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Abstract

Renin-angiotensin system inhibitors (RAS) inhibitors include angiotensin receptor blockers (ARBs) and
angiotensin-converting enzyme (ACE) inhibitors decrease proteinuria, progression of chronic kidney disease
(CKD), and protect against heart failure hospitalizations and cardiovascular events. There is uncertainty
about the appropriate time for discontinuing ARB and ACE inhibitor treatment in patients with low
estimated glomerular filtration rate (eGFR). In the present meta-analysis, we examined the effect of RAS
inhibitor discontinuation on clinical outcomes in patients with advanced CKD compared to the continuation
of RAS inhibitors. Two authors conducted electronic database searches in PubMed, the Cochrane Library,
and Excerpta Medica Database (EMBASE) for relevant studies published from the inception of the databases
to March 15th, 2023, using the following combination of keywords or key terms: "Renin-angiotensin-
system," "angiotensin-converting-enzyme inhibitors", "Angiotensin receptor blockers," and "advanced
chronic kidney disease.” Primary outcomes assessed in this meta-analysis included cardiovascular events.
Secondary outcomes assessed included all-cause mortality and end-stage kidney disease (ESKD). A total of
four studies were included in this meta-analysis. The pooled analysis showed that cardiovascular

events were significantly higher in patients in the discontinuation group compared to the continuation
group (HR: 1.38, 95% CI: 1.21-1.58), ESKD was also significantly higher in the discontinuation group (HR:
1.29, 95% CI: 1.18-1.41). No significant differences were reported between the two groups in all-cause
mortality. In conclusion, our meta-analysis provides evidence that continuation of RAS inhibitors could be
beneficial in patients with advanced CKD, as it is associated with less risk of cardiovascular events and
ESKD.

Categories: Internal Medicine, Nephrology, Epidemiology/Public Health
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Introduction And Background

Chronic kidney disease (CKD) affects 8% to 16% of people around the world and it is often underrecognized
by clinicians and patients [1-2], defined by a glomerular filtration rate (GFR) of less than 60 mL/min/1.73 m2,
albuminuria of at least 30 mg per 24 hours or renal damage markers like structural abnormalities or
hematuria continuing for more than three months [3]. While diabetes and/or hypertension are the leading
causes of CKD worldwide, in Asia, sub-Saharan Africa, and many developing countries, other factors such as
glomerulonephritis, infection, and exposure to environmental factors like air pollution, herbal remedies,
and pesticides are also frequent contributors to CKD [4].

In patients with mild or moderate chronic kidney disease (CKD), the use of renin-angiotensin-aldosterone
system (RAAS) inhibitors can decrease blood pressure, slow decline in the estimated glomerular filtration
rate (eGFR), and decrease proteinuria [5]. Renin-angiotensin-aldosterone system (RAAS) inhibitors are a
group of drugs that act by inhibiting the renin-angiotensin-aldosterone system (RAAS) and include
angiotensin-converting enzyme inhibitors (ACE inhibitors), angiotensin-receptor blockers (ARBs), and
direct renin inhibitors. They are the mainstays of treatment for heart failure with reduced ejection fraction
(HFrEF), chronic kidney disease (CKD), hypertension, and coronary artery disease [6-8]. However, the
benefits of these agents must be weighed against the possible risks, such as hyperkalemia, acute kidney
injury, and a reduction in the estimated glomerular filtration rate (eGFR) [9]. The risks of the adverse events
mentioned above are especially relevant in patients with lower eGFR.

It is believed that renin-angiotensin system (RAS) inhibitors slow down the progression of CKD by reducing
proteinuria. However, there is an ongoing debate about the benefits of using RAS inhibitors in advanced
stages of CKD (stage 4 or 5). A meta-analysis conducted on a general population showed that the advantage
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of lower urinary albumin excretion for reducing the risk of cardiovascular mortality disappeared in patients
with an eGFR of less than 30 mL/min per 1.73 m2 [10].

