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Abstract

Aims Relationship between baseline eGFR and the rate of decline in eGFR was investigated in diabetic kidney disease.
Materials and methods Patients with type 2 diabetes with microalbuminuria (MI) (n=124) or macroalbuminuria (MA)
(n=281) received team-based medical care to prevent the development of diabetic kidney disease. The decline in eGFR over
4 years, divided into the first year and subsequent 3 years, was estimated by linear-mixed modeling.

Results The eGFR showed a rapid decline during the first year, followed by a slower decline. On multiple regression analysis,
the baseline eGFR was positively correlated with HbA1c in MI and negatively correlated with carotid plaque in MI and in
MA. Subsequent eGFR decline following 1-year intervention was negatively correlated with the baseline eGFR and HbAlc
level at 1 year in MI, whereas it was positively correlated with baseline eGFR and negatively correlated with the amount of
proteinuria at 1 year in MA. Even in maintained baseline eGFR(Z 60 ml/min/1.73 m?) at the first year, when HbAlc > 7.5%,
eGFR reduction rate and years to ESKD were much faster and shorter, compared to the group of HbAlc <7.5% [— 3.44 (SE
1.137) vs. — 1.695 (SE 0.431) ml/min/1.73 m*/year, and 19.4 vs. 35.7 years, respectively]. In MA, lower eGFR (< 60 ml/
min/1.73 m?) and higher proteinuria (> 2.25 g/gCre) had a much faster eGFR decline and shorter time to ESKD, compared to
the group of maintained eGFR and lower proteinuria (<2.25 g/gCre) [— 5.240 (SE 1.537) vs. — 2.67 (SE 0.997) ml/min/1.73
m?/year, and 4.41 vs. 22.8 years, respectively].

Conclusions In MI, even in maintained eGFR, the continued increase in eGFR in response to hyperglycemia (HbAlc =
7.5%) led to a faster decline in renal function and in MA, lower eGFR, with an increase in proteinuria, contributed to rapid
decline of renal function.
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Abbreviations UAC  Urinary albumine-to-creatinine ratio

DDP  Diabetes dialysis prevention UPC  Urinary protein-to-creatinine excretion rate
ESKD End-stage kidney disease

LMM Linear mixed model

MI Microalbuminuria Introduction
MA Macroalbuminuria
MBP  Mean blood pressure Diabetic kidney disease is the leading cause of end-stage

kidney disease (ESKD) worldwide. Diabetic kidney disease
is defined by the presence of albuminuria and/or reduced
estimated glomerular filtration rate (¢GFR), which are also
clinically essential in decision-making [1]. Nevertheless,
the relationship between baseline eGFR and eGFR decline
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progression occurs, the GFR rapidly decreases, resulting in
ESKD development [5, 7-9]. Albuminuria is not only an
early manifestation of nephropathy but also is associated
with an increased risk for cardiovascular disease and death,
with increasing nephropathy [6, 8]. Recently, diabetic kid-
ney disease without MI has been reported to have a lower
risk for renal disease progression and cardiovascular disease
and death, re-emphasizing the importance of MI in disease
progression [10].

In a prospective clinical cohort study comprising 15,517
participants over a 26-year period, a LMM analysis revealed
that the eGFR decline was almost twofold faster in patients
with diabetes than in those without diabetes [4]. However,
there is no documentation on the eGFR decline in patients
with type 2 diabetes in both stages of diabetic nephropathy
(MI and macroalbuminuria [MA]) and its relationship with
baseline eGFR [2]. Furthermore, the initiation of antihy-
pertensive treatment induces an initially rapid (but subse-
quently slower) eGFR decline in diabetic nephropathy [11,
12], without adverse effects on cardiovascular events and
death [13]. Improvement in glycemic control can also cause
an initial decrease in eGFR [14]; however, the subsequent
eGFR decline has not been studied in detail, and there is
only one relevant report on patients with type 2 diabetes with
hyperfiltration [15].

In Japan, diabetes is the leading cause of hemodialysis.
Accordingly, a system for diabetes dialysis prevention (DDP)
by team-based medical care for patients with albuminuria
(> 30 mg/gCre) was introduced in 2012 by the Ministry of
Health, Labour and Welfare. The present study investigated
the eGFR decline under DDP using LMM and examined
the relationship between eGFR decline and baseline eGFR
(and other factors). As it is difficult to evaluate the eGFR
decline when the initial period is included, we separately
examined the eGFR decline in the initial stage, when it is
easily affected by metabolic control, and in the subsequent
3-year period, when it is relatively stable and more accu-
rately reflects the eGFR decline.

