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INTRODUCTION

ABSTRACT

Aims/Introduction: There are sparse and limited studies on erythrocyte morphology
in renal biopsy identifying nephropathic patients among type 2 diabetics. The present
study sought to clarify the predictive value of dysmorphic erythrocytes in type 2 diabetics
with non-diabetic renal disease and influences on hematuria.

Materials and Methods: We examined 198 patients with type 2 diabetes who under-
went kidney biopsies between 2012 and 2013. Hematuria was defined as >3 or >10 red
blood cells per high-power field (RBCs/hpf) in urine sediment. If >80% of the erythrocytes
were dysmorphic, glomerular hematuria was diagnosed. Clinical findings and predictive
value of dysmorphic erythrocytes were compared between patients with hematuria

(n = 19) and those without (n = 61). The potential risk factors for hematuria among
diabetic nephropathy patients were also screened.

Results: There was a statistically significant difference between the diabetic nephropathy
group and the non-diabetic renal disease group (6.6 vs 16.8%; P = 0.04) when the demar-
cation point of hematuria was 10 RBCs/hpf. When the definition of hematuria was based
on an examination of urinary erythrocyte morphology, a marked difference was seen (3.3
vs 24.8%; P < 0.001). Glomerular hematuria showed high specificity and a positive predic-
tive value (097 and 0.94, respectively) in non-diabetic renal disease. A multivariate analysis
showed that nephrotic syndrome was significantly associated with hematuria (odds ratio
3636; P = 0.034).

Conclusions: Dysmorphic erythrocytes were superior to hematuria for indicating
non-diabetic renal disease in type 2 diabetics. Nephrotic syndrome was an independent
risk factor for hematuria.

dysmorphic (indicating glomerular hematuria). Only glomerular

It is commonly accepted that microscopic hematuria is an
uncommon symptom in diabetic nephropathy (DN), which
suggests the presence of non-diabetic renal disease (NDRD).
American Diabetes Association guidelines consider hematuria
an indication for renal biopsy in patients with diabetes
mellitus’. There are two types of erythrocytes in urine sedi-
ment: isomorphic (indicating non-glomerular hematuria) and
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hematuria represents kidney disease. Microscopic hematuria in
DN patients is glomerular hematuria®. The most likely mecha-
nism could involve pathological changes in the glomerular
basement membrane and ruptured pseudoaneurysms®. Urinary
erythrocyte morphology examined by phase-contrast micros-
copy is a ‘classical’ and important diagnostic tool, because it
helps distinguish the causes of hematuria®. However, screening
for urinary dysmorphic erythrocytes in type 2 diabetics with
microscopic hematuria has become an overlooked technique. In

J Diabetes Investig Vol. 7 No. 1 January 2016 115

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


http://creativecommons.org/licenses/by-nc-nd/4.0/

ORIGINAL ARTICLE
Dong et al.

recent studies, the reported prevalence of microscopic hematu-
ria in patients with biopsy-confirmed isolated DN even reached
32.3-78%°%. Furthermore, given the definition of hematuria
and subjects with diabetes among the patients studied, non-glo-
merular hematuria might interfere significantly. Thus, we
hypothesized that a failure to identify the site of bleeding leads
to a high reported prevalence of microscopic hematuria in
diabetic patients.

A finding of acanthocyturia is indicative of NDRD in dia-
betic patients with proteinuria, but NDRD is indicated without
a pathological diagnosis’. Few studies have discussed the
relationship between microscopic hematuria and DN in type 2
diabetics, but without any examination of urinary erythrocyte
morphology'®'!. We studied the prevalence of microscopic
hematuria and dysmorphic erythrocytes in patients with patho-
logically diagnosed DN and NDRD to analyze whether dysmor-
phic erythrocytes occur in both types of renal lesions or
whether they are specific to NDRD. In type 2 diabetics, a find-
ing of >80% dysmorphic erythrocytes in urine sediment could
point to a non-diabetic, potentially treatable glomerulopathy for
which a renal biopsy might be indicated”.

