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Microscopic haematuria is proposed as a prognostic factor for renal outcomes in patients with
glomerulonephritis. However, the role of haematuria in patients with advanced chronic kidney
disease (CKD) or heavy proteinuria has not been investigated. We divided 1799 patients with stage
3-5 nondiabetic CKD into 3 groups according to the results from 3 urinalyses: no haematuria (0—2
red blood cells [RBCs]/hpf >2 times), mild haematuria (2-5 RBCs/hpf >2 times) and moderate
haematuria (>5-10 RBCs/hpf >2 times). The estimated glomerular filtration rate was 25.4mL/
min/1.73 m?, with a urine protein-to-creatinine ratio (UPCR) of 881 mg/g. The hazard ratios (HRs) of
mild and moderate haematuria for end-stage renal disease (ESRD) were 1.28 (95% confidence interval
[Cl]: 1.05-1.56, P =0.024) and 1.34 (95% Cl: 1.03-1.74, P =0.030), respectively. The HR of moderate
haematuria for mortality was 1.56 (95% Cl: 1.11-2.20, P =0.011). According to subgroup analysis, the

. HR of moderate haematuria for ESRD in patients with a UPCR of <500 mg/g was more prominent

© than that in patients with a UPCR of >500mg/g. Microscopic haematuria in patients with stage 3-5

© nondiabetic CKD is associated with increased risks of ESRD and mortality.

Chronic kidney disease (CKD), an increasing global public health problem!, is associated with major
critical sequelae, including mortality, end-stage renal disease (ESRD), and cardiovascular (CV) disease?.
Currently, the most commonly used indicators of CKD progression are estimated glomerular filtration
rate (eGFR) and proteinuria. Screening for proteinuria and haematuria by using a dipstick is a quick and
effective method for detecting renal abnormalities. Microscopic haematuria (hereafter, “haematuria”) is
frequently reported in patients with glomerular nephritis (GN) without proteinuria, such as thin base-
ment membrane (TBM) disease, or with mild proteinuria, such as IgA nephropathy (IgAN). However,
apart from its use in community screening for early GN, the prevalence and consequences of haematuria
in patients with advanced-stage CKD or heavy proteinuria remain unknown.
Haematuria might be a risk factor for poor renal outcomes in patients with early-stage GN. In the
general population, isolated haematuria without proteinuria has been associated with a high risk of
: ESRD after long-term follow-up; however, the incidence is as low as 0.3%>*. Moreover, 15%-20% of
. patients with IgAN or other proliferative GN with isolated haematuria develop proteinuria®®. Studies
- have considered haematuria as a risk factor for the progression of renal function and ESRD in patients
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No. of patients 1799 1019 508 272 -

Demographics and medical history

Age (year) 62.6+14.5 63.3+13.8 62.7+14.2 59.8+16.8 <0.001
Sex (female) 757 (42.1%) 390 (38.3%) 241 (47.4%) 126 (46.3%) 0.001
Comorbidity

Cardiovascular disease 326 (18.1%) 191 (18.7%) 83 (16.3%) 52 (19.1%) 0.763
Ischemic heart disease 193 (10.7%) 113 (11.1%) 46 (9.1%) 34 (12.5%) 0.906
Congestive heart disease 153 (8.5%) 88 (8.6%) 40 (7.9%) 25 (9.2%) 0.952
Cerebrovascular disease 206 (11.5%) 118 (11.6%) 56 (11.0%) 32 (11.8%) 0.963
Hypertension 1015 (56.4%) 595 (58.4%) 262 (51.6%) 158 (58.1%) 0.317
Smoker 181 (10.1%) 101 (9.9%) 49 (9.6%) 31 (11.4%) 0.584
Mean BP (mmHg) 99.8+13.6 99.5+13.3 99.9+13.5 101.04+14.9 0.112
BMI (Kg/m?) 244439 24.6£3.9 241+£39 243+43 0.265

Renal function status

eGFR (ml/min/1.73 m?) 2544157 27.7+15.5 21.8+14.7 23.61+16.6 <0.001

UPCR (mg/g) 881 (333-1766) 661 (246-1349) 1197 (501-2139) 1324 (609-2655) <0.001

Laboratory data

Hemoglobin (g/dl) 11.1£24 11.5£25 10.6 £2.2 10.6+2.5 <0.001
WBC (x1,000 cells/jul) 69+22 68422 69+22 72+£25 0.011
Platelet (x1,000 cells/pl) 211.0£68.9 211.0+67.1 213.3+714 206.8+70.4 0.371
Albumin (g/dl) 39£05 4.0+04 39+05 3.7+£0.6 <0.001
Blood glucose (mg/dl) 104.6 £28.7 104.1£26.6 106.5+32.5 102.9+28.4 0.535
ALT (mg/dl) 25.2+239 25.5+21.9 24.7+26.6 254+248 0.943
Total cholesterol (mg/dl) 190 (163-219) 189 (164-217) 189 (161-217) 195 (159-230) 0.337
Triglyceride (mg/dl) 119 (85-171) 116 (85-170) 120 (84-170) 119 (88-178) 0.280
CRP (mg/l) 1.1 (0.4-4.5) 0.8 (0.3-3.0) 1.5 (0.5-6.7) 1.6 (0.5-7.7) <0.001
Sodium (mEq/1) 138.6+3.4 138.84+3.3 138.74+3.5 138.2+3.5 0.019
Potassium (mEq/l) 43+06 43405 44406 43406 0.638
Phosphorus (mg/dl) 43+13 42+12 45+13 46+1.5 <0.001
Calcium (mg/dl) 9.1+0.8 9.2+0.7 9.0+0.8 89+0.8 <0.001
Bicarbonate (mEq/1) 21.6+4.6 223443 20.6+4.8 21.0+£4.6 <0.001
Uric acid (mg/dl) 7.8+2.0 78+18 79+2.1 8.0+£2.1 0.143

