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Abstract

Introduction: Diabetic nephropathy is the leading cause of kidney failure. Clinical practice guidelines recommend
prescribing renin—-angiotensin aldosterone system inhibitors (RAASI) to prevent diabetic nephropathy at any stage. We
conducted this systematic review and meta-analysis to compare the effects of RAASI with placebo and other antihy-
pertensive agents in adults with diabetes on continuous and binary kidney outcomes to provide a comprehensive
review of the class effect of RAASI on several subgroups.

Methods: A systematic electronic search to identify randomized clinical trials of a duration of > 12 months that
recruited > 50 adult participants with type 1 or 2 diabetes with any stage of chronic kidney disease and proteinu-
ria was conducted in MEDLINE, CINAHL, EMBASE, and Cochrane library with no language restriction. Studies were
screened against the inclusion and exclusion criteria by two reviewers independently.

Results: In this meta-analysis, evidence was drawn from 26,551 patients with diabetes from 46 studies. Our analysis
shows that RAASI were better than placebo in reducing SrCr (the raw mean difference [RMD] =-13.4 umol/L; 95%Cl:
-16.78;-10.01) and albuminuria levels (standardized mean difference [SMD] =-1; 95%Cl: -1.57, -0.44, 1> = 96%). When
compared to other active treatments, RAASi did not reduce SrCr (RMD = 0.03 umol/L; 95%Cl: -6.4, 6.10, I = 76%),
caused a non-significant reduction of GFR levels (RMD=-1.21 mL/min; 95%Cl: -4.52, 2.09, I> =86%), and resulted in
modest reduction of albuminuria levels (SMD =-0.55; 95%Cl: -0.95, -0.16, I> = 90%). RAASi were superior to placebo

in reducing the risks of kidney failure (OR=10.74; 95%Cl: 0.56, 0.97) and doubling of serum creatinine levels (SrCr;
OR=0.71; 95%Cl: 0.55,0.91), but not in promoting the regression of albuminuria (OR=3.00; 95%Cl: 0.96, 9.37). RAASI,
however, were not superior to other antihypertensives in reducing the risks of these outcomes. Patients with type 2
diabetes, macroalbuminuria and longer duration of diabetes had less risk of developing kidney failure in placebo-con-
trolled trials, while longer duration of diabetes, normal kidney function, and hypertension increased the probability of
achieving regression of albuminuria in active-controlled trials.
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Conclusion: While our findings revealed the non-superiority of RAASI over other antihypertensives and portrayed
a class effect on several subgroups of study participants, it raised a challenging question on whether RAASi deserve
their place as first-line therapy in managing diabetic nephropathy.

Keywords: Renin, Angiotensin aldosterone system inhibitors, Diabetic nephropathy, Diabetes mellitus, Systematic

review, Meta-analysis

Introduction

Diabetic nephropathy, a complication of diabetes, is the
leading cause of kidney failure, responsible for approxi-
mately 40% of incident cases [1].

Diabetic nephropathy is characterized by hyperten-
sion, variable levels of albuminuria and a progressive
loss of kidney function [2, 3]. The progression of histo-
logical and pathological changes in diabetic nephropa-
thy are due to hyperglycemia [4]. The histological and
pathological changes differ between type 1 and type 2
diabetes (T1DM, T2DM, respectively). In TIDM, hyper-
glycemia starts earlier hence it causes pure diabetic
glomerulopathy that could be evaluated at the stage of
microalbuminuria. Whereas in T2DM hyperglycemia
starts later in life when kidneys were already damaged
due to the long-term effects of many possible promoters
of kidney injury such as aging, hypertension, and dyslipi-
demia. Therefore, there is a heterogenous combination
of pathophysiological pathways that sustain structural
changes in the kidneys of T2DM patients. Regardless of
the involved mechanism, the final common pathway of
diabetic nephropathy is kidney fibrosis that is caused by
kidney hemodynamic and ischemic abnormalities, oxida-
tive stress and the overactivation of the renin-angiotensin
aldosterone system (RAAS) [5, 6]. Clinical practice guide-
lines recommend prescribing angiotensin converting
enzyme (ACE) inhibitors and angiotensin receptor block-
ers (ARBs) which are the two major classes of renin—
angiotensin aldosterone system inhibitors (RAASi) to
prevent and manage diabetic nephropathy at any stage [2,
3]. The blockade of RAAS is critical to control blood vol-
ume, systemic vascular resistance and electrolyte balance
[7, 8]. This results in RAASi protecting the kidneys from
developing diabetic nephropathy, as well as slowing the
progression of the disease [9, 10]. Therefore, these RAASI
are the antihypertensive class of choice recommended for
the management of patients with hypertension and DM
[2, 3].

A number of meta-analyses have been published on the
role of RAASI in renoprotection for patients with dia-
betes. The authors concluded that ACE inhibitors and
ARBs are equally effective in slowing the progression of
diabetic nephropathy [9-12]. However, these meta-anal-
yses of RAASi have focused on cardiovascular and kid-
ney outcomes, and had restricted inclusion and exclusion

criteria of eligible studies and limited the included clini-
cal trials to patient populations with one type of diabe-
tes, a specific level of albuminuria, and/or excluding
patients with advanced stages of chronic kidney disease
(CKD). These findings are therefore applicable to a nar-
row population, and may be limited in their ability to
guide clinical care and decision making for a large pro-
portion of patients with diabetes. In addition, most of the
previous meta-analyses evaluated RAAS;i effect on binary
kidney outcomes (e.g. kidney failure, progression to albu-
minuria, mortality), and seldom provided an analysis of
RAAS:i effect on continuous kidney outcomes (e.g. creati-
nine clearance level, albuminuria level). To address this
knowledge gap we have conducted a systematic review
(SR) with broader inclusion criteria to allow for conduct-
ing sub-group analysis for different variables and hence
to identify their effects on kidney and other health out-
comes. The objective of this systematic review and meta-
analysis is to compare the effects of ACE inhibitors/
ARBs with placebo and other antihypertensives in adults
with diabetes on both continuous and binary kidney
outcomes.

Methods

For this systematic review, we followed the report-
ing guidance provided in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Supp 1 Table 1) [13]. The SR pro-
tocol was registered and published with PROSPERO
(CRD42020149133). A brief summary of the methodol-
ogy is described here, and is based on PRISMA guide-
lines for reporting SRs [14].

Research question

The clinical question of this systematic review was: In an
adult who is diagnosed with T1DM or T2DM, what is the
efficacy of RAASi compared with other antihypertensive
medications, or with placebo on continuous kidney out-
comes including eGFR, SrCr, and albuminuria levels?.

Literature search

As there is a large number of randomized controlled
trials (RCTs) and SRs on this topic, a staged approach
to identify eligible RCTs was used. This approach was
used successfully by other researchers [11, 15]. First, we
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conducted a search of relevant SRs and meta-analyses
in PubMed and the Cochrane Database of Systematic
Reviews. The identified SRs and meta-analyses were used
to provide lists of relevant RCTs to identify studies that
fit the inclusion criteria.

