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Objective. To evaluate the efficacy of combination of angiotensin receptor blocker (ARB)with hydrochlorothiazide (HCTZ) compared to
ARB alone in patients with uncontrolled hypertension via a systematic review and meta-analysis.Methods. We searched databases till
July 2019 using relevant search terms. We included articles that were randomised controlled trials (RCTs) comparing ARB/HCTZ with
ARB for a duration of at least 4 weeks and reported on the efficacy or safety. Meta-analyses for efficacy outcomes were performed. In
addition, groups given different concentrations of HCTZ (12.5 and 25mg) were analysed separately. Results. Sixteen RCTs (12,055
participants) were included. Overall, ARB/HCTZ combination therapy (both 12.5 and 25mg HCTZ combination) resulted in better
sitting systolic and diastolic blood pressure control thanARB alone (mean difference (95% confidence interval (CI): −5.69 [−6.66, −4.73]
for 12.5mg and−9.10 [−11.78,−6.42] for 25mg andmean difference (95%CI):−2.91 [−3.31,−2.51] for 12.5mg and−4.16 [−4.75,−3.58]
for 25mg). ARB/HCTZ combination therapy resulted in a higher rate of target blood pressure achievement compared toARB alone (risk
ratio (95% CI): 1.50 [1.42, 1.59]). ARB/HCTZ combination therapy had similar rates of total adverse events (AEs) and severe AEs
compared to ARB alone. Conclusion. ARB/HCTZ combination therapy is more efficacious for controlling blood pressure, and
combination with a low concentration of HCTZ has similar AEs compared to ARB alone. Clinicians should consider adding HCTZ in
the medication regime of patients with uncontrolled hypertension using ARB, if their clinical profile allows.

1. Introduction

"e prevalence of hypertension is increasing worldwide [1].
Adequate control of blood pressure (BP) is therefore of
paramount importance [2]. A high BP is associated with a
higher risk of developing myocardial infarction, heart fail-
ure, stroke, and kidney disease [2].

Initial combination therapy for patients with hyper-
tension has included a diuretic in combination with a β
blocker, angiotensin-converting enzyme inhibitor (ACEI),
or angiotensin receptor blocker (ARB) [3]. Studies have
established that the addition of a thiazide-type diuretic, such
as hydrochlorothiazide (HCTZ), to ARB therapy enhances
the BP-lowering ability and increases the proportion of
patients who achieve goal BP with initial treatment [3].
Although several primary studies have reported on

combination therapy with ARB/HCTZ in adult patients with
primary hypertension, the overall efficacy and safety of
combination ARB/HCTZ therapy in patients with uncon-
trolled hypertension on renin angiotensin system inhibitor
(RASI) therapy has not been evaluated.

"erefore, we aim to summarize the efficacy of additional
ARB/HCTZ in patients with uncontrolled hypertension on
RASI therapy via a systematic review and meta-analysis. We
hope the results will help clinicians choose the appropriate
therapy to manage patients’ hypertension while reducing the
risk of adverse events (AEs).

2. Materials and Methods

2.1. Data Sources and Search Strategies. Studies were identi-
fied by a literature search of MEDLINE (PubMed), the
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Cochrane Central Register of Controlled Trials (CENTRAL),
the Cochrane Database of Systematic Reviews (CDSR), Data-
base of Abstracts of Reviews of Effects (DARE), and EMBASE
till July 2019. "e search strategies were as follows: (ARB OR
“angiotensin II receptor blockers” OR valsartanOR losartanOR
telmisartan OR irbesartan OR tasosartan OR candesartan OR
eprosartan OR azilsartan OR olmesartan OR fimasartan) AND
(“thiazide diuretics” OR hydrochlorothiazide OR indapamide)
AND (hypertension OR hypertensive OR “blood pressure”)
AND (random OR randomly OR randomized). "e searched
studies were limited to clinical trials in humans.

2.2. Eligibility and Exclusion Criteria for Study Selection.
We included studies that were randomised controlled trials
(RCTs) that included adult patients with uncontrolled hy-
pertension receiving RASI therapy and compared the ARB/
HCTZ combination therapy with comparators such as ARB
or ARB+placebo, with or without background therapy, had
a study durationmore than or equal 4 weeks, and reported at
least one clinical outcome of interest. We excluded studies
that were not RCTs, were conference abstracts, or were
published in a language other than English.

