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Effect of N- and T-type calcium channel blocker
on proteinuria, blood pressure and kidney function
in hypertensive patients: a meta-analysis
This article has been corrected since Advance Online Publication, and a corrigendum is also printed in this issue.

Natanong Thamcharoen1,4, Paweena Susantitaphong1,2,4, Supakanya Wongrakpanich1,
Pakawat Chongsathidkiet1, Pakpoom Tantrachoti1, Siwadon Pitukweerakul1, Yingyos Avihingsanon1,
Kearkiat Praditpornsilpa1, Bertrand L Jaber2,3 and Somchai Eiam-Ong1

The combination of a calcium channel blocker (CCB) and a blocker of the renin–angiotensin–aldosterone system (RAAS) is

recommended in clinical practice guidelines. L/N- and L/T-type CCBs might provide an additional effect on lowering proteinuria.

Therefore, we conducted a meta-analysis to assess the efficacy of L/N- and L/T-type CCBs in hypertensive patients with

proteinuria. We searched MEDLINE, Scopus, Cochrane Central Register of Controlled Trials and ClinicalTrials.gov for single-arm

studies and randomized controlled trials (RCTs) that examined the effect of L/N- and L/T-type CCBs as add-on therapy compared

with standard antihypertensive regimen for proteinuria on hemodynamic and kidney-related parameters in hypertensive patients

with proteinuria. Random-effect model meta-analyses were used to compute changes in the outcomes of interest. We identified

17 RCTs, representing 1905 patients. By meta-analysis, L/N- and L/T-type CCB add-on therapy did not yield significant changes

in systolic and diastolic blood pressure compared with standard treatment, but there was a significant lowering of the pulse rate.

However, L/N- and L/T-type CCBs resulted in a significant standardized net decrease in albuminuria and proteinuria (−1.01;
95% confidence interval (CI), −1.78 to −0.23; P=0.01), and a standardized net improvement in the estimated glomerular

filtration rate and serum creatinine (0.23; 95% CI, 0.11 to 0.35, Po0.001; and −0.25; 95% CI, −0.46 to −0.03; P=0.02,

respectively). Despite no additional lowering effect on blood pressure, L/N- and L/T-type CCBs combined with a blocker of the

RAAS provided a decrease in proteinuria and improvement in kidney function. Further studies are required to establish the

long-term kidney benefits of this combination therapy.
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INTRODUCTION

Hypertension is a global public health problem that contributes to the
burden of heart disease, stroke, kidney failure, disability and premature
mortality. Unfortunately, only 30% of hypertensive patients have well-
controlled blood pressure.1 Globally, cardiovascular disease accounts for
approximately 17 million deaths per year, almost one-third of all deaths.2

Complications of hypertension account for 9.4 million deaths worldwide
every year.3 Treating the cardiovascular consequences of hypertension,
including coronary artery disease, cerebrovascular disease, peripheral
arterial disease and kidney failure, are associated with significant resource
consumption and health-care expenditure.4 The 2013 European Society
of Hypertension and European Society of Cardiology guidelines for

management of hypertension recommend the use of calcium channel
blockers (CCBs) as monotherapy as well as in combination with other
agent classes, as they may provide specific benefits beyond blood
pressure reduction.5 Combined blockade of the renin–angiotensin–
aldosterone system (RAAS) in patients with chronic kidney disease
(CKD) has recently been associated with a decrease in glomerular
filtration rate (GFR) and an increased incidence of hyperkalemia and
hypotension compared with monotherapy.6 The 2014 Evidence-Based
Guideline for the Management of High Blood Pressure in Adults
recommends avoiding combined blockers of the RAAS.7