Next, we performed a systematic search to identify
other RCTs published since the date of publication of
the SRs and meta-analyses identified above. Most of the
relevant meta-analyses were published around 2010,
[9-12] therefore, the date limit of our systematic search
was from 2010 to Jan 28, 2020. Electronic searches were
conducted with the help of a medical librarian in MED-
LINE, CINAHL, EMBASE, Cochrane library and the
clinical trials registry at clinicaltrials.gov, with no lan-
guage restriction. Search terms included generic names
and Medical Subject Headings of all RAASi (including
ACEIs and ARBs) combined with diabetic nephropathy
and other relevant keywords as identified by the librarian
(Supp 1 Table 2). Manual search of references included
in relevant reviews, clinical trials and clinical practice
guidelines was also conducted.

Inclusion criteria

Studies satisfying the following criteria were included:
Randomized parallel-group controlled trials of a dura-
tion of 12 months or more that recruited more than
50 adult participants (18 years or older) with TIDM or
T2DM with any stage of CKD and proteinuria. The RCTs
had to study the effects of RAASi on the progression of
albuminuria and the progression of CKD. Progression of
diabetic nephropathy was examined using the incidents
of albuminuria and regression of albuminuria endpoints,
and changes in urine albumin excretion levels. Progres-
sion of CKD was assessed using doubling of serum cre-
atinine (SrCr), changes in SrCr and estimated glomerular
filtration rate (eGFR).

Comparisons accepted in this SR and meta-analysis
were between either ACEI or ARBs versus placebo or
other antihypertensives including calcium channel block-
ers (CCBs), beta blockers (BBs), or diuretics or their
combinations.

Prespecified outcome measures

The primary outcomes of interest were continuous
kidney outcomes including eGFR, SrCr levels, and
albuminuria levels. Secondary outcomes were binary
kidney outcomes including kidney failure, doubling of
SrCr, and regression of albuminuria. Secondary out-
comes also included all-cause mortality, blood pres-
sure (BP) outcomes (diastolic and systolic BP, mean
arterial BP [MAP] and the need for additional antihy-
pertensives to control BP), and safety outcomes (the
incidence of any adverse drug reactions, acute kidney
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injury, hyperkalemia, disruptive cough, and reasons
for patients’ withdrawal from the RCTs). A list of defi-
nitions of each outcome measure is appended (Supp 1
Table 3).

Screening and data extraction

Studies were screened against the inclusion criteria by
two reviewers independently (NA and ML) using the
Covidence web-based application (Veritas Health Inno-
vation, Melbourne, Australia) [16]. Any disagreements
were resolved by discussion between the two reviewers
or referred to a third reviewer (JPL) when no consensus
could be reached. A data extraction form was used to
extract data from the eligible studies, including study and
participant characteristics (sample size, age, sex, albumi-
nuria stage, type and duration of diabetes, presence of
hypertension and cardiovascular disease, smoking sta-
tus, body mass index (BMI), race, and history of recent
use of antihypertensives), interventions used, mean or
median follow-up and outcome data. The data extrac-
tion tool was piloted on a small sample (10%) of studies
by the same reviewers. One reviewer (NA) was respon-
sible for extracting the data and the other reviewer (ML)
was responsible for double-checking the entered data for
accuracy. Discrepancies were resolved by consensus.

Data were extracted from studies’ tables and texts
reported in the main study manuscript or supplemen-
tary materials. In cases where important baseline and
outcome data were not reported in tables or text, we
extracted data from figures and graphs using WebPlot-
Digitizer which is a validated web-based application to
extract numerical data from plot images [17]. Addition-
ally, corresponding authors were contacted to seek miss-
ing or incomplete data from their studies.

Some studies provided the medians and interquartile
range, and we used estimated mean of the sample equa-
tion from Luo et al. (2017), and estimated standard devia-
tion (SD) of the sample equation from Wan et al. (2014)
to calculate the means and SD, respectively using Hozo
et al. method [18]. We calculated the effect size from the
reported events numbers.

Risk of bias assessment

Included studies’ risk of bias was assessed using the
Cochrane Collaboration’s risk of bias scale that addresses
six domains: sequence generation, allocation conceal-
ment, blinding of participants/outcome assessors, incom-
plete outcome, selective outcome reporting and the
source of funding [19]. Two investigators (NA and ML)
were responsible for completing the assessment using the
Covidence web-based application [16].
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Statistical analysis

We collectively assessed the effects of RAASi by the use
of either ACEIs or ARBs on kidney outcomes by assign-
ing trial arms of ACEIs or ARBs as the intervention
group. Comparator groups were trial arms that used pla-
cebo or other antihypertensives (CCBs, BBs, diuretics or
their combinations). Studies that included more than one
arm including two agents of the same medication group
were merged together for all outcomes.

Weighted kappa statistics were used to assess the
agreement between the two reviewers for study selection.
We generated descriptive statistics to provide a repre-
sentation of patients included in the selected studies. We
used the random effect approaches for meta-analysis of
outcomes, with DerSimonian-Laird estimator for vari-
ance, to calculate the pooled effect size for each outcome
because of known clinical and methodological hetero-
geneity of the studies. We reported the results as odds
ratios (OR) using forest plots and tables.

We assessed heterogeneity between studies using I>
statistics with a 50% significance threshold. We used a
funnel plot and Egger test to assess publication bias and
Abbé plot to visually identify extreme, influential or out-
lier studies. We conducted different sensitivity analyses
to evaluate the effect on the pooled estimate by removing
the low-quality studies and removing extreme studies.

In our analysis of the continuous outcomes, we consid-
ered the difference of change from baseline between the
arms of the study as the effect size for our meta-analysis
except for albuminuria level, where we used standard-
ized mean difference (SMD) as our effect size. SMD is
used as an estimate of effect size when different studies
measure the same outcome but in different units. Albu-
minuria was reported using different ways of reporting.
This made SMD difficult to interpret; therefore, we used
the following parameters for interpreting the size of the
SMD: small, SMD =0.2; medium, SMD =0.5; and large,
SMD =0.8 [20]. For eGFR we considered the raw mean
difference (end of the study to baseline) and the raw dif-
ference between the annual change of eGFR. All statisti-
cal assumptions used in this SR can be found in Supp 1
Table 4.

We conducted subgroup analyses to explore the effect
of relevant factors for the following groups: Age groups,
type and duration of diabetes, hypertension status,
stage of CKD, stage of albuminuria (normoalbuminuria,
microalbuminuria, macroalbuminuria), BMI category,
and study duration, sample size, and year of publication
on pooled effect sizes of the study, and we conducted
sensitivity analysis by excluding outlier studies. We strati-
fied the included studies based on the study duration
to account for the variation of studies’ mean follow-up
periods.
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Results

Description of studies

We included 46 RCTs published between 1991 and 2016,
for a total of 26,551 patients (Fig. 1). Forty-two studies
had two arms, of which 22 studies conducted a compari-
son between RAASi and placebo. There were 38 com-
parisons including ACE inhibitors, mostly of enalapril
(13 studies) and lisinopril (7 studies). Most ACE inhibi-
tors were compared to active treatments (23 compari-
sons). All of the studies that were published in the 1990’s
included ACE inhibitors (18 studies). On the other hand,
there were 11 studies that included ARBs, most of which
were against placebo (9 comparisons) and the earliest
study was published in 1999 [21] (Table 1).

