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Abstract

Dihydropyridine calcium channel blockers (DHPCCBs) are widely used to treat hyper-

tension and chronic coronary artery disease. One common adverse effect of DHPC-

CBs is peripheral edema, particularly of the lower limbs. The side effect could lead to

dose reduction or discontinuation of the medication. The combination of DHPCCBs

and renin-angiotensin system blockers has shown to reduce the risk of DHPCCBs-

associated peripheral edema compared with DHPCCBs monotherapy. We performed

the current systematic reviewandnetworkmeta-analysis of randomizedcontrolled tri-

als (RCTs) to estimate the rate of peripheral edema with DHPCCBs as a class and with

individual DHPCCBs and the ranking of the reduction of peripheral edema. The effects

of renin-angiotensin system blockers on DHPCCBs network meta-analysis were cre-

ated to analyze the ranking of the reduction of peripheral edema. A total of 3312 publi-

cations were identified and 71 studies with 56,283 patients were included. Nifedipine

ranked highest in inducing peripheral edema (SUCRA 81.8%) and lacidipine (SUCRA

12.8%) ranked the least. All DHPCCBs except lacidipine resulted in higher relative risk

(RR) of peripheral edema compared with placebo. Nifedipine plus angiotensin recep-

tor blocker (SUCRA: 92.3%) did not mitigate peripheral edema and amlodipine plus

angiotensin-converting enzyme inhibitors (SUCRA: 16%) reduced peripheral edema

the most. Nifedipine ranked the highest and lacidipine ranked the lowest amongst

DHPCCBs for developing peripheral edema when used for cardiovascular indications.

The second or higher generation of DHPCCBs combination with ACEIs or ARBs or

diuretics lowered the chance of peripheral edema development compared to single

DHPCCB treatment.
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1 INTRODUCTION

Dihydropyridine calcium channel blockers (DHPCCBs) arewidely used

to treat hypertension1 and chronic coronary artery disease.2 One com-

mon adverse effect of DHPCCBs is peripheral edema, particularly of

the lower limbs. The rate of peripheral edema induced by DHPCCBs

varies significantly from5% to60%with high doses3–6 among different

DHPCCBs.7–9 The main mechanism of peripheral edema with DHPC-

CBs is the imbalance between precapillary and postcapillary tone,

which causes intracapillary hypertension and extravasation of fluid.10

The side effect could lead to dose reduction or discontinuation of the

medication, by patient or provider, adversely affecting the compliance

and thus the antihypertensive efficacy.3,10

Although one review has already analyzed the pooled incidence

of peripheral edema with different DHPCCBs using pairwise meta-

analysis,11 the indirect network comparison of incidence of periph-

eral edema caused by different DHPCCBs has not been established. It

would be beneficial to identify a CCBwith a lower incidence of periph-

eral edema to minimize the risks to patients. In addition, the combina-

tion of DHPCCBs and renin-angiotensin system blockers (RASBs) was

shown to reduce the risk of DHPCCBs-associated peripheral edema

compared with DHPCCBs monotherapy,3 but which combination is

most likely to reduce the risk of peripheral edema has not been ranked

by networkmeta-analysis.

In our systematic review, we performed an updated head-to-head

meta-analysis, network meta-analysis of randomized controlled trials

(RCTs) to estimate the rate of peripheral edema with DHPCCBs as

a class and with individual DHPCCBs. Also, the effects of RASBs on

DHPCCBs network meta-analysis was created to analyze the ranking

of the reduction of peripheral edema.

2 METHODS

We performed the current systematic review and network meta-

analysis in accordance with a review protocol and the reporting of this

systematic review was guided by to the Preferred Reporting Items for

Systematic Reviews andMeta-analyses (PRISMA) extension statement

for reporting network meta-analysis.12 This network meta-analysis

was registered on the PROSPEROwebsite (CRD42020163489).

2.1 Search strategy

Themedical librariandevelopedandexecuted comprehensive searches

in Ovid MEDLINE, Ovid EMBASE, CINAHL, Web of Science Core Col-

lection, Cochrane Library (Wiley), and ProQuest Dissertations & The-

sesGlobal onOctober 23, 2019. The searchwas subsequently updated

on March 18, 2021. To ensure an extensive search was conducted,

the search strategy included all terms related to calcium channel

blockers. (Appendix I) The search was limited to English and Chinese

languages.

