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Abstract

Background To determine the renal and cardiovascular prognosis and all-cause mortality of Japanese patients with type 2
diabetes showing a reduced estimated glomerular filtration rate (¢GFR) without albuminuria.

Methods A population of 675 patients with type 2 diabetes was prospectively observed for 4 years to determine the renal
and cardiovascular outcomes and mortality. The subjects were divided into the four groups: those with a preserved eGFR
and no albuminuria (n=306), a preserved eGFR and albuminuria (n=151), a reduced eGFR and no albuminuria (n=96),
and a reduced eGFR and albuminuria (n=122). The Cox proportional hazard model and Fine and Gray method were used
to assess between-group differences in the risk of mortality and cardiovascular events.

Results In the group with a reduced eGFR, the eGFR value did not significantly change in the subjects without albuminuria
(0+8 mL/min/1.73 m?), whereas it decreased continuously in those with albuminuria (-6 + 12 mL/min/1.73 m?). The inci-
dence of cardiovascular events was significantly (P =0.03) higher in the subjects with albuminuria (17%) than those without
albuminuria (7%) in the group with a reduced eGFR. Cardiovascular events were significantly (P <0.01) more frequent in
the group with a reduced eGFR than in those with a preserved eGFR in both subjects with and without albuminuria.
Conclusions The risk of end-stage kidney disease in non-albuminuric subjects with a reduced eGFR is considered to be
low. We should focus on cardiovascular prognosis, because these patients are still at high risk of cardiovascular events, even
though the prognosis is better in comparison to albuminuric patients.

Keywords Diabetic kidney disease - Estimated glomerular filtration rate - Albuminuria - Diabetic nephropathy -
Cardiovascular event - End-stage kidney disease

Introduction

Diabetic nephropathy has been staged based on the degree
of urinary albumin excretion [1], and it is well known that
the cardiovascular mortality increases with the progression
of albuminuria in patients with type 2 diabetes [2]. However,
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subjects who showed a decrease in the glomerular filtration
rate (GFR) without albuminuria were often identified among
type 2 diabetic patients, including in Japanese population
[3-5]. Vascular and/or tubulointerstitial lesions in addition
to glomerular injury are pathologically observed in such
normoalbuminuric patients with a reduced GFR [6, 7].
Despite decreases in the number of diabetic subjects show-
ing typical nephropathy graded by albuminuria, the number
of patients with renal dysfunction without albuminuria have
been increasing with the aging of subjects and advances in
diabetes treatment [3, 8, 9].

It was reported that approximately 20% of the Japanese
adult population have an estimated GFR (eGFR) of <30 mL/
min/1.73 m?, and this prevalence was estimated to be more
than double that in the general population of the United
States [10]. The eGFR was directly correlated with the
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number of glomeruli without sclerosis based on a study of
autopsied kidneys, and the number of nephrons was found
to be lower in Japanese patients, regardless of the presence
of hypertension or chronic kidney disease (CKD), than in
Caucasian subjects [11]. Therefore, it seems that there will
be more opportunities in the future to treat type 2 diabetic
patients showing a reduced eGFR in Japan, where the pro-
portion of diabetes is increasing among the elderly [12].

We previously reported that diabetic macroangiopathies
were more frequently found, independently of albuminu-
ria, in Japanese patients with a reduced eGFR than in those
with a normal eGFR according to a cross-sectional study
[13]. Furthermore, the intima-media thickness of the carotid
artery, a surrogate marker of atherosclerosis, was increased
[14], and the flow-mediated dilatation, a clinical param-
eter for detecting the initial stage of atherosclerosis, was
decreased [15] in normoalbuminuric patients with a reduced
eGFR compared to those with a normal eGFR.

In summary, it is considered necessary to prevent the pro-
gression of atherosclerosis as well as renal dysfunction in
the treatment of type 2 diabetic patients showing a reduced
eGFR without albuminuria. Although diabetic kidney dis-
ease (DKD), the definition of which was recently proposed
[3], is a concept including atypical renal impairment as
described above, clinical studies investigating type 2 diabetic
patients with a reduced GFR without albuminuria are still
insufficient, especially in Asian population.

We, therefore, conducted a prospective observational
study to determine the renal and cardiovascular prognosis
in Japanese patients with type 2 diabetes showing a reduced
eGFR without albuminuria. We believe that the accumu-
lation of results from such studies will contributes to the
development of a new strategy for treating patients with the
DKD.