The majority of trials recruited patients from outpatient
clinics, and included patients with T2DM (37 studies).
The trials were mostly conducted on patients with micro-
albuminuria at baseline (20 trials). Most of the studies
(29 studies) included patients with normal kidney func-
tion (eGFR>90 mL/min), while only two studies have
included patients with advanced CKD (eGFR<30 mL/
min). Four studies included patients with moderately
impaired GFR (eGFR<90 mL/min), while 3 studies did
not mention if patients were excluded based on their
baseline eGFR levels. The mean follow-up of the studies
was 36 months (range 12-72). The mean sample size of
all studies was 577 patients (range 50—-5231). The average
age of the patients was 51 years, while the median was
52.2 years (range 28.7—82.5). (Supp 1 Table 5).

We have considered ACE inhibitors and ARBs as one
class of intervention (RAASi), and therefore the compari-
sons carried out in our analysis included RAASi versus
placebo, or other antihypertensives. We therefore had to
exclude from our analysis comparator arms those stud-
ies that included a combination of RAASi and another
antihypertensive agent in the trials with more than two
intervention arms, as follows: Fogari 2002, [22] Rug-
genenti 2004, [23] and Ruggenenti 2011 [24]. We also
excluded studies that allowed an open-label RAAS;, as in
the ADVANCE trial [25]. In cases of trials that compared
two different doses of an intervention, the arm with the
lower and/or subtherapeutic dose was excluded from our
analysis, as in the following studies: O’Hare 2000 (Rami-
pril 1.25 mg arm), [26] Bojestig 2001 (Lisinopril 1.25 mg),
[27] Parving 2001 (Irbesartan 150 mg), [28] Makino 2008
(Telmisartan 40 mg) [29]. We combined two arms of ACE
inhibitors for our analysis in one study (Katayama 2002),
[30] which compared between imidapril, captopril and
placebo. One study was excluded from the analysis as it
was a supplemental report to a separate full-text publica-
tion [31, 32]. An overview of the meta-analysis results are
available in supplementary 2 (Supp 2 Tables 1&2). The
risk of bias of the included studies showed that most of



Page 5 of 14

(2022) 23:161

Alsalemi et al. BMC Nephrology

0gade|d
| abeig 72dA1L BLINUIUING|EOWION |BIUSWIUISA0D)  DJUl|D JualiedinQ ogade|d ‘|1ideeus 'SI01GIYUI SYVY |2eIS| 8661 piAeY
0gade|d
IR 0Qoe|d ‘NLH-1uY J24y10
| obe1g |2dAL BLINUILING[ROIDIN [eD1INSDRWIRY pue [eydsoH  ‘auidipajiN udoulsiy 'SI0NGIYUI SV Y Ajey| 8661 Ipjedan
NLH-BUY 12410
| obe1g zadA| BLINUIWINGROIDIN pauONULW JON  pauonuswi loN  auidipojwy ‘judejeus 'SIONGIYUI SYVY Kjey| /661 11ebo4
(eunuIw
-NQ|eoIdeW puUe eLNU
-|uNg|eoloiw ‘elnu ogade|d
1es|d 10N |9dAL -lwngjeowlou) paxipy [EDIINSDBWLIRY4  DIUl JuiredinQ 0Qga2e|d ‘udoulsn 'SI0UQIYUI SYVY 2doing 1661 IpaAINIRYD
ogade|d
| obeig 72dAL elINUILING[ROIDIN [PIUSWIUISAOD)  Dlul|d JudiedinQ 0gade|d ‘|lidejeu] 'SI0UQIYUI SYVY elpu| 1661 pewyy
NLH-RUY 12410
| obeig Z2dAL RLINUIWNG|ROIDIN PaUOIIUSW JON  dluld JuaredinQ |0jouaY ‘|lUdiwey 'SI0)gIYul Sy elsny 966 | ¥2eUYdS
445 [Ojous1y ‘Wiszen|ig Jo NLH-RUY 12410
[ewllouge A|ejauan 7adA| eLINUILING|BOIDBIN [PIUSWIUISACD) Djulp Judneding  jiwedesap ‘udours 'SI0NQIYUI SYVY VSN 9661 Sieg
NLH-BUY 13410
¢ abeisordn 7adA| eLINUILUNG|RODIN pauonuUaW 1ON  pauonuaw oN  auidipajiN ‘judoulsi 'SI0NQIYUI SYYY  [eUOBUIRIU| 9661 Ypieby
0gade|d
| 9beig |adAL eLINUILUNG|RODI |eD1INddBWIRYY |eydsoH 0gade|d ‘|idoided 'SI0NQIYUI SYYY  [BUOBUIRIU| 661 113GIA
(eunuIW
-NQ|eOIOBW pUE PLNU
-lwngeolojw ‘elnu |eIUSWIUISACD pue 0gade|d
¢ abeis 79dA]  -lwngjeowuou) paxily  [eolinadewdieyd ylog  pauoiuSW JON 0gade|d ‘|1idejeus 'SI0NQIYUI SYVY VSN 66| ZA0gT]
0gade|d
| abeis 7adAL eLINUILUNG[ROIDI [BIUSWIUISA0D)  DJulD JudiedinQ 0gade|d ‘|1dejeus 'SI01QIYUI SYVY |9BIS|  GAHL PUB €661 PIARY
44D |eausWUIRA0D pue ogadeld
|euliouqe A|esauan |9dAL pauonuawW 10N  [eannasewleyd yiog |endsoH 0gade|d ‘|udorded 'SI01QIYUI SYVY VSN €661 SIMIT
(eUNUIW
-Ngeodiw pue eunu 7OH o NLH-1UY J18Y10
| abeis 73dA1  -lwngjeowiou) paxiy pauOoiUSW 10N SIBYIO  |ojoidors|y ‘udoided 'SI01QIYUI SYVY epeue) €661 2131241n02E7
(eunuiw
-NQ[eOIOBW PUE LNU
-lwingeoldiu ‘epnu NLH-UY 13Y10
 abeis 01dn 73dA1  -lwngjeowou) paxiy |eolINadeweyd oipuaneding  auidipajiN ‘juudejeus 'SI01gIYUI SYVY eulyD 7661 ueydD
1661 dnoio
suld NLH-IUY 12410 Apnis AyredoiydsN
| abe1g (1 9dA1 98¢€) paxI eLINUIWING[eOIDIN |eD1INSdRWIRY4  DIUIP JusiedinQ -IP3JIN ‘Juidopuniagd 'SIONQIYUI SYVY ellelisSNy  D1IdgeIQ SUINOgIBN
adA] uosiedwod
@D jo abeirs SN[ s913qelq eunulwng|y Buipung funlds  ssweu spuswieal] jJuswileal] Anuno> Apms

