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Shaanxi Tradlitional Chinese Medicine Hospital, Xi’an, China

Objective: To determine whether there is an association between microhematuria
and relapse or kidney disease progression in patients with primary membranous
nephropathy (PMN).

Methods: A cohort of 639 patients with biopsy-proven PMN from two centers was
followed for a median of 40 months. The exposures were initial hematuria, time-averaged
hematuria, and cumulative duration of hematuria. The outcomes were relapse and renal
progression, which were defined by a 40% reduction in renal function or end-stage
renal disease. Cox proportional hazards regression and competing risk analyses were
performed to yield hazard ratios (HRs) and subdistribution hazard ratios (sHRs) with 95%
confidence intervals (Cls). Sensitivity and interaction analyses were also performed.

Results: After adjusting for confounders, a higher level of initial hematuria was
associated with a 1.43 (95% Cl, 1.15-1.78) greater hazard of relapse. Worsening
hematuria remarkably increased the risk of short-term relapse (HR, 4.64; 3.29-6.54).
Time-averaged hematuria (sHR, 1.35; 1.12—-1.63) and cumulative duration of hematuria
(sHR, 1.17; 1.02-1.34) were independent predictors of renal progression. Hematuria
remission was related to a reduced risk of renal progression over time in patients with
positive microhematuria (sHR, 0.63; 0.41-0.96).

Conclusions: A higher level of initial hematuria was a remarkable predictor of relapse
in patients with PMN, and the magnitude and persistence of microhematuria were
independently associated with kidney disease progression.

Keywords: primary membranous nephropathy, microscopic hematuria, relapse, kidney disease progression,
remission

INTRODUCTION

Glomerulonephritis (GN) may be caused by problems with the body’s immune system. Damage
to the glomeruli causes blood and protein loss in the urine. Microhematuria, accompanied by
variable amounts of proteinuria, is one of the most common clinical manifestations of GN, e.g.,
IgA nephropathy (IgAN), ANCA-associated vasculitis (AAV), and lupus nephritis (1-3). The
significance of hematuria in the natural history of renal disease is not clear (4-6). Some experts
regard persistent hematuria as a hallmark of ongoing disease activity, but other experts posit that
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stable hematuria is a benign lesion resulting from prior kidney
damage (5, 6). The role of hematuria in the development
of glomerular diseases received unprecedented attention
recently. Several studies showed that persistent hematuria was
independently associated with kidney disease progression among
patients with IgAN (7-9). Another study suggested that the
presence of persistent hematuria, but not proteinuria, was a
significant predictor of renal relapse in patients with AAV and
kidney involvement (10).

Primary membranous nephropathy (PMN) is a kidney-
specific, autoimmune glomerular disease, and it is one of the most
common causes of nephrotic syndrome in non-diabetic adults
worldwide (11-14). Approximately 80% of patients present with
nephrotic-range proteinuria (>3.5 g/d), and the remaining 20%
have subnephrotic proteinuria (12-17). Renal function is normal
at presentation in more than 90% of patients (12, 15-18). The
most alarming long-term outcome of PMN is progressive loss of
renal function, which occurs in ~60% of untreated patients, with
35% eventually reaching end-stage renal disease (ESRD) within
10 years (12, 13, 16, 17, 19, 20). The long-term renal survival of
patients with persistent non-nephrotic proteinuria is >80-90%
at 10 years (21). Other established predictors include age, male
sex, decreased estimated glomerular filtration rate (eGFR) on
presentation, persistent elevation of phospholipase A, receptor
antibody (anti-PLA3R) levels after therapy, and C3 staining in the
biopsy sample (12, 13, 15-17).

Microhematuria is not uncommon, and appears in ~50-
60% of patients with PMN (11-13, 15, 18). However, few
studies systematically analyzed the prognostic relevance
of microhematuria over time in PMN. The effects of
microhematuria on disease activity and renal survival are not
clear. In this study, we present a two-center longitudinal cohort
of participants with biopsy-proven PMN. The present study
(1) examined whether initial hematuria was an independent
predictor for relapse of nephrotic range proteinuria and (2)
investigated the magnitude and persistence of microhematuria
over time in relation to kidney disease progression in patients
with PMN.

METHODS

Study Population

From 1 October 2015 to 30 June 2019, patients with
biopsy-proven PMN from two centers in Xian, China, (the
nephrology departments of Xijing Hospital [XH] and Shaanxi
Province Hospital of Traditional Chinese Medicine [SPHTCM])
participated in this retrospective cohort. Other inclusion criteria
were (1) a baseline (established at the time of renal biopsy)
eGFR >15 ml/min/1.73 m?, calculated according to the Chronic
Kidney Disease Epidemiology Collaboration equation (22), (2)
at least 18 months of follow-up, and (3) sufficient information
on treatments and laboratory parameters for investigation.
Patients with secondary membranous nephropathy, atypical
membranous nephropathy, or other concomitant glomerular
diseases were excluded. The Ethics Committee of Xijing Hospital
approved the study.