Proteinuria and albuminuria are generally considered as indepen-
dent risk factors for cardiovascular morbidity and mortality in the
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general population and in patients with CKD. Moreover, the amount
of proteinuria, even non-pathological proteinuria and albuminuria,
have been linked to an increased cardiovascular risk.8,9 Hypertension
and proteinuria are also well-known predictors of progression of
CKD.10 The Kidney Disease Improving Global Outcomes guidelines
for the management of blood pressure in patients with CKD
recommends prescribing an angiotensin-converting enzyme inhibitor
(ACEI) or angiotensin II receptor type 1 blocker (ARB) as the primary
antihypertensive drug for patients with CKD regardless of proteinuria
unless there is a contraindication.11 Although combined RAAS
blockade is currently not recommended, there is insufficient evidence
regarding the add-on therapy of other renoprotective agents among
patients who have already been maximized on an ACEI or ARB.
Although CCBs are commonly used antihypertensive medications,
their potential beneficial effects on the kidneys remain
controversial.12–16 CCBs such as amlodipine and nifedipine dilate
the afferent renal arteriole by acting on the L-type calcium channel
while sparing the efferent arteriole, thereby inducing glomerular
hyperfiltration and no renoprotective effect. More recently, L/N-type
(cilnidipine) and L/T-type (azelnidipine, efonidipine and benidipine)
CCBs have been shown to provide kidney protection by decreasing the
activity of both the sympathetic nervous system and RAAS, resulting in
dilation of both afferent and efferent arterioles.17 Although these
newer agents have been shown to further decrease proteinuria in
patients with CKD and persistent proteinuria despite use of blockers of
the RAAS,18 there are no systematic reviews on the potential efficacy of
L/N- and L/T-type CCBs as add-on therapy for reducing proteinuria.
Therefore, we conducted a meta-analysis on the efficacy and safety of
L/N- and L/T-type CCBs as add-on treatment to an ACEI or ARB in
hypertensive patients with proteinuria.

METHODS

Data sources and searches
We performed a literature search in MEDLINE (through 30 September 2014),
Scopus (through 30 September 2014), Cochrane Central Register of Controlled
Trials and ClinicalTrials.gov to identify eligible studies using the Medical
Subject Headings database search terms ‘N-type calcium channel blocker’,
‘N-type calcium channel antagonist’, ‘N-type calcium channel blockade’,
‘T-type calcium channel blocker’, ‘T-type calcium channel antagonist’,
‘T-type calcium channel blockade’, ‘benidipine’, ‘cilnidipine’, ‘azelnidipine’
and ‘efonidipine’. The search was limited to English language and to clinical
trials of adults (age ⩾ 18 years).

Study selection
We included crossover and parallel-arm randomized controlled trials examin-
ing the efficacy of L/N- and L/T-type CCBs as add-on treatment to an ACEI or
ARB compared with the standard treatment group (ACEI or ARB with or
without other type of antihypertensive medications) on proteinuria, blood
pressure, pulse rate and kidney function in hypertensive patients with
proteinuria. There were no restrictions on sample size or study duration.
Two authors (NT and PT) independently screened the titles and abstracts of all
electronic citations, and full-text articles were retrieved for comprehensive
review and independently re-screened.

Data extraction and quality assessment
The following data were extracted: country of origin, year of publication, study
design, sample size, duration of intervention, percentage of men, and mean age
of subjects, baseline serum creatinine, GFR, urine albumin or protein excretion,
systolic blood pressure, diastolic blood pressure, and pulse rate. For assessment
of kidney function, we extracted data on methods of measuring GFR that
included measured, estimated or calculated GFR. We extracted data on the
urine albumin and protein specimen collection methods used in each study,
including the use of random or timed (24-h) samples. In terms of safety end

points, we also extracted data on reported adverse effects, serious adverse
effects, hypotension, worsening kidney function, edema and death. Disagree-
ments were resolved through consensus and arbitration by a third author (SW).
Study quality was assessed with a modified version of the Jadad scale, which
assesses randomization adequacy, blinding and attrition, with higher scores
reflecting better quality.19

Data synthesis and analysis
We used random-effects model meta-analyses to compute standardized net
changes for continuous outcomes and risk ratios for binary outcomes. The
standardized net change was computed to overcome the use of different units
of measurement and allowed us to include trials that reported only net changes
among study groups. The standardized effect size is derived by dividing the
mean change in the continuous outcome level of a particular variable by
the s.d. of the mean change in the variable. The variance of the standardized
effect size is estimated through the inverse of the sample size. All pooled
estimates are displayed with a 95% confidence interval (CI). Existence of
heterogeneity among effect sizes estimated by individual studies was described
with the I2 index and the Q test. An I2 index ⩾ 75% was used to indicate
medium-to-high heterogeneity.20 We investigated sources of heterogeneity for
the outcomes of interest by performing subgroup analysis based on a priori
selected study characteristics, including type of CCB, status of blood pressure
control at enrollment based on the Japanese Society of Hypertension and
Japanese Society of Nephrology (poorly controlled (4130/80mmHg) vs.
well-controlled (⩽130/80mmHg)), urine albumin or protein excretion rate
(microalbuminuria (30–300mg day− 1 or mg g− 1 of creatinine), macroalbumi-
nuria (4300mg day− 1 or mg g− 1 of creatinine) vs. overt proteinuria
(4500mg day− 1 or mg g− 1 of creatinine)), baseline GFR (preserved
kidney function (GFR⩾ 60mlmin− 1 or mlmin− 1 1.73m−2) vs. low GFR
(GFRo60mlmin− 1 or ml min− 1 1.73m− 2)), duration of follow up (⩽6 vs.
46 months) and study quality (fair (quality score 1–3), good (quality score
4–5)). Publication bias was formally assessed (if there was a minimum of three
studies) using funnel plots and the Egger test, which assesses asymmetry
of the funnel plot, whereby a value of Po0.05 indicates publication bias.21 The
meta-analyses were performed with Comprehensive Meta-Analysis version 2.0
(www.meta-analysis.com; Biostat, Englewood, NJ, USA). Figures for the
subgroup analyses were generated with the R system software version 2.13.0
(http://cran.rproject.org/bin/windows/base/old/2.13.0).

