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Background: IgA nephropathy (IgAN) is a disorder in which Immunoglobulin A (IgA) antibodies
build up, causing kidney damage. Losartan, an Angiotensin Receptor Blocker (ARB), has shown
promise in patients with IgAN. However, a comparison of losartan with other IgAN therapies is

Accepted 23 Jan. 2023 missing. This study investigates the efficacy of losartan compared to different regimens.

Published 27 Jan. 2026 Methods: A systematic search of four electronic databases was conducted till January 2025. The study
was registered in PROSPERO (CRD42025634499). Risk of bias assessment was performed using the

Keywords: ROB-2 tool.

Losartan Results: The study included five RCTs in the quantitative analysis. Although losartan + temocapril

IgA Nephropathy ranked first in systolic blood pressure (SBP) and diastolic blood pressure (DBP) reductions at 12

Urinary Protein Excretion months [surface under the cumulative ranking curve (SUCRA) = 97% and 86%, respectively],

pairwise comparisons versus losartan were not statistically significant, so clinical superiority is
uncertain. Additionally, compared to temocapril, losartan + temocapril and losartan demonstrated
statistically significant reductions in SBP at 12 months. Regarding proteinuria reduction, none of the
interventions demonstrated a statistically significant difference compared to losartan at 3 and 6 months.
However, mizoribine and mizoribine + losartan showed a statistically significantly greater reduction
in proteinuria than losartan at 12 months.

Conclusions: Among patients with IgAN from East Asian cohorts, mizoribine and mizoribine +
losartan best reduced proteinuria at 12 months. Regarding BP, losartan + temocapril best reduced
SBP and DBP at 12 months. However, clinical superiority is uncertain, and estimates were imprecise
due to limited power.

Network meta-analysis

1. Introduction Despite the complex pathophysiological basis of the disease, it
has been demonstrated that immune dysregulation, mesangial pro-
liferation, and renin-angiotensin-aldosterone system (RAAS) ab-
normalities represent cardinal pathological processes [5, 6]. On
a pathological basis, IgAN is characterized by the deposition of
antigen-IgA complexes in the mesangium that trigger a glomerular
inflammatory response that can gradually cause loss of functional
glomeruli and deterioration of renal function [7]. Additionally, in
a clinical context, hypertension and proteinuria are considered the
most crucial prognostic factors in predicting disease progression
[8]. As a result, pharmacotherapy has primarily focused on reduc-
ing daily urinary protein excretion and on blood pressure control.

Immunoglobulin A nephropathy (IgAN) is the most common
chronic primary glomerulonephritis worldwide [1]. The estimated
point prevalence in Europe is 2.53 per 10000 in patients of all ages
and 0.12 per 10000 in pediatric populations. The annual incidence
is estimated to be 0.76 per 100000 [2]. The global incidence
is consistently higher in Asians than in non-Asians, with males
being more commonly affected than females [3]. Although overall
disease prognosis is considered variable, progression to end-stage
kidney disease represents the most deleterious long-term outcome,
affecting 25-30% of patients within 20 years of disease onset [4].
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of angiotensin-converting enzyme inhibitors (ACEIs) [10]. How-
ever, the probability of discontinuing medication because of both-
ersome side effects such as a dry cough is higher with ACEIs com-
pared to angiotensin-II receptor blockers (ARBs), making ARBs
more tolerable [11].

Angiotensin-II receptor blockers (ARBs) have been one of the
most utilized classes of drugs in [IgAN management, with losartan
being the most extensively studied member [12]. Their mechanism
of action depends on decreasing the vasoconstrictive effect of
angiotensin-1I on the efferent arteriole of renal glomeruli, thereby
decreasing intraglomerular pressure and conferring reno-protective
and anti-sclerotic properties [13]. Several trials have demonstrated
the efficacy of losartan in the treatment of IgAN; for instance,
Shimizu et al. demonstrated that low-dose losartan resulted in
a significant decrease in proteinuria in a group of normotensive
IgAN patients after 12 months of treatment [14]. Other classes of
drugs have also been investigated in prospective studies, including
calcium channel blockers (CCBs), corticosteroids, and other im-
munomodulators [15, 16, 17]. Despite various drug combinations
that have been investigated, direct head-to-head comparisons for
different drug regimens were sparse and not conclusive, with no
single drug or combination regimen emerging as optimal, necessi-
tating the need to integrate available direct and indirect evidence.

Therefore, we have conducted this systematic review and network
meta-analysis to fill this knowledge gap and to clarify the long-term
effects of various drug choices on IgAN prognosis. We aimed to
investigate the effect of losartan, a reference drug, compared with
various monotherapy and combination regimens on IgAN man-
agement and renoprotective outcomes. These outcomes include
change from baseline in daily urinary protein excretion (UPE),
office systolic and diastolic blood pressure, mean blood pressure
(MBP), serum creatinine, plasma renin activity (PRA), plasma
aldosterone activity (PAC), and estimated glomerular filtration rate
(eGFR).

2. Methods

Our systematic review and network meta-analysis were strictly
performed according to the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) extension statement
for network meta-analyses [18] and the Cochrane Handbook of
Systematic Reviews and Meta-Analysis, and registered in PROS-
PERO with registration number CRD42025634499. The protocol
was registered on 6 January 2025, prior to data extraction.