2.2 Study selection

2.2.1 Inclusion and exclusion criteria

The inclusion criteria were: (1) randomized open-labeled or blinded

controlled studies; (2) DHPCCBs treatment; and (3) ankle edema,

lower trunk edema, peripheral edema, or leg edema reported. The

excluded criteria were: (1) the same chemical ingredient of CCBs as

a comparator; (2) edema before intervention; (3) no edema reported;

(4) no related edema caused by CCBs; (5) no cardiovascular disease

involved; and (6) edema caused by other types of drugs.

2.2.2 Intervention/comparators

The interventiongroup for single agent includedall CCBswith the com-

parator as any of other antihypertensive agents or placebo. The combi-

nation included any CCBs plus any other antihypertensive agent com-

pared with a combination of antihypertensive agents other than CCB

or placebo.

2.2.3 Data extraction and quality assessment

Two raters independently extracted data with all basic characteristics

from included trials: authors, journal, population, intervention, com-

parator, sample size, and drug-related peripheral edema. When insuf-

ficient information was reported in trials, authors were contacted

or data were calculated according to the methods in the Cochrane

Handbook for Systematic Reviews of Interventions.13 As for the sin-

gle DHPCCB network meta-analysis, we only extracted the peripheral

edema counts induced by single DHPCCB treatment versus other type

of single DHPCCB or single DHPCCB treatment versus placebo.When

it came to the combination DHPCCB treatment, no limitation was set

to extract the peripheral edema data with the combination treatment.

By applying the Cochrane Collaboration’s tools,14 two raters indepen-

dently appraised the quality of all included studies. One of three cat-

egory judgments (high, unclear, and low risk) was assigned in each

bias domain: random sequence generation, allocation concealment,

blinding of participants and personnel, blinding of outcome assess-

ment, incomplete outcome data, selective reporting, and other bias. A

third researcher helped resolve differences of opinion or decisions that

required further judgment.

2.3 Statistical analysis

To build the connective relationship within multiarms and between

studies, a network meta-analysis was performed. The indirect evalua-

tions of peripheral edema risk ratios (RRs) for different singleDHPCCB

treatments that had not been compared head-to-head directly was

determined. Also, peripheral edema RRs for different DHPCCB
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F IGURE 1 PRISMA diagram

combinations in these trials were evaluated. Using thesemethods, net-

workmaps of these connections and network forests of estimated RRs

were created by entering every event arm data in the Stata software.

In addition, different DHPCCBs or different DHPCCB combinations

were ranked according to the surface under the cumulative ranking

curve (SUCRA). These curves indicated the maximum probability of

peripheral edema caused by one DHPCCB or DHPCCB combination

and the minimum probability of peripheral edema caused by another.

In the process of network meta-analysis, the global inconsistency

test and node-splitting approach were used to check for inconsis-

tency to justify using combination of direct and indirect evidence.

Normally, we used the random model in the consistency test. If no

heterogeneity was found in the inconsistency test, the fixedmodel was

chosen to do the consistency test. Publication bias was estimated by

comparison-adjusted funnel plots.

A two-tailed p-value < .05 was considered statistically significant.

All the statistical analyses were performed in Stata 14.1 (Stata Corp,

College Station, TX, USA).

3 RESULTS

3.1 Study selection

The team used Covidence (www.covidence.org), a systematic review

screening tool to facilitate the screening process. In addition to sub-

scription databases, the research team searched Google Scholar and

the first 200 results were evaluated for inclusion. Reviewing the first

200 results was deemed a reasonable number to screen since there

is high overlap between Web of Science and Google Scholar.15 The

research team also reviewed the reference lists of included studies.