2.3. Data Extraction. Two independent investigators
extracted the data. We extracted publication data (title, first
author, and year of publication), study design, baseline
characteristics of the study population (sample size, age, sex
ratio, duration of hypertension, baseline systolic blood
pressure (SBP), and diastolic blood pressure (DBP)), drug
regimen, treatment duration, efficacy outcomes (changes in
sitting SBP (SiSBP), sitting DBP (SiDBP), response rate, and
BP control rate), and safety outcomes (incidence of AEs)
from each study. Some studies applied two concentrations of
HCTZ (12.5mg and 25mg), and the data from these two
groups in these studies were all extracted.

2.4. Assessment of Study Quality and Risk of Publication Bias.
"e quality of all included studies was assessed by the
Cochrane risk-of-bias tool including selection bias, per-
formance bias, detection bias, attrition bias, reporting bias,
and others [4]. For assessment of publication bias for the
primary outcome, we used funnel plot analysis and Egger’s
test (if possible).

2.5. StatisticalAnalysis. For continuous values, including the
changes in SiSBP and SiDBP from baseline, effect sizes were
estimated using meta-analysis as a weighted mean difference
(WMD) with 95% confidence interval (95% CI). For cate-
gorical outcomes, such as the number of participants who
experienced AEs and those with a successful response, the
pooled risk ratio (RR) with its associated 95% CI was cal-
culated using meta-analysis. "e I2 statistic was used to
calculate the extent of heterogeneity across the selected
studies. "e meta-analysis was conducted using RevMan 5.3
("e Cochrane Collaboration, Oxford, UK).

3. Results

3.1. Search Results. As shown in Figure 1, our searches
identified 3539 studies, of which 2175 were potentially
relevant based on title and abstract screening. Records
(n� 2088) were excluded after reading the title and abstract,
and 95 articles were identified by reading the full text. A total
of 16 studies were found to be suitable for the meta-analysis.
[5–20].

3.2. Study Characteristics. Of the 16 studies, 3 studies were
intercontinental, 5 studies were in the European setting, 4
studies were in the United States and Canada, and 4 studies
were in Asian countries."e duration of intervention ranged
from 4 weeks to 12 weeks, and the majority of the patients
were male in all studies. All 16 studies used a combination
therapy with 12.5mg HCTZ, and 6 studies also tested
combination therapy with 25mg HCTZ. Additional char-
acteristics of the studies are presented in Supplementary
Table 1.

3.3. Quality of Included Studies and Risk of Publication Bias.
We performed a quality assessment for each study using the
Cochrane risk-of-bias tool. "e risk of bias analysis is
summarized in Supplementary Figure 1. "ere were 12
studies not clearly describing the methods of random se-
quence generation and/or allocation concealment (selection
bias). One study showed a high risk of performance and
detection bias. Risk of performance bias was unclear in four
trials, and the risk was low for the other studies. All other
bias risks were low for all studies.

"e funnel plot and Egger’s test showed no evidence of
publication bias for all efficacy outcomes (p � 0.3352 for
SiSBP, p � 0.1204 for SiDBP, p � 0.3364 for response rate,
and p � 0.0676 for BP goal achievement rate) and AEs (only
9 studies were included, and Egger’s test could not be
performed). "e results of the funnel plot analysis are
depicted in Supplementary Figure 2.

3.4. Efficacy Outcomes

3.4.1. SiSBP and SiDBP. Figure 2 shows that, with the ARB/
HCTZ combination, the reduction in SiSBP was greater
compared with ARB alone. For combination therapy with
12.5mg HCTZ, the mean difference (95% CI) was −5.69
(−6.66, −4.73) from 13 studies with an I2 of 41%. For
combination therapy with 25mg HCTZ, the mean differ-
ence (95% CI) was −9.10 (−11.78, −6.42) from 4 studies with
an I2 of 82%. "e reduction in SiSBP with combination
therapy including 25mg HCTZ was significantly greater
than that with combination therapy with 12.5mg HCTZ
(p � 0.02).

