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Abstract

Background Diabetes mellitus (DM) is a major cause of
end-stage kidney disease (ESKD). However, the difference
in renal outcomes between DM patients with non-diabetic
renal disease (DM and NDRD) and those with diabetic
nephropathy (DN) is controversial. The aim of the present
study was to evaluate the differences among patients with
DN, DM, and NDRD, and non-DM chronic kidney disease
(CKD) in a prospective observational study.

Methods We extracted the data of 2484 patients from 11
nephrology care centers and categorized into three groups
as described above. The primary outcome was ESKD
requiring renal replacement therapy.

Results During the median follow-up of 4.44 years, 281
patients (11.3%) developed ESKD. Renal outcomes of DM
and NDRD patients were similar to those of non-DM
patients (p > 0.05). At CKD stage G3b, the hazard ratios
(95% confidence intervals) of ESKD were 7.10
(2.46-20.49) in DN patients and 0.89 (0.19-4.24) in DM
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and NDRD. The annual change in the estimated glomerular
filtration rate (eGFR) in DN patients was significantly
larger than that in other groups at stage G3b (—9.7%/year).
Conclusions We found that DN patients have a higher risk
for ESKD than DM and NDRD or non-DM patients. In
particular, GFR rapidly declined in DN at stage G3b. DM
and NDRD patients can accomplish equally beneficial
renal outcomes as non-DM CKD, regardless of their sim-
ilar metabolic profiles as DN. In conclusion, we should
prudentially consider the risk stratification of DM whether
cause or comorbidity of CKD.

Keywords Diabetes mellitus - Diabetic nephropathy -
Chronic kidney disease - Non-diabetic renal disease

Introduction

Chronic kidney disease (CKD) is a serious public health
issue worldwide because of the increasing cases with end-
stage kidney disease (ESKD) [1] and risk of cardiovascular
disease [2]. One of the major causes of ESKD is diabetic
kidney disease (DKD), which is a syndrome that affects the
kidneys of patients with diabetes; thus, DKD is one of the
interventional targets to avoid the progression of CKD [3].
In Japan, the number of patients requiring dialysis exceeds
2500/million which is second highest in the world [4].
Diabetic nephropathy (DN) accounts for 40% of all cases
of ESKD. The classical definition of DN is CKD due to
diabetes mellitus (DM) [5]. Conversely, DM patients with
non-DM-mediated CKD complications [DM and non-dia-
betic renal disease (NDRD)] are broadly included within
DKD. Nevertheless, only a few reports have compared the
clinical characteristics and renal outcomes between DN vs.
DM and NDRD [6, 7]. Furthermore, the impact of DM as a
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complication of kidney disease is controversial in
nephrology care because of various risk factors in addition
to DM [8, 9].

We previously reported that DN patients have a poor
renal prognosis compared to those with other causes of
CKD, using univariate analysis [10]. However, there were
several limitations in the previous study regarding rela-
tively short observation periods (12 months) and the
baseline of lower estimated glomerular filtration rate
(eGFR) in DN patients [10]. Hence, longer observation
periods and the use of stratified analyses by baseline CKD
stage have been suggested to improve our understanding of
these conditions.

Therefore, the present study aimed to determine the
differences among DN, DM, and NDRD, and non-DM
patients by comparing the clinical characteristics and
5-year renal outcomes within each CKD stage.

Materials and methods
Study design

The present investigation was a multi-center prospective
observational cohort study. The study included 10 hospitals
and 1 clinic that provide nephrology care in Miyagi pre-
fecture located in the northeast region of Japan, which has
a population of 2.3 million.

Setting and participants’ inclusion criteria

A flowchart representing the criteria for patients’ inclusion
into the present study is shown in Fig. 1. Outpatients aged
>20 years who were receiving nephrology care were
considered for inclusion. The study initially included 4015
patients who received care between May 2006 and
November 2008, and maintained their annual scheduled
follow-up. CKD was defined as eGFR of <60 mL/min/
1.73 m?, urinary albumin excretion continuing for
>3 months, or the diagnosis of kidney disease by imaging
or histological analysis. The study excluded 888 patients
because of their inconsistencies with the CKD definition
[11]. Among the rest, patients were excluded if they lacked
laboratory data or medical history essential for this analy-
sis. Accordingly, the risk of ESKD was finally analyzed in
2484 patients.