Materials and methods
Patients

In Japan, medical policies pertaining to DDP have been
enforced by the health insurance system of the Ministry of
Health, Labour and Welfare since April 2012. Prior to the
enactment of DDP, 552 patients among 1,795 outpatients
received standard therapy for diabetic nephropathy (in the
presence of MI or MA) between January 2004 and March
2014 at the Center of Diabetes and Endocrinology of Shin-
koga Hospital. Outpatients were screened for albuminuria
and DDP management was started in April 2012. MI was

defined as urinary albumin-to-creatinine ratio (UAC) of
30-299 mg/gCre, and MA was defined as UAC > 299 mg/
gCre or a urinary protein-to-creatinine excretion rate
(UPC)> 0.5 g/gCre in two consecutive urine specimens
within 6 months. Among 394 patients with diabetic nephrop-
athy who received team-based medical care for DDP, 40
with advanced chronic renal failure (¢GFR < 30 ml/min/1.73
m?) and 149 with less than 4 years of DDP management
were excluded. Finally, 205 patients (124 with MI and 81
with MA) with more than 4 years of DDP management were
enrolled in this study.

DDP procedures

Team-based medical care by doctors, nurses, and registered
dietitians was provided at every monthly visit. Diet therapy
and education was performed by dietitians; the Japanese
balanced diet comprises 55-60% carbohydrate, 20-25% fat,
12-20% protein, and salt restriction, without excess protein
intake (< 1.3 g/body weight). Lifestyle counseling, such as
smoking and alcohol intake reduction, and education regard-
ing insulin therapy were provided by nurses.

In the treatment of diabetes, diet therapy alone was 7.3%,
oral antidiabetic drugs 59.7%, and insulin treatment 33%
and angiotensin II receptor blocker (ARB) was used in
patients with hypertension (75.3%). In patients with MA,
diet therapy alone was 2.5%, oral antidiabetics 43.2%, and
insulin treatment 54.3% and ARB also had been used in most
patients with hypertension (77.7%). Dipeptidyl peptidase-4
(DPP4) inhibitors were mainly used in antidiabetic drug in
patients with MI (63.7%) and in MA (64.1%), alone, with
combination with metformin or with sulfonyl urea. Sodium
glucose cotransporter 2 (SGLT?2) inhibitors and diuretics did
not use in most patients during DDP study.

Assessments

Body weight; blood pressure; HbAlc; serum creatinine;
eGFR; serum lipids and UPC in patients with MA were
measured monthly. UAC was measured every 3 months in
patients with MI. eGFR was calculated using the Modifica-
tion of Diet in Renal Disease formula, adjusted for ethic
Japanese GFR by the Japanese Society of Nephrology:
194 x Cre 0% x Age "7 for males and 194 x Cre™!9%* x
Age~"27%0.739 for females [16]. The mean blood pressure
(MBP) was calculated as the diastolic pressure plus one-
third of the pulse pressure.

In addition, B-mode ultrasonographic scanning of the
carotid artery was performed, Intima-media thickness and
plaque were measured (Supplementary Fig. 1), as previously
reported [17, 18].
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Statistical analysis

Data are presented as means (standard deviations), means
[standard errors], median (interquartile range) or numbers
(percentages). Clinical factors were compared using the paired
t test, with adjustment by Dunnett’s method for multiple com-
parisons. Pearson’s correlation coefficient (r) was used as the
measures of association between baseline eGFR or eGFR
reduction rate and clinical factors. The eGFR decline was ana-
lyzed using LMM for repeated measures. eGFR regression
lines were determined from 12 consecutive eGFRs in the first
year and 36 consecutive eéGFRs in the subsequent 3 years, as
well as from 48 consecutive eGFRs in the entire 4-year period.
In this approach, individual-level covariates were allowed to
explain the differences across patients. In addition, separate
random intercepts and slopes were fitted for each patient; thus,
all differences across patients were essentially controlled, and
the estimates of the reported associations were effectively
free from within-patient differences. The following equation
describes the structure of our fitted models:

Y = (a + by)(f + by) X year + &,

where Y, is the eGFR in patient i at year, a is the overall
intercept, b, is a random intercept for patient,, f is the slope
representing the overall effect of time, b, is a random slope
for patient;, and ¢;, is the within-patient error.

