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Meta Analysis

Introduction

Hypertension, together with proteinuria, is one of the major 
factors contributing to the progression of chronic kidney 
disease  (CKD) and cardiovascular events.[1,2] Aims of 
blood pressure  (BP) control in CKD patients are to delay 
or prevent the progression of CKD to end‑stage renal 
disease (ESRD) and inhibit the occurrence of cardiovascular 
events. Angiotensin‑converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs) are effective in lowering 
BP, slowing the progression of diabetic and nondiabetic renal 
disease, reducing proteinuria, reducing the risk of overt 

nephropathy, and supporting initial antihypertensive therapy 
with an angiotensin‑converting enzyme inhibitor (ACEI) or 
ARB in patients with CKD by improving kidney outcomes.[3] 
Calcium channel blockers (CCBs) are effective vasodilators 
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and BP lowering agents; thus, they have been also extensively 
used in patients with CKD. The combination of an ACEI (or 
ARB) with a CCB (abbreviated to “ACEI/ARB + CCB”) has 
synergistic effects on BP control and target organ protection, 
whereas their effects are antagonistic for adverse events. For 
example, ACEI/ARB can reduce peripheral edema induced 
by CCB. Numerous randomized clinical trials have validated 
this treatment strategy.[4,5] However, it is controversial 
whether ACEI/ARB  + CCB would produce greater renal 
protection than either ACEI/ARB or CCB alone. Treatment 
of hypertension in CKD patients has been shown to slow the 
progression of CKD, and the best antihypertensive regimen 
remains unclear.

In this study, we used the technique of meta‑analysis to 
compare the renoprotective effect of ACEI/ARB +  CCB 
with ACEI/ARB monotherapy in patients with hypertension 
and CKD.

Methods

Study design
We considered all studies based on randomized controlled 
trials  (RCTs), regardless of either parallel or cross‑over 
design, that compared the effect of dual agents (ACEI/ARB 
and CCB) to that of single agent (ACEI/ARB only) after at 
least 4 weeks of follow‑up, without language or publication 
year restrictions. Following the Preferred Reporting Items of 
Systematic Reviews and Meta‑Analyses items, we observed 
the prespecified study protocol, conducted analyses, and 
reported results.[6]

Participants
Patients with hypertension and CKD were considered 
eligible for this study. The CKD was defined by Kidney 
Disease Outcomes Quality Initiative criteria.[7] That is, 
participants with any of the following conditions were 
considered as CKD patients:
•	 Kidney damage for 3 or more months
•	 Defined by structural or functional abnormalities of the 

kidney, with or without decreased glomerular filtration 
rate (GFR)

•	 Manifested by either pathologic abnormalities or 
markers of kidney damage, including abnormalities in 
the composition of the blood or urine, or abnormalities 
in imaging tests

•	 GFR < 60 ml∙min–1∙1.73 m–2 for 3 or more months, with 
or without kidney damage.

The inclusion criteria included patients with either systolic 
BP (SBP) ≥140 mmHg or diastolic BP (DBP) ≥90 mmHg 
at baseline.

Outcome measures
The primary outcomes of interest were ESRD and 
cardiovascular events. Secondary outcomes were changes in 
SBP, DBP, urinary protein‑related outcome, estimated GFR 
(eGFR) or GFR from baseline, and adverse events. ESRD 
referred to patients treated by dialysis or transplantation.[7] 

The urinary protein‑related outcome was defined as any of the 
following measures: Urine albumin/creatinine ratio (UACR), 
urine protein/creatinine ratio  (UPCR), urinary albumin 
excretion (UAE), or 24‑h urine protein.

Information sources and search strategy
Publications were identified by searching electronic 
databases including PubMed, Embase, Medline and the 
Cochrane Library available up to July 2015. Search terms 
were CKD, chronic renal insufficiency, hypertension, 
hypertensive diseases, dual therapy, combination therapy, 
single therapy, monotherapy, ACEI, ARB, angiotensin 
receptor antagonist, calcium antagonists, CCBs, including 
the names of individual drugs. The use of combination 
therapy was defined as simultaneous treatment with both 
ACEI/ARB and CCB.

Two reviewers (Huang and Cheng) independently assessed 
the eligibility of each article and any disagreement was 
further reviewed by a third party. All authors reviewed the 
final list of articles and oversaw the overall search process.