The data of 135 patients, who were affected with ESKD
and lacked eGFR data at the end of the follow-up period,
were interpolated using the mean eGFR (6.33 mL/min/
1.73 m?) of patients who showed ESKD emergence.
Finally, the annual change in eGFR was analyzed in 1844
patients after excluding 388 patients who lacked follow-up
eGFR data, 219 patients who had been observed for less

than 1 year, and 33 extreme deviations (>3 x standard
deviation) from the mean eGFR decline rate.

Classification of patients

Patients were classified into three groups as (1) DN
(n = 249), (2) DM and NDRD (n = 448), and (3) non-DM
(n = 1787) according to the underlying renal diseases as
previously described [10]. DM was considered when the
patients’ medical record showed DM, or if the patient had
fasting blood glucose levels >126 mg/dL or non-fasting
glucose levels >200 mg/dL, or if they were undergoing
diabetes treatment. The distinction between DN vs. DM
and NDRD was made based on renal histopathological or
clinical diagnoses. Diagnoses in 47.5% of the DM and
NDRD patients and 18.1% of the DN patients were vali-
dated by a kidney biopsy. The rationale classified as DM
and NDRD was summarized in Table 1.

A substantial number of patients were diagnosed as DN
during diabetes care and were referred to nephrology care
with diabetic retinopathy or neuropathy, including those
with insufficient long-term (approximately over 5 years)
control of DM.

The stages of CKD are classified from stage G1 to G5 on
the basis of eGFR [11]: G1, 2: eGFR >60 mL/min/
1.73 m* G3a: eGFR 45-59 mL/min/1.73 m*; G3b: eGFR
30-44 mL/min/1.73 m*: G4, eGFR 15-29 mL/min/
1.73 mz; and G5: eGFR <15 mL/min/1.73 m>. Nephrolo-
gists who conducted the diagnosis for each subgroup at the
time of registration were not involved in any data analysis
in this study.

Follow-up and outcomes

Registration was conducted from 2006 to 2008, and
patients were followed up by 2011-2013. The primary
outcome was ESKD during the observation period of
5 years. ESKD was defined as the commencement of
dialysis in our hospital, requirement for dialysis by other
hospitals, and/or kidney transplantation. Patients were
censored at death from all causes.

We evaluated the annual eGFR changes (%) among the
three groups using the following formula: 100 x (eGFR at
the end of follow-up — baseline eGFR)/(baseline eGFR)/
(observation days/365.25) [12]. In this analysis, we used
data obtained by the end of March 2011.

Measurements and data collection
Patient data were obtained annually from the medical
records at each hospital. Blood pressure were measured in

the sitting position, using an automatic sphygmomanome-
ter based on the Korotkoff sound technique at outpatient
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Fig. 1 Flowchart representing

the inclusion criteria of patients 4,0 15: Inltlally mcluded

in the present study. CKD

chronic kidney disease, DM
diabetes mellitus, ESKD end-
stage kidney disease, eGFR

estimated glomerular filtration ;

rate

Exclusion (1,321)

- 888 with inconsistency with the CKD definition
+ 170 with unknown underlying disease

+ 145 with missing serum creatinine values

+ 117 without urinary test results

+ 1 who was lost to follow-up

Exclusion (210)

Lacked data regarding smoking, body mass index, systolic blood
pressure, and history and pharmacotherapy for cardiac disease,
hypertension, DM, and dyslipidemia

2,484: Analysis for clinical characteristics and ESKD

— >

Exclusion (640)

- 388 lacked follow-up eGFR data

+ 219 observed for less than 1 year

* 33 Extreme deviations (>3 x standard deviation) from the mean
eGFR decline rate.

A 4

1,844: Analysis for annual change in eGFR

clinics affiliated with the local medical centers. We col-
lected the clinical laboratory data of urine and blood
samples measured at each participating hospital. Serum
creatinine levels were measured using the enzyme assay
method in all laboratories.

Cardiac disease included heart failure, angina, and
myocardial infarction. Heart failure was defined as the need
for all general admission. Angina and myocardial infarc-
tion were diagnosed based on the findings of imaging.
Patients receiving lipid-lowering drugs and/or those with
serum total cholesterol levels >220 mg/dL were considered
to have hypercholesterolemia.

Statistical analysis

Comparisons of baseline characteristics between DN, DM,
and NDRD, and non-DM groups were examined using x>
test (for categorical variables) or analysis of variance (for
continuous variables). Survival analyses for progression to
ESKD were determined using the log-rank test. Associa-
tions between ESKD events and underlying diseases were
examined using Cox hazard model analysis adjusted for
age, sex, smoking status, body mass index, systolic blood
pressure, history of cardiovascular disease or dyslipidemia,
use of anti-hypertensive or lipid-lowering drugs, presence
of hematuria and proteinuria, and eGFR. Annual changes
in eGFR were calculated using analysis of covariance
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adjusted for the above-mentioned covariates and the fol-
low-up time.