Clinical outcomes

Follow-up days 1157 (682-1768) | 1217 (763-1809) 1215 (696-1760) 850 (486-1673) <0.001
eGFR slope (ml/min/173 |\ 744 601) | —12(=341005) | —22(=5.1to-04) | —2.8 (=7.5t0-0.7) | <0.001
m?/year)

ESRD 507 (28.2%) 213 (209%) 203 (40.0%) 91 (33.5%) 0.005
Mortality 200 (11.1%) 91 (8.9%) 63 (12.4%) 46 (16.9%) <0.001
CV events 196 (10.9%) 90 (8.8%) 73 (14.4%) 33 (12.1%) 0.010

Table 1. Characteristics of patients with stage 3 to 5 non-diabetic CKD divided by haematuria CKD:
chronic kidney disease, DM: diabetes mellitus, BP: blood pressure, BMI: body mass index, eGFR: estimated
glomerular filtration rate, UPCR: urine protein to creatinine ratio, WBC: white blood cell, ALT: alanine
aminotransferase, CRP: c-reactive protein, ESRD: end-stage renal disease, CV: cardiovascular. Data are
presented as mean =+ standard error, median (interquartile range), or count (percentage).

with IgAN and other proliferative GN with mild proteinuria, even when pathological grading was also
considered’-!!. However, other studies have not confirmed or evaluated the relevance of haematuria
in proliferative GN'>"'4. In patients with nephrotic syndrome, haematuria sometimes presents with
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Variables 0Odds ratio 95% CI P-value
Age (year) 0.994 0.987 to 1.001 0.113
Male vs. female 1.082 0.861 to 1.359 0.499
Cardiovascular disease 0.836 0.638 to 1.095 0.194
Mean BP (mmHg) 0.999 0.992 to 1.007 0.898
BMI (Kg/m2) 0.983 0.957 to 1.009 0.201
eGFR (ml/min/1.73 m?) 1.006 0.996 to 1.016 0.270
Log-transformed UPCR 2.242 1.747 to 2.876 | <0.001
Hemoglobin (g/dl) 0.937 0.877 to 1.002 0.057
Albumin (g/dl) 0.654 0.514 to 0.832 0.001
Log-transformed cholesterol 1.277 0.469 to 3.480 0.632
Log-transformed CRP 1.361 1.205 to 1.536 | <0.001
Phosphorus (mg/dl) 1.035 0.933 to 1.147 0.515
Uric acid (mg/dl) 1.009 0.956 to 1.065 0.739

Table 2. Multivariate logistic regression for haematuria. DM: diabetes mellitus, BP: mean blood pressure,
BMI: body mass index, eGFR: estimated glomerular filtration rate, UPCR: urine protein to creatinine ratio,
CKD: chronic kidney disease, CRP: c-reactive protein, HbAlc: glycated hemoglobin. P < 0.05 indicates a
significantly associated with haematuria.

nonproliferative GN' and is considered to be associated with renal function progression and focal
segmental glomerulosclerosis (FSGS)'¢. The prognostic value of haematuria for ESRD in nondiabetic
patients with advanced-stage CKD or heavy proteinuria remains incompletely understood. In addition,
haematuria can indicate glomerular basement membrane (GBM) injury and potentially harms renal
tubules'”!8. Therefore, in the present study, we hypothesised that haematuria is associated with ESRD
and other clinical outcomes in patients with stage 3-5 nondiabetic CKD, assessing this hypothesis by
examining an observational cohort of patients with CKD.

Methods

Participants and Measurements. From November 11, 2002, to May 31, 2009, a prospective obser-
vation study was conducted and 2 affiliated hospitals of Kaohsiung Medical University in Southern
Taiwan; follow-up continued until May 31, 2010%. The integrated CKD care program for delaying dialy-
sis included 3303 patients with stage 3-5 CKD. Of these patients, patients with a diabetes mellitus (DM)
diagnosis based on the treatment administered or had a glycated hemoglobin level of >6.5% at the time
of enrolment were excluded. Eventually, 1799 eligible participants were included in the study. The study
protocol was approved by the Institutional Review Board of Kaohsiung Medical University Hospital, and
all participants provided written informed consent to participate in this study. The methods were carried
out in accordance with the approved guidelines.

The baseline variables of all participants included demographic data, comorbidities, medication his-
tory, lifestyle factors, physical examination findings, and laboratory data. Microscopic hematuria was
defined as >2 to 5 and <25 to 50 red blood cells (RBCs) under high power field (RBCs/hpf) in three
consecutive urinalysis after enrolment based on the laboratory grading system of our hospital: 0-2 (nor-
mal), 2-5, 5-10, 10-25, 25-50, and >50 RBCs/hpf. Samples exhibiting >25 white blood cells (WBCs)/
hpf in urinalysis were excluded. Patient demographic data were recorded at the first visit, and medical
history was recorded according to a chart review. Hypertension was defined on the basis of clinical
diagnoses and medications prescribed. CV diseases were defined according to the clinical diagnoses of
heart failure, acute or chronic ischemic heart disease, or cerebrovascular disease. Moreover, laboratory
data were obtained at the first visit.