Data Collection

Each participant attended regular visits at intervals of 3-12
months. Urine sediment and 24-h proteinuria excretion were
tested at each visit and recorded prospectively. Skilled clinical
examiners performed microscopic analyses of urine sediments.
Each urine sample was strictly analyzed within 2 h of collection
and reported as red blood cells (RBCs)/high-power field (HPF).
We only recorded the results of urine sendiments, mainly of
glomerular derived RBCs (dysmorphic RBCs > 70%). Since
our study was focused on the microhematuria, the results of
microscopic analyses during gross hematuria episodes were
excluded. Other clinical data, including age, sex, body mass
index, blood pressure, serum creatine, serum albumin, and
use of renin-angiotensin-aldosterone system (RAAS) blockades
and immunosuppressive (IS) agents during the first year, were
systematically recorded. The follow-up data were last updated on
31 December 2020.

Definitions and Outcomes

The follow-up time referred to the interval between kidney
biopsy and the last outpatient visit, death, or ESRD, whichever
occurred first. ESRD was defined as eGFR<15 ml/min/1.73 m?
or chronic dialysis. Hypertension was defined as systolic blood
pressure >140 mmHg, diastolic blood pressure >90 mmHg, or
the use of antihypertension drugs.

For PMN, nephrotic syndrome referred to proteinuria >3.5
g/d and serum albumin <3 g/dL. Complete remission (CR)
was defined as proteinuria <0.3 g/d with serum albumin >3.5
g/dL and stable kidney function. A stable kidney function was
defined as an eGFR that remained unchanged or declined by
<40%. Partial remission (PR) was proteinuria >0.3 but <3.5 g/d
plus a >50% reduction from baseline level, with serum albumin
>3.5 g/dL and stable kidney function. No remission (NR) was
defined as proteinuria >3.5 g/d, a <50% decline in proteinuria,
serum albumin <3.5 g/dL, or a >40% decline in the eGFR prior
to achieving proteinuria reduction. Relapse was defined as a
reappearance of proteinuria >3.5 g/d after PR or CR.

The variables of interest were initial hematuria and the
magnitude and persistence of microhematuria over time. Due to
the high variability of microscopic assessment at a single time
point, we treated the average hematuria of the first 6 months
during follow-up as the initial hematuria. An initial hematuria
of >5 RBCs/HPF was defined as initial persistent hematuria.
The magnitude of microhematuria was expressed using time-
averaged hematuria (TA-H). According to previously reported
methods (8, 9), TA-H was the mean of the average hematuria,
which was calculated for every 6-month block for each person.
Time-averaged proteinuria (TA-P) was calculated in the same
manner. The persistence of microhematuria was expressed using
the cumulative duration of hematuria (CD-H), which was the
sum of the number of months with a microhematuria count
>3 RBCs/HPF. Persistent hematuria was defined by TA-H >5
RBCs/HPF or CD-H >12 months.

The primary outcome was relapse. We evaluated time to first
event for relapse with start date defined as the time a patient first
attained PR. As an exploratory study, the association between
worsening hematuria and short-term (within 12 months) relapse
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Patients with biopsy-proven MN from
01/10/2015 to 30/06/2019

N = 1162
> Secondary and atypical MN (n = 107)
A 4
Patients with primary MN
N = 1055
With other glomerulonephritis (n = 44)
> CKD?5 at the time of biopsy (n = 6)
Unable to determine (n = 31)
\ 4

Patients with primary MN that
met the criteria
N = 974

| Less than 18 months of follow-ups (n = 251)
Lad

Incomplete clinical information (n = 84)

A 4
Patients with primary MN for

the analysis of renal progression
N = 639

A 4
Patients with primary MN that attained

PR for the analysis of relapse
N = 566

FIGURE 1 | Flow diagram of patient selection. The patients that reached PR
(N = 566) were used for the analyses of the association between initial
hematuria and relapse. All the eligible patients (N = 639) were included for the
analyses of the association between microhematuria and kidney disease
progression. CKD, chronic kidney disease; MN, membranous nephropathy;
PR, partial remission.

was also analyzed. The worsening hematuria was defined as the
appearance of positive hematuria (>3 RBCs/HPF). In this part,
the exposures were the appearance of positive hematuria within
12 months before relapse (vs. no appearance) and the specific
time frames (concurrent with relapse, over the past 3 months,
over the past 4 to 6 months, or over the past 7 to 12 months)
that the positive hematuria appeared in.