Data are presented as mean + standard deviation. A
p value <0.05 indicated statistical significance. All statis-
tical analyses were conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

The number of patients with DM was 697 (28.1%) among
the 2484 CKD patients. The rate of DM patients was
similar to that of other CKD cohorts [13, 14]. According to
the grouping criteria of kidney damage, 249 (10.0%) were
classified as DN, and the remaining 448 (18.1%) were
classified as DM and NDRD. The median observation
period was 4.44 years (0.11-5.08 years).

Baseline patient characteristics are shown in Table 2.
Increased age, elevated body mass index, increased systolic
blood pressure, high proportion of males, and patients with
dyslipidemia were more common in the DN and DM and
NDRD groups than in the non-DM group. Furthermore,
systolic blood pressure was higher in the DN group than in
the DM and NDRD group. The smoking status, serum
creatinine levels, proteinuria, and cardiac disease status
were significantly higher in the DN group than in the DM
and NDRD and non-DM groups. The baseline CKD stages
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Table 1 Clinical characteristics of patients belonging to DM and NDRD

Classification of CKD in this cohort

Primary kidney
disease

Hypertensive
nephropathy

Other kidney
disease

Biopsy proven patients (1)
62.8 + 11.57 years of age
eGFR 52.95 + 25.6 mL/min/1.73 m*
Subtotal without biopsy (1)
67.94 £ 11.75 years of age
eGFR 58.29 + 26.62 mL/min/1.73 m?
Rationale of NDRD
Only hematuria
Hematuria and proteinuria
Steroid induced
HbAlc <6.0% and G1 + 2
(+£) oral diabetic drugs
Proteinuria (—)
Proteinuria (+),
no medication for DM and HbAlc <7.4%

Over 70 years old, proteinuria (4), no medication for DM, and HbAlc
>7.4%

Over 75 years old and oral diabetic medication
Autoimmune disease by serological diagnosis
Urological disease

Vascular disease (RAS, CCE)

Hereditary disease

Pregnancy

CKD after AKI

Due to other clinical characteristics

160 11 42

39 131 65

10
14

63
13 2

15
31

— — & A

3 36 14

DM diabetes mellitus, NDRD non-diabetic renal disease, DN diabetic nephropathy, eGFR estimated glomerular filtration rate, CKD chronic
kidney disease, RAS renal artery stenosis, CCE cholesterol crystal embolism, AKI acute kidney injury

were distinctive in DN, i.e., stage G4 or G5 accounted for
128 patients (51.4%) at the time of enrollment. With
respect to the origin of kidney disease, hypertensive
nephropathy was more common in the DM and NDRD
group than in the non-DM group. There was a significant
difference in primary disease comparing except “diabetic
nephropathy” and DN groups (p < 0.0001).

Glycosylated hemoglobin (HbAlc) data were obtained
in 624 out of 697 subjects who had DM at the time of
enrollment. Difference in HbAlc values was observed
only in CKD stage G1, 2 between DM and DNRD
(7.1 £ 1.4%) and DN (7.7 &£ 1.6%) patients (p = 0.01,
Table 3). The prevalence of high HbAlc (>7%) was
37.3% in DM and NDRD and 37.9% in DN (p = 0.9). No
significant differences were observed in the analysis of
renal outcome.

During the median follow-up period of 4.44 years, 281
patients (11.3%) developed ESKD. The survival curves of
patients at CKD stages G3b, G4, and G5 are shown in
Fig. 2. The DN group showed significantly higher

progression to ESKD not only stratified by the stage of
CKD, but also by overall analysis (p < 0.0001). At CKD
stages G1, 2, and G3a, the number of ESKD events was
limited (only 7 among 1549) during observation period.

When the non-DM group was used as the reference
group at each CKD stage, the adjusted hazard ratio of
ESKD was significantly higher in DN patients than in non-
DM patients with CKD stages G3b, G4, and G5 (Table 4).
However, there was no significant difference between the
DM and NDRD and non-DM groups. Moreover, patients
with DM and NDRD also showed a lower risk of ESKD
than DN group at CKD stage G3b (p = 0.01) and G4
(p = 0.06, Table 4).