Clinical Outcomes. Four clinical outcomes were accessed: ESRD, rapid renal function progression,
all-cause mortality, and CV events. ESRD was defined as the initiation of haemodialysis, peritoneal
dialysis, or renal transplantation. The initiation of ESRD was ascertained by a chart and catastrophic
card review. Rapid renal function progression was defined when the eGFR slope was less than —5mL/
min/1.73 m*/year. The eGFR was defined by using the simplified Modification of Diet in Renal Disease
Study equation: eGFR (mL/min/1.73 m?) = (186) X (serum creatinine ~1'%) x (age ****) x (C), where C
is 0.742 for women, 1.212 for African American patients, and 1 for all other patients. The survival
status and cause of death were determined by referencing death certificates, patient charts, and the
National Death Index. CV events were ascertained by reviewing charts to identify hospitalisations for
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HR for ESRD

Unadjusted 1 (reference) 2.35 (1.94-2.85)** 2.30 (1.79-2.94)** <0.001
Fully-adjusted 1 (reference) 1.28 (1.05-1.56)* 1.34 (1.03-1.74)* 0.024

OR for rapid renal function progression

Unadjusted 1 (reference) 1.77 (1.31-2.39)** 2.48 (1.76-3.49)** <0.001
Fully-adjusted 1 (reference) 1.45 (1.05-2.00)* 1.54 (1.06-2.25)* 0.023

HR for all-cause mortality

Unadjusted 1 (reference) 1.59 (1.20-2.11)* 2.27 (1.64-3.14)** <0.001
Fully-adjusted 1 (reference) 1.15 (0.86-1.54) 1.56 (1.11-2.20)* 0.039

HR for CV events

Unadjusted 1 (reference) 1.63 (1.09-2.45)* 1.72 (1.26-2.34)** 0.001

Fully-adjusted 1 (reference) 1.06 (0.70-1.63) 1.33 (0.97-1.82) 0.204

Table 3. Associations between haematuria and clinical outcomes. HR: hazard ratio, OR: odds ratio, CV:
cardiovascular. Rapid renal function progression is defined as eGFR slope < —5mL/min/1.73 m*/year. Model
adjusts for age, gender, eGFR, log-transformed UPCR, hypertension, cardiovascular disease, mean BP, BMI,
hemoglobin, albumin, log-transformed cholesterol, log-transformed CRP and phosphorus. *(P < 0.05) or
**(P<0.01) indicates a significantly different from reference group; P for trend <0.05 indicates a significant
trend for haematuria.

All patients 1 (reference) 1.28 (1.05-1.56)* 1.34 (1.03-1.74)* 0.024

UCPR subgroups 0.048
<500mg/g 1 (reference) 3.52 (1.22-10.14)* 4.41 (1.17-16.70)* 0.006
500-1500mg/g 1 (reference) 1.17 (0.86-1.76) 1.16 (0.87-1.72) 0.269
>1500mg/g 1 (reference) 1.16 (0.88-1.52) 1.32 (0.91-1.90) 0.307

CKD subgroups 0.519
Stage 3 1 (reference) 1.67 (0.30-9.49) 1.48 (0.19-11.3) 0.830
Stage 4 1 (reference) 1.55 (0.97-2.47) 1.47 (0.72-2.97) 0.165
Stage 5 1 (reference) 1.26 (1.00-1.58)* 1.30 (0.97-1.75) 0.082

Table 4. Subgroup analysis of the association between haematuria and ESRD in the fully adjusted Cox
proportional hazards model. Model adjusts for age, gender, eGFR, log-transformed UPCR, hypertension,
cardiovascular disease, mean BP, BMI, hemoglobin, albumin, log-transformed cholesterol, log-transformed
CRP and phosphorus. *P < 0.05 indicates a significantly different from reference group; P for trend <0.05
indicates a significant trend for haematuria. P for interaction <0.05 indicates a significant modifying effect
of the subgroup.

acute coronary syndrome, acute cerebrovascular disease, congestive heart failure, and peripheral arterial
occlusion disease and death resulting from any of the aforementioned causes.

Statistical Analysis. The statistical results of participant baseline characteristics were summarised
and expressed as counts and percentages for the categorical data, means with standard deviation (SD),
and medians with interquartile ranges (IQR) for the continuous variables with approximately normal dis-
tributions. Cox proportional hazards analysis was used to assess the relationship between haematuria and
clinical outcomes. Moreover, multivariate logistic regression analysis was used to evaluate the relation-
ship between haematuria and rapid renal function progression. The covariates were selected according
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Figure 1. Forest tree plot of the HR per one-unit increase of RBCs for (1A) end-stage renal disease
(ESRD) and (1B) rapid renal function progression.

to our previous studies, and the continuous variables with skewed distributions were log-transformed
to obtain normal distributions'. The model was adjusted for age, sex, eGFR, log-transformed urine
protein-to-creatinine ratio (UPCR), hypertension, CV disease, mean blood pressure, haemoglobin,
albumin, body mass index (BMI), log-transformed cholesterol, log-transformed C-reactive protein
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(CRP), phosphorus, glomerulonephritis, tubulointerstitial nephritis, and hypertensive nephropathy.
Furthermore, Cox survival analysis with prespecified subgroups was performed for all participants strat-
ified according to age (65 years), sex, CVD, CKD stages, UPCR (500 and 1500 mg/g), hemoglobin (10g/
dL), albumin (3.5g/dL), CRP (3 mg/L), and BMI (25kg/m?). The interaction term was tested by adding a
cross-product into the model. A P value < 0.05 was considered statistically significant. Statistical analysis
was performed using the R 2-15-2 software (R Foundation for Statistical Computing, Vienna, Austria)
and the Statistical Package for Social Sciences, Version 18.0, for Windows (SPSS Inc., Chicago, IL, USA).

