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ABSTRACT

Introduction There are fewer reports about whether the
presence of hematuria affects the progression of chronic
kidney disease in patients with diabetic nephropathy.

We analyzed whether microscopic hematuria in diabetic
nephropathy is a risk factor for end-stage kidney disease
(ESKD).

Research design and methods The present study was a
retrospective cohort study of patients with biopsy-proven
diabetic nephropathy. We recruited 397 patients with diabetic
nephropathy, which was confirmed by renal biopsy between
June 1981 and December 2014 and followed them until
October 2018 or death. Patients with microscopic hematuria
before renal biopsy were defined as the hematuria group
(n=91), and the remainder as the no-hematuria group
(n=306). The main outcome was the occurrence of ESKD,
which was defined by the requirement of permanent renal
replacement therapies.

Results The systolic and diastolic blood pressure, serum
creatinine and proteinuria were significantly higher, and the
estimated glomerular filtration rate was significantly lower
in the hematuria group compared with the no-hematuria
group. Pathological evaluations revealed that glomerular,
tubulointerstitial and vascular lesions in the hematuria
group were significantly more severe. During a median

of 10.1 years, 44 and 52 patients developed ESKD in the
hematuria group and the no-hematuria group, respectively.
Survival analyses showed that the incidence of ESKD was
significantly higher in the hematuria group compared

with the no-hematuria group (log-rank, p<0.0001). The
multivariable Cox proportional hazards models revealed

a significant association between hematuria and the
incidence of ESKD after adjusting for clinically relevant
factors, including proteinuria and renal pathology (adjusted
HR 1.64, 95% CI 1.03 to 2.60). The subgroups of men,
proteinuria >0.5 g/day, and systolic blood pressure
>132mm Hg showed a stronger association between
hematuria and ESKD than their opposing subgroups.
Conclusions Microscopic hematuria is a risk factor for
ESKD in diabetic nephropathy, independent of proteinuria
and renal pathology.

INTRODUCTION

Glomerular hematuria has been classically
considered a hallmark of glomerular filtra-
tion barrier dysfunction or damage, but with
less effect on the progressive decline in renal

Significance of this study

What is already known about this subject?

» The presence of hematuria has been considered a
clinical sign of non-diabetic kidney disease in pa-
tients with diabetes.

» There are fewer reports about whether microscopic
hematuria affects the progression of chronic kidney
disease in patients with diabetic nephropathy.

What are the new findings?

» The presence of microscopic hematuria is a risk fac-
tor for end-stage kidney disease (ESKD) in diabetic
nephropathy, independent of proteinuria and renal
pathology.

How might these results change the focus of

research or clinical practice?

» We should treat patients with diabetic nephropathy
and microscopic hematuria as high-risk patients for
ESKD.

function.! Recently, several studies reported
that the presence of hematuria was associated
with a faster decline in renal function and an
increase in development of end-stage kidney
disease (ESKD) in healthy people® * and
patients with chronic kidney disease (CKD).*
Although diabetic nephropathy is the leading
cause of ESKD, the clinical assessment of
diabetic nephropathy includes the level of
albuminuria and estimated glomerular filtra-
tion rate (eGFR), and it does not consider
the presence of hematuria.” The presence
of hematuria has been considered a clinical
sign of non-diabetic kidney disease in patients
with diabetes6_8; however, a recent report of
biopsy-proven diabetic nephropathy showed
that patients with advanced diabetic nephrop-
athy were accompanied by a high prevalence
of hematuria.” There are fewer reports about
whether the presence of hematuria affects the
progression of CKD in patients with diabetic
nephropathy.
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A previous study reported that patients with hematuria
had more advanced glomerular and vascular lesions in
renal pathology than those without hematuria.'” There-
fore, we hypothesized that glomerular hematuria in
diabetic nephropathy is a risk factor for the progression
of CKD. In the present study, we assessed whether the
presence of microscopic hematuria was associated with
the incidence of ESKD in patients with biopsy-proven
diabetic nephropathy.

RESEARCH DESIGN AND METHODS

Study design

This study was a retrospective cohort study of patients
with biopsy-proven diabetic nephropathy.'’ Informed
consent was obtained from each patient.