Annual decline of eGFR among the three groups was
compared in 1844 patients who had more than 1 year of
follow-up eGFR data (Table 5). DN patients showed sig-
nificantly faster decline of eGFR compared to the other
groups at the stage of CKD G3b. However, in DN patients
of negative proteinuria, only 2 patients of G5 and 1 patient
of G4 developed to ESKD.
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Table 2 Baseline patient

_ Non-DM DM and NDRD DN P
characteristics n = 1787 n = 448 n = 249
Male, % 50.5 58.7* 67.9% <0.0001
Age, year” 56.9 £ 16.9 65.5 £ 11.9*% 66.0 £ 12.5% <0.0001
Smoking, % 15.5 16.3 22.9% 0.01
Body mass index, kg/m** 23.1 £ 3.7 244 £ 3.9% 23.9 £ 3.5% <0.0001
Systolic blood pressure, mmHg* 129.8 £ 15.9 132.3 £ 15.8% 136.6 & 17.3%" <0.0001
Diastolic blood pressure, mmHg" 774 £ 10.6 76.1 £ 10.5 74.0 £ 11.3% <0.0001
Creatinine, mg/dL* 13+ 1.1 1.3+ 0.9 24 + 1.8%F <0.0001
eGFR, mL/min/1.73 m** 57.9 £ 30.0 55.8 £26.2 36.7 + 26.9%" <0.0001
Proteinuria, % 45.3 51.3 78.3% <0.0001
Hematuria, % 334 24.8% 32.6 0.002
Biopsy, % 62.5 47.5% 18.1% 7 <0.0001
CKD stage, % <0.0001
GlL, 2 43.8 39.5 20.1% "
G3a 21.9 25.2 13.7+7
G3b 14.9 19.0 14.9
G4 12.6 12,5 22.1% "
G5 6.7 3.8 29.3%"
Primary disease, % <0.0001
Primary renal disease 59.2 44.4%* 0
Hypertensive nephropathy 14.2 31.7* 0
Diabetic nephropathy 0 0 100
Other nephropathy 26.7 239 0
Complications, %
Cardiovascular disease 9.0 15.6* 22.5% <0.0001
Dyslipidemia 40.1 54.4% 50.1°% <0.0001
Diabetes 0 100 100 <0.0001
Pharmacotherapy, %
Anti-hypertensive 68.7 78.1% 84.7% <0.0001
Lipid-lowering 317 44.1* 44.2% <0.0001
Hypoglycemic 0 51.8 4147 <0.0001
Insulin 0 243 55.8" <0.0001
Anti-hypertensive drugs were classified into angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, calcium channel blocker, B-blockers, thiazides, loop diuretics, mineral corticoid receptor
blockers, and potassium-sparing diuretics. Alfa-adrenergic antagonists centrally acting agents and direct
vasodilator were categorized as other hypertensive drugs. Lipid-lowering drugs included HMG-CoA
reductase inhibitors, anion exchange resins, fibrate, and probucol. Hypoglycemic drugs included sulfony-
lurea, rapid insulin secretagogue, alpha-glucosidase inhibitors, biguanide, and thiazolidine drugs
DM diabetes mellitus, NDRD non-diabetic renal disease, DN diabetic nephropathy, eGFR estimated
glomerular filtration rate, CKD chronic kidney disease
* p < 0.05 vs. non-DM; ¥ p < 0.05 vs. DM and NDRD
% Mean = standard deviation
Discussion at stage G3b under nephrology care. Third, the DN group

There are 3 key novel findings observed in the present
analysis of the Gonryo study. First, there were no signifi-
cant differences between the DM and NDRD vs. non-DM
CKD groups in terms of renal outcomes. Second, there was
acceleration in the annual decline of eGFR in the DN group

@ Springer

progressed to ESKD more rapidly than DM and NDRD or
non-DM groups.