Results
Characteristics and Clinical Outcomes According to Haematuria. The mean age of the 1799
patients was 62.6 & 14.5 years, and 757 (42.1%) of the patients were women (Table 1). The eGFR was
25.4+15.7mL/min/1.73m?, with a UPCR of 881 mg/g (IQR: 333-1766 mg/g). Overall, 1015 (56.4%)
patients had hypertension, and 326 (18.1%) patients had CV disease. The patients were divided into 3
groups according to the severity of haematuria in 2 out of 3 consecutive urinalyses: Group 1, no haema-
turia (0-2 RBCs/hpf or >2-5 RBCs/hpf only once in 3 analyses); Group 2, mild haematuria (2-5 RBCs/
hpf >2 times); and Group 3, moderate haematuria (>5-10RBCs/hpf >2 times). Other combinations of
2-5 RBCs/hpf once and >5-10 RBCs/hpf once were classified as mild haematuria.

The increase in Groups 1-3 was associated with a higher proportion of women; patients with stage
5 CKD; a stepwise increase in UPCR, white blood cell count, total cholesterol, phosphorus, and CRP; and
a stepwise decrease in serum haemoglobin, albumin, and calcium (Table 1). After a median follow-up
of 1157 days, the increment in Groups 1-3 was associated with rapid renal function progression, ESRD,
mortality, and CV events.

Factors Related to Mild or Moderate Haematuria. In multivariate logistic regression analysis,
both the log-transformed UPCR and log-transformed CRP revealed higher odds ratios (ORs) for hae-
maturia (Groups 2 and 3), whereas albumin revealed lower ORs for haematuria (Table 2). By contrast,
eGFR and mean blood pressure (BP) were not associated with haematuria.

Association of Haematuria with ESRD and Rapid Renal Function Progression. Overall, the
disease condition of 507 patients (28.2%) progressed to ESRD. In the fully adjusted Cox proportional
hazards model, a significant association was observed between haematuria and an increased risk of
ESRD. The Group 2 and 3 patients exhibited a significantly higher risk of ESRD than did the Group 1
patients (hazard ratio [HR]: 1.28, 95% confidence interval [CI]: 1.05-1.56, P=0.024 and 1.34, 95% CI:
1.03-1.74, P=0.030, respectively; Table 3). The median renal function progression rate (eGFR slope)
was —1.7mL/min/1.73 m?/year. In the fully adjusted multivariate logistic regression model, a significant
association was observed between haematuria and an increased risk of rapid renal function progres-
sion (eGFR slope less than —5mL/min/1.73 m*/year). The ORs of Groups 2 and 3 were 1.45 (95% CL:
1.05-2.00, P=0.023) and 1.54 (95% CI: 1.06-2.25, P=0.023), respectively (Table 3).

Association of Haematuria with All-Cause Mortality and Cardiovascular Events. Overall, 252
mortalities (14.0%) were recorded in our cohort during the follow-up period. In the fully adjusted Cox
proportional hazards model, a significant association was observed between moderate haematuria and
an increased risk of all-cause mortality (HR=1.56, 95% CI: 1.11-2.20, P=0.011) compared with no
haematuria (Table 3).

In total, 361 CV events and mortalities (20.1%) were recorded during the follow-up period. In the
fully adjusted Cox proportional hazards model, moderate haematuria was nonsignificantly associated
with an increased risks of CV events and mortality (HR=1.33, 95% CI: 0.97-1.82, P=0.204; Table 3).

Subgroup Analysis and Sensitivity Assessment: Association Between Haematuria and Clinical
Outcomes. Because haematuria was related to eGFR and UPCR, we further performed Cox regres-
sion analysis on the prespecified subgroups for ESRD and all-cause mortality (Table 4 and Fig. 1A).
Age, UPCR, and haemoglobin, but not CKD stage, affected the association between haematuria and
ESRD. The HR of moderate haematuria for ESRD in the subgroup with a UPCR <500mg/g was 4.41
compared with 1.16 and 1.32 in the subgroups with UPCRs of 500-1500 mg/g and >1500 mg/g, respec-
tively (Table 4 and Fig. 1A). In addition, CKD stage modified the association between haematuria and
all-cause mortality. The HR of moderate haematuria for ESRD in the patient subgroup with stage 4 CKD
was 3.20 compared with 1.07 and 1.27 in the patient subgroups with stage 3 and stage 5 CKD, respectively
(Fig. 1B).

Moreover, the urine occult blood (UOB) measured using dipsticks was evaluated to confirm our results.
The definition of haematuria according to UOB was UOB+to +++ for >2 times in 3 consecutive urinal-
yses. Because comparing the grading systems used for urine WBCs/hpf and UOB was challenging, these 2
measurements were dichotomously compared. In the fully adjusted Cox proportional hazards model, the
risk of haematuria for ESRD revealed an HR of 1.29 (95% CI: 1.07-1.56, P=0.007), and similarly, the risk of
UOB for ESRD revealed an HR of 1.33 (95% CI: 1.01-1.75, P=0.041) (Supplemental Table 1). Haematuria
was associated with an increased risk of all-cause mortality (HR: 1.28, 95% CI: 0.98-1.66, P=0.067), whereas
no association was observed between UOB and all-cause mortality.
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Discussion

The present study investigated whether haematuria was associated with clinical outcomes in a stage 3-5
nondiabetic CKD cohort, revealing that haematuria was associated with proteinuria, hypoalbuminemia,
and a high CRP. In addition, mild or moderate haematuria was significantly associated with increased
risks of ESRD and rapid renal function progression, whereas moderate haematuria was associated with
an increased risk of all-cause mortality. The association between haematuria and ESRD was more prom-
inent in patients with a UPCR <500 mg/g.

