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ABSTRACT
Aims/Introduction: The present retrospective study investigated the impact of renal
arteriosclerosis (AS) and hypertension (HT) on long-term renal and cardiovascular out-
comes in Japanese type 2 diabetes patients with biopsy-proven diabetic nephropathy.
Materials and Methods: A total of 185 patients were enrolled. Patients were divided
into four groups stratified by renal AS status and the presence of HT. The outcomes for
this study were the first occurrence of renal events (a need for dialysis or a 30% decline
in estimated glomerular filtration rate from baseline) and cardiovascular events (cardiovas-
cular death, non-fatal myocardial infarction, coronary intervention or non-fatal stroke).
Results: The proportion of renal AS scores ≥1 was 88.3% among patients with normal-
range blood pressure (BP) and 95.4% among patients with HT. During a mean follow-up
period of 7.6 years, 129 episodes of renal composite events and 55 episodes of cardiovas-
cular events were observed. Compared with patients with no renal AS and normal-range
BP, a renal AS score ≥1 increased the risk of renal composite events with a multivariable-
adjusted hazard ratio of 3.21 (95% confidence interval [95% CI] 1.27–8.14) in patients with
normal-range BP and 4.99 (95% CI 1.98–12.54) in patients with HT, whereas renal AS score
≥1 increased the risk of cardiovascular events with a multivariable-adjusted hazard ratio of
6.06 (95% CI 1.24–29.61) in patients with normal-range BP and 10.02 (95% CI 1.92–52.39)
in patients with HT.
Conclusions: Renal AS was associated with increasing risks for renal composite events
and cardiovascular events in both normal-range BP and HT. The risks of renal composite
events and cardiovascular events were the highest in both renal AS and HT.

INTRODUCTION
Hypertension (HT) is a major risk factor for both microvascu-
lar and macrovascular complications related to diabetes1. Fur-
thermore, numerous studies have shown that antihypertensive
therapy reduces the risk of these complications1.

Renal arteriosclerosis (AS) is not a specific pathological find-
ing in diabetic nephropathy2. However, we have previously
reported that renal AS score evaluated according to the patho-
logical classification of diabetic nephropathy by the Research
Committee of the Renal Pathology Society2 is associated with
renal and cardiovascular outcomes in Japanese type 2 diabetes
patients with diabetic nephropathy3,4. Although previous studiesReceived 24 July 2018; revised 13 November 2018; accepted 2 December 2018
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have clarified the close relationships between renal AS and
HT5–8, the relative contributions of renal AS and HT to renal
and cardiovascular outcomes in type 2 diabetes patients with
diabetic nephropathy is not well understood.
Therefore, we carried out a long-term retrospective study to

evaluate the interaction of renal AS with HT on the risks for
renal and cardiovascular outcomes in Japanese type 2 diabetes
patients with biopsy-proven diabetic nephropathy.

METHODS
Study Population
A total of 185 type 2 diabetes patients with biopsy-proven dia-
betic nephropathy who were diagnosed at Kanazawa University
Hospital or Kanazawa Medical Center in Kanazawa, Japan,
between 1985 and 2017 were included in the present study.
The diagnosis of diabetes was determined by medical history
and/or the criteria of the Japanese Diabetic Society as follows:
(i) fasting plasma glucose level of ≥126 mg/dL (≥7.0 mmol/L);
(ii) 2-h value of ≥200 mg/dL (≥11.1 mmol/L) in 75-g oral
glucose tolerance test; (iii) casual plasma glucose level of
≥200 mg/dL (≥11.1 mmol/L); or (iv) hemoglobin A1c ≥6.5%9.
A renal biopsy was carried out for the precise diagnosis of kid-
ney lesions with the consent of each patient. The diagnosis of
diabetic nephropathy was confirmed by typical pathological fea-
tures consistent with diabetic nephropathy using renal biopsy,
including light microscopy, electron microscopy and
immunofluorescence examination. Patients with other glomeru-
lar diseases concomitant with diabetic nephropathy were
excluded from this study. The study protocol was approved by
the ethics committees of Kanazawa University and Kanazawa
Medical Center.