Multivariate regression modeling was applied to evaluate
the effects of clinical factors while adjusting for potential con-
founding factors. Multivariate regression analysis was carried
out with the insertion of all variables found to be significant
on univariate analysis. We selected the threshold for the fac-
tors that were significant in the multiple regression analysis
by maximizing the profile partial likelihood among the LMM,
with a binary explanatory variable representing the high group
or the low group with various thresholds.

Statistical analysis was performed using JMP11, SAS ver.
9.4 (SAS Institute, Inc., Cary, NC, USA), and R version 3.4.4
(http://www.R-project.org). p values <0.05 were considered
statistically significant.

Results

The characteristics of the 205 patients with type 2 diabetes
(124 with MI and 81 with MA) are summarized in Table 1.
Data on team-based medical care for DDP over the 4-year
period following standard therapy are shown in Table 2.

MI under DDP
In patients with MI, the mean HbAlc level and MBP were

7.27 (1.25) % and 94 (11) mmHg, respectively, at base-
line, reflecting significant improvements in response to
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standard therapy (Table 2). Under DDP, the HbAlc level
and MBP significantly decreased to 7.01(1.06) % (p <0.01)
and 90.4(8.9) mmHg (p <0.01), respectively, at 1 year, and
remained significantly decreased during the 4-year period.
UAC decreased significantly from 76.9 (173.7, 53.2) mg/
gCre [median (upper and lower quartile)] at baseline to
55.9 (91.5-35.9) mg/gCre (p<0.01) at 1 year and 50.6
(93.1, 24.8) mg/gCre (p <0.01) at 2 years under DDP; it
then returned to the initial values at 3 and 4 years and did
not significantly increase compared to the baseline value.
Remission (UAC <30 mg/gCre) and regression (>50%
reduction in UAC) in MI were observed in 4 (3.2%) and
21 patients (16.9%), respectively, whereas progression
to MA (UAC > 299 mg/gCre) was observed in 2 patients
(1.6%). eGFR in MI was significantly decreased from base-
line values [66.1(20.7) ml/min/1.73 m?; median, 66.5 ml/
min/1.73 m?; interquartile range, 78.8-50.5 ml/min/1.73 m2]
to 63.3 (20.7) ml/min/1.73 m? (p <0.01) at 1 year under
DDP and 58.7 (18.7) ml/min/1.73 m? (p <0.01) at the
study end. No patients did not show apparent hyperfiltra-
tion (éGFR > 125 ml/min/1.73 m?) at 1 year and progressed
to ESKD (eGFR < 15 ml/min/1.73 m?) during the 4-year
period.

MA under DDP

In patients with MA, HbAlc and MBP were 7.34 (1.10)
% and 98.8 (14.6) mmHg, respectively, at baseline, reflect-
ing significant improvements by standard therapy (Table 2).
Under DDP, HbA Ic levels significantly decreased to 7.06
(0.95) % (p<0.01) at 1 year and remained significantly
decreased during the 4-year observation period. The MBP
significantly decreased from 98.8 (14.6) mmHg at baseline
to 93.2 (10.7) mmHg (p <0.05) at 3 years and 93.9 (10.9)
mmHg (p <0.05) at 4 years. The UPC was 0.95(0.54, 2.03)
g/gCre; [median (upper, lower quartile)] at baseline and did
not significantly change during the first 3 years under DDP
but was significantly increased at the study end [1.36(2.25,
0.675), p <0.05]. eGFR in MA was 59.5 (20.4) ml/min/1.73
m? (median, 57.2 ml/min/1.73 m?; interquartile range,
70.9-43.9 ml/min/1.73 m?) at baseline and significantly
decreased to 54.8 +20.6 ml/min/1.73 m? (p <0.01) at 1 year
under DDP and 46.5 (21.3) ml/min/1.73 m? (p <0.01) at the
study end. In MA, two patients (2.5%) progressed to ESKD
during the 4-year period.