Additionally, using RAS inhibitors in individuals with significantly impaired kidney function may have
adverse effects, such as an increased risk of hyperkalemia, hemodynamic effects that can worsen kidney
function, and a weakened response to acute kidney injury events [11]. Therefore, medical guidelines suggest
reducing the dosage or discontinuing ACE inhibitors or ARBs in individuals with stage 5 CKD (eGFR <15
mL/min per 1.73 m2) if there is symptomatic hypotension or uncontrolled hyperkalemia [12]. However, the
benefits and drawbacks of initiating or discontinuing RAS inhibitors in patients with advanced CKD are not
clear. Furthermore, not many studies have been conducted that compared the continuation and
discontinuation of RAS inhibitors in patients with CKD.

This meta-analysis aims to determine the effect of RAS inhibitor discontinuation on clinical outcomes in
patients with advanced CKD compared to the continuation of RAS inhibitors. It conducted a pooled analysis
of available studies to assess the association of RAS inhibitor discontinuation with the risk of major
cardiovascular events, all-cause mortality, and end-stage kidney disease among individuals receiving RAS
inhibitor therapy whose eGFR reduced to below 30 mL/min/1.73 m2.

Review
Methodology

This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement.

Search Strategy

Two authors (GT and SG) conducted electronic database searches in PubMed, the Cochrane Library, and
Excerpta Medica Database (EMBASE) for relevant studies published from the inception of the databases to
March 15th, 2023, using the following combination of keywords or key terms: "Renin-angiotensin-system,"
"ACE inhibitors," "Angiotensin receptor blockers,” and "advanced chronic kidney disease.” These key terms
were combined using Boolean algebra operators (and, or). Medical subject headings (MeSH) terms were also
used to increase the sensitivity of the search for finding more relevant studies. The reference lists of
included articles were also manually screened to identify potentially eligible studies.

All potentially eligible studies were imported to ENDNOTE version X9. After removing duplicates, two
authors independently screened the studies using titles and abstracts followed by a full-text detailed
assessment of eligible studies. Any disagreements in the process of searching and study selection were
resolved via discussion or involvement of the principal investigator if required.

Eligibility Criteria

The inclusion criteria were as follows: (a) participants aged 18 years or older; (b) advanced CKD (chronic
kidney disease in which there is a severe reduction in glomerular filtration rate (GFR < 30 ml/min)); (c) RAS
inhibitors, including either angiotensin-converting enzyme inhibitors (ACEI) or ARB administration; (d) at
least one outcome was reported. We excluded studies that compared RAS inhibitors with any other
antihypertensive drugs, non-original studies included case reports, editorials, and reviews, and were
conducted in patients under the age of 18 years. We included only those studies published in the English
language.

Data Extraction and Quality Assessment of the Included Studies

The characteristics of the included studies and outcomes of interest were extracted and managed using an
Excel Spreadsheet. The characteristics of the studies included first author name, year of publication, study
design, study groups, sample size, and follow-up duration. Primary outcomes assessed in this meta-analysis
included cardiovascular events (composite of stroke, myocardial infarction, cardiovascular mortality, and
heart failure hospitalization). Secondary outcomes assessed included all-cause mortality and end-stage
kidney disease (ESKD). To assess the quality of studies, Newcastle-Ottawa Scale (NOS) was used for cohort
studies, and the Cochrane Collaboration tool was adopted for randomized control trials (RCT).

Statistical Analysis

We used a hazard ratio (HR) with a 95% confidence interval (CI) to determine the effect size of dichotomous
outcomes in this meta-analysis. The pooled HR was calculated with the random-effect model if the
heterogeneity was more than 50%; otherwise, the fixed-effect model was used. Heterogeneity among the
study results was assessed using I-square statistics, and the value of I-square was divided into three levels,
including low heterogeneity (<25%), moderate heterogeneity (25-75%), and high heterogeneity (>75%). We
performed subgroup analysis based on the study design (observational studies and RCTs). Sensitivity
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analysis was also performed by removing a study with a high cardiovascular events rate and all-cause
mortality. Review Manager 5.4.0 (Cochrane Collaboration, Oxford, UK) was used for statistical analysis.