Clinical Examinations
Baseline was defined as the time of renal biopsy. Age, sex,
serum creatinine, estimated glomerular filtration rate (eGFR),
24-h urinary protein excretion, systolic blood pressure (BP),
diastolic BP, duration of diabetes, presence of diabetic retinopa-
thy, hemoglobin A1c, total cholesterol and body mass index
were obtained as clinical variables at baseline. eGFR was calcu-
lated using the equation by the Japanese Society of Nephrol-
ogy10. HT was defined as systolic BP ≥140 mmHg and/or
diastolic BP ≥90 mmHg irrespective of antihypertensive
medication11.

Pathological Examinations
For light microscopic examination, renal biopsy specimens were
fixed in 10% phosphate-buffered formalin (pH 7.2), embedded
in paraffin and sliced into sections 4-lm thick. These speci-
mens were stained with periodic acid–Schiff (PAS) reagent,
periodic acid silver methenamine, hematoxylin–eosin and Mal-
lory–Azan, and examined by light microscopy. The severity of
renal AS was scored from 0 to 2 according to the description
by Tervaert et al.2 as follows: score 0, no intimal thickening
(Figure 1a,d); score 1, intimal thickening less than the thickness

of the media (Figure 1b,e); and score 2, intimal thickening
greater than the thickness of the media (Figure 1c,f)3. The
severity of the diffuse lesions in the glomeruli was scored from
0 to 4 according to the description by Gellman et al. (score 0,
all glomeruli appear normal; score 1, local lesions present
within each glomerulus and focal lesions present within the
kidney; score 2, diffuse mesangial thickening within the
glomerulus and generalized throughout the kidney; and score 3,
narrowed capillary lumina and local obliteration)3,12. Nodular
lesion, exudative lesion and mesangiolysis were defined as the
presence or absence in each specimen3,13. The severity of inter-
stitial fibrosis and tubular atrophy (IFTA) was scored from 0 to
3 according to the description by Tervaert et al. (score 0, no
IFTA; score 1, <25%; score 2, 25–50%; score 3, >50%)2,3. The
severity of interstitial cell infiltration was scored from 0 to 2
according to the description by Tervaert et al. (score 0, absent;
score 1, infiltration only in relation to IFTA; score 2, infiltra-
tion in areas without IFTA)2,3. The severity of arteriolar hyali-
nosis was scored from 0 to 3 according to the description by
Takazakura et al. (score 0, a normal appearance without PAS-
positive deposits; score 1, a light PAS-positive thickening
observed, but involving less than half of the circumference of
the arteriole in many arterioles; score 2, numerous moderately
thickened vessel walls with PAS-positive deposition without
apparent luminal narrowing; score 3, a heavy thickening of the
majority of the vessel walls with luminal narrowing or oblitera-
tion)3,14. Renal tissue specimens were assessed by four
nephrologists.

Outcomes
The outcomes for the present study were the first occurrence
of renal events (a need for dialysis or a 30% decline in eGFR
from baseline) and cardiovascular events (cardiovascular death,
non-fatal myocardial infarction, coronary intervention or non-
fatal stroke). A ≥30% decline in eGFR was selected as the renal
outcome of this study based on a series of meta-analyses of
clinical trials and observational studies that revealed a relation-
ship between lesser declines than a halving in eGFR and end-
stage renal disease (ESRD)15. We also reported that a ≥30%
decline in eGFR over 1 or 2 years adds prognostic information
about the risk for ESRD requiring dialysis in type 2 diabetes
patients with macroalbuminuria16. None of the patients
received kidney transplantation during follow up. The patients
were followed until the end of 2017 or death.