RESULTS

Characteristics and quality of the studies
A total of 3725 potentially relevant citations were identified and
screened; 139 articles were retrieved for detailed evaluation, of which
17, consisting of 3 crossover and 14 parallel-arm randomized
controlled trials, fulfilled the eligibility criteria for inclusion in the
meta-analysis (Figure 1).22–38 Blockers of the RAAS were prescribed in
both the intervention and control groups in all included studies.
Characteristics of the individual trials are displayed in Table 1. The
trials spanned over 7 years, varied in sample size (17–365 patients) and
enrolled diabetics, non-diabetics or a mixture of the two populations.
The mean age of the subjects ranged from 33 to 72 years, and the
duration of follow-up ranged from 4 to 24 months. Nine studies
enrolled patients with preserved kidney function (GFR460ml min− 1

1.73m− 2)22,24,26,28–30,32,33,36 and eight studies enrolled patients with
low GFR (o60mlmin− 1 1.73m− 2).23,25,27,31,34,35,37,38 At enrollment,
hypertension was well controlled in only 3 studies22,28,34 and poorly
controlled in the remaining 14 studies. The GFR was assessed in 15
studies. The GFR was estimated using the Cockcroft–Gault equation in
one study34 and either the modified estimated GFR (eGFR) estimating
equation developed for Japanese persons by the Japanese Society of
Nephrology39 in nine studies26,27,31–33,35–38 or the Modification of Diet
in Renal Disease Study equation for Japanese patients40 in four
trials.24,25,29,30 One study did not specify the calculation method.22

Thirteen studies used the first void (morning urine) to measure
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albumin or protein urine excretion. Two studies measured 24-h urine
protein excretion.28,30 Two trials did not identify the method of urine
protein collection.24,33 Seven studies enrolled only patients with
microalbuminuria (30–300mg day− 1).22,26,28,29,31,32,36 Three studies
enrolled patients with macroalbuminuria (4300mg day− 1).25,37,38

Proteinuria was reported instead of albuminuria in five
studies.23,27,30,34,35 Two studies did not specify inclusion criteria
regarding proteinuria.24,32 According to the Jadad scale, all of the
studies were of fair quality (Table 1).

Effect of L/N- and L/T-type CCBs on blood pressure and pulse rate
As shown in Table 2, by meta-analysis of 17 trials (1806 patients),
L/N- and L/T-type CCBs add-on therapy relative to standard therapy
yielded no significant effect on the standardized net change in systolic
blood pressure (0.09; 95% CI, –0.34 to 0.52; P= 0.68; I2= 94%) or
diastolic blood pressure (0.15: 95% CI, –0.46 to 0.75; P= 0.63;
I2= 97%). However, L/N- and L/T-type CCB add-on therapy resulted
in a significant standardized net decrease in the pulse rate relative to
standard therapy (−0.42, 95%CI, − 0.12 to − 0.72, P= 0.006,
I2= 83%).

Effect of L/N- and L/T-type CCBs on proteinuria and albuminuria
Urinary protein reduction as an efficacy end point was reported in 6
trials (494 patients), with 3 studies reporting 24-h urine protein
excretion rates and 3 studies reporting random urine protein-to-
creatinine ratios. Urinary albumin reduction was reported in 8 trials
(947 patients) using random urinary albumin-to-creatinine ratios. By
meta-analysis, L/N- and L/T-type CCBs resulted in a significant
decrease in albuminuria and proteinuria (standardized net change of
− 1.01; 95% CI, − 1.78 to − 0.23; P= 0.01, I2= 97%; Table 2).

