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Abstract

Background: Progression of renal anemia has been shown to be associated with advanced renal tubulointerstitial
lesions. This retrospective study investigated the impact of lower hemoglobin (Hb) levels and renal interstitial
fibrosis and tubular atrophy (IFTA) on long-term outcomes in type 2 diabetes with biopsy-proven diabetic
nephropathy.

Methods: A total of 233 patients were enrolled. The severity of IFTA was scored according to the classification by
the Renal Pathology Society. Patients were stratified according to baseline Hb tertiles by IFTA status. The outcomes
were the first occurrence of renal events (requirement for dialysis or 50 % decline in estimated glomerular filtration
rate from baseline) and all-cause mortality.

Results: At baseline, 151 patients had severe IFTA. There were no patients who have been received erythropoiesis-
stimulating agents at the time of renal biopsy. The severity of IFTA was the independent pathological factor of
lower Hb levels. During the mean follow-up period of 8.6 years (maximum, 32.4 years), 119 renal events and 42
deaths were observed. Compared with the combined influence of the highest tertile of Hb and mild IFTA, the risks
of renal events were higher for the middle tertile and for the lowest tertile of Hb in severe IFTA, whereas the risk of
renal events was higher for the lowest tertile of Hb in mild IFTA. The risk of mortality was higher for the lowest
tertile of Hb only in severe IFTA. There were significant interactions of tertile of Hb and IFTA in renal events and
mortality.
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Conclusions: Impacts of lower Hb levels on long-term outcomes of diabetic nephropathy were greater in severe

IFTA than in mild IFTA.

Keywords: Diabetic kidney disease, Diabetic nephropathy, Hemoglobin, Interstitial fibrosis and tubular atrophy,

Renal events, Mortality

Background

Anemia in patients with diabetic nephropathy/diabetic
kidney disease (DKD) develops at earlier stages than
in patients with chronic kidney disease (CKD) from
other causes [1, 2]. The average hemoglobin (Hb)
concentration stratified by glomerular filtration rate
(GFR) category is lower in patients with diabetic ne-
phropathy/DKD than in those with other causes for
CKD [1, 2]. Observational studies indicated that lower
Hb levels in diabetic nephropathy/DKD were associ-
ated with adverse outcomes, including increased risks
for progression of kidney disease, cardiovascular mor-
bidity, and mortality [1, 2]. Nevertheless, most of
these studies did not consider the renal pathology.
Recently, pathological studies focusing on diabetic ne-
phropathy [3], post-transplant nephropathy [4], and
ANCA -associated renal vasculitis [5] demonstrated
that the progression of renal anemia was associated
with advanced renal tubulointerstitial lesions. Even
though interstitial fibrosis and tubular atrophy (IFTA)
is not specific in diabetic nephropathy [6], we and
other investigators reported that the severity of IFTA
was associated with renal events [7-14] and mortality
[7, 9] in patients with type 2 diabetes and biopsy-
proven diabetic nephropathy. Against this background,
this long-term retrospective study investigated the im-
pact of the relationship between Hb levels at the time
of renal biopsy and IFTA on the risks for renal com-
posite events and all-cause mortality in Japanese pa-
tients with type 2 diabetes and biopsy-proven diabetic
nephropathy.

Methods

Subjects

We included 233 patients with type 2 diabetes and
biopsy-proven diabetic nephropathy who were diagnosed
at Kanazawa University Hospital or Kanazawa Medical
Center between April 1985 and May 2019. The diagnosis
of diabetes was determined by the criteria of the Japa-
nese Diabetic Society [15] and/or medical history. Renal
biopsy was performed with each patient’s consent to ob-
tain precise diagnoses of kidney lesions. Diabetic ne-
phropathy was diagnosed by confirming the typical
histological features of diabetic nephropathy using light
microscopy, immunofluorescence, and electron micros-
copy [7]. Patients with diabetic nephropathy complicated
by other kidney diseases were excluded.