The secondary outcome was renal progression, which was a
composite endpoint that included a >40% decline in eGFR or
ESRD. The time zero was kidney biopsy. For futher research, the
relationship of hematuria remission with renal progression was
also quantified. Hematuria remission was defined by the absence
of microhematuria or the presence of <3 RBCs/HPF in all urine
sediment tests performed during at least 12 months before the
last outpatient visit. More details on the methods are provided
in the supplementary material (Supplementary Appendix 1,
Supplementary Table 1).

Statistical Analysis

Continuous variables are presented as means with standard
deviations (SD) for normal distributions or medians with
interquartile range (IQR) for skewed distributions. Categorical
variables are presented as percentages. Differences between
groups were compared using Student’s t-tests for normally

distributed variables, Kolmogorov-Smirnov tests for variables
with skewed distributions, and chi-squared tests for categorical
variables. The cumulative probability of relapse was estimated
using the Kaplan-Meier method and compared using the
log-rank test. Adjusted analyses were performed using Cox
proportional hazards regression. The proportionality assumption
of models was evaluated via the examination of Shoenfeld
residuals. For renal progression, the outcome probability was
evaluated using univariate analyses with cumulative incidence
function (CIF) methods and Gray test and multivariate
competing risk regression analyses. Death without renal
progression was treated as a competing event. TA-H, CD-
H, and TA-P were included as time-varying covariates. Initial
hematuria, TA-H, CD-H, and TA-P were log-transformed due
to their positively skewed distribution. To avoid data loss due to
transformation, 0.1 was added to the values of initial hematuria,
TA-H, and CD-H. The strength of association is expressed as a
hazard ratio (HR) or subdistribution hazard ratio (sHR) with 95%
confidence intervals (95% CIs).

Sensitivity analyses were performed by (1) restricting the
subcohort to a single center or (2) using a 50% decline
in renal function or ESRD as the endpoint. We also tested
whether nephrotic syndrome (vs. subnephrotic status) and the
use of RAAS blockers or IS agents modified the effect of
initial hematuria or hematuria classification by adding the
interaction terms in the models. A two-sided P value <0.05 was
considered significant. Statistical analyses were performed using
Stata Edition 15.0 (StataCorp., College Station, TX, USA).

RESULTS

Patients and Outcomes

Among 1,162 participants from the two centers, 639 were eligible
for analyses (474 from XH and 165 from SPHTCM) (Figure 1).
At baseline, data were missing for 4.69% (30/639) and 0.78%
(5/639) of patients for body mass index and microhematuria,
respectively. Participant clinical characteristics are described in
Table 1. There were 409 (64.01%) males, and the median age
was 49 (IQR, 37-59) years. A total of 236 (36.93%) patients
had hypertension, and 311 (48.67%) presented with nephrotic
syndrome. The mean eGFR was 95.92 + 20.54 mL/min/1.73
m?, and the serum albumin was 2.88 + 0.76 g/dL. The median
proteinuria was 3.33 (1.75-5.10) g/d, and the microhematuria
was 3 (1-8) RBCs/HPF at baseline.

The median follow-up was 40 (28-49) months. The median
initial hematuria was 3.2 (2-6.23) RBCs/HPF. The median TA-H
was 2.34 (1.28-3.78) RBCs/HPF, CD-H was 3 (1-8) months, and
TA-P was 1.19 (0.65-2.07) g/d. During follow-up, 566 (88.58%)
patients in the entire cohort achieved PR. Among patients who
reached PR, 111 (19.61%) subsequently relapsed in a median of
30 (18-41) months. Overall, 50 (7.82%) patients reached renal
progression, including 9 ESRD events.

Microhematuria and Relapse

The patients who attained PR (566 patients) were used for
the analyses of this part (Figure 1 and Supplementary Table 1).
The exposure was the initial hematuria. Figure 2 shows the
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TABLE 1 | Characteristics of patients with primary membranous nephropathy.

