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ABSTRACT

The aim was to evaluate whether intra-hospital mortality from ischemic stroke is different in female patients. Methods.
Studies were found in PubMed, Web of Science. We excluded 119 records because they did not include relevant reports or data.
Studies were eligible for inclusion if enrolled adult patients with ischemic stroke and if the odds ratio (OR) of intra-hospital
mortality in females compared to males is provided. Three retrospective cohort studies were eligible for inclusion criteria and
so were included in the analysis. Findings: the random effect model showed a pooled significant higher risk of intra-hospital
mortality [OR 1.34 (95% confidence interval 1.04, 1.74), P=0.026] in the female group compared to the male group. Our sys-
tematic review shows that intra-hospital mortality was significantly higher in female subjects compared to male.

Introduction

Ischemic stroke is the second leading cause of
death worldwide.! Many researches suggest that is-
chemic stroke mortality is higher in women.>* Most
of these studies assess mortality six months after the
acute event, while few studies compared if intra-hos-
pital stroke mortality was different by gender. Current
guidelines emphasize the key role of thrombolysis to
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achieve the best outcome in the prognosis of ischemic
stroke patients.* The assessment of intra-hospital
stroke mortality is crucial to evaluate the efficiency of
stroke path.> The purpose of this review is to evaluate
whether intra-hospital mortality from ischemic stroke
is different by gender.

Materials and Methods
Literature search

Studies were identified by PubMed and Web of
Science database from inception to June 2020. Key
words: mortality, ischemic stroke, gender/sex differ-
ences, not hemorrhagic stroke. Bibliographies of re-
cent review and references of articles included were
manually searched to identify additional studies. Ar-
ticles written in a language different from English, pe-
diatric studies, reviews, metanalyses, letters, abstracts
for scientific conferences were excluded.

Study selection

We considered randomized and observational stud-
ies if: 1) enrolled adult patients (>18 years old); ii) in-
cluded patients with ischemic stroke and not
hemorrhagic stroke; iii) odds ratio (OR) of intra-hospital
mortality in females compared to males was provided.

Data extraction and quality assessment

Data extracted from identified studies included
clinical setting, Ischemic stroke diagnosis, inclusion
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and exclusion criteria, age, gender, comorbidities,
stroke severity, functional outcome, intra- hospital
mortality. Titles and abstracts of full texts obtained
from researches were analyzed by two authors inde-
pendently (A.C. and A.F). The quality assessment
used for each study was The New Castle- Ottawa-
Scale (NOS). The NOS assigns up to a maximum of
nine scores in three domains: i) selection of study
groups (four scores); ii) comparability of group (two
scores); iii) ascertainment of exposure and outcomes
(three scores) for case-control and cohort studies, re-
spectively.

Dissents in the evaluation of the quality were re-
solved by consensus. We included only the articles
with a NOS >6.

Outcomes

The main outcomes were the OR of intra-hospital
mortality for ischemic stroke in female subjects com-
pared to male ones.

Summary measures

Each study contains results of a multivariable lo-
gistic regression model with the estimation of OR.

Synthesis of results

Statistical analysis was performed using R version
4.0.0 (2020-04-24) with the metaphor R package ver-
sion 2.4.0 (2020-03-19). Statistical significance alpha
was fixed to 0.05. Considering the methodological dif-
ference of included studies, we preferred to use a ran-
dom-effects model using the generic inverse variance
method for pooling results. The model was fitted using
the restricted maximum likelihood (REML) method,
with the estimation [95% confidence interval (CI)] of
summary OR, Q for heterogeneity, and 12 (total het-
erogeneity/total variability).

Results
Study selection and characteristics

Our literature search identified 1319 studies (835
on PubMed and 484 on the Web of Science), of which
1200 were screened, and 3 were included in the meta-
analysis.>”’

We excluded 119 records because they did not in-
clude relevant reports or data (Figure 1). Three retro-
spective cohort studies were eligible as per inclusion
criteria and so were included in the analysis (Table 1).
For the three studies included in the meta-analysis, an
adjusted OR for intra-hospital mortality was provided.
They are all retrospective cohorts. Park’s and Aziz’s
studies adjusted results for several confounding vari-
ables. They are all of good methodological and statis-
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tical quality with a low risk of bias. Aziz’s and
Nardetto’s studies separately showed a significantly
higher risk of intra-hospital mortality (OR>1, P<0.05)
in female patients compared to male ones.

Synthesis of results

The random-effect model (Figure 2) showed a
pooled significant higher risk of intra-hospital mortal-
ity [OR 1.34 (95% CI 1.04, 1.74), P=0.026] in the fe-
male group compared to the male group. Q for
heterogeneity is 18.49 (P<0.0001).