Clinical examinations

The baseline was defined as the time of renal biopsy.
Hemoglobin, age, gender, serum creatinine, estimated
GFR (eGFR), 24-h urinary albumin excretion, 24-h urin-
ary protein excretion, HbAlc, systolic blood pressure,
diastolic blood pressure, total cholesterol, and body mass
index were obtained as clinical covariates at baseline.
eGFR was estimated using the equation of the Japanese
Society of Nephrology [16].

Pathological examinations

For light microscopic examinations, renal biopsy speci-
mens were stained with periodic acid Schiff, periodic
acid silver methenamine, hematoxylin—eosin, and Mal-
lory—Azan. The severity of IFTA was evaluated semi-
quantitatively according to the pathological classification
by the Renal Pathology Society as follows: score 0, no
IFTA; score 1, <25 %; score 2, 25—-50 %, and score 3, >
50 % [6-12, 17, 18]. The severity of diffuse lesion was
graded from 0 to 4 by the method of Gellman et al. [7,
17-19]. Nodular lesion, exudative lesion, and mesangio-
lysis were scored as absent or present [7, 17, 18]. The se-
verity of interstitial cell infiltration was graded from 0 to
2 according to the pathological classification by the
Renal Pathology Society [6, 7, 17, 18]. The severity of ar-
teriolar hyalinosis was graded from 0 to 3 by the method
of Takazakura et al. [7, 17, 18, 20]. The severity of ar-
teriosclerosis was graded from 0 to 2 according to the
pathological classification by the Renal Pathology Society
[6-12, 17, 18]. Four nephrologists evaluated the renal
tissue specimens.

Outcomes

The outcomes of this study were the first occurrence of
renal composite events (requirement for dialysis or a
50 % decline in eGFR from baseline) and all-cause mor-
tality. None of the patients received renal transplantation
during follow-up. The patients were followed up until
the end of 2019 or until death.

Statistical analysis

Baseline clinical and pathological findings of patients
were summarized according to baseline tertile of Hb
levels and IFTA status. We categorized mild- and severe
IFTA, defined as score<1 and =2, respectively. Data
were presented as mean and standard deviation for con-
tinuous variables and percentage for categorical
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variables. Mann—Whitney U tests, Kruskal-Wallis tests,
and Chi-squared tests were used to identify differences
in continuous and categorical variables. Univariate and
multivariate linear regression analyses and logistic re-
gression analyses were used to assess the cross-sectional
relationship between baseline Hb levels and pathological
covariates. For multivariate regression analysis, the
pathological covariates were forced into the model. The
cumulative incidences of renal composite events and all-
cause mortality were evaluated using Kaplan—Meier sur-
vival curve. The hazard ratio (HR) and their 95 % confi-
dence intervals (Cls) of different groups stratified by
baseline Hb levels and IFTA status on renal composite
events and all-cause mortality were calculated using
multivariate Cox proportional hazards model analysis.
For multivariate Cox regression analysis, we ran three
models: Model 1, adjusted for age, gender, eGFR, and
presence of albuminuria (proteinuria), Model 2, adjusted
for age, gender, eGFR, presence of albuminuria (protein-
uria), HbA1lc, and systolic blood pressure, and Model 3,
adjusted for age, gender, eGFR, presence of albuminuria
(proteinuria), HbAlc, systolic blood pressure, and patho-
logical covariates excluding IFTA (ie. diffuse lesion,
nodular lesion, exudative lesion, mesangiolysis, intersti-
tial cell infiltration, arteriolar hyalinosis, arteriosclerosis).
These covariates were incorporated in the stepwise pro-
cedure. We also evaluated the incremental prognostic
value for renal composite events and all-cause mortality
associated with the addition of Hb levels to the model
that contained 6-clinical variables (age, gender, eGEFR,
presence of albuminuria [proteinuria], HbAlc, and sys-
tolic blood pressure) and presence of severe IFTA using
Uno’s C statistics, net reclassification improvement
(NRI), and integrated discrimination improvement (IDI).
All analyses were performed using SPSS version 24
(SPSS Inc., Chicago, IL, USA) and R 4.0.5. Statistical sig-
nificance was defined as p-values of less than 0.05.