Variable Total TA-H P value CD-H P value
>5 RBCs/HPF <5 RBCs/HPF >12 months <12 months
No. of patients 639 93 546 95 544
Baseline
Age (yr) 49 (87-59) 49 (38-58) 49 (37-59) 0.961 53 (41-62) 49 (36-58) 0.053
Males, n (%) 409 (64.01) 70 (75.27) 339 (62.09) 0.014 68 (71.58) 341 (62.68) 0.096
BMI (kg/m?) 24.6 (22.2-26.9) 24.6 (22.7-26.6) 24.6 (22.2-27.0) 0.747 24.6 (22.3-27.3) 24.5 (22.2-26.8) 0.910
Hypertension, n (%) 236 (36.93) 31 (33.33) 205 (37.55) 0.437 36 (37.89) 200 (36.76) 0.833
Nephrotic syndrome, n (%) 311 (48.67) 53 (56.99) 258 (47.25) 0.082 48 (50.53) 263 (48.35) 0.695
Serum creatine, mg/dL 0.87 £0.23 0.87 +0.20 0.87 £0.23 0.728 0.88 +0.26 0.86 + 0.22 0.403
eGFR (ml/min per 1.73 m?) 956.92 + 20.54 96.69 + 20.80 96.79 £ 20.51 0.695 94.35 £+ 22.44 96.19 £+ 20.20 0.419
Serum albumin (g/dL) 2.88 +£0.76 2.59 +£0.75 2.93 +£0.75 0.001 2.73 £0.73 2.90 +£0.76 0.035
Microhematuria (RBCs/HPF) 3(1-8) 7 (3-19) 3(1-7) <0.001 6 (3-18) 3(1-7) <0.001
Proteinuria (g/d) 3.33 (1.75-5.1) 3.76 (2.13-6.4) 3.18 (1.7-4.9) 0.196 3.51 (1.83-5.11) 3.29 (1.72-5.06) 0.675
Follow-up
Follow-up duration (months) 40 (28-49) 31 (24-47) 41 (29-50) 0.001 42 (27-50) 40 (28-49) 0.591
Initial hematuria (RBCs/HPF) 3.20 (2.00-6.293) 8.57 (3.67-13.75) 2.98 (1.67-5.00) <0.001 7.00 (3.20-11.00) 3.00 (1.73-5.08) <0.001
TA-H (RBCs/HPF) 2.34 (1.28-3.78) 7.43 (5.98-8.83) 2.1 (1.14-2.94) <0.001 6.00 (4.27-8.55) 2.10 (1.14-2.99) <0.001
CD-H (months) 3(1-8) 15 (9-23) 2 (1-6) <0.001 19 (16-25) 2 (1-5) <0.001
TA-P (g/d) 1.19 (0.65-2.07) 1.85 (1.19-3.05) 1.09 (0.61-1.91) <0.001 2.10 (1.32-3.44) 1.09 (0.61-1.83) <0.001
RAAS blockades, n (%) 496 (77.62) 63 (67.74) 433 (79.30) 0.013 67 (70.53) 429 (78.86) 0.072
IS agents 0.059 0.015
Monotherapy, n (%) 93 (14.55) 20 (21.51) 73 (13.37) 23 (24.21) 70 (12.87)
Combination therapy, n (%) 434 (67.92) 62 (66.67) 372 (68.13) 58 (61.05) 376 (69.12)
Outcome
No remission, n (%) 73 (11.42) 33 (35.48) 40 (7.33) <0.001 35 (36.84) 38 (6.99) <0.001
Partial remission, n (%) 566 (88.56) 60 (64.52) 506 (92.67) <0.001 60 (63.16) 506 (93.01) <0.001
Relapse, n (%) 111 (19.61) 33 (55.00) 78 (15.42) <0.001 33 (55.00) 78 (15.42) <0.001
Complete remission, n (%) 385 (68.02) 34 (56.67) 351 (69.78) 0.046 33 (55.00) 352 (69.57) 0.022
Renal progression?, n (%) 50 (7.82) 14 (15.05) 36 (6.59) 0.007 18 (18.95) 32 (5.88) <0.001
ESRD, n (%) 9(1.41) 4 (4.30) 5(0.92) 0.010 7(7.37) 2(0.37) <0.001

BMI, body mass index; CD-H, cumulative duration of hematuria; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HPF, high-power field; IS agents,

immunosuppressive agents; RAAS, renin-angiotensin-aldosterone system; RBCs, red blood cell counts; TA-H, time-average hematuria; TA-F, time-average proteinuria.

@ Renal progression was defined as a 40% decline in the eGFR or ESRD.

Kaplan-Meier curves for relapse in PMN patients with and
without initial persistent hematuria. The 3-year and 5-year
cumulative probabilities of relapse were 28.36 and 31.81%,
respectively, in patients with initial persistent hematuria, and
17.46 and 27.31%, respectively, in patients without initial
persistent hematuria (P = 0.036).

The results of Cox proportional hazards regression analyses
are presented in Table 2 and Supplementary Table 2. A higher
level of initial hematuria was an independent risk factor for
relapse (adjusted HR, 1.43; 95% CI, 1.15-1.78) in Model C after
adjustment for age, sex, hypertension, serum albumin, eGFR,
proteinuria, and use of RAAS blockers and IS agents. As a
categorical variable, initial persistent hematuria was associated
with a 1.52 (1.02-2.29) greater hazard of relapse in reference to
patients without initial persistent hematuria.