3.2 Characteristics of included studies

A total of 3312 publications were identified. After removing 1147

duplications, the abstracts of the remaining 2165 were screened. Ulti-

mately, 71 studies with 56 283 patients were included. The mean age

range is 50-70.8 years. Figure 1 shows the PRISMA diagram, outlin-

ing how publications funneled through the screening process. The fea-

tures of the included studies are shown in Table 1. Twenty-four stud-

ies were placebo-controlled trials, and nine studies were head-to-head

comparisons between different DHPCCBs (single treatment). Forty-

two trialswere comparisonsbetweenDHPCCBcombinationand single

DHPCCB or alternatives. Rates of reported peripheral edema induced

by single DHPCCBs treatment ranged from 0% to 77.4%. Participants

with hypertensionwere enrolled in 94 studies, coronary artery disease

in eight studies, heart failure in two studies, and nephropathy in one

study. The age ranged between 18 and 85 years. The detailed treat-

ment information of these eligible trials is listed in Table 1. Figure 2

shows the quality of eligible studies. Only the allocation concealment

processes were not fulfilled in more than 75% of the trials.

http://www.covidence.org
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F IGURE 2 Judgments based on seven bias risk domains for all
included studies

3.3 Network plot

Network plots including single DHPCCB treatment and combined

CCBs treatmentwere generated. Figure 3 illustrates the networkmaps

of nine different DHPCCB comparisons (A) and 24 DHPCCB combina-

tion treatment comparisons (B).

3.4 Single CCBs treatment network meta-analysis
for peripheral edema

The direct and indirect evidence of different single CCBs was com-

bined to analyze the network meta-analysis. In the next step, compar-

isons were completed between each DHPCCB drug with alternative

DHPCCB drugs or placebo in the network meta-analysis based on the

direct or indirect evidence. For each treatment in the network meta-

analysis, the ranking indicates which of the DHPCCBs was more likely

to causeperipheral edemaaccording to their surfaceunder the cumula-

tive ranking curves (SUCRA). In Figure 4, nifedipine ranked as number

one of inducing peripheral edema (SUCRA 81.8%). The order for the

rest of the CCBs was as follows: nisoldipine (SUCRA 78.6%), nicardip-

ine (SUCRA 77.2%), amlodipine (SUCRA 58.5%), darodipine (SUCRA

52.4%), isradipine (SUCRA 48.8%), felodipine (SUCRA 47.3%), lercani-

dipine (SUCRA 26.2%), and lacidipine (SUCRA 12.8%).

All DHPCCBs except lacidipine resulted in higher relative risk

(RR) of peripheral edema compared with placebo. Lacidipine showed

the least probability for peripheral edema, but no significance was

observed between lacidipine and placebo (RR = 1.19, 95% CI:

0.38–3.75). Lercanidpine caused less probability than other types of

DHPCCB (except lacidipine), and no statistical significance between

lercanidipine and placebo (RR = 1.27, 95% CI: 0.48–3.33) was

observed. Amlodipine, one of the most popularly prescribed DHPCCB,

had 3.34 times risk of developing peripheral edema compared with

placebo (RR = 3.34, 95% CI: 2.08–5.37). Similarly, compared with

placebo, nifedipine (RR = 6.03, 95% CI: 2.89–12.61), nisoldipine

(RR= 5.58, 95%CI: 2.41–12.94), nicardipine (RR= 5.72, 95%CI: 1.73–

18.87), and felodipine (RR = 2.48, 95% CI: 1.14–5.37) showed sta-

tistically significant higher chance of peripheral edema development.

Although lacidipine and lercanidipine did not show statistical signifi-

cance compared with placebo, nifedipine, nisoldipine, and amlodipine

had higher risk of peripheral edema than them individually (Figure 4).

The 95% CI of the inconsistency factors of the existing closed-loops

(Figure 4) did not exclude zero implying that there was no observed

inconsistency between direct and indirect evidence.

3.5 Combined CCBs treatment network
meta-analysis for peripheral edema

The peripheral edema ranking of the combined CCBs interventions

based on their SUCRA was shown in Figure 5. Among the twenty-four

combination CCBs treatments, six combination interventions resulted
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F IGURE 3 DHPCCBs treatment networkmap for peripheral edema. Different treatments with direct evidence are connected by the black
lines. Every black line width is positively proportional to the number of trials including every pair of treatments, whereas every circle size is
positively proportional to the total number of patients for each treatment. The comparison of single DHPCCB treatments and peripheral edema is
showed in diagramA and the comparison of combinedDHPCCBs treatment and peripheral edema is showed in diagramB

