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Background: Recent guidelines recommend that patients with immunoglobulin A nephropathy (IgAN) and proteinuria
0.5-1 g/d and >1 g/d be treated with long-term renin-angiotensin system blockade (RASB). This study investi-
gated whether patients with IgAN and persistent hematuria, but without proteinuria, can benefit from RASB.

Material/Methods: IgAN patients with persistent hematuria at four centers were recruited from January 2013 to December 2018.
Patients were divided into those who did and did not receive long-term RASB. The primary outcome was the
appearance of proteinuria, and the secondary outcomes were the decreased percentage of hematuria, rate of
decline in estimated glomerular filtration rate (eGFR) and final blood pressure. The effects of RASB on these
outcomes were assessed by multivariate Cox regression models and propensity score matching.

Results: Of the 110 eligible patients, 44 (40.0%) received RASB and 66 (60.0%) did not. Treated patients had higher di-
astolic pressure. The unadjusted primary outcome, the appearance of proteinuria, was significantly less fre-
quent in individuals who were than who were not treated with RASB. Multivariate Cox regression showed that
RASB reduced the risk of the primary outcome and the levels of hematuria. The rate of eGFR decline and final
blood pressure did not differ in the two groups.

Conclusions: RASB reduced the risk of proteinuria development and increased the remission of hematuria in patients with
IgAN who presented with persistent hematuria alone. RASB, however, did not affect blood pressure in patients
without hypertension and did not affect the rate of eGFR decline.

MeSH Keywords: Glomerular Filtration Rate ¢ Glomerulonephritis, IGA ¢ Hematuria

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/922839

Baseso Bas My, BRia

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e922839-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

IgAN is the most common cause of primary glomerulonephritis
in developed countries [1]. Current clinical treatment strategies
for IgAN include renin-angiotensin system blockade (RASB)
to control blood pressure and proteinuria and administration
of glucocorticoids, with or without other immunosuppressive
agents, to selected patients [2,3]. RASB is considered a first-
line treatment of IgAN [4], with benefits that include the re-
duction of proteinuria and renal function decline, with most
studies recruiting patients with proteinuria »0.5-1 g/d [5-9].
Clinically, patients with IgAN have received RASB to eliminate
or reduce proteinuria, as well as to control hypertension [10].
The 2012 Kidney Disease: Improving Global Outcome (KDIGO)
guidelines recommended the use of long-term RASB in patients
with proteinuria >1 g/d and suggested its use if proteinuria is
0.5-1 g/d [4]. Proteinuria was found to be an important risk
factor for poor patient prognosis [11-14]. Although a study as-
sessing the efficacy of RASB in reducing the incidence of end-
stage renal disease (ESRD) recruited individuals with any level
of proteinuria, subgroup analysis found that RASB had limited
effect in IgAN patients with proteinuria <1 g/d [15]. This did
not necessarily indicate that RASB was ineffective in these pa-
tients, because the incidence of ESRD was low in this subgroup.
It remains unclear whether IgAN patients with persistent he-
maturia alone and initial proteinuria < 150 mg/d can benefit
from RASB, as studies have suggested that regular observa-
tion was sufficient [16]. However, persistent and significant he-
maturia was recently reported to independently increase the
risk of renal function loss, with remission of hematuria having
a favorable effect on disease progression [17]. Because pro-
teinuria also increases adverse renal outcomes, it is essential
that IgAN patients with persistent hematuria alone avoid the
development of proteinuria and reduce their levels of hema-
turia. The present study therefore investigated whether RASB
can exert protective effect on IgAN patients who present with
persistent hematuria alone and without proteinuria initially.

Material and Methods

Patients

Patients with biopsy-proven IgAN and persistent hematuria, but
without proteinuria, were recruited between January 2013 and
December 2018 at four hospitals, including Xiangya Hospital
of Central South University, the Second Xiangya Hospital of
Central South University, the Third Xiangya Hospital of Central
South University and People’s Hospital of Hunan Province.
Patients were included if they had primary IgAN and persis-
tent hematuria alone. Unless they developed proteinuria, in-
dividuals were followed up for more than six months. Patients
were excluded if they had secondary IgAN (e.g. secondary to
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purpura nephritis, lupus nephritis, hepatitis B associated glo-
merulonephritis), systemic diseases, or crescentic IgAN (>50%
crescentic glomeruli). Patients were also excluded if they had
received immunosuppression therapy (corticosteroids, cyclo-
phosphamide, mycophenolate mofetil, cyclosporine or tacroli-
mus) within 1 year or during follow-up, or if they were lost to
follow up. Patients were divided into two groups, those who
were and were not treated with RASB. All patients were fol-
lowed up until June 2019.