Data extraction
For the articles in the final list, two investigators independently 
extracted data, and discrepancies were discussed with a third 
reviewer and resolved by consensus. The extracted data 
included publication date, study characteristics  (sample 
size, follow‑up period), patient characteristics  (age, sex, 
diabetes mellitus), types of interventions (type, dosage, and 
duration of therapy), and intervention outcomes, including 
mean arterial pressure, SBP, DBP, target goal of BP, urinary 
protein related outcome (UAE, 24‑h urine protein, UACR, 
or UPCR), and all‑cause mortality, incidence of ESRD, 
cardiovascular events, and adverse events.

Quality assessment
We used Jadad scoring to assess the methodological quality 
of RCTs.[8] The Jadad scoring procedure is based on the 
degree of subject randomization, the application of the 
blinding method, and the description of study withdrawals 
and dropouts. A higher score indicates higher quality.

The risk of bias was assessed using the Cochrane 
Collaboration’s tool.[9] The criteria include sequence 
generation, concealment of allocation, masking of subjects, 
staff and outcome assessors, completeness of data, 
selectiveness of outcome reporting, and other scores of bias.

Statistical analysis
The intervention of interest was ACEI/ARB  +  CCB vs. 
ACEI/ARB monotherapy. We used a random effects model 
to combine the studies since there existed significant 
heterogeneity (P < 0.1) in the treatment effects on some of the 
outcome measures.[10] The I 2 statistic was used to assess the 
degree of heterogeneity, where I 2 > 50% was considered to 
indicate a high heterogeneity.[11] Pooled relative risks (RRs) 
was used to compare treatment effects for dichotomous 
outcomes  (including ESRD, cardiovascular events, and 
adverse events), and weighted mean difference  (WMD) 
was used for continuous outcomes (including SBP and DBP, 



Chinese Medical Journal  ¦  March 5, 2016  ¦  Volume 129  ¦  Issue 5564

urinary protein‑related outcome, and eGFR/GFR), along 
with their corresponding 95% confidence intervals (CIs). All 
statistical analyses were performed using Review Manager 
(RevMan),version 5.3 (Cochrane Collaboration, Oxford, 
UK). P < 0.05 was considered statistically significant, except 
for the test of heterogeneity where P < 0.1 was used.

Subgroup analysis and investigation of heterogeneity
Subgroup analyses were conducted to identify potential 
sources of heterogeneity by any of the following:
1.	 Combinations of medications, such as ACEI plus 

dihydropyridine CCB, ACEI plus nondihydropyridine 
CCB, ARB plus dihydropyridine CCB, and ARB plus 
nondihydropyridine CCB

2.	 Doses of treatment
3.	 Age distribution
4.	 Co‑morbid condition: Diabetes
5.	 Baseline severity of hypertension, proteinuria and 

eGFR.

Sensitivity analysis
To evaluate the robustness of the meta‑analysis results, we 
carried out two sensitivity analyses:  (1) compare results 
with and without the low‑quality studies, and (2) compare 
results with and without the studies with small sample sizes.

Results

Study characteristics
Of the 157 articles identified, 106 articles were excluded 
by the abstract review, and 51 articles were excluded by 
the full paper review, leading to data pooling of seven 
studies [Figure 1].[12‑18] The main reason for the exclusion of 
44 articles was a comparison between combination therapy 
versus combination therapy rather than combination therapy 
versus monotherapy.

The final seven studies were all parallel RCTs, comparing the 
renoprotective effect of ACEI/ARB + CCB with ACEI/ARB 
monotherapy, leading to the total of 628 hypertensive patients 
who were followed up for 3–66 months. Two RCTs used 
the same dose of ACEI/ARB in both combination therapy 
and monotherapy arms; four RCTs compared single‑dose 
combination therapy with double‑dose monotherapy; one 
RCT compared combination therapy with monotherapy 
using 1.5  times doses of candesartan. Regarding types of 
medications used for the combination therapies, four RCTs 

combined ACEI with dihydropyridine calcium antagonist, 
one RCT combined ACEI with nondihydropyridine calcium 
antagonist (verapamil), and two RCTs combined ARB with 
dihydropyridine calcium antagonist. Three RCTs recruited 
only diabetic patients, whereas two RCTs recruited only 
nondiabetic patients.

The assessments of quality and risk of bias are summarized 
in Table 1 and Figure 2. The qualities of two studies were 
considered low (Jadad score 1–2) while those of the other 
five studies were considered high (Jadad score 3–5). The 
Cochrane Collaboration’s assessment suggested that three 
studies were at low risk of bias while the other four studies 
were at high risk of bias.