Methods
Study population and outcomes

Initially, 788 patients with type 2 diabetes who were regis-
tered for a previous cross-sectional study [16] were prospec-
tively observed. All patients were evaluated for the eGFR,
urinary albumin-to-creatinine ratio (WACR) in random
spot urine samples, and diabetic macroangiopathies in the
Department of Diabetes, Metabolism and Kidney Disease
of Edogawa Hospital between August and November 2014.
After excluding the subjects receiving the administration of
sodium-glucose cotransporter 2 (SGLT2) inhibitors (n=10)
and glucagon-like peptide-1 (GLP-1) receptor agonists
(n=1), that are considered to improve renal and cardiovas-
cular prognosis [17-20], we analyzed 675 patients who had
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been observed for more than 1 year as the study subjects for
the present cohort.

The study subjects were divided into the following
4 groups: those with (1) a preserved eGFR (> 60 mL/
min/1.73 m?) and no albuminuria (uACR < 30 mg/gCr), (2)
a preserved eGFR and albuminuria (uACR > 30 mg/gCr), (3)
areduced eGFR (< 60 mL/min/1.73 m?) and no albuminuria,
and (4) a reduced eGFR and albuminuria.

We continuously treated the study subjects for 4 years
until the end of 2018 or death. The outcomes for the present
study were the change in the eGFR, incidence of end-stage
kidney disease (ESKD), cardiovascular events (cardiovascu-
lar death, nonfatal myocardial infarction, coronary interven-
tions, or nonfatal stroke), and all-cause mortality.

Confounding factors

Diabetes mellitus was diagnosed when the subject met
one of the following criteria at the past hospital visit: fast-
ing blood glucose > 7.0 mmol/L (126 mg/dL), random
blood glucose > 11.1 mmol/L (200 mg/dL), HbAlc>6.5%
(48 mmol/mol), or the use of antidiabetic agents. Obese
individuals were defined as those with a body mass index
(BMI) of >25 kg/m? according to the criteria set by the
Japan Society for the Study of Obesity [21]. A current
drinker was defined as a person consuming > 20 g etha-
nol equivalent/day. Hypertension was defined as a sys-
tolic blood pressure > 140 mmHg and/or a diastolic blood
pressure > 90 mmHg. The participants currently using
antihypertensive medications were also classified as posi-
tive for hypertension. Hyper-LDL-cholesterolemia was
defined as either a serum concentration of LDL-choles-
terol > 3.62 mmol/L (140 mg/dL) or the current use of statins
or ezetimibe. Hypo-HDL-cholesterolemia was defined as a
serum concentration of HDL-cholesterol < 1.03 mmol/L
(40 mg/dL). The eGFR was calculated using the formula
which is recommended by the Japanese Society of Neph-
rology [22]. Albuminuria was defined as a uACR >30 mg/
gCr. Hyperuricemia was defined by a serum uric acid
level > 416 pmol/L (7 mg/dL) or as patients using urate-low-
ering agents. Diabetic retinopathy, peripheral neuropathy,
cerebrovascular disease, coronary heart disease and periph-
eral artery disease were diagnosed as previously described
[5, 13-15].

Statistical analyses

All data are presented as the mean + standard deviations.
The X2 test was used for between-group comparisons of
categorical variables. None of the continuous variables
(age, duration of diabetes, BMI, blood pressure, serum
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lipid concentrations, HbAlc, eGFR, or uric acid) showed a
normal distribution in the Shapiro—Wilk tests. Wilcoxon’s
rank-sum test was, therefore, used to assess the signifi-
cance of differences in the continuous variables. Wilcox-
on’s signed-rank test was used to assess the significance
of differences in the eGFR during the observation period
in comparison to baseline values. A least squares model
was used to evaluate the associations between the clini-
cal background factors of the patients and the changes in
the eGFR at the final evaluation during the observation
period (AeGFR). The odds ratio (OR), and respective 95%
confidence intervals (95% CIs) were determined to exam-
ine the strength of the relationship between the clinical
characteristics of the patients and the incidence of ESKD,
cardiovascular events, and all-cause mortality by a logistic
regression analysis. Independent variables in the logistic
regression analysis were determined according to forward
stepwise selection. Factors that showed a significant asso-
ciation with the outcomes in a univariate analysis were
included in a multivariable analysis. The Cox proportional
hazard model was used to assess between-group differ-
ences in the risk of all-cause mortality. The risk of cardio-
vascular events was assessed by the Fine and Gray method
for analyzing competing risks data [23]. P values of < 0.05
(two-tailed) were considered to indicate statistical signifi-
cance. Data analyses were performed using the statisti-
cal software package JMP version 12.2.0 (SAS Institute,
Cary, NC, USA), and analyses including competing risk
were performed with EZR version 1.42 (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which
is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

