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Impact of Angiotensin Receptor Blockers (ARB) versus Other Antihypertensive
Medication on Blood Pressure in Patients on Dialysis: A Meta-Analysis

Abstract

Introduction: Hypertension is an important factor driving mortality among dialysis
patients. Angiotensin-Il receptor blocker (ARB) has been effective similarly to angiotensin-
converting enzymes (ACEs) but with a low incidence of side effects. Methodology: The
meta-analysis included all published studies that investigated the effect of ARB on the
hypertension in adult dialysis patients (>18 years). Data extraction was guided by a
predetermined checklist. Data sources of the retrieved studies were PubMed, MEDLINE,
ScienceDirect, SCOPUS, Cochrane, Web of knowledge, and Google Scholar were
systematically searched until February 2023. Using the RevMan 5 software, the mean
difference for systolic and diastolic BP (SBP and DBP) and the risk ratio (RR) of the adverse
events (AEs) were pooled from the selected studies. The random-effects model was used
to compare the difference in the pre-and post-dialysis of the SBP and DBP. Data analyses
were performed from December 2022 to February 2023. The primary outcome was the
reduction in SBP and DBP in dialysis hypertensive patients who were on anti-hypertensive
agents, and the secondary outcome was assessment of AE associated with the drug after
dialysis (PROSPERO Registration: CRD42022355369). Results: The initial search yielded
1,679 records, of which 84 studies underwent full-text evaluation, which identified
13 studies and 1,462 patients. The pooled standard MD for losartan with other anti-
hypertensive agents, where the pre-dialysis SBP was 0.17 (95% confidence interval [CI]:
—0.21-0.55) and the post-dialysis was 0.35 (95% Cl: —0.17-1.02); yet, both are statistically
non-significant, implies that there was no difference between Losartan and ARB drugs
regarding the effect on the SBP. Diastolic BP for predialysis was —0.01 (95% Cl: —0.65—0.63)
and post-dialysis was 0.03 (95% Cl: —0.24—0.30) and statistically non-significant. AEs by
the ARB agents were lower compared to other anti-antihypertensive agents (relative risk
[RR]: 1.01; 95% Cl: 0.59-1.75) and statistically non-significant. Conclusion: This systematic
review and meta-analysis of RCT demonstrated that ARB and other anti-hypertensive
medications had similar impacts on the treatment of hypertension.

Keywords: Angiotensin receptor blocker, Antihypertensive agents, Diastolic blood pressure,
Hemodialysis, Losartan, Post-dialysis, Systolic blood pressure

According to the National Kidney Foundation
Kidney Disease (NKFKD) Outcomes Quality
Initiative guidelines (2004), hypertension
(HTN) in hemodialysis patients is diagnosed
when pre-dialysis BP is >140/90 mmHg or
when post-dialysis BP is >130/80 mmHg.’
The intradialytic HTN is defined as “an
increase in BP during or immediately after
hemodialysis which results in post-dialysis
HTN.” The potential pathophysiologic
mechanisms for such intradialytic

Introduction

For patients with end-stage renal disease
(ESRD), hemodialysis is a life-sustaining
therapy.! Yet, a documented consequence
of hemodialysis is the potential for blood
pressure (BP) to shift frequently both during
and in between treatments.! Large variability
in BP measurements during hemodialysis
is a risk factor for mortality.? In general, BP
is poorly controlled in patients on dialysis.?
The main causes of mortality among  HTN varies include volume overload,
these patients under hemodialysis are  sympathetic overactivity, activation of the
cardiovascular (CV) complications, with high renin—angiotensin—aldosterone system,
BP being an important risk factor.* endothelial dysfunction, dialysis-specific
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factors, medications (erythropoietin-stimulating agents) and
vascular stiffness.5” Given the established pathophysiology,
non-pharmacologic therapies, such as dietary sodium
restriction, improved salt removal with dialysis, and
probing dry weight is the considered first steps in achieving
BP control in these patients.”® Though these therapeutic
approaches were considered to be challenging, as several
factors contribute to it.>%°