The effect size was recalculated in a single center in sensitivity
analyses. The adjusted HR of initial hematuria in the XH center
(Supplementary Table 3) was 1.49 (1.15-1.94) in Model C. The

corresponding adjusted HR was 1.57 (1.00-2.48) in the SPHTCM
center (Supplementary Table 4). Between the nephrotic and
subnephrotic groups, no heterogeneity was observed for the
association of initial hematuria with relapse (P for interaction
= 0.471). Neither the use of RAAS blockers (P for interaction
= 0.397) nor IS agents (P for interaction = 0.850) significantly
modified the effect of initial hematuria.

Worsening Hematuria and Short-Term

Relapse

In this part, the patients that reached PR (566 patients) were
used for the analyses (Figure 1 and Supplementary Table 1). As
shown in Table 3 and Supplementary Table 5, the appearance
of positive hematuria substantially enhanced the risk of short-
term relapse, in reference to no appearance, after adjustment
for negative conversion of hematuria and other confounders
(adjusted HR, 4.64; 3.29-6.54). Compared to a flare concurrent
with hematuria, worsening hematuria was associated with a
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higher risk of relapse within the next 4-6 months (adjusted HR,
1.57; 1.04-2.38).

Microhematuria and Renal Progression

All eligible participants (639 patients) were included in the
analysis of the association of microhematuria with renal
progression (Figurel and Supplementary Table1). The
exposures were the initial hematuria, TA-H, and CD-H.
According to the magnitude of microhematuria over time,
15.05% (14/93) and 6.59% (36/546) of patients with PMN
reached composite renal progression events, respectively, in
the persistent hematuria (TA-H >5 RBCs/HPF) and non-
persistent hematuria (TA-H <5 RBCs/HPF) groups. As for
the persistence of microhematuria, 18.95% (18/95) and 5.88%
(32/544) of patients reached composite renal progression events,
respectively, in the persistent hematuria (CD-H >12 months)
and non-persistent hematuria (CD-H <12 months) groups
(Table 1).

0.60

No persistent hematuria
— Initial persistent hematuria

Cumulative Incidence
0.40

0.20

Log-rank P = 0.036

0.00

0 12 24 36 48 60
Months

Number at risk

No persistent hematuria 414 an 273 174 61 3
Initial persistent hematuria 152 128 83 55 16 1

FIGURE 2 | Kaplan-Meier curves for relapse in patients with and without initial
persistent hematuria. The initial hematuria was defined as the average
hematuria of the first 6 months of follow-up in patients with primary
membranous nephropathy. The initial persistent hematuria was defined as an
initial hematuria >5 RBCs/HPF. Between-group comparison was performed
using the log-rank test. The time zero was when a person first attained

partial remission.

TABLE 2 | Microhematuria and risk of relapse in cox proportional hazards models.

As shown in Table4 and Supplementary Table 6, initial
hematuria might not be associated with renal progression
(adjusted sHR, 1.25; 0.93-1.67), but TA-H (adjusted sHR, 1.35;
1.12-1.63) and CD-H (adjusted sHR, 1.17; 1.02-1.34) were
independent predictors of renal progression after adjustment
for age, sex, hypertension, serum albumin, eGFR, proteinuria,
and use of RAAS blockers and IS agents in the competing
risk regression Model C. According to the magnitude of
microhematuria over time, persistent hematuria was associated
with a greater risk of renal progression (P = 0.040, Figure 3A).
As for the persistence of microhematuria, similar result was
observed (P = 0.019, Figure 3B).

The clinical characteristics of the patients grouped by
centers are presented in Supplementary Table 7. The results
of sensitivity analyses from each center were consistent with
the entire cohort. The adjusted sHRs in the XH center
(Supplementary Table 8) were 1.55 (1.21-1.98) and 1.27 (1.09-
1.48) for TA-H and CD-H, respectively. The corresponding
adjusted sHRs in the SPHTCM center (Supplementary Table 9)
were 1.12 (0.82-1.54) and 1.04 (0.90-1.20), respectively. The
results were consistent when the endpoint was a 50% decline
in renal function or ESRD, and the corresponding adjusted
sHRs were 1.38 (1.12-1.71) and 1.23 (1.00-1.51), respectively, for
TA-H and CD-H (Figures 3C,D and Supplementary Table 10).
Interaction analyses also showed no significant heterogeneity of
the association between TA-H and renal progression (nephrotic
syndrome, P for interaction = 0.868; use of RAAS blockers, P
for interaction = 0.824; use of IS agents, P for interaction =
0.405). Similarly, no significant heterogeneity was observed in the
analyses of the association between CD-H and renal progression
(nephrotic syndrome, P for interaction = 0.869; use of RAAS
blockers, P for interaction = 0.495; use of IS agents, P for
interaction = 0.288).