Results

Baseline clinical and pathological findings according to
Hb levels and IFTA

A total of 233 patients were enrolled in this study, in-
cluding 79 women and 154 men with a mean age of 58.0
years. Table 1 presents baseline clinical and pathological
characteristics of the study population stratified by ter-
tiles according to baseline Hb levels (i.e, <10.7 in the
lowest tertile, 10.8—13.2 in the middle tertile, and >13.3
in the highest tertile) and IFTA status. There were no
patients who have been received erythropoiesis-
stimulating agents at the time of renal biopsy. At base-
line, 18, 64, 77, and 74 patients were classified into renal
IFTA scores 0, 1, 2, and 3, respectively. Age, gender,
serum creatinine, eGFR, prevalence of eGFR <60 mL/
min/1.73m? prevalence of micro/macroalbuminuria
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(mild/severe proteinuria), prevalence of macroalbumi-
nuria (severe proteinuria), HbAlc, systolic blood pres-
sure, IFTA score, diffuse lesion score, prevalence of
nodular lesion, prevalence of exudative lesion, preva-
lence of mesangiolysis, arteriolar hyalinosis score, and
arteriosclerosis score were significantly different between
the three subgroups of Hb levels. Hemoglobin, age,
serum creatinine, eGFR, prevalence of eGFR <60 mL/
min/1.73m? prevalence of macroalbuminuria (severe
proteinuria), systolic blood pressure, diffuse lesion score,
prevalence of nodular lesion, prevalence of exudative
lesion, prevalence of mesangiolysis, interstitial cell in-
filtration score, arteriolar hyalinosis score, and arterio-
sclerosis score were significantly different between
mild IFTA (score<1) and severe IFTA (score > 2).

Baseline clinical and pathological findings according to
Hb levels by IFTA status

We divided the patients into six groups according to base-
line Hb levels and IFTA status as follows: the lowest tertile
of Hb and mild IFTA (n=15); the middle tertile of Hb
and mild IFTA (n = 26); the highest tertile of Hb and mild
IFTA (n=41); the lowest tertile of Hb and severe IFTA
(n=61); the middle tertile of Hb and severe IFTA (n=
52); and the highest tertile of Hb and severe IFTA (n=
38). The proportion of patients with severe IFTA was
80.3% (61 of 76) among the lowest tertile of Hb, 66.7 %
(52 of 78) among the middle tertile of Hb, and 48.1 % (38
of 79) among the highest tertile of Hb. Baseline clinical
and pathological characteristics according to Hb levels by
IFTA status are also displayed in Table 1. Clinical and
pathological covariates associated with lower Hb levels re-
gardless of IFTA status were older age, higher serum cre-
atinine, lower eGFR, higher prevalence of eGFR < 60 mL/
min/1.73m>, higher prevalence of macroalbuminuria (se-
vere proteinuria), lower HbAlc, higher diffuse lesion
score, higher prevalence of nodular lesion, and higher
prevalence of exudative lesion. Lower BMI and higher ar-
teriolar hyalinosis score were associated with lower Hb
levels only in mild IFTA. Lower prevalence of male, higher
prevalence of micro/macroalbuminuria (mild/severe pro-
teinuria), higher systolic blood pressure, and higher preva-
lence of mesangiolysis were associated with lower Hb
levels only in severe IFTA.