Hemmelgarn et al. have reported that the eGFR decline
was the highest in subjects with DM than non-DM within
the community-dwelling elderly [15]. However, in the
report, the general population cohort was not divided into
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G4 6.4+ 08 6.6+ 1.0 0.4
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DM diabetes mellitus, NDRD non-diabetic renal disease, DN diabetic nephropathy, eGFR estimated

glomerular filtration rate
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Fig. 2 Survival curves for progression to ESKD. CKD chronic
kidney disease, DM diabetes mellitus, NDRD non-diabetic renal
disease, DN diabetic nephropathy. Stage G3b and G4: p < 0.0001 G5:
p = 0.02. The log-rank test was used to analyze the data

DN and DM and NDRD. Byun et al. have reported that DM
and NDRD are associated with better renal outcomes than
DN in renal biopsy reports of 110 patients with type 2
diabetes [6]. However, the study did not compare with non-

DM patients. In the current disease-based cohort study, the
characteristics of diabetes mellitus [16] such as age, male
dominance, systolic blood pressure, and dyslipidemia were
similar in the DN and DM and NDRD groups, even though
eGFR of the DM and NDRD group could be maintained
similar to that of the non-DM group. The frequency of high
HbAlc (>7.0%) was comparable between DM and NDRD
(37.3%) and DN (37.9%).

DM and NDRD group had a higher prevalence of
hypertensive nephrosclerosis as the cause of kidney disease
compared to the non-DM group (31.7 vs. 14.2%). Different
outcomes of DM and NDRD and DN in our study may be
attributed to the difference in primary disease. Further-
more, our result showed that nephrological intervention in
DM and NDRD patients demonstrated favorable renal
prognosis nearly equal to that in non-DM patients. These
results support the recommendation of American Diabetes
Association guideline that DKD patients should be referred
to nephrologists promptly when there is uncertainty about
the etiology of DKD [17].

At the late stages of CKD, burden of hyperfiltration is
mainly ascribed to compensation of disrupted nephrons,
rather than hyperglycemia. Hence, after CKD stage G3a,
HbAlc management conditions of DM and NDRD were
equal to that of DN and did not mediate the different renal
outcome of them. By contrast, hyperfiltration arising from
hyperglycemia plays a key role in renal impairment during
early nephropathy [18, 19]. Our results showed a high
HbAlc value in DN patients at CKD stage G1, 2, which
may reflect that poorly controlled HbAlc at early CKD
stages cause the rapid renal impairment after G3b. It is
speculated that G3b is the point of breakdown in com-
pensation of hyperfiltration arising from hyperglycemia at
Gl1, 2. However, longer term observation time is required
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Table 4 ESKD outcomes based on Cox hazard model analysis

CKD stage Non-DM DM and NDRD DN

n = 1787 n =448 n =249
Gl,2 HR (95% CI) 1.00 0 (-) 0 (-)
eGFR >60 mL/min/1.73 m> Number of events/number of patients 0/783 /177 1/50
G3a HR (95% CI) 1.00 3.69 (0.25-54.3) 4.60 (0.24-88.2)
eGFR 45-59 mL/min/1.73 m? Number of events/number of patients 3/392 1/113 1/34
G3b HR (95% CI) 1.00 0.89 (0.19-4.24) 7.10%" (2.46-20.49)
eGFR 30-44 mL/min/1.73 m? Number of events/number of patients 11/267 2/85 8/37
G4 HR (95% CI) 1.00 1.21 (0.66-2.23) 2.31%* (1.35-3.94)
eGFR 15-29 mL/min/1.73 m? Number of events/number of patients 477225 16/56 29/55
G5 HR (95% CI) 1.00 1.36 (0.74-2.51) 1.67* (1.16-2.42)
eGFR <15 mL/min/1.73 m? Number of events/number of patients 93/120 14/17 54/73

Adjusted for age, sex, body mass index, systolic blood pressure, smoking status, history of cardiovascular disease and dyslipidemia, history of
lipid-lowering drug use, presence of hematuria and proteinuria, and eGFR

CI confidence interval, CKD chronic kidney disease, DM diabetes mellitus, NDRD non-diabetic renal disease, DN diabetic nephropathy, eGFR

estimated glomerular filtration rate, HR hazard ratio
* p < 0.05 vs. non-DM; ¥ p < 0.05 vs. DM and NDRD

Table 5 Annual rate of change in slope of eGFR

CKD stage Non-DM

n = 1346

DM and NDRD DN
n =342 n =156

Annual rate of change in eGFR (95% CI)

Gl,2 —1.4 (=2.6 to —1.8)
eGFR >60 mL/min/1.73 m?

G3a —1.7 (=24 to —1.1)
eGFR 45-59 mL/min/1.73 m>

G3b —3.4 (4.5 to —2.4)
eGFR 30-44 mL/min/1.73 m>

G4 —10.3 (=12.0 to —8.6)
eGFR 15-29 mL/min/1.73 m?

G5 —20.3 (—22.8 to —17.7)

eGFR <15 mL/min/1.73 m?