A pooled analysis of randomized studies revealed that
reducing BP lowers CV morbidity and mortality in dialysis
patients, especially in those with high BP.”#'12 Among the
antihypertensive agents, losartan, a selective angiotensin-
Il receptor blocker (ARB), has shown an efficacy similar to
angiotensin-converting enzyme inhibitors (ACEls), with a
low incidence of side effects'®* and also well tolerated by
patients with chronic kidney disease.'* Additionally, it helps
prevent pathological CV remodeling by having an inhibitory
influence on ambulatory short-term BP variability during
the night.?® The most common treatment-related adverse
events (AEs) were hypotension during or after dialysis and
a mild increase in potassium levels.*®*” Studies showed that
overall mortality was 1% when losartan was continued for
6 months.’” However, a “one-size-fits-all” approach for BP
management may not be appropriate for all patients.'® The
adjusted increased risk of death at 2 years was estimated
to be 6% for every 10 mmHg increase in systolic blood
pressure (SBP) during hemodialysis.*

Despite these advancements in this field, there is currently
no comprehensive review of the effectiveness of ARBs such
as Losartan in comparison with other anti-hypertensive
drugs. This systematic review and meta-analysis aims to
assess the overall outcomes of the effectiveness of ARBs
such as Losartan and its impact on BP in patients on dialysis.

Methods

This protocol was prospectively registered with PROSPERO
and conducted with the requirements of the reporting
rules in the “Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines”.?® Because
this work is a systematic review, the heterogeneity was
present within the acceptable range, meta-analysis was
performed.

Eligibility criteria

Criteria for included studies were defined as adults aged
> 18 years who were on dialysis. The full eligibility criteria
are available in the eMethod 1 in Supplementary File
1. Studies were included if they studied adults of both
sexes aged > 18 years undergoing hemodialysis or dialysis
receiving antihypertensive medication; were randomized
controlled trials (RCTs) with individual or cluster-type,
observational studies, assessed the effects of ARB and

other antihypertensive agents (calcium channel blocker
[CCB], alpha and beta blocker, diuretic) or placebo.
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Search strategy

The electronic retrieval methods were adopted for the
literature retrieval. A comprehensive and systematic research
review using a combination of Medical Subject Headings
(MeSH), controlled vocabulary, and keywords were conducted
through various databases including PubMed, MEDLINE,
ScienceDirect, SCOPUS, Cochrane, Web of Knowledge, and
Google Scholar for studies until 2023. The full search strategy
is available in the eMethod 2 in Supplementary File 1.
Furthermore, a manual search of a reference list of primary
studies was conducted from the selected topics, and relevant
studies were included in the review and analysis.

Study selection

The search results were uploaded into the online
systematic review program Covidence to.?*?? A two-stage
screening process was conducted. Three independent
authors (K.D, R.M, and J.J) performed the literature search
and screened the title, abstract, and keywords. Screening
of abstract and full text was performed independently
by three authors (K.D, R.M, and J.J) to select the studies
that satisfied the eligibility criteria. Any disagreements
or discordances present were resolved either through
consensus or consultation with the fourth author (J.F).
If conflicts arose between reviewers, the fifth reviewer
(K.D.H) moderated a discussion to come to a joint decision.

Data extraction and management

The relevant study characteristics were extracted by the first
and co-author independently related to outcome measures.
Data extraction was guided by a predetermined checklist
with the first author’s last name, published year, the total
sample size, gender, study design, duration of intervention,
participants’ age, baseline and end-line BP (both systole
[SBP and diastole [DBP]), type of antihypertensive (ACEl and
ARB), type of control (placebo or other antihypertensives),
and finally, number of AE were extracted [Table 1].

The second author (J.J.) transferred the obtained data into
the software Review Manager (RevMan_5.3, Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2014).%2 Data entry was double-checked for correct entry
by the second author (J.J.) through a comparison of the
data presented in the review and included in the reports.

Outcome measure for the study

The primary outcome was a reduction in SBP and DBP in
dialysis hypertensive patients, and the secondary outcome
was the assessment of AE associated with the drug.