Associations between baseline Hb levels and pathological
covariates

To identify the pathological covariates associated with
lower Hb levels, we used univariate and multivariate lin-
ear regression analyses (Table 2). In the univariate linear
regression analysis, [IFTA (R = - 0.327, p <0.01), diffuse
lesion (R = -0.396, p<0.01), nodular lesion (R = -
0.366, p <0.01), exudative lesion (R = -0.293, p <0.01),
mesangiolysis (R = - 0.261, p < 0.01), arteriolar hyalinosis
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(R = - 0.225, p<0.01), and arteriosclerosis (R = —0.229,
p<0.01) negatively correlated with Hb level. In the
multivariate linear regression analysis, IFTA was identi-
fied as only significant independent predictor of Hb level
(standardized coefficient 5 - 0.165, 95% CI - 0.812 to —
0.007, p <0.05). Univariate and multivariate logistic re-
gression analyses were also performed to define the
pathological covariates associated with the lowest tertile
of Hb (Table 2). In the univariate logistic regression ana-
lysis, IFTA (odds ratio per score increase 1.89, 95% CI
1.36 to 2.62, p < 0.01), diffuse lesion (odds ratio per score
increase 2.26, 95 % CI 1.59 to 3.22, p <0.01), presence of
nodular lesion (odds ratio 3.39, 95 % CI 1.88 to 6.10, p <
0.01), presence of exudative lesion (odds ratio 3.15, 95 %
CI 1.76 to 5.64, p<0.01), presence of mesangiolysis
(odds ratio 2.44, 95 % CI 1.33 to 4.47, p < 0.01), arteriolar
hyalinosis (odds ratio per score increase 1.40, 95% CI
1.04 to 1.89, p<0.05), and arteriosclerosis (odds ratio
per score increase 1.64, 95% CI 1.04 to 2.59, p <0.05)
were associated with the lowest tertile of Hb. In the
multivariate logistic regression analysis, IFTA remained
significantly associated with the lowest tertile of Hb
(odds ratio per score increase 1.58, 95% CI 1.01 to 2.47,
p <0.05).

Prognosis of renal events and mortality according to the
tertile of baseline Hb levels by IFTA status

The mean follow-up duration was 8.6 years (median =
6.7 years; maximum =32.4 years) during 1985-2019.
There was a total of 119 renal composite events and 42
deaths. Figure 1 shows the cumulative incidence of the
outcomes according to the tertile of baseline Hb levels
by IFTA status. The cumulative incidences of renal com-
posite events in mild IFTA were not significantly differ-
ent among the three subgroups of Hb levels, although
the cumulative incidence of renal composite events in
the lowest tertile of Hb was significantly higher than that
of the highest tertile of Hb (Fig. 1a). The cumulative in-
cidences of renal composite events in severe [FTA were
significantly different among the three subgroups of Hb
levels (Fig. 1b). The cumulative incidence of renal com-
posite events in the lowest tertile of Hb was significantly
higher than that of the middle tertile of Hb or that of
the highest tertile of Hb in severe IFTA (Fig. 1b). The
cumulative incidence of renal composite events in the
middle tertile of Hb was also significantly higher than
that of the highest tertile of Hb in severe IFTA (Fig. 1b).
The cumulative incidences of all-cause mortality in mild
IFTA were not significantly different among the three
subgroups of Hb levels (Fig. 1c). The cumulative inci-
dences of all-cause mortality in severe IFTA were signifi-
cantly different among the three subgroups of Hb levels
(Fig. 1d). The cumulative incidence of all-cause mortality
in the lowest tertile of Hb was significantly higher than
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that of the middle tertile of Hb or that of the highest ter-
tile of Hb in severe IFTA (Fig. 1d). The cumulative inci-
dence of all-cause mortality in the middle tertile of Hb
was also significantly higher than that of the highest ter-
tile of Hb in severe IFTA (Fig. 1d).