Figure 3 shows that, with use of the ARB/HCTZ
combination, the reduction in SiDBP was greater than with
ARB alone. For combination therapy with 12.5mg HCTZ,
the mean difference (95% CI) was −2.91 (−3.31, −2.51) from
13 studies with an I2 of 0%. For combination therapy with
25mg HCTZ, the mean difference (95% CI) was −4.16
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Records identified through 
database searching 

(n = 3539)
PubMed: 700

EMBASE: 1871
CENTRAL: 944

CDSR: 5
DARE: 19

Title and abstract screen 
(n = 2175)

Duplicates removed 
(n = 1364)

Full text-articles assessed 
for eligibility

Articles identified 
through hand 

searching
(n = 95)

Articles included in meta-
analyses (n = 16)

Records excluded 
(n = 2088)

Full-text articles excluded, with 
reasons (n = 79)

(i)
(ii)

(iii)
(iv)

(v)
(vi)

(vii)
(viii)

(ix)
(x)

Not a RCT (n = 2)
Conference abstract (n = 2)
Not uncontrolled patients with RASI (n = 37) 
Not compared between ARB/HCTZ and 
ARB or ARB + placebo (n = 7)
No parallel comparators (n = 16)
Treatment period less than 4 weeks (n = 1) 
Did not report clinical outcome of interest (n = 3) 
Specific target population (n = 4)
Duplicates or meta analysis (n = 5)
Others (n = 2)

Figure 1: Flow chart of article selection through the review process. Abbreviations: randomised controlled trial (RCT), angiotensin II
receptor blocker (ARB), hydrochlorothiazide (HCTZ), the Cochrane Central Register of Controlled Trials (CENTRAL), the Cochrane
Database of Systematic Reviews (CDSR), Database of Abstracts of Reviews of Effects (DARE).

Combination Monotherapy Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CIStudy or subgroup

Mean SD Total Mean SD Total 
Weight

(%) 

12.5mg 
Barrios V (2007) –10.8 13.6 325 –5.3 11.9 302 11.0 –5.50 [–7.50, –3.50] 
Bonner G (2008) –13 14.3 648 –6.1 14.1 638 13.6 –6.90 [–8.45, –5.35]
Campbell M (2001) –12.1 15.7 164 –7.7 15.3 164 5.9 –4.40 [–7.76, –1.04]
Gleim GW (2006) –9.4 12.4 146 –4.9 11.8 144 7.6 –4.50 [–7.29, –1.71] 
Hall WD (1998) –9.8 15.1 176 –3.9 15.1 179 6.5 –5.90 [–9.04, –2.76]
Lacourciere Y (2001) –12.6 12.5 246 –7 12.5 245 10.0 –5.60 [–7.81, –3.39]
Lacourciere Y (2002) –10.8 10.1 159 –3.4 11.4 162 9.3 –7.40 [–9.76, –5.04]
Makita S (2009) –15.3 13.6 32 –4.1 14.1 32 1.8 –11.20 [–17.99, –4.41]
Mallion JM (2003) –19.4 14.56 665 –15.7 13.32 663 13.9 –3.70 [–5.20, –2.20]
Phee MY (2015) –13.45 15.15 168 –6.84 13.57 88 5.2 –6.61 [–10.26, –2.96] 
Ruilope (1996) –11 14 72 –6 16 80 3.4 –5.00 [–9.77, –0.23]
Sachse A (2002) –9.2 13.6 152 –5.8 13.8 157 6.7 –3.40 [–6.46, –0.34]
Toh R (2012) –22.7 13.7 98 –13.7 13 95 5.0 –9.00 [–12.77, –5.23] 
Subtotal (95% CI) 3051 2949 100.0 –5.69 [–6.66, –4.73] 

Heterogeneity: tau2 = 1.16; chi2 = 20.32, df = 12 (P = 0.06); I2 = 41 % 
Test for overall effect: Z = 11.56 (P < 0.00001) 

