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Anemia in Diabetic Patients Reflects Severe
Tubulointerstitial Injury and Aids in Clinically Predicting
a Diagnosis of Diabetic Nephropathy
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Abstract:

Objective A kidney biopsy is generally performed in diabetic patients to discriminate between diabetic
nephropathy (DN) and non-diabetic kidney disease (NDKD) and to provide more specific treatments. This
study investigated the impact of anemia on the renal pathology and the clinical course in patients who under-
went a kidney biopsy.

Methods We reviewed 81 patients with type 2 diabetes who underwent a percutaneous kidney biopsy. Pa-
tients were classified into two groups: isolated DN (DN group, n=30) and NDKD alone or concurrent DN
(NDKD group, n=51) groups. The laboratory and pathological findings and clinical courses were investigated.
Results In the NDKD group, membranous nephropathy was the most common finding (23.5%), followed
by IgA nephropathy (17.6%) and crescentic glomerulonephritis (13.7%). In the logistic regression analysis,
the absence of severe hematuria and presence of anemia were significantly associated with a diagnosis of
DN. Akaike’s information criterion (AIC) and net reclassification improvement (NRI) analyses revealed im-
proved predictive performance by adding anemia to the conventional factors (AIC 100.152 to 91.844; NRI
27.0%). The tissues of patients in the DN group demonstrated more severe interstitial fibrosis and tubular at-
rophy (IF/TA) than those in the NDKD group (p<0.05) regardless of the rate of global glomerulosclerosis,
and IF/TA was related to the prevalence of anemia (odds ratio: 7.31, 95% confidence interval: 2.33-23.00, p<
0.01) according to a multivariable regression analysis. Furthermore, the isolated DN group demonstrated a
poorer prognosis than the NDKD group.

Conclusion DN is associated with anemia because of severe IF/TA regardless of the renal function, and
anemia helps clinician discriminate clinically between isolated DN and NDKD.
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retinopathy
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Japan, the prevalence of DN among new dialysis patients in

Introduction 2018 was 42.3% (1), and in this survey, the diagnosis of DN

was established clinically in the majority of patients. Gener-

Diabetic nephropathy (DN) is currently a leading cause of ally, a kidney biopsy is considered in diabetic patients who
end-stage kidney disease (ESKD) worldwide. According to exhibit atypical clinical manifestations as DN, and the main
the annual nationwide survey of regular dialysis therapy in purpose of performing a biopsy is to detect non-diabetic
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kidney diseases (NDKD), which can alter the treatment.
There have been numerous studies investigating factors dis-
criminating between DN and NDKD, including the duration
of diabetes mellitus (DM), diabetic retinopathy (DR), glyce-
mic control, blood pressure, acute kidney injury, and micro-
scopic hematuria, among others (2-6).

Recent studies have suggested the predictive value of ane-
mia in the diagnosis of DN (7, 8). Diabetic patients are
known to develop anemia earlier, regardless of the stage of
chronic kidney disease (CKD) (9, 10). However, the detailed
pathophysiology and significance of anemia in the renal pa-
thology and clinical outcomes are not fully understood.

The present study therefore investigated the impact of
anemia on the renal pathology and clinical course in patients
who underwent a renal biopsy using a retrospective cohort.

Materials and Methods

Study population

From January 2001 through March 2020, 776 patients un-
derwent a percutaneous kidney biopsy for the diagnosis of
primary or secondary kidney diseases at Fukuoka University
Hospital. Eighty-one patients (60.4+13.7 years old, 54 men
and 27 women) suffering from DM during the biopsy were
identified. Written informed consent was obtained for the
performance of a percutaneous kidney biopsy and the col-
lection of clinical and pathological data. Blood and renal tis-
sue were sampled only for the diagnosis and clinical man-
agement of the patients, and no extra sampling was per-
formed for research purposes.

This retrospective study was performed following the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards and was approved by the Insti-
tutional Review Board of Fukuoka University Hospital.