Microscopic haematuria may be a clinical risk factor for renal outcomes in patients with biopsy-proven
GN and mild proteinuria. Glomerular haematuria may indicate a defect in the GBM because of an abnor-
mal GBM structure (thinning, irregularity, and disruption) or mesangial proliferation'”?°. GBM diseases,
such as TBM disease and Alport syndrome, and proliferative GN, such as IgAN, were the most common
causes of isolated glomerular haematuria®.. A previous study reported that isolated haematuria might
result in the development of proteinuria in patients with IgAN and familial TBM>*%. Another study,
conducted before angiotensin-converting enzyme (ACE) inhibitors were developed, involving a Dutch
IgAN cohort, revealed that haematuria is a risk factor for ESRD’. This finding has been confirmed and
explained in several other cohort studies performed after ACE inhibitors were developed”!'?. A study
in Japan involving a large IgAN cohort, the majority (86.7%) of patients in which had stage 1-3 CKD,
reported that mild haematuria (1-29 RBCs/hpf) was associated with an increased risk of ESRD when all
clinical and pathological factors were considered'®. However, certain studies, including a cohort study
in Japan, could not confirm the association of haematuria with ESRD!>!4, However, haematuria is an
underrecognised risk factor in most studies focusing on IgAN. According to our ongoing meta-analysis,
approximately half of studies involving IgAN cohorts overlooked presenting haematuria in the descrip-
tive results and analyses. In our renal biopsy registry, approximately one-third of the patients had IgAN
(unpublished data). Thus, haematuria can be reasonably included as a potential risk factor in patients
with nondiabetic CKD. Our study further suggests that haematuria should be considered in patients with
stage 3-5 CKD, particularly in those with mild proteinuria.

Few studies have investigated the prognostic effects of haematuria in patients with other biopsy-proven
proliferative GN or nephrotic syndromes. In patients with lupus nephritis, the incidence of haematuria
was higher in the renal function impairment group than in the normal group®*. In patients with pauciim-
mune GN, the development of microscopic haematuria during remission indicated glomerular injury?®.
However, the prognostic effects of haematuria regarding long-term renal outcomes have not been evalu-
ated. Regarding nephrotic syndrome, haematuria is frequently observed in approximately 40% of patients
with membranous nephropathy (MN)* and FSGS, particularly in those with familial FSGS®, but is
infrequent in patients with minimal change disease?®. Reportedly, mesangial proliferation correlated with
patients with nephrotic syndrome and haematuria®. The incidence of haematuria was lower in nephrotic
syndrome cohorts, and only a few small-scale studies have discussed the prognostic effects of haematuria
in nephrotic syndromes'>!¢%. Regarding FSGS, haematuria is an independent predictor of stage 3 CKD',
whereas regarding MN, haematuria is not associated with developing ESRD®. In addition, in patients
with nephrotic IgAN, haematuria is not a risk factor for developing ESRD'>. However, the aforemen-
tioned studies were small-scale investigations. Consistent with the findings from such studies, the find-
ings from our study suggest that haematuria might have less prognostic value in patients with advanced
CKD and heavy proteinuria compared with its prognostic value in patients with mild proteinuria. This
result can be explained by the strong correlation between haematuria and proteinuria, suggesting that
the final pathologic pathway in nephrotic syndromes such as glomerulosclerosis might cause haematuria.
Thus, the role of haematuria in patients with GN and heavy proteinuria warrants further exploration.

Little is known about the prevalence and consequences of haematuria in patients with other renal
diseases of specific causes; studies on hypertension have indicated that in addition to GN, high blood
pressure could be another mechanism of haematuria. Arteriolar nephrosclerosis is a type of characterised
renal damage associated with malignant hypertension?. Haematuria has been reported in 30%-55%
of patients with biopsy-proven hypertensive nephropathy?”’-? and in 21% of patients with malignant
hypertension®’. Haematuria and proteinuria can occur in patients with high blood pressure and with
or without other renal diseases”. The aforementioned literature suggests the haematuria presents only
in patients whose blood pressure exceeds 180/100 mmHg, a threshold higher than that of proteinuria®.
The prognostic effect of haematuria on dialysis was considered and demonstrated in only one study
on malignant hypertension; both baseline creatinine and haematuria were associated with dialysis®.
However, our data revealed no correlation between haematuria and mean blood pressure, likely because
blood pressure was effectively controlled in this population. Whether a link exists between high blood
pressure and haematuria in patients with advanced CKD and uncontrollable blood pressure warrants
further examination.

Haematuria could be a risk factor for ESRD in the long-term follow-up of nonbiopsied patients. In
a screening program including 107,192 people from Okinawa, Japan, haematuria was identified as a
predictor of ESRD in the general population®. In a large nationwide cohort study, including 1.20 million
people aged 16-25 years, conducted in Israel, persistent asymptomatic isolated haematuria (>5RBCs/
hpf on 3 separate occasions) was strongly associated with ESRD*. Moreover, IgAN and hereditary nephri-
tis were the most common causes amongst the patients who developed ESRD*. Conversely, another
study involving a cohort comprising 177570 people in California, the United States, and the dipstick
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haemoglobin test revealed nonsignificant trends of an increased risk of ESRD?!. These data suggest that
haematuria is a potential risk factor for ESRD in the general population in the absence of other patholog-
ical causes. Our study extends the findings that haematuria, measured using a microscope or dipstick, is
a risk factor for ESRD development in patients with advanced nondiabetic CKD. The clinical application
of these results is most useful for patients with stage 4 and 5CKD and mild proteinuria, in whom the
presence of haematuria should not be neglected.