sisA[euy-BIa 24 Ul papNn|du| S3IPNIS JO SDIsp1dRIRY) L dqel



Page 6 of 14

(2022) 23:161

Alsalemi et al. BMC Nephrology

auid

NLH-DUY J3L10

| abeis 79dAL BLINUILING[ROIDIN pPaUONUSW 10N  PauUOoiUaW 10N -Ipojuwly ‘|udouiso 'SI01GIYUI SYVY Aey| 2007 11ebo-
(eunuIw
-ng|eoJoew pue eynu ogade|d ogade|d
| 9be1S (1 9dA] %S /6) PIXIN  -IUING|ROIDIW) PIXIN [BIUSWIUISAOD)  P3UOIIUSW 0N ‘udoyded ‘judepiw) 'SI0MQIYUI SYYY ueder 7007 eweAeiey)
(eUNUIW
-NG[eO.IDIW PUP eLNU NLH-RUY JSUI0
¢ abeys o1 dn 72dA]  -lwingjeowou) paxipy pauonusw JoN Dlulpusneding  auldipajiN ‘deeus 'SI01QIYUI SYVY ueder 1007 eqeg
0gade|d
| abeig | 9dAL eLINUILING|EOWION [EDIINSDBWIIRY4  PaUORUSW JON  0gade|d ‘|idopuniad 'SI0NQIYUI SYVY sewuag 100 AulaAy
ogade|d
| 9beig 7adA| BLINUILING[ROIDIN [ED1INIDBWIIRY4  PaUORUSW JON 0Qade|d ‘UeHesaqi| 'SI0NQIYUI SYYY  [BUORRUIDIU| 1007 Bulnled
449 0go2e|d
[euLIOUQe A|eJauan 7adA| eLINUILING|EOIDBIN [ED1INAdBWIRY4 DUl JudiedIinQ 0Qa2e|d ‘UenesoT 'SIONQIYUI SYYY  [BUORUISIU| 1007 J2uuaig
ogadeld
pauonuaW JoN |odAL eLINUILINGBOIDIN [eDlIN@dRWIRY4  DIUlP JusiedinO ogade|d ‘judoulsi 'SI0MQIYUI SYYY uspams 100Z brsafog
(elnuUIW ogadeld
-NgjeoJdew pue eunu [IUSWIUISAOCD pue 0gade|d INLH-UY 19410
| 9beig [9dAl  -lwngjeomniw) paxiy  [eannadewseyd yiog [eudsoH  ‘@uidipayiN ‘|udejeus 'SIONQIYUI SYYY  Ajel| pue N 100z Sauleg
0gade|d
ogade|d ‘auid INLH-UY 12410
G abeisordn 7adA| eLINUILUNG|R0IDBN [eo1INadRWIRY4  DIUlD JusiedinO -Ipojwy ‘ueLIesaq| 'SIONQIYUI SYYY  [euoneuIlu| 1007 SIMaT
NLH-RUY 12Yy10
¢ 9beisordn zodA| BLINUILING|BOIDRIA| [EDINAdBWLIRY4 DUl luaneding  auldip|osiN ‘jdoulsi 'SI0NQIYUI SYVY yewusdg 0007 Moule|
NLH-1UY J2Yy10
¢ 9beisordn 7odA| eLINUILING|ROIDRIN PSUOIUSW JON  pauonusw 10N auldip|osiN ‘|dejeus 'SI0NQIYUI SYVY VSN 000¢ J2uyds
ogadeld puejai|
| 9beig |odAL eLINUILUNG|RODI |EDINADRWIIRY4  DIUl JuaiiedinQ 0gade|d ‘|udiwey 'SI0NQIYUI SYVY pue )N 0007 2/eH,0
(eUnuUIW
-NQ[eODIW pUR BlNU |eausWUIRA0D pue pI[V][s) ogadeld
| 9be1S (| 9dAL %€E7) PaXIN  -lwingeoudiou) paxiyy  [edinadeulleyd yiog pue [endsoH 0gade|d ‘|udiwey 'SI0NQIYUI SYYY  [BUOBUIRIU| 0002 3dOH
ogadeld ogadeld
| abeig 79dA) eLINUILUNG[ROIDIN |eDINadewlieYd DUl luaneding  fudoided iuenesiep 'SI0NQIyuUI SYVY epeue) 6661 PeAYIINK
449 NLH-RUY J8ylO
JeWIOUGE AjjeIauan 7adA) eLINUIWING [eOIDBIN psuonUSW ION  pauonuaw oy  auidipuaiiy judiuey 'SIONQIYUI SYVY ARyl 6661 11BHO4
(eUNUIW
-NQ|eOIDORW PUE BLNU
-|WNg|eoloiw ‘elnu [RIUSWIUISACD pue NLH-BUY J9430
| 9be1g 79dA]  -lwngjeowuou) paxiy  [ednasewdieyd yiog iUl usneding |ojoualy :udoided 'SI0NQIYUI SYVY SN 8661 SAdMN
adAL uospedwod
@D jo abers SN[ s919qelq eLnuIwNg|y Buipung fuileg  saweu sjuswiedi] jJuswieal| Anuno> Apnis

(panunuod) L ajqey



Page 7 of 14

(2022) 23:161

Alsalemi et al. BMC Nephrology

Aujioey

SPHO|IWY/BUopl|

NLH-hUY 13410

pauonuUaW 10N 7adAL pauonuUaW 10N |EIUSWIUISA0D)  2Jed A1epuodas -eyuo|YyD ‘ueneso 'SI0NGIYUI SYVY |1zeig 9107 syan4
(eunuIW
-NQ|eoJdIW pue eunu [RIUBWIUISACD pue ogade|d
| 9be1g 72dA]  -lwngjeowlou) paxiy - [edlinadewdieyd ylog  pauonusw 0N 0Qa2e|d ‘Ueneso] 'SI0NGIYUI SYVY VSN €102 |I9M
(eUNUIW
-NQ|e0IDIW pUB eLNU [PIUSWIUIDACD pue 0gade|d BIUDAO|S
| abeig 72dA]  -lwngjeowou) paxily  [edinadeweyd yiog  dlulp uaiedinQ ogade|d ‘|de;Rg 'SI0NQIYUI SYVY pue Ajey| | LOZ Huauabbny
Auijioey 0gade|d
¢ abeys o1 dn 7adA| eLINUILING[EOWLION| [EDIINdDBWIRY 918D AIPpUODaS  0Qgade|d ‘UBLIRSIW|O 'SI0NQIYUI SYYY  [BUORRUIDIU| 1 1LOZ 49]1eH
[eausWUISA0D pue ogadeld ogadeld epeued
| 9berg |9dAL euNuILUNgeOWION  |edinadewleyd yiog Dluld uanedinQ ‘uelleso ‘jldejeus 'SIONQIYUI SYVY pue ysn 6007 Janey
Avjioey 0G32e|d
| 9be1S (| 9dA] 9%9°€9) PaxI eLINUILNG|EOWION [eDlINSORWIRY4  9JeD AIBpUODSS  0gade|d ‘UPLiESIpURD) 'SIONQIYUI SYYY  [euoleuISIU| 6007 Snojig
JulP OQg=2e(d
| 9beig 72dA| eLINUILING RO [eD1INSORWIRYY pue [eudsoH  0gade|d ‘UrMIESIUIDL 'SI0MQIYUI SYYY ueder 8007 OUDEIA
auldipayIN ‘ueles NLH-RUY Jay10
| 9beig 7adA| eLINUILING[ROIDIN pauonuUaW 1oN DUl 1usiedinQ -apue) ‘judedows| 'SI0UQIYUI SYYY ueder /00 emebO
NLH-RUY 12Yy10
| abeig zodA| eLINUILUNG|RODIN [EIUSWIUIDACD  DlulD Judneding  auidipiuely ‘udoursi 'SI0NQIYUI SYVY Aley| 500 11ebo4
auid NLH-BUY 18410
| obeig 7odA| eLINUILUNG|RODI PaUOIIUSW 10N SElIe) -pruedsa judiwey 'SI0NQIYUI SYVY Aley| 007 BJIS9AR|EQ
ogadeld
|eluSWUIRA0b pue 0Qga2e|d ‘|lwed NLH-BUY 13Y10
| abeis 7adAL elNUIWNQ[eOWION  [edlInadeuwlleyd yiog — pPauonuUSW 10N -eI9A ‘|dejopuel| 'SI01QIYUI SYVY Aley| 007 BUsuUabbNy
ogadeld
|eausWUIRA0D pue 0gade|d :auid INLH-UY J2Y10
z9beisordn 7odAL elNUIWNGROIDIN  [edlnadeweyd yiog |exdsoH -IP3YIN ‘|udopuniad 'S1I0)QIYUIl SYVY eljensny 007 Swniar
NLH-BUY 94O
| 9beig 7dAL eLNUILNG[ROIDIN |eaInadeweyd |exdsoH apiwedepul ‘|udejeus 'SIONQIYUI SYYY  [eUOllRUIRIU| 007 211N
ogade|d
L abeis (1 2dAL %8'G8) PaxIW elnuIUNgeoIN pauonuaw JoN  dlul> Jusneding 0gade|d ‘|lidejeu ‘SI0UQIYUI SYVY elpu €00¢ pewyy
(eunuIW
-NQ|eOIOBW pUE eLNU
-lwingeoldiu ‘enu [PIUSWIUISAOD pue NLH-UY J3Y10
¢ abeys o1 dn 79dA1  -lwngjeowuou) paxiy  [edInadewleyd Yiog  pauonuaw loN  auldiplosi ‘dejeus 'SI01QIYUI SYVY VSN 2002 Ja1yds
adAL uosuedwod
a1 jo abexs SM|IBN s213qelq elnulwng|y Buipuny funlds  ssweu syuswieal| juawileal] A1uno> Apms