Results

As shown in Figure 1, 546 articles were identified from the electronic search. Thereafter, 512 articles were
excluded based on abstracts and title screening. Full texts of 14 articles were obtained and detailed
assessment of inclusion and exclusion criteria were performed. Based on full-text, four studies were
included in this meta-analysis. Table / shows the characteristics of included studies. Out of four studies,
three were observational and one was RCT. Table 2 shows a quality assessment of included studies.

\' Identification of studies via databases

5
= Records identifiedfrom: ?frce%ﬁf];mwed s
% Databases(n = 546) » Duplicate recordsremoved (n= 20)
—
P A4
Records screened Records excluded
(n=526) (n=512)
E A4
§ Reports sought forretrieval ,| Reports not retrieved
.§ (n=14) (n=0)
¥
Reports asseisiet:!];or eligibility Reports excluded:
(n=14) +  Included patientswithout
— advanced CKD: 3

« Lack of control group: 2
+ Review articles: 2
v ¢« Others: 3

Studiesincludedin review
(n=4)

FIGURE 1: PRISMA flowchart of selection of studies
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S I Follow- M A Diabet
Author Name Year Study Design Groups ?mp © ? o) L Male (%) tabetes
Size Time (Years) (%)
’ Continued 205
Bhand t al
136” anetal 2022 RCT 36Months  NR 69vs68  38vs 36
[13] Discontinued 206
Retrospective Continued 7971
Fu et al[14] 2021 60 Months NR NR NR
i Discontinued 7078
. Retrospective Continued 1205 41.4 vs
Qiao et al[15] 2020 h 60 Months 73.3vs 73.1 422 489 vs 47.5
& Lot Discontinued 1205 -
Continued 8634 48.2vs
Yang et al [16] 2022 Prospective cohort 6 Months 73.3vs 73.3 48.2 100 vs 100
Discontinued 1766 )
TABLE 1: Characteristics of included studies
NR: Not reported; RCT: Randomized-control trial
Quality Assessment for Retrospective Studies
Study ID Selection Comparibility Outcome Overall
Fu et al[14] 3 2 2 Good
Qiao et al[15] 2 1 2 Fair
Yang et al [16] 3 2 2 Good
Quality Assessment for Randomized control trial
Study ID Selection Bias Performance Attrition Reporting Other Overall
Bhandari et al [13] No Yes No No Unclear Moderate

TABLE 2: Quality assessment of included studies

Comparison of RAS Inhibitors Between Continuation and Discontinuation of Cardiovascular Events and All-cause

Mortality

Four studies reported cardiovascular events and the pooled cardiovascular was 29.90% and 47.66% in the

continuation group and the discontinuation group respectively, and the hazard of developing cardiovascular
events was significantly higher in patients in the discontinuation group compared to the continuation group
(HR: 1.38, 95% CI: 1.21-1.58) with moderate heterogeneity among the study results (I-square: 71%, p-value:

0.02) as shown in Figure 2.

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI 95%Cl
Bhandari etal, 2022 [13] 01985 0.1031 19.6% 1.22[1.00,1.49] e
Fuetal, 2021 (14] 0.478 00513 298% 1.61(1.46,1.79) —a—
Qiao etal,, 2020 [15] 0.3148 0.0863 26.5% 1.37[1.20,1.56] i

Yang etal., 2022 [16] 0.233 0.0815 237% 1.27[1.08,1.49] —

Total (95% CI) 100.0% 1.38[1.21, 1.58] =
Heterogeneity: Tau*= 0.01; Chi*=10.289, df= 3 (P=0.02); F=71% n?s nf? 1f5 2

Testfor overall effect Z= 4,79 (P < 0.00001)

Favours [Discontinuation] Favours [Continuation]

FIGURE 2: Comparison of risk of developing cardiovascular events

between continuation and discontinuation groups

Sources: References [13-16]
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Four studies reported all-cause mortality and according to the pooled results hazard of all-cause mortality
was higher in patients in the discontinuation group compared to the continuation group but the difference is
statistically insignificant (HR: 1.14, 95% CI: 0.90-1.45) with high heterogeneity among the study results (I-
square: 95%, p-value < 0.00001) as shown in Figure 3.