MATERIALS AND METHODS

Study Population

In total, 221 consecutively diagnosed type 2 diabetics who
underwent a renal biopsy at the Chinese People’s Liberation
Army General Hospital (Beijing, China) between January of
2012 and December of 2013 were considered for the study.
The diagnosis of type 2 diabetes was made by experienced
endocrinologists. All patients including those with suspected
DN and NDRD with persistent overt proteinuria and nephrop-
athy, as diagnosed by renal biopsy, were admitted to our hospi-
tal. All patients provided written informed consent for the
renal biopsy. The exclusion criteria were a pathological diagno-
sis of DN combined with NDRD (n = 9), cases in which the
primary disease presented with a microscope field full of red
blood cells (RBCs) and white blood cells (e.g., systemic lupus
erythematosus [n = 5]), and patients with continuous pyuria
(n=2) or anuria (n = 2). Those with urolithiasis and those
without erythrocyte morphology data or uncertain results were
also excluded (n = 5). Patients with hematological disease, such
as sickle cell disease, were also excluded (n = 0). Thus, of the
221 patients, 198 were finally enrolled. The study received eth-
ics approval from the Medicine Ethics Committee of Chinese
PLA General Hospital (Approval No. S2014-012-01).

Of the 198 patients, 128 were men (64.65%). The mean age
at renal biopsy was 49.98 £ 1042 years. The mean known
duration of type 2 diabetes was 72.78 + 86.82 months, and the
mean serum creatinine (Scr) level was 123.50 + 94.46 umol/L.
The mean estimated glomerular filtration rate was 79.67 £
42,07 mL/min/1.73 m” using the Chronic Kidney Disease Epi-
demiology Collaboration equation'”. The mean hemoglobin
level was 127.67 £ 22.15 g/L, the glycated hemoglobin (HbAlc)
level was 6.86 = 1.43%, and the 24-h urinary total protein level
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was 3.39 + 298 g. The HbAlc level was measured by high-
performance liquid chromatography (normal range 4-6%).

Patients with DN had longer durations of type 2 diabetes,
and their renal function was more severely impaired than
patients with NDRD (Table 1).

Urinalysis
Before renal biopsy, the first morning specimen of midstream
urine was collected. Urinalysis was carried out within 2 h of
micturition. Whenever possible, three urine samples collected
on three separate days before the renal biopsy were analyzed to
increase the sensitivity'”. The number of samples ranged
between one and three, depending on the waiting period for the
renal biopsy. There were some patients with less than three
urine samples whose urine RBCs increased by less than twofold
vs prebiopsy. Their results of erythrocyte morphology after
biopsy after more than 1 week were included. The urine sam-
ples had to be collected before treatment of the renal pathology.
Urinary erythrocyte morphology was examined by a single
specially trained professional technologist who was experienced
(i.e., who carried out more than 600 urine sediment examina-
tions per month). First, 10 mL of urine were centrifuged
(377.33 g, 10 min). Then, 9.5 mL of the supernatant were dis-
carded. The sediment was resuspended in 0.5 mL of urine.
Next, the suspension (20 pL) was investigated in a Fuchs—Ro-
senthal counting chamber by phase-contrast microscopy. If a
patient had provided only one urine sample, the results of a
routine urine test from the hospital’s clinical laboratory were
used. Hematuria was defined as >3 RBCs per high-power field
(hpf) in at least two urine samples'*'”. Quantitative threshold
values of RBCs have been used as a basis for diagnosis. If
>80% dysmorphic erythrocytes were seen, glomerular hematu-
ria was diagnosed'® .