Statistical Analysis
Data are expressed as the mean – standard deviation for con-
tinuous variables and the number (percentage) for categorical
valuables. Mann–Whitney U-tests, Kruskal–Wallis tests and
v2-tests were applied to identify differences in continuous and
categorical variables. The cumulative incidences of the out-
comes were estimated using the Kaplan–Meier method and
were compared by log–rank test. The hazard ratio (HR) and
their 95% confidence intervals (CIs) of different groups
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stratified by renal AS status and the presence of HT on each
outcome were calculated using univariable and multivariable
Cox proportional hazards model analyses. Patients with no
renal AS (score 0) and normal-range BP were served as the ref-
erence group. Baseline clinical and pathological variables were
incorporated as covariates in the stepwise procedure. SPSS ver-
sion 24 (SPSS Inc., Chicago, IL, USA) was used for all statistical
analyses. A two-sided P < 0.05 was considered to show statisti-
cal significance.

RESULTS
Baseline clinical characteristics according to renal AS
A total of 185 patients were enrolled in the present study, includ-
ing 60 women and 125 men with a mean age of 59.0 years. At
baseline, 14, 83 and 88 patients were classified into renal AS
score 0, 1 and 2, respectively. Baseline clinical data according to
renal AS score are listed in Table 1. Compared with no renal AS
(score 0), renal AS score ≥1 was associated with higher age,
higher prevalence of male, higher serum creatinine, lower eGFR
and higher prevalence of diabetic retinopathy. Urinary protein
excretion, systolic BP, diastolic BP, prevalence of HT, duration of
diabetes, hemoglobin A1c, total cholesterol and body mass index
did not differ significantly between scores of renal AS.

Clinical and Pathological Characteristics According to Renal AS
Status and the Presence of HT
Next, we divided the patients into four groups according to
renal AS score and the presence of HT as follows: no renal AS

and normal-range BP (systolic BP <140 mmHg and diastolic
BP <90 mmHg; n = 9); no renal AS and HT (n = 5); renal AS
score ≥1 and normal-range BP (n = 68); and renal AS score
≥1 and HT (n = 103). The proportion of patients with renal
AS score ≥1 was 88.3% (68 of 77) among those with normal-
range BP, and 95.4% (103 of 108) among those with HT. Clini-
cal and pathological characteristics according to renal AS status
and the presence of HT are listed in Table 2. Patients with
renal AS score ≥1 and HT were associated with higher age,
higher serum creatinine, lower eGFR, higher urinary protein
excretion, higher systolic BP, higher diastolic BP, higher preva-
lence of diabetic retinopathy, higher total cholesterol, higher dif-
fuse lesion score, higher prevalence of nodular lesion, higher
IFTA score, higher interstitial cell infiltration score, higher arte-
riolar hyalinosis score and higher AS score. Sex, duration of
diabetes, hemoglobin A1c, body mass index, prevalence of
exudative lesion and prevalence of mesangiolysis did not differ
significantly among groups stratified by renal AS status and the
presence of HT.

Prognosis of Renal and Cardiovascular Outcomes According
to Renal AS Status and the Presence of HT
The mean follow-up duration was 7.6 years (median 6.3 years,
maximum 29.4 years) during 1985–2017. There were a total of
129 renal composite events and 55 cardiovascular events.
The cumulative incidence of renal composite events was dif-

ferent among groups stratified by renal AS status and the pres-
ence of HT (P < 0.01; Figure 2a). The cumulative incidence of

(a) (b) (c)

(d) (e) (f)

Figure 1 | Representative microscopic findings of renal arteriosclerosis in diabetic nephropathy. Various grades of renal arteriosclerosis (score 0–2).
(a–c) Periodic acid–Schiff stain (magnification: 9200). (d–f) Periodic acid silver methenamine stain (magnification: 9200). Renal arteriosclerosis was
semiquantitatively assessed as follows: (a,d) score 0, absence of intimal thickening; (b,e) score 1, intimal thickening less than the media thickness;
and (c,f) score 2, intimal thickening greater than the media thickness.
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renal composite events in patients with renal AS score ≥1 and
HT was higher than in those with renal AS score ≥1 and nor-
mal-range BP (P < 0.01). However, the cumulative incidence of
renal composite events showed no significant differences

between normal-range BP and HT in patients with no renal
AS.
The cumulative incidence of cardiovascular events was also

different among groups stratified by renal AS status and the

Table 1 | Baseline clinical characteristics according to renal arteriosclerosis score

All Renal AS P

Score 0 Score 1 Score 2
(n = 14) (n = 83) (n = 88)

