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Introduction: Cardiovascular events and infections are common in the acute phase after 
stroke. It has been suggested that these complications may be associated with excessive 
sympathetic activation due to the stroke, and that beta-adrenergic antagonists (beta-blockers) 
therefore may be beneficial.
Aim: The aim of the current meta-analysis was to investigate the association between beta- 
blocker treatment in acute stroke and the three outcomes: mortality, functional outcome and 
post-stroke infections.
Methods: A literature search was performed using the keywords stroke, cerebrovascular 
disorders, adrenergic beta-antagonists, treatment outcome and mortality. Randomized clinical 
trials and observational studies were eligible for data extraction. Heterogeneity was investi
gated using I2 statistics. Random effect model was used when heterogeneity presented among 
studies; otherwise, a fixed-effect model was used. Publication bias was assessed using 
Egger’s test and by visually inspecting funnel plots.
Results: A total of 20 studies were eligible for at least one of the three outcomes. Two of the 
included studies were randomized controlled trials and 18 were observational studies. 
Quality assessments indicated that the risk of bias was moderate. The meta-analysis found 
no significant association between treatment with beta-blockers and any of the three out
comes. The studies analyzed for the outcomes mortality and infection were heterogeneous, 
while studies analyzed for functional outcome were homogeneous. The articles analyzed for 
mortality showed signs of publication bias.
Conclusion: The lack of significant effects in the current meta-analysis, comprising more 
than 100,000 patients, does not support the proposed beneficial effects of beta-blockers in the 
acute phase of stroke.
Keywords: stroke, beta-blockers, mortality, outcome, infection

Introduction
Stroke and ischemic heart disease are the leading causes of death worldwide and 
accounted for 15.2 million deaths in 2016. Despite improvements and advances in 
healthcare and treatment methods, the impact on global mortality and morbidity 
remains high.1

A pathological sympathetic activation with a surge in catecholamines occurs in 
the acute phase of stroke,2 and both the sympathetic over-activation and the 
subsequent autonomic dysfunction are predictors of poor functional outcome.2,3 

In addition to increasing the risk of cardiac arrhythmias,4 the autonomic dysfunc
tion and sympathetic over-activation may have a role in the development of 
stroke-induced immunodepression, which could increase the risk of infections.5,6 
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The post-stroke changes in the immune system include an 
increased number of circulating monocytes, higher levels 
of anti-inflammatory cytokines and a shift from Th1 to 
Th2 cytokine production.6,7 In animal models, beta- 
blockers showed a protective effect and an ability to 
block and reverse these catecholamine-induced changes 
on the immune system.7,8 In addition to this, beta- 
blockers have been reported to reduce infarct size by 
antioxidant and free radical scavenging properties.9–11 

However, human observational and interventional studies 
regarding the effects of beta-blockers in the acute face of 
stroke have been inconclusive and conflicting. While 
some have reported beneficial effects,12,13 other studies 
have demonstrated the opposite14–16 or been 
negative.17,18 Despite this obvious discordance and 
a relatively high number of studies investigating this 
important topic, no systematic review has been per
formed. This prompted us to perform a meta-analysis to 
assess whether there is an association between treatment 
with beta-blockers in the acute phase after stroke and 
stroke outcome.

Materials and Methods
This study was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta- 
analyses (PRISMA) statement,19 and was registered in 
the PROSPERO database (CRD42019124045).

Search Strategy
The databases PubMed, Cochrane, Medline and Scopus 
were searched until September 19, 2018. A combination 
of the following search terms was used: stroke, cerebro
vascular disease, adrenergic beta-antagonists, treatment 
outcome and mortality. The Mesh term for each search 
term was searched in combination with all the English 
synonyms associated with the respective Mesh term. For 
a detailed description of each search see the 
Supplementary Tables S1–S4. Titles and abstracts for 
each database search result were screened based on the 
inclusion and exclusion criteria. The reference list, similar 
articles list in PubMed, and list of articles that cited the 
respective article, for each article of interest, were also 
hand searched. Finally, the full text of each article of 
interest was reviewed. One author (HSB) concluded the 
database searches, screened the titles and abstracts and 
excluded the articles not meeting the inclusion criteria. 

