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Abstract
Purpose Recently, several randomized controlled trials (RCTs) explored the effects of α-blockers with or without phospho-
diesterase type 5 inhibitors (PDE5-Is) for lower urinary tract symptoms secondary to benign prostatic hyperplasia (LUTS/
BPH). However, the results were inconsistent. We performed this meta-analysis to evaluate the role of combination therapy 
(α-blockers and PDE5-Is) in patients with LUTS/BPH.
Materials and methods Databases including PubMed, Cochrane library, Web of Science, and Embase were searched for 
qualified RCTs. Pooled mean differences (MDs) and odds ratios (ORs) were calculated to measure the effects and adverse 
events in combination therapy. Moreover, subgroup analyses of ethnicity, dosage of PDE5-Is, treatment duration, and sever-
ity of LUTS/BPH were performed. In addition, trial sequential analyses (TSAs) were used to assess whether the evidence 
for the results was sufficient.
Results Overall, this study identified 11 eligible RCTs, including 855 LUTS/BPH patients. Patients receiving combination 
therapy had better improvement in international prostate symptom score (IPSS: MD: 1.66, 95% CI − 3.03 to − 0.29), maxi-
mum urinary flow rate (Qmax: MD: 0.94, 95% CI 0.24–1.64), and international index of erectile function (IIEF: MD: 4.73, 
95% CI 2.95–6.51), comparing those without PDE5-Is. Besides, subgroup analyses indicated that the effects of combination 
treatment were associated with ethnicity, treatment duration, and severity of LUTS/BPH. By TSA, the findings in the current 
study were based on sufficient evidence.
Conclusions Our results indicated that combination therapy can significantly improve IPSS, Qmax, and IIEF in patients with 
LUTS/BPH. Combination therapy might be more suitable for these patients.

Keywords Lower urinary tract symptom · Benign prostatic hyperplasia · Phosphodiesterase type 5 inhibitor · α-Blocker

Introduction

Lower urinary tract symptoms (LUTS) are a common 
urologic disorder in adult male. Symptoms of LUTS can 
be divided into three parts: filling (storage) or irritative 
symptoms, voiding or obstructive symptoms, and post-
micturition symptoms [1]. LUTS can significantly impair 
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the quality of life of patients, increase their substantial 
economic burden, and has become a great challenge to 
the world. Various factors were reported associated with 
LUTS, including benign prostatic hyperplasia (BPH), 
bladder dysfunction, prostatic inflammation, and other 
non-urological conditions [2, 3]. Among these factors, 
histologic condition of BPH, which can result in prostatic 
enlargement and subsequently bladder outlet obstruction, 
is a traditional and important cause [4].

Pharmacological therapies are widely used in patients 
with LUTS/BPH [5–7]. α-Blockers are the first-line drugs 
for LUTS/BPH [8, 9]. They can reduce prostate tone and 
bladder outlet obstruction by inhibiting endogenously 
released noradrenaline on smooth muscle cells in the 
prostate and ultimately alleviate the symptoms [10]. Phos-
phodiesterase type 5 inhibitors (PDE5-Is) also showed 
advantages on treatment of LUTS/BPH by increasing 
intracellular cyclic guanosine monophosphate, reducing 
smooth muscle tone of the detrusor, prostate, and ure-
thra. Besides, PDE5-Is might also alter reflex neurotrans-
mission, increase blood perfusion and oxygenation, and 
reduce chronic inflammation in urinary system [11–13]. 
Moreover, various studies also showed that PDE5-Is 
can improve the international index of erectile function 
(IIEF) and international prostate symptom score (IPSS) in 
patients with LUTS/BPH [14–16], and tadalafil has been 
licensed for treating LUTS/BPH in America and European 
Union.

Recently, several randomized controlled trials (RCTs) 
have compared the effects of combination therapy of 
PDE5-Is and α-blockers versus α-blockers alone in patients 
with LUTS/BPH [17–27]. In most studies, compared with 
α-blockers alone, combination therapy has shown advan-
tages on improving IPSS, IIEF, maximum urinary flow 
rate (Qmax), and postvoid residual volume (PVR) without 
severe adverse events (AEs) [19–27]. However, contradic-
tory or non-significant results were also demonstrated in 
some studies. For instance, two recently published stud-
ies concerning Asian populations showed non-significant 
improvements in IPSS in patients receiving combination 
therapy [17, 18]. Moreover, three parts of IPSS including 
IPSS storage-system score, IPSS voiding-system score, 
and IPSS quality of life score were analyzed, respectively, 
in several recent publications. However, the results also 
varied from different trials [17, 18, 20, 21, 24, 25].