Age (years) 59.0 – 10.7 46.3 – 13.5 59.0 – 10.2 61.0 – 9.3 <0.01
Male, n (%) 125 (67.6) 8 (57.1) 64 (77.1) 53 (60.2) <0.05
Serum creatinine (mg/dL) 1.5 – 1.4 0.8 – 0.3 1.4 – 1.3 1.7 – 1.5 <0.01
eGFR (mL/min/1.73 m2) 53.8 – 28.9 86.7 – 25.9 54.1 – 26.8 48.2 – 28.0 <0.01
Urinary protein excretion (g/day) 2.7 – 2.7 1.7 – 2.3 3.0 – 2.8 2.5 – 2.6 0.05
Systolic BP (mmHg) 143.8 – 21.2 137.0 – 11.7 143.9 – 20.4 144.8 – 22.1 0.29
Diastolic BP (mmHg) 77.5 – 12.4 80.1 – 10.2 76.5 – 12.6 78.1 – 12.4 0.55
HT (BP ≥140/90 mmHg), n (%) 108 (58.4) 5 (35.7) 53 (63.9) 50 (56.8) 0.13
Diabetes duration (years) 12.3 – 8.1 9.3 – 7.1 13.6 – 8.2 11.5 – 8.1 0.07
Presence of diabetic retinopathy, n (%) 152 (84.9) 7 (50.0) 70 (86.4) 75 (89.3) <0.01
Hemoglobin A1c (%) 7.6 – 2.2 7.6 – 2.3 7.5 – 2.0 7.7 – 2.4 0.96
Total cholesterol (mg/dL) 223.0 – 90.7 208.2 – 49.2 210.8 – 61.9 237.0 – 115.3 0.75
Body mass index (kg/m2) 23.3 – 3.6 25.3 – 4.5 22.8 – 3.5 23.3 – 3.5 0.08

AS, arteriosclerosis; BP, blood pressure; eGFR, estimated glomerular filtration rate; HT, hypertension.

Table 2 | Baseline clinical and pathological characteristics in groups stratified by renal arteriosclerosis status and the presence of hypertension

AS(-)/HT(-)
(n = 9)

AS(-)/HT(+)
(n = 5)

AS(+)/HT(-)
(n = 68)

AS(+)/HT(+)
(n = 103)

P

Clinical variables
Age (years) 45.2 – 16.4 48.2 – 7.1 58.9 – 10.9 60.8 – 8.9 <0.01
Male, n (%) 4 (44.4) 4 (80.0) 52 (76.5) 65 (63.1) 0.11
Serum creatinine (mg/dL) 0.7 – 0.3 0.8 – 0.3 1.4 – 1.1 1.7 – 1.6 <0.01
eGFR (mL/min/1.73 m2) 88.8 – 24.7 83.0 – 30.4 59.2 – 31.5 45.7 – 23.2 <0.01
Urinary protein excretion (g/day) 1.3 – 1.8 2.5 – 3.0 1.8 – 2.0 3.3 – 3.0 <0.01
Systolic BP (mmHg) 124.7 – 8.1 159.2 – 15.8 125.0 – 10.9 157.2 – 16.0 <0.01
Diastolic BP (mmHg) 75.1 – 9.4 89.2 – 13.2 70.6 – 9.7 81.8 – 12.1 <0.01
Diabetes duration (years) 9.7 – 6.7 8.6 – 7.8 11.6 – 7.7 13.1 – 8.5 0.33
Presence of diabetic retinopathy, n (%) 5 (55.6) 2 (40.0) 54 (84.4) 91 (90.1) <0.01
Hemoglobin A1c (%) 7.8 – 2.8 7.1 – 2.2 7.8 – 2.4 7.5 – 2.0 0.95
Total cholesterol (mg/dL) 199.9 – 34.2 223.2 – 18.6 196.8 – 67.3 243.5 – 104.9 <0.01
Body mass index (kg/m2) 24.8 – 3.1 26.0 – 6.7 23.1 – 3.5 23.1 – 3.4 0.26