Risks of renal events and mortality according to the
tertile of baseline Hb levels by IFTA status

Table 3 shows the adjusted HRs for the outcomes ac-
cording to the tertile of baseline Hb levels by IFTA sta-
tus after adjustment for baseline clinical and
pathological covariates excluding IFTA. The highest ter-
tile of Hb in each IFTA status was served as the refer-
ence group. The risks of renal composite events were
significantly higher in the middle tertile of Hb (fully ad-
justed HR [Model 3 in Table 3] 5.40, 95% CI 2.39 to
12.18) and in the lowest tertile of Hb (fully adjusted HR,
11.71, 95% CI 4.84 to 28.31) among severe IFTA,
whereas the risk was significantly higher only in the low-
est tertile of Hb (fully adjusted HR 6.21, 95% CI 1.99 to
19.40) among mild IFTA. The risks of all-cause mortality
were significantly higher in the middle tertile of Hb
(fully adjusted HR 4.47, 95% CI 1.16 to 17.22) and in
the lowest tertile of Hb (fully adjusted HR 8.85, 95 % CI
1.78 to 44.15) among severe IFTA, but not among mild
IFTA. Figure 2 shows the combined influence of baseline
Hb levels and IFTA status on the risks of the outcomes
relative to the group of the highest tertile of Hb and
mild IFTA for other groups based on multivariable Cox
regression analysis after adjustment for baseline clinical
covariates (age, gender, eGFR, presence of albuminuria
[proteinuria], HbAlc, and systolic blood pressure) and
pathological covariates excluding IFTA. Patients with
the highest tertile of Hb and mild IFTA were served as
the reference group. The risks of renal composite events
became significantly higher in the middle tertile of Hb
(adjusted HR 4.22, 95 % CI 1.81 to 9.83) and in the low-
est tertile of Hb (adjusted HR 9.22, 95% CI 3.69 to
23.02) among severe IFTA, whereas the risk became sig-
nificantly higher in the lowest tertile of Hb (adjusted HR
3.72, 95% CI 1.27 to 10.87) among mild IFTA (Fig. 2a).
The risk of all-cause mortality became significantly
higher in the lowest tertile of Hb among severe IFTA
(adjusted HR 4.28, 95% CI 1.05 to 17.37), but not
among mild IFTA (Fig. 2b). There were significant inter-
actions of tertile of Hb and IFTA in renal composite
events (p interaction =0.04) and all-cause mortality (p
interaction = 0.04).

We also evaluated the incremental prognostic value of
Hb levels over the model that included 6-clinical vari-
ables (age, gender, eGFR, presence of albuminuria [pro-
teinuria], HbAlc, and systolic blood pressure) and
presence of severe IFTA using Uno’s C-statistics, NRI,
and IDI for renal composite events and all-cause
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(a) Renal composite events in mild IFTA

100-

&

Z 80

:

=

3 *

= 60

G

(=]

3

2

3

T 40

=

@

&

E

E 20

E

&)

0 p ’

T T T T T
0 10 20 30 40

Follow-up (years)

(b) Renal composite events in severe IFTA
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Fig. 1 Cumulative incidence of the outcomes according to the tertile of baseline Hb by IFTA status. (@) Cumulative incidence of renal composite
events stratified by baseline Hb in mild IFTA. Black line, the highest tertile of Hb and mild IFTA group (n=41), orange line, the middle tertile of
Hb and mild IFTA group (n = 26), red line, the lowest tertile of Hb and mild IFTA group (n=15). *p < 0.05 vs. the highest tertile of Hb. (b)
Cumulative incidence of renal composite events stratified by baseline Hb in severe IFTA. Black line, the highest tertile of Hb and severe IFTA
group (n=38), orange line, the middle tertile of Hb and severe IFTA group (n=52), red line, the lowest tertile of Hb and severe IFTA group (n=
61). **p <0.01 vs. the highest tertile of Hb, and t1p < 0.01 vs. the middle tertile of Hb. (c) Cumulative incidence of all-cause mortality stratified by
baseline Hb in mild IFTA. Black line, the highest tertile of Hb and mild IFTA group (n =41), orange line, the middle tertile of Hb and mild IFTA
group (n=26), red line, the lowest tertile of Ho and mild IFTA group (n = 15). (d) Cumulative incidene of all-cause mortality stratified baseline Hb
in severe IFTA. Black line, the highest tertile of Hb and severe IFTA group (n = 38), orange line, the middle tertile of Hb and severe IFTA group
(n=52), red line, the lowest tertile of Hb and severe IFTA group (n=61). *p < 0.05 vs. the highest tertile of Hb, **p < 0.01 vs. the highest tertile of
Hb, and tp < 0.05 vs. the middle tertile of Hb. Abbreviations: Hb, hemoglobin; IFTA, interstitial fibrosis and tubular atrophy