Hematuria Remission and Renal

Progression

Patients with positive hematuria (TA-H >3 RBCs/HPE 220
patients) were used for the analyses, and were divided into
hematuria remission (71 patients) and non-remission (149
patients) groups (Supplementary Table 1). The exposure was
the hematuria remission, which was clearly defined in the
methods. Five (7.04%) patients in the remission group and

Factor

Hazard ratio for relapse (95% CI); P value

Unadjusted

Model A Model B Model C

Initial hematuria
(per 1 unit greater)

1.44 (1.17-1.79); 0.001

Initial persistent hematuria
(in reference to no persistent hematuria)

1.52 (1.02-2.25); 0.038

1.46 (1.18-1.81);<0.001

1.58 (1.06-2.35);0.024

1.44 (1.16-1.79); 0.001 1.43 (1.156-1.78);0.001

1.54 (1.03-2.29); 0.036 1.52 (1.02-2.29):0.042

The initial hematuria, defined as the average hematuria of the first 6 months, was log-transformed. To avoid data loss, 0.1 was added to the value of initial hematuria. The initial persistent
hematuria, defined as an initial hematuria value >5 RBCs/HPF, was expressed as a binary variable. Model A was adjusted for age, sex, and hypertension; sex and hypertension were
expressed as categorical variables. Model B was adjusted for covariates in Model A plus baseline serum albumin, eGFR, and proteinuria. Model C was adjusted for covariates in Model
B plus use of RAAS blockers and IS agents. Use of RAAS blockers and IS agents were expressed as categorical variables.

Cl, confidence interval; eGFR, estimated glomerular filtration rate; IS agents, immunosuppressive agents; RAAS, renin-angiotensin-aldosterone system.
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TABLE 3 | Worsening hematuria and risk of short-term relapse in cox proportional hazards models.

Factor

Hazard ratio for relapse (95% CI); P value

Unadjusted

Model A

Model B

Model C

Appearance of positive hematuria (vs.

no appearance)

Time of hematuria appearance
Concurrent with relapse

Over past 3 mo

Over past 4 to 6 mo

Over past 7 to 12 mo

3.83 (2.76-5.33); <0.001

1.00 (Reference)
0.92 (0.65-1.29); 0.627
0.91 (0.66-1.25); 0.560
0.76 (0.58-0.98); 0.034

4.66 (3.31-6.56);<0.001

1.00 (Reference)
1.14 (0.80-1.62);0.466
1.48 (0.98-2.21);0.060
1.15(0.81-1.63);0.426

4.66 (3.31-6.55); <0.001

1.00 (Reference)
1.10 (0.77-1.57); 0.589
1.51 (1.00-2.26); 0.048
1.12 (0.79-1.59); 0.534

4.64 (3.29-6.54);<0.001

1.00 (Reference)
1.12 (0.78-1.59);0.536
1.57 (1.04-2.38);0.031
1.13 (0.80-1.61);0.492

Worsening hematuria and negative conversion of hematuria were included as time-varying covariates. Model A was adjusted for negative conversion of hematuria, age, sex, and
hypertension; negative conversion of hematuria, sex and hypertension were expressed as categorical variables. Model B was adjusted for covariates in Model A plus baseline serum
albumin, baseline eGFR, and proteinuria. Model C was adjusted for covariates in Model B plus RAAS blockers and IS agents. Use of RAAS blockers and IS agents were expressed as
categorical variables.

Cl, confidence interval; eGFR, estimated glomerular filtration rate; IS agents, immunosuppressive agents; RAAS, renin-angiotensin-aldosterone system; TA-R, time-averaged proteinuria.

TABLE 4 | Microhematuria and risk of renal progression in competing risk regression models.

Factor Subdistribution hazard ratio for renal progression (95% CI); P value

Unadjusted

Model A

Model B

Model C

Initial hematuria

(per 1 unit greater)

Initial persistent hematuria

(in reference to no persistent hematuria)

TA-H

(per 1 unit greater)

Persistent hematuria based on TA-H
(in reference to no persistent hematuria)

CD-H

(per 1 unit greater)

Persistent hematuria based on CD-H
(in reference to no persistent hematuria)