The study protocol was approved by the Ethics Committee of
Xiangya Hospital of Central South University and at all other
centers and was performed in compliance with the principles
of the 1964 Declaration of Helsinki. Written informed consent
was obtained from all patients.

Baseline characteristics

The demographic and clinical characteristics of all enrolled in-
dividuals were obtained from the electronic medical records
systems of the respective institutions. Baseline characteris-
tics recorded included gender; age; uric acid and hemoglobin
concentrations; serum creatinine and albumin levels; level of
hematuria; initial eGFR; systolic and diastolic blood pressure;
and Oxford classification, including mesangial hypercellular-
ity (M), endocapillary hypercellularity (E), segmental glomer-
ulosclerosis (S), tubular atrophy/interstitial fibrosis (T) scores
and crescents (C) [22]. Also recorded were use of RASB and du-
ration from initial diagnosis by biopsy to the start of therapy.

Definitions

Absence of proteinuria was defined as protein excretion
<150 mg/d before renal biopsy. Levels of urinary protein were
repeatedly confirmed twice. Appearance of proteinuria was
defined as urinary protein >150 mg/d, with no recovery in
the absence of treatment. Hypertension was defined as sys-
tolic blood pressure >140 mmHg and/or diastolic blood pres-
sure 290 mmHg [18]. eGFR was calculated using the CKD-EPI
equation [19]. Hypoalbuminemia was defined as serum albu-
min <35 g/L [20]; and hyperuricemia as serum uric acid level
>416 pmol/L in men and >360 umol/L in women [21]. RASB in-
cluded treatment with an angiotensin receptor blocker (ARB)
or angiotensin converting enzyme inhibitor (ACEI) during the
follow-up period before proteinuria appeared.

The primary outcome was defined as the appearance of pro-
teinuria. The secondary outcomes were the decreased per-
centage of hematuria, the rate of eGFR decline during follow-
up and final blood pressure.
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Table 1. Baseline characteristics of IgAN patients only with persistent hematuria initially (n=110).

Characteristics at biopsy

All (n=110)

Treatment group
(n=44)

Untreated group
(n=66)

Clinical characteristics

Low hemoglobin, n (%) 13 (11.8)
"""" Hypoalbuminemia,n %) 6(5)
"""" Hyperuricemia,n ) 13(118)
Biopsy characteristics
"""" Mo 0 s7(18)
"""" o 24Q@1e)
"""" sLne  38(a5
B A
"""" a2* 12009

Duration from initial diagnosis to start of
therapy (months)

5.0 (1.0-12.0)

12 (27.3) 17 (25.8) 0.86
""""""""" 211 2960 o016
""""""" 720 (590-860) 710 (588-775) 026
""""""" 10206229 10794252 o021
""""""" 360 (240-650) 330 (130-680) 031
"""""""" 120 109-128) 118 (104-124) 021
""""""""" 78 (70-85)  71(65-80) 003
s 5.6 034
"""""""" 127 117-133) 127 (117-134) 095
"""""""" Mera6 42144 053
"""""""" 281 (229-342) 283 (255-309) 075
"""""""""" sai4  8@2) 0%
"""""""""" 368 0 3645 06
sz 7008 063
""""""""" 27614 30@55 ol
- s@d 1642 045
""""""""" 18@09) 20603 012
"""""""""" 205  s@e 070
C sas) 46D 006

4.5 (1.0-16.5) 5.6 (1.0-12.0) 0.96

* Crescents >50% were excluded. eGFR — estimated glomerular filtration rate; RASB — reninangiotensin system blockers; M — mesangial
hypercellularity; E — endocapillary hypercellularity; S — segmental glomerulosclerosis; T — tubular atrophy/interstitial fibrosis;

C — crescent.