25mg 
Bonner G (2008) –15.5 14.4 659 –6.1 14.1 638 30.3 –9.40 [–10.95, –7.85] 
Hall WD (1998) –16 15.4 176 –3.9 15.4 179 22.8 –12.10 [–15.30, –8.90] 
Mallion JM (2003) –21.8 13.91 657 –15.7 13.32 663 30.7 –6.10 [–7.57, –4.63]
Ruilope (1996) –16 15 80 –6 16 80 16.2 –10.00 [–14.81, –5.19] 
Subtotal (95% CI) 1572 1560 100.0 –9.10 [–11. 78, –6.42] 
Heterogeneity: tau2 = 5.54; chi2 = 16.37, df = 3 (P = 0.0010); I2 = 82% 
Test for overall effect: Z = 6.65 (P < 0.00001) 

MonotherapyTest for subgroup differences: chi2 = 5.50, df = 1 (P = 0.02), I2 = 81.8% 

–10 0–20 2010
Combination

Figure 2: Forest plot for sitting systolic blood pressure (SiSBP) changes.
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(−4.75, −3.58) from 4 studies with an I2 of 61%. "e re-
duction in SiSBP with combination therapy with 25mg
HCTZ was significantly greater than that with combination
therapy with 12.5mg HCTZ (p � 0.0005).

3.4.2. Response Rate and BP Goal Achievement Rate.
Figure 4 shows that, with the use of the ARB/HCTZ
combination, the response rate was higher than with ARB
alone. With the combination therapy with 12.5mg HCTZ,
the RR (95%CI) was 1.50 (1.42, 1.59) from 12 studies with an
I2 of 69%. With the combination therapy with 25mg HCTZ,
the RR (95% CI) was 1.78 (1.63, 1.95) from 3 studies with an
I2 of 1%. "e response rate with combination therapy with
25mg HCTZ was significantly higher than that with com-
bination therapy with 12.5mg HCTZ (p � 0.001).

Figure 5 shows that, with the ARB/HCTZ combination,
the rate of BP goal achievement was similar compared with
that achieved with ARB alone. With the combination
therapy with 12.5mgHCTZ, the RR (95% CI) was 1.08 (0.72,
1.64) from 7 studies with an I2 of 0%. With the combination
therapy with 25mg HCTZ, the RR (95% CI) was 1.16 (0.70,
1.90) from 4 studies with an I2 of 0%.

3.5. Safety Outcomes. Figure 6 shows that the total inci-
dence of AEs with the combination therapy with 12.5mg
HCTZ was similar to that with ARB alone (RR (95% CI):
1.01 [0.93, 1.10], I2:64%, 9 studies), while the combination
therapy with 25mg HCTZ was associated with a signifi-
cantly higher RR (RR (95% CI): 1.17 [1.02, 1.34], I2:0%, 3
studies). As shown in Supplementary Figure 3, in terms of

drug-related AEs, with the ARB/HCTZ combination, pa-
tients experienced a higher incidence rate with both
concentrations of HCTZ than with ARB alone (RR (95%
CI): 1.39 [1.12, 1.72], I2: 0%, 9 studies for 12.5mg HCTZ;
RR (95% CI): 1.52 [1.01, 2.29], I2: 0%, 2 studies for 25mg
HCTZ). As shown in Supplementary Figure 4, with the
ARB/HCTZ combination, the rate of serious AEs for both
concentrations of HCTZ was comparable to that with ARB
alone (RR (95% CI): 0.77 [0.47, 1.27], I2: 0%, 9 studies for
12.5mg HCTZ; RR (95% CI): 0.70 [0.35, 1.40], I2: 0%, 3
studies for 25mg HCTZ). Last, as shown in Supplementary
Figure 5, with use of the ARB/HCTZ combination, the rate
of discontinuation due to AEs was similar to that with the
use of ARB alone (RR (95% CI): 1.08 [0.72, 1.64], I2: 0%, 7
studies for 12.5mg HCTZ; RR (95% CI): 1.16 [0.70, 1.90],
I2: 0%, 4 studies for 25mg HCTZ).