The same author was also responsible for the full-text 
assessment of the eligible studies. When uncertainties 
arose on whether a study should be included, the senior 
author (JOS) was consulted.

Study Selection
The aim of the present meta-analysis was to investigate if 
there is an association between beta-blocker therapy and 
stroke outcome within the first 12 months after an acute 
stroke. The study design of included studies consisted of 
randomized clinical trials and observational studies. 
Studies eligible for inclusion had to include a sample of 
at least 90% ischemic and/or hemorrhagic stroke patients; 
other neurological diagnoses could be included if these did 
not comprise more than 10% of the study population. The 
intervention of interest was treatment with beta-blockers in 
the acute phase of stroke defined as the first 7 days from 
stroke onset. If treatment with beta-blockers was started 
before stroke onset and no other information on use after 
stroke onset was specified, we interpreted this as that the 
therapy had continued during the first 7 days after stroke 
as well. Treatment with beta-blockers occurred as mono
therapy or in combination with other antihypertensive 
agents. The comparison group consisted of patients with
out beta-blocker therapy, with or without other antihyper
tensive drugs. For an article to be included, at least one of 
the three studied outcomes (mortality, functional outcome, 
and infection up to the first 12 months from stroke onset) 
had to be presented.

Data Extraction
The following data were extracted from the included arti
cles: the name of the first author, year of publication, study 
population, study design, number of patients in the inter
vention and the comparison group, mortality rate, number 
of patients with poor functional outcome in each group, 
infection rate and odds ratio adjusted for age and severity, 
if available. If the outcome of interest was evaluated at 
more than one time point, data were extracted at a time 
point as early as possible, but of at least 1 month from 
ictus. If infections were reported both in total (all diag
noses lumped together) and specifically for the different 
diagnoses (pneumonia, etc.), the total number was 
extracted.
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Outcome Measures
The three outcome measures were mortality rate, func
tional outcome measured with Barthel Index (BI) or mod
ified Rankin Scale (mRS), and rate of infection, 
respectively. Functional outcome was dichotomized into 
the two categories “good” and “poor”. Since guidelines for 
dichotomizing mRS and BI are lacking, we opted for the 
commonly used cut-off of mRS > 3 or BI ≤ 60/100 (or ≤ 
12/20, depending on the scoring type) to define poor 
functional outcome.20 For each outcome, adjusted odds 
ratio (OR) or adjusted rate ratio (RR) with 95% confidence 
interval (CI) for age and stroke severity was also recorded. 
Also, the unadjusted OR and 95% CI for the univariate 
analysis was recorded or a crude OR was calculated using 
the numbers extracted from the study.

Statistical Analysis
Since age and stroke severity are strong confounders, 
especially in observational studies, analyses for all 
three outcomes were primarily performed with ORs 
adjusted for these factors. However, since studies pre
senting OR adjusted for age and stroke severity were 
relatively few, additional analyses also including unad
justed/crude OR from studies lacking adjusted ORs were 
performed as a complement. In the pooled meta-analysis, 
RR and OR were used interchangeably depending on 
which one was used in most of the studies, since the 
two ratios approximate one another when the event rate 
is small.21 Statistical heterogeneity was investigated 
using I2 statistics.22 I2>30% was considered moderate 
heterogeneity while I2>50% was considered substantial 
heterogeneity. P value of heterogeneity <0.05 was con
sidered statistically significant.23 When the studies pre
sented obvious heterogeneity, a random effect model was 
used; otherwise, a fixed-effect model was applied.24 The 
risk of publication bias was assessed using Egger’s test 
and visually inspected using funnel plots.25 Sensitivity 
analyses were performed using the leave-one-out (LOO) 
method and sources of heterogeneity were demonstrated 
using the Baujat plot. Finally, a cumulative meta-analysis 
was performed to examine the reliability of the results. 
All the analyses were performed in Stata 16.1 (StataCorp 
LLC, College Station, Texas, USA) and a two-sided 
p value of <0.05 was considered statistically significant 
unless otherwise specified.