Pathological variables
Diffuse lesion (0–4) 1.2 – 0.8 1.8 – 1.6 2.2 – 0.9 2.5 – 0.8 <0.01
Presence of nodular lesion, n (%) 1 (11.1) 2 (40.0) 34 (50.7) 62 (61.4) <0.05
Presence of exudative lesion, n (%) 3 (33.3) 1 (20.0) 26 (38.8) 42 (41.6) 0.77
Presence of mesangiolysis, n (%) 1 (11.1) 2 (40.0) 14 (20.9) 39 (38.6) 0.05
IFTA (0–3) 1.0 – 1.0 1.4 – 1.1 1.8 – 0.9 2.2 – 0.8 <0.01
Interstitial cell infiltration (0–2) 0.6 – 0.7 0.8 – 0.4 1.1 – 0.5 1.2 – 0.4 <0.01
Arteriolar hyalinosis (0–3) 0.8 – 1.1 1.2 – 1.1 2.1 – 1.0 2.2 – 0.8 <0.01
AS (0–2) 0.0 – 0.0 0.0 – 0.0 1.6 – 0.5 1.5 – 0.5 <0.01

AS, arteriosclerosis; BP, blood pressure; eGFR, estimated glomerular filtration rate; HT, hypertension; IFTA, interstitial fibrosis and tubular atrophy.
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presence of HT (P < 0.01; Figure 2b). The cumulative inci-
dence of cardiovascular events in patients with renal AS score
≥1 and HT was higher than in those with renal AS score ≥1
and normal-range BP (P < 0.05). However, the cumulative inci-
dence of cardiovascular events showed no significant differences
between normal-range BP and HT in patients with no renal
AS.

Risks of Renal and Cardiovascular Outcomes According to
Renal AS Status and the Presence of HT
Table 3a shows the estimated HRs of renal composite events
relative to the group of no renal AS and normal-range BP for

other groups stratified by renal AS status and the presence of
HT based on univariable and multivariable Cox regression
analyses. Compared with patients with no renal AS and
normal-range BP, the risk of renal composite events in patients
with renal AS score ≥1 and HT was increased (crude HR 7.03,
95% CI 2.41–20.53; P < 0.01; adjusted HR 4.99, 95% CI 1.98–
12.54; P < 0.01). Although not as much as in patients with
renal AS score ≥1 and HT, the risk of renal composite events
in patients with renal AS score ≥1 and normal-range BP was
also increased (crude HR 3.75, 95% CI 1.30–10.84; P < 0.05;
adjusted HR 3.21, 95% CI 1.27–8.14; P < 0.05). Table 3b shows
the estimated HRs of cardiovascular events relative to the group
of no renal AS and normal-range BP for other groups stratified
by renal AS status and the presence of HT based on univari-
able and multivariable Cox regression analyses. Compared with
patients with no renal AS and normal-range BP, the risk of
cardiovascular events in patients with renal AS score ≥1 and
HT was increased (crude HR 12.26, 95% CI 1.46–103.03;
P < 0.05; adjusted HR 10.02, 95% CI 1.92–52.39; P < 0.01).
Although not as much as in patients with renal AS score ≥1
and HT, renal AS score ≥1 increased the risk of cardiovascular
events with a multivariable-adjusted HR of 6.06 (95% CI 1.24–
29.61; P < 0.05) in patients with normal-range BP.
To confirm these findings, we evaluated the effect of the