Baseline characteristics and clinical
features associated with a reduced eGFR
without albuminuria

The clinical characteristics of the subjects at the baseline
are shown in Table 1. Subjects showing a reduced eGFR
and those without albuminuria were found in 32 and 59%,
respectively. In the group showing a reduced eGFR with-
out albuminuria, the patients were older and had a longer
duration of diabetes than in the group showing a preserved
eGFR. Hypertension, hyperuricemia, cerebrovascular dis-
ease, and coronary heart disease were also more frequent
in this group than in the group showing a preserved eGFR.
Diabetic retinopathy and peripheral neuropathy were less
frequent in this group than in the group showing a reduced
eGFR with albuminuria.

Outcomes

The eGFR value continuously decreased during the
observation period in whole subjects (Fig. 1a) and the
group showing a preserved eGFR (Fig. 1b). In the group
showing a preserved eGFR, the AeGFR was signifi-
cantly (P=0.01) greater in subjects with albuminuria
(= 10+ 14 mL/min/1.73 m?) than in those without albumi-
nuria (— 6+ 11 mL/min/1.73 m?). In the group showing a
reduced eGFR, the eGFR did not significantly change in the
subjects without albuminuria, whereas it decreased continu-
ously in those with albuminuria (Fig. 1c). The AeGFR was
significantly (P <0.01) greater in the subjects with albu-
minuria (— 6 + 12 mL/min/1.73 m?) than in those without
albuminuria (0 +8 mL/min/1.73 m?).

In whole subjects, the cumulative incidence of ESKD,
cardiovascular events, and all-cause mortality during the
observation period was 2% (n=14), 5% (n=35), and 5%
(n=35), respectively. All patients who developed ESKD
were in the group showing a reduced eGFR with albu-
minuria. Among the group showing a reduced eGFR, the
incidence of ESKD was significantly (P <0.01) more fre-
quent in the subjects with albuminuria than in those without
albuminuria.

The level of uACR continuously increased during the
observation period in whole subjects (Fig. 2a) and the group
showing a reduced eGFR (Fig. 2c¢). In the group showing a
preserved eGFR, the uACR did not significantly change in
the subjects with albuminuria, whereas it increased continu-
ously in those without albuminuria (Fig. 2b).

Although the incidence of cardiovascular events was not
significantly different between the subjects with (n=4, 3%)
and without albuminuria (n=3, 1%) in the group showing
a preserved eGFR (Fig. 3a), it was significantly (P =0.03)
higher in the subjects with albuminuria (n =21, 17%) than
in those without albuminuria (n=7, 7%) in the group show-
ing a reduced eGFR (Fig. 3b). Cardiovascular events were
significantly more frequent in the group showing a reduced
eGFR than in those showing a preserved eGFR in both sub-
jects with and without albuminuria (P <0.01 and P<0.01,
respectively).

The all-cause mortality was not significantly different
between the subjects with (n=3, 2%) and without albumi-
nuria (n=9, 3%) in the group showing a preserved eGFR
(Fig. 3a). Similarly, it was not significantly different between
the subjects with (n=16, 13%) and without albuminuria
(n="7,7%) in the group showing a reduced eGFR (Fig. 3b).
The all-cause mortality was significantly (P <0.01) higher
in the group showing a reduced eGFR than in those show-
ing a preserved eGFR in the subjects with albuminuria. It
also showed a tendency to be higher (P=0.06) in the group
showing a reduced eGFR than in those with a preserved
eGFR in the subjects without albuminuria.
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Table 1 Clinical characteristics of the subjects at baseline

Number Whole subjects Groups divided by eGFR and uACR
fr?:t_ed Preserved eGFR (> 60 mL/ Reduced eGFR (< 60 mL/min/1.73 m?)
min/1.73 m?)
No albuminuria albuminuria P No albuminuria albuminuria
n=675 n=306 (45%) n=151 (22%) n=96 (14%) n=122 (18%)