Meta-analysis is a powerful tool in explaining con-
troversial conclusions by pooling all relevant qualified 
data. Besides, further analyses in different subgroups, for 
instance the ethnicity, can provide more detailed informa-
tion in LUTS/BPH treatment. Accordingly, we performed 
such meta-analysis by including all eligible RCTs to obtain 
a more comprehensive conclusion.

Methods

This study was strictly reported according to the preferred 
reporting items for systematic review and meta-analyses 
(PRISMA) statement [28] (Table S1).

Search strategies

Online databases including PubMed, Cochrane library, Web 
of Science, and Embase were comprehensively searched to 
identify eligible articles. The search was restricted to rand-
omized controlled studies before March 2018. The follow-
ing search items were used in this meta-analysis: “phospho-
diesterase type 5 inhibitor”, “PDE5 inhibitor”, “tadalafil”, 
“sildenafil”, “vardenafil”, “udenafil”, “α-blockers”, “alfuzo-
sin”, “tamsulosin”, “doxazosin”, “terazosin”, “lower urinary 
tract symptom”, “LUTS”, “benign prostatic hyperplasia”, 
“BPH”, and “randomized controlled trials”. In addition to 
electronic search results, we searched reference lists of the 
original articles and reviews manually to obtain more rel-
evant studies. Besides, a search of the website: www.clini 
caltr ials.gov was performed to identify completed but still 
unpublished trials. If the data were unclear or not available 
in relative studies, we would contact the corresponding 
author to obtain desired information.

Studies fulfilled the following criteria were involved in 
this meta-analysis: (1) RCTs; (2) English literature; and (3) 
studies comparing the effects of combination of α-blockers 
and PDE5-Is with α-blockers in LUTS/BPH patients; to 
maintain the quality of the meta-analysis, the studies were 
excluded when: (1) no clear definitions of the population, 
diagnosis of the LUTS and BPH, type and dosage of PDE5-
Is, type and dosage of α-blockers and outcome assessment; 
(2) duplicated data of previous publication; (3) without pla-
cebo groups or no-treatment groups; and (4) without suf-
ficient data to estimate the outcome.

Quality assessment

The enrolled studies were evaluated by a 25-item CONSORT 
(Consolidated Standards of Reporting Trials) checklist [29] 
(Table S2), a method facilitating critical appraisal and inter-
pretation of RCTs. The score of each RCT was determined 
by how many of the 25 items reported, which is positively 
associated with the quality of the study. A RCT of high qual-
ity will report all the items.

Data extraction

Data were extracted by two individual investigators (JZ 
Zhang and B Yang). If there were some uncertain data, a 

http://www.clinicaltrials.gov
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third investigator (X Li) would reassess the data and partici-
pated in discussion to solve the problem. All data in the cur-
rent study were recorded in a standardized form. The follow-
ing basic characteristics of each study were extracted: first 
author’s name, year of publication, origin of country, eth-
nicity, study design, type and dosage of PDE5-Is, type and 
dosage of α-blockers, treatment duration, mean age, mean 
body mass index (BMI), baseline IPSS, IIEF, Qmax, PVR, 
and prostate volume. The aforementioned basic character-
istics are detailed in Table 1. The primary outcomes after 
treatment were extracted as follows: IPSS, IPSS storage-sys-
tem score, IPSS voiding-system score, IPSS quality of life 
score, Qmax, PVR, and IIEF. The outcomes mentioned above 
are listed in Table 2. Besides, the incidence of AEs includ-
ing dizziness, flushing, gastrointestinal disorders (diarrhea 
or dyspepsia or abdominal pain), headache, myalgia, and 
nasopharyngitis were extracted and are listed in Table 3.