use of antihypertensive agents or renin–angiotensin system
(RAS) inhibitors (angiotensin-converting enzyme inhibitors
and/or angiotensin II receptor blockers) at baseline on the
risks of renal and cardiovascular outcomes. The proportion
of patients with the use of antihypertensive agents was
44.4% (4/9) among those with no renal AS and normal-
range BP, 60.0% (3/5) among those with no renal AS and
HT, 62.1% (41/66) among those with renal AS score ≥1 and
normal-range BP, and 82.5% (85/103) among those with
renal AS score ≥1 and HT. Compared with patients with no
renal AS and normal-range BP, renal AS score ≥1 increased
the risk of renal composite events with adjusted HRs of 3.19
(95% CI 1.24–8.23; P < 0.05) in patients with normal-range
BP and 4.76 (95% CI 1.87–12.10; P < 0.01) in patients with
HT, whereas renal AS score ≥1 increased the risk of cardio-
vascular events with adjusted HRs of 5.57 (95% CI 1.14–
27.32; P < 0.05) in patients with normal-range BP and 7.71
(95% CI 1.48–40.23; P < 0.05) in patients with HT. In a
similar way, the proportion of patients taking RAS inhibitors
was 33.3% (3/9) among those with no renal AS and nor-
mal-range BP, 40.0% (2/5) among those with no renal AS
and HT, 43.9% (29/66) among those with renal AS score ≥1
and normal-range BP, and 59.2% (61/103) among those with
renal AS score ≥1 and HT. Compared with patients with no
renal AS and normal-range BP, renal AS score ≥1 increased
the risk of renal composite events with adjusted HRs of 3.06
(95% CI 1.20–7.79; P < 0.05) in patients with normal-range
BP and 4.84 (95% CI 1.92–12.17; P < 0.01) in patients with
HT, whereas renal AS score ≥1 increased the risk of cardio-
vascular events with adjusted HRs of 5.66 (95% CI 1.16–
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Figure 2 | Cumulative incidence of (a) renal composite events and (b)
cardiovascular events compared among groups stratified by renal
arteriosclerosis (AS) status and the presence of hypertension. Gray
dotted line, no renal AS and normal-range blood pressure (n = 9); gray
solid line, no renal AS and hypertension (n = 5); black dotted line, renal
AS score ≥1 and normal-range blood pressure (n = 68); and black solid
line, renal AS score ≥1 and hypertension (n = 103).
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27.67; P < 0.05) in patients with normal-range BP and 9.20
(95% CI 1.77–47.89; P < 0.01) in patients with HT. In
these analyses, the similar impacts of renal AS score ≥1 on
renal composite events and cardiovascular events were
observed in both normal-range BP and HT, even after
adjustment for the use of antihypertensive agents or RAS
inhibitors in addition to other baseline clinical and pathologi-
cal covariates.

DISCUSSION
To the best of our knowledge, this is the first study to deter-
mine the impact of renal AS and HT on long-term renal and
cardiovascular outcomes in type 2 diabetes patients with dia-
betic nephropathy. The impact of renal AS score ≥1 on renal
composite events and cardiovascular events was observed in
both normal-range BP and HT. The risks of renal composite
events and cardiovascular events were the highest in both renal

Table 3 | Hazard ratios of renal composite events and cardiovascular events according to renal arteriosclerosis status and the presence of hypertension

Variables Univariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

Renal composite events
AS(-)/HT(+) (vs AS[-]/HT[-]) 1.36 (0.25–7.48) 0.73 NS
AS(+)/HT(-) (vs AS[-]/HT[-]) 3.75 (1.30–10.84) <0.05 3.21 (1.27–8.14) <0.05
AS(+)/HT(+) (vs AS[-]/HT[-]) 7.03 (2.41–20.53) <0.01 4.99 (1.98–12.54) <0.01
Age (per 1 year) 1.03 (1.01–1.05) <0.01 NS
Male sex 1.18 (0.81–1.73) 0.39 NS
eGFR (per -1 mL/min/1.73 m2) 1.02 (1.01–1.03) <0.01 NS
Urinary protein excretion (per 1 g/day) 1.32 (1.24–1.40) <0.01 1.24 (1.15–1.34) <0.01
Diabetes duration (per 1 year) 1.02 (1.001–1.05) <0.05 NS
Presence of diabetic retinopathy 2.51 (1.34–4.70) <0.01 NS
Hemoglobin A1c (%) 0.94 (0.87–1.02) 0.16 NS
Total cholesterol (per 1 mg/dL) 1.004 (1.002–1.006) <0.01 NS
Body mass index (per 1 kg/m2) 0.97 (0.92–1.02) 0.20 NS
Diffuse lesion (per 1 score) 1.75 (1.46–2.11) <0.01 1.33 (1.05–1.68) <0.05
Presence of nodular lesion 3.24 (2.20–4.78) <0.01 NS
Presence of exudative lesion 3.12 (2.15–4.52) <0.01 1.88 (1.19–2.95) <0.01
Presence of mesangiolysis 2.30 (1.55–3.41) <0.01 1.75 (1.12–2.73) <0.05
IFTA (per 1 score) 1.57 (1.28–1.92) <0.01 NS
Interstitial cell infiltration (per 1 score) 1.28 (0.93–1.77) 0.13 NS
Arteriolar hyalinosis (per 1 score) 1.28 (1.06–1.54) <0.05 NS