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI|
Bhandari etal., 2022 [13) -0.1044 02901 11.3% 0.90(0.51,1.59]
Fuetal, 2021 [14] 0.2877 002 30.9% 1.331.28,1.39] -
Qianetal, 2020 [15) 0.2877 0075 27.8% 1.33[1.15,1.54) S
Yang etal., 2022 18] -0.0726 0.0421 30.0% 0.93(0.86,1.01] —8

Total (95% Cl) 100.0% 1.14[0.90, 1.45] -’-

Heterogeneity: Tau® = 0.05; Chi®= 61.78, df= 3 (P < 0.00001); F=95% U=5 07 H 15 )
Testfor overall effect: Z=1.11 (F = 0.27) Favours [Disconituation] Favours [Continuation]

FIGURE 3: Comparison of risk of developing all-cause mortality between
continuation and discontinuation groups

Sources: References [13-16]

Comparison of RAS Inhibitors Between Continuation and Discontinuation of ESKD

As shown in Figure 4, the pooled results show that the hazard of ESKD was significantly higher in the
discontinuation group compared to the continuation group (HR: 1.29, 95% CI: 1.18-1.41) with no
heterogeneity (I-square: 0%, p-value: 0.88) as shown in Figure 4.

Hazard Ratio Hazard Ratio
Study or Subgroup logHazard Ratio] ___ SE_Weight _IV, Fixed, 95% CI IV, Fixed, 95% CI
Bhandari et al,, 2022 [13] 02469 01206 115% 1.28(0.99,1685] 1
Qiao etal, 2020 [15] 0174 01667 69% 1.19([0.86,1.65]
Yang etal,, 2022 [18] 02624 0.0486 816% 1.30[1.18,1.43] —B—
Total (95% CI) 100.0% 1.29 [1.18, 1.41] ~egiE-
Heterogeneity: Chi= 0.26, df= 2 (P = 0.88); F= 0% 0:? 0:85 112 115

Test for overall effect: Z= 5.80 (P « 0.00001) Favours [Discontinuation] Favours [Continuation)

FIGURE 4: Comparison of risk of developing ESKD between
continuation and discontinuation groups

Sources: References [13, 15-16]

Subgroup Analysis

Subgroup analysis based on the study design (observational and RCT) showed both RCT and observational
studies supported that the hazard of cardiovascular events was significantly higher in the discontinuation
group compared to the continuation group. Additionally, pooled analysis of observational studies showed
the risk of mortality was lower in the continuation group. However, the difference was statistically
insignificant. Moreover, subgroup analysis showed a high hazard of ESKD in patients in the discontinuation
group in both RCT and observational studies but in RCT the difference was statistically insignificant as
shown in Table 3.
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Outcome Groups HR (95% CI) I-square
Observational 1.46 (1.36-1.57)* 73%
Cardiovascular events
RCT 1.22 (1.00-1.49) NA
Observational 1.18 (0.91-1.52) 97%
All-cause mortality
RCT 0.90 (0.51-1.59) NA
Observational 1.29 (1.18-1.41)* 0%
ESKD
RCT 1.28 (0.99-1.65) NA

TABLE 3: Subgroup Analysis

RCT: Randomized-control trials; HR: hazard ratio; Cl: confidence interval; ESKD: End-stage kidney disease; HR: hazard ratio; Cl: confidence interval; NA:
Not applicable

* Significant at p-value<0.05

Sensitivity analysis showed that removing the study conducted by Fu et al. [14] (higher mortality and
cardiovascular outcome rates) in both the continuation and discontinuation group reduced heterogeneity,
and the reduction in hazards of cardiovascular events but it remained statistically significant (HR: 1.31, 95%
CI: 1.19-1.43, I-square: 0%). The reduction of mortality was also reported and it remained statistically
insignificant (1.07, 95% CI: 0.79-1.45, I-square: 6%).

Discussion

To the best of our knowledge, this is the first meta-analysis comparing the effects of continuing and
discontinuing RAS inhibitors in patients with CKD. We found that continuing RAS inhibitors could be
beneficial in patients with advanced CKD, as it is associated with a lower risk of cardiovascular events and
ESKD. The benefits of continuing RAS inhibitors were shown in both observational studies and RCTs.