2.1. Sources of data and search strategy

We performed a comprehensive systematic search on the following
databases: Scopus, PubMed, Web of Science, and Ovid until 10,
January 2025. We have customized and modified the terms and
keywords for each database to ensure we reach the most relevant
search results for evaluating the effectiveness of losartan in improv-
ing the clinical outcomes of patients with IgA nephropathy. The
search strategy we used was as follows: ("IgA Glomerulonephri-
tides" OR "IgA Glomerulonephritis" OR "IgA Nephropathy" OR
"Berger Disease" OR "Immunoglobulin A Nephropathy" OR IgAN
OR "IgA Type Nephritis") AND ("DuP 753" OR "MK 954" OR
Losartan OR "Losartan potassium” OR "Angiotensin II Receptor
Antagonist” OR "Angiotensin II Receptor blocker" OR ARB).
The detailed search strategy of each database is shown in Online
Resource 1.

2.2. Eligibility criteria

We included studies meeting the following criteria: 1) randomized
controlled trials (RCTs); 2) human studies; 3) studies written
in English; 4) including IgA nephropathy patients in which the
intervention is losartan, either monotherapy or combined, and the
comparator is placebo, any other anti-hypertensive drugs, or any
other drugs used in IgA nephropathy management. While review
articles, case reports, observational studies, animal studies, case
series, and comments were excluded.

2.3. Study selection process

Four independent authors performed the screening process in
Rayyan software in a blinded manner. First, remove duplicates and
proceed to title and abstract screening, then to full-text screening,
excluding and including studies according to our PICO criteria.
Any conflicts between the authors were resolved, and a final
decision was reached.

2.4. Data extraction

Data extraction was performed by four independent authors using
an online Excel sheet to facilitate communication among the au-
thors. Our sheet was divided into study characteristics (sample size,
design, population, interventions, comparator, study duration, out-
come measures, and key findings), baseline characteristics (sample
size, age, year, gender, male, office SBP, office DBP, mean blood
pressure, urinary protein excretion, serum creatinine, serum IgA,
eGFR, serum uric acid, and creatinine clearance).

The primary outcomes assessed encompassed change from base-
line in: - Systolic blood pressure (mmHg), diastolic blood pressure
(mmHg), and urinary protein excretion (g/day) at 3, 6, and 12
months.

A decrease of approximately 5—10 mm Hg in systolic blood pres-
sure or about 5 mm Hg in diastolic blood pressure is generally
regarded as the minimum clinically meaningful change [19]. Such
reductions have been associated with substantial risk reductions
in major cardiovascular outcomes, including an estimated 20%
decrease in major cardiovascular events, 17% reduction in coronary
heart disease, 28% lower risk of heart failure, and 27% reduction in
stroke incidence [20].

Secondary outcomes included change from baseline in: - Serum
creatinine (mg/dL) at 3 months, eGFR (ml/min/1.73 m2) at 3
months, plasma aldosterone concentration(pg/ml) at 12 months,
plasma renin activity (ng/mL/h) at 12 months, and mean blood
pressure (mmHg) at 3 and 6 months. Missing outcome data were
extracted as reported in the original studies. No imputation was
performed at the study or meta-analysis level. When data for
specific outcomes or timepoints were unavailable, those studies
were excluded from the corresponding analyses.

2.5. Bias risk

Using the Cochrane ROB-2 tool for RCTs, four independent au-
thors evaluated the risk of bias [21]. Evaluation of five areas of
potential bias (randomization process, deviations from intended
interventions, missing outcome data, measurement of outcomes,
and selection of reported results) was performed using the ROB-
2 tool; any conflicts were resolved among the authors, and a final
decision was reached.

2.6. Statistical analysis

We used RStudio to conduct the network meta-analysis and adopted
a frequentist approach with a random-effects model via the "net-
meta" package [22]. This approach allowed us to assess various
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treatments by synthesizing direct and indirect evidence from stud-
ies that used a common comparator. For continuous endpoints,
effect sizes were reported as mean differences (MD), and for di-
chotomous outcomes, risk ratios (RR) were reported, accompanied
by 95% confidence intervals (CIs). The relative efficacy of the
interventions was assessed using the Surface Under the Cumulative
Ranking Curve (SUCRA), where higher SUCRA values indicate a
greater likelihood that an intervention ranks as the most effective.
We created network diagrams to present the relationships among
interventions, and we used forest plots to demonstrate effect sizes
per comparison. League tables were also used to rank the treat-
ments, thereby enhancing the ease of comparison among them.
Transitivity of the network meta-analysis was assessed qualita-
tively by comparing key clinical and methodological characteristics
across treatment comparisons, including age, baseline blood pres-
sure, baseline proteinuria, disease severity, and follow-up duration.
No major imbalances suggesting violation of transitivity were
identified. Besides, multi-arm trials were included in the network
meta-analysis and appropriately accounted for by modeling the
correlation between effect estimates to avoid double-counting of
shared comparator groups. Regarding inconsistency, global and
local inconsistency were planned for assessment; however, due to
the sparse network structure and the limited number of studies per
comparison, formal inconsistency statistics were not estimable.

3. Results

3.1. Literature search

After conducting our search strategy, we identified 658 records.
We excluded 179 duplicate records, leaving 479 records. These
records underwent rigorous title/abstract screening, leaving 23
records for the full-text screening. Fifteen records were excluded:
nonrandomized trials (n=7); wrong population (n=4); and absence
of relevant outcomes (n=4). Eventually, eight RCTs [15, 10, 23, 16,
24,25, 14, 17] were included in our qualitative analysis, while five
RCTs[10,23, 16, 14, 17] were enrolled in our quantitative analysis.
The PRISMA flow diagram is shown in Online Resource 2.