Study population

A total of 408 patients with type 2 diabetes, who were
proven to have diabetic nephropathy by renal biopsy at
Nara Medical University Hospital between June 1981
to December 2014, completed the follow-up study. We
excluded 11 patients whose prerenal biopsy urinary
sediment data were missing. Eventually, we followed 397
patients until October 2018 or death.

The following clinical data were obtained at the renal
biopsy: age, sex, body mass index (BMI), smoking status,
presence of diabetic retinopathy, systolic and diastolic
blood pressure, serum creatinine, hemoglobin Alc
(HbAlc), proteinuria and hematuria. Serum creati-
nine values (mg/dL) measured by the Jaffe method
were converted to values for the enzymatic method by
subtracting 0.207 mg/dL.12 The eGFR (mL/min/1.73 m?
of body surface area) was calculated using the new three-
variable Japanese equation for eGFR: eGFR=194xserum
creatinine (mg/ dL)71'094xag670'287x0.739 (if female)."
HbAlc values measured by the Japan Diabetes Society
values were converted to the National Glycohemo-
globin Standardization Program values.'"* Proteinuria
was measured by 24-hour urine protein (or spot urine
protein creatinine ratio, if 24-hour urine protein was not
available).

Exposure

In the present study, we analyzed the association between
the prevalence of hematuria and the incidence of ESKD.
The prevalence of hematuria was defined as a test result
of five or more red blood cells per high power field on
urinary sediment. In this analysis, patients with hematuria
at the time of renal biopsy were defined as the hematuria
group, and those without hematuria were defined as the
no-hematuria group.

End point

The primary end point of the present study was the devel-
opment of ESKD, which was defined as a requirement
of permanent renal replacement therapies. These events
were checked from hospital charts or phone calls to a

patient or her/his family. As the secondary end point, we
evaluated all-cause death in the follow-up period.

Pathological evaluations

Histological examinations were performed inde-
pendently by at least two renal pathologists, with differ-
ences resolved by consensus. The detailed method of
pathological evaluations was previously described.'
Briefly, glomerular lesions were classified based on the
criteria of the Research Committee of Renal Patholog-
ical Society": class I, characterized by thickening of the
glomerular basement membrane as detected by electron
microscopy; classes Ila and IIb, mild and severe mesangial
expansion, respectively; class III, nodular sclerosis with
<50% global glomerulosclerosis and class IV, >50% global
glomerulosclerosis. We did not include class I because
the renal tissues were not examined by electron micros-
copy. Severity of interstitial fibrosis and tubular atrophy
(IFTA) was graded as follows: 0, no IFTA; 1, <25% IFTA;
2, 25%—b50% IFTA; 3, >50% IFTA. Vascular lesions were
classified by arteriolar hyalinosis and arteriosclerosis
(intimal thickening). Arteriolar hyalinosis was graded
as follows: 0, absent; 1, at least one area; 2, more than
one area. The severity of arteriosclerosis was presented as
0, no intimal thickening; 1, intimal thickening less than
thickness of media and 2: intimal thickening greater than
thickness of media.'”

Statistical analyses

Categorical variables were expressed as numbers and
percentages and were compared with the ¥ test. Contin-
uous variables were expressed as mean+SD or median
(IQR). Based on their distribution, continuous variables
were compared using the Student’s t-test or Wilcoxon
rank sum test as appropriate.

Survival curves were obtained using the Kaplan-Meier
method and compared by a logrank test. The Cox
proportional hazards model was used to calculate the HR
and 95% CI for the impact of hematuria on ESKD. In
the multivariable models, model 1 was adjusted for sex
and age; model 2 was adjusted for model 1 plus eGFR,
proteinuria, systolic blood pressure and BMI and model
3 was adjusted for model 2 plus pathological findings
(glomerular lesion class and IFTA score). In patholog-
ical findings, we stratified the glomerular lesion class and
IFTA score by Ila-IIb/III-IV and 0-1/2-3, respectively.