Our results suggest that moderate haematuria might be associated with all-cause mortality in patients
with advanced-stage CKD. Hypertension and inflammation might be links. Hypertension, especially with
a severe elevation in BP, could be associated with evidence of progressive target organ dysfunction, such
as hypertensive nephropathy or myocardial infarction®. Haematuria is present in hypertensive nephrop-
athy and is associated with fibrinoid necrosis or oedematous thickening of the intima in arterioles?>>.
However, haematuria was not associated with mortality when creatinine was considered in patients with
malignant hypertension®. Further evaluation of patients with CKD and malignant hypertension should
be performed. Moreover, correlations were observed between haematuria and proteinuria, hypoalbu-
minemia, and an increased CRP, indicating an association between haematuria and inflammation status.
Chronic inflammation in CKD is characterised by decreased renal function, arteriosclerosis, and glomer-
ular and tubulointerstitial scarring®. Increased inflammation markers have been associated with kidney
function, albuminuria, and CV events in patients with CKD*>*¢. Haematuria, through its association
with inflammation, is likely associated with all-cause mortality. To the best of our knowledge, only one
study included haematuria as a predictor of mortality in patients with biopsy-proven IgAN. The Japanese
scoring system also includes haematuria as a predictor of mortality in patients with IgAN. Therefore,
additional studies are warranted to confirm the prognostic value of haematuria in predicting mortality.

In the study of Jeong et al.*, which enrolled 56,632 asymptomatic healthy adults in Korea, showed
that female, older age, CKD and smoking were associated with microscopic hematuria while diabetes was
associated with lower risk for hematuria. In the following study from this cohort®, the risk of significant
underlying disease, such as renal stones, is higher in male and diabetes patients. In our study, we could
not see these associations, probably because the effects of eGFR and proteinuria on hematuria are more
important than other factors in CKD population.

Limitations

This study has several limitations. First, although we collected urine samples at a steady status, and sam-
ples exhibiting >25 WBCs/hpf in urinalysis were excluded, asymptomatic urinary tract infections may
have interfered with the haematuria assessment. Second, although participants exhibiting >50 RBCs/hpf
in urinalysis were excluded, menstruation might have affected the results. However, we did not observe a
correlation between haematuria and the female sex. Third, the origin of haematuria—glomerular or non-
glomerular haematuria—was not ascertained in most of our patients, although amongst the 100 samples
collected, most samples exhibited glomerular haematuria. Fourth, no consensus could be achieved on the
definition of haematuria expressed as RBCs/hpf. We used the definition of >2-5RBCs/hpf in 3 urinal-
yses, according to the definition reported in the largest cohort study*. Fifth, unlike in the quantification
of albuminuria and proteinuria, which can be corrected using urinary creatinine, urine concentrations
can interfere with the grading of haematuria severity. The severity of haematuria might not suggest a
dose-dependent effect. Defining the exact amount of haematuria required to affect clinical outcomes is
difficult. Sixth, extremely diluted or concentrated urine samples could cause haemolysis of the RBCs and
underestimation of the severity of haematuria. However, the sensitivity test performed according to the
dipstick occult blood method, which is used to measure haemoglobin or myoglobin, also revealed similar
results. Seventh, although we arranged renal sonography to exclude urinary stones and malignancies, we
did not arrange more sensitive studies for exclusion before study enrolment.

Conclusion

Haematuria was significantly associated with increased risks of ESRD, rapid renal function progression,
and all-cause mortality in patients with stage 3-5 nondiabetic CKD, particularly in those with mild
proteinuria. Additional studies must be conducted to determine the role of haematuria in patients with
nondiabetic CKD who have not undergone biopsy.

References
1. James, M. T., Hemmelgarn, B. R. & Tonelli, M. Early recognition and prevention of chronic kidney disease. Lancet 375,
1296-1309, doi: 10.1016/s0140-6736(09)62004-3 (2010).
2. Jha, V,, Wang, A. Y. & Wang, H. The impact of CKD identification in large countries: the burden of illness. Nephrol Dial
Transplant 27 Suppl 3, iii32-38, doi: 10.1093/ndt/gfs113 (2012).
. Iseki, K. The okinawa screening program. ] Am Soc Nephrol 14, S127-130 (2003).
4. Vivante, A. et al. Persistent asymptomatic isolated microscopic hematuria in Israeli adolescents and young adults and risk for
end-stage renal disease. JAMA 306, 729-736, doi: 10.1001/jama.2011.1141 (2011).
5. Gutierrez, E. et al. Long-term outcomes of IgA nephropathy presenting with minimal or no proteinuria. Journal of the American
Society of Nephrology: JASN 23, 1753-1760, doi: 10.1681/asn.2012010063 (2012).
6. Shen, P. et al. Clinicopathological characteristics and outcome of adult patients with hematuria and/or proteinuria found during
routine examination. Nephron. Clinical practice 103, c149-156, doi: 10.1159/000092912 (2006).

W

SCIENTIFIC REPORTS | 5:15242 | DOI: 10.1038/srep15242 8



www.nature.com/scientificreports/

e

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Le, W. et al. Long-term renal survival and related risk factors in patients with IgA nephropathy: results from a cohort of 1155
cases in a Chinese adult population. Nephrology, dialysis, transplantation : official publication of the European Dialysis and
Transplant Association - European Renal Association 27, 1479-1485, doi: 10.1093/ndt/gfr527 (2012).