Quality assessment

The National Institute of Health (NIH) study assessment
quality tool** was used to assess the risk of bias, and the
quality review process was monitored.?? Each article was
categorized as follows: “low-risk,” “moderate-risk,” or
“high-risk” of bias [eTable 1 in Supplementary File 2].
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Statistical analysis

A comprehensive qualitative analysis was made.
Quantitative meta-analysis, of binomial data was performed
using RevMan_5.3.2 When studies reported multiple arms
in a single trial, only the relevant arms were included
in the analysis. Due to heterogeneity among studies, a
logistic-normal-random-effect model was conducted. The
95% confidence interval (ClI) was performed for study-
specific and overall pooled prevalence, respectively. To
assess the heterogeny, I? statistics were used. Significant
heterogeny was considered if P value <0.05 or > > 50%
among the studies.

Subgroup analysis was performed to assess the
heterogeneity and potential confounding for studies. Study-
specific and pooled estimates were graphically represented
through forest plots for both combined and subgroup
analyses. Publication bias was assessed and graphically
represented by a funnel plot, and the asymmetry of the
plot was tested using Egger’s test. Sensitivity analysis was
performed to assess the reliability of the estimate obtained
in the meta-analysis.

Results

Study selection and characteristics

A total of 1,679 studies were initially retrieved following
the removal of duplicates. Of those, 15 studies met the
inclusion criteria. However, 2 of the 15 studies were
presented with already published patient information
and were removed. Therefore, 13 studies were ultimately
included for the qualitative and quantitative analyses
[Table 1].1%253¢

Of the 13 studies, seven studies focused on Losartan, and
the remaining studies focused on other ARBs. When using
the NIH quality assessment tool, seven studies had a low
risk of bias, two studies had a moderate risk of bias, and
the rest of four studies had a high risk of bias [eTable 1 in
Supplementary File 2].1%3¢ The PRISMA flowchart for the
study selection is available in Figure 1. The major limitation
was the small sample size in seven studies and the short
duration in three studies. BP reductions were found to be
similar in both groups in six studies. Hyperkalaemia was
found in two studies in >20% of the study sample as a
complication.

Characteristics of the patient and the ARB agents

From all 13 studies included, 745 patients in the
intervention group and 717 patients in the control group
who underwent hemodialysis were given antihypertensive
agents.’™*3¢ The mean age for the overall cohorts
included in this study ranged from 27.8 to 71 years of age.
Seven studies used losartan, two studies used irbesartan,
whereas the remaining four studies each used telmisartan,
olmesartan, valsartan, and candesartan. Similarly, as for
the control group, three studies had placebo, whereas
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the remaining studies used other antihypertensive

agents 15,25-36

The duration of the intervention was ranged from 18
weeks to 3 years. Similarly, as for the selection criteria for
the study population, the patients were selected based
on the period of anti-hypertensive drug started in the
process of dialysis. Six studies included the intradialytic
period,'>?7293536 six studies comprised the post-dialysis
period,?>?6:30323% gnd one study had values from the pre-
dialysis period.®

Methodological quality of the included studies

The 13 studies were all RCTs with other antihypertensive
agents or placebo as a control. These studies were
published between 2003 and 2018 and performed in the
hospital setting. 11 studies were of parallel group RCT,*>%*"
273036 whereas the other two were cross-over trials.?®%
Among these, three trials were double-blinded,??°3* four
single-blinded studies,*?7?%3* whereas five studies did not
report blinding [Table 1].

Effectiveness of ARB drug on SBP and DBP among patients
undergoing haemodialysis

A meta-analysis of 13 eligible RCT studies involving 745
subjects received ARBs and the 717 controls received
other anti-hypertensive agents and placebo. The random
model effects showed the pooled mean difference (MD)
between the pre-dialysis and post-dialysis BP of the
ARB agents and the other antihypertensive agents. The
pooled standard MD for the SBP among pre-dialysis was
0.11 [95% Cl: —0.09-0.31], [Figure 2a] when compared
to the post-dialysis were 0.35 (95% Cl: —0.33-1.02),
[Figure 2b] which does not favor the effect of ARB agent
on SBP when compared with other anti-hypertensive
agents. Heterogeneity was found regarding the use of
the ARB agent for SBP management among the studies
included in the analysis (/*: 63% and 97%, respectively).
Similarly, the pooled standard MD for the DBP among
the pre-dialysis was —0.08 (95% Cl: —0.42-0.26) with
considerable heterogeneity (12: 88%) [Figure 3a] when
compared with the post-dialysis as 0.11 (95% Cl:
—0.18-0.40) [Figure 3b] and 82% was the heterogeneity.
Complications by the ARB agents were assessed and
found that the pooled risk ratio was 1.01 (95% Cl: 0.59—
1.75) with a heterogeneity of 75% and statistically non-
significant [Figure 4].