4. Discussion

We conducted a systematic review and meta-analysis to
evaluate the efficacy and safety of using the combination of
ARB/HCTZ compared to ARB alone in patients with un-
controlled hypertension. "is is the first study conducted to
allow clinicians to understand the impact of additional
HCTZ in patients with uncontrolled hypertension on RASI
therapy. We found that the ARB/HCTZ combination was
more efficacious and also safe compared to the use of ARB
alone.

Combination of ARB/HCTZ resulted in a lower SiSBP and
SiDBP compared to ARB alone. Moreover, when the combi-
nation therapy included 25mg HCTZ, it resulted in a lower
SiSBP and SiDBP compared with combination therapy

Combination Monotherapy Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CIStudy or subgroup

Mean SD Total Mean SD Total 
Weight

(%) 

–20 –10 0 10 20
Combination Monotherapy

12.5mg 
Barrios V (2007) –7.9 7.6 325 –5.1 7.4 302 12.2 –2.80 [–3.94, –1.66] 
Bonner G (2008) –8.8 7.8 648 –5.6 9 638 18.8 –3.20 [–4.12, –2.28]
Campbell M (2001) –7.8 8.3 164 –5.5 8.4 164 4.9 –2.30 [–4.11, –0.49]
Gleim GW (2006) –8.3 7.3 146 –5.2 6.4 144 6.4 –3.10 [–4.68, –1.52] 
Hall WD (1998) –8.2 9.2 176 –5.1 9.2 179 4.3 –3.10 [–5.01, –1.19]
Lacourciere Y (2001) –8 6.3 246 –4.9 6.3 245 12.8 –3.10 [–4.21, –1.99]
Lacourciere Y (2002) –7.4 6.3 159 –3.9 6.4 162 8.2 –3.50 [–4.89, –2.11]
Makita S (2009) –6 7.4 32 –3.6 7.4 32 1.2 –2.40 [–6.03, –1.23]
Mallion JM (2003) –12.8 8.22 665 –10.8 8.43 663 19.8 –2.00 [–2.90, –1.10]
Phee MY (2015) –8.67 9.37 168 –5.02 8.27 88 3.2 –3.65 [–5.88, –1.42] 
Ruilope (1996) –9 8 72 –5 9 80 2.2 –4.00 [–6.70, –1.30]
Sachse A (2002) –10.7 8.5 152 –7.9 8.7 157 4.3 –2.80 [–4.72, –0.88]
Toh R (2012) –9.6 10.9 98 –4.5 11 95 1.7 –5.10 [–8.19, –2.01] 
Subtotal (95% CI) 3051 2949 100.0 –2.91 [–3.31, –2.51] 
Heterogeneity: chi2 = 8.78, df = 12 (P = 0.72); I2 = 0% 
Test for overall effect: Z = 14.28 (P < 0.00001) 

25mg 
Bonner G (2008) –10 7.8 659 –5.6 9 638 40.5 –4.40 [–5.32, –3.48] 
Hall WD (1998) –10.8 9.2 176 –5.1 9.2 179 9.3 –5.70 [–7.61, –3.79] 
Mallion JM (2003) –14.2 7.77 657 –10.8 8.43 663 44.7 –3.40 [–4.27, –2.53]
Ruilope (1996) –11 7 80 –5 9 80 5.5 –6.00 [–8.50, –3.50] 
Subtotal (95% CI) 1572 1560 100.0 –4.16 [–4.75, –3.58] 
Heterogeneity: chi2 = 7.73, df = 3 (P = 0.05); I2 = 61% 
Test for overall effect: Z = 13.96 (P < 0.00001) 

Test for subgroup differences: chi2 =12.09, df = 1 (P = 0.0005), I2 = 91.7%

Figure 3: Forest plot for sitting diastolic blood pressure (SiDBP) changes.
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Study or subgroup
Combination

Events Total
Monotherapy

Events Total

12.5mg 
Barrios V (2007) 231 325 187 302
Bonner G (2008) 424 648 297 638
Campbell M (2001) 100 164 78 164
Gleim GW (2006) 92 146 64 144
Hall WD (1998) 90 176 66 183
Lacourciere Y (2001) 129 246 87 245
Lacourciere Y (2002) 101 159 69 162
Mallion JM (2003) 410 665