(penunuod) L ajqeL



Alsalemi et al. BMC Nephrology ~ (2022) 23:161 Page 8 of 14

OVID-Medline: 695
CINAHL:178
EMBASE:1884
Total: 2757 titles

‘ Manual search: 427 titles ‘

Identification

3184 Titles

|

l—a‘ 687 Duplicates removed I

2497 Studies screened against title and
abstract

Screening

_9‘ 2392 Studies excluded |

|

58 Studies excluded

- 16 Wrong outcomes
11 Duplicates
11 Wrong comparators
7 Wrong study design
5 Small sample size
5 Wrong intervention
2 Wrong patient population
1 Short duration

105 Studies assessed for full-text
eligibility

>

Eligibility

46 Full texts included for qualitative
synthesis

Included

Fig. 1 PRISMA Chart of the meta-analysis

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Source of funding

- Low risk of bias

Fig.2 Summary of the Risk of Bias of the Included Studies

Unclear risk of bias - High risk of bias

the studies displayed low risk of bias in all the domains,
except for the source of funding. (Fig. 2 and Supp 1
Table 8).

Findings of the meta-analysis
Primary outcomes

Glomerular Filtration Rate — RAASi versus pla-
cebo Twelve studies [21, 24, 26-28, 33—-39] (n=6,047)
reported the effect of RAASi compared to placebo on
eGFR levels. RAASi led to a small reduction in eGFR

levels (RMD=-0.82 mL/min; 95%CI: -5.54, 3.91;
I>=86%; Fig. 3A), but with significant heterogeneity. The
sensitivity analysis was performed by excluding one study
[24] (RMD =0.55 mL/min; 95%CL -3.81, 4.9; I*=83%;
Supp 2. Table 24C). The subgroup analysis shows that the
direction of the effect size did not change among the dif-
ferent subgroups, except for normotensive patients, study
size <100 participants, and publication before year 2000.
(Supp 2 Table 1) The effect size of RAASi on eGFR was
analyzed as annual rate of change (RMD =-0.24 mL/min/
year; 95%CI:-1.45, 0.98; 1> = 83%; Fig. 3C).
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ACEVARB Placebo Mean Difference Mean Difference
Study Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anmad 1997 500 1326 52 500 1650 51 10.0% 000579 579 o
Crepaldi 1998 400 1933 32 500 1643 34 B84% 1.00[-768 968) ——
Ravid 1998 900 823 971440 1056 97 114% 540[ 273 807 i -
Muihead 1999 399 4186 60 1075 4093 31  44% 676[-1113,2464) —_—
OHare 2000 706737 44 350 5129 46 28% -1120(-36.02 1362) ———————
Baines2001 15312091 18 811 1676 18 65% 720[-1958: 518] ———
Bojestig 2001 400 1977 18 600 2287 18 58% 10.00(-396: 23.96] ———
Paving2001 990 1248 194 480 1270 201 114% -510(-758.262) =
Jorumes 2004 500 2428 23 2000 1371 27 7.1% 1500[ 381,2619) —
Mauer 2009 8022165 190 600 2404 95 101% -202(-775 371
Haller 2011 490 1948 2232 100 1952 2215 11.7% -390[-5.05;-275] |
Ruggenenti 2011 2490 2235 127 -1110 1873 127 104% -1380[-18.87; 873) -
Total (95%CH) 3087 2960 100.0% 0.82(-5.54; 3.91)

Heterogenety Teu” = 49.2306 Ch' = 77,89, f = 11 (P < 0.01). F = 86%

A

ACEI/ARB Placebo Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahmad 1997 100 26512 52 -1.00 33007 51 118% 0.00(-1.16; 1.16)
Crepaldi 1998 133 64446 32 167 54772 34 T76% 033[-256 323) ]
Ravid 1998 -150 13719 97 240 17607 97 13.0% 0.90[ 0.46; 1.34] ]
Muirhead 1999 -3.99 418579 60 -10.75 409342 31 04% 676[-11.13; 2464 —
OHare 2000 -385 336825 44 175256459 46 09% -560[-18.01; 6.81]
Baines 2001 410 32500 18 410 32500 18 94% 000(-212 212) =
Bojestig 2001 200 98845 18 -300 114343 18 25% 500(-1.98; 11.98] =1
Paning2001 495101876 134 240 TT777 201 103% -255[434;075] -
Jerumes 2004 185 40834 23 323 78533 27 65% 138(-202 47§ -3
Mauer 2009 <160 43300 190 120 48072 95 11.9% -040[-155 0.74]
Haller 2011 163 64949 2232 -033 65056 2215 13.1% -1.30[-168;-0.92 -}
Ruggenenti 2011 432 31100 127 -360 33800 127 126% -0.72[-152, 0.08]

30 20 0 0 10 20 30
Favour Placebo  Favour ACEVARB

Total (95%Cl) 3087 2960 100.0% -0.24 [-1.45; 0.98]
Heterogenety: Tou' = 2.8900; ChY = 65,85, df = 11 (P<0.01), F = &3%

10 5 0 5 10
Favour Placebo  Favour ACEVARB
ACEVARB Placebo
Study Total Mean SO Total Mean SO Mean Difference [ 95%.C1 Weight
Ravid 1993 and 1995 49 100 84989 45 1400 103102 E o 41300 [1684,-9.16] 71.0%
Lebovitz 1994 63 6256 719088 58 7518 976716 1162 (4241, 1916] 12%
Crepald 1998 32 -900 160810 34 7.00 185526 — 1600 [2436 -764) 160%
Lewls 2001 and Evans 2012 579 3978 849000 569 5220 843000 o 1242 2221, 263) 118%
Total (95%C1) 723 706 - 1340 [16.78;-10.01) 100.0%
g ]