1.37 (1.08-1.74); 0.009

2.33 (1.34-4.05); 0.003

1.45 (1.23-1.69); <0.001

2.73 (1.47-5.05); 0.001

1.25 (1.09-1.44); 0.001

3.38 (1.91-5.99); <0.001

1.38 (1.08-1.76);0.009

2.43 (1.38-4.27);0.002

1.47 (1.25-1.74);<0.001

2.87 (1.565-5.32);0.001

1.24 (1.09-1.41);0.001

3.12 (1.75-5.55);<0.001

1.26 (0.95-1.67); 0.104

2.19 (1.19-4.05); 0.012

1.34 (1.11-1.61); 0.002

2.07 (1.07-4.01); 0.030

1.17 (1.03-1.34); 0.020

2.24 (1.15-4.35); 0.018

1.25(0.93-1.67);0.137

2.19 (1.17-4.12);0.015

1.35 (1.12-1.63);0.002

2.01(1.03-3.92);0.040

1.17 (1.02-1.34);0.021

2.22 (1.14-4.33);0.019

Renal progression was defined as a 40% decline in the eGFR or ESRD. Death without renal progression was treated as a competing event. TA-H, CD-H, and TA-P were included as
time-varying covariates. Initial hematuria, TA-H, CD-H, and TA-P were log-transformed due to their positively skewed distribution. To avoid data loss due to transformation, 0.1 was
added to the values of initial hematuria, TA-H, and CD-H. Initial persistent hematuria was defined by initial hematuria >5 RBCs/HPF. Persistent hematuria was defined by TA-H >3
RBCs/HPF or CD-H >12 months. The initial persistent hematuria and persistent hematuria were expressed as binary variables. Model A was adjusted for age, sex, and hypertension;
sex and hypertension were expressed as categorical variables. Model B was adjusted for covariates in Model A plus baseline serum albumin, baseline eGFR, and TA-P. Model C was
adjusted for covariates in Model B plus use of RAAS blockers and IS agents. Use of RAAS blockers and IS agents were expressed as categorical variables.

CD-H, cumulative duration of hematuria; Cl, confidence interval; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; IS agents, immunosuppressive agents;

RAAS, renin-angiotensin-aldosterone system; TA-H, time-averaged hematuria; TA-F, time-averaged proteinuria.

28 (18.79%) patients in the non-remission group reached
composite renal progression events (Supplementary Table 11).
Hematuria remission, included as a time-varying covariate,
was substantially associated with a reduced risk of renal
progression in Model C (adjusted sHR, 0.63; 0.41-0.96)
(Table 5 and Supplementary Table 12). CIF analysis revealed
that the incidence of renal progression considerably decreased
in the remission group compared to the non-remission group
(P = 0.034, Figure 4).

DISCUSSION

Taken together, the results from our double-center cohort
suggested that (1) the initial hematuria was an independent
risk factor for relapse, and the magnitude and persistence of

microhematuria over time were substantially associated with
kidney disease progression in patients with PMN; (2) the
worsening of microhematuria markedly enhanced the hazard
of short-term relapse; and (3) the remission of microhematuria
exhibited a positive effect on the improvement in renal
outcomes in patients with PMN and microhematuria during
follow-up.

Hematuria is a clinical symptom of some renal disorders with
benign features, and it has been neglected by many clinicians
for decades. However, multiple recent studies challenged this
concept and demonstrated that the presence of hematuria,
especially of glomerular origin, was a hallmark of inflammation
and pathological damage in nephridial tissue (4-6, 23).
The accumulation of heavy microhematuria over time may
be a predictor of adverse outcomes, e.g., disease activity
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FIGURE 3 | Cumulative incidence curves for composite renal progression events grouped by hematuria classification. The cumulative incidence function methods and
Gray test were used for analyses. The time zero was kidney biopsy. According to the magnitude of microhematuria over time, the persistent hematuria was defined as
time-averaged hematuria >5 RBCs/HPF (A,C). As for the persistence of microhematuria, the persistent hematuria was defined as cumulative duration of hematuria
>12 months (B,D). The corresponding endpoints were 40% decline in renal function or end-stage renal disease (A,B) and 50% decline in renal function or end-stage
renal disease (C,D). Death without renal progression was treated as a competing event.

TABLE 5 | Hematuria remission and risk of renal progression.

Factor Sub-distribution hazard ratio for renal progression (95% CI); P value

Unadjusted Model A Model B Model C

Hematuria remission 0.61 (0.40-0.93); 0.023 0.63 (0.41-0.96); 0.033 0.64 (0.41-0.98); 0.040 0.63 (0.41-0.96); 0.034

Renal progression was defined as a 40% decline in eGFR or ESRD. Death without renal progression was treated as a competing event. Hematuria remission, included as a time-varing
covariate, was the absence of hematuria or the presence of <3 RBCs/HPF in all the urine sediment tests performed during at least 12 months before the last outpatient visit. Model
A was adjusted for age, sex, and hypertension; sex and hypertension were expressed as categorical variables. Model B was adjusted for covariates in Model A plus baseline serum
albumin, baseline eGFR, and TA-P; TA-P was log-transformed and included as a time-varying covariate. Model C was adjusted for covariates in Model B plus RAAS blockades and IS
agents. Use of RAAS blockades and IS agents were expressed as categorical variables.