Clinical parameters

The data of urine and blood tests and clinical parameters
during the kidney biopsy, including age, sex, duration of
DM (defined as a time of hospitalization from the first diag-
nosis of DM to a kidney biopsy), presence/absence of DR,
blood pressure (BP), and the amount of erythropoietin-
stimulating agent (ESA) administration, were collected. The
clinical outcomes regarding the development of ESKD and
death were similarly obtained. The estimated glomerular fil-
tration rate was calculated using the formula of the Japanese
Society of Nephrology (11). Anemia was defined as a hemo-
globin level <13 g/dL in men and <12 g/dL in women in
accordance with the World Health Organization standards.
Hypertension was classified as systolic BP >140 mmHg,
diastolic BP >90 mmHg, and/or the use of antihypertensive
medications (12). Severe hematuria was defined as a urinary
red blood cell (u-RBC) count of >30/high-power field.

The percutaneous kidney biopsy and pathological
interpretation

In all cases, a percutaneous kidney biopsy was performed
under ultrasound guidance using 18-gauge needles. Biopsy
specimens for light microscopic examination were fixed
with 10% neutrally buffered formalin and embedded in par-
affin. Sections were cut into 2-um-thick slices and stained
with hematoxylin-eosin, periodic acid-Schiff, periodic acid-
methenamine silver, and Masson’s trichrome. Frozen sec-
tions of biopsy specimens (for direct immunofluorescence
staining) were incubated with fluorescein isothiocyanate
conjugated antisera to human immunoglobulin (Ig) G, IgA,
IgM, Complement (C) 3, Clq, fibrinogen, kappa-light chain,
and lambda-light chain. Tissues for the electron microscopic
analysis were fixed with 3% glutaraldehyde, post-fixed in
osmium tetroxide, dehydrated in a graded alcohol solution,
and embedded in Epon 812. Ultrathin sections were cut seri-
ally and double-stained with uranyl acetate and lead citrate.

The kidney biopsy specimens were evaluated by two ex-
perienced pathologists, and DN was diagnosed based on me-
sangial expansion or nodular glomerulosclerosis observed
under a light microscope. Interstitial fibrosis and tubular at-
rophy (IF/TA), interstitial inflammation, arteriolar hyalinosis,
and arteriosclerosis were also assessed and scored according
to the Renal Pathology Society classification for DN (Sup-
plementary material) (13). Glomerular basement membrane
(GBM) thickness was directly measured using an electron
microscope, and GBM thickening was defined as >430 nm
in men and >395 nm in women.

Immunofluorescence assisted in differentiating NDKD
from DN. NDKD, such as membranous nephropathy, IgA
nephropathy, and minimal change disease, among others,
was differentiated by a histopathologic evaluation. Diffuse
linear staining of the glomerular and tubular basement mem-
branes for IgG (possibly caused by non-immunological trap-
ping, and non-specific deposition of the IgM, C3, and light
chains) was compatible with a diagnosis of DN.

Statistical analyses

All analyses were performed with IBM SPSS version 26
(IBM, Chicago, USA). Data were expressed as the mean+
standard deviation or median with interquartile range as ap-
propriate. Differences in continuous variables between the
two groups were analyzed by Student’s z-test or Wilcoxon’s
rank-sum test, as appropriate. On comparing the three
groups, the variables were examined using an analysis of
variance or the Kruskal-Wallis test. Consequently, correction
for multiple comparisons was performed using Bonferroni’s
method. The chi-square test or Fisher’s exact probability test
was used to compare categorical data. Clinical factors asso-
ciated with the diagnosis of isolated DN and pathological
factors related to anemia were identified by univariable and
multivariable logistic regression analyses using the forced
entry method. Results were expressed as odds ratios (ORs)
with respective 95% confidence intervals (Cls).
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Table 1. Clinical Characteristics of the Study Population.
NDKD (n=51)
total (n=81) isolated DN (n=30)  p value
NDKD alone (n=37)  NDKD concurrent DN (n=14)

age (year) 60.4+13.7 61.2+13.2 59.2+14.8 0.529
62.4+13.4 58.0+12.5 0.494

male [n (%)] 54 (66.7) 36 (70.6) 18 (60.0) 0.329
27 (73.0) 9 (64.3) 0.523

duration of DM (year) 10 (4-15) 8 (3-13) 13 (8-15)b <0.01
6 (2-11)#b 14 (10-23)* <0.01

presence of DR [n (%)] 31 (38.3) 13 (25.5) 18 (60.0) b <0.01
4(10.8)% b 9 (64.3)* <0.01