A= placebo A2= amlodipine+ ramipril A3= trandolapril+ amlodipine

B= nifedipine B2= amlodipine+ valsartan B3= nifedipine+ candesartan

C3= amlodipine+ quinapril D= felodipine D3= barnidipine+ losartan

E1= candesartan G2= irbesartan+ amlodipine H2= olmesartan+ amlodipine

I2= perindopril+ amlodipine J= amlodipine J1= ramipril

K= enalapril K2= candesartan+ amlodipine M1= losartan

N1= valsartan+ hydrochlorothiazide N2= felodipine+ ramipril O= lisinopril

O1= nifedipine+ losartan O2= irbesartan+ trichlormethiazide P1= nifedipine+ lisinopril

P2= amlodipine+ hydrochlorothiazide Q2= amlodipine+ valsartan+

hydrochlorothiazide

R2= lisinopril+ hydrochlorothiazide

S= amlodipine+ benazepril S1= losartan+ amlodipine S2= olmesartan+ hydrochlorothiazide

T= benazepril T2= losartan+ hydrochlorothiazide U2= amlodipine+ indapamide

V1= amlodipine+ enalapril V2= trandolapril+ verapamil W2= benazepril+ hydrochlorothiazide

X2= benazepril+ lercanidipine Y2= nifedipine+ valsartan Z= perindopril

Z2= amlodipine+ olmesartan+

hydrochlorothiazide

in less chanceofperipheral edemadevelopment thanplacebo: amlodip-

ine plus trandolapril (RR = 1.09, 95% CI: 0.26–4.64), lercanidipine

plus benazepril (RR = 1.86, 95% CI: 0.06–53.60), nifedipine plus can-

desartan (RR = 2.56, 95% CI: 0.07–93.97), amlodipine plus irbesar-

tan (RR = 2.59, 95% CI: 0.12–57.27), nifedipine plus candesartan

(RR = 37.94, 95% CI: 0.47–3075.24), and amlodipine plus candesar-

tan (RR = 20.09, 95% CI: 0.98–413.19). However, no statistical signifi-

cances were observed.

To address the wide CI in the combination DHPCCB network meta-

analysis, the combination of treatments was grouped as classes of

agents. The peripheral edema ranked in the order: nifedipine plus

ARB (SUCRA: 92.3%), nifedipine plus ACEI (SUCRA: 78.8%), nifedip-

ine (SUCRA: 74.6%), felodipine (SUCRA: 68.7%), amlodipine (SUCRA:

52.9%), amlodipine plus diuretics (SUCRA: 52.2%), felodipine plus

ACEI (SUCRA: 41.8%), amlodipine plus ARB (SUCRA: 39.2%), amlodip-

ine plus diuretics plus ARB (SUCRA: 30.2%), and amlodipine plus

ACEI (SUCRA: 16%). Amlodipine plus ACEI (benazepril, perindopril,

enalapril, and ramipril) performed the best among amlodipine plus

ARB (losartan, irbesartan, olmesartan, valsartan, and candesartan),

amlodipine plus diuretics (hydrochlorothiazide), and amlodipine single

(Figure 6). Similarly, felodipine plus ACEI (enapril and ramipril) signifi-

cantly reduced the risk of peripheral edemacompared to single felodip-

ine treatment. However, neither nifedipine plus ARB (losartan, can-

desartan, and valsartan) nor nifedipine plus ACEI (lisinopril) alleviated



548 LIANG ET AL.

F IGURE 4 Single DHPCCBs interventions networkmeta-analysis for peripheral edema. The figure represents the relative risk with 95%
confidence interval of single DHPCCBs comparedwith placebo. The probabilities beside the CCBs names were the treatment ranking based on
SUCRA from left to right. The treatment drugs divided the figure into upper (blue colored) and lower (green colored) parts. For the lower part, the
efficacy estimate was the ratio of the column defining treatment to the row defining treatment. For the upper part, the efficacy estimate was the
ratio of the row defining treatment to the column defining treatment. The lower and the upper parts results weremutually reciprocal. The relative
risk ratio in each treatment should be compared to the treatment to the right in the same row.