Table 1 | Clinical and laboratory indexes of patients with diabetic
nephropathy and patients with non-diabetic renal disease

DN group NDRD group P-value
n 61 137
Sex, male (%) 45 (73.8%) 83 (60.6%) 0.07
Age (years) 4990 + 924 5003 £ 1094 094
Diabetes duration 144 (61.50-192) 6 (1-24) <0.001
(months)
Hemoglobin (g/L) 11756 £ 2144 13459 + 2043 <0.001
HbA1c (%) 718 £ 169 681 + 128 0.10
Scr (umol/L) 151.21 + 8549 111.16 £ 9594 0.01
eGFR 5833 + 3207 89.18 £ 4260 <0.001
(mL/min/1.73 m?)
24-h urinary total 341 (166-5.38) 208 (0.73-467) 0.02

protein (g)

DN, diabetic nephropathy; eGFR, estimated glomerular filtration rate;
HbA1c, glycated hemoglobin; NDRD, non-diabetic renal disease; Scr,
serum creatinine.
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If a patient had provided a single sample, we used the single
morphology result. If a patient had two samples, they were
used if the two results were consistent, or excluded as an uncer-
tain result. If a patient had three samples, we used two or three
consistent results.

Renal Biopsy and Pathological Examination

All patients stopped taking agents with antiplatelet/anticoagula-
tion activity 3 days before the renal biopsy. Patients with a high
risk of thrombosis were allowed to restart anticoagulant and/or
antiplatelet therapy at least 3 days after the renal biopsy,
whereas the remaining individuals restarted treatment at least
0.5-1 months after the renal biopsy. Renal biopsies were carried
out by two experienced nephrologists. No patients exhibited
gross hematuria after the operations. The diagnosis of DN or
NDRD was made by a single pathologist.

Statistical Analysis

Continuous variables are reported as means + standard devia-
tions and percentages; categorical data are reported as medians
and 25-75th percentiles. The independent t-test was used to
compare normally distributed continuous variables. Between-
group differences in data for variables not normally distributed
were analyzed using the Mann-Whitney U-test. The y’-test
was used to compare categorical variables. Clinical parameters
that were significant at the 0.05 level in a univariate logistic
regression analysis were assessed to evaluate their contributions
to hematuria. A P-value <0.05 was considered to indicate statis-
tical significance. SPSS software (version 17; SPSS Inc., Chicago,
IL, USA) was used for all analyses.

RESULTS

Performance Measures of Hematuria

Among the enrolled 198 patients, 80 (40.4%) had microscopic
hematuria. The percentages of hematuria in the DN and NDRD
groups were 31.3% and 43.8%, respectively, with no statistically
significant difference (P = 0.77). However, there was a statisti-
cally significant difference between the groups (6.6% vs 16.8%,
P = 0.04) when the demarcation point of hematuria was 10 (not
3) RBCs/hpf. When the definition of hematuria was based on the
urinary erythrocyte morphological examination, a marked differ-
ence was evident (3.3% vs 24.8%, P < 0.001; Table 2).

We used three different definitions of hematuria: >3 RBCs/
hpf, >10 RBCs/hpf and dysmorphic erythrocytes >80% in urine
sediment (glomerular hematuria). These criteria were used to
diagnose NDRD. For glomerular hematuria, the specificity and
positive predictive values were high (0.97 and 0.94, respec-
tively). If a patient had glomerular hematuria, the probability of
NDRD was 0.97. Conversely, the rate of exclusion of NDRD
was 0.94. Furthermore, glomerular hematuria had the maxi-
mum area under the receiver operator characteristic curve (0.61
vs 0.57 and 0.56; Table 3).

In total, 61 patients (30.8%) were diagnosed with DN
among the 198 participants. We compared the clinical param-
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Table 2 | Comparison of the incidence of hematuria in the diabetic
nephropathy and non-diabetic renal disease groups

Definition of DN group, NDRD group, P-value
hematuria presence (%) presence (%)
(RBCs/hpf)
> 24 (39.3%) 64 (46.7%) 0.29
>3 19 (31.1%) 60 (43.8%) 0.77
>5 15 (24.6%) 42 (30.7%) 033
>7 10 (164%) 31 (22.6%) 027
>8 7 (11.5%) 27 (19.7%) 0.13
>10 4 (6.6%) 23 (16.8%) 004
>15 3 (4.9%) 15 (10.9%) 0.17
Glomerular 2 (3.3%) 34 (24.8%) <0001
hematuria

DN, diabetic nephropathy; NDRD, non-diabetic renal disease; RBCs/hpf,
red blood cells per high-power field.