u-RBC >30/HPF [n (%)] 16 (19.8) 14 (27.5) 2(6.7) 0.023
10 (27.0) 4 (28.6) 0.124

systolic BP (mmHg) 139.1+21.9 136.8+21.1 144.6+22.4 0.139
134.5+19.6 141.3+£25.5 0.205

diastolic BP (mmHg) 79.3+12.1 80.2+11.7 77.6£12.9 0.358
78.8+11.6 83.9+11.5 0.275

hypertension [n (%)] 58 (71.6) 34 (66.7) 24 (80.0) 0.199
22 (59.5) 12 (85.7) 0.078

hemoglobin (g/dL) 12.1 (10.6-14.1) 13.2 (11.35-15.3) 11.2 (10.4-12.5)® <0.01
13.5(11.6-15.3)b 12.7 (11.1-16.7) <0.01

anemia [n (%)] 45 (55.6) 21 (41.2) 24 (80.0) b <0.01
15 (40.5)° 6 (42.9) <0.01

Fe (ug/dL) 71.5+£30.4 73.1+£29.0 68.9+33.0 0.571
77.1+27.5 62.8+31.3 0.332

T-sat (%) 31.9 (23.3-36.6) 33.3 (23.6-36.5) 31.4 (23.0-38.0) 0.731
34.5(25.7-36.7) 25.3 (18.85-33.8) 0.282

Ferritin (ng/mL) 190.5 (104-396) 185 (104-358) 202 (105-396) 0.605
199.5 (98.5-307) 172 (111-424) 0.824

albumin (g/dL) 2.65+0.91 2.75+1.01 2.47+0.69 0.144
2.89+1.11 2.39+0.56 0.084

CRP (mg/dL) 0.16 (0.08-0.4) 0.205 (0.055-0.55) 0.155 (0.10-0.30) 0918
0.13 (0.05-0.55) 0.345 (0.10-0.60) 0.382

BUN (mg/dL) 17 (12.5-26.5) 19 (13-27) 15 (12-24) 0.350
20 (12.5-28) 14 (13-21) 0.374

creatinine (mg/dL) 1.13 (0.80-1.645) 1.13 (0.80-1.68) 1.13 (0.80-1.60) 0.534
1.115 (0.80-1.935) 1.17 (0.90-1.49) 0.823

eGFR (mL/min/1.73 m?) 51.91+27.15 50.76+26.45 53.85+28.67 0.624
50.97+29.12 50.23+18.47 0.884

u-Prot (g/day) 3.5(1.455-7.3) 3.28 (0.7-5.54) 5.05(3.2-9.1)b <0.01
2.95 (0.585-5.485)b 3.5(2.5-5.485) 0.012

nephrotic range 44 (54.3) 24 (47.1) 20 (66.7) 0.087
proteinuria [n (%)] 16 (43.2) 8 (57.1) 0.156
uric acid (mg/dL) 6.20+1.73 6.06+1.62 6.38+1.96 0.472
6.08+1.64 6.19+1.54 0.752

HbAlc (%) 7.08+1.80 6.87+1.15 7.44+2.55 0.255
6.69+0.96 7.34+1.49 0.201

TC (mg/dL) 219.4 (179.5-286.2) 220 (176-289.4) 220.2 (198-281) 0.475
230.5 (187.2-318) 190.4 (172-269) 0.313

TG (mg/dL) 146 (115.5-228.5) 167 (122-230) 143.5 (115-197) 0.348
172.5 (127.5-225) 141 (114-230) 0.643

HDL-C (mg/dL) 49 (39-68) 49 (38-70) 49.5 (42-64) 0.765
51.5 (39-73.5) 45 (33-56) 0.148

#significant difference between NDKD alone and NDKD concurrent DN (p<0.017, Bonferroni method).
bsignificant difference between NDKD alone and isolated DN (p<0.017, Bonferroni method).

NDKD: non-diabetic kidney disease, DN: diabetic nephropathy, DM: diabetes mellitus, DR: diabetic retinopathy, u-RBC: urinary red blood cell, HPF: high
power field, BP: blood pressure, Fe: ferrum, T-sat: transferrin saturation (serum ferrum/total iron binding capacity), CRP: C-reactive protein, BUN: blood urea
nitrogen, eGFR: estimated glomerular filltration rate, u-Prot: urinary protein, HbAlc: hemoglobin Alc, HDL-C: high density lipoprotein-cholesterol
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Table 2. The Types and Proportions of Clinicopathological Diagnoses Detected across the Cohort.