A meta-analysis conducted by Xie et al. showed that the use of ARB or ACEI therapy was associated with a
decreased risk of cardiovascular events and renal failure in patients with CKD [17]. Similarly, an
observational cohort study conducted in the United States in individuals with CKD found survival benefits of
RAS inhibitors across all levels of eGFR, including eGFR < 30 mL/min/1.73 m2 [18]. A study was conducted
on 224 patients with serum creatinine levels ranging from 3.1 to 5.0 mg/dL who were randomly assigned to
receive either benazepril or a placebo. The study found that benazepril resulted in a 43% lower risk of a
combination of events such as doubling of serum creatinine level, end-stage kidney disease (ESKD), or
death. Additional analyses of two other trials, the Reduction of Endpoints in NIDDM with the Angiotensin II
Antagonist Losartan (RENAAL) and the Ramipril Efficacy in Nephropathy (REIN), indicated that ACE-I or
ARB therapy may be beneficial for individuals with low GFRs [19-20].

A study conducted by Nakayama et al. examined the impact of continuing versus stopping or not using RAS
inhibitors on the incidence of unplanned dialysis in patients with advanced CKD [20]. In a retrospective
analysis, the study found that continuing RAS inhibitor therapy was associated with a lower incidence of
unplanned dialysis initiation [21]. The authors suggest that with the development of potassium-binding
therapy, RAS inhibitors are now better tolerated in advanced CKD patients. They propose that until
randomized trials confirm any negative effects of RAS inhibitors on renal outcomes, it is reasonable to use
these agents in patients with advanced CKD [22]. An RCT conducted to determine the impact of
discontinuation of RAS inhibitors found that it is not associated with a significant improvement in the long-
term rate of decrease in the eGFR. The study also reported an increased number of cardiovascular events and
ESKD in the discontinuation group compared to the continuation group in patients with advanced CKD [13].

Hyperkalemia is one of the adverse events of RAS inhibitors in patients with advanced CKD. The study
conducted by Yang et al. found that the overall incidence of the first hyperkalemia event was 99.8 per 1000
patient-years [16]. The rates were 101 and 99.6 per 1000 patient-years in the discontinuation and
continuation groups respectively. It can be concluded that the risk of hyperkalemia is insignificant between
the two study groups. However, we need more data from prospective clinical trials assessing the risks of
withdrawing RAS blocker treatment in patients with advanced CKD.

Considering the uncertainty and the lack of clear guidelines, the prudent approach can be an evaluation of
the risk-to-benefit ratio of maintaining RAS blockade on an individual basis. The discontinuation of RAS
inhibitors should only be considered in specific cases of serious clinical issues, such as a significant decrease
in eGFR severe hypokalemia that cannot be easily corrected, symptomatic hypotension, severe acidosis in
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the context of very low GFR, and possibly in the elderly population.

It is recommended that future research should focus on conducting more randomized controlled trials
(RCTs) to provide stronger evidence on the efficacy of the continuation of RAS inhibitors in patients with
advanced CKD. While the present meta-analysis showed that continuing RAS inhibitors may be beneficial in
reducing the risk of cardiovascular events and ESKD, most of the evidence was extracted from observational
studies. Further RCTs are needed to confirm these findings and provide more robust evidence.

Study Limitations

The present meta-analysis has certain limitations. Firstly, findings were predominantly extracted from
observational studies. More RCTS are required to strengthen the evidence about the efficacy of the
continuation of RAS inhibitors in advanced CKD patients. Secondly, ARBs and ACEI inhibitors cause
different feedback in the RAAS; therefore they could exert different effects on inflammation and even on the
clinical outcome. In the present meta-analysis, we were not able to perform subgroup analysis based on
different RAS drugs due to a lack of data in the included studies.