Discussion

It has been reported that gender is an important
predictor for the incidence and outcomes in the
stroke research field.® In particular, women manifest
stroke differently and have worse outcomes after
treatment for acute ischemic stroke than men.’ In this

1319 Records identified:
835 Pubmed
484 Web of Science
119
Records Excluded e
Duplicated
1200
Records Sreened
1185 Records Excluded:
6 reviews
3 abstracts
1176 not relevant report or included
hemorrhagic stroke and/or included
pediatric patients
12 Full Test

icles assessed for elegibilif

3 Studies Included

Figure 1. Literature search on PubMed and Web of
science.
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regard, in our systematic review, we reported a sig-
nificantly higher risk of intra-hospital mortality in
the female group compared to the male group [OR
1.34 (95% CI 1.04, 1.74), P=0.026]. Similar to our
findings, most previous studies demonstrated an in-
creased risk of mortality in the female gender, but no
studies described intra-hospital mortality by gender
in ischemic stroke. Conversely, it has been reported

Table 1. The literature search included in the meta-analysis.
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that the male gender is a significant predictor of re-
current ischemic stroke.!* In this regard, in 2001, the
U.S. Institute of Medicine (IOM) addressed that ex-
amining sex differences in clinical and research stud-
ies is critical because there is increasing evidence of
fundamental sex differences in the biology of dis-
ease.!" In 2015, the American Heart Association
(AHA) called for studies of sex differences in car-

Study Study  Outcome Exclusions criteria Variables in the Limitation
(No. patients quality multivariate model
by treatment group) (NOS) (adjustments)
Park et al., 20123 13 - Accessibility to Age <18 yrs, Age, education, medical ~ No stroke severity;
emergency care hemorrhagic stroke history (hypertension, Higher level of ED in
- Hospital mortality IHD, and stroke), Tertiary hospital;
and disability (mRS) health behavior, and Intermediate EMS System;
clinical symptoms Quality control program
for ED stroke began in 2006
Nardetto et al., 2017 12 - Intrahospital Incomplete in hospital Age Under-estimated overall rates
mortality information of thrombolysis, no long-term
outcome data
Aziz et al., 20167 13 30 day in-hospital Acute stroke greater  Age, race, hypertension,  Age difference between

mortality

- Functional outcome
(mRS)

- Neurology deficit
(NIHSS)

- Length of hospital
stay

- Arrival of ED over 3 h

than 2 weeks

diabetes, high blood
cholesterol, and smoking

genders; frequency of Malay
ethnic patients is high, gender
and race adjustment would
be required, males had a
high prevalence of modifiable
risk factors

IHD, ischemic heart disease; ED, Emergency Department.

Park et al. 2012

1.10[0.74, 1.64]

Aziz et al. 2016 1.19[1.02, 1.39]
Nardetto et al. 2017 — 1.65[1.56, 1.74]
RE Model | e ——— 1.34[1.04, 1.74]
| | l | | | |
06 08 1 12 14 16 18
Observed Outcome

Figure 2. Forest plot of pooled odds ratio for ischemic stroke intra-hospital mortality in females compared to males from

random effect model (method=REML). Q=18.49 (P<0.0001). 12 =87.04 (95% CI 48.80- 9.66).
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diovascular disease (CVD) consequence because
cardiovascular disease may be more deadly for
women than it is for men.'> However, it has been re-
ported that, from the U.S. Framingham Study, female
patients with diabetes mellitus (DM) versus those
without DM, were at a significantly higher risk of
death from CVD and all-cause mortality than their
counterparts in males.'* Other studies have reported
that women live longer than men, suffer more severe
strokes with higher short-term mortality, worse func-
tional recovery, and are managed differently com-
pared to males.'*!® However, other studies reported
that females with atrial fibrillation (AF) have a
higher incidence of stroke and a higher mortality rate
compared to men with AF.'” In particular, the inci-
dence of AF doubles with every 10-year increase in
age,'® which is particularly important in women, with
a higher life expectancy. In this regard, the AHAY
recommends using the CHA,DS,-VASc score to pre-
dict stroke risk and the need for anticoagulation
drugs in subjects with AF. Finally, treatment of mod-
ifiable cardiovascular risk factors for stroke, includ-
ing hypertension, obesity, and metabolic syndrome,
can be highly effective in women and further opti-
mize AF and stroke prevention. However, another
risk factor for female subjects is the peripartum pe-
riod and early postpartum period.?*?! In fact, it is
called maternal stroke.?' During these periods, the
risk for ischemic stroke increase.?

Conversely, it has been reported that lower levels
of education, a lower income, and higher area depri-
vation were associated with increased risk of stroke
among both men and women equally.

The mechanisms by which women may have a rel-
atively higher risk of death are not clear. Findings from
few studies suggest that women may have an ischemic
attack at earlier ages than men; are less likely to un-
dergo procedures to open clogged arteries; are less
likely to be on cholesterol-lowering medications than
men, and are less likely to have their blood sugar or
blood pressure under control than men.!? Our results
could guide the healthcare system towards appropriate
cardiovascular prevention by gender and limit expenses
related to the disabling stroke outcomes in women.

Conclusions

Our systematic review shows that intra-hospital
mortality was significantly higher in female subjects
compared to male. The different sex-effect of ischemic
stroke with regard to intra-hospital mortality is prob-
ably linked to a difference in metabolic disorders by
gender. Further studies are needed to assess whether
the female gender may benefit from more aggressive
vascular risk factors control and treatment strategies
for stroke prevention.
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