Primary outcomes
Incidence of end‑stage renal disease
Three studies directly compared ACEI/ARB + CCB with 
ACEI/ARB monotherapy and reported that there was no 
significant difference in the risk of ESRD. This result was 
consistent with our founding using meta‑analysis [RR = 0.84; 
95% CI: 0.52–1.33; P  =  0.450; Figure  2]. The treatment 
effects were homogeneous (I 2 = 0; P = 0.940).

Cardiovascular events
In three studies, there were 15 cardiovascular events in 
total; five of them occurred in the combination therapy arm, 
and ten of them occurred in the monotherapy arm. In our 
meta‑analysis, combination therapy did not significantly 
reduce the risk of cardiovascular events, compared with 
monotherapy [RR = 0.58; 95% CI: 0.21–1.63; P = 0.300; 
Figure 3]. The treatment effects were homogeneous (I 2 = 0; 
P = 0.530).

Secondary outcomes
Systolic blood pressure and diastolic blood pressure
In six studies reporting the changes of SBP and DBP, 
there was a significant decrease in SBP with combination 
therapy [WMD = −4.46 mmHg; 95% CI: −6.95 to −1.97; 
P < 0.001; Figure 4a], while there was no significant difference 
in DBP (WMD = −1.28 mmHg; 95% CI: −3.18 to −0.62; 
P = 0.190), comparing to monotherapy. The treatment effects 
were heterogeneous with I 2 = 60% (P = 0.030) for SBP and 
I 2 = 81% (P < 0.001) for DBP [Figure 4b].

Urinary protein related outcome
Two studies reported 24‑h urine protein, and another 
two studies reported UAE. We used standard mean 
difference  (SMD) to overcome the use of different units 
of measurement. Our meta‑analysis found that the change 
in urinary protein‑related outcome was not significantly 
different between the two treatment arms [SMD = −0.55; 
95% CI: −1.41–0.30; P = 0.210; I 2 = 90%; Figure 5].

Estimated glomerular filtration rate/glomerular filtration 
rate
Six studies reported overall eGFR/GFR outcomes. No 
significant difference was found when combination therapy 
was compared with monotherapy [WMD = −0.32 ml/min; 
95% CI: −1.53–0.89; P = 0.610; I 2 = 61%; Figure 6].Figure 1: Flow diagram for study selection.
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Adverse events
Four studies reported adverse events. In combination therapy 
arm, 39 of 210 patients  (18.6%) suffered adverse events, 
while 44 of 222 patients (19.8%) did in the monotherapy arm. 
There was no significant difference between two treatment 
strategies  [RR  =  1.05; 95% CI: 0.72–1.53; P  =  0.800; 
I 2 = 0%; Figure 7].

Subgroup and sensitivity analyses
Different combinations of medications
Four trials directly compared ACEI plus dihydropyridine 
CCB with ACEI only. The results in this subgroup were 

consistent with the meta‑analysis results mentioned 
above. One trial compared ACEI plus nondihydropyridine 
CCB (verapamil) with ACEI only, in which the change in 
SBP was not significantly different between two treatment 
strategies, and the combination therapy reduce proteinuria 
to a greater extent than monotherapy, both opposite from the 
meta‑analysis results. In the subgroup analyses, comparing 
ARB plus dihydropyridine CCB with ARB only, neither 
trials reported primary outcomes nor adverse events. The 
results for SBP, DBP, proteinuria, and eGFR were similar 
to the meta‑analysis results.

Table 1: Characteristics of randomized controlled trials included in this meta‑analysis of trials of combination 
therapy versus monotherapy

Studies Combined 
therapy versus 
monotherapy

Medication 
dosage (mg/d)

Number of 
patients

Number of 
diabetes 
mellitus

Follow‑up 
(months)

Mean 
age 

(years)

Mean eGFR 
(ml∙min−1∙1.73 m−2)

Mean BP 
(mmHg)

Jadad 
score

MacGregor 
et al., 2005[17]

Quinapril/
amlodipine versus 
quninapril

2.5+5 versus 5 45 0 48 50 20 149/88 3

Nakagawa 
et al., 2011[13]

Candesartan/
nifedipine versus 
candesartan

8+20 versus 12 86 NR 4 58 67.7 157/98 3

Petersen et al., 
2001[16]