Conclusions

In conclusion, our meta-analysis provides evidence that continuation of RAS inhibitors could be beneficial
in patients with advanced CKD, as it is associated with less risk of cardiovascular events and ESKD. However,
the difference in all-cause mortality between the continuation and discontinuation groups was statistically
insignificant. Our findings suggest that RAS inhibitors should be continued in patients with advanced CKD,
and discontinuation of these agents should be carefully considered, as it may increase the risk of
cardiovascular events and ESKD. Further large-scale randomized controlled trials are needed to confirm our
findings and provide more definitive evidence.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Coresh ], Selvin E, Stevens LA, et al.: Prevalence of chronic kidney disease in the United States . JAMA. 2007,
298:2038-47. 10.1001/jama.298.17.2038
2. Hsu CY, Vittinghoff E, Lin F, Shlipak MG: The incidence of end-stage renal disease is increasing faster than
the prevalence of chronic renal insufficiency. Ann Intern Med. 2004, 141:95-101. 10.7326/0003-4819-141-2-
200407200-00007
3. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group: KDIGO 2012 clinical practice
guideline for the evaluation and management of chronic kidney disease.. Kidney Int Suppl. 2013, 3:1-150.
4. JhaV, Garcia-Garcia G, Iseki K, et al.: Chronic kidney disease: global dimension and perspectives . Lancet.
2013, 382:260-272. 10.1016/S0140-6736(13)60687-X
5. Lewis EJ, Hunsicker LG, Clarke WR, et al.: Renoprotective effect of the angiotensin-receptor antagonist
irbesartan in patients with nephropathy due to type 2 diabetes. N Engl ] Med. 2001, 345:851-60.
10.1056/NEJMoa011303
6. Agodoa LY, Appel L, Bakris GL, et al.: Effect of ramipril vs amlodipine on renal outcomes in hypertensive
nephrosclerosis: a randomized controlled trial. JAMA. 2001, 285:2719-28. 10.1001/jama.285.21.2719
7. Marin R, Ruilope LM, Aljama P, Aranda P, Segura ], Diez J: A random comparison of fosinopril and
nifedipine GITS in patients with primary renal disease. ] Hypertens. 2001, 19:1871-6. 10.1097/00004872.-
200110000-00023
8. Ponikowski P, Voors AA, Anker SD, et al.: 2016 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure. Rev Esp Cardiol. 2016, 69:1167. 10.1016/j.rec.2016. 11.005
9. Ahuja TS, Freeman D Jr, Mahnken JD, Agraharkar M, Siddiqui M, Memon A: Predictors of the development of
hyperkalemia in patients using angiotensin-converting enzyme inhibitors. Am J Nephrol. 2000, 20:268-72.
10.1159/000013599
10. Matsushita K, van der Velde M, Astor BC, et al.: Association of estimated glomerular filtration rate and
albuminuria with all-cause and cardiovascular mortality in general population cohorts: a collaborative meta-
analysis. Lancet. 2010, 375:2073-81. 10.1016/50140-6736(10)60674-5
11.  Weir MR, Lakkis JI, Jaar B, Rocco MV, Choi MJ, Kramer HJ, Ku E: Use of renin-angiotensin system blockade
in advanced CKD: an NKF-KDOQI controversies report. Am J Kidney Dis. 2018, 72:873-84.
10.1053/j.ajkd.2018.06.010
12.  Umemura S, Arima H, Arima S, et al.: The Japanese Society of Hypertension Guidelines for the management
of hypertension (JSH 2019). Hypertens Res. 2019, 42:1235-481. 10.1038/s41440-019-0284-9
13.  Bhandari S, Mehta S, Khwaja A, et al.: Renin-angiotensin system inhibition in advanced chronic kidney
disease. N Engl ] Med. 2022, 387:2021-32. 10.1056/NE]Moa2210639

2023 Naveed et al. Cureus 15(4): €37813. DOI 10.7759/cureus.37813 70f8


https://dx.doi.org/10.1001/jama.298.17.2038?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.298.17.2038?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-141-2-200407200-00007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-141-2-200407200-00007?utm_medium=email&utm_source=transaction
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(13)60687-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(13)60687-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa011303?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa011303?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.285.21.2719?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.285.21.2719?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00004872-200110000-00023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00004872-200110000-00023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.rec.2016. 11.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.rec.2016. 11.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000013599?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000013599?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(10)60674-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(10)60674-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2018.06.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2018.06.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-019-0284-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-019-0284-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2210639?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2210639?utm_medium=email&utm_source=transaction