(c) All-cause mortality in mild IFTA
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mortality. For predicting renal composite events, the
addition of Hb levels on the model including severe
IFTA was associated with significant improvements in
the C-statistics value (0.745 versus 0.789, delta C statis-
tics = 0.043 [95 %CI 0.006 to 0.081]), the NRI statistics
(10-year risk prediction: 0.401 [95 %CI 0.196 to 0.582],

p<0.01), and the IDI statistics (10-year risk prediction:
0.079 [95 %CI 0.022 to 0.144], p <0.01). For predicting
all-cause mortality, we could not find significant im-
provements in the C-statistics value (0.754 versus 0.757,
delta C statistics = 0.003 [95 %CI -0.003 to 0.031]), the
NRI statistics (10-year risk prediction: 0.110 [95 %CI



Shimizu et al. BMC Nephrology

Table 3 Adjusted HR for the outcomes according to the tertile of baseline Hb by IFTA status

(2021) 22:319
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Mild IFTA (score< 1)

Severe IFTA (score >2)

Highest tertile Middle tertile Lowest tertile Highest tertile Middle tertile Lowest tertile
of Hb of Hb of Hb of Hb of Hb of Hb
>13.3 10.8-13.2 <107 >13.3 10.8-13.2 <10.7
Participants, n 41 26 15 38 52 61
Renal composite events
Events, n (%) 15 (36.6) 10 (38.5) 8 (533) 14 (36.8) 34 (65.4) 38 (62.3)

Model 1 1 (reference) 0.95 (0.42-2.18) 2.64 (1.06-6.57)%
Model 2 1 (reference) 0.87 (0.37-2.04) 293 (1.17-7.30)*
Model 3 1 (reference) 038 (0.12-1.20) 6.21 (1.99-19.40)**

All-cause mortality

Events, n (%) 6 (14.6) 3(11.5) 1(6.7)

Model 1 1 (reference) 067 (0.17-2.71) 0.52 (0.06-4.47)
Model 2 1 (reference) 0.53 (0.11-2.65) 0.55 (0.06-4.79)
Model 3 1 (reference) 0.09 (0.002-3.65) 0.70 (0.02-29.74)

1 (reference)
1 (reference)

1 (reference)

4 (10.5)

1 (reference)

1 (reference)
(

1 (reference)

3.19 (1.63-6.25)**
3.17 (1.61-6.22)**

540 (2.39-12.18)**

13 (25.0)

2.75 (0.87-8.75)
2.78 (0.88-8.84)
447 (1.16-17.22)*

757 (349-1641)**
7.09 (3.23-15.54)**
11.71 (4.84-2831)**

15 (24.6)

8.93 (2.68-29.74)**
8.66 (2.59-29.03)**
8.85 (1.78-44.15)**

Model 1: Adjusted for age, gender, estimated glomerular filtration rate, and presence of albuminuria [proteinurial. Model 2: Further adjusted for HbA1c and
systolic blood pressure. Model 3: Further adjusted for pathological covariates excluding IFTA. *p < 0.05 vs. the highest tertile of Hb. **p < 0.01 vs. the highest tertile
of Hb. Abbreviations: Hb hemoglobin; IFTA interstitial fibrosis and tubular atrophy

-0.188 to 0.319], p = 0.52), and the IDI statistics (10-year
risk prediction: 0.011 [95 %CI -0.007 to 0.080], p = 0.25).