Quality Assessment
The methodological qualities of the selected articles were 
assessed using checklists provided by the Swedish Agency 
For Health Technology Assessment And Assessment Of 
Social Services, one for assessing randomized clinical 
trials and one for observational studies.26

Results
Literature Search
The search results yielded a total number of 5142 studies. 
After the removal of duplicates, 3953 titles remained. 
After screening these studies by reading titles and 
abstracts, 29 were chosen for full-text assessment. The 
search was further expanded by searching the reference 
lists of these 29 studies, by searching for studies that had 
cited these 29 studies in Scopus, and by using the “similar 
articles” lists in PubMed, and additional 34 studies eligible 
for full-text assessment were found. This resulted in a total 
of 63 studies, of which 43 were excluded after full-text 
assessment (Figure 1).

Of the remaining 20 studies, two27,28 were based on the 
same database. The overlap of the study populations was 
considerable therefore they were handled as one study. 
One study29 presented data separately on ischemic and 
hemorrhagic stroke and was therefore treated as two sepa
rate studies and will from hereon be referred to as such. If 
data on mortality and functional outcome were available at 
more than one time point, we chose to extract data from 
the study that was more in accordance with our time point 
definition. In total, 18 of the 20 studies presented adjusted 
and/or unadjusted ORs for the analysis of mortality,27,29–44 

11 for functional outcome,28,32–34,38–42,45,46 and 11 for 
infection.28,30,34–38,40–43

Study Characteristics
Two of the 20 included studies were randomized con
trolled trials,31,33 one was an exploratory analysis based 
on a randomized controlled trial,40 and 16 were observa
tional studies.27–30,32,34–39,41–46 For a detailed outline of 
the studies and study characteristics, see Table S5. 
Selection bias was deemed low in 15 of the 
studies27–31,35–44 and moderate in 5.32–34,45,46 Treatment 
bias was low in 14 studies27–31,33–38,40–42 and moderate 
in 6.32,39,43–46 The assessment bias was low in 
1627–31,33,35–44 and moderate in 4.32,34,45,46 The fall-out 
bias was low in 429,38,40,42 and moderate in 4.28,31,33 The 
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reporting bias was low in 1827–29,32,33,35–47 and moderate 
in 2.30,34 The conflict of interest bias was low in all the 
studies. Ten of the studies29,30,35–38,40–42,44 were evalu
ated to have a low risk for bias and 
1027,28,32–34,39,43,45–47 had a moderate risk for bias. See 
Table S6 for details on the quality assessment. On aver
age, the quality assessments indicated that the risk of 
bias was moderate.

Outcomes
Mortality
Neither the meta-analysis based on age- and severity- 
adjusted ORs (pooled RR: 0.90; 95% CI 0.65–1.24; 
Figure 2) nor the corresponding meta-analysis on both 
adjusted and unadjusted ORs (pooled RR: 0.94; 95% CI 
0.79–1.12; Figure 3) showed a significant effect of beta- 
blockers on mortality. The 10 studies in the adjusted OR 
analysis included a total of 17,001 individuals, and the 18 
studies in both the adjusted and unadjusted OR analysis 
included a total of 116,540 individuals. The studies proved 

to be heterogeneous (I2=89.1% and 95.9% for the analysis 
on adjusted and both adjusted and unadjusted ORs; p = 
0.000 for both) and a random-effects model was used for 
both analyses. Egger’s test showed weak (p = 0.084; 
funnel plot in Figure S1) and significant (p = 0.014; funnel 
plot in Figure S2) risk for publication bias based on the 
studies in the analysis of the adjusted and both adjusted 
and unadjusted ORs, respectively. In the sensitivity ana
lyses for the analysis on both adjusted and unadjusted 
ORs, one study37 was identified as having a relatively 
large influence on heterogeneity (Figures S3 and S4). 
However, it did not substantially change the pooled results 
(Figures S5 and S6). Although the cumulative meta- 
analysis showed significant variation in the pooled results 
(Figures S7 and S8), none of the results were statistically 
significant and the overall conclusion remained 
unchanged.