Subgroup analysis

We performed subgroup analysis [Figures 5 and 6] to
assess the heterogeneity and difference in the effect
size of the ARB agent losartan across the types of ARB
agents. For the pre-dialysis SBP, the pooled standard MD
was 0.17 (95% Cl: —0.21-0.55) and the post-dialysis was
0.35 (95% Cl: —0.17— 1.02); yet, both were statistically
non-significant, implying that there was no difference
between losartan and ARB drugs where both had the
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Figure 1: Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA) flow diagram of the study selection process.

same effect on the SBP. For the DBP, the pooled MD for
pre-dialysis was —0.01 (95% Cl: —0.65—-0.63) and post-
dialysis was 0.03 (95% Cl: —0.24— 0.30) and statistically
non-significant.

Publication bias and sensitivity analysis

Publication bias is presented in eFigures 1, and 2 in
Supplementary File 2. We performed a sensitivity
analysis eFigure 3 in Supplementary File 2 to assess the
reliability of our results. We excluded studies with a study
population of less than 30 and looked for any significant
change in the results. It has been found the effect estimate
for SBP increased from 1.01 to 1.37, with considerable
heterogeneity (/*: 98%), whereas it was 0.73 to 1.82 (/%
89%) for the DBP. The analysis found that those studies
had an influence on other studies on the overall estimates
obtained with minimum changes only.

Discussion

Hypertension in patients undergoing dialysis is associated
with adverse clinical outcomes. Current clinical guidelines
emphasize targeting SBP of <130 mmHg post-hemodialysis
for chronic hemodialysis patients. The available literature
on intradialytic hypertension shows a trend of SBP rise
>10 mmHg from pre- to post-dialysis in the hypertensive
range in at least four to six consecutive dialysis
treatments® showing that 8 to 30% of dialysis patients
develop intradialytic hypertension. This newly developed
hypertension is associated with a 2.5-fold increased risk
for hospitalization and cardiovascular (CV) mortality.®®
As the underlying pathophysiology is multifactorial, the
treatment decision for intradialytic hypertension should be
individualized.
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Figure 2: Effectiveness of ARB drugs on the systolic blood pressure (SBP) among the patients undergoing pre- and post-hemodialysis
(n = 13). (a) Pre-hemodialysis, (b) Post-hemodialysis. Cl: Confidence interval, ARB: Angiotensin receptor blocker, SD: standard

deviation.
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Figure 3: Effectiveness of ARB drugs on the diastolic blood pressure (DBP) among the patients undergoing pre- and post-
hemodialysis (n = 13). (a) Pre-hemodialysis, (b) Post-hemodialysis. CI: Confidence interval, ARB: Angiotensin receptor blocker,

SD: standard deviation.
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Figure 4: Complications by angiotensin receptor blockers (ARB) agents among patients who underwent dialysis (n = 6). M-H:

Mantel-Haenszel. CI: Confidence Interval.