Table 3 | Predictive value of three different diagnostic criteria for
hematuria

>3 RBCs/hpf >10 RBCs/hpf Glomerular
hematuria
Sensitivity 044 0.17 0.25
Specificity 069 093 097
Positive predictive 0.76 085 094
value
Negative predictive 035 033 036
value
ROC AUC 057 056 061

AUC, area under the curve; RBCs/hpf, red blood cells per high-power
field; ROC, receiver operator characteristic curve.

eters between the DN patients with hematuria (group 1,
n=19) and those without hematuria (group 2, n = 42).
Comparisons of the clinical characteristics and pertinent labo-
ratory findings between the two groups are shown in Table 4.
Among groups 1 and 2, nephrotic syndrome (NS) was found
in 12 (632%) and 11 (262%) patients, respectively
(P = 0.006). Urinary protein excretion was higher in group 1,
but there was no statistically significant difference. There was
no difference between the groups in terms of age, known
duration of diabetes, hypertension, diabetic retinopathy (DR),
HbAlc or Scr.

Relationship Between DN and Hematuria

The results from the univariate logistic regression analysis
showed that NS, D-dimer and brain natriuretic peptide were
related to DN. However, NS showed collinearity with D-dimer
and brain natriuretic peptide. Furthermore, DR was more
meaningful than those two variables. Ultimately, in the
multivariate predictive logistic regression analysis model, we
used the variables NS and DR (Table 5).
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Table 4 | Clinical characteristics and pertinent laboratory findings in
diabetic nephropathy patients with and without microscopic hematuria

Group 1 Group 2 P-value

Hematuria (+) Hematuria (-)

(n=19 (n =42
Age (years) 5132+ 1212 4926 + 770 043
Duration of 13284 £ 9176 13555+ 9058 092

diabetes (months)

NS, ves (%) 12 (63.2%) 1 (26.2%) 0.006
Hypertension, yes (%) 18 (94.7%) 38 (90.5%) 057
DR, yes (%) 3 (684%) 30 (71.48%) 097
Hemoglobin (g/L) 113.05 + 2027 11959+ 2187 027
HbATc (%) 677 £ 14 704 £ 144 021
BUN (mmol/L) 942 + 328 932+ 430 093
Scr (umol/L) 13274 + 7404 15957 + 89.77 0.26
eGFR (mL/min/173 m?) 6195 + 2669 56.70 £ 3440 056
Urine protein 456 + 2.75 347 £ 237 0.12

excretion (g/24 h)

BUN, blood urea nitrogen; DR, diabetic retinopathy; eGFR, estimated
glomerular filtration rate; HbATc, glycated hemoglobin; NS, nephrotic
syndrome; Scr, serum creatinine.

Patient Profiles at Renal Biopsy

In total, 137 patients (69.2%) were diagnosed with NDRD.
Membranous glomerulonephritis (46 patients, 33.6%) was the
most common glomerular NDRD. A total of 30 (28.5%)
patients were diagnosed with immunoglobulin A nephropa-
thy, eight (5.8%) with obesity-related glomerulopathy and
another 6 (4.4%) with minimal change disease. Glomerular
hematuria was a frequent finding in immunoglobulin A
nephropathy (18/39, 46.2%) and membranous glomerulone-
phritis (11/46, 23.9%), but rare in minimal change disease
(1/6, 16.7%). There was no glomerular hematuria in obesity-
related glomerulopathy.