Effect of L/N- and L/T-type CCBs on kidney function
There were 13 studies (1487 patients) reporting on changes in serum
creatinine and 10 studies (592 patients) reporting on changes in eGFR.
By meta-analysis, L/N- and L/T-type CCBs resulted in a significant
trend toward an improvement in the standardized net change in eGFR
(0.23; 95% CI, 0.11 to 0.35; Po0.001, I2= 10%) and serum creatinine
(−0.25; 95% CI − 0.46 to − 0.03, P= 0.02, I2= 72%) relative to
standard medical therapy (Table 2).

Safety analysis
There was no significant effect of L/N- and L/T-type CCBs on safety
end points, including adverse effects, serious adverse effects, hypoten-
sion, worsening kidney function, edema and death (Table 2).

Investigations of heterogeneity
Figure 2 displays the results of the subgroup analyses of standardized
net changes in pulse rate, stratified by type of CCBs, baseline blood
pressure status, baseline level of GFR, baseline level of albuminuria or
proteinuria and duration of follow-up. As shown in the figure, larger
standardized net decreases in pulse rate were observed in studies of
patients who had lower GFR and longer duration of follow-up. In
addition, greater effects in standardized net decreases in albuminuria
and proteinuria were observed for add-on therapy with L/N- or L/T-
type CCBs in studies that had lower baseline GFR, baseline macro-
albuminuria (4300mg day− 1 or mg g− 1 of creatinine), baseline overt
proteinuria (4500mg day− 1 or mg g− 1 of creatinine) and longer
duration of follow-up (Figure 3).
Finally, greater effects on eGFR were observed in studies that used

L/T-type CCBs, those with poorly controlled hypertension, higher
baseline GFR, baseline microalbuminuria (30–300mg day− 1 or
mg g− 1 of creatinine) and those with longer duration of follow-up
(Figure 4).

Citations identified by electronic search:
MEDLINE: 2,350
Scopus:  1,121
Cochrane Central Register of Controlled Trials: 254

Total   3,725

No. of articles screened on basis 
of title and abstract: 1,969

No. of potential articles screened for 
full text: 139

Final No. of 
eligible studies: 17

Excluded due to duplication: 1,756

Excluded on the basis of title and 
abstracted review: 1,830

Excluded on the basis of  full-text review: 
: Studies of children: 18    
: Not receiving L/N or L/T CCB and RAAS blocker in  

intervention group: 37
: Not receiving RAAS blockers in control group: 21
: Not reporting of outcomes of interest: 10
: Non-randomized trials: 25 
: Non-English articles:11

Figure 1 Study selection flow diagram.
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DISCUSSION

This is the first meta-analysis of 17 randomized controlled trials (1905
patients) that demonstrates the antiproteinuric effects of L/N- and
L/T-type CCBs as add-on therapy to RAAS blockade (ACEI or ARB)
relative to RAAS blockade with or without other antihypertensive
drugs. We analyzed the effect of L/N- and L/T-type CCBs on
blood pressure parameters, pulse rate, proteinuria/albuminuria
and kidney function. By meta-analysis, L/N- and L/T-type CCB
add-on therapy was associated with a significant net improvement
in urine albumin and protein excretion compared with standard
therapy, despite comparable changes in both systolic and

diastolic blood pressure. Regarding kidney function, the use of L/N-
and L/T-type CCBs were associated with an improvement in
the serum creatinine and eGFR compared with standard therapy
with and without L-type CCB, for example, amlodipine and nifedi-
pine. Moreover, no significant incidences of adverse effects were
demonstrated.
Voltage-dependent calcium channels are classified into two sub-

families by their electrophysiological properties. These include a family
of high-voltage-activated calcium channels, such as the P-/Q-, L-,
N- and R-type calcium channel, and a family of low-voltage-activated
calcium channels, such as the T-type calcium channel.41 The L-,

Table 2 Summary effects of N- and T-type calcium channel blocker on efficacy and safety end points