Overall, we demonstrated that patients on hemodialysis
who received ARB for hypertension in 13 studies included
in this meta-analysis did not have better outcomes
when compared with the use of other anti-hypertensive
medications. In terms of SBP, our study findings are
similar to Agarwal et al’s’ study that showed that despite
the use of two anti-hypertensive agents, on average,
SBP is uncontrolled in the large majority of patients on
drug therapy. In addition, these results were concordant
with the report of Cannella et al.,** who found that
left ventricular hypertrophy (LVH) was caused by a
high prevalence of inadequately or partially controlled
hypertension. These studies implied varied effects of ARB
on the BP, which might be due to the measurement of
the BP at different periods of follow-up. Yet, these agents
significantly reduced the mortality and the AE in patients
with hemodialysis, with improved prognosis and survival.
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Additionally, we did not find any significant difference in
the post-DBP (pooled MD: 1.21). This finding parallels
a study that examined the effects of olmesartan on CV
outcomes and mortality. Although the study observed a
reduction in BP, it did not find any statistically significant
differences in the measured outcomes.®® Intriguingly,
numerous studies have demonstrated the positive
impact of ARBs on DBP during follow-up periods, yielding
significant favorable outcomes. ARB showed a significant
reduction in DBP after intervention during the follow-
up in 12 months,”® 8 months,® 6 months,* and 2 weeks
duration.” Added to that DBP was not an independent
factor for the development of the CV event in dialysis
patients.** All these studies that showed positive results
implied that the prolonged use of ARB resulted in a
significant reduction of DBP with a significant reduction in
CV mortality. Yet, assessment of high DBP is very unlikely
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Figure 5: Subgroup analysis of the effectiveness of losartan (study group) and other ARB drugs (control group) on systolic blood
pressure (SBP) among the patients undergoing hemodialysis. (a) Pre-dialysis, (b) Post-dialysis. Cl: Confidence interval, ARB:

Angiotensin receptor blocker, SD: standard deviation.

to be isolated from SBP.Y” Although high-quality evidence
evaluating high DBP is limited due to its low incidence, we
found no significant difference between ARB and other
antihypertensive medications to reduce post-diastolic BP.

The existing literature showed that the effect of the ARB
agent on hemodialysis patients helps maintain adequate
BP and is well tolerated.?®* However, as per our analysis,
patients might require other antihypertensive agents to
maintain appropriate BP.*2

In the present study, we could observe studies with
losartan had a significant influence on the SBP and DBP
when compared to the other studies. The pooled MD
and heterogeneity level of the losartan group for SBP was
0.21 (95% CI: —0.32, 0.73; I*: 79%), and for DBP was 2.06
(95% Cl: —2.98, 7.10; I*: 86%); yet, it was statistically non-
significant and considerable heterogeneity.
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Studies showed that post-dialysis BP was observed to
significantly decrease over time when hypertensive
patients received losartan 50 mg.’* After 6 months, it
significantly lowered SBP and DBP by about 10 and 5
mmHg, respectively. Also, the overall mortality was 1%
when losartan was continued for 6 months."’

Yet, the other studies that used other groups of ARB agents
for adequate SBP control also showed positive effects,
when studies that used losartan were excluded. The
pooled MD for SBP was 0.05 (95% Cl: —0.23, 0.34) and for
DBP was 0.24 (95% Cl: —4.28, 4.77), respectively, and non-
significant. They both showed very minimal heterogeneity
(SBP 2. 0%; DBP /> 52%) when compared with other
antihypertensive agents. Studies have shown that losartan
is also considered to have less AE.***%* The results of this
study support the role of losartan as an antihypertensive
drug helping in maintaining HTN in hemodialysis patients
although it is statistically non-significant in optimal control
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Figure 6: Subgroup analysis of the effectiveness of losartan (study group) and other ARB drugs (control group) on diastolic blood
pressure (DBP) among patients undergoing hemodialysis. (a) Pre-dialysis, (b) Post-dialysis. ARB: Angiotensin receptor blocker ,

Cl: confidence interval, SD: standard deviation.

of hypertensive dialysis patients when compared to other
antihypertensives.

Our systematic review has some limitations. As far as the
lack of sufficient data with regard to losartan and other ARB
agents, most studies published were observational studies
and case series that concerned the exclusion criteria,
and hence were susceptible to bias and confounding.
The limited RCT that used ARB was only reviewed, which
resulted in limited data. Due to the lack of proper random
sequencing and allocation concealment, the effect of the
ARB was potentially overestimated. Furthermore, due to
the smaller sample size in each study and single-centered
studies, it cannot be extrapolated to general studies.

Conclusion

Our review of completed clinical trials to date comparing
ARBs and other antihypertensive medications, revealed

Indian Journal of Nephrology | Volume 34 | Issue 5 | September-October 2024

that both exhibited promising outcomes. Losartan appears
to facilitate optimal hypertension management in dialysis
patients accompanied by minimal AEs. We propose
further exploration involving the combination of additional
antihypertensive agents with ARBs to ascertain the most
effective BP management strategy.
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