. Geetha, D,, Seo, P, Ellis, C., Kuperman, M. & Levine, S. M. Persistent or new onset microscopic hematuria in patients with small

vessel vasculitis in remission: findings on renal biopsy. ] Rheumatol 39, 14131417, doi: 10.3899/jrheum.111608 (2012).
Beukhof, J. R. et al. Toward individual prognosis of IgA nephropathy. Kidney international 29, 549-556 (1986).

. Goto, M. et al. A scoring system to predict renal outcome in IgA nephropathy: a nationwide 10-year prospective cohort study.

Nephrol Dial Transplant 24, 3068-3074, doi: 10.1093/ndt/gfp273 (2009).

Rauta, V. et al. Factors associated with progression of IgA nephropathy are related to renal function-a model for estimating risk
of progression in mild disease. Clin Nephrol 58, 85-94 (2002).

Miura, N. et al. Tonsillectomy and steroid pulse (TSP) therapy for patients with IgA nephropathy: a nationwide survey of TSP
therapy in Japan and an analysis of the predictive factors for resistance to TSP therapy. Clin Exp Nephrol 13, 460-466, doi:
10.1007/510157-009-0179-1 (2009).

Moriyama, T. et al. Severity of nephrotic IgA nephropathy according to the Oxford classification. Int Urol Nephrol 44, 11771184,
doi: 10.1007/s11255-011-0109-5 (2012).

Shimizu, A., Takei, T., Uchida, K., Tsuchiya, K. & Nitta, K. Predictors of poor outcomes in steroid therapy for immunoglobulin
A nephropathy. Nephrology (Carlton) 14, 521-526, doi: 10.1111/j.1440-1797.2009.01104.x (2009).

Hao, X. et al. Increased risk of treatment failure and end-stage renal disease in familial focal segmental glomerular sclerosis.
Contrib Nephrol 181, 101-108, doi: 10.1159/000348462 (2013).

Abrantes, M. M. et al. Predictive factors of chronic kidney disease in primary focal segmental glomerulosclerosis. Pediatr Nephrol
21, 1003-1012, doi: 10.1007/500467-006-0138-y (2006).

Moreno, J. A. et al. Haematuria: the forgotten CKD factor? Nephrol Dial Transplant 27, 28-34, doi: 10.1093/ndt/gfr749 (2012).
Tracz, M. J., Alam, J. & Nath, K. A. Physiology and pathophysiology of heme: implications for kidney disease. Journal of the
American Society of Nephrology : JASN 18, 414-420, doi: 10.1681/ASN.2006080894 (2007).

Liu, W. C. et al. Association of hyperuricemia with renal outcomes, cardiovascular disease, and mortality. Clin ] Am Soc Nephrol
7, 541-548, doi: 10.2215/c¢jn.09420911 (2012).

Jalalah, S. M., Alzahrani, I. H. & Furness, P. N. Glomerular changes in microscopic haematuria, studied by quantitative
immunoelectron microscopy and in situ zymography. Nephrol Dial Transplant 17, 1586-1593 (2002).

. Haider, D. G. et al. Kidney biopsy results versus clinical parameters on mortality and ESRD progression in 2687 patients with

glomerulonephritis. Eur ] Clin Invest 44, 578-586, doi: 10.1111/eci.12274 (2014).

Pierides, A. et al. Clinico-pathological correlations in 127 patients in 11 large pedigrees, segregating one of three heterozygous
mutations in the COL4A3/ COL4A4 genes associated with familial haematuria and significant late progression to proteinuria
and chronic kidney disease from focal segmental glomerulosclerosis. Nephrology, dialysis, transplantation : official publication of
the European Dialysis and Transplant Association - European Renal Association 24, 2721-2729, doi: 10.1093/ndt/gfp158 (2009).
Manno, C. et al. A novel simpler histological classification for renal survival in IgA nephropathy: a retrospective study. American
journal of kidney diseases : the official journal of the National Kidney Foundation 49, 763-775, doi: 10.1053/j.ajkd.2007.03.013
(2007).

Shen, K., Yu, Y, Tang, Z., Liu, Z. & Li, L. The prognosis of biopsy-proven lupus nephritis in chinese patients: long term follow-
up of 86 cases. Chinese medical journal 110, 502-507 (1997).

Shiiki, H. et al. Prognosis and risk factors for idiopathic membranous nephropathy with nephrotic syndrome in Japan. Kidney
international 65, 1400-1407, doi: 10.1111/j.1523-1755.2004.00518.x (2004).

Kirpekar, R., Yorgin, P. D., Tune, B. M., Kim, M. K. & Sibley, R. K. Clinicopathologic correlates predict the outcome in children
with steroid-resistant idiopathic nephrotic syndrome treated with pulse methylprednisolone therapy. American journal of kidney
diseases : the official journal of the National Kidney Foundation 39, 1143-1152, doi: 10.1053/ajkd.2002.33382 (2002).

Wang, X. C. et al. Clinical and pathological analysis of the kidney in patients with hypertensive nephropathy. Experimental and
therapeutic medicine 6, 1243-1246, doi: 10.3892/etm.2013.1306 (2013).

Nonaka, K. et al. Clinical and pathological evaluation of hypertensive emergency-related nephropathy. Internal medicine 52,
45-53 (2013).

Harvey, J. M. et al. Renal biopsy findings in hypertensive patients with proteinuria. Lancet 340, 1435-1436 (1992).