3.2. Study and population characteristics

Our systematic review and network meta-analysis included 8 RCTs
evaluating the effects of various interventions in patients with
biopsy-confirmed IgA nephropathy. Sample sizes varied across
studies, ranging from 10 to 99 participants. The intervention and
comparator groups primarily included treatments such as losartan,
mizoribine, temocapril, or combinations of these. Study durations
ranged from a few weeks to 12 months, with key outcomes includ-
ing changes in urinary protein excretion, blood pressure, and renal
function. Detailed study characteristics, including interventions
and outcome measures, are summarized in (Table 1). The baseline
characteristics of the study populations varied, with mean ages
ranging from approximately 12 to 44 years. Males represented a
substantial proportion of participants, ranging from 33% to 61%.
Additional baseline population characteristics are detailed in On-
line Resource 3.

3.3. Quality assessment

The risk of bias, assessed using the Cochrane Risk of Bias tool
version 2, is illustrated in Online Resource 4. Four RCTs were
determined to have an overall low risk of bias, while four studies
demonstrated some concerns as an overall risk of bias.
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Figure 1: Change from baseline in Urine protein excretion at 3 months,
Random-effect model, Mean difference: (A) Network plot, (B) Network
forest plot, (C) League table
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Figure 2: Change from baseline in Urine protein excretion at 6 months
Random-effect model, Mean difference: (A) Network plot, (B) Network
forest plot, (C) League table

3.4. Network meta-analysis

3.4.1. Urinary protein excretion

Regarding urinary protein excretion reduction at three months,
the NMA included 4 studies, and the network plot is presented
in (Figure 1A). Compared with losartan, none of the interven-
tions showed a statistically significant reduction in urinary protein
excretion at three months. However, compared to amlodipine,
losartan + temocapril, temocapril, and losartan showed statistically
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Figure 3: Change from baseline in Urinary Protein Excretion (UPE) at 12
months Random-effect model, Mean difference: (A) Network Plot, (B)
Network Forest Plot, (C) League Table.

significant differences (MD: -1.27, 95% CI: [-2.49, -0.05]), (MD:
-1.27, 95% CI: [-2.50, -0.04]), and (MD: -1.20, 95% CI: [-2.35, -
0.05]), respectively. According to the surface under the cumulative
ranking curve (SUCRA) rankings, losartan + temocapril achieved
the highest ranking (SUCRA = 73%), while amlodipine showed the
lowest (SUCRA = 2%), as shown in (Figures 1B and 1C).

Regarding urinary protein excretion reduction at six and twelve
months, the NMA included three studies, and the network plots are
presented in (Figures 2A and 3A), respectively. At 6 months, there
was no significant reduction compared to losartan or between any of
the interventions. losartan + temocapril showed the highest ranking
(SUCRA = 86%), while antiplatelet showed the lowest (SUCRA =
12%), as shown in (Figure 2B and 2C). At 12 months, compared
to losartan, mizoribine, and losartan + mizoribine showed a sta-
tistically significant reduction (MD: -0.40, 95% CI: [-0.75, -0.05],
p-value= 0.03) and (MD: -0.34, 95% CI: [-0.66, -0.02], p-value=
0.03), respectively. Additionally, mizoribine, losartan + mizorib-
ine, and losartan + temocapril demonstrated statistically significant
reductions compared to temocapril and antiplatelet. Mizoribine
achieved the highest ranking (SUCRA = 89%), while antiplatelet
showed the lowest (SUCRA = 4%), as shown in (Figure 3B
and 3C). Inconsistency statistics could not be reliably estimated
because of network sparsity.

3.4.2. Office systolic blood pressure (SBP)

Regarding SBP reduction at three months, the NMA included three
studies, and the network plot is shown in (Figure 4A). There
were no significant reductions compared with losartan or between
interventions. Losartan achieved the highest ranking (SUCRA =
64%), while antiplatelet ranked the lowest (SUCRA = 34%), as
shown in (Figure 4B and 4C).

Regarding SBP reduction at six and twelve months, the NMA
included 2 studies, and the network plots are shown in (Figures
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Figure 4: Change from baseline in SBP at 3 months Random-effect
model, Mean difference: (A) Network plot, (B) Network forest plot, (C)
League table.

5A and 6A), respectively. At 6 months, no significant reductions
were observed compared to losartan or among the interventions.
Losartan + temocapril ranked highest (SUCRA = 95%), whereas
antiplatelet therapy ranked lowest (SUCRA = 25%), as shown
in (Figure 5B and 5C). Similarly, at 12 months, no significant
reductions were detected compared to losartan or among the inter-
ventions. However, compared to temocapril, losartan 4+ temocapril
and losartan demonstrated both statistically and clinically signif-
icant reductions MD: -12, 95% CI: [-19.71, -4.29]) and (MD: -
7.00, 95% CIL: [-13.93, -0.07]), respectively. Losartan + temocapril
achieved the highest ranking (SUCRA = 97%), while temocapril
alone ranked lowest (SUCRA = 9%), as shown in (Figure 6B
and 6C). Inconsistency statistics could not be reliably estimated
because of network sparsity.

3.4.3. Office diastolic blood pressure (DBP)

Regarding DBP reduction at three months, the NMA included three
studies, and the network plot is presented in (Figure 7A). There
were no significant reductions compared with losartan or between
interventions. Losartan ranked highest (SUCRA = 73%), while
antiplatelet ranked lowest (SUCRA = 30%), as shown in (Figure
7B and 7C).