Trial sequential analysis

Trial sequential analysis (TSA) was conducted to verify the 
results of meta-analyses by controlling the risk of random 
error and estimation of required sample size with an adjusted 
threshold for statistical significance [30–32]. In the current 
TSA, type I error and type II error were set at 5 and 20% 
(power was 80%), respectively. Moreover, 20% relative risk 
increase was predetermined according to the required infor-
mation size. The cumulative Z-curve (the blue line) was 
constructed, and crossing of Z = 1.96 (p = 0.05) (vertical 
red line) or the monitoring boundaries (sloping red line) 
were assessed. If the cumulative Z-curve was crossed by 
the monitoring boundaries or exceeds the required sample 
size, then the result was considered firm. The TSA software 
(TSA, version 0.9; Copenhagen Trial Unit, Copenhagen, 
Denmark, 2011) was used in this study.

Table 1  Characteristics of the randomized clinical studies included in the meta-analysis

The RCT quality score was calculated by assessing how many of the 25 items were reported
NM not mentioned

Study Country Ethnicity Study design Drugs in combined therapy Comparator

Takeda, 2017 Japan Asian RCT crossover Tadalafil 5 mg qd + Tamsulosin 0.2 mg qd or Silo-
dosin 4 mg bid

Placebo + Tamsulosin 0.2 mg qd 
or silodosin 4 mg bid

Karami, 2016 Iran Asian RCT Tadalafil 20 mg qd + Tamsulosin 0.4 mg qd Tamsulosin 0.4 mg qd
Fawzi, 2016 Egypt Caucasian RCT Sildenafil 25 mg qd + Tamsulosin 0.4 mg qd Placebo + Tamsulosin 0.4 mg qd.
Kumar, 2013 India Caucasian RCT Tadalafil 10 mg qd + Alfuzosin 10 mg qd Alfuzosin 10 mg qd
Regadas, 2012 Brazil Mixed RCT Tadalafil 5 mg qd + Tamsulosin 0.4 mg qd Placebo + Tamsulosin 0.4 mg qd
Abolyosr, 2012 Egypt Caucasian RCT Sildenafil 50 mg qd + Doxazosin 2 mg qd Doxazosin 2 mg qd
Gacci, 2012 Italy Caucasian RCT Vardenafil 10 mg qd + Tamsulosin 0.4 mg qd Placebo + Tamsulosin 0.4 mg qd
Ozturk, 2012 Turkey Caucasian RCT Sildenafil 50 mg qd + Alfuzosin 10 mg qd Alfuzosin 10 mg qd
Tuncel, 2009 Turkey Caucasian RCT Sildenafil 25 mg 4 days per week + Tamsulosin 

0.4 mg qd
Tamsulosin 0.4 mg qd

Bechara, 2008 Argentina Caucasian RCT crossover Tadalafil 20 mg qd + Tamsulosin 0.4 mg qd Placebo + Tamsulosin 0.4 mg qd
Kaplan, 2007 America Caucasian RCT Sildenafil 25 mg qd + Alfuzosin 10 mg qd Alfuzosin 10 mg qd

Study Treatment 
duration 
(months)

Mean age 
(years)

Mean BMI Total IPSS Total IIEF Qmax (mL/s) PVR (mL) Prostate 
volume 
(mL)

RCT 
quality 
score

Takeda, 2017 2 61.7 23.7 17.8 NM 9.67 19.05 33.8 22
Karami, 2016 3 68.2 26.9 20.9 10.8 12.3 57.9 62.2 21
Fawzi, 2016 6 66.0 23.7 21.3 13.9 10.7 49.0 NM 24
Kumar, 2013 3 61.4 NM 18 17.8 11.1 54.4 39.8 20
Regadas, 2012 1 60.4 NM 20.5 NM 6.8 NM 43.4 20
Abolyosr, 2012 4 NM NM 16.4 14.0 10.0 66.5 NM 16
Gacci, 2012 3 68.0 25.7 19.6 16.3 9.9 59.1 NM 23
Ozturk, 2012 3 60.2 NM 19.9 15.0 10.4 54.1 46.2 18
Tuncel, 2009 2 58.8 NM 15.55 NM 13.7 40.4 NM 17
Bechara, 2008 3 63.7 NM 19.4 17 9.6 60 NM 21
Kaplan, 2007 3 62.3 NM 17.6 15.9 9.5 54 NM 20
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Statistical analysis