Spirapril/isradipine 
versus spirapril

3+2.5 versus 6 40 9 21 58 31.4 151/88 3

Ruggenenti 
et al., 2011[18]

Delapril/manidipine 
versus delapril

30+10 versus 30 253 253 66 61 99.5 148/87 5

Bakris 
et al., 1998[12]

Trandolapril/
verapamil versus 
trandolapril

2.9+219 versus 5.5 26 26 12 59 73 170/104 2

Yilmaz 
et al., 2010[14]

Valsartan/
amlodipine versus 
valsartan

160+10 versus 160 73 73 3 48 112 150/82 1

Herlitz 
et al., 2001[15]

Ramipril/felodipine 
versus ramipril

5+5 versus 10 105 0 24 53 44 157/100 3

eGFR: Estimated glomerular filtration rate; BP: Blood pressure.

Figure 2: The number of end‑stage renal disease patients by treatment group.

Figure 3: The count of cardiovascular events by treatment group.
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Different doses of medication
If the same dose of ACEI  (or ARB) was used in both 
monotherapy and combination therapy, the same results 
came out as the meta‑analysis results. Four RCTs compared 
double‑dose monotherapy with single‑dose combination 
therapy and reported that combination therapy was associated 
with a greater reduction in DBP, though not in SBP.

Age and severity of disease
Only one study reported data stratified by eGFR and age, 
where changes in UAE and eGFR were examined in patients 

stratified at an eGFR of 60 ml·min–1∙1.73 m–2.[13] The change in 
UAE was significantly lower in the combination therapy group 
than in the up‑titrated monotherapy group (P < 0.05) at the 
end of double‑blind treatment in subjects with eGFR ≥ 60, but 
similar in the combination therapy group and the up‑titrated 
monotherapy group (P = 0.252) in subjects with eGFR < 60. 
No significant change in eGFR was found in patients stratified 
by eGFR ≥ 60 and < 60. In addition, examination of changes in 
eGFR by age group revealed no significant difference between 
treatment groups. We were unable to carry out the subgroup 

Figure 4: The changes in blood pressure by treatment group. (a) For systolic blood pressure. (b) For diastolic blood pressure.

Figure 5: The change in urinary protein related outcome by treatment group.

Figure 6: Glomerular filtration rate by treatment group.

b

a
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analysis for baseline severity of hypertension or proteinuria 
since there were no studies available.

Co‑morbid condition: Diabetes
Three trials recruited only diabetes patients. Our findings 
for cardiovascular events and all secondary outcomes except 
SBP were consistent with the overall results. Two trials in 
patients with no diabetes reported that combination therapy 
and monotherapy had no significantly different effects on 
any of the primary or secondary outcomes.

Sensitivity analysis
Two included trials got Jadad score below three points, 
representing low quality. We redid the meta‑analysis after 
excluding those two trials and found that most of the results 
were similar to what we found before the exclusion. Only 
one trial had a small sample size and meta‑analysis results 
with and without the one trial were very similar.

Discussion

Summary of main results
Our meta‑analysis showed that ACEI/ARB + CCB treatment 
did not have significant benefit of reducing the risk of 
ESRD and cardiovascular mortality, compared with ACEI/
ARB monotherapy. In addition, there were no significant 
differences in change of DBP, proteinuria, GFR, and 
occurrence of adverse events between the two treatment 
strategies. However, our meta‑analysis found ACEI/
ARB + CCB was more effective in reduced SBP than ACEI/
ARB monotherapy (WMD = −4.46 mmHg). Based on these 
findings, we concluded that additional use of a CCB did not 
significantly improve the beneficial renoprotective effect of 
using ACEI/ARB only.

Overall completeness and applicability of evidence
The review was limited to studies with patients with both 
hypertension and CKD and comparison of two treatment 
strategies. Therefore our findings may not be applicable to the 
general population of hypertensive patients without kidney 
injury. The renoprotective effects of other medications (such 
as diuretics, alpha‑blockers, beta‑blockers, etc.) have not 
been discussed in this article.

Quality of the evidence
Table 1 (characteristics of included studies) and Table 2 (risk 
of bias for each study) provided an assessment of the 

quality of this review. This review included seven studies 
examining two therapeutic strategies applied in 628 patients 
with hypertension and CKD, and hence the sample size was 
considered to be sufficient to draw a reliable conclusion.

Potential biases in the review process
Using rigid inclusion criteria minimized the potential 
of bias during the selection process. Multiple reviewers 
independently assessed studies, resolved any disagreement 
through discussion, and included a third reviewer if needed.