Regarding DBP reduction at six and twelve months, the NMA
included two studies, and the network plots are shown in (Figures
8A and 9A), respectively. At 6 months, no significant changes
were observed compared to losartan or among the interventions.
Temocapril ranked highest (SUCRA = 73%), whereas antiplatelet
therapy ranked lowest (SUCRA = 22%), as shown in (Figure 8B
and 8C). Similarly, at 12 months, no significant reductions were
detected compared to losartan or among the interventions. Losartan
+ temocapril achieved the highest ranking (SUCRA = 86%), while
temocapril ranked lowest (SUCRA = 12%), as shown in (Figure
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9B and 9C). Inconsistency statistics could not be reliably estimated
because of network sparsity.

3.4.4. Mean blood pressure (MBP)

Concerning MBP at three months, the NMA included three studies,
and the network plot is presented in Online Resource 5A. No
statistically significant reductions were observed compared with
losartan or between interventions. Losartan achieved the highest
ranking (SUCRA = 67%), while mizoribine achieved the lowest
(SUCRA = 13%), as shown in Online Resources 5B and 5C. At
6 months, the NMA included two studies, and the network plot
is presented in Online Resource 6A. No statistically significant
reductions were observed when compared to losartan.
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Table 1: Study Characteristics and the interventions details of the included studies.

Study
Name
and
Year
Xie et
al. 2011
[17]

Russo et
al. 2001
[24]

Shimizu
et
al.2008
[14]

Park et
al.2003
[16]

Sample Size

Total: 99
Losartan
group: 30.
Mizoribine
group: 35

combination:

34

Total: 10.

Total: 36
Losartan: 18
Control
(anti-
platelet): 18

Total: 36
Losartan: 20
Amlodipine:
16

Design

Prospective
multicenter
open-label
randomized
controlled
trial.

Randomized
crossover
study.

Prospective
randomized
parallel-
group
open-label
trial

A
randomized
controlled
trial

Population

Biopsy-confirmed
primary IgA nephropathy;
age 14-70 years;
proteinuria 0.5-3.5 g/day;
serum creatinine <353.6
pumol/L.

Patients with
biopsy-proven IgA
nephropathy.
Normotensive (blood
pressure < 140/90 mmHg,
mean BP < 107 mmHg).
Stable, non-nephrotic
proteinuria (1-3 g/day).
Normal renal function
(creatinine clearance > 90
mL/min/1.73 m?).

Normotensive patients
(BP <140/90 mmHg)
with biopsy-proven IgA
Nephropathy, eGFR > 50
mL/min/1.73m?,
persistent proteinuria >
0.4 g/d [despite
anti-platelet treatments]

Hypertensive patients
with biopsy-proven IgA
nephropathy; proteinuria
>1 g/day, serum
creatinine < 3 g/day.

Interventions
(With doses)

Losartan group:
100 mg/day
orally in the
morning as a
fixed-dose
regimen.

Co-interventions:
Not reported..

Losartan (LOS):
Initiated at 50
mg/day for 4
weeks, titrated to
a target dose of
100 mg/day for
an additional 4
weeks.
Co-interventions:
Not reported.

Losartan group:
12.5mg/day
(fixed achieved
dose)
Co-interventions:
All patients were
receiving
antiplatelet
agents

Losartan:
50mg/day
Co-interventions:
Not reported.

Comparator (With
doses)

Mizoribine group:

Doses based on body
weight and serum
creatinine:

<50 kg: 200 mg/day.
>50 kg: 250 mg/day.
Serum creatinine >176.8
pmol/L: 150 mg/day.
Combination group:
Losartan and Mizoribine
regimens combined as per
their groups

Enalapril (E): Initiated at
10 mg/day for 4 weeks,
titrated to a target dose of
20 mg/day for an
additional 4 weeks.
Combination Therapy:
Enalapril 10 mg/day +
Losartan 50 mg/day for 4
weeks, followed by
Enalapril 20 mg/day +
Losartan 100 mg/day for
4 weeks.

Aantiplatelet therapy alone.

Amlodipine: Smg/day

Study duration

12 months with
evaluations at 3,
6,9, and 12
months.

Each treatment
phase lasted 4
weeks, with a
4-week washout
between phases.
Total duration:
Approximately
20 weeks.

Total duration:
12 months
Evaluations at
baseline (time of
biopsy), 3, 6, 9,
and 12 months

Total duration:
17 weeks 1-week
screening 4-week
washout period
12 weeks of
active treatment

Outcome Measures

Reduction in 24-hour
urinary protein
excretion, Changes in
serum creatinine,
eGFR as calculated
by the MDRD
equation,

blood pressure, serum
uric acid, and

adverse events.

Reduction in urinary
protein excretion,
ambulatory blood
pressure changes,
creatinine clearance,
peripheral plasma
renin activity, and
plasma aldosterone
levels

Reduction in
proteinuria, urinary
NAG levels
(N-acetyl-g-D-
glucosaminidase),
eGFR & serum
creatinine, systolic &
diastolic blood
pressure changes

Changes in Urinary
protein excretion
(g/day), changes in
urinary and serum
TGF-p1 levels (a
marker of intrarenal
fibrosis), systolic &
diastolic BP, eGFR,
and serum creatinine
changes.

Key Findings

Combination therapy achieved the highest
proteinuria reduction (61% at 12 months),
outperforming losartan therapy (52% at 6 months,
25% at 12 months) and Mizoribine (54% at 12
months), with stable renal function and significant
blood pressure reduction in losartan and
combination groups (p < 0.01).