Cardiovascular events
AS(-)/HT(+) (vs AS[-]/HT[-]) 4.42 (0.25–77.79) 0.31 NS
AS(+)/HT(-) (vs AS[-]/HT[-]) 6.57 (0.80–54.13) 0.08 6.06 (1.24–29.61) <0.05
AS(+)/HT(+) (vs AS[-]/HT[-]) 12.26 (1.46–103.03) <0.05 10.02 (1.92–52.39) <0.01
Age (per 1 year) 1.04 (1.01–1.07) <0.01 NS
Male sex 0.87 (0.50–1.52) 0.63 NS
eGFR (per -1 mL/min/1.73 m2) 1.01 (1.003–1.02) <0.05 NS
Urinary protein excretion (per 1 g/day) 1.06 (0.96–1.17) 0.23 NS
Diabetes duration (per 1 year) 1.03 (1.00–1.07) 0.06 NS
Presence of diabetic retinopathy 1.89 (0.78–4.55) 0.16 NS
Hemoglobin A1c (%) 1.02 (0.91–1.14) 0.73 NS
Total cholesterol (per 1 mg/dL) 1.00 (0.997–1.003) 0.95 NS
Body mass index (per 1 kg/m2) 0.97 (0.89–1.05) 0.46 NS
Diffuse lesion (per 1 score) 1.05 (0.79–1.40) 0.75 NS
Presence of nodular lesion 1.06 (0.60–1.87) 0.85 NS
Presence of exudative lesion 0.76 (0.41–1.41) 0.38 NS
Presence of mesangiolysis 1.26 (0.68–2.32) 0.47 NS
IFTA (per 1 score) 1.08 (0.80–1.45) 0.62 NS
Interstitial cell infiltration (per 1 score) 0.93 (0.56–1.53) 0.77 NS
Arteriolar hyalinosis (per 1 score) 1.05 (0.80–1.38) 0.74 NS

AS, arteriosclerosis; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; HT, hypertension; IFTA, interstitial fibrosis and
tubular atrophy; NS, not significant.
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AS and HT. These associations remained statistically significant
even after adjustment for the use of antihypertensive agents or
RAS inhibitors in addition to baseline clinical and pathological
covariates.
First, we showed that renal AS score ≥1 was associated

with higher risks of renal composite events in both normal-
range BP and HT. Renal AS has been reported to contribute
to the progression of glomerular lesions in diabetic
nephropathy17,18. In addition, the present study showed that
renal AS coexisting with HT was associated with advanced
diffuse lesion, nodular lesion, IFTA, interstitial cell infiltration
and arteriolar hyalinosis. We previously reported the struc-
tural-functional relationships in type 2 diabetes patients with
diabetic nephropathy3. In that study, pathological findings
associated with albuminuria (proteinuria), regardless of eGFR,
were glomerular lesions (diffuse lesion, nodular lesion, exuda-
tive lesion, mesangiolysis), whereas pathological findings
associated with low eGFR, regardless of albuminuria (protei-
nuria), were glomerular lesions (diffuse lesion, nodular
lesion), tubulointerstitial lesions (IFTA, interstitial cell infiltra-
tion) and vascular lesions (arteriolar hyalinosis, AS). These
findings suggest that the impact of a combination of renal
AS and HT on diabetic kidney lesions might be associated
with poor renal outcome3.
Furthermore, the present study showed that renal AS score