Continuous data including IPSS, IPSS storage-system score, 
IPSS voiding-system score, IPSS quality of life score, Qmax, 
PVR, and IIEF were presented as mean and standard devia-
tion (SD). If only standard error (SE) or the 95% confidence 
interval of the mean difference was available, SD value will 
be transformed. Weighted mean difference (MD) was cal-
culated for the primary assessment of the efficacy of the 
addition of PDE5-Is in LUTS patients with BPH. Besides, 
AEs were calculated by the pooled odds ratio (OR) with cor-
responding 95% confidence interval (CI). Higgins I2 statistic 

and Cochrane Q test were used to assess the heterogeneity 
of the enrolled studies [33]. If the heterogeneity was not 
significant (p > 0.05 or I2 < 50%), a fixed model by inverse-
variance method was used, otherwise, a random model by 
DerSimonian-Laird method was applied [34, 35]. A pooled 
MD value lower than 0 or a pooled OR lower than 1 indi-
cated that combination therapy was associated with decrease 
of specific parameters. The result was considered statisti-
cal significant when the 95% CI did not include 0 (MD) or 
1 (OR). Moreover, subgroup analyses were further carried 
out by ethnicities, dosage of PDE5-Is, treatment duration, 
and severity of LUTS/BPH. When the dosage is higher than 

Table 2  Endpoints of variables in the randomized controlled trials included in the meta-analysis

C/A combined therapy versus α-blockers, QoL quality of life, Qmax maximum urinary flow rate, PVR postvoid residual volume, NM not men-
tioned

Study Patients 
(C/A)

Total IPSS(C/A) IPSS storage IPSS voiding QoL(C/A) Qmax(C/A) PVR(C/A) IIEF(C/A)

Takeda, 
2017

157/156 16.7 ± 5.2/16.5 ± 4.8 5.7 ± 2.5/5.6 ± 2.5 10.9 ± 4.0/10.8 ± 3.7 4.4 ± 0.9/4.3 ± 1.0 NM NM NM

Karami, 
2016

58/59 10.1 ± 3.2/10.6 ± 3.5 3.4 ± 2.1/3.6 ± 1.8 6.9 ± 1.5/7.1 ± 1.7 NM 15.9 ± 2.1/15.6 ± 3.1 35.4 ± 20.9/38.9 ± 21.6 17.2 ± 3.2/12.1 ± 5.1

Fawzi, 
2016

63/68 13.1 ± 4.5/17.6 ± 4.1 NM NM NM 14.9 ± 3/12.9 ± 2.4 NM 22.9 ± 2.3/15.4 ± 3.3

Kumar, 
2013

25/25 6.7 ± 3.4/7.6 ± 3.4 2.4 ± 1.6/3.1 ± 1.7 4.3 ± 2.1/4.6 ± 1.9 1.5 ± 0.7/2.0 ± 0.9 15.0 ± 4.3/14.2 ± 6.2 19.2 ± 17.4/10.6 ± 17.2 22.0 ± 9.1/20.5 ± 8.9

Regadas, 
2012

20/20 10.9 ± 5.1/14.4 ± 3.6 3.4 ± 3.1/4.2 ± 1.7 7.1 ± 2.4/10.0 ± 2.6 NM 5.2 ± 2.4/6.0 ± 2.4 NM NM

Abolyosr, 
2012

50/50 11.5 ± 4.5/12.4 ± 4.5 NM NM NM 13.9 ± 2.5/13.3 ± 2.7 28.6 ± 2.5/31.2 ± 3.9 18.6 ± 5.0/16.1 ± 5.0

Gacci, 
2012

30/30 12.9 ± 1.0/16.7 ± 1.1 NM NM NM 12.1 ± 1.1/10.5 ± 0.8 45.0 ± 7.2/58.0 ± 10.1 19.4 ± 0.8/15.9 ± 1.3

Ozturk, 
2012

45/47 14.8 ± 3.9/14.1 + 4.4 NM NM 2.2 ± 0.9/2.2 ± 1.1 13.7 ± 1.7/13.7 ± 2.7 39.6 ± 37.3/41.6 ± 21.3 22.9 ± 2.9/16.8 ± 9.2