Cureus

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fu EL, Evans M, Clase CM, Tomlinson LA, van Diepen M, Dekker FW, Carrero JJ: Stopping renin-angiotensin
system inhibitors in patients with advanced CKD and risk of adverse outcomes: a nationwide study. ] Am
Soc Nephrol. 2021, 32:424-35. 10.1681/ASN.2020050682

Qiao Y, Shin JI, Chen TK, et al.: Association between renin-angiotensin system blockade discontinuation
and all-cause mortality among persons with low estimated glomerular filtration rate. JAMA Intern Med.
2020, 180:718-26. 10.1001/jamainternmed.2020.0193

Yang A, Shi M, Lau ES, et al.: Clinical outcomes following discontinuation of renin-angiotensin-system
inhibitors in patients with type 2 diabetes and advanced chronic kidney disease: A prospective cohort study.
EClinicalMedicine. 2023, 55:101751. 10.1016/j.eclinm.2022.101751

Xie X, Liu Y, Perkovic V, et al.: Renin-angiotensin system inhibitors and kidney and cardiovascular
outcomes in patients with CKD: a Bayesian network meta-analysis of randomized clinical trials. Am ] Kidney
Dis. 2016, 67:728-41. 10.1053/j.ajkd.2015.10.011

Molnar MZ, Kalantar-Zadeh K, Lott EH, et al.: Angiotensin-converting enzyme inhibitor, angiotensin
receptor blocker use, and mortality in patients with chronic kidney disease. ] Am Coll Cardiol. 2014, 63:650-
8. 10.1016/j.jacc.2013.10.050

Remuzzi G, Ruggenenti P, Perna A, et al.: Continuum of renoprotection with losartan at all stages of type 2
diabetic nephropathy: a post hoc analysis of the RENAAL trial results. ] Am Soc Nephrol. 2004, 15:3117-25.
10.1097/01.ASN.0000146423.71226.0C

Ruggenenti P, Perna A, Remuzzi G: ACE inhibitors to prevent end-stage renal disease: when to start and
why possibly never to stop: a post hoc analysis of the REIN trial results. Ramipril efficacy in nephropathy. |
Am Soc Nephrol. 2001, 12:2832-7. 10.1681/ASN. V12122832

Nakayama T, Morimoto K, Uchiyama K, et al.: Effects of renin-angiotensin system inhibitors on the
incidence of unplanned dialysis. Hypertens Res. 2022, 45:1018-27. 10.1038/s41440-022-00877-5

Mukoyama M, Kuwabara T: Role of renin-angiotensin system blockade in advanced CKD: to use or not to
use?. Hypertens Res. 2022, 45:1072-5. 10.1038/s41440-022-00902-7

2023 Naveed et al. Cureus 15(4): €37813. DOI 10.7759/cureus.37813

8of8


https://dx.doi.org/10.1681/ASN.2020050682?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1681/ASN.2020050682?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamainternmed.2020.0193?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamainternmed.2020.0193?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.eclinm.2022.101751?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.eclinm.2022.101751?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2015.10.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/j.ajkd.2015.10.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2013.10.050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2013.10.050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.ASN.0000146423.71226.0C?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.ASN.0000146423.71226.0C?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1681/ASN.V12122832?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1681/ASN.V12122832?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-022-00877-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-022-00877-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-022-00902-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41440-022-00902-7?utm_medium=email&utm_source=transaction

	Effect of Discontinuation of Renin Angiotensin-System Inhibitors in Patients With Advanced Chronic Kidney Disease: A Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methodology
	Results
	FIGURE 1: PRISMA flowchart of selection of studies
	TABLE 1: Characteristics of included studies
	TABLE 2: Quality assessment of included studies
	FIGURE 2: Comparison of risk of developing cardiovascular events between continuation and discontinuation groups
	FIGURE 3: Comparison of risk of developing all-cause mortality between continuation and discontinuation groups
	FIGURE 4: Comparison of risk of developing ESKD between continuation and discontinuation groups
	TABLE 3: Subgroup Analysis

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