Combination therapy with a double dose achieved
the best proteinuria reduction (to 0.57 + 0.12
g/day, p < 0.05 vs. all other phases),
outperforming standard-dose combination therapy
(0.72 + 0.14 g/day), Enalapril (0.98 + 0.14 g/day),
and losartan therapy (1.01 + 0.14 g/day). Blood
pressure remained stable in-office, with significant
diastolic and mean ambulatory reductions (p <
0.05). Renal function was stable throughout, PRA
increased significantly, and aldosterone
suppression was most pronounced in the
double-dose combination therapy (p < 0.05 vs.
monotherapy).

At 12 months post-treatment, proteinuria was
significantly lower in the losartan group compared
to the control group (p = 0.04), as were urinary
NAG levels (p = 0.009), whilst BP, eGFR & serum
creatinine remained stable in both groups, with no
significant changes throughout the 12 months.

In the losartan group, a significant reduction in
proteinuria from 2.3 + 1.5 g/day at baseline to 1.2
+ 1.5 g/day at 12 weeks (p < 0.05) was observed,
whilst no significant change in proteinuria, from
2.1 + 0.7 g/day at baseline to 2.2 + 1.6 g/day at 12
weeks, occurred in the amlodipine group.
Losartan and amlodipine effectively reduced blood
pressure to a similar degree, without a significant
difference between the groups, and without
significant changes in serum TGF-f1 levels,
serum creatinine, or eéGFR in either group.
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Table 1: (Continued) Study Characteristics and the interventions details of the included studies.

Horitaet Total: 31

al.2004  Temocapril:

[10] 10
Losartan: 10
combination:
11

Horitaet Total: 43

al.2006  Losartan:16

[23] Temo-
capril: 14
combination:
13

Horitaet Total: 38

al.2007  Pred-

[15] nisolone:18
Losartan +
Pred-
nisolone: 20

Shima et Total: 62

al.2018  Lisinopril:31

[25] Losartan +
Lisinopril:
31

Prospective,
randomized,
parallel-
group,
open-label
trial

A
prospective
randomized
parallel-
group
open-labeled
trial.

A
prospective,
randomized
controlled
clinical trial.

An
open-label,
multicenter,
prospective,
randomized
phase II
controlled
trial.

Normotensive patients
with biopsy-proven IgA
nephropathy, persistent
mild-moderate proteinuria
(=0.4 g/day), normal
Renal function (eGFR
>50 ml/min/1.73 m?), and
on antiplatelets for > 3
months without use of
ACEIs or ARBs.

Patients with
biopsy-confirmed IgA
nephropathy, normal
blood pressure (<140/90
mmHg), proteinuria
0.4-1.6 g/day; creatinine
clearance >50 mL/min

IgA nephropathy patients,
with normal BP (<140/90
mmHg), mean arterial
pressure <107

mmHg, proteinuria
1.0-2.6 g/day; creatinine
clearance >50 mL/min

Patients aged 12-18 years,
with biopsy-confirmed
IgA nephropathy and
early morning urinary
protein to creatinine ratio
(uP/Cr) > 0.2 g/g.

Losartan:
12.5mg/day

Co-interventions:
All patients were
receiving
antiplatelet
agents

Losartan 12.5
mg/day

Co-interventions:
Not reported.

Prednisolone:
tapering regimen
(initial 30
mg/day)
Combination:
prednisolone +
losartan 50
mg/day
Co-interventions:
Corticosteroid
therapy
Lisinopril:
initiated at 0.1
mg/kg/day,
titrated to 0.4
mg/kg/day (max
20 mg/day).
Co-interventions:
Corticosteroid
therapy

Temocapril group: 1mg/day 6
months

Combination: losartan 12.5

mg/day + temocapril 1

mg/day.

Temocapril 1 mg 12
months

Combination: losartan +

temocapril at fixed doses

Prednisolone is prescribed 24
orally at 30 mg/day for 2 Months
months, then 25 mg/day for 2

months, then 20 mg/day for 2

months, then 15 mg/day for 6

months, then 10 mg/day for 12

months, and finally 5 mg/day

for 1 month.

Group B (Lisinopril + 24
Losartan): patients started Months
lisinopril at 0.1 mg/kg daily

(max 5 mg) plus losartan 0.7

mg/kg body weight (max 50
mg/day), and this regimen was
added for 6 months. For the
remaining 18 months, doses
increased to 0.4 mg/kg (max

20 mg) and 1.0 mg/kg body

weight per day (max 100

mg/day) for lisinopril and

losartan, respectively.

Reduction in
proteinuria (24-hour
urinary protein
excretion), changes in
serum creatinine &
creatinine clearance,
eGFR, and systolic &
diastolic BP changes

Changes in SBP
(mmHg), DBP
(mmHg), GFR
(ml/min/1.73 m?),
serum creatinine
(mg/dL), PRA
(ng/mL/h), and PAC
(pg/mL), and
reduction in Urinary
protein excretion

(g/24 h) at 12 months.

Changes in SBP
(mmHg), DBP
(mmHg), urinary
protein Excretion
(g/day), creatinine
clearance
(ml/min/1.73 m?),
and serum creatinine
(mg/dL) at 12 and 24
months.

The disappearance
rate of proteinuria
(early morning uP/Cr
< 0.2 g), early
morning uP/Cr,
eGFR, pathologic
features, and safety.