168
325 663

Phee MY (2015) 106 45 88
Sachse A (2002) 109 149 89 156
Sun NL (2008) 269 419 222 423
Tuomilehto J (2008) 621 903 474 899
Subtotal (95% CI) 4168 4067
Total events 2682 2003
Heterogeneity: chi2 = 13.02, df = 11 (P = 0.29); I2 = 16% 
Test for overall effect: Z = 13.62 (P < 0.00001) 

25mg 
Bonner G (2008) 469 659 297 638
Hall WD (1998) 104 177 66 183
Mallion JM (2003) 447 657 325 663
Tuomilehto J (2008) 674 900 474 899
Subtotal (95% CI) 2393 2383
Total events 1694 1162
Heterogeneity: chi2 = 3.31, df = 3 (P = 0.35); I2 = 9% 
Test for overall effect: Z = 15.08 (P < 0.00001) 

Risk ratio 
M-H, fixed, 95% CI

Weight
(%)

9.6 1.15 [1.03, 1.28]
14.8 1.41 [1.27, 1.55]
3.9 1.28 [1.05, 1.57]
3.2 1.42 [1.14, 1.77]
3.2 1 .42 [1 .11, 1.80]
4.3 1.48 [1.20, 1.82]
3.4 1.49 [1.20, 1.85]

16.1 1.26 [1.14, 1.39]
2.9 1.23 [0.98, 1.56]
4.3 1 .28 [1 .08, 1.52]

10.9 1.22 [1.09, 1.37]
23.5 1.30 [1.21, 1.41]

100.0 1.31 [1.26, 1.36]

25.9 1.53 [1.39, 1.68]
5.6 1.63 [1.30, 2.05]

27.8 1.39 [1.26, 1.52]
40.7 1.42 [1.32, 1.53]

100.0 1.45 [1.38, 1.52]

Risk ratio
M-H, fixed, 95% CI

0.5 0.7 1 1.5 2
Combination Monotherapy Test for subgroup differences: chi2 =11.34, df = 1 (P = 0.0008); I2 = 91.2%

Figure 4: Forest plot for response rate.

Risk ratio
M-H, fixed, 95% CI

Risk ratio 
M-H, fixed, 95% ClStudy or subgroup Combination

Events Total 
Monotherapy

Events Total 
Weight

(%)

12.5mg 
Barrios V (2007) 192 325 142 302 13.0 1.26 [1.08, 1.46] 
Bonner G (2008) 281 648 160 638 14.3 1.73 [1.47, 2.03] 
Campbell M (2001) 84 164 72 164 6.4 1.17 [0.93, 1.47] 
Gleim GW (2006) 57 146 31 144 2.8 1.81 [1.25, 2.63] 
Lacourciere Y (2001) 102 246 64 245 5.7 1.59 [1.23, 2.05] 
Lacourciere Y (2002) 82 159 38 162 3.3 2.20 [1.60, 3.02] 
Makita S (2009) 11 32 1 32 0.1 11.00 [1.51, 80.28] 
Rump LC (2011) 110 278 68 274 6.1 1.59 [1.24, 2.05] 
Sachse A (2002) 88 149 76 156 6.6 1.21 [0.98, 1.49] 
Sun NL (2008) 226 419 173 423 15.2 1.32 [1.14, 1.52] 
Toh R (2012) 58 98 25 95 2.2 2.25 [1.55, 3.27] 
Tuomilehto J (2008) 414 903 275 899 24.4 1.50 [1.33, 1.69] 
Subtotal (95% CI) 3567 3534 100.0 1.50 [1.42, 1.59] 
Total events 1705 1125 
Heterogeneity: chi2 = 35.44, df = 11 (P = 0.0002); I2 = 69% 
Test for overall effect: Z = 13.58 (P < 0.00001) 

25mg 
Bonner G (2008) 322 659 160 638 33.6 1.95 [1.67, 2.28] 
Rump LC (2011) 59 140 68 274 9.5 1.70 [1.28, 2.25] 
Tuomilehto J (2008) 468 900 275 899 56.9 1.70 [1.51, 1.91] 
Subtotal (95% CI) 1699 1811 100.0 1.78 [1.63, 1.95] 
Total events 849 503 
Heterogeneity: chi2 = 2.01, df = 2 (P = 0.37); I2 = 1% 
Test for overall effect: Z = 12.78 (P < 0.00001) 