Functional Outcome
In analogy with the mortality analyses, neither the func
tional outcome meta-analysis based on age- and severity- 

Records identified through database 
searching
(N = 5142)

Additional records identified through other 
sources*
(N = 34)

Records after duplicates removed
(N = 3987)

Records screened
(N = 3987)

Records excluded
(N = 3924)

Not relevant to our aim (no 
population, intervention, 

comparison or outcome of 
interest) (N = 3924)

Full-text articles assessed for eligibility
(N = 63)

Studies included in qualitative synthesis
(N = 20)

Full-text articles excluded, with 
reasons
(N = 43)

No full text available (N=1)
Study population included even
SAH or TIA, or animal study (N =7)
No intervention of interest: other 
antihypertensives, 
antihypertensives as a group or 
therapy start > 7 days from ictus (N
= 16)
No outcome of interest (N = 6)
Not relevant study design (N = 5)
Not relevant to study aim (N = 8)

Studies included in quantitative 
synthesis (meta-analysis)

(N = 20)

Figure 1 PRISMA flow diagram of study selection.21

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                   

Clinical Epidemiology 2021:13 228

Balla et al                                                                                                                                                             Dovepress

https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
https://www.dovepress.com/get_supplementary_file.php?f=268105.docx
http://www.dovepress.com
http://www.dovepress.com


adjusted ORs (pooled OR: 1.04; 95% CI 0.92–1.18; Figure 
4) nor the corresponding meta-analysis on both adjusted 
and unadjusted ORs (pooled OR: 0.99; 95% CI 0.91–1.08; 
Figure 5) showed a significant effect of beta-blockers. The 
three studies in the adjusted OR analysis included a total 
of 9,038 individuals, and the 11 studies in the adjusted and 
unadjusted OR analysis included a total of 19,122 indivi
duals. The studies were homogenous, (I2=0.0%, p=0.780 
and I2 = 7.3%, p = 0.375 for the analysis on adjusted and 
both adjusted and unadjusted ORs) and a fixed-effects 
model was used for both analyses. Egger’s test showed 
no risk for publication bias (p = 0.674; funnel plot in 
Figure S9 and p = 0.296; funnel plot in Figure S10 based 
on the studies in the analysis of the adjusted and both 
adjusted and unadjusted ORs, respectively). In the sensi
tivity analysis for the adjusted ORs there were only three 
studies included (Figures S11 and S12). In the sensitivity 

analysis for both the adjusted and unadjusted ORs two 
studies stood out as outliers,34,39 affecting the overall 
heterogeneity contribution (Figures S13 and S14). No sig
nificant variation was found in the cumulative analyses (all 
pooled ORs are around 1.0) (Figures S15 and S16).

Infection
The results were similar for the infection outcome as for 
mortality and functional outcomes. Neither the meta- 
analysis based on age- and severity-adjusted ORs (pooled 
OR: 1.26; 95% CI 0.79–2.01; Figure 6) nor the correspond
ing meta-analysis on both adjusted and unadjusted ORs 
(pooled OR: 1.03; 95% CI 0.75–1.42; Figure 7) showed 
a significant effect of beta-blockers on the rate of infections. 
The two studies in the adjusted OR analysis included a total 
of 3,158 individuals, and the 11 studies in both the adjusted 
and unadjusted OR analysis included a total of 14,305 indi
viduals. The studies were heterogeneous, (I2=81.6%, 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 89.1%, p = 0.000)

Sykora M [44]

Koton S [27]

Author

Maier IL [36]

Maier IL [43]

Westendorp WF [40]

Kalita J [34]

Shoup JP [35]

Dowlatshahi D [32]

Phelan C [37]

Dziedzic T [30]

2018
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0.99 (0.74, 1.32)

RR (95% CI)
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0.59 (0.16, 2.17)
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11.51
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14.11