Regarding proteinuria, a 41.3% reduction
(p<0.05) was observed in the temocapril group,
whilst losartan reduced it by 36.6% (p<0.05). In
combination therapy, proteinuria was reduced by
63.2% (p<0.01), with no significant difference
among the three groups. Regarding Blood
Pressure, no significant change was observed in
the temocapril group, whilst in the losartan group,
SBP decreased from 124 + 5 mmHg to 116 + 5
mmHg (p=0.01). In combination therapy, SBP
decreased from 121 + 9 mmHg to 106 + 7 mmHg
(p<0.01).

After 12 months of treatment, the losartan and
combination groups demonstrated a substantial
reduction in SBP. However, DBP did not differ
significantly from baseline in any group.
Regarding UPE, all groups showed a considerable
decline, with combination therapy resulting in a
more significant reduction.

There was a significant reduction from a baseline
in SBP in the prednisolone and combination
groups at 12 and 24 months. However, DBP was
significantly decreased only in the combination
group at 24 months. UPE at 24 months showed a
significant reduction in 18 out of 20 patients in the
combination group and 15 out of 18 in the
prednisolone group.

After 24 months, proteinuria resolved in 25 of 28
in the lisinopril group and 25 of 29 in the
combination group. Regarding safety, mild
dizziness was the most commonly reported
adverse event in both groups, and no serious
adverse event requiring hospitalization occurred in
any group.

SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; PRA, Plasma Renin Activity; PAC, Plasma Aldosterone Concentration; eGFR, estimated glomerular filtration rate; TGF-f1, Transforming growth factor-#1; uP/Cr, Urinary protein to

creatinine ratio.
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Losartan
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Treatment SBP at 6 months MD 95%-Cl  pval SUCRA
Losartan + Temocapril -7.00 [-14.21; 0.21] 0.0570 095
Losartan 0.00 044
Temocapril -_— 1.00 [-9.39; 11.39] 0.8503 0.36
Antiplatelet '_'_':t_—-F—_| 2.68 [-5.49;10.85] 0.5205 025

15 10 5 0 5 10 15

©)

Losartan + Temocapril -7.00 [-14.21t0 0.21] -8.00 [-19.36t0 3.36] =
-7.00 [-14.21t0 0.21] Losartan -1.00 [-11.39t0 9.39]  -2.68 [-10.85t0 5.49]
-8.00 [-19.36t0 3.36] -1.00 [-11.39t0 9.39] Temocapril

-9.68 [-20.58t0 1.22] -2.68 [-10.85t0 5.49] -1.68 [-14.90t011.54] Antiplatelet

Figure 5: Change from baseline in SBP at 6 months Random-effect
model, Mean difference: (A) Network plot, (B) Network forest plot, (C)
League table

However, losartan and losartan + mizoribine showed both statisti-
cally and clinically significant reductions compared to mizoribine
(MD: -6.17, 95% CI: [-11.49, -0.85]) and (MD: -5.49, 95% CI: [-
10.85, -0.13]), respectively. Losartan + temocapril achieved the
highest ranking (SUCRA = 78%), while mizoribine ranked the
lowest (SUCRA = 4%), as shown in Online Resources 6B and 6C.
Inconsistency statistics could not be reliably estimated because of
network sparsity.

Serum creatinine, plasma aldosterone concentration (PAC),
plasma renin activity (PRA), and eGFR: The NMA included two
studies, and the network plots are presented in Online Resources
7-10. Concerning serum creatinine at three months, no statisti-
cally significant reductions were observed compared to losartan
or between any of the interventions. Losartan achieved the highest
ranking (SUCRA = 67%), while temocapril achieved the lowest
(SUCRA = 34%), as shown in Online Resources 7B and 7C.
Regarding PAC at 12 months, there was no significant reduction
compared with losartan or between interventions, and temocapril
ranked highest (SUCRA = 62%), while losartan + temocapril
ranked lowest (SUCRA = 27%), as shown in Online Resources
8B and 8C. Similarly, at 12 months, PRA showed statistically
insignificant reductions compared with losartan or between the
interventions. Losartan achieved the highest ranking (SUCRA =
69%), while temocapril ranked the lowest (SUCRA = 29%), as
shown in Online Resources 9B and 9C. For eGFR at three months,
no statistically significant changes were observed compared to
losartan or between any of the interventions, as shown in Online
Resources 10B and 10C. Inconsistency statistics could not be
reliably estimated because of network sparsity. Rankograms are
demonstrated in Online Resources 11-15.

(A)

Losartan + Temocapril

B)

Treatment SBP at 12 months MD 95%-Cl pval SUCRA
Losartan + Temocapril r -5.00 [-10.91; 0.91] 0.0972 097
Losartan 0.00 0.58
Antiplatelet —T 278 [-5.27,10.83) 0.4983 0.36
Temocapril —+—— 700 [007,13.93] 0.0476 0.09
-5 <10 -5 0 S5 10 15
()]

Losartan + Temocapril -5.00 [-10.91to 0.91] s
-5.00 [-10.91t0 0.91] Losartan -2.78[-10.83t0 5.27] -7.00 [-13.93t0-0.07]
-7.78[-17.76t0 2.20]  -2.78 [-10.83t0 5.27] Antiplatelet

-12.00 [-19.71t0-4.29] -7.00 [-13.93t0-0.07] -4.22 [-14.84to 6.40]

-12.00 [-19.71t0-4.29]

Temocapril

Figure 6: Change from baseline in Systolic Blood Pressure (SBP) at 12
months Random-effect model, Mean difference: (A) Network Plot, (B)
Network Forest Plot, (C) League Table.