NDKD alone (n=37) NDKD concurrent DN (n=14) NDKD (n=51)
membranous nephropathy 10 (27.0%) 2 (14.2%) 12 (23.5%)
IgA nephropathy 5(13.5%) 4 (28.5%) 9 (17.6%)
crescentic glomerulonephritis (pauci-immune) 5% (13.5%) 2%% (14.2%) 7 (13.7%)
minimal change disease 6 (16.2%) 6 (11.8%)
obesity related nephropathy 5(13.5%) 1(7.1%) 6 (11.8%)
hepatitis virus related nephropathy 4%%% (28.5%) 4 (7.8%)
tubulointerstitial nephritis 2 (5.4%) 2 (3.9%)
nephrosclerosis 2 (5.4%) 2 (3.9%)
focal segmental glomerulosclerosis 1 (2.7%) 1 (2.0%)
purpula nephritis 1 (2.7%) 1 (2.0%)
lupus nephritis 1(7.1%) 1 (2.0%)

*MPO-ANCA positive 4 and ANCA negative 1, **MPO-ANCA positive 1 and proteinase 3 ANCA positive 1, ***hepatitis B virus re-

lated 2 and hepatitis C virus related 2.

NDKD: non-diabetic kidney disease, DN: diabetic nephropathy, IgA: immunoglobulin A, MPO: myeloperoxidase, ANCA: antineutro-

phil cytoplasmic antibody

Differential diagnostic models were developed using the
logistic regression model: logit(p)=Po+BXi+Xo+. .. 4+PuXun
(where X is a clinical predictor, o is a constant, and p is
the probability of DN diagnosis). A receiver operating char-
acteristic (ROC) curve was illustrated, and the comparison
of the area under the curve (AUC), Akaike’s information cri-
terion (AIC), and net reclassification improvement (NRI)
was conducted to assess the test performance. In the NRI
analysis, p<0.333, 0.333<p<0.667, and p=0.667 were consid-
ered to indicate low, moderate, and high probability, respec-
tively. Both the renal survival and mortality were assessed
using the Kaplan-Meier method followed by the log-rank
test. A two-tailed p value less than 0.05 was considered sta-
tistically significant.

Results

Clinical characteristics of the study population

The baseline clinical characteristics of each group are
shown in Table 1. According to the pathological diagnosis,
isolated DN was observed in 30 patients (37.0%) in the DN
group, 37 (45.7%) patients in the NDKD alone group, and
14 (17.3%) patients in the NDKD with concurrent DN
group. Patients in the NDKD alone and NDKD with concur-
rent DN groups were combined to form the NDKD group (n
=51, 63.0%) for further analyses.

Compared with patients in the NDKD group, those in the
DN group showed a long duration of DM, high incidence of
DR, low incidence of severe hematuria, low levels of hemo-
globin, and high levels of urinary protein excretion (p<0.05,
using Wilcoxon’s rank-sum test, the chi-square test, or
Fisher’s exact probability test as appropriate). Anemia was
present in 45 (55.6%) cases, including 6 [4 (10.8%) in the
NDKD group alone and 2 (6.7%) in the isolated DN group]
who were treated with ESAs. The rate of patients with ane-
mia was significantly higher in the isolated DN group than

NDKD alone group (p<0.05, chi-square test). No significant
differences were observed in the age, sex, BP, kidney func-
tion, or levels of serum albumin, uric acid, hemoglobin Alc
(HbAlc), or lipids among the groups.

The types and proportions of clinicopathological diagno-
ses detected across the cohort are shown in Table 2. In total,
there were 11 types of NDKD, including primary and sec-
ondary glomerular disease. Of these, membranous nephropa-
thy was the most common (23.5%), followed by IgA neph-
ropathy (17.6%), and crescentic glomerulonephritis (13.7%).