F IGURE 5 CombinedDHPCCBs interventions networkmeta-analysis for peripheral edema. The figure represents the relative risk with 95%
confidence interval of combinedDHPCCBs comparedwith placebo. The probabilities beside the CCBs names are the treatment ranking based on
SUCRA from left to right. The treatment drugs divided the figure into upper (blue colored) and lower (green colored) parts. For the lower part, the
efficacy estimate was the ratio of the column defining treatment to the row defining treatment. For the upper part, the efficacy estimate was the
ratio of the row defining treatment to the column defining treatment. The lower and the upper parts’ results weremutually reciprocal. The relative
risk ratio in each treatment should be compared to the treatment in the same row to the right.

risk of peripheral edema development based on the counts from single

nifedipine treatment.

The 95%CI of the inconsistency factors of the existing closed-loops

(Figure 5) did not exclude zero implying that there was no observed

inconsistency between direct and indirect evidence.

3.6 Publication bias

Comparison-adjusted funnel plots were used to verify publication bias.

In Figure 7, the funnel plots were symmetrical, indicating no obvious

publication bias observed.
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F IGURE 6 Summary of the grouped combination DHPCCB networkmeta-analysis

F IGURE 7 Comparison-adjusted funnel plot of peripheral edema in the networkmeta-analysis. A: Single DHPCCBs; B: combined DHPCCBs

4 DISCUSSION

This is the first network meta-analysis that identifies the ranking of

CCB induced peripheral edema. The 71 clinical trials included nine

DHPCCBs in various doses from first to fourth generations. DHPCCB

has been recommended as a monotherapy or in combination with

other agents for the treatment of hypertension.16 Currently, there

are numerous CCBs available in the market to choose from. A well-

known side effect from CCBs is peripheral edema which often leads

to the discontinuation of the therapy. Dihydropyridine CCBs, such as

nifedipine, cause peripheral edema by increasing capillary hydrostatic

pressure which results in an imbalance of dilation between precapil-

lary and postcapillary vessels.10,17–19 The severity of the edema varies

from one CCB to another and it is dose dependent.7,20–23 In a meta-

analysis, peripheral edema with high-dose CCBs which was defined as

more than half the usual maximum dosewas 2.8 times higher than that

with low-dose CCBs (16.1 vs 5.7%, p < .0001) and patient withdrawal

rate due to edema increased with the duration of therapy with CCBs

was 5%, after 6 months.27 The meta-analysis included 52 trials with

amlodipine and21 trialswith nifedipineout of 106 trials, it showed that

incidence of peripheral edemawas significantly higherwith dihydropy-

ridines (12.3%;95%CI12.2–12.5) comparedwithnondihydropyridines

(3.1%; 95% CI 2.8–3.4; p < .0001). In addition, patient withdrawal due

to edemawas significantly higher with dihydropyridines (2.4%; 95%CI

2.2–2.5) comparedwithnondihydropyridines (0.6%; 95%CI0.35–0.85;

p< .0001).27

Although risk factors such as being female, obesity, and advanced

age that predispose patients to peripheral edema from a CCB are

identified,24–26,28 patients without the identified risks still develop

peripheral edema. A meta-analysis showed that CCB use is 10.7 times

more likely to cause peripheral edema when compared with control

or placebo and the withdrawal rate due to peripheral edema was

2.1 times higher in the CCB group than control or placebo group.11

Therefore, it is critical to identify the CCB that has the least poten-

tial to cause peripheral edema so that clinicians could avoid using it

preferentially.
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This network meta-analysis shows that nifedipine ranked the most

likely to cause peripheral edema and lacidipine the least likely. The

results from this network meta-analysis show that the DHPCCBs with

more lipophilic properties are less likely to cause peripheral edema

which is consistent with previous studies.29 The lipophilic property

increases from first to fourth generation of DHPCCBs. Nifedipine and

nicardipine are first generation, and lacidipine is the fourth genera-

tion DHPCCB. Multiple studies show that lacidipine has a much bet-

ter safety profile in terms of peripheral edema when compared with

other CCBs.9,30,31 The withdrawal rate due to peripheral edema was

lowest when compared with other CCBs.21 Lacidipine ranked lower

than placebo in our network analysis as a result of an indirect estimate.