DISCUSSION

There is a common consensus not to carry out renal biopsies
in clinically diagnosed DN patients, but to do so in NDRD
patients™. Thus, it is important to define the clinical character-
istics and laboratory features to correctly indicate the presence

Table 5 | Univariate and multivariate logistic regression models of
clinical findings associated with hematuria

Odds ratio 95% Confidence interval P-value

Univariate logistic regression

NS 4831 1517-15387 0.008

D-dimer 7.852 1.78-34.408 0.006

BNP 1.001 1.000-1.001 0.046

DR 0975 0.254-3.745 0971
Multivariate logistic regression

NS 3636 1.105-11.969 0034

BNP, brain natriuretic peptide; DR, diabetic retinopathy; NS, nephrotic
syndrome.

http://onlinelibrary.wiley.com/journal/jdi

of NDRD and to selectively carry out renal biopsies in those
patients. Studies based on renal biopsies in diabetic patients
have shown that the incidence of NDRD in patients with
type 2 diabetes mellitus was much higher than in patients with
type 1 diabetes mellitus'**'. The incidence of NDRD in the
present study was 69.2%. The major pathological types were
membranous nephropathy and immunoglobulin A nephropa-
thy. Most NDRD patients require aggressive immunosuppres-
sive treatment to obtain more favorable outcomes. Thus,
making an accurate diagnosis of NDRD by non-invasive meth-
ods is more important for type 2 diabetic patients.

Some guidelines"** and reports® have proposed that hema-
turia suggests non-diabetic glomerulopathy in diabetic patients.
However, hematuria is a rather frequent finding in diabetic
patients with renal injury. Indeed, several reports have sug-
gested that hematuria is a sign of DN***, The incidence of
hematuria was 32.3-78% in renal biopsy studies of patients
with type 2 diabetes mellitus and proteinuria®®. More impor-
tantly, hematuria had low specificity for the diagnosis of
NDRD>. The incidence of hematuria was 0.69 in our data,
consistent with other reports, but was not increased in NDRD
patients when compared with isolated DN patients. Thus, the
presence of hematuria does not generally indicate NDRD. The
criteria and patterns of hematuria in diabetic patients must be
studied further to help detect non-DN before a renal biopsy.

The definition of microscopic hematuria has not been uni-
form. In previous reports, there have been inconsistent criteria
for hematuria that are pathologically significant; this warrants
further investigation. According to current guidelines, the
presence of >3 RBCs/hpf is considered clinically significant
microscopic hematuria®®, There have been various criteria, for
both scientific research and the clinical diagnoses of hematu-
ria: >2 RBCs/hpf®, >3 RBCs/hpf'*'®, >5 RBCs/hpf”, >10
RBCs/hpf’, and >15 RBCs/hpf. As a result, the incidence of
hematuria varied from 4.9 to 39.3%. The incidence of hema-
turia did not differ between the DN and NDRD groups
when defined as >3 RBCs/hpf, but it did differ when defined
as >10 RBCs/hpf. However, the latter definition had lower
diagnostic efficiency. Thus, we studied the urinary erythrocyte
morphology.

Scattered and limited studies have investigated urinary
erythrocyte morphology in type 2 diabetics diagnosed with
DN or NDRD by renal histopathology. We found that the
incidence of glomerular hematuria was 3.3% in renal biopsy-
proven DN patients; indicative performance was better in DN
patients than in NDRD patients. A previous study observed
that glomerular hematuria (hematuria comprising >5%
acanthocytes of all red cells excreted) was seen in just 4% of
all patients with clinically diagnosed DN®. In contrast, among
all patients with NDRD, glomerular hematuria was found in
40%’. Because of the usual absence of renal biopsies in clini-
cally diagnosed DN patients, some NDRD patients might be
misdiagnosed with DN, thereby losing the opportunity for
renal biopsy. Therefore, the prevalence of hematuria in DN
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might have been overestimated. Nevertheless, microscopic
inspection of urine sediment should be part of the non-inva-
sive diagnostic work-up of diabetic patients with proteinuria to
identify diabetic patients with hematuria who are likely to
have NDRD’. Additionally, Kincaid-Smith et al*® reported
that urine microscopy was often second only to renal biopsy
in making a diagnosis. Other guidelines also stress the role of
urinary sediment as a discriminating diagnostic instrument in
patients with hematuria® >