Subgroup analyses were conducted in groups stratified
by sex, age, proteinuria, eGFR, BMI, systolic blood pres-
sure and pathological findings. In the analyses, we dichot-
omized age, proteinuria, eGFR, BMI and systolic blood
pressure by median values of 59 years, 0.5 g/day, 58 mL/
min/1.73 m% 23.6 kg/m” and 132 mm Hg, respectively.
In each subgroup, we used the same multivariable models
(model 3) to assess the association between hematuria
and ESKD.

As a sensitivity analysis, we performed the univariable
and multivariable Cox proportional hazards models
to analyze the association between the prevalence of
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hematuria and the composite end point of ESKD and
all-cause death because patients with diabetic nephrop-
athy were at high risk for ESKD, and other events, such as
cardiovascular disease.

All analyses were performed using JMP 14.3.0 (SAS
Institute, Cary, North Carolina, USA). P values <0.05
were considered statistically significant in all analyses
except for interaction analyses, which were considered
statistically significant when p=<0.1.

RESULTS

Baseline characteristics of the patients with/without
hematuria

Of the 397 patients with biopsy-proven diabetic nephrop-
athy, 91 (23%) had hematuria at the time of renal biopsy.
In the hematuria group, systolic and diastolic blood
pressure, serum creatinine levels and proteinuria were
significantly higher, and eGFR was significantly lower
than in the no-hematuria group (table 1). Pathological
evaluations revealed that the hematuria group had more
advanced findings: 59% of them had class III-IV glomer-
ular lesions, and 61% of them had IFTA scores of 2—3.
Regarding vascular lesions, the arteriolar hyalinosis score
was significantly higher in the hematuria group, but the
arteriosclerosis score was not statistically significant in
either group.

The incidence of ESKD in patients with/without hematuria
The median follow-up period was 10.1 (95% CI 8.4 to
11.8) years. During the follow-up period, 44 and 52
patients developed ESKD in the hematuria group and
the no-hematuria group, respectively (hematuria group:
69.1/1000 person-years, no-hematuria group: 16.4/1000
person-years). The survival curves showed that the inci-
dence of ESKD was significantly higher in the hematuria
group (log-rank, p<0.0001; figure 1). The HR (95% CI)
of hematuria for the incidence of ESKD was 4.11 (95% CI
2.73 to 6.18). The multivariable Cox proportional hazard
models revealed the association between hematuria and
the incidence of ESKD after adjusting for clinically rele-
vant factors (model 3: adjusted HR 1.64, 95% CI 1.03 to
2.60; figure 1).

There was a difference in the associations between
hematuria and the incidence of ESKD among some
of the subgroups (figure 2). Notably, the subgroups of
men, proteinuria 20.5g/day and systolic blood pressure
2132mm Hg showed a stronger association between
hematuria and ESKD than their opposing subgroups.

The incidence of ESKD and all-cause death in patients with/
without hematuria

As a sensitivity analysis, we evaluated the composite end
point of ESKD and all-cause death. Fifty-three and 90
patients developed ESKD or death in the hematuria group
and the no-hematuria group, respectively (hematuria
group: 83.3/1000 person-years, no-hematuria group:
28.3/1000 person-years). The survival analyses showed
that the incidence of ESKD and death was significantly

higher in the hematuria group (log-rank, p<0.0001), and
the crude and adjusted HRs (95% CIs) of hematuria were
2.93 (2.08 to 4.13) and 1.41 (0.96 to 2.08) (model 3),
respectively (figure 3).

DISCUSSION

The present study of biopsy-proven diabetic nephropathy
showed that patients with hematuria had more advanced
pathological findings than those without hematuria. The
incidence of ESKD was increased in the patients with
hematuria, even after adjusting for clinically relevant
factors, including proteinuria and renal pathology. We
suggest that the presence of hematuria is a significant risk
factor for ESKD in patients with diabetic nephropathy,
especially in male patients and patients with comorbid
high proteinuria or high blood pressure. The sensitivity
analysis showed similar findings, considering deaths
before the onset of ESKD.