Male subject (%) 675 58 55 64 0.08 52 64 0.08
Age (years) 675 66+12 62+11 64+13 0.12 71 £ 10%** T2+ 9% 0.60
Duration of diabetes (years) 639 12+10 10+£9 12+10 0.24 14 +9** 16 £ 11%* 0.08
Smoking history (%) 601 35 33 39 0.24 27 43 0.01
Drinking (%) 503 27 31 22 0.07 30 22 0.26
Obesity (%) 612 50 46 55 0.1155 52 0.67
Body mass index (kg/m?) 612 25.6+4.5 25.4+4.2 26.1+5.3 0.3225.7+4.4 25.6+4.3 0.88
Medications

Insulin (%) 675 25 21 28 0.06 19 34 <0.01

Biguanides (%) 675 35 43 45 0.65 18%** 16%** 0.83

DPP-4 inhibitors (%) 675 28 22 33 0.01 32 33 0.81

RAS inhibitors (%) 675 55 49 56 0.16 57 69* 0.08

Calcium channel blockers (%) 675 58 34 45 0.02 49%* 54 0.45

Statins (%) 675 61 63 57 0.21 64 61 0.66

Antiplatelet drugs (%) 675 17 16 13 0.37 24 25% 0.91

Urate-lowering drugs (%) 675 15 6 9 0.28 26%** 34 0.18
Hypertension (%) 675 74 65 76 0.01 84%** 86* 0.34
Systolic BP (mmHg) 670 131+16 13015 134+15 <0.01 127+17 131+16 0.045
Diastolic BP (mmHg) 670 75+12 7611 78+12 0.07 72+ 13%* T2+ 13%* 0.95
HbAlc (NGSP, %) 650 75+1.3 74+1.3 77+1.5 0.037.1+1.0 75+1.3 0.08
HbAlc (IFCC, mmol/mol) 650 58.1+14.2 57.7+14.1 61.0+16.1 0.03 54.6 +10.7 58.1+13.8 0.08
eGFR (mL/min/1.73 m?) 675 70+23 82+15 83+19 0.61 49 +10** 44 +13%* <0.01
Hyper-LDL-C (%) 675 65 67 63 0.43 65 65 0.98
LDL-C (mmol/L) 675 2.42+0.74 2.46+0.75 2.52+0.75 0.302.23+0.60%*  2.33+0.75* 0.51
Hypo-HDL-C (%) 674 19 14 18 0.2522 29% 0.25
HDL-C (mmol/L) 674 1.36+0.38 1.40+0.39 1.39+0.36 0.86 1.29+0.34* 1.28+0.40** 0.40
Hyperuricemia (%) 675 18 9 15 0.04 30** 36%* 0.36
Uric acid (pmol/L) 675 307+73 293 +66 304 +80 0.13 331 £78%* 328 £ 68%* 0.86
Retinopathy (%) 653 31 21 34 <0.01 28 53%* <0.01
Peripheral neuropathy (%) 496 47 35 48 0.02 51%* T7* <0.01
Cerebrovascular disease (%) 675 13 9 9 0.94 19* 20%* 0.86
Coronary heart disease (%) 675 22 14 21 0.08 31%** 36%* 0.46
Peripheral artery disease (%) 675 4 3 4 0.44 3 9 0.07

eGFR estimated glomerular filtration rate; *ACR urinary albumin-to-creatinine ratio; DPP-4 dipeptidyl peptidase-4; RAS rennin-angiotensin sys-

tem; BP blood pressure; LDL-C low-density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol
*P<0.05, #*P <0.01 vs. corresponding values of eGFR > 60 mL/min/1.73 m? group

Risk factors for outcomes

In single regression models, the smoking history, HbAlc
level, eGFR, albuminuria, serum LDL-cholesterol con-
centration, and presence of diabetic retinopathy at the
baseline were significantly associated with the AeGFR
(Table 2). The smoking history, eGFR, albuminuria, serum
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LDL-cholesterol concentration, and presence of diabetic
retinopathy were significantly independent variables asso-
ciated with the AeGFR according to a multiple regres-
sion analysis. Statistical analyses stratified by albuminuria
showed that the eGFR and LDL-cholesterol concentration
were independently associated with the AeGFR in subjects
without albuminuria. The eGFR was the only value that was
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Fig.3 A Kaplan—Meier analysis of cardiovascular events and all-
cause mortality in the group showing a preserved eGFR (a) and the
group showing a reduced eGFR (b). Solid and dashed lines indicate

significantly associated with the AeGFR in subjects with
albuminuria (Table S1 in the Supplementary Appendix).
HbA ¢, albuminuria and peripheral artery disease were sig-
nificantly associated with the AeGFR in the group showing
a preserved eGFR. Patient age, albuminuria and diabetic
retinopathy were significantly associated with the AeGFR
in the group showing a reduced eGFR (Table S2).