Univariable and multivariable logistic regression
analyses in the identification of the factors associ-
ated with isolated DN

Clinical variables relevant to the diagnosis of DN were
explored (Table 3). In the univariable analysis, nephrotic-
range proteinuria and anemia were detected as specific vari-
ables (p<0.1) along with a long duration of DM, DR, and
the absence of severe hematuria, which are well-known con-
ventional factors in the prediction of DN. In a multivariable
analysis, a statistically significant relationship was observed
between anemia and the absence of severe hematuria in the
identification of isolated DN. The ORs were 11.38 (95% CI:
2.51-51.52, p<0.01) and 11.66 (1.68-80.96, p=0.013), re-
spectively.

Predictive performance of conventional factors with
and without anemia for the diagnosis of isolated DN

To assess the significance of anemia in clinically predict-
ing DN, differential diagnostic models were developed using
a logistic regression model. Model 1 comprised traditional
predictive factors, such as a long duration of DM, DR, and
the absence of severe hematuria. Model 2 included anemia
and all other factors in model 1. The probability of a diag-
nosis of isolated DN (poy) was calculated by two formulas,
1/[1+EXP(3.03-DM historyx0.957-DRx1.291-
hematuriax1.623)] in model 1, and 1/[1+EXP(4.239-DM

as follows:
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Table 3. Multivariable Logistic Regression Analyses in the Identification of the Factors Associated

with Isolated DN.
univariable multivariable
OR 95% CI p value OR 95% C1 p value
age (per 10-year increase) 0.86 0.62-1.18 0.349 0.62 0.38-1.00 0.052
male 0.63 0.24-1.61 0.331 0.93 0.26-3.39 0.915
long duration of DM (>10years) 243 0.93-6.30 0.069 1.94 0.57-6.60 0.287
diabetic retinopathy 4.39 1.67-11.50 <0.01 2.03 0.62-6.68 0.245
absence of severe hematuria (<30/HPF) 530  1.11-25.23 0.036 11.66  1.68-80.96 0.013
nephrotic range proteinuria 2.25 0.88-5.75 0.090 292 0.85-10.05 0.087
anemia* 5.71 1.99-16.40 <0.01 11.38  2.51-51.52 <0.01

Multiple regression analysis was performed adjusted for age, sex, long duration of DM, presence of diabetic retinopathy, ab-

sence of severe hematuria, nephrotic range proteinuria, and anemia.

*diffinition of anemia: male; Hb<13g/dL, female; Hb<12g/dL.

DN: diabetic nephropathy, DM: diabetes mellitus, HPF: high power field, OR: odds ratio, CI: confidence interval
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Figure 1. An ROC analysis for the prediction of isolated DN.
Model 1 shows the receiver operating characteristics curve ob-
tained from conventional predictive factors consisting of a long
duration of diabetes mellitus, diabetes retinopathy (DR), and
the absence of severe hematuria. Model 2 shows the factors
used in model 1+anemia. p=0.057, log-rank test. ROC: receiver
operating characteristic, DN: diabetic nephropathy

historyx0.578-DR x 1.148-hematuriax2.056-anemiax 1.836) ]
in model 2 [DM history (0<10 years, 1210 years); DR (0
no, 1 yes); hematuria (0>30/HPF, 1<30/HPF); anemia (0 no,
1 yes)]. The ROC curves were illustrated with pon (Fig. 1).

The AUC of model 1 was 0.755, with 83.3% and 56.9%
sensitivity and specificity, respectively, and that of model 2
was 0.826, with 70.0% and 80.4% sensitivity and specificity,
respectively. In the analysis of the model predictability, AIC
of model 2 was improved to 91.844, relative to 100.152 of
model 1, and the NRI was 27.0% (Supplementary material
2), although the difference between their AUCs was not sig-
nificant in this study. The predictive performance for iso-
lated DN was suggested to have been improved by including
anemia.