However, the problem is both a lack of professional and
technical personnel to detect urinary erythrocyte morphology,
and the standardized definition of dysmorphic erythrocytes.
Simply, with the appearance of more effective methods, the
examination of urinary erythrocyte morphology has become
overlooked. Renal biopsy is an invasive test that is currently un-
derused in type 2 diabetic patients, who require supplementary
methods. This technique, the fastest and cheapest of all investi-
gations, can provide a wealth of information for making a diag-
nosis. When examining increasing numbers of urine samples,
the incidence of acanthocyturia increased in patients with
NDRD and in patients with DN°. On analysis of three urine
samples, the prevalence of acanthocyturia increased, improving
the diagnostic accuracy. Another study confirmed that patients
undergoing a renal biopsy had equivalent percentages of dys-
morphic RBCs, both pre- and post-biopsy”. Therefore, the
analysis of a patient’s dysmorphic erythrocytes after a biopsy
should be carried out to increase the diagnostic accuracy. The
examination of urinary erythrocyte morphology should be car-
ried out by an experienced technologist; it is a useful diagnostic
tool, but only if strict criteria established in each laboratory are
adhered to™.

To date, the relationship of hematuria with clinical and labo-
ratory variables in DN patients with type 2 diabetes has been
described in only a few studies, and the details remain unclear.
One study recruited patients with type 2 diabetes and biopsy-
proven DN°. When compared with the non-hematuria group,
the hematuria group had a longer known duration of diabetes
mellitus, with a mean time of 108 months; a higher Scr level,
with a mean value of 123.76 pmol/L; and a lower level of Scr,
with a mean value of 45.2 mL/min’. Significant increases in the
prevalence of NS (72%) and DR (57%) were also found in
cases with hematuria, but not in those without hematuria®.
Akimoto et al.’ suggested that hematuria might be a common
feature in patients with late-stage glomerular damage caused by
diabetes. Conversely, our data and those from another study
show no difference in these variables between groups''. A mul-
tivariate logistic regression analysis identified the presence of
NS, the duration of diabetes® and the index of arteriolar hyali-
nosis'' to be significant predictors of hematuria with DN. We
found only the presence of NS to be higher in hematuria
patients, and NS was the only independent predictor of hema-
turia in biopsy-proven DN patients with type 2 diabetes in the
present study. The discrepancies between these different studies
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are partly the result of differences in the populations of diabetic
patients examined.

Although the present study provides new information on the
diagnostic value of dysmorphic erythrocytes in patients with
type 2 diabetic nephropathy, it also has several limitations.
First, the number of DN patients who had hematuria included
in the present study was small, which likely means that the
results might be underpowered to detect NS as a predictor of
hematuria. However, these clinical observations drew our atten-
tion to a latent relationship between NS and hematuria. Further
analysis involving a larger number of type 2 diabetic patients
with pathologically defined DN from multiple centers is
required. Second, the lack of a quantitative evaluation of mor-
phological analyses of the kidney might cause performance deg-
radation in a multivariate logistic regression analysis. However,
in the absence of this information, the findings of the present
study could still serve as a reference. Third, we used >80% dys-
morphic erythrocytes as a criterion for glomerular hematuria,
the specificity of which was lower than acanthocyturia, while
the sensitivity was higher. The examination of three early
morning urine samples taken on three different days before a
renal biopsy should be recommended, because it increases the
specificity of the method. Fourth, we analyzed only the efficacy
of a hematuria-based diagnostic strategy in this retrospective
study of patients who already had a diagnosis of DN or
NDRD. A prospective study should be carried out to verify the
validity of dysmorphic erythrocytes in the diagnosis of
unknown individuals.

In summary, glomerular hematuria is rare in DN patients
with type 2 diabetes mellitus. A renal biopsy should be consid-
ered when a type 2 diabetic patient with proteinuria shows
>80% dysmorphic erythrocytes in a urine sample. We suggest
that a urinary erythrocyte morphological examination should
be part of the diagnostic work-up in those patients to identify
which patients are likely to have NDRD. NS was the only inde-
pendent predictor of hematuria in type 2 diabetic patients with
DN.
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