In our study, the pathological findings revealed that
advanced glomerular, interstitial and vascular lesions
were observed in the hematuria group (table 1). Over
50% of the patients in the hematuria group were classi-
fied into glomerular lesion classes III—IV (nodular scle-
rosis or advanced glomerulosclerosis), while many of the
patients in the no-hematuria group remained in glomer-
ular lesion class Ila (mild mesangial expansion). In addi-
tion, over 60% of the patients in the hematuria group
had >25%IFTA. Accumulated evidence showed that
severity of glomerular and IFTA lesions were positively
associated with the incidence of ESKD in patients with
biopsy-proven diabetic nephropathy.'®'” Therefore, it is
reasonable to conclude that the presence of hematuria
might be associated with a high incidence of ESKD via
advanced glomerular and interstitial lesions. However,
our study showed a significant association between hema-
turia and ESKD, even after adjusting for glomerular and
interstitial lesions (figure 1). Moreover, in the subgroup
analyses, the severity of glomerular and interstitial lesions
did not significantly affect the association between hema-
turia and ESKD (figure 2). A more recent clinical study
reported that hematuria in patients with biopsy-proven
diabetic nephropathy was associated with advanced renal
pathology and a higher risk of ESKD."® However, this
study did not demonstrate whether the effect of hema-
turia on ESKD was independent of renal pathology.

The level of proteinuria was significantly higher in
the hematuria group (table 1). A recent study recruited
patients with biopsy-proven diabetic nephropathy also
showed that the level of proteinuria was higher in the
patients with hematuria."® Another study in patients
with biopsy-proven diabetic nephropathy reported that
the presence of hematuria was associated with the pres-
ence of nephrotic syndrome.' Considering the patho-
logical findings in renal biopsy, hematuria accompanied
by proteinuria reflected advanced stages of diabetic
nephropathy. In our study, the presence of hematuria
was significantly associated with an increased incidence
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Table 1 Baseline characteristics of the patients with/without hematuria

Total Hematuria No-hematuria No. of
N=397 N=91 N=306 missing values P value
Age, years 57.7+11.3 59.1+10.8 57.3+x11.5 0 0.2
Men, n (%) 249 (63) 65 (60) 184 (71) 0 0.05
BMI, kg/m? 24.1+3.8 24.7+4.0 23.9+3.7 0 0.08
Blood pressure, mm Hg
Systole 135+24 145+27 132+22 0 <0.0001
Diastole 75+13 78+15 75+13 0 0.04
Smoking, n (%) 0 0.4
Never 154 (39) 30 (33) 124 (41)
Past 61 (15) 14 (15) 47 (15)
Current 182 (46) 47 (52) 135 (44)
Diabetic retinopathy, n (%) 175 (45) 58 (65) 117 (39) 10 <0.0001
Laboratory findings
Serum creatinine, mg/dL 0.99 1.23 0.90 0 <0.0001
(0.70-1.30) (0.80-1.80) (0.70-1.20)
Serum creatinine, pmol/L 87.5 108.7 79.6 0 <0.0001
(61.9-114.9) (70.7-159.1) (61.9-106.1)
eGFR, mL/min/1.73m? 57.6 45.4 61.2 0 <0.0001
(89.7-80.8) (29.0-65.7) (43.4-82.0)
Proteinuria, g/day 0.4 (0.2-2.5) 3.1 (0.5-6.8) 0.3 (0.1-1.0) 8 <0.0001
HbA1c, % 8.3+2.4 7.9+2.2 8.4+2.4 36 0.1
HbA1c, mmol/mol 67+26 63+24 68+26 36 0.1
Pathological findings
Glomerular lesion class, n (%) 0 <0.0001
lla 127 (32) 12 (13) 115 (38)
Ilb 148 (37) 25 (27) 123 (40)
Il 99 (25) 40 (44) 59 (19)
v 23 (6) 14 (15) 9(3)
IFTA score, n (%) 0 <0.0001
0 32 (8) 4 (4) 28 (9)
1 220 (55) 31 (34) 189 (62)
2 66 (17) 22 (24) 44 (14)
& 79 (20) 34 (37) 45 (15)
Arteriolar hyalinosis score, n (%) 0 <0.02
0 55 (14) 7 (8) 48 (16)
1 120 (30) 22 (24) 98 (32)
2 222 (56) 62 (68) 160 (52)
Arteriosclerosis score, n (%) 31 0.9
0 78 (21) 17 (20) 61 (22)
1 123 (34) 30 (36) 93 (33)
2 165 (45) 36 (43) 129 (46)

BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Aic; IFTA, intestinal fibrosis and tubular atrophy.

of ESKD, even after adjusting for proteinuria. We also
showed that hematuria was more strongly associated
with ESKD in the subgroup of proteinuria =0.5g/day
(figure 2). These results suggest that hematuria and

proteinuria had a synergistic effect on CKD progression
in patients with diabetic nephropathy. Similar findings
were reported in IgA nephropathy. In the study, patients
with IgA nephropathy with hematuria accompanied by
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L — No-hematuria group
Hematuria group

0.8

0.6+

0.4

Renal Survival

0.2
Log-rank, P <0.0001

T T T T T
0 5 10 15 20 25 30 35

Follow-up, year
No. at risk P

No-hematuria group 306 197 128 87 51 21 9 1
Hematuria group 91 41 21 15 " 1

Crude HR (95% Cl)

Adjusted HR (95% Cl)
Model 1: 4.08 (2.70-6.16), P <0.0001
Model 2: 2.07 (1.29-3.34), P=0.03
Model 3: 1.64 (1.03-2.60), P = 0.04

1 4.11(2.73-6.18), P <0.0001

Figure 1 The incidence of ESKD in patients with/without
hematuria. The survival curves showed that the incidence of
ESKD was significantly higher in the hematuria group (log-
rank, p<0.0001). The crude HR (95% CI) of hematuria for the
incidence of ESKD was 4.11 (2.73 to 6.18). The association
remains significant after adjusting for clinically relevant
factors. Model 1 was adjusted for sex and age. Model 2
was adjusted for model 1 plus eGFR, proteinuria, systolic
blood pressure and BMI. Model 3 was adjusted for model 2
plus pathological findings (glomerular lesion class and IFTA
score). BMI, body mass index; eGFR, estimated glomerular
filtration rate; ESKD, end-stage kidney disease; IFTA,
interstitial fibrosis and tubular atrophy.

proteinuria had a significantly higher incidence of ESKD
than the others.?

In this study, the subgroup analyses suggested that the
prevalence of hematuria was associated with an increased
incidence of ESKD in men, not in women (figure 2). In
the general population, the prevalence of asymptom-
atic hematuria is higher in women than men at all age

21 22 .
groups, and as a result, the prevalence of accidental
Adjusted HR (95% Cl) Interaction
Men 2.14(1.21-3.78) P=01 [ —
Women 1.16 (0.52 - 2.59) —_———y
Age 259 1.59(0.83 - 3.02; P=07 [ S
Age <59 1.79 (087 - 3.65, i
Proteinuria >0.5 1.85(1.12 - 3.04; P=0.03 e
Proteinuria <0.5 0.36 (0.04 - 3.09; {
eGFR >58 1.66 (071 - 3.89; P=04 ——e—
eGFR <58 1.77 (099 - 3.15 ———
BMI 223.6 1.60 (0.88 - 2.92; P=04 S
BMI <23.6 1.75(0.80 - 3.83 =
SBP 132 zos}ms-s]s; P=007 i
SBP <132 0.85 (0:35- 205 ——
Glomerular IIl, IV 1.73 (0.99 - 3.02; P=05 e
Glomerular lla, Ilb 1.04 (0.43 - 2.54; i
IFTA >25% 1.62(0.95- 2.76; P=06 S
IFTA <25% 2,07 (0.74 - 5.80 e
005 0.1 02 03 05 1 2 3 5

Figure 2 Subgroup analyses. We dichotomized age,
proteinuria, eGFR, BMI and SBP by median values. In each
subgroup, we used the multivariable Cox proportional
hazard model (model 3) to assess the association between
hematuria and ESKD. BMI, body mass index; eGFR,
estimated glomerular filtration rate; ESKD, end-stage kidney
disease; IFTA, intestinal fibrosis and tubular atrophy; SBP,
systolic blood pressure.