Pathological characteristics of the study population

The severity of glomerular and tubulointerstitial damage

of the kidney biopsy specimens was evaluated, and the re-
sults are illustrated in Fig. 2 and Table 4. Glomerular and
nodular lesions were more prominent in the isolated DN
group than in the NDKD with concurrent DN (p=0.014,
multiple comparison corrected using Bonferroni method),
whereas the percentage of glomeruli showing global sclero-
sis did not differ significantly between the groups. In the
evaluation of tubulointerstitial lesions, the isolated DN group
showed significantly more severe IF/TA than the NDKD
group (p<0.05, Fisher’s exact probability test). However, in-
terstitial inflammation was more profound in the NDKD
group, especially the NDKD alone group, than in other
groups. Regarding vascular lesions, arteriolar hyalinosis and
arteriosclerosis were widely observed in all groups. In par-
ticular, the extent of arteriolar hyalinosis was significant in
the isolated DN group. These results suggest that DM-
induced chronic renal damage was the most severe lesion in
the isolated DN group. Although no glomeruli were ob-
tained in electron microscopy samples from 19 patients,
GBM thickening was observed under light microscopy in all
patients diagnosed with DN. This was also confirmed in 14
patients in the NDKD alone group, and 9 of these 14 were
diagnosed with membranous nephropathy. However, the
GBM manifestation may have been early lesions in DN.

Univariable and multivariable logistic regression
analyses for the identification of pathological fac-
tors associated with anemia

We examined the relationship between pathological find-
ings and anemia using a multivariable logistic regression
analysis after adjusting for the age, sex, and each pathologi-
cal factor (Table 5). This analysis showed that the IF/TA
score had a significant association with anemia (OR: 7.31,
95% CI: 2.33-23.00, p<0.01) as well as the glomerular le-
sion grade (OR: 4.13, 95% CI: 1.46-11.71, p<0.01).

The renal survival and mortality after the kidney bi-
opsy

The Kaplan-Meier curves of the renal survival and mor-
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Figure 2. Glomerular and tubulointerstitial damage of kidney biopsy specimens. a: The percentage

of glomeruli that showed global sclerosis in the isolated diabetic nephrop.

athy (DN) group (black line)

and the non-diabetic kidney disease (NDKD) group (gray line); the error bar indicates the standard
deviation. b: The distribution of the grade of tubulointerstitial damage in the isolated DN group

(black dots) and NDKD group (gray dots). *The result of the % test
(p<0.05).

Table 4. Pathological Characteristics of the Study Population.

was statistically significant

NDKD (n=51)
isolated DN
total (n=81) NDKD alone NDKD concurrent DN (n=30) p value

(n=37) (n=14)
nodular lesion [n (%)] 60.4+13.7 2(3.9) 16 (53.3)bF <0.01

0(0)b 2 (14.3)" <0.01
glomeruli showed global sclerosis 19.0 (7.4-30.4) 14.3 (6.1-28.6) 21.25 (10.0-35.7) 0.145
(%) 13.2 (5.6-28.6) 19.65 (11.8-29.2) 0.236
IF/TA 3/26/27/25 3/22/14/12 0/4/13/13b <0.01
(score 0/1/2/3) 3/18/7/9b 0/4/7/3 <0.01
interstitial inflammation 13/57/11 11/30/10 2/27/1b 0.011
(score 0/1/2) 9/20/8 b 2/10/2 0.025
arteriolar hyalinosis 11/24/46 10/18/23 1/6/23 b 0.013
(score 0/1/2) 10/15/12%b 0/3/11* <0.01
arteriosclerosis 11/24/46 10/16/25 1/8/21 0.073
(score 0/1/2) 8/11/18 21517 0.190
GBM thickening [n (%)]* 47 (75.8) 24 (61.5) 23 (100) b <0.01
male >430 nm, female >395 nm 14 (48.3)*b 10 (100)* <0.01

Renal pathology was evaluated and scored in accordance with the classification of diabetic nephropath
*n=62 (No glomeruli were obtained in electron microscopy samples from 19 patients).

y by Renal Pahtology Society.

#significant difference between NDKD alone and NDKD concurrent DN (p<0.017, Bonferroni method).

bsignificant difference between NDKD alone and isolated DN (p<0.017, Bonferroni method).

J’significant difference between NDKD concurrent DN and isolated DN (p<0.017, Bonferroni method).