Treatment strategy

Treated patients were administered oral low-dose RASB, con-
sisting of 1-2 tablets/d of benazepril, perindopril, valsartan or
losartan, alone or in combination, before the appearance of
proteinuria, with the dosage adjusted individually based on
blood pressure and serum creatinine concentrations.

Statistical analysis
Categorical variables are presented as numbers and per-

centages and compared by Chi square tests or Fisher exact
tests. Continuous variables are expressed as means+standard

deviation (SD) or median and interquartile range (IQR) and com-
pared by t tests or Mann-Whitney U tests. Time to the primary
outcome was analyzed by the Kaplan-Meier method and com-
pared by the log-rank test. Multivariate Cox regression analysis
was used to assess the role of RASB in the primary outcome.
Because this study was designed retrospectively and the initial
diastolic pressure was higher in the treatment group (Table 1),
individuals who did and did not receive RASB were at differ-
ent risks of progression. To better compare the decreases in
the percentage of hematuria and the rates of eGFR decline,
propensity score matching was performed. A logistic regres-
sion model was used to predict the probability of RASB treat-
ment for every patient. Propensity scores were estimated using
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Figure 1. Kaplan-Meier analysis of survival in RASB treated
and untreated patients. Progression to the primary
outcome differed significantly (log-rank, p=0.004).
RASB, rennin-angiotensin system blockers

a model that included variables such as initial eGFR, serum
uric acid, initial systolic pressure, initial diastolic pressure and
MESTC scores. Patients who were and were not treated with
RASB were matched by closest scores (+0.05). All statistical
analyses were performed using SPSS (22.0, IBM), with a two-
tailed P<0.05 indicating statistical significance.

Results

Patients and baseline characteristics

This study recruited 110 patients, 29 (26.4%) men and 81
(73.6%) women, of mean age 30+11 years. Of these 110 pa-
tients, 44 (40.0%) did and 66 (60.0%) did not receive RASB
treatment before the development of proteinuria. The mean+SD
initial eGFR was 105.5+24.4 ml/min/1.73 m? and the medi-
an (IQR) hematuria was 34.0 (17.0-66.0) cells per high pow-
ered field (hpf). According to the Oxford classification, 51.8%,
21.8%, 34.5%, 6.4% and 10.9% of these patients were patho-
logically characterized as M1, E1, S1, T1-2 and C1-2, respec-
tively. Diastolic blood pressure was significantly higher in pa-
tients with than without RASB (p=0.03). All other characteristics
(gender, age, serum creatinine, initial eGFR, systolic pressure,
low hemoglobin, hypoalbuminemia, hyperuricemia, and Oxford
classifications of M1, E1, S1, T1-2 and C1-2) were similar in
the two groups (Table 1).

Follow up and outcome

The follow-up time was 24.0 (12.8-36.3) months, without sig-
nificant difference between the two groups. The proportion

150
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Figure 2. Effect of RASB on the decreased percentage of
hematuria. The decreased percentage of hematuria
was significantly higher in RASB treated than
untreated patients (p=0.01). RASB, rennin-angiotensin
system blockers.

of individuals who progressed to proteinuria was significantly
higher in the untreated than in the treated group (p=0.003),
and unadjusted Kaplan-Meier analysis showed that the pro-
gression to the primary outcome was significantly slower for
patients with RASB than without (Log-rank, p=0.004) (Figure 1).
The difference between hematuria at the start and end of fol-
low up was significant in the groups who did (paired t test,
p=0.01) and did not (paired t test, p=0.03) receive RASB. The de-
creased percentage of hematuria was significantly higher
(p=0.01, Figure 2) and the final level of hematuria was lower
(p=0.049) in the treated than in the untreated group (Table 2).
However, final eGFR, the rate of eGFR decline, and final systol-
ic and diastolic blood pressure were similar in the two groups.