15.36

7.61
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Mortality

Figure 2 Forest plot analyzing the association between beta-blocker treatment and post-stroke mortality, presenting adjusted (for stroke severity and age) rate ratio (RR) 
and 95% confidence interval (CI).
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p=0.020 and I2 = 77.9%, p = 0.000 for the analysis of 
adjusted and both adjusted and unadjusted ORs) and 
a random-effects model was used for both analyses. 
Egger’s test showed no risk for publication bias (p = 0.224; 
funnel plot in Figure S17) based on the studies in the analysis 
of both the adjusted and unadjusted ORs. Eggers´s test could 
not be performed based on the studies in the analysis of the 
adjusted ORs, because the studies were too few (funnel plot 
presented in Figure S18). In the sensitivity analysis for the 
adjusted ORs, there were only two studies included, with 
Westendorp et al40 contributing heavily to the overall hetero
geneity (Figure S19). Due to the small sample of studies, the 
LOO analysis was inconclusive (Figure S20). In the sensi
tivity analyses for both the adjusted and unadjusted ORs, four 

studies28,34,35,38 stood out as heavier contributors of overall 
heterogeneity, but with Kalita et al34 as the strongest outlier 
(Figures S21 and S22). Although the cumulative meta- 
analyses showed variation in the pooled results, none of the 
results was statistically significant (Figures S23 and S24).

For GRADE:ing and overview of the results, see 
Table S7.

Discussion
The pooled analyses showed no significant association 
between beta-blocker therapy and any of the three out
comes, neither with data adjusted for stroke severity and 
age nor with both adjusted and unadjusted data. This is, to 
the best of our knowledge, the first meta-analysis 

NOTE: Weights are from random effects analysis
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Author
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Figure 3 Forest plot analyzing the association between beta-blocker treatment and post-stroke mortality, presenting rate ratio (RR) and 95% confidence interval (CI). For 
study author with *, crude RR was used.
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evaluating the association between beta-blockers and 
stroke outcome.

The current meta-analysis is mainly based on obser
vational studies, which calls for caution when assessing 
the results. However, if it is assumed that the patients 
treated with beta-blockers were in all other aspects 
comparable to the patients not receiving beta-blockers, 
the results strongly suggest that beta-blockers have no 
valuable effect in the acute stage after stroke. However, 
since such comparability between the groups is not 
warranted, it is also possible that an eventual effect of 
the beta-blockers was obscured by differences between 
treated and untreated patients. Receiving beta-blockers 
could be a marker for vascular disease burden, predis
posing for a more severe stroke or for vascular 
complications,32 which could be out-weighed by protec
tive effects of the beta-blockers. Indeed, one of the 
studies indicating harm from beta-blocker therapy after 
stroke found that when eliminating cardiovascular 
causes of death after a stroke, treatment with beta- 
blockers was no longer associated with increased 

mortality.32 This effect of beta-blockers being a marker 
for vascular disease burden would probably be strongest 
in patients that were already on beta-blocker therapy at 
the time of stroke, which was the case in all but seven 
of the included studies. In other words, it is possible 
that beta-blockers would have been beneficial if the 
groups had been equal at baseline. However, counter
balancing this argument is the fact that the two included 
randomized clinical trials did not show a benefit from 
beta-blocker therapy after stroke. Barer et al31 compared 
treatment with atenolol 50 mg or slow-release propra
nolol 80 mg to placebo in 302 beta-blocker naïve 
patients with hemispheric stroke, excluding patients 
with pre-existing major disability or contraindications 
to beta-blockers (for example, baseline heart rate of 
less than 56 beats per minute or systolic blood pressure 
less than 100 mmHg). The treatment was started within 
48 hours after ictus and was administered orally on 
a daily basis for 3 weeks or until discharge. The trial 
was planned to be performed in two stages, but the trial 
was stopped after the first stage because treatment 
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Figure 4 Forest plot analyzing the association between beta-blocker treatment and functional outcome after an acute stroke, presenting adjusted (for stroke severity and 
age) odds ratio (OR) and 95% confidence interval (CI).
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seemed to increase mortality, especially in the elderly. 
This effect was small and after adjustment for confoun
ders between the randomized groups, it diminished even 
further. No protective benefits with treatment with beta- 
blockers could be seen. In the other randomized con
trolled trial, Potter et al33 compared 5 mg lisinopril or 
50 mg labetalol to placebo in patients with ischemic or 
hemorrhagic stroke and a systolic blood pressure above 
160 mmHg. Patients with a blood pressure over 200/120 
mmHg and intracerebral hemorrhage were excluded, as 
were subjects with impaired consciousness or contra
indications to the drugs. Treatment was started within 
36 hours from stroke onset and was administered orally 
in non-dysphagic patients, while dysphagic patients had 
a corresponding regime of intravenous lisinopril or 
intravenous labetalol, respectively. During the first 24 
hours, blood pressure was monitored closely, and 