In univariate logistic regression analyses, the patient’s
age, drinking habit, biguanides use, renin—angiotensin sys-
tem (RAS) inhibitors use, eGFR, albuminuria, hypo-HDL-
cholesterolemia, hyperuricemia, and presence of diabetic
retinopathy at the baseline were significantly associated
with the incidence of cardiovascular events (Table 3). Only
the eGFR was significantly associated with the incidence of
cardiovascular events according to a multivariable logistic
regression analysis. Statistical analyses stratified by albumi-
nuria showed that hypo-HDL-cholesterolemia was signifi-
cantly associated with the incidence of cardiovascular events
in subjects without albuminuria. The eGFR and hyperurice-
mia were significantly associated with the incidence of car-
diovascular events in subjects with albuminuria (Table S3).
Only the serum HDL-cholesterol concentration was sig-
nificantly associated with the incidence of cardiovascular
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the subjects with and without albuminuria, respectively. *P=0.06
and **P<0.01 vs. corresponding subjects of eGFR>60 mL/
min/1.73 m? group

events in the group showing a preserved eGFR. Albumi-
nuria was independently associated with the incidence of
cardiovascular events in subjects showing a reduced eGFR
(Table S4). Furthermore, male, age and use of biguanides
were significantly associated with the incidence of all-cause
mortality (Table 3). Statistical analyses stratified by albumi-
nuria showed that the BMI was significantly associated with
mortality in the subjects without albuminuria. Patient age,
use of biguanides, HbAlc, and hypo-HDL-cholesterolemia
were significantly associated with mortality in subjects with
albuminuria (Table S5). The BMI and use of RAS inhibi-
tors were significantly associated with mortality in the group
showing a preserved eGFR. Patient age was the only variable
that was significantly associated with mortality in the group
showing a reduced eGFR (Table S6).

Discussion

In the present prospective observation study for 4 years,
the group showing a reduced eGFR without albuminuria
demonstrated a significantly better prognosis for the renal
function and cardiovascular events than in those showing
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Table2 Clinical characteristics at baseline associated with the
changes in eGFR (AeGFR)

Single regression Multiple regres-
sion
Regression P p P
coefficient
Male subject —0.678 0.14
Age (/years) 0.054 0.16
Duration of diabetes (/years) 0.007 0.89
Smoking history —2.666 <0.01 —0.078 0.0494
Drinking 0.884 0.44
Obesity 0.571 0.56
Body mass index (/kg/m?) —0.054 0.62
Medications
Insulin —0.385 0.72
Biguanides 0.759 0.43
DPP-4 inhibitors 1.820 0.07
RAS inhibitors —1.145 0.21
Calcium channel blockers -0.399 0.67
Statins 0.742 0.43
Antiplatelet drugs -0.731 0.54
Urate-lowering drugs 0.500 0.70
Hypertension —0.900 0.39
Systolic BP (/mmHg) —0.054 0.07
Diastolic BP (/mmHg) - 0.056 0.14
HbAlc (/%) - 1.120 <0.01 —0.031 045
HbAlc(/mmol/mol) —0.102 <0.01
eGFR <60 mL/min/1.73 m?> 4.081 <0.01
eGFR (/mL/min/1.73 m% - 0.142 <0.01 —0.299 <0.01
Albuminuria -3.302 <0.01 —0.164 <0.01
Hyper-LDL-C 0.126 0.90
LDL-C (/mmol/L) —1.802 <0.01 - 0.108 <0.01
Hypo-HDL-C —1.531 0.19
HDL-C (/mmol/L) 1.853 0.12
Hyperuricemia 0.867 0.46
Uric acid (/pmol/L) 0.011 0.07
Retinopathy —2.545 0.01 —0.106 <0.01
Peripheral neuropathy —-2.113 0.05
Cerebrovascular disease 1.432 0.30
Coronary heart disease 0.944 0.39
Peripheral artery disease —4.180 0.07

eGFR estimated glomerular filtration rate; DPP-4 dipeptidyl pepti-
dase-4; RAS renin-angiotensin system; BP blood pressure; LDL-C
low-density lipoprotein cholesterol; HDL-C high-density lipoprotein
cholesterol

a reduced eGFR with albuminuria. However, the incidence
of cardiovascular events was higher in the group showing
a reduced eGFR without albuminuria than in those show-
ing a preserved eGFR, and the all-cause mortality was not
significantly different between the group showing a reduced
eGFR without and with albuminuria.