≥1, independently from the presence of HT, was associated
with an increased risk of renal composite events. On this point,
it is interesting that 88.3% of patients with normal-range BP
had renal AS score ≥1 in the present study. Although renal AS
might be associated with concurrent HT,5–8 it is sometimes
found even in patients without HT19. Previous studies showed
that renal AS was associated with aging20, postprandial hyper-
glycemia and hyperinsulinemia21, low serum high-density
lipoprotein cholesterol22, hyperuricemia23,24, and chronic
inflammation25. In contrast, a BP <140/90 mmHg is recom-
mended to reduce ESRD and cardiovascular disease among
people with diabetes in clinical practice1. Lower BP targets
might be considered for albuminuric patients with diabetes1,26.
Despite this BP control, the absolute residual risk for ESRD
and cardiovascular disease is still extremely high in type 2 dia-
betes patients with diabetic nephropathy27. The present results
showed that the high prevalence of renal AS score ≥1 among
patients with normal-range BP may be associated with some of
the residual renal risk in type 2 diabetes patients with diabetic
nephropathy.
Next, we showed that renal AS score ≥1, independently from

the presence of HT, was associated with an increased risk of
cardiovascular events. Previous autopsy-based studies have
reported that renal vascular changes were associated with
atherosclerotic lesions in the coronary arteries, aorta and major
cerebral vessels28–30. In addition, kidney allograft biopsy samples
have shown that carotid artery intima media thickness was cor-
related with the level of nephrosclerosis in kidney transplant
donors31. These findings suggest that renal AS is not only

directly associated with renal outcomes, but also with cardiovas-
cular outcomes.
The present study showed that the risk of renal composite

events and cardiovascular events was the highest in both renal
AS and HT. The cumulative incidence showed an association
between HT and a greater increase in renal composite events
and cardiovascular events in patients with renal AS score ≥1,
but not in patients with no renal AS. This finding might sup-
port the clinical importance of evaluating of renal AS in type 2
diabetes patients with diabetic nephropathy. The strength of the
present study is that we directly evaluated renal AS status by
renal biopsy for the assessment of its prognostic significance.
However, pathological evaluation is not commonly applied in
patients with diabetic nephropathy with a typical clinical course.
Thus, whether the markers related to diabetic kidney lesions
improve the predictive power when added to clinical findings is
an important issue. Previous studies have reported a correlation
between a high renal arterial resistive index (RRI) assessed by
Doppler and advanced renal AS in chronic kidney disease
patients, suggesting a role for as a severity marker32,33. In addi-
tion, previous studies have reported that RRI was correlated
with disease stage in patients with diabetic nephropathy34 and
organ damage severity (carotid intima-media thickness and
ambulatory arterial stiffness index) in patients with HT35, sug-
gesting a role for RRI as a prognostic marker of renal and car-
diovascular outcomes33. Furthermore, brachial artery flow-
mediated dilatation and renal small artery sclerosis have been
reported to progress in parallel with chronic kidney disease
progression32. However, an observational study of Japanese
chronic kidney disease patients showed that vascular function
indexes, such as central systolic BP, cardio-ankle vascular index
and RRI, were not related to renal AS22. Further studies are
required to clarify the surrogate markers of renal pathological
changes in diabetic nephropathy.
There were some limitations in the present study. First, only

a single measurement of BP at baseline was used. This might
have caused the misclassification of study patients. Second, the
treatment contents were not evaluated during the follow-up
period. Third, there was likely an influence of bias through the
limitation of participants with a renal biopsy. However, the
long-term observation of 185 type 2 diabetes patients with
biopsy-proven diabetic nephropathy is important for under-
standing the predictive effect of kidney lesions on clinical out-
comes.
In conclusion, we showed that renal AS is associated with

increasing risks for renal composite events and cardiovascular
events in both normal-range BP and HT in type 2 diabetes
patients with diabetic nephropathy. The risk of these events
was the highest in both renal AS and HT. The high prevalence
of advanced renal AS among normal-range BP as well as HT
highlights the importance of taking renal AS status into consid-
eration when trying to reduce the burden of renal and cardio-
vascular outcomes in type 2 diabetes patients with diabetic
nephropathy.
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