0.5 0.7 1 1.5 2

Test for subgroup differences: chi2 = 10.11, df = 1 (P = 0.001); I2 = 90.1% 
Monotherapy Combination

Figure 5: Forest plot for BP goal achievement rate.
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including 12.5mg HCTZ. Combination therapy achieved a
higher response rate compared to ARB alone, while the BP goal
achievement rates were comparable with the two therapies. In
terms of the safety profile, addition of 12.5mg HCTZ did not
increase the rate of AEs, which is similar to the findings of other
studies, such as the review described by Flack et al., whereby
ARB/HCTZ combination had a higher potency but similar
safety profile [21]. However, addition of 25mg HCTZ resulted
in an increase in AEs. Moreover, combination therapy showed
an increase in drug-related AEs compared with ARB alone.
However, the incidence of severe AEs and discontinuation due
to AEs were comparable between two therapies. "erefore,
from the results for both the efficacy and safety of ARB/HCTZ
combination therapy, clinicians should take into account a
patient’s clinical profile, especially his/her comorbidities, before
prescribing the combination therapy [22].

Our study has a few limitations. First, we only included
English language articles. However, during our search, we
did not encounter any articles that were not published in
English. Second, our studies were limited to those with an
intervention period of at least 4 weeks. "is meant that
studies with a maximum duration less than 4 weeks were
excluded. "ird, our study lacked individual patient data,
which prevented more detailed exploration of heterogeneity.

5. Conclusions

Using a combination of ARB with a low concentration of
HCTZ afforded better BP control without additional AEs
compared with using ARB alone in patients with uncontrolled

hypertension. Clinicians should consider addition of a diuretic
to improve BP and control for future complications of
hypertension.
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Risk ratio 
M-H, fixed, 95% CI

Risk ratio 
M-H, fixed, 95% CI

Study or subgroup Combination
Events Total

Monotherapy
Events Total

Weight
(%)

12.5mg 
Barrios V (2007) 98 325 134 302 18.7 0.68 [0.55, 0.84]
Bonner G (2008) 222 654 200 653 27.0 1.11 [0.95, 1.30]
Gleim GW (2006) 38 147 41 145 5.6 0.91 [0.63, 1.33]
Lacourciere Y (2001) 89 246 97 245 13.1 0.91 [0.73, 1.15]
Lacourciere Y (2002) 68 160 58 167 7.6 1.22 [0.93, 1.61]
Ruilope (1996) 31 72 29 80 3.7 1.19 [0.80, 1.76]
Rump LC (2011) 42 278 42 274 5.7 0.99 [0.66, 1.46]
Sachse A (2002) 69 152 65 157 8.6 1.10 [0.85, 1.41]
Sun NL (2008) 94 429 75 435 10.0 1.27 [0.97, 1.67]
Subtotal (95% CI) 2463 2458 100.0 1.01 [0.93, 1.10]
Total events 751 741
Heterogeneity: chi2 = 21.94, df = 8 (P = 0.005); I2 = 64% 
Test overall effect: Z = 0.28 (P = 0.78) 

25mg 
Bonner G (2008) 245 664 200 653 77.8 1.20 [1.03, 1.40]
Ruilope (1996) 34 80 29 80 11.2 1.17 [0.80, 1.73]
Rump LC (2011) 20 140 42 274 11.0 0.93 [0.57, 1.52]
Subtotal (95% CI) 884 1007 100.0 1.17 [1.02, 1.34]
Total events 299 271
Heterogeneity: chi2 = 0.96, df = 2 (P = 0.62); I2 = 0% 
Test overall effect: Z = 2.27 (P = 0.02) 

0.5 0.7 1 1.5 2

Test for subgroup differences: chi2 = 3.21, df = 1 (P = 0.07); I2 = 68.8% Monotherapy Combination

Figure 6: Forest plot for total adverse events (AEs).
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