Discussion

The present study showed two findings: (i) [FTA was an
independent pathological factor associated with lower
Hb levels in multivariate analysis, and (ii) the effect of
lower Hb levels on renal composite events and all-cause

mortality were greater in patients with severe IFTA than
in those with mild IFTA.
First, we showed that IFTA was an independent

pathological predictor of lower Hb levels by multivari-

ate regression model. Although we observed multiple
correlates of pathological covariates for baseline Hb
levels, the severity of IFTA was particularly strongly
associated with baseline low Hb levels. A previous

(a) Renal composite events

(b) All-cause mortality

15 15
10 4.00% % 10 4.28%
1.0 0.9 Severe 106 3' 1.1 Severe
, & & Mild  FTA , & &= & v A
Highest Middle Lowest Highest Middle Lowest
Tertile of Hb Tertile of Hb
Tertile of baseline Hb (g/dL) Tertile of baseline Hb (g/dL)
IFTA status IFTA status
Highest Middle Lowest Highest Middle Lowest
Mild (score <I) 1.00 0.92 3.72% IMild (score <I) 1.00 0.30 1.13
(Ref) (0.34-2.49) (1.27-10.87) (Ref) (0.04-2.57)  (0.12-10.50)
Severe (score >2) 1.17 4.22%* 9.22%* Severe (score >2) 0.65 2.29 4.28%
(0.48-2.86)  (1.81-9.83) (3.69-23.02) (0.18-2.37)  (0.74-7.07) (1.05-17.37)

Fig. 2 Combined influence of baseline Hb levels and IFTA status on the risks of the outcomes. (a) Multivariable-adjusted HR and 95 % Cl for the
development of renal composite events. *p < 0.05 vs. the highest tertile of Hb and mild IFTA group. **p < 0.01 vs. the highest tertile of Hb and

mild IFTA group. (b) Multivariable-adjusted HR and 95 % Cl for the development of all-cause mortality. *p < 0.05 vs. the highest tertile of Hb and
mild IFTA group. Adjusted for baseline clinical covariates (age, gender, estimated glomerular filtration rate, presence of albuminuria [proteinuria],
HbA1c, and systolic blood pressure) and pathological covariates excluding IFTA. Abbreviations: Hb, hemoglobin; HR, hazard ratio; IFTA, interstitial

fibrosis and tubular atrophy
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study focusing on diabetic nephropathy demonstrated
that advanced IFTA was associated with both baseline
Hb and decrease in Hb during the follow-up period
[3]. Notably, we showed that impacts of this relation-
ship on the outcomes in patients with type 2 diabetes
and biopsy-proven diabetic nephropathy. There are
plausible mechanisms linking IFTA to the progression
or renal anemia. In renal fibrosis, the reduced or even
loss of the ability of activated fibroblasts to produce
erythropoietin is a major cause of renal anemia [21,
22]. In turn, anemia may cause renal hypoxia, leading
to renal fibrosis [1, 21, 22]. These clinical and experi-
mental findings suggest that renal anemia and renal
fibrosis have a causal relationship with one another in
CKD.

Next, we showed that the impacts of lower Hb levels
on renal composite events and all-cause mortality were
greater in severe IFTA than in mild IFTA. Previous stud-
ies showed that lower Hb levels in diabetic nephropathy/
DKD were associated with adverse clinical outcomes [1,
2]. However, most of these studies did not consider the
severity of renal pathology. Our study provided a more
detailed analysis of both the severity of anemia and renal
pathological findings in diabetic nephropathy. The cu-
mulative incidence showed an association between
lower Hb levels and greater increase of renal compos-
ite events and all-cause mortality in patients with se-
vere IFTA, but not in those with mild IFTA. The risk
of renal composite events increased from the highest
tertile of Hb to the middle tertile of Hb, to the lowest
tertile of Hb in patients with severe IFTA, even after
adjusting for baseline clinical and pathological covari-
ates. The risk of all-cause mortality increased only in
patients with severe IFTA. There were significant in-
teractions of tertile of Hb and IFTA in renal compos-
ite events and all-cause mortality.