4. Discussion

The present network meta-analysis compares different [gAN monother-
apies and combination therapies, including various drugs from
several classes (e.g., losartan, temocapril, enalapril, mizoribine,
amlodipine, and antiplatelet agents). Regarding urinary protein
excretion, although none of the interventions showed a statisti-
cally significant difference compared with losartan at 3 months,
mizoribine and mizoribine + losartan showed significantly greater
reductions than losartan at 12 months. Mizoribine is an imidazole
nucleoside extracted from the fungus Eupenicillium brefeldianum
[26]. It reduces urinary protein excretion by inhibiting nonhemo-
dynamic activities, including lymphocyte proliferation, mesangial
cell activity, and inflammatory markers. [27, 28, 29] Therefore,
whether as monotherapy or in combination, mizoribine requires a
sufficiently long treatment period to exert its effects and achieve
maximal reduction in protein excretion. Similarly, Yoshikawa et
al. [30] demonstrated that children with severe IgAN treated with
mizoribine combined with standard therapy for 2 years showed a
substantial reduction in protein excretion.

Our analysis revealed that amlodipine resulted in a statistically
significant reduction in UPE compared with other interventions
at 3 months. This finding aligns with the Praga et al. trial [31],
which found that amlodipine resulted in no significant reduction
in proteinuria in non-diabetic proteinuric renal diseases. Several
reasons might contribute to the interpretation of this finding. Stud-
ies showed that dihydropyridine calcium channel blockers (CCBs)
such as amlodipine reduced proximal tubular protein reabsorption,
evidenced by increased excretion of urinary f,-microglobulin, a
marker of proximal tubular protein reabsorption [32, 33, 34]. Fur-
thermore, dihydropyridine CCBs dilate afferent and efferent arte-
rioles, which may increase proteinuria [35]. Therefore, despite the
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-4.46[-12.85t03.93]  -4.46 [-15.52t0 6.60] -1.46 [-12.93t010.01] -1.46 [-12.80t0 9.88]

-3.00[-12.22t0 6.22]

Antiplatelet

Figure 7: Change from baseline in DBP at 3 months Random-effect
model, Mean difference: (A) Network plot, (B) Network forest plot, (C)
League table.

considerable reduction in blood pressure, dihydropyridine CCBs
provide no additional benefit in reducing proteinuria. However, the
observed difference in proteinuria reflects a comparative advantage
of other regimens over amlodipine, which is generally considered
proteinuria-neutral or, in some cases, proteinuria-worsening.

The comparison between losartan, temocapril, and the combi-
nation therapy (losartan + temocapril) revealed no statistically
significant differences in urinary protein excretion at 3, 6, and 12
months. However, the combination therapy demonstrated greater
antiproteinuric activity and ranked first at 3 and 6 months, with
SUCRAS of 73% and 86%, respectively. Similarly, Huo et al. [36]
showed that the combination therapy of ACEIs and ARBs best
reduced proteinuria compared to ACEIs or ARBs monotherapies.
The enhanced effects of dual therapy may be explained by the fact
that ACEI or ARB monotherapy results in a partial blockage of
the renin-angiotensin-aldosterone system (RAAS), a phenomenon
known as “ACE escape. Consequently, combined therapy may
cause more hindrance of angiotensin II’s actions on the kidney by
reducing glomerular capillary pressure and hyperfiltration, result-
ing in better response in terms of proteinuria and blood pressure
reduction [37, 36]. Moreover, dual therapy seems effective in im-
proving glomerular permselectivity [38, 39]. Interestingly, losartan
monotherapy resulted in the best decrease in SBP at 3 months.
However, combination therapy resulted in higher reductions than
monotherapies in SBP at 6 and 12 months. Likewise, losartan and
temocapril showed greater reductions in DBP at 3 and 6 months,
but at 12 months, losartan + temocapril showed the greatest re-
duction. Therefore, we can deduce that the combination therapy
of losartan + temocapril may require a sufficiently long treatment
course to achieve optimal blood pressure reduction. However, due
to the sparsity and potential small-study effects, certainty needs
to be supported by further RCTs. Additionally, given the limited

Y
Losartan + Temocapril
®)
Treatment DBP at 6 months MD 95%-Cl pval SUCRA
Temocapril -200 [974; 574106128 073
Losartan 0.00 053
Losartan + Temocapril —_— 0.00 [-8.00; 8.00] 1.0000 0.52
: 1—*—-—ﬁ | 375 4531203 03745 022
10 5 0 5 10 15
(©)
Temocapril -2.00[-9.74t0 5.74] -2.00[-11.66to 7.66] 2
-2.00 [ -9.74t0 5.74] Losartan 0.00[ -8.00t0 8.00]  -3.75 [-12.03to 4.53]

-2.00 [-11.66to 7.66] 0.00 [ -8.00to 8.00]  Losartan + Temocapril

-5.75 [-17.08t0 5.58] -3.75[-12.03t0 4.53] -3.75 [-15.26t0 7.76] Antiplatelet

Figure 8: Change from baseline in DBP at 6 months Random-effect
model, Mean difference: (A) Network plot, (B) Network forest plot, (C)
League table.

safety data in our included studies, the safety of dual ACEI + ARB
therapy remains unclear and should be investigated further.