Because the prevalence of diabetic retinopathy and neu-
ropathy were significantly lower in the group showing a
reduced eGFR without albuminuria than in those with albu-
minuria, renal dysfunction in the former group is consid-
ered to have mainly been caused by factors other than those
specific to classical diabetic nephropathy [24]. Ekinci et al.
reported that structural changes caused by aging, hyperten-
sion, and arteriosclerosis were dominant in type 2 diabetic
patients with normoalbuminuria and renal impairment
(eGFR < 60 mL/min/1.73 m?) based on renal biopsy speci-
mens [25]. Moriya et al. also reported that 29, 62, and 20
specimens obtained by a renal biopsy showed a normal pat-
tern, typical diabetic glomerulopathy, and tubulointerstitial/
vascular injury with no/mild glomerulopathy, respectively,
among 111 Japanese patients (59 normoalbuminuria and 52
microalbuminuria) with type 2 diabetes [26]. Shimizu and
Wada et al. retrospectively investigated the association of
renal pathology with the long-term (approximately 8 years)
outcomes in Japanese patients with type 2 diabetes. Nodu-
lar and/or exudative lesions were frequently observed in
the kidneys obtained from the patients with typical diabetic
nephropathy. During the follow-up period, macroalbuminu-
ria was closely related to a high incidence of renal events
(requirement of dialysis or 50% decline in the eGFR from
baseline) and all-cause mortality. In contrast, vascular and/
or tubulointerstitial lesions were observed in normoalbu-
minuric patient with both a preserved (n=24) and reduced
eGFR (n=14). The incidence of renal events and mortal-
ity were not significantly different between the two groups
[6]. Although the present study included no information on
renal histopathology, the outcomes do not conflict with that
report. The strength of our study is that the prognosis was
examined in a large number of patients with the detailed
clinical characteristics.

The GFR is reportedly an independent risk factor for
cardiovascular events and mortality in patients with type 2
diabetes. Rigalleau et al. reported that the risks for the pro-
gress of renal dysfunction and death were lower in type 2
diabetic patients showing a reduced GFR without albumi-
nuria than in those with albuminuria [27]. It was also dem-
onstrated that the incidence of cardiovascular events and
mortality was significantly lower in the subjects showing
a reduced eGFR without albuminuria than in those with
albuminuria according to the multicenter trials conducted
in Caucasians [28-30]. Similar results were obtained from
the studies conducted in Chinese type 2 diabetic patients
whose BMI values were markedly lower than those in Cau-
casians [31, 32]. Bouchi and Babazono et al. reported that
a reduced eGFR was independently associated with the
incidence of coronary heart disease in Japanese patients
with type 2 diabetes [33]. According to the registration
prospective multicenter cohort with an average follow-up
of 7 years for 4328 patients with type 2 diabetes in Japan,
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Table 3 Clinical characteristics at baseline associated with the incidence of cardiovascular events and all-cause mortality