—2.2 (=2.3 to —0.6) —29 (—4.51t0 —1.3)

—1.7 (3.0 to —0.4) —2.1 (=43 10 0.1)
—4.0 (=5.9 to —2.0) —9.7%% (=12.5 to —6.9)
—11.3 (—=14.6 to —8.1) —13.3 (=172 to —9.5)

—12.5 (-21.0 to —4.0) —21.4 (=26.0 to —16.8)

Adjusted for age, sex, body mass index, systolic blood pressure, smoking status, history of cardiovascular disease and dyslipidemia, history of
lipid-lowering drug use, presence of hematuria and proteinuria, eGFR, and analysis time

CI confidence interval, CKD chronic kidney disease, DM diabetes mellitus, NDRD non-diabetic renal disease, DN diabetic nephropathy, eGFR

estimated glomerular filtration rate, HR hazard ratio
* p < 0.05 vs. non-DM; T p < 0.05 vs. DM and NDRD

when evaluating renal outcomes of G1 and 2 patients.
Thus, physicians should consider different contributions of
hyperglycemia to renal dysfunction between early and late
CKD stages.

This Gonryo cohort study is distinguished for classifying
patients on the basis of kidney disease. The 2 years’
interim analysis that the proportion of patients enrolled
with CKD stage G4 or G5 was larger in DN (51.3%) than
in the DM and NDRD and non-DM (18.6%) groups [20].
Due to this baseline profile, it was feasible to evaluate the
incidence of ESKD in DN. Consequently, we evaluated the

@ Springer

renal outcomes according to the matrix of CKD stages at
the time of enrollment, in addition to the relationship
between CKD and diabetes.

As a benefit of stratification analysis by CKD stage, we
found out that the initiation of rapid deterioration in eGFR
levels occurred at CKD stage G3b in DN patients. Djamali
et al. reported that the mean decline rate of creatinine
clearance was 5.4 ml/min/year in stage 3 including G3a
and G3b as one category [21]. On the contrary, our present
study revealed the critical differences between the G3a and
G3b stages, especially in DN patients. The rapid decline of
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eGFR at stage G3b in DN patients may have a strong
correlation with proteinuria. The importance of proteinuria
has been shown in the previous cohort studies [22-24]. Our
results suggest that early referral and strategic intervention
are necessary for stage G3a DN patients to avoid
deterioration.

Our study has several limitations. First, this cohort may
have selection bias. Even though the health care system has
easy access to nephrology care like Japan, many DN
patients face difficulties in receiving earlier referrals to
prevent deterioration [25]. Exacerbation of proteinuria and
decline of GFR were the basis of consultation or transition
to nephrology clinic from diabetes clinics in DN. Second,
DM and NDRD patients without renal biopsy were clas-
sified using medical history of NDRD. Serological marker
like autoantibody, imaging study, and well controlled
without retinopathy or neuropathy were implicated in the
diagnosis of NDRD. Furthermore, the collaborate
nephrology specialists differentiated between DN and DM
and NDRD including the factor of DM duration, even
though we did not included it in our case report form which
the study design focused mainly kidney disease than dia-
betes. Nevertheless, recent study reported that the diabetic
patients with CKD stage G1A1 sometimes reveal diabetic
nodular lesions [26]. It is suggesting the difficulty of the
diagnosis of DN without renal biopsy. Consequently, some
patients of DN might be classified as DM and NDRD in
this analysis. The other limitation exists in the evaluation
of glycemic control in various stages of CKD due to the
influence of renal anemia and hypoalbuminemia [27, 28].
The HbAlc levels were similar between the 2 diabetic
groups at the time of enrollment and our data were rela-
tively within fair ranges according to American Diabetes
Association guidelines of kidney impaired patients [17].
Furthermore, a high incidence of ESKD was observed in
low HbAlc because of correlation between HbAlc and
eGFR. Consequently, high HbAlc levels were not the risk
for progression in CKD stage G3b and above.

Conclusions

We found that DN patients have a higher risk for devel-
oping ESKD than DM and NDRD or non-DM patients.
Optimal therapeutic intervention in DM and NDRD can
accomplish equally beneficial renal outcomes as non-DM
CKD, regardless of their similar metabolic profiles as DN
patients. We focused G3b of DN that eGFR declined
rapidly in nephrology care. It needs to make further
investigation whether G3a stage period is extended or
eGFR gradient in G3b is attenuated by nephrology inter-
vention in DN [25]. We, however, should prudentially

consider the risk stratification of DM whether cause or
comorbidity of CKD.
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