Nifedipine is 7.17 times more likely to cause peripheral edema com-

pared to lacidipine (95%CI: 1.91–26.92). Lacidipine is a newpotent and

long acting 1,4-dihydropyridine derivative, calcium channel blocker

with vascular-selective calcium entry blocking activity. A proposed

mechanism attributed to the lower incidence of peripheral edema is

that it causes less arteriolar and venular vasodilation likely due to the

lower sympathetic activation. As a result, it caused less venoconstric-

tion than older dihydropyridines such as nifedipine.32 In addition, dif-

ferent actions on vascular permeability and fluid extravasation may

play a role in the reduction of peripheral edema.33

There has been an increased use of renin-angiotensin system block-

ers (RASBs) in combination with a CCB in the treatment of hyperten-

sion. This combination has been shown to have better blood pressure

control and to reduce cardiovascular risk. In addition to the reduc-

tion in cardiovascular risk, a theoretical rationale for combining these

drug classes is that RASBs decrease post capillary resistance result-

ing in normal intracapillary pressure and reduction in the fluid extrava-

sation which, in turn, leads to reduced peripheral edema.10,18,34 Evi-

dence to support this theory includes a meta-analysis of 82 stud-

ies that demonstrated that the combination of benazepril/amlodipine

resulted in lower overall rate of side effects and withdrawal compared

to amlodipinemonotherapy.35

In our network meta-analysis, the results showed neither the

angiotensin converting enzyme inhibitor, nor the angiotensin recep-

tor blocker prevented peripheral edema from nifedipine. The com-

bination of amlodipine/losartan ranked the least in the DHPCCBs

plus ARBs treatment and the combination of the amlodipine/ramipril

ranked the least in the DHPCCBs plus ACEIs treatment after

six combinations (amlodipine/trandolapril, lercanidipine/benazepril,

nifedipine/valsartan, amlodipine/irbesartan, nifedipine/candesartan,

and amlodipine/candesartan) were removed from analysis due to low

event numbers as part of a sensitivity analysis. In the next step, we

group the CCB ACEI and ARB and compared the interventions as a

class to improve theoverall certaintyof our results. The first generation

DHPCCB nifedipine combination with ACEIs or ARBs does not reduce

the chance of developing peripheral edema compared to single nifedip-

ine. For the upper generation DHPCCB, the combination treatments

with ACEI, ARB, and diuretics decrease the risk of peripheral edema

development. Amlodipine with some special ACEIs performs the best

among other types of combination.

This network meta-analysis offers valuable insight on which DHPC-

CBs to avoid in patients with high risk of developing peripheral edema

and which combination to use to mitigate the side effects in the case

where DHPCCB remains the preferred or only treatment. However,

there remains a high degree of uncertainty due to low overall event

rates in certain comparisons and small sample sizes. Additional stud-

ies, particularly for newerCCBs, such as lacidipine, would help improve

the certainty of the analysis and ranking. This network meta-analysis

can also serve as the basis for considering future studies in evalu-

ating whether certain DHPCCBs with a low incidence of peripheral

edema can be tolerated in patients who previously developed periph-

eral edema while taking a DHPCCB with a higher incidence of periph-

eral edema. As for those patients who suffered from peripheral edema

before and need to be prescribed DHPCCB to control blood pressure,

the secondor upper generationDHPCCBcombinationwithACEI could

be considered to reduce the chance of peripheral edema and control

blood pressure.

5 CONCLUSION

Nifedipine ranked the highest and lacidipine ranked the lowest among

DHPCCBs for developing peripheral edema when used for cardiovas-

cular indications. The addition of ARB or ACEI did not reduce the

prevalence of edema induced by nifedipine. The amlodipine plus ACEI

(benazepril, perindopril, enalapril, and ramipril) combination ranked

the lowest risk of developing edema. The chance of peripheral edema

development induced by the second or upper generation DHPCCBs

could be reduced by combination with ACEIs or ARBs or diuretics.

5.1 Limitations

In our study, we did not analyze the relationship between incidence

of peripheral edema and different dosages of DHPCCBs, although the

titration regimenwas applied inmost of the included studies. Addition-

ally, different formulations of the same DHPCCBs were compared in

only oneor two includedpapers andwecould not evaluate thenetwork

differences of peripheral edema.
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