MHeterc oty. ' = 0.3586,p = 093
S 4 4 2 20 0 0 1 20

Favour ACEUARB  Favour Placebo

E

ACEIARB Placebo Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Rawd 1993 and 1995 300 12326 49 18700 15331 45 67% -136(-181.-091) -
Crepaldi 1998 3600 1774 32 464 2127 34 62% -344[422:-267)
Rawd 1998 420 826 97 1570 1000 97 69% -125[-156-094)
OMHare 2000 A728 13810 44 1584 21460 46 68% 018(-060. 023]
Bojestig 2001 1728 37923 18 1008 5015 18 64% 0.10[-055 075
Paning 2001 2923 1971 194 -158 2280 201 69% -129[-151-1.08]
Katayama 2002 21607 145323 52 35283 81380 27 67% 044091 003
Bilous 2009 000 193 2613 072 193 2618 70% -037(043032)
Mauer 2009 588 3113 190 158 467 95 69% 029004 054
Viberti 1994 1365 1076 46 2705 2480 46 66% -211[-263-160]
Ahmad 1997 45535 3620 52 5117 6188 51 67% -209[-257.-161]
Muithead 1999 4806 3221 60 1794 4944 31 67% 092[138,-047)
Baines 2001 9737 43004 18 4798 32652 18 64% 0I7[-1.03 029)
‘Ahmad 2003 6040 4470 37 13546 10566 36 65% -240(-301.-179]
Jerumes 2004 <1043 2430 23 3127 3924 27 65% 062[005 119]
Total (95%C1) 3525 3390 100.0% 1.0 [1.57; 0.44)

Heterogenety: Tau' = 11823 Ch’ = 343 18, df = 14 (P< 0.01). 7 = 96%

Favour ACEVARB  Favour Placebo

G

Fig. 3 Forest plots for primary outcomes. A Forest plot for raw mean difference of GFR in trials comparing RAAS inhibitors versus placebo. B Forest
plot for raw mean difference of GFR in trials comparing RAAS inhibitors versus other anti-hypertensives. C Forest plot for annual rate of change

of estimated glomerular filtration rate in trials comparing RAAS inhibitors versus placebo. D Forest plot for annual rate of change of estimated
glomerular filtration rate in trials comparing RAAS inhibitors versus other anti-hypertensives. E Forest plot for mean difference of serum creatinine
in trials comparing RAAS inhibitors versus placebo. F Forest plot for mean difference of serum creatinine in trials comparing RAAS inhibitors versus
other anti-hypertensives. G Forest plot for standardized mean difference of albuminuria levels in trials comparing RAAS inhibitors versus placebo. H
Forest plot for standardized mean difference of albuminuria levels in trials comparing RAAS inhibitors versus other anti-hypertensives

ACEVARS Other Moan Difference Moan Difference
Study Moan  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Melbourne DNSG 1991 -15.00 1666 23 -14.00 1447 27  6.3% -1.00(-9.70. 7.70) o
Chan 1992 982 368 50 1050 393 62 B81% 068[-080 215 -
Lacourciere 1993 450 1826 68 100 1967 80 65% -350(-962 262 i
Agardh 1996 314 6632 168 646 67.39 167 39% -332(1639; 8.75] -t
Bakris 1996 490 217 181200 434 34 81% 7.10( 633 8.87) =
Schack 1996 200 3006 46 -19.00 2781 45  4.0% 21.00( 9.11,3289) —-—
Fogari 1997 110 1063 26 940 1289 26 63% -10.50(-17.02. -3.96] —_—
Cropaldi 1998 400 1933 32 400 1691 26 61% 000(-907; 9.07) ——
Fogari 1999 390 826 64 240 717 63 78% -150(443 143 -
Schrier 2000 840 3003 235 -720 6163 235 57% -120(-884, 644 -
Tamow 2000 2580 600 26 -1920 660 27 76% -6.60(-1002 -3.18] .

15312091 18 600 1861 18 37% -9.31[2224. 362) - b

220 642 102 010 633 103 81% -210(-385 -035] =

400 1130 286 -360 1035 283 8.1% -040(-218; 1.38]

500 2428 23 2001399 27 42% -7.00(-1824; 4.24] ——
Fogan 2005 140 991 61 020 972 60 76% -120(-470 230] &
Total (95%C1) 1234 1262 100.0% 1.21[ 4.52; 2.09 -

Heterogenety Tau' « 344603, Cn' = 110.50, df = 15 (P« 0.01), ' = 86%
30 20 10 0 10 20 30
Favour Other  Favour ACEVARS

ACEVARB Other Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Melbourne DNSG 1991 -15.00 16.5640 23 1400 144690 27 38% -1.00(-9.70. 7.70]
Chan 1992 982 36800 50 -1050 39300 52 73% 068(-080 215)
Lacourciere 1993 150 60865 68 -033 65566 80 71% -1.17(-321 087]
Agardh 1996 314 663199 168 646 57.3879 167 27% -3.32[1539. 8.75]
Bakris 1996 098 04337 18 -240 08686 34 74% 142[ 107. 177)
Schnack 1996 200 300641 46 -19.00 27.8065 45 2.7% 21.00[ 9.11.32.89]
Fogari 1997 4110 105301 25 940 128886 25  4.9% -10.50 [17.02. -3.98)
Crepaldi 1998 4133 64446 32 133 53020 26 67% 000(-3.02 302
Fogari 1999 192 41292 54 120 35847 63 73% -0.72[-218 0.74)
Schrier 2000 168 68376 235 -144 124285 235 72% -024(-205 157]
Tamow 2000 645 15000 25 480 16500 27 74% -165(-251.-079]
Baines 2001 410 32500 18 410 32500 18 71% 000[-212 212
Fogari 2002 044 31400 102 -002 25800 103 74% -042[-121. 037)
Marre 2004 400 113000 286 -360 10.3500 283 72% -0.40(-218 138
Jerums 2004 186 40834 23 100 58662 27 68% -085(-362 193]
Fogari 2005 070 49571 61 -010 48619 60 72% -060[-235 115]
Total (95%C1) 1234 1262 100.0% 0.35[-2.80; 2.10)

Heterogenety: Tau’ = 20,9784, Ch = 8776, df = 15 (P < 0.01); F = 83%
<10 5 0 5 10

Favour Other  Favour ACEVARS

D

ACEVARB Other Mean Difference Mean Difference
Study Mean SO Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% C1I
Chan 1982 1718 278983 50 685338269 52 110% 1033(-168;2235) —-—
Lacowrciere 1993 852 169106 34 703207509 40 139% 149(-7.09; 1008 —-—
Agardh 199 250 207471 168 310 188852 167 17.7% -060(-4.85 365] —
Crepaidi 1998 900 160810 32 300 115326 26 153% -1200(-19.12 483 —=—
Fogari 1999 1760 442000 64 880 441760 53 78% 8.80[-7.95 2555 ——
Tamow 2000 900 630007 25 400 567980 27 34% 5.00(-24.84;3484) e
Lowis 2001 3978 849000 579 5040 841000 567 129% -1062[2040, 084 ——
Baba 2001 098 194397 208 532 208718 228 180% 630 252 1008] =
Total (95%C1) 150 1160 100.0% 003 6.04; 6.10] -