Benefits of RASB to the primary outcome

The effect of RASB on the primary outcome was analyzed in
four multivariate Cox regression models. In model 1, in which
the hazard ratio (HR) was adjusted by gender and age, RASB
had a significant benefit (HR=0.34, 95% Cl: 0.16-0.75, p=0.01).
In model 2, in which HR was adjusted by gender, age, hyper-
tension, hyperuricemia, initial eGFR, duration from initial diag-
nosis to start of therapy and initial hematuria, RASB also had
a significant effect on the primary outcome (HR=0.28, 95% Cl:
0.12-0.65, p=0.003). In model 3, in which HR was adjusted
by factors in Model 2 and Oxford classification factors, RASB
was still associated with a better outcome (HR=0.22, 95% Cl:
0.09-0.53, p=0.001) (Table 3).

Excluding patients with hypertension, the benefits of RASB on
the primary outcome remained applicable to patients without
hypertension (Table 3).
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Table 2. Outcomes of treated and untreated IgAN patients only with persistent hematuria initially (n=110).

Outcomes All Treatment group Untreated group 4
Primary outcome (n, %)* 38 (34.5) 8 (18.2) 30 (45.5) 0.003
Final GRR (mU/min/173m?)  107.14242  106.0£221  107.88256 071
Esrz'caetl:;r/ispcgf*”ge from start to end of follow- 35.0£102.1 48.7£110.0 25.9+96.2 0.01/0.03*
el e e 45(17-192) 36 (17-62) 59 (17-293) 0049
e e o fomEoea 08 82 21-94) %0 (72-9%) 72691 o 001
 Rate of eGFR decline (m/min per 173 m?y) .51 (-3.98-535) 104 ((166-4.41) —0.05 (-473-558) 038
Final systolic pressure (nmHg) 115 (110-122) 118 (110-125) 115 (107-121) 038
B e e e 75 (65-81) 76 (74-85) 69 (63-80) 017
f:;lzx';)‘p 002 ({0 2 L IR, 18.0 (10.5-30.0) 21 (12.0-34.5) 16.5 (8.0-27.0) 0.11
A UL (o e e D e 24.0 (12.8-36.3) 24.5 (12.5-38.0) 24.0 (12.8-32.0) 0.28

periods, months)*#

* Appearance of proteinuria; ** initial hematuria — final hematuria; # paired t test; ** all patients were followed up until June 2019
whether progressed to the primary endpoint or not. eGFR — estimated glomerular filtration rate.

Table 3. Multivariate Cox regression analysis for the effect of RASB on the primary outcome of IgAN patients only with persistent
hematuria initially.

All Patients without hypertension

Models (n=110)

Model 1*

Without RASB Reference - - -

* Adjusted by gender and age; ** adjusted by gender, age, hypertension, hyperuricemia, initial eGFR, duration from initial diagnosis to
start of therapy and initial hematuria; *** Model 2+Oxford classification factors (M, E, S, T and C). RASB - renin—angiotensin system
blockers; HR — hazard ratio; Cl — confidence interval.

Benefits of RASB to the secondary outcomes essentially eliminating any differences in baseline characteris-

tics between the two groups (Supplementary Table 1). The de-
The benefits of RASB on the decreased percentage of patients creased percentage of hematuria of RASB treated individuals
with hematuria and the rate of eGFR decline were analyzed fol- was 93 (IQR, 74-96), which was much higher than the untreated
lowing propensity score matching. Thirty-seven patients who patients (p=0.01, Table 4). However, rates of eGFR decline and
received RASB were matched with 66 patients who did not, final blood pressure were similar in the two groups (Table 4).
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Table 4. Secondary outcomes of propensity-matched patients (n=103).

Outcomes

All (n=103)

Final diastolic pressure (mmHg)

Treatment group Untreated group P
93 (74-96) 72 (-6-91) 0.01
0.78 (-1.95-4.36) 0.05 (-4.73-5.58) 0.48
118 (110-125) 115 (107-121) 0.38
76 (74-85) 69 (63-80) 0.17
91 (73-96) 71 (-22-91) 0.01
0.69 (-1.66-4.41) -0.05 (-4.77-5.47) 0.37
118 (110-124) 115 (106-121) 0.45
76 (71-80) 70 (65-80) 0.48

eGFR — estimated glomerular filtration rate.

When patients with hypertension were excluded, RASB still
showed benefits in reducing hematuria in patients without
hypertension, with the final systolic and diastolic pressure re-
maining similar in these two groups (Table 4).

