is a probable relationship between the molecular marker of atrial dysfunction NT-proBNP and worse functional outcome in women, and the connection seems to be more important in cardioembolic stroke patients.

In patients with ICH, the 3-months poor functional outcome, mortality and morbidity are similar for the two sexes. The hematoma growth is higher in men, although their association with the functional poor outcome is not statistically significant. Microalbuminuria could be an early marker of hematoma growth, particularly in male patients with hypertensive ICH.
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