However, like other meta‑analyses, our review was limited 
by the data  (both quantity and data type) available and 
accessible. The description of data type was unclear or not 
mentioned. For urinary protein related outcome, some studies 
reported data with arithmetic mean, some with geometric 
mean, some with median and some with quartile. A major 
difficulty in conducting a meta‑analysis was to unify various 
types of measure. Hence, this process might lower the 
quality of the evidence. Most of our subgroups had small 
sample sizes, from which the results were incomplete and 
not generalizable. Given the lack of data in each trial, we 
were unable to clarify relationships between BP, proteinuria 
and eGFR. We noticed several earlier trials recruited subjects 
with serum creatine over 30 mg/L, for whom ACEI or ARB 
is not suitable.

Agreements and disagreements with other studies or 
reviews
Since Bakris et al. first reported that the combination of a 
nondihydropyridine CCB with an ACEI produced greater 
reductions in proteinuria, compared to higher doses of 
an ACEI alone in diabetic nephropathy.[12] Many studies 
focused on the renoprotective effect of the combination of 
an ACEI (or an ARB) and a calcium antagonist in patients 
with hypertension and CKD. The NICE‑Combi study also 
suggested ARB plus CCB treatment was superior in renal 
protection than monotherapy with ARB in patients with 
hypertension and microalbuminuria.[13] However, the REIN‑2 
study showed that in patients with nondiabetic proteinuric 
nephropathies being treated with ACEI, felodipine failed to 
additionally reduce proteinuria or renal outcomes although 
additional BP reduction was achieved.[19] Other trials 
presented that the use of ACEI plus calcium antagonist and 
ACEI alone decreased proteinuria to a similar extent,[15‑18] 
which means there is no clear blunting or enhancement of 

Figure 7: Adverse events by treatment group.
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the effect of ACEIs by CCBs. This conclusion was consistent 
with our results.

CCBs do not always show renoprotective effects possibly 
because of their glomerular pressure‑increasing action. Most 
antihypertensive CCBs suppress L‑type calcium channels 
that exist in glomerular afferent but not efferent arterioles, 
and their afferent arteriole‑specific vasodilation causes 
glomerular hypertension.[20] Some experimental and clinical 
evidence indicates that for any given BP reduction, CCBs 
are less effective than other antihypertensives in reducing 
proteinuria or protecting glomerular capillaries in diabetic 
and nondiabetic proteinuric nephropathies.[21]

However, CCBs are useful agents to prevent cardiovascular 
disease and mortality, as shown by a meta‑analysis of very 
large clinical trials.[22] Thus, in hypertensive patients with 
CKD, CCBs are effective antihypertensive drugs to be 
considered in combination with an ACEI or an ARB. Our 
meta‑analysis demonstrated that the combination of an ACEI 
or ARB and a CCB produced a greater reduction in SBP than 
ACEI/ARB monotherapy. Previous trails found fixed‑dose 
ARB/CCB combinations offered a powerful reduction of 
SBP. As SBP is a better predictor of cardiovascular risk than 
DBP, the combination treatments are likely more effective 
in reducing the risk of cardiovascular events in hypertensive 
patients.[6] However, our results did not support this idea.

Considering there is no evidence‑based on well‑designed 
RCTs that compare these strategies and assess their effects on 
important health outcomes, the 8th Joint National Committee 
guidelines equally recommend to increase the dose of the 
initial drug (an ACEI or ARB) or to add a second drug (such 
as a CCB), if the targeted BP is not achieved in adults with 
CKD.[23] Thus, better quality trials with larger samples are 
proposed to learn more about the renoprotective effect of the 
combination of ACEI/ARB and CCB. More clinical research 
is needed to explore how new antihypertensive CCBs, which 
can suppress different type calcium channels, would affect 
kidney function.

In conclusion, this meta‑analysis of RCTs with hypertension 
and CKD patients examined the effect of ACEI/ARB + CCB 
versus ACEI/ARB monotherapy on kidney‑related 
outcomes. Despite the effectiveness of lowering SBP, 
ACEI/ARB  +  CCB may have no additional benefit for 
any other kidney‑related outcomes than what can be 

achieved with ACEI/ARB monotherapy. In some cases 
where we need to lower BP to the levels recommended by 
current guidelines  (and perhaps even further), CCBs are 
indispensable tools to achieve these high targets.
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