NDKD: non-diabetic kidney disease, DN: diabetic nephropathy, IF/TA: interstitial fibrosis/tubular atrophy, GBM: glomerular basement membrane

tality are shown in Fig. 3. A total of 62.5% of patients in rates at 1-, 2-, and
the isolated DN group developed ESKD, and the proportions in the isolated DN

S-years were 85.7%, 78.9%, and 37.5%
group, respectively; 96.8%, 96.2%, and

of patients who developed ESKD in the NDKD alone and 92.9% in the NDKD alone group, respectively; and 90.0%,

NDKD with concurrent DN groups were 8.8% and 23.5%, 88.9%, and 50.0% i

n the NDKD with concurrent DN group,

respectively (15.5% in NDRD group). Their renal survival respectively (92.6%, 88.9%, and 78.9% in the NDKD
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Table 5. Multivariable Logistic Regression Analyses in the Identification of the Pathological Factors

Associated with Anemia.

univariable maltivariable

OR (95% CI) p value OR (95% CI) p value
age (per 10-year increase) 1.38 (0.99-1.90) 0.055 2.13 (1.24-3.68) <0.01
male 0.30 (0.11-0.83) 0.020 0.56 (0.13-2.32) 0.421
IF/TA score (0/1/2/3) 4.61 (2.99-9.27) <0.01 7.31 (2.33-23.00) <0.01
interstitial inflammation score (0/1/2) 3.12 (1.23-7.96) 0.017 0.89 (0.25-3.20) 0.859
arteriolar hyalinosis score (0/1/2) 1.28 (0.70-2.36) 0.428 0.54 (0.19-1.52) 0.242
arteriosclerosis score (0/1/2) 1.56 (0.84-2.89) 0.161 0.38 (0.14-1.05) 0.063
class of glomerular lesion (NDKD or V/I/III/IV)  3.09 (1.65-5.80) <0.01 4.13 (1.46-11.71) <0.01

Multiple regression analysis was performed adjusted for age, sex, IF/TA score, interstitial inflammation score, arteriosclerosis

score, arteriosclerosis score, and grade of glomerular lesion.

Renal pathology was evaluated and scored in accordance with the classification of diabetic nephropathy by Renal Pahtology So-

ciety.

OR: odds ratio, CI: confidence interval, IF/TA: interstitial fibrosis and tubular atrophy, NDKD: non-diabetic kidney disease

group). The renal prognosis was significantly better in the
NDKD alone group than in the isolated DN group based on
a multiple comparison (p<0.017, Log-rank test after Bonfer-
roni correction), whereas the mortality showed no significant
difference.

Discussion

In this study, diabetic patients who underwent a kidney
biopsy in our institute were reviewed, and biopsy-proven
DN cases were found to have a higher prevalence of anemia
than the NDKD group. The AIC and NRI analyses sug-
gested the existence of improvement in the predictive per-
formance following the addition of anemia to the previously
demonstrated factors. A further histopathological analysis re-
vealed that the tissue of patients in the DN group showed
more severe IF/TA and arteriolar hyalinosis, regardless of
the class of glomerular lesion, than NDKD alone group,
whereas no significant difference was observed in the per-
centages of global glomerulosclerosis. Furthermore, IF/TA
had the strongest association with anemia according to a
multiple regression analysis.

The major morphological features of DN resulted from al-
ternations in the extracellular matrix, glomerular basement
membrane thickening, increases in the glomerular mesangial
matrix, and tubulointerstitial injury. These findings showed
that tubulointerstitial injuries could develop in the early
stage of DN. Fioretto et al. (14) investigated 34 consecutive
renal biopsies in microalbuminuric non-insulin-dependent
diabetic patients, and observed that 41.2% of biopsies
showed atypical patterns of injury, with no or only mild dia-
betic glomerular changes associated with severe tubulointer-
stitial injuries. There are multiple pathways associated with
glomerular and tubulointerstitial injuries, such as hemody-
namic alternations caused by arteriolar resistance, oxidative
stress, cell signaling and transcription factors, and pro-
inflammatory molecules (15). Proximal tubular epithelial
cells are an important target of the aforementioned abnor-

malities, and cell cycle arrest, cellular hypertrophy, senes-
cence, and inflammatory and profibrotic cytokine secretions
are suggested as down-stream effects (16) that can result in
the development of IF/TA independent of global glomerulo-
sclerosis.

Renal tubulointerstitial injuries are reportedly associated
with anemia. The mechanism has been shown to involve
erythropoietin-producing fibroblasts undergoing transforma-
tion into myofibroblasts in fibrotic kidneys in vivo (17). Fur-
thermore, some human studies have shown that interstitial
damage and relative erythropoietin deficiency leading to
anemia occur in the early stage of DN (18, 19). These re-
sults suggest that DM-associated severe IF/TA (compared
with NDKD) impaired erythropoietin production, resulting
in earlier anemia, independent of the glomerular injuries and
renal function.