Tuncel, 
2009

20/20 NM NM NM 1.9 ± 0.5/2.8 ± 0.5 20.0 ± 3.6/16.3 ± 3.5 9.0 ± 12.2/12.3 ± 12.1 NM

Bechara, 
2008

27/27 10.2 ± 3.8/12.7 ± 5.1 NM NM NM NM NM NM

Kaplan, 
2007

21/20 13.5 ± 4.2/14.6 ± 3.7 NM NM NM 11.5 ± 2.9/10.5 ± 2.3 32 ± 15.8/31 ± 13.4 25.7 ± 4.9/20.3 ± 5.2

Table 3  Side effects in patients included in this meta-analysis

C/A combination treatment versus α-blockers, NR not reported

Study Sample size (C/A) Dizziness 
(C/A)

Flushing (C/A) Gastrointestinal 
disorders (C/A)

Headache (C/A) Myalgia (C/A) Nasophar-
yngitis 
(C/A)

Takeda, 2017 157/156 1/0 NR 4/0 NR NR 13/13
Karami, 2016 58/59 2/2 NR NR 3/1 4/0 3/1
Fawzi, 2016 63/68 2/5 4/0 3/0 2/0 NR NR
Kumar, 2013 25/25 2/0 NR NR 2/0 NR NR
Regadas, 2012 20/20 NR NR NR NR 1/0 NR
Gacci, 2012 30/30 1/0 4/2 1/1 11/2 NR NR
Bechara, 2008 27/27 0/1 NR 3/2 12/0 NR NR
Kaplan, 2007 21/20 1/1 NR 2/0 NR NR NR
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5 mg per day in tadalafil or 25 mg per day in sildenafil, a 
relative larger dosage was defined. In addition, the sever-
ity of LUTS/BPH was roughly estimated by baseline total 
IPSS. LUTS/BPH was considered severe when IPSS was 
more than 19. Besides, a longer therapy was defined when 
the treatment period exceeded 3 months. Sensitivity analy-
sis was carried out by repeating the meta-analysis by omit-
ting one study each time. Publication bias was calculated by 
Egger’s linear regression test with a funnel plot [36]. The 
meta-analysis was performed by Stata version 12 (StataCorp 
LP, College Station, TX, USA).

Results

Summary of the enrolled RCTs

The flow chart of the study selection process is shown in 
Fig. 1. A total of eleven RCTs including 855 LUTS/BPH 

patients were finally enrolled in the current meta-analysis 
[17–27]. Among the 11 studies, 8 focused on Caucasian 
[19, 20, 22–27], 2 focused on Asian [17, 18], and the last 
1 is a multi-ethnicity study [21]. Five researches were ran-
domized, placebo-controlled studies [17, 19, 21, 23, 26] 
and six were no-treatment controlled trials [18, 20, 22, 
24, 25, 27]. Noticeably, the primary regimen of PDE5-
Is varied from the enrolled studies. Tadalafil, vardenafil, 
and sildenafil were used in five [17, 18, 20, 21, 26], one 
[23], and five [19, 22, 24, 25, 27] studies, respectively. 
Dosage of tadalafil or sildenafil was relative higher in five 
studies [18, 20, 22, 24, 26], the other five trials used a 
lower dosage [17, 19, 21, 25, 27]. In regard to the treat-
ment period, eight studies exceeded 3 months [18–20, 
22–24, 26, 27], two trials were 2 months [17, 25], and one 
trial was 1 month [21]. Besides, severity of LUTS/BPH 
differed in the involved studies. The baseline IPSS was 
higher than 19 in six studies [18, 19, 21, 23, 24, 26], the 
other five have lower baseline IPSS [17, 20, 22, 25, 27]. 

Fig. 1  Flow diagram of the 
study selection process
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The detailed information of basic characteristics of the 11 
RCTs is listed in Table 1.

Effects on IPSS

A total of ten studies compared the effects on total IPSS 
[17–24, 26, 27]. Overall, the pooled MD was − 1.66 (95% CI 
− 3.03 to − 0.29) in a random-effect model, which indicated 
a significant decrease in IPSS in patients received combina-
tion therapy (Fig. 2a). In addition, to further evaluate the 
specific changes in IPSS, pooled MD of IPSS storage-sys-
tem score, IPSS voiding-system score, and quality of life 
were calculated. All these indicators showed non-significant 
improvement with combination therapy (IPSS storage-sys-
tem score: MD: − 0.18, 95% CI − 0.56 to 0.20, Fig. 2b; IPSS 
voiding-system score: MD: − 0.63, 95% CI − 1.56 to 0.31, 
Fig. 2c; Quality of life score: MD: − 0.32, 95% CI − 0.84 to 
0.20, Fig. 2d).