Cardiovascular events

All-cause mortality

Univariate logistic

Multivariable logistic

Univariate logistic Multivariable logistic

OR [95% CI] P OR [95% CT] P OR [95% CI] P OR [95% CT] P
Male subject 1.23 [0.62-2.56] 0.55 2.54 [1.19-6.07] 0.02 6.22[1.6442.18] <0.01
Age (/years) 1.06 [1.02-1.09] <0.01 1.01[0.97-1.06] 0.57 1.09 [1.05-1.14] <0.01 1.08 [1.02-1.15] 0.01
Duration of diabetes (/years) 1.02 [0.98-1.05] 0.38 1.04 [1.01-1.07] <0.01 0.97 [0.92-1.02] 0.25
Smoking history 1.15[0.55-2.33] 0.70 1.06 [0.50-2.17] 0.88
Drinking 0.32 [0.07-092] 0.03 0.39 [0.09-1.26] 0.12 0.92 [0.35-2.14] 0.86
Obesity 0.93 [0.45-1.87] 0.83 0.41 [0.18-0.85] 0.02
Body mass index (/kg/m?) 1.00 [0.92-1.08] 0.99 0.82 [0.73-0.91] <0.01 0.92[0.77-1.07] 0.31
Medications
Insulin 1.06 [0.46-2.24] 0.87 1.06 [0.43-2.24] 0.87
Biguanides 0.23 [0.07-0.59] <0.01 0.47 [0.12-1.45] 0.19 0.16 [0.04-0.47] <0.01 0.14 [0.01-0.76] 0.02
DPP-4 inhibitors 0.89 [0.39-1.87] 0.77 1.57 [0.75-3.14] 0.22
RAS inhibitors 2.45[1.17-5.62] 0.02 1.00 [0.41-2.55] 0.99 2.45[1.17-5.62] 0.02 1.35[0.48-4.03] 0.58
Calcium channel blockers  1.90 [0.96-3.84] 0.07 1.16 [0.58-2.31] 0.66
Statins 0.94 [0.47-1.93] 0.87 0.70 [0.50-1.09] 0.21
Antiplatelet drugs 0.95 [0.35-2.20] 0.92 1.40 [0.58-3.02] 043
Urate-lowering drugs 3.86 [1.83-7.85] <0.01 1.51 [0.59-3.37] 0.37
Hypertension 1.42 [0.69-3.47] 0.33 2.22 [0.92-6.60] 0.08
Systolic BP (/mmHg) 1.00 [0.97-1.02] 0.71 0.99 [0.97-1.01] 0.52
Diastolic BP (/mmHg) 0.98 [0.95-1.00] 0.09 0.97 [0.95-1.00] 0.07
HbAlc (/%) 0.94 [0.68-1.22] 0.65 1.15 [0.88-1.44] 0.28
HbA1c(/mmol/mol) 0.99 [0.97-1.02] 0.65 1.10 [0.99-1.03] 0.28
eGFR <60 mL/min/1.73 m> 9.47 [4.29-23.90] <0.01 4.37[2.17-9.25] <0.01
eGFR (/mL/min/1.73 m?) 0.95[0.93-0.97] <0.01 0.97[0.94-0.992] <0.01 0.97 [0.96-0.99] <0.01 1.00[0.97-1.02] 0.85
Albuminuria 3.95[1.92-8.76] <0.01 1.99 [0.79-5.32] 0.14 1.80[0.91-3.62] 0.09
Hyper-LDL-C 0.79 [0.40-1.62] 0.51 0.43 [0.21-0.85] 0.02 0.56 [0.19-1.62] 0.28
LDL-C (/mmol/L) 1.04 [0.64-1.61] 0.87 0.79 [0.47-1.27] 0.34
Hypo-HDL-C 2.78 [1.33-5.62] <0.01 2.02 [0.77-5.00] 0.15 1.32[0.55-2.86] 0.51
HDL-C (/mmol/L) 0.41 [0.14-1.01] 0.08 1.01 [0.39-2.32] 0.98
Hyperuricemia 4.19 [2.07-8.42] <0.01 1.84[0.70-4.69] 0.21 1.35[0.56-2.93] 0.48
Uric acid (/pmol/L) 1.11 [0.85-1.43] 0.45 1.00 [1.00-1.00] 0.98
Retinopathy 2.07 [1.02-4.15] 0.04 0.97 [0.38-2.37] 0.94 1.18 [0.56-2.37] 0.66
Peripheral neuropathy 1.33 [0.58-3.09] 0.50 2.90 [1.16-8.24] 0.03 1.94 [0.68-6.11] 0.22
Cerebrovascular disease 1.47 [0.54-3.42] 0.42 1.47 [0.54-3.42] 0.42
Coronary heart disease 0.88 [0.35-1.97] 0.78 2.21 [1.06-4.45] 0.04 1.57 [0.49-4.66] 0.44
Peripheral artery disease 2.31[0.53-7.03] 0.23 1.43[0.22-5.01] 0.65

eGFR estimated glomerular filtration rate; DPP-4 dipptidyl peptidase-4; RAS renin—angiotensin system; BP blood pressure; LDL-C low-density
lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol

the renal and cardiovascular events and all-cause mortality
increased in albuminuric patients, and the risk of mortality
increased in normoalbuminuric patients when the eGFR
was less than 30 mL/min/1.73 m? [34]. A meta-analysis of
31 cohort studies describing the risk of albuminuria and
the eGFR for cardiovascular mortality, all-cause mortal-
ity, and renal events by Toyama et al. [35] showed that
the risk of cardiovascular mortality tended to be 1.70-
fold higher in diabetic subjects showing a reduced eGFR
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without albuminuria than in those showing a preserved
eGFR. Although the all-cause mortality was significantly
higher by 1.42-fold in diabetic subjects showing a reduced
eGFR without albuminuria than in those showing a pre-
served eGFR, the incidence of renal events was not sig-
nificantly different between the two groups. Taking the
above into consideration, medical intervention to prevent
the development of cardiovascular events is considered to
be more important than the prognosis of renal function in
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type 2 diabetic patients showing a reduced eGFR without
albuminuria.