Cl, confidence interval; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HPF, high power field; IS agents, immunosuppressive agents; RAAS, renin-angiotensin-

aldosterone system,; TA-F, time-averaged proteinuria.

in systemic lupus erythematosus (24, 25), renal relapse in
AAV (10, 26, 27), and kidney disease progression in IgAN
(7-9).

The most prominent clinical feature of PMN is nephrotic
syndrome and its associated manifestations. Microhematuria is

not uncommon and accounts for ~50% of patients at disease
onset and 60% during the course (11-13, 15, 18, 28, 29). However,
few studies focused on the prognostic relevance of the magnitude
and persistence of microhematuria over time in PMNs. A
total of 316 (49.45%) patients in our double-center cohort had
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FIGURE 4 | Cumulative incidence curves for composite renal progression
events grouped by hematuria remission. The cumulative incidence function
methods and Gray test were used for analyses. The time zero was kidney
biopsy. The endpoint was renal progression, defined as a 40% decline in renal
function or end-stage renal disease. Death without renal progression was
treated as a competing event.

urinary erythrocyte counts of >3 RBCs/HPF at baseline, and 220
(34.43%) patients had positive hematuria (TA-H >3 RBCs/HPF)
during follow-up.

Previous studies generally used TA-H >5 RBCs/HPF to
represent persistent hematuria (8, 9). However, 37 patients in
our cohort had TA-H values >5 RBCs/HPF but a CD-H <12
months, and 8 patients had a CD-H <6 months. Obviously, the
application of the previous definition in these patients would not
objectively reflect the real status of hematuria during the disease
course. Our study quantified the magnitude and persistence of
microhematuria over time using TA-H and CD-H, respectively.

Our results suggested that the initial persistent hematuria was
independently associated with a greater risk of a future flare in
patients with PMN. One of the greatest future challenges is the
establishment of a clear association between glomerular damage
and the potential utility of initial persistent hematuria to decide
when it is necessary to increase IS treatment. Moreover, there
was an obvious connection between worsening hematuria and
the risk of a flare within the following 12 months. The appearance
of positive hematuria was related to an increased risk of relapse in
reference to no appearance. Notably, the worsening of hematuria
over the past 4-6 months presented a more prominent warning
compared to the occurrence of hematuria at the onset of a relapse.
These findings support the routine use of urine sediments in
clinical practice and emphasize the significance of close clinical
monitoring in patients with PMN because this may be an early
predictor of short-term relapse.

The hazards of kidney disease progression in PMN patients
with persistent hematuria was significantly higher than those
with non-persistent hematuria during followup. It has been
widely accepted that glomerular hematuria resulted from the
passage of erythrocytes from the glomerular capillary into the

urinary space and was associated with glomerular filtration
barrier damage. In primary glomerulonephritis or autoimmune
diseases, infiltrating leukocytes may release metalloproteinases
and reactive oxygen species, leading to a glomerular basement
membrane which is more susceptible to rupture (5, 30).
Futhermore, persistent glomerular hematuria might represent a
continued “low-grade” activity of the underlying inflammatory
process. This could also induce renal damage via the oxidative
stress caused by the release of hemoglobin and iron from
broken erythrocytes into renal tubular cells (5, 8, 30-34). On
the other hand, the remission of hematuria independently
reduced the hazard of renal progression by 37% in patients
with positive microhematuria. The search for adequate surrogate
markers of kidney disease progression is a key issue in many
clinical conditions (5, 16). Therefore, we suggest that hematuria
remission may be a surrogate marker of renal survival for patients
with PMN and microhematuria. However, the relationship
between hematuria remission and hard endpoints must be
confirmed in prospective and long-term cohorts.

Our study has the following strengths. (1) This was the first
study to investigate the prognostic relevance of microhematuria
over time in PMN. (2) The magnitude and persistence of
microhematuria over time were systematically quatified. (3) The
relationships between the worsening hematuria and short-term
relapse, and between hematuria remission and kidney disease
progression were also analyzed. (4) The two-center design made
it possible to validate the robustness of our findings.

Our study is not without its limitations. (1) This study was
a retrospective cohort with a single ethnicity. (2) We did not
include comprehensive data that may be associated with renal
survival in patients with PMN, such as serum anti-PLA;R levels
after therapy, urinary excretion of f microglobulin, and other
known or unknown confounders. Therefore, we cannot exclude
the possibility of residual confounding. (3) The relatively low
number of renal progression events may affect the accuracy of
the results.

In summary, our study showed that initial hematuria was
an independent predictor for relapse, and the magnitude and
persistence of microhematuria over time were independently
linked with a higher risk of renal function loss in patients with
PMN. Further studies are needed to verify our findings and clarify
the role of surveillance and treatment of hematuria in clinical
management decisions for PMN.
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