Regarding the incremental prognostic value of adding
Hb levels to the model including severe IFTA, we dem-
onstrated significant improvements of the values in the
C statistics, NRI, and IDI for renal composite events.
Our results might suggest the usefulness of more inten-
sive control of anemia in patients with severe IFTA than
in those with mild IFTA to improve renal prognosis in
type 2 diabetes with diabetic nephropathy.

The strength of the present study is that we directly
evaluated IFTA status using renal biopsy. However,
pathological evaluation is uncommonly used in diabetic
nephropathy with a typical clinical course. Recent stud-
ies showed that higher degrees of renal IF assessed by
functional magnetic resonance imaging were associ-
ated with a faster eGFR decline in CKD [23, 24]. Al-
ternatively, the result of the first multicenter,
multiparametric, functional magnetic resonance im-
aging study in 122 participants with stage 3b—4 CKD
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over the course of 1 year was not in line with those
of previous single-center studies [25]. Larger trials
with longer follow-up would be required to confirm
the surrogate markers associated with kidney lesions
in diabetic nephropathy.

There were several limitations in our study. First, there
may have been an influence of bias from limiting the
study to patients who underwent renal biopsy. Second,
only a single measurement of Hb at baseline might have
caused the misclassification of some study patients.
Third, we did not have data on serum erythropoietin
levels. Although 11.5% of the lowest tertile of Hb and
24.6 % of the middle tertile of Hb in patients with severe
IFTA showed preserved eGFR (> 60 mL/min/1.73 m?) in
the present study, one previous study demonstrated that
low erythropoietin levels predicted rapid eGFR decline
in type 2 diabetic patients with anemia [26]. Fourth, we
did not consider the use of erythropoiesis-stimulating
agents during the follow-up period. As to treatment con-
tents, recent studies have revealed that hypoxia-
inducible factor-prolyl hydroxylase inhibitors might sup-
press tubulointerstitial fibrosis by suppressing the trans-
formation of renal interstitial fibroblasts in addition to
enhancing erythropoiesis [27, 28]. Furthermore, some
previous studies revealed that sodium-glucose cotran-
sporter 2 inhibitors might improve tubulointerstitial
hypoxia, allowing fibroblasts to resume erythropoietin
production [29, 30]. On this context, future studies fo-
cusing on the relationship between diabetic kidney le-
sions and these treatment contents are needed. Fifth, the
data on urinary protein excretion were used to classify
the category of albuminuria in the absence of the data
on urinary albumin excretion. Finally, due to the retro-
spective nature of this study, we could not fully investi-
gate the causes of anemia and death in some cases.
Although iron and erythropoietin deficiencies and hypo-
responsiveness to the actions of erythropoietin are the
major causes of anemia in CKD patients, anemia in dia-
betic patients with CKD result from one or more mecha-
nisms [31, 32]. In our study, lower BMI and higher
arteriolar hyalinosis score were associated with lower Hb
levels only in mild IFTA. Although the underlying mech-
anism is unknown, one previous study of biopsy-proven
diabetic nephropathy has also reported consistent results
[3]. Nevertheless, long-term observation of 233 patients
with type 2 diabetes and biopsy-proven diabetic ne-
phropathy is important for understanding the predictive
effect of kidney lesions on clinical outcomes.

Conclusions

This retrospective analysis showed that lower Hb levels
were associated with greater risks of renal events and
mortality in patients with severe IFTA than in those with
mild IFTA. Our results support the importance of
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managing anemia in patients with diabetic nephropathy,
particularly associated with severe IFTA.
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