For subsequent subgroup analyses, a significant improve-
ment in total IPSS was detected in Caucasian population in 
combination therapy (Caucasian population: MD: − 1.94, 
95% CI − 3.47 to − 0.41; Asian population: MD: − 0.12, 
95% CI − 0.94 to 0.70) (Figure S1A). Besides, a longer 
treatment period and higher total IPSS (severe LUTS/BPH 
symptoms) at baseline were significantly associated with 
better IPSS improvement (longer treatment period: MD: 
− 1.74, 95% CI − 3.20 to − 0.28; shorter treatment period: 
MD: − 1.43, 95% CI − 5.03 to 2.17, Figure S1B; severe 
symptoms: MD: − 2.34, 95% CI − 4.07 to − 0.60; moderate 
symptoms: MD: − 0.36, 95% CI − 1.15 to 0.44, Figure S1C). 

When the RCTs were stratified by dosage of PDE5-Is, both 
lower and higher dose of PDE5-Is showed non-significant 
improvement in IPSS (higher dosage: MD: − 0.62, 95% CI 
− 1.47 to 0.22; lower dosage: MD: − 2.18, 95% CI − 4.83 to 
0.47, Figure S1D).

Effects on Qmax, PVR and IIEF

Nine studies compared the effects on Qmax between combi-
nation therapy and α-blockers alone [18–25, 27]. The pooled 
MD was 0.94 (95% CI 0.24–1.64) in a random-effect model, 
which indicated a significant increase in Qmax in patients 
received combination therapy (Fig. 3a). For subsequent sub-
group analyses, a longer treatment period and lower total 
IPSS at baseline were significantly associated with better 
Qmax improvement (longer treatment period: MD: 0.95, 95% 
CI 0.31–1.59; shorter treatment period: MD: 1.37, 95% CI 
− 3.03 to 5.78, Figure S2A; severe symptoms: MD: 0.72, 
95% CI − 0.20 to 1.65; moderate symptoms: MD: 1.37, 95% 
CI 0.08–2.66, Figure S2B). When the RCTs were stratified 
by dosage of PDE5-Is, both groups showed non-significant 
improvement in Qmax (higher dosage: MD: 0.30, 95% CI 
− 0.25 to 0.84; lower dosage: MD: 1.38, 95% CI − 0.24 to 
3.00, Figure S2C).

Seven studies compared the effects on PVR between com-
bination therapy and α-blockers alone [18, 20, 22–25, 27]. 
The pooled MD was − 2.97 (95% CI − 7.62 to 1.68) in a 
random-effect model, indicating a moderate but not signifi-
cant decrease in PVR in combination therapy (Fig. 3b). For 
subsequent subgroup analyses of severity of LUTS/BPH and 

Fig. 2  Forest plots of merged 
analyses of effects on IPSS 
by combination therapy. A–D 
Forests plots of merged analyses 
of IPSS, IPSS storage-system 
score, IPSS voiding-system 
score, and Quality of life score, 
respectively
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dosage of PDE5-Is, non-significant decrease of PVR was 
detected (severe symptoms: MD: − 7.35, 95% CI − 15.09 
to 0.40; moderate symptoms: MD: − 0.56, 95% CI − 4.83 
to 3.72, Figure S3A; higher dosage: MD: − 1.02, 95% CI 
− 5.40 to 3.36; lower dosage: MD: − 1.52, 95% CI − 7.28 to 
4.24, Figure S3B).

Seven studies compared the effects on IIEF between 
combination therapy and α-blockers alone [18–20, 22–24, 
27]. The pooled MD was 4.73 (95% CI 2.95–6.51) in a ran-
dom-effect model, indicating a significant increase in IIEF 
in combination therapy (Fig. 3c). For subsequent subgroup 
analyses of severity of LUTS/BPH and dosage of PDE5-
Is, results also showed significant increase in IIEF (severe 
symptoms: MD: 5.50, 95% CI 3.14–7.87; moderate symp-
toms: MD: 3.26, 95% CI 1.18–5.34, Figure S4A; higher dos-
age: MD: 4.14, 95% CI 2.27–6.02; lower dosage: MD: 6.99, 
95% CI 5.22–8.76, Figure S4B).