additional doses were given for patients not reaching 
a systolic blood pressure of 145–155 mmHg. 
Thereafter, the patients received fixed daily doses until 
2 weeks after the stroke. One-hundred and twenty-six of 
the 179 patients completed the full 14-day treatment, 
with slightly more withdrawals in the lisinopril (18 
patients) and labetalol groups (16 patients) than in the 
placebo group (11 patients). No significant differences 
were found in neither mortality nor dependency at 2 
weeks between the patients who did and did not receive 
beta-blockers.

Although there are studies on animal models support
ing the beneficial effect of beta-blockers after an acute 
stroke, our meta-analysis could not corroborate those find
ings. One possible explanation is that blood pressure sup
pression may have a negative effect in the acute phase of 
stroke because it may encumber adequate blood perfusion 
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Figure 5 Forest plot analyzing the association between beta-blocker treatment and functional outcome after stroke, presenting odds ratio (OR) and 95% confidence interval 
(CI). For studies with *, crude OR was used.
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of the cerebral tissue. Another possibility is that beta- 
blockers´ effect on the immune system may not be as 
desirable as has been suggested. It is indeed conceivable 
that the stroke-induced immunosuppression may be harm
ful by increasing the risk of bacterial infections. However, 
the ischemic process leads to necrosis and blood-brain 
barrier disruption, exposing intracellular proteins for the 
adaptive immune system and thereby risking autoimmune 
reactions.48 It may be the case that the immunosuppression 
following stroke is not at all excessive, but rather an 
inherent mechanism trying to balance the risk of bacterial 
infections against the risk of autoimmune reactions.

The current study’s main limitation is that it is based on 
other, previously published, studies, making it impossible 
to control for medication bias or potential confounders like 
socioeconomic status, access to medical care or treatment 
indication. Beta-blocker therapy was loosely defined and 
consisted of a highly heterogeneous group of medications 
with varying doses and treatment length, and often com
bined with other antihypertensive medications. Subjects in 

the comparison group had often other antihypertensive 
medication which can also influence stroke outcome. 
Because it´s unclear if beta-blockers have any class- 
specific properties, comparing them with other antihyper
tensives may complicate the interpretation of the results. 
Further, the included articles rarely contained information 
regarding the discontinuation of beta-blocker treatment. In 
fact, the only studies accounting for this were the two 
randomized controlled trials.31,33 Since the withdrawal of 
beta-blockers could affect stroke outcome, not being able 
to account for this factor is a weakness of the meta- 
analysis. Our analysis is based on a small pool of eligible 
studies most of which are observational studies, thus our 
results and conclusions may be less reliable and of lesser 
quality than desired. Also, the Egger analyses indicated 
a moderate risk for publication bias for some of the out
comes. This means that there may be research that was not 
accessible for our pooled analysis.

In conclusion, our meta-analysis failed to show an 
association between beta-blocker therapy and post-stroke 

NOTE: Weights are from random effects analysis
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Figure 6 Forest plot analyzing the association between beta-blocker treatment and post-stroke infections, presenting adjusted (for stroke severity and age) odds ratio (OR) 
and 95% confidence interval (CI).
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mortality, functional outcome and infections, irrespective 
of whether or not the data were adjusted for age and stroke 
severity.
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