Meterogenety Tau' « 49,4506, Ch = 29.54, af = 7 (P < 0.01); = T6%
40 20 0 20 40

Favour ACEVARB  Favour Other

F

ACEVARB Other Std. Mean Difference Std. Mean Difference
Study Mean  SD Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% CI
Agardh 199 3816 8217 168 720 22837 167 59% -0.18[-0.39. 003] [}
Bakris 1996 160300 144885 18 -125765 146206 34 53% -0.23[081 034]
Fogari 1997 2060 3769 25 1610 3109 25 53% -0.13[-0.68 043]

Crepaldi 1998 3600 1774 32 1728 2399 26 54% -089[143-035) —_

Fogan 1999 25600 4065 54 15010 3875 53 54% -265[317.212) -

Baba 2001 3334 11259 48 1936 6802 170 59% 015[0.07 037]

Fogan 2002 5270 6171 102 -3320 5925 103 58% -0.32(-060,-0.05)

DallaVestra 2004 2837 4693 89 2520 4950 91 58% -007[0.36 023

Fogan 2005 3720 3393 61 290 3612 60 57% 021[0.56 0.15)

Melboume DNSG 1991 1388 755 23 1124 1139 27 53% -026[082 029

Chan 1992 207 28 206182 50 4801 281186 52 56% -006[-045 032)

Lacourciere 1993 2867 3518 68 3464 4003 80 57% -060[-093-027) "

Schrier 2000 000 2130 235 600 2750 235 59% -0.24[043.-0.06]

Tamow 2000 92460 33428 25 6458 18540 27 4T% 317[400.-23Y ——

Baines 2001 9737 43004 18 14332 67847 18 51% -041[1.08 025

Schrier 2002 8021 20679 246 8233 25755 234 59% -070[088.-051) =

Marre 2004 4035 3501 286 -3349 3589 283 5%% -0.19[036.-003)

Jerums 2004 1043 2430 23 497 5856 27 53% -033[089. 023)

Total (95%C1) 1671 1712 100.0% 0.5 [0.95; 0.16]

Heterogenety. Tau' = 06750, O = 171.23.af= 17 P <0.1) £ = 50% Y
Favour ACEVARS  Favour Other

Glomerular Filtration Rate — RAASi versus other
anti-hypertensives Sixteen studies [22, 34, 35, 39-51]
(n=2,496) reported the effect of RAASi compared to
active treatments on eGFR levels. RAASi led to a small
reduction in eGFR levels (RMD =-1.21 mL/min; 95%CI:
-4.52, 2.09; Fig. 3B). Excluding two outliers in the sen-
sitivity analysis [40, 49] provided statistically significant

results (RMD =-2.46 mL/min; 95%CI:-4.36, -0.56). All
subgroups did not deviate from the pooled results except
for the following subgroups: patients with T1DM, nor-
motensive patients, mean age of patients>60 years,
and mean BMI>30 kg/m* (Supp 2 Table 2). RAASi
did not cause a statistically significant reduction of
the annual rate of change of eGFR compared to other



Alsalemi et al. BMC Nephrology ~ (2022) 23:161

antihypertensive agents (Annual rate of change of
eGFR=-0.35 mL/min/year; 95%ClI: -2.8, 2.10; Fig. 3D).

Serum Creatinine Levels — RAASi versus placebo Four
studies [31, 34, 52, 53] (n=1,429) reported that RAASi
resulted in a statistically significant reduction of SrCr
compared to placebo (RMD=-13.4 pmol/L;95%CI:
-16.78, -10.01; I*=0%; Fig. 3E) with no significant hetero-
geneity. These results were maintained through the sub-
group analysis. (Supp 2 Table 3).

Serum Creatinine Levels — RAASi versus other anti-hyper-
tensives Eight studies [34, 41, 42, 47, 48, 50, 52, 54]
(n=2,310) reported the effect of RAASi compared to
placebo on SrCr (RMD =0.03 pmol/L; 95%CL: -6.4, 6.10;
I>="76%; Fig. 3F). Subgroup analysis showed higher mean
difference levels of SrCr in favor of the active treatments
in studies that lasted <2 years, while the opposite was
observed in longer studies of more than 2 years dura-
tion (4.38; 95%CI: -0.66, 9.42 versus -6.36; 95%CI: -14.46,
1.75), respectively. (Supp 2 Table 4).

Albuminuria Levels — RAASi versus placebo  Fifteen stud-
ies [21, 26-28, 30, 31, 34-39, 55-57] (n=6,915) reported
the effect of RAASi compared to placebo on albuminuria
levels. The meta-analysis showed a large difference in the
effect of RAAS; in reducing albuminuria levels (SMD =-1;
95%ClI: -1.57, -0.44; Fig. 3G). The sensitivity analysis was
performed by excluding seven outlier studies[34—37, 55—
57] (SMD=-0.75; 95%CL: -1.14, -0.37; *=85%), indicat-
ing a medium effect size. These results were maintained
through the subgroup analysis. (Supp 2 Table 5).

Albuminuria Levels — RAASI versus other anti-hyperten-
sives Eighteen studies [22, 34, 35, 39-48, 50, 51, 54, 58,
59] (n=3,383) reported the effect of RAASi compared
to active treatments on albuminuria levels. (Fig. 3H)
We found a moderate difference in the effect of RAASI
in reducing albuminuria levels (SMD=-0.55; 95%CI:
-0.95, -0.16). The sensitivity analysis was performed by
excluding three outlier studies [41, 50, 54] (SMD =-0.31;
95%CI: -0.44, -0.18). Subgroups of T1IDM and macroal-
buminuria had even lower SMD in the same direction of
the pooled SMD. On the other hand, subgroups of micro-
albuminuria, no CKD, mean age> 60 years, and sample
size > 100 participants, had lower SMDs compared to the
other subgroups (Supp 2 Table 6).

Secondary outcomes

RAAS;i reduced the risk of kidney failure and doubling
of SrCr when compared to placebo (OR =0.74; 95%CI:
0.56, 0.97 & OR=0.71; 95%CI: 0.55, 0.91; respectively).
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The subgroup analysis presents a homogenous effect of
different subgroups, all in favor of RAASi. Additionally,
RAASI increased the probability of achieving regres-
sion of albuminuria compared to placebo (OR=3.00;
95%CI: 0.96, 9.37). All subgroups agreed on the favora-
ble effect of RAASi in inducing the regression of
albuminuria, and certain subgroups presented statisti-
cally significant outcomes, including the subgroups of
patients with hypertension, no CKD and BMI< 30 kg/
m?. Further details on the secondary kidney outcomes,
all-cause mortality, blood pressure, and adverse effects
are provided in supplementary 2.

Discussion

In this meta-analysis, evidence was drawn from 26,551
patients with diabetes from 46 studies on the effect of
RAASi on continuous and binary kidney outcomes.
This meta-analysis provided interesting findings on
the effects of RAASi on some important continuous
outcomes in comparison with placebo or other anti-
hypertensives. RAASi were better than placebo in
reducing SrCr and albuminuria. Estimated GFR was
slightly increased by RAASi compared to placebo after
performing a sensitivity analysis. When compared to
active treatments, RAASi resulted in a modest increase
of SrCr, led to eGFR decline, and resulted in modest
reduction of albuminuria levels. Our analysis shows
that the RAASI class was superior to placebo in reduc-
ing the risks of kidney failure and doubling of SrCr lev-
els, but not in promoting the regression of albuminuria.
RAASI, however, were not superior to other antihy-
pertensive agents in reducing the risks of these kidney
outcomes or all-cause mortality. Despite some key dif-
ferences in the selection criteria (Supp 1 Table 6), the
findings of our meta-analysis are consistent with previ-
ously published meta-analyses.