Assessment of heterogeneity
Assessment of publication bias

End points of interest No. of studies No. of patients

Standadized net

changea (95% CI) P-value I2 indexb Q test P-value Egger test P-value

Efficacy end points
Hemodynamic parameters

Systolic blood pressure 17 1806 0.09 (−0.34, 0.52) 0.68 94% o0.001 0.69

Diastolic blood pressure 16 1599 0.15 (−0.46, 0.75) 0.63 97% o0.001 0.84

Pulse rate 10 1249 −0.42 (−0.12,−0.72) 0.006 83% o0.001 0.11

Kidney-related parameters

Serum creatinine 13 1487 −0.25 (−0.46, −0.03) 0.02 72% o0.001 0.40

eGFR 10 1252 0.23 (0.11, 0.35) o0.001 10% 0.35 0.43

Albuminuria/proteinuria 14 1441 −1.01 (−1.78, −0.23) 0.01 97% o0.001 0.20

Safety end points Risk ratio (95% CI)a

Adverse effects 4 1137 0.90 (0.73, 1.12) 0.34 0% 0.65 0.25

Serious adverse effects 2 711 0.59 (0.17, 2.05) 0.40 0% 0.52 —

Hypotension 2 426 0.79 (0.23, 2.77) 0.71 14% 0.28 —

Worsening kidney function 2 704 0.96 (0.18, 5.23) 0.97 0% 0.47 —

Edema 2 704 0.99 (0.15, 6.72) 0.99 0% 0.42 —

Death 2 685 0.52 (0.11, 2.43) 0.40 0% 0.74 —

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate.
aBy meta-analysis of random-effects model.
bAn I2 index ⩾75% indicates medium-to-high heterogeneity.

SStandardized difference in mean pulse rate

Favors add-on L/N- or L/T-type CCBs Favors standard therapy

Type of CCB
L/T type  (n=477)
L/N type (n=772)

Enrollment hypertension status
Poorly controlled (n=1199)
Well controlled (n=50)

Baseline GFR (mL/min/1.73 m2)
GFR < 60 (n=542)
GFR ≥ 60 (n=707)

Level of albuminuria/proteinuria at enrollment
Microalbuminuria (n=729)
Macroalbuminuria/overt proteinuria (n=442)

Duration of follow up
≤ 6 months (n=237)
> 6 months (n=1012)

-6 -3 0 3 6

Figure 2 Subgroup analyses displaying the effect of N- and T-type calcium channel blockers (CCBs) on standardized net change in pulse rate. L/N-type,
cilnidipine; L/T-type, azelnidipine, efonidipine and benidipine.
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T-, N- and P/Q-type calcium channels are expressed in the kidney but
the localization of these calcium channel subtypes varies
considerably.42,43 As L-type calcium channels prevail predominantly
in the afferent arteriole but are sparsely expressed in the efferent
arteriole, L-type CCBs such as amlodipine and nifedipine tend to
dilate the afferent arteriole preferentially and thus might accelerate
glomerular hypertension and proteinuria.42,43 By contrast, N-type
calcium channels are expressed in nerve terminals innervating both
afferent and efferent arterioles as well as glomerular podocytes. L/N-
type CCBs has been shown to provide renal protection by decreasing
the activity of the sympathetic nervous system and the RAAS, resulting
in vasodilation of both arterioles, inhibition of podocyte injury and
decrease in proteinuria.44–48 With respect to L/T-type CCBs, T-type
channels have an important role in the kidney, mediating efferent

arteriole tone, and combined T- and L-type CCBs might have a
therapeutic advantage over selective L-type CCBs by providing
renoprotection via a lower glomerular pressure and filtration
fraction.49

Hypertension and proteinuria are well-recognized risk factors for
predicting progression of CKD10 and cardiovascular morbidity and
mortality.50,51 Several clinical practice guidelines recommend the use
of RAAS blockade therapy for hypertension in patients with CKD
especially those with proteinuria. However, the combination of ACEI
and ARB should be cautiously used, as there is a higher incidence of
hyperkalemia, hypotension and a decline in GFR.6 In several clinical
practice guidelines, CCBs are recommended as monotherapy for the
treatment of hypertension and in combination with other agent
classes.5,7,52–54 Their use may provide specific benefits beyond their

SStandardized difference in mean albuminuria / proteinuria

Favors add-on L/N- or L/T-type CCBs Favors standard therapy

Type of CCB
L/T type (n=634)
L/N type (n=807)

Enrollment hypertension status
Poorly controlled (n=1391)
Well controlled (n=50)

Baseline GFR (mL/min/1.73 m2)
GFR < 60 (n=629)
GFR ≥ 60 (n=812)

Baseline albuminuria/proteinuria at enrollment
Microalbuminuria (n=595)
Macroalbuminuria/overt proteinuria (n=846)

Duration of follow up
≤ 6 months (n=322)
> 6 months (n=1119)

-6 -3 0 3 6

Figure 3 Subgroup analyses displaying the effect of N- and T-type calcium channel blockers (CCBs) on standardized net change in albuminuria and
proteinuria. L/N-type, cilnidipine; L/T-type, azelnidipine, efonidipine and benidipine.