Discussion

Treatment strategies are sought to delay the progression of
IgAN [23]. Studies have therefore assessed the ability of RASB
to protect renal function and reduce the development of pro-
teinuria [24-26], with RASB becoming a first line treatment for
IgAN [4,10,15,27]. Fewer studies have assessed the effects of
RASB in patients with IgAN and persistent hematuria, but with-
out proteinuria, perhaps because disease progression is slow-
er in these patients. In addition, few IgAN patients with he-
maturia but without proteinuria undergo renal biopsy. A study
on the clinicopathological features and outcomes of IgAN pa-
tients with proteinuria <1 g/d found that only 23.1% of these
patients did not have proteinuria [28]. Although several ran-
domized controlled trials (RCT) and reviews have assessed the
effects of RASB on IgAN patients, most of these excluded pa-
tients without proteinuria. For example, an RCT assessing the
effects of ACEl on renal survival in patients with IgAN enrolled
only patients with urinary protein excretion 0.5 g/d [5], and
another RCT on the effects of ACEIl in young patients includ-
ed only patients with moderate proteinuria [7]. Moreover, the
KDIGO guidelines did not include recommendations for RASB
in patients without proteinuria. A study evaluating the associ-
ations between RASB therapy and ESRD in patients stratified
by levels of proteinuria, including individuals without protein-
uria, found that RASB had renal protective effects in subjects
with urinary protein excretion >1 g/d, but not in patients with
urinary protein excretion <1 g/d [15]. This result did not nec-
essarily indicate that RASB is ineffective for patients with
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proteinuria <1 g/d or those with hematuria alone, because the
incidence of ESRD was rare in these subgroups.

Generally, kidney biopsies are rarely performed in patients
with hematuria but without proteinuria. However, persis-
tent hematuria in significant amounts has been found to in-
dependently increase the risk of renal function loss in IgAN.
Moreover, some physicians believe it necessary to biopsy pa-
tients with persistent hematuria to rule out the possibility of
IgAN, especially in women of childbearing age. For these rea-
sons, renal biopsies were obtained from the individuals en-
rolled in the present study.

Specific treatment is generally not recommended for IgAN pa-
tients without proteinuria, with annual follow-up regarded as
sufficient [16,29]. However, some of these patients may devel-
op proteinuria as the disease progresses. For example, of the
110 patients in the present study, 38 (34.5%) developed pro-
teinuria during follow up, including 30 patients who did not
receive RASB treatment.

Several recent studies have sought to identify parameters prog-
nostic of long-term outcomes in patients with IgAN, including
initial renal function, hypertension, and significant proteinuria
and hematuria [17,30-32]. Renal lesions are also associated
with renal outcomes [33,34]. According to the latest Oxford
classification of IgAN, mesangial hypercellularity (M), segmen-
tal sclerosis (S), and interstitial fibrosis/tubular atrophy (T) are
predictive of renal outcomes. Endocapillary cellularity (E) is also
predictive in the absence of immunosuppressive therapy. This
study added crescents (C) to the Oxford classification MEST
score [35]. These parameters have also been shown to pre-
dict progression to ESRD in patients with IgAN. Both clinical
variables and renal histopathology, including eGFR, proteinuria
and Oxford classification score, have been identified as risk
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factors for ESRD in patients with IgAN [36]; and hypertension,
proteinuria and the degree of renal lesions were found to be
independent predictors for predicting the risk of death/dialy-
sis in patients with IgAN [37].

Proteinuria has been regarded as a risk factor for renal dam-
age, with remission of proteinuria improving the prognosis of
patients with IgAN, regardless of initial proteinuria levels [38].
Similarly, persistent hematuria in significant amounts increased
renal function loss, with remission of hematuria having a fa-
vorable effect on progression of IgAN [17]. Rational treatment
should be designed for IgAN patients with persistent hematu-
ria but without proteinuria [38]. Early changes in proteinuria
were demonstrated to be a surrogate end point for clinical
progression of IgAN in selected settings [39]. Thus, in assess-
ing the benefits of RASB, the present study selected the ap-
pearance of proteinuria as the primary outcome, finding that
RASB reduced the risk of the primary outcome as well as re-
ducing the level of hematuria to a greater extent than the lack
of treatment, and indicating that RASB had a significant effect
on the remission of hematuria. Taken together, these findings
suggest that RASB can benefit IgAN patients with persistent
hematuria alone.