W, e No-hematuria group
o Hematuria group
_ 08 e,
—-= ...
=8 e
gz e Log-rank, P <0.0001
& 506 i
wv 2.
O A
28
& 2 044
Q<
Eo
o c
O © 024
0 T T T T T T T
0 5 10 15 20 25 30 35
. Follow-up, year
No. at risk
No-hematuria group 306 197 128 87 51 21 9 1
Hematuria group 91 41 21 15 " 1

Crude HR (95% Cl)

Adjusted HR (95% Cl)
Model 1: 2.74 (1.93-3.88), P <0.0001
Model 2: 1.68(1.13-2.49), P=0.01
Model 3: 1.41(0.96-2.08), P =0.08

1 2,93 (2.08-4.13), P <0.0001

Figure 3 The incidence of ESKD and all-cause death in
patients with/without hematuria. As a sensitivity analysis, we
evaluated the composite end point of ESKD and all-cause
death. The survival curves showed that the incidence of
ESKD and death was significantly higher in the hematuria
group (log-rank, p<0.0001), and the crude and adjusted HRs
(95% ClI) of hematuria were 2.93 (2.08 to 4.13) and 1.41 (0.96
to 2.08) (model 3), respectively. Model 1 was adjusted for
sex and age. Model 2 was adjusted for model 1 plus eGFR,
proteinuria, systolic blood pressure and BMI. Model 3 was
adjusted for model 2 plus pathological findings (glomerular
lesion class and IFTA score). BMI, body mass index; eGFR,
estimated glomerular filtration rate; ESKD, end-stage kidney
disease; IFTA, intestinal fibrosis and tubular atrophy.

hematuria unrelated to diabetic nephropathy is also
considered to be higher in women. Therefore, the pres-
ence of hematuria in female patients might not be asso-
ciated with the incidence of ESKD. Similar findings were
reported in a previous study."

Our long-term follow-up study revealed, for the first
time, that the presence of microscopic hematuria was
associated with the incidence of ESKD in patients with
biopsy-proven diabetic nephropathy, independent of
renal pathology. However, our study has several limita-
tions. First, the study sample size was small, and only 96
patients developed ESKD in total. We made the neces-
sary adjustments to the multivariable analyses, but we
needed to interpret the results carefully, especially in the
subgroup analyses. Second, we recruited only patients
with type 2 diabetes who underwent renal biopsy. The
patients’ characteristics of our cohort might differ from
general population with diabetes. For example, since
hematuria in patients with diabetes is one of the indi-
cations of renal biopsy,” the frequency of hematuria in
our cohort was considered to be higher than in general
patients with diabetes. Therefore, it remains uncertain
whether these findings are applicable to all patients
with diabetes. Third, we could not exclude patients with
transient hematuria. Transient microscopic hematuria
is often observed in the general population (34%)%;

BMJ Open Diab Res Care 2020;8:€001863. doi:10.1136/bmjdrc-2020-001863
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however, the rate of transient hematuria is low in patients
with advanced diabetic nephropathy (12%).** Thus,
transient hematuria had only a small influence on the
present study. Finally, we could not evaluate the duration
of diabetes. Duration of diabetes is a key factor in the
diabetic state,” and associated with the development of
diabetic nephropathy.*® A previous report indicated that
a long duration of diabetes was associated with the pres-
ence of hematuria in patients with biopsy-proven diabetic
nephropathy.19 On the other hand, another report
showed no difference in the duration of diabetes among
glomerular lesions in patients with biopsy-proven diabetic
nephropathy.”” The duration of diabetes seems to be an
important factor in diabetic nephropathy progression,
and we should take into account its influence on hema-
turia and renal function.

In conclusion, the presence of hematuria has been
generally considered a clinical sign of non-diabetic
kidney disease in patients with diabetes; however, our
present study demonstrated that microscopic hematuria
in diabetic nephropathy indicates advanced patholog-
ical findings in renal biopsy. Our study showed that the
patients with hematuria have a high incidence of ESKD,
independent of proteinuria and renal pathology. We
should consider that the presence of hematuria is a risk
factor for ESKD in diabetic nephropathy.
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