Shantsila, A., Lane, D. A., Beevers, D. G. & Lip, G. Y. Lack of impact of pulse pressure on outcomes in patients with malignant
phase hypertension: the West Birmingham Malignant Hypertension study. J Hypertens 30, 974-979, doi: 10.1097/
HJH.0b013e3283526e47 (2012).

Hsu, C. Y, Iribarren, C., McCulloch, C. E., Darbinian, J. & Go, A. S. Risk factors for end-stage renal disease: 25-year follow-up.
Archives of internal medicine 169, 342-350, doi: 10.1001/archinternmed.2008.605 (2009).

James, P. A. et al. 2014 evidence-based guideline for the management of high blood pressure in adults: report from the panel
members appointed to the Eighth Joint National Committee (JNC 8). Jama 311, 507-520, doi: 10.1001/jama.2013.284427 (2014).
Okada, T. et al. Clinical significance of microscopic haematuria in diabetic nephropathy in type 2 diabetes patients with overt
proteinuria. Nephrology (Carlton) 18, 563-568, doi: 10.1111/nep.12104 (2013).

Impellizzeri, D., Esposito, E., Attley, J. & Cuzzocrea, S. Targeting inflammation: new therapeutic approaches in chronic kidney
disease (CKD). Pharmacol Res 81, 91-102, doi: 10.1016/j.phrs.2014.02.007 (2014).

Jalal, D., Chonchol, M., Etgen, T. & Sander, D. C-reactive protein as a predictor of cardiovascular events in elderly patients with
chronic kidney disease. ] Nephrol 25, 719-725, doi: 10.5301/jn.5000047 (2012).

Tsai, Y. C. et al. Association of hsCRP, white blood cell count and ferritin with renal outcome in chronic kidney disease patients.
PLoS One 7, €52775, doi: 10.1371/journal.pone.0052775 (2012).

Knoop, T. et al. Mortality in patients with IgA nephropathy. American journal of kidney diseases : the official journal of the
National Kidney Foundation 62, 883-890, doi: 10.1053/j.ajkd.2013.04.019 (2013).

Jeong, C. W, Lee, S., Byun, S. S., Lee, D. H. & Lee, S. E. No increase in risk of microscopic hematuria with aspirin use by
asymptomatic healthy people. JAMA internal medicine 173, 1145-1146, doi: 10.1001/jamainternmed.2013.567 (2013).

Kang, M. et al. Characteristics and significant predictors of detecting underlying diseases in adults with asymptomatic microscopic
hematuria: a large case series of a Korean population. International journal of urology : official journal of the Japanese Urological
Association 22, 389-393, doi: 10.1111/iju.12697 (2015).

Author Contributions

Hugo You-Hsien Lin and Chi-Chih Hung drafted the manuscript. Chun-Yu Yen and Lee-Moay Lim
prepared tables and helped statistical analysis. Daw-Yang Hwang and Jer-Chia Tsai prepared figures.
Shang-Jyh Hwang and Hung-Chun Chen conceived of the study, and participated in its design and
coordination. All authors read and approved the final manuscript.

SCIENTIFIC REPORTS | 5:15242 | DOI: 10.1038/srep15242 9



www.nature.com/scientificreports/

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: You-Hsien Lin, H. et al. Microscopic Haematuria and Clinical Outcomes
in Patients With Stage 3-5 Nondiabetic Chronic Kidney Disease. Sci. Rep. 5, 15242; doi: 10.1038/
srepl15242 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The

oM jmages or other third party material in this article are included in the article’s Creative Com-
mons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 5:15242 | DOI: 10.1038/srep15242 10


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Microscopic Haematuria and Clinical Outcomes in Patients With Stage 3–5 Nondiabetic Chronic Kidney Disease

	Methods

	Participants and Measurements. 
	Clinical Outcomes. 
	Statistical Analysis. 

	Results

	Characteristics and Clinical Outcomes According to Haematuria. 
	Factors Related to Mild or Moderate Haematuria. 
	Association of Haematuria with ESRD and Rapid Renal Function Progression. 
	Association of Haematuria with All-Cause Mortality and Cardiovascular Events. 
	Subgroup Analysis and Sensitivity Assessment: Association Between Haematuria and Clinical Outcomes. 

	Discussion

	Limitations

	Conclusion

	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Forest tree plot of the HR per one-unit increase of RBCs for (1A) end-stage renal disease (ESRD) and (1B) rapid renal function progression.
	﻿Table 1﻿﻿. ﻿  Characteristics of patients with stage 3 to 5 non-diabetic CKD divided by haematuria.
	﻿Table 2﻿﻿. ﻿  Multivariate logistic regression for haematuria.
	﻿Table 3﻿﻿. ﻿  Associations between haematuria and clinical outcomes.
	﻿Table 4﻿﻿. ﻿  Subgroup analysis of the association between haematuria and ESRD in the fully adjusted Cox proportional hazards model.



 
    
       
          application/pdf
          
             
                Microscopic Haematuria and Clinical Outcomes in Patients With Stage 3–5 Nondiabetic Chronic Kidney Disease
            
         
          
             
                srep ,  (2015). doi:10.1038/srep15242
            
         
          
             
                Hugo You-Hsien Lin
                Chun-Yu Yen
                Lee-Moay Lim
                Daw-Yang Hwang
                Jer-Chia Tsai
                Shang-Jyh Hwang
                Chi-Chih Hung
                Hung-Chun Chen
            
         
          doi:10.1038/srep15242
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep15242
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep15242
            
         
      
       
          
          
          
             
                doi:10.1038/srep15242
            
         
          
             
                srep ,  (2015). doi:10.1038/srep15242
            
         
          
          
      
       
       
          True
      
   