What distinguishes our meta-analyses from earlier
reviews is the inclusion criteria of clinical trials, as well
as our analysis of continuous kidney outcomes.(Supp 1
Table 6) We excluded RCTs with sample size of less than
50 participants to exclude small-size effects on the analy-
sis. We performed subgroup analysis based on sample
size to further isolate small-size effect of the studies of
less than 100 participants. A duration of 12 months or
more was a key inclusion criterion to help study the long-
term effects of RAASI. Unlike some earlier meta-analy-
ses, we did not limit our analysis to one type of diabetes
or to a specific degree of kidney function or albuminu-
ria, which allowed us to perform a variety of subgroup
analyses.

This meta-analysis provided noteworthy findings about
the effect of RAASi in each subgroup of patients. We
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have studied RAASI effects on each kidney outcome in
different subgroups of study participants. The analysis
showed that specific subgroups of patients had better
outcomes with RAASi. Patients with T2DM, macroalbu-
minuria and an average duration of diabetes more than
or equal 10 years had less risk to develop kidney failure in
placebo-controlled trials, while longer duration of diabe-
tes, normal kidney function, and hypertension increased
the probability to achieve regression of albuminuria in
active-controlled trials. Type 1 diabetes and hypertensive
patients had higher rates of regression of albuminuria in
placebo-controlled trials. As these findings suggest, the
type and the duration of diabetes as well as other char-
acteristics can influence the response to interventions
on some kidney outcomes, which highlights the impor-
tance to consider each patient’s medical history when
deciding on starting a treatment for them. These findings
point to the need to direct more research initiatives on
exploring patients’ characteristics that can predict who
would benefit most from each intervention, including the
broadening of inclusion criteria in studies, and conduct-
ing studies powered to look at divergent subgroups. The
interpretation of subgroup analyses should be performed
with caution, due to some inherited limitations, majorly
because they are observational in nature although being
derived from randomized trials [60].

The latest version of the Kidney Disease Improving
Global Outcomes (KDIGO) clinical practice guidelines
for diabetes management in CKD patients [61] were pub-
lished in late 2020, and it recommends using RAASi as
first-line antihypertensives for patients with diabetes,
hypertension and albuminuria. These recommendations
were based on four placebo-controlled landmark trials
of ARBs on patients with different levels of albuminuria
[28, 29, 52, 62]. This recommendation is concordant with
those of other guidelines, [28, 29, 62] yet it raises some
doubts about the robustness of the evidence behind it.
The KDIGO guideline supports its recommendation
with evidence from trials of ARBs only. Nevertheless,
our analysis on continuous outcomes provides moderate
evidence on RAASi’s ability to reduce albuminuria levels
more than active-treatments. Cativo et al. [63] reached
a similar conclusion, and highlighted that although the
effect is statistically significant, the clinical effect is small.
In summary, the evidence behind promoting RAASi as
the leading class in protecting the diabetic kidneys may
not be as robust as commonly believed. The findings of
this study suggest that the most important factor for pre-
venting and managing diabetic nephropathy is lowering
BP levels, which could be of higher significance than the
class of the antihypertensive used to lower BP.

Protecting the diabetic kidneys is not exclusive to
antihypertensives, as some novel classes claimed their
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positions in the competition towards protecting diabetic
patients from kidney disease using different mechanisms.
For example, the mineralocorticoid receptor antagonist
(finerenone) is being evaluated in a large RCT (FIDELIO-
DKD), with some preliminary promising results [64].
The new antihyperglycemic agents from the sodium-glu-
cose co-transporter-2 (SGLT2) inhibitors class have also
shown protective effects against progression of CKD,
with reductions of mortality rates when used in combi-
nation with RAASi [65]. Sacubitril/valsartan have shown
preservation effects of kidney function in older patients
with heart failure, and its role in the management of
diabetic nephropathy is to be evaluated [66]. Taking the
collective adverse events of these agents into considera-
tion, the prescriber today has more options to consider
to reduce the progression of diabetic kidney disease. A
prescription that combines these agents with a proper
antihypertensive could be viewed as the recipe of kidney
protection in patients with diabetes. Nevertheless, more
research studies need to be carried out to prove the safety
and efficacy of such combinations.

This meta-analysis sheds light on the full spectrum of
RAAS; effects on kidney outcomes in patients with dia-
betes, by studying its efficacy on both continuous and
binary outcomes. It provides a comprehensive review
of the class effect on several subgroups of study partici-
pants, which was facilitated by the broad inclusion cri-
teria. While we were attempting to answer a research
question on RAASi comparative efficacy, our study raised
a challenging question on the role of RAAS;i in prevent-
ing and managing diabetic nephropathy and whether
it deserves its place as a first-line therapy in the clinical
practice guidelines. The analysis’ protocol was initially
designed to include studies that reported other relevant
kidney outcomes including urinary albumin concentra-
tion, albumin creatinine ratio, fractional albumin excre-
tion, and kidney deaths. Therefore, the initial number
of included studies were 53 trials. However, there was a
very limited number of studies that collectively reported
these outcomes, which lead to insufficient data to per-
form meaningful analysis of these outcomes. Therefore,
the final number of included studied was 46.

A few limitations of this meta-analysis should be
considered when interpreting and applying its find-
ings. The analysis of the continuous outcomes was per-
formed using a number of statistical assumptions.(Supp
1 Table 4) Another limitation is the degree of hetero-
geneity between the RCTs that were used to determine
the change in the continuous outcomes. These RCTs
were published across more than 20 years with variable
methodological approaches and reporting qualities that
resulted in methodological heterogeneity. The included
studies shared a wide range of participant characteristics
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due to our broad inclusion criteria which resulted in
population heterogeneity. The performance of subgroup
analysis and sensitivity analysis helped mitigate the
effect of this type of heterogeneity. The mean follow-up
of included studies ranged between 12 and 72 months.
Therefore, we conducted subgroup analyses for each out-
come to account the difference in the duration of follow-
up between studies. (Supp 2, tables 3—18).

It is noteworthy to mention that most of the RCTs were
not powered to detect the changes in the continuous kid-
ney outcomes because these were not primary outcomes.
We have calculated the effect size from the reported
events numbers because of the heterogeneity in report-
ing effect sizes between studies. We did not analyze data
presented in composite outcomes, because of the incon-
sistency of the trials in reporting these outcomes as the
same composite. However, we analyzed data for each sin-
gle outcome separately.

Conclusion

This systematic review and meta-analysis identified 46
studies, andshowed that RAASi class was better than
placebo in reducing SrCr and albuminuria levels. When
compared to other active treatments, RAASi did not
reduce SrCr levels, caused a non-significant reduction
of eGFR, and resulted in modest reduction of albuminu-
ria levels. These results were reported with considerable
statistical heterogeneity. As for binary outcomes, RAASi
were superior to placebo but not the other antihyper-
tensive agents in reducing the risks of kidney failure
and doubling of SrCr.While our findings revealed the
non-superiority of RAASi over other antihypertensives
it raised some doubts about the robustness of evidence
behind placing RAAS;i as first-line therapy in managing
diabetic nephropathy.
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