In our study, prognosis after the biopsy was evaluated.
The isolated DN group showed a significantly poorer renal
survival rate than the NDKD group. The existence of estab-
lished disease-specific treatments for each disease may have
improved the prognosis in the NDKD group. However, pa-
tients with NDKD with concurrent DN tended to have a
poor renal prognosis, even in the NDKD group. This may
suggest that renal damage is strongly affected by histologi-
cal changes in DN. Okada et al. (20) reported that intersti-
tial lesions but not glomerular lesions were a significant pre-
dictor of the renal prognosis in diabetic nephropathy patients
with type 2 diabetes and overt proteinuria. Furthermore, ane-
mia was found to be associated with poor renal outcomes in
CKD (21, 22). Generally, there appears to be a strong corre-
lation among the renal prognosis, anemia, and interstitial in-
jury.

In addition, anemia can aggravate renal fibrosis by caus-
ing renal tissue hypoxia via the stimulation of cytokine pro-
duction, including hypoxia-inducing factor (HIF)-1. Re-
cently, a novel oral inhibitor of HIF-prolyl hydroxylase
(HIF-PH) became clinically available, alongside conven-
tional therapy with ESAs. The renoprotective effect of the
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Figure 3. Relationship between the renal pathology and the renal survival (a, b), and mortality (c,
d). a, c: Kaplan-Meier curve according to the isolated DN group (black line) and NDKD group (gray
line). b, d: Kaplan-Meier curve according to the isolated DN (black solid line), NDKD with concurrent
DN (NDKD+DN, gray dashed line), and NDKD alone (gray solid line) groups. *There was a signifi-
cant difference in the comparison between the NDKD alone and isolated DN groups (p<0.017, Log
rank test after Bonferroni correction). DN: diabetic nephropathy, NDKD: non-diabetic kidney dis-

case

HIF-PH inhibitor remains unknown; however, Wakashima et
al. (23) conducted an in vitro study and showed that HIF-
PH inhibitor suppressed the expression of fibroblast growth
factors 2, 7, and 18, which are upregulated during the trans-
formation of renal interstitial fibroblasts. Thus, HIF-PH in-
hibitors might have therapeutic potential in the management
of tubular interstitial fibrosis alongside their stimulatory ef-
fect of erythropoietin production.

The strength of this study was that we focused on anemia
as a predictive factor for DN and compared its association
with the kidney function and IF/TA. The measurement of
hemoglobin is a clinically available and cost-effective
marker, and anemia is an important therapeutic target in
CKD, as described in the clinical practice guideline in Ja-
pan (24). Novel therapy using an HIF-PH inhibitor can be
applied along with conventional therapy of ESAs and iron
supplements.

However, several limitations associated with the present
study also warrant mention, such as the retrospective nature,
small sample size compared to many other studies, and po-
tential selection bias, including the small number of isolated
DN cases. Furthermore, not all reported parameters could be
analyzed because of some missing data. In particular, data
on pro-inflammatory cytokines and anemia-related factors,
such as high-sensitivity C-reactive protein, erythropoietin,

and others, may help elucidate the mechanisms underlying
anemia in patients with DN. Thus, this study lacks the ap-
propriate statistical power, and the results should be con-
firmed in a larger study population that includes patients of
various ethnic backgrounds.

In summary, DN is associated with severe anemia and IF/
TA, and anemia helps clinicians discriminate clinically be-
tween isolated DN and NDKD. At present, a kidney biopsy
is considered in diabetic patients who are likely to develop
concurrent NDKD. However, novel pharmacotherapies may
cause a significant delay in the progression of DN, and ane-
mia is an important therapeutic target. To confirm the poten-
tial utility of anemia as a predictor and therapeutic target, a
large-scale clinical study with biopsy-proven DN cases is
necessary. In this regard, a kidney biopsy for diabetic pa-
tients should be considered more aggressively. The results
will be useful for the intensive management of diabetic pa-
tients suffering from kidney disease and for improving their
clinical outcomes.

Written informed consent was obtained from all individ-
ual participants included in the study.
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