Trial sequential analyses results

TSA was conducted in this study for the first time to obtain 
a more comprehensive assessment of the effects of combina-
tion therapy. Results showed sufficient evidence that com-
bination therapy can decrease IPSS (Fig. 4a) and increase 
Qmax (Fig. 4b) and IIEF (Fig. 4c).

Adverse events

No serious AEs were reported in all enrolled studies. Com-
mon AEs of the enrolled patients included dizziness, flush-
ing, gastrointestinal disorders, headache, myalgia, and 
nasopharyngitis. Detailed incidences of these AEs are sum-
marized in Table 3. Moreover, meta-analyses results indi-
cated that combination therapy was associated with a higher 
incidence of gastrointestinal disorders (OR 3.43, 95% CI 
1.16–10.13) and headache (OR 9.33, 95% CI 3.40–25.62) 
(Table 4).

Sensitivity analyses

Sensitivity analysis results showed non-significant altera-
tions in pooled MDs when one individual study was 
excluded (Figure S5). Sensitivity analyses indicated that our 
results were dependable.

Publication bias

Egger’s tests and the funnel plots of the meta-analysis indi-
cated no potential publication bias (IPSS: p = 0.124; Qmax: 
p = 0.549; PVR: p = 0.965; IIEF: p = 0.694) (Figure S6).

Fig. 3  Forest plots of merged analyses of effects on Qmax, PVR, and IIEF by combination therapy. A–C Forests plots of merged analyses of Qmax, 
PVR, and IIEF, respectively

Fig. 4  Trial sequential analysis of the effects of combination therapy. A–C TSA of IPSS, Qmax, and IIEF
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Discussion

To date, PDE5 isoenzymes have been widely identified in 
the smooth muscle cells of the lower urinary tract, includ-
ing bladder, prostate, and urethra [37]. PDE5-Is can inhibit 
PDE5 isoenzymes in the lower urinary tract and affect NO/
cGMP signaling, which leads to calcium efflux and relaxa-
tion of the smooth muscle cell [38]. Meanwhile, α-blockers 
can inhibit endogenously released noradrenaline on the same 
smooth muscle targets [39, 40]. Accordingly, a hypothesis 
that α-blockers could enhance the NO/cGMP signaling was 
established. In 2007, Kaplan et al. [27] first compared the 
effects of combination of PDE5-Is and α-blockers versus 
α-blockers only in patients with LUTS/BPH. Since then, 
numerous RCTs were performed to explore the role of com-
bination therapy.

Results of this meta-analysis and TSA showed that com-
bination therapy has significant improvements in IPSS, Qmax, 
and IIEF in patients with LUTS/BPH, which were consistent 
with most published RCTs. To investigate the alterations 
in IPSS in combination therapy, we further analyzed IPSS 
storage-system score, IPSS voiding-system score and quality 
of life in patients with LUTS/BPH. Non-significant improve-
ments were found in these three parts, which suggested a 
trend that combination therapy can improve IPSS storage-
system score, IPSS voiding-system score and quality of life 
in these patients, and ultimately improve total IPSS.

By subgroup analyses, significant improvements in 
IPSS were only detected in Caucasian populations, patients 
receiving longer treatment and patients with severe LUTS. 
In addition, Qmax significantly increased by combination 
therapy in patients receiving longer treatment and patients 
with moderate LUTS. It seems that longer treatment is more 
efficient in these patients, which can significantly improve 
both the IPSS and Qmax. Interestingly, IPSS was improved 
only in patients with severe LUTS, who still had plenty of 
room to upgrade the urinary symptoms and subjective feel-
ings. Combination therapy can result in a larger enhanced 
degree in IPSS in these patients. On the other side, the 

effects of combination treatment were not obvious in patients 
with moderate LUTS, whose symptoms were not severe. 
These results indicated that ethnicity, treatment period, and 
severity of LUTS may influence the effects of combination 
therapy. More studies are required for further investigation 
of the specific roles of these factors in combination therapy.