The current network meta-analysis stands out in some points. It
is the first network meta-analysis to focus on losartan-anchored
regimens across several predefined timepoints, aiming to provide
evidence on the best regimen for [gAN management. Moreover,
we investigated the primary outcomes at multiple time points to
evaluate the long-term sustainability of the drugs’ efficacy. Conse-
quently, our study provided valuable clinical implications for the
optimal use of the investigated drugs in the management of IgAN.
However, the study had several limitations. The study involved a
relatively small number of trials and patients, which might affect
the generalizability of our findings. The limited number of studies
and small sample sizes reduced statistical power and led to wide
confidence intervals for several comparisons, limiting the precision
of effect estimates and increasing uncertainty around clinically
meaningful differences. The sparse nature of the evidence network
limits the precision of heterogeneity estimates and reduces the sta-
bility of treatment rankings. Consequently, SUCRA values should
not be interpreted as definitive evidence of superiority. Instead,
clinical decision-making should rely primarily on the magnitude
and precision of treatment effects. Besides, the different doses of
the interventions included in our study might affect the compari-
son of interventions. The included trials predominantly evaluated
fixed-dose regimens, often at submaximal doses, whereas routine
clinical practice involves titration to the maximum tolerated dose.
Therefore, the observed treatment effects may differ under dose-
optimized regimens, potentially underestimating the effectiveness
achieved in real-world practice. Variability in the eligibility criteria
of the included studies regarding blood pressure, proteinuria levels,
and renal function parameters represented another constraint. For
instance, Park et al.2003 included hypertensive patients, while
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Figure 9: Change from baseline in Diastolic Blood Pressure (DBP) at 12
months Random-effect model, Mean difference: (A) Network plot, (B)
Network forest plot, (C) League table.

other included studies included patients with normal blood pres-
sure. However, we couldn’t perform meta-regression due to the
small sample size and the limited number of included studies. The
lack of a comprehensive safety assessment and certainty evaluation
represents another limitation of our study and may influence the
strength and clinical applicability of the investigated regimens.
Subgroup analyses based on key characteristics such as age (pe-
diatric vs. adult), baseline blood pressure (normotensive vs. hy-
pertensive), or proteinuria levels were not feasible due to limited
reporting and small numbers of studies. Consequently, potential
sources of heterogeneity could not be formally explored, and results
should be interpreted with caution. Assessment of publication bias
was planned; however, due to the small number of studies per
comparison (< 10), formal statistical tests and reliable funnel plot
interpretation were not feasible. Moreover, all studies included in
this network meta-analysis were conducted in East Asian popu-
lations, predominantly from Japan, Korea, and China. Ethnic and
geographic differences in the epidemiology and clinical course of
IgA nephropathy, background standards of care, and pharmacoge-
nomic responses—particularly to renin—angiotensin system block-
ade and immunomodulatory therapies—may limit the generaliz-
ability of these findings to non-Asian populations. Consequently,
the observed comparative effectiveness and safety profiles may
not be directly extrapolated to Western or other ethnically diverse
cohorts. Future randomized trials, including broader geographic
representation, are needed to validate these findings across different
populations. Besides, this analysis focused on surrogate outcomes,
including blood pressure and proteinuria, which may not fully
capture patient-important endpoints such as progression to end-
stage kidney disease, mortality, or quality of life. Although re-
ductions in proteinuria are commonly used as treatment targets in
IgA nephropathy, their relationship with long-term kidney survival

remains uncertain, particularly over short follow-up periods. More-
over, none of the included studies reported adherence or dropout
rates, precluding assessment of real-world effectiveness.

Given the limitations of our study, we recommend that future
research focus on conducting more RCTs comparing losartan with
different classes of drugs, involving larger numbers of IgAN pa-
tients. Besides, since we could not evaluate the safety of the various
interventions used in IgAN due to the lack of safety data in our
included trials, long-term RCTs investigating the safety of IgAN
commonly prescribed drugs are highly recommended. In addition,
RCTs comparing losartan’s efficacy and safety with those of other
ARBs may yield valuable clinical insights into the optimal regimen
for IgAN management. We did not assess economic outcomes.
Given that dual RAAS blockade is more costly than monotherapy,
formal cost-effectiveness analyses would be valuable to guide
clinical decision-making, particularly when efficacy differences are
modest. Moreover, trials investigating the effectiveness of these
interventions in IgAN patients with different comorbidities would
be of great value.

5. Conclusion

In conclusion, among patients with IgAN from East Asian cohorts,
the current network meta-analysis revealed that mizoribine and
mizoribine + losartan achieved significantly greater reductions
in proteinuria than losartan therapy at 12 months. Otherwise, no
other interventions showed significant differences in proteinuria
compared with losartan at any time point. However, losartan +
temocapril combined therapy resulted in a better response than
losartan and temocapril monotherapies. In addition, amlodipine
did not provide sufficient antiproteinuric effects relative to other
interventions. Regarding SBP, DBP, and MBP, none of the in-
terventions showed significant differences relative to losartan at
any time point. Nevertheless, losartan + temocapril showed the
best reduction in SBP at six and twelve months, DBP at twelve
months, and MBP at six months. Therefore, we can conclude
that dual therapy with losartan and temocapril may be most ef-
fective and achieve maximal BP reduction after a relatively long
course of treatment, with considerable uncertainty reflected in wide
confidence intervals. However, because the pairwise differences
were not significant compared with losartan, confirmatory RCTs
are needed. No statistically significant differences compared with
losartan were observed for serum creatinine, plasma aldosterone
concentration (PAC), plasma renin activity (PRA), and eGFR.
Larger long-term RCTs evaluating different losartan regimens are
strongly recommended to strengthen the robustness of the current
evidence.
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