Recently, Yamanouchi and Wada et al. reported the renal
prognosis and mortality in Japanese patients with type 2
diabetes and a reduced eGFR (< 60 mL/min/1.73 m?) with-
out proteinuria (WUACR < 300 mg/gCr) according to a nation-
wide, biopsy-based cohort study [7]. The baseline character-
istics were evaluated at the time of renal biopsy for patients
managed from 1985 to 2016. The mortality rate in the pro-
teinuric group was significantly higher than that in the non-
proteinuric group, although this incidence showed a similar
trend without reaching statistical significance in our study.
Patient age, BMI and the rate of statin usage were obviously
higher in our study in comparison to previous studies per-
formed in Japan [6, 7, 33, 34]. Aging and weight gain are
recent clinical characteristics of Japanese patients with type
2 diabetes [12, 36]. These different baseline characteristics
might have been responsible for the difference in the result
of the current study.

In the treatment of the type 2 diabetic patients showing a
reduced eGFR without albuminuria, the management of the
risk factors is considered to be similarly necessary to typical
diabetes care. The efficacy of intensified multifactorial inter-
vention for preventing cardiovascular events and all-cause
mortality was shown in previous trials, such as the Steno-2
study [37] and the J-DOIT study [38]. In particular, inter-
vention to manage a smoking habit, albuminuria, and serum
LDL-C concentration, all of which were significantly associ-
ated with the AeGFR in the present study, might be impor-
tant for improving the renal prognosis. Based on our results,
maintaining the eGFR is expected to prevent cardiovascular
events. It is established that RAS inhibitors protect the renal
function in patients with diabetes. Furthermore, it has been
recently reported that SGLT?2 inhibitors and GLP-1 receptor
agonists exert renoprotective effects in addition to prevent-
ing cardiovascular events in patients with type 2 diabetes
[17-19], even among those with renal impairment [19, 20].
Because SGLT?2 inhibitors and GLP-1 receptor antagonists
were not used in the present study, the effects of these drugs
should be examined in the type 2 diabetic patients showing
a reduced eGFR without albuminuria in another study.

Several limitations associated with the present study war-
rant mention. First, the present study was unable to inves-
tigate the effects of changing treatment methods, including
antidiabetic, antihypertensive, lipid-lowering agents, during
the observation period. The changes in the clinical param-
eters such as the body weight, uACR, HbA1c value, blood
pressure, and serum lipid concentration were also not evalu-
ated. It should be noted that the current study demonstrated
only the prognosis of the groups defined by the eGFR and
albuminuria at the baseline, although the clinical course dif-
fered among individuals depending on the treatment method
and treatment response. Second, type 2 diabetic patients

showing a reduced eGFR without albuminuria, who were
the main targets of the present study, are heterogeneous. For
example, this population includes subjects with nephroscle-
rosis caused by aging, hypertension, and arteriosclerosis;
subjects with tubulointerstitial injury; and subjects with
remission of albuminuria thanks to successful treatment
[39]. Because more than half of the subjects received RAS
inhibitors or calcium channel blockers administration at the
baseline in the present study, there might have been many
patients whose albuminuria caused by diabetic glomerulop-
athy disappeared thanks to treatment modification. If this
is indeed the case, our study results thereby also confirm
the findings of previous trials showing that RAS inhibitors
obtained good renal and cardiovascular prognoses in patients
with type 2 diabetes by reducing proteinuria [40—42]. Third,
the measurement of uACR was based on a single spot urine
sample obtained when the patients visited our department.
Variability should be considered when confirming the DKD
group with staging by uACR because it has been recom-
mended that evaluations should be performed in two or more
samples. Fourth, the eGFR was calculated by the formula
that is recommended by the Japanese Society of Nephrology
[22] but was not measured using inulin clearance, which is
the gold standard for determining the GFR [43]. Because
the eGFR was calculated using the serum creatinine concen-
tration, it should be noted that the kidney function may be
overestimated in elderly individuals with a reduced muscle
mass. Despite these limitations, however, we believe that
this cohort study is useful for managing patients presenting
with atypical clinical feature in DKD.

Conclusion

Preventing the development of cardiovascular events is con-
sidered to be more important than the prognosis of the renal
function in type 2 diabetic patients showing a reduced eGFR
without albuminuria.
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