By subgroup analyses of the dosage of PDE5 inhibi-
tors, our results indicated non-significant improvements in 
IPSS and Qmax and significant improvements in IIEF in both 
larger and smaller dosage. Noticeably, the improvements are 
greater in IPSS, Qmax and IIEF in patients receiving smaller 
dosage of PDE5 inhibitors. Smaller dosage of PDE5 inhibi-
tors can be enough for combination therapy and can lessen 
the economic burden of these patients.

Combination therapy is well tolerated and none severe 
AEs were reported in all enrolled studies. Dizziness, flush-
ing, gastrointestinal disorders, headache, myalgia, and 
nasopharyngitis are common side effects in both patients 
receiving a-blockers with or without PDE5-Is. Noticeably, 
patients receiving combination therapy had a higher inci-
dence of gastrointestinal disorders and headache according 
to existing data.

Indirect comparisons and limited direct comparisons 
between α-blockers demonstrate that all α-blockers have a 
similar efficacy in appropriate doses in treating LUTS [9]. 
A recent published meta-analysis further demonstrated 
that tamsulosin 0.2 mg had similar efficacy compared with 
other α-blockers as an initial treatment strategy for men with 
LUTS; however, the prevalence of AEs was different [41]. 
Noticeably, the type and dosage of α-blockers varied among 
the enrolled 11 trials in this meta-analysis (Table 1), which 
could result in potential bias in analyses of AEs.

In the current meta-analysis, we have several advantages: 
(1) A total of eleven RCTs were enrolled in the current meta-
analysis; the sample size is much larger than any single study, 
making our results convinced; (2) further stratified analyses 
by ethnicity, treatment period, severity of LUTS, and dosage 
of PDE 5 inhibitors can provide more detailed information in 
LUTS/BPH treatment; (3) the funnel plots and Egger’s tests 

Table 4  Pooled results of the adverse effects comparing α-blockers plus PDE5-I versus α-blockers in LUTS-BPH patients

OR odds ratios, CI confidence interval

Adverse event Dizziness Flushing Gastrointestinal disorders Headache Myalgia Nasopharyngitis

Trials 7 2 5 5 2 2
Combination therapy 9/381 8/93 13/298 31/203 5/78 16/215
α-Blockers 9/386 2/98 3/301 3/209 0/79 14/215
Heterogeneity
 p value 0.728 0.359 0.696 0.714 0.607 0.349
 I2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

OR (95% CI) 1.03 (0.44–2.41) 3.84 (0.90–16.5) 3.43 (1.16–10.13) 9.33 (3.40–25.62) 6.47 (0.76–54.8) 1.15 (0.55–2.43)
p value 0.95 0.07 0.03 0.00 0.09 0.71
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indicated no publication bias; (4) sensitivity analyses showed 
non-significant alterations, suggesting our results were depend-
able; and (5) TSA was conducted for the first time in this study 
and the results verified that combination therapy can decrease 
IPSS and increase Qmax and IIEF.

Although the evidence was overall sufficient statistical 
according to aforementioned analyses, several limitations 
should also be stressed. (1) Only few RCTs focused on Asian 
or African populations, and more studies are required in future 
research to comprehensively evaluate the role of ethnicity in 
patients with LUTS/BPH; (2) only four RCTs analyzed IPSS 
storage-system score, IPSS voiding-system score, and IPSS 
quality of life in several recent publications; limited sample 
size in these subgroups might result in potential inaccuracy; 
(3) adjusted estimates were not analyzed due to insufficient 
data for the adjustment by other covariates such as age, BMI, 
PVR, and prostate volume at baseline; (4) although subgroup 
analyses by dosage of PDE5-Is were performed, primary 
regimens for instance the type of α-blockers, were different 
in enrolled studies, which might induce potential bias; (5) 
the type and dosage of α-blockers varied among the enrolled 
11 studies and could result in potential bias in meta-analysis. 
Studies with large sample of cases are required to obtain more 
precise results; and (6) although TSA results showed that com-
bination therapy has a firm improvement in IPSS, Qmax, and 
IIEF, more RCTs of high quality are recommended to offer 
more detailed individual data.

Conclusion

Compared with a-blockers alone, combination of PDE5-Is and 
a-blockers can significantly improve IPSS, Qmax and IIEF in 
patients with LUTS/BPH. Combination therapy can be well 
tolerated and are recommended for these patients.
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