RASB treatment, however, did not affect the rate of eGFR de-
cline in all patients and in patients without hypertension.
Consistent with our result, an earlier retrospective study as-
sessing the effect of corticosteroids (CS) on IgAN measured
the slope of eGFR as a renal outcome [40]. Subgroup analysis
showed that the rate of eGFR decline was slow in patients with
proteinuria <1 g/d, with no significant difference between pa-
tients who were and were not treated with CS. A study of IgAN
patients with minimal proteinuria and/or with hematuria alone
found that only 23.1% had hematuria alone and only 2.9% de-
veloped injured renal function [28]. Another study on the out-
comes in IgAN patients with minimal or no proteinuria found
that only 3.5% showed a >50% increase in SCr and none de-
veloped ESRD [41], indicating that progression is slow in IgAN

CLINICAL RESEARCH

patients with low levels of proteinuria. Future studies assess-
ing the effect of RASB on the decline in eGFR rate among IgAN
patients with persistent hematuria alone should include a lon-
ger follow-up time. Because of the important roles of protein-
uria and hematuria levels in predicting renal progression, RASB
should be regarded as beneficial for IgAN patients with per-
sistent hematuria alone.

RASB has been shown to control blood pressure and reduce
proteinuria. We found that, after excluding patients with hy-
pertension, RASB was effective in preventing the primary out-
come and lowering hematuria, with blood pressure similar in
the two groups. These findings indicated that hypertension
was not a prerequisite for RASB treatment in IgAN patients
with hematuria alone, and that low-dose RASB did not signif-
icantly affect blood pressure in patients without hypertension.

This study had several limitations. The first was its retrospec-
tive design, suggesting that there may have been unmeasured
potential confounders. In addition, the limited follow-up time
precluded a determination of the association between RASB
and the rate of eGFR decline. Large multicenter studies and
longer follow-up time are needed to assess the effect of RASB
on the rate of eGFR decline.

Conclusions

RASB independently reduced the risk of proteinuria develop-
ment and increased the remission of hematuria in IgAN pa-
tients with hematuria alone, indicating that RASB could be
beneficial in their treatment. This benefit was applicable to
patients without hypertension, and RASB did not significant-
ly affect their blood pressure.
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Supplementary Data

Supplementary Table 1. Baseline characteristics of the matched IgAN patients only with hematuria initially (n=103).

Treatment group Untreated group
(n=37) (n=66)

Characteristics at biopsy

Clinical characteristics

Male (%) 10 (27.0) 17 (25.8) 0.89
CoAgelers 32 0:0 029
"""" Serum creatinine (umoll) 720 (90-865) 710 (588775 026
"""" initial eGFR (mUmin/173 ) 10224237 107.9¢252 026
"""" Hematuria,cels/hp) 370 (70-710) 330 (130-680) 014
"""" Systolic pressure (mmHg) 120 (108-128) 118 (104-124) 053
"""" Diastolic pressure (mmHg) 76 (j0-84) 71 (6580) 018
"""" Hypertension,n %)  s@s 508§ 04
"""" Hemoglobin /) 127 (6-131) 127 (117-134) 069
 Abumin@y a1z 42144 09%
"""" Ucacd Gmold) 288 (227-339) 283 (255309 067
"""" lowhemoglobin,n %) 4@y 8@ 100
"""" Hypoabuminemia,n ) 264  3@s 100
"""" Hyperuricemian®) 4@y 7008 100

M1, n (%) 21 (56.8) 30 (45.5) 0.27
"""" o9 7a8) 1604 053
"""" s, 15@s 20603 029
T2 ien  s@e o4
"""" a2 3@y 46D o0
* Duration from nitial diagnosis to start of therapy (months) 50 (L0-210) 56 (10-120) 094

* Crescents >50% were excluded. eGFR — estimated glomerular filtration rate; RASB — reninangiotensin system blockers; M — mesangial
hypercellularity; E-endocapillary hypercellularity; S — segmental glomerulosclerosis; T — tubular atrophy/interstitial fibrosis;
C — crescent.
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