SSttandarrdized difffferrencce in mean GFRR

Duration of follow up
≤ 6 months (n=250)
> 6 months (n=1002)

Enrollment hypertension status*
Poorly controlled (n=1252)

Baseline GFR (mL/min/1.73 m2)
GFR < 60 (n=302)
GFR ≥ 60 (n=950)

Favors standard therapy Favors add-on L/N- or L/T-type CCBs

Degree of albuminuria/proteinuria at enrollment
Microalbuminuria (n=695)
Macroalbuminuria/overt proteinuria (n=479)

Type of CCB
L/T type (n=807)
L/N type (n=445)

-6 -3 0 3 6

Figure 4 Subgroup analyses displaying the effect of N- and T-type calcium channel blockers (CCBs) on standardized net change in eGFR. L/N-type,
cilnidipine; L/T-type, azelnidipine, efonidipine and benidipine. *All included studies enrolled patients with poorly controlled hypertension.
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blood pressure-lowering effect, particularly the L/N- and L/T-type
CCBs. In our analysis, as the blood pressure between the two groups
was comparable, the reduced proteinuria and preserved kidney
function, including eGFR and serum creatinine, might be the result
of the non-hemodynamic effects of the L/N- and L/T-type CCBs,
including antioxidant effects.24,30,55 On the other hand, the antipro-
teinuric effects of L/N- and L/T-type CCBs could also be explained by
their ability to decrease nocturnal and morning blood pressure,
especially in patients with CKD who lack the circadian blood pressure
rhythm, so called non-dipper-type hypertension.56 The use of RAAS
blockers and diuretics in patients with CKD has previously been
shown to lower nocturnal blood pressure in the subset of non-dipper
hypertensives, hence reducing in proteinuria.57 L/T- and L/N-type
CCBs, azelnidipine and cilnidipine in particular,58–60 have been shown
to lower nocturnal and morning blood pressure, which might result in
antiproteinuric effect through a similar speculated mechanism.
Although reflex tachycardia is a known side effect of CCB, and
increased heart rate may be related to cardiovascular events, the
decreased pulse rate observed with L/N- and L/T-type CCBs in our
meta-analysis argues for a salutary benefit on the sympathetic nervous
system activity. Based on our subgroup analyses, L/T-type CCBs
(mainly azelnidipine) affected the pulse rate more significantly than
other CCB types, consistent with the known direct sympathetic
inhibitory effect of L/T-type CCBs.61 However, the potential long-
term benefit on cardiovascular morbidity and mortality as the end
point requires further study.
In our subgroup analyses, the greater effects on albuminuria and

proteinuria were observed in studies that included patients with lower
GFR, macroalbuminuria and overt proteinuria at enrollment and
those that had longer follow-up periods. In addition, the greater effects
on eGFR were observed in studies that used L/T-type CCBs, studies
that included patients with poorly controlled hypertension, higher
GFR, microalbuminuria at enrollment and those that had longer
follow-up periods. These potential benefits of L/N- and L/T-type CCBs
on proteinuria and kidney function should be considered preliminary
and need to be confirmed in large studies.
Strengths of our synthesis include the large number of trials. There

are several limitations that should be emphasized. L/N- and L/T-type
CCBs are currently in use only in East Asian countries (that is, Japan
and China). As the studied populations were mostly Japanese, our
findings are not generalizable to other ethnicities. The trials included
in our analysis had a small sample size and were of relative short
duration. We observed a benefit of the L/N- and L/T-type CCBs on
albuminuria and proteinuria especially in the studies that included
patients with lower GFR, macroalbuminuria and overt proteinuria at
enrollment and longer follow-up. We can only speculate as to whether
patients with earlier stages of kidney disease with features of
microalbuminuria and preserved GFR might not benefit from the
use L/N- and L/T-type CCBs.
In conclusion, in the present meta-analysis, we demonstrate that

L/N- and L/T-type CCBs as add-on therapy to an ACEI or an ARB
reduce albuminuria and proteinuria and improve kidney function
compared with the use of an ACEI or ARB alone or in combination
with other antihypertensive agents. These benefits were observed
irrespective of blood pressure-lowering effect, suggestive of a non-
hemodynamic-mediated mechanism. The potential long-term hemo-
dynamic and non-hemodynamic effects of L/N- and L/T-type CCBs
on the kidneys in patients with hypertension need to be further
examined.
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