LMM results

The LMM effects for annual eGFR decline are shown in
Fig. 1. The slopes of the regression line in the first and
subsequent 3 years were analyzed, based on the fixed
LMM effects (Fig. 1). In MI, a rapid decline in eGFR
occurred in the first year [regression coefficient (standard
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Table 1 Baseline characteristics
of patients with type 2 diabetes

Microalbuminuria Macroalbuminuria

with microalbuminuria and Number 124 81

macroalbuminuria Male/female 67/57 58/23
Age (years) 67.1 (11.5) 63.8 (11.1)
BMI (kg/m?) 25.0 (4.1) 26.4 (4.8)
Duration of diabetes (years) 12.7 (8.8) 15.1 (8.7)
History of smoking (%) 54.3 62.9
Diet/oral agents/insulin (%) 7.3//59.7/33.0 2.5/43.2/54.3
Hypertension (%) 74.2 72.8
Systolic BP (mmHg) 135.0 (16.9) 140.2 (21.3)
Diastolic BP (mmHg) 73.6 (11.5) 78.1 (13.5)
Mean blood pressure (mmHg) 94.1 (11.6) 98.8 (14.6)
Taking ARB (%) 67.8 65.3
Dyslipidemia (%) 63.7 61.7
Taking lipid-lowing drug (%) 42.7 43.2
Diabetic retinopathy (%) 354 45.6
Diabetic neuropathy (%) 45.2 53
CVD (%) 274 234
HbAlc (%) 7.27 (1.25) 7.34 (1.10)
eGFR (ml/min/1.73 m?) 66.1 (20.7) 59.5 (20.4)

UAC (mg/gCre) median (interquartile range)
UPC (g/gCre) median (interquartile range)
Total cholesterol (mg/dl)

76.9 (173.7, 53.2)

0.96 (2.03, 0.54)

LDL-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
Triglyceride (mg/dl)

IMT of carotid artery (mm)

Presence of carotid plaque (%)

Maximum thickness of carotid plaque (mm)

Sum of thickness of carotid plaque (mm)

182.1 (33.5) 179.0 (31.7)
99.8 (27.0) 95.6 (22.5)
50.3 (14.0) 50.0 (12.9)
163.4 (115.6) 170.1 (109.7)
0.893 (0.204) 0.914 (0.200)
722 77.1

1.869 (1.049) 1.866+ 1.432

5.525 (6.986) 5.025 (6.376)

Data are expressed as means (standard deviation) and as median (interquartile range)

ARB angiotensin II receptor blocker, BMI body mass index, BP blood pressure, CVD cardiovascular dis-
ease, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, /MT intima-media thick-
ness, LDL low-density lipoprotein, UAC urinary albumin-to-creatinine excretion rate (mg/gCre), UPC uri-
nary protein-to-creatinine excretion rate (g/gCre)

error), — 2.842 (0.702) ml/min/1.73 m?/year], followed by
a slower decrease in eGFR during the subsequent 3-year
period [— 1.853 (0.301) ml/min/1.73 m?/year; — 2.9%
(0.47%) per annum] and the years to ESKD, calculated
from the slope, were 26.19. In MA, a rapid decline in
eGFR occurred in the first year [— 4.054 (0.902) ml/
min/1.73 m?/year], followed by a slower decrease in eGFR
during the subsequent 3-year period [— 3.048 (0.466) ml/
min/1.73 m%/year; — 5.6% (0.86%) per annum] and the
years to ESKD were 12.89. The rate of eGFR decline in
MI and MA during the subsequent 3-year period was 1.3-
fold and 2.2-fold faster, respectively, than that reported
for the general population (— 1.4 ml/min/1.73 m*/year)
[4]. In MA, the eGFR decline rate was 1.6-times faster
than that for MI.

Factors associated with baseline eGFR

Results of the univariate and multivariate regression anal-
yses for baseline eGFR are shown in Table 3. On multiple
regression analysis, in MI, baseline eGFR was indepen-
dently and positively correlated with HbAlc (f=0.390,
p <0.01) and negatively correlated with the sum of plaque
thickness in the carotid artery (f=— 0.319, p <0.05). In
MA, baseline eGFR was independently and negatively cor-
related with duration of diabetes (f=— 0.258, p <0.05)
and sum of plaque thickness (f=— 0.241, p <0.05). Simi-
lar significant correlations were observed between base-
line eGFR and parameters at 1 year under DDP (Supple-
mentary Tablel). Notably, in MA, a significant positive
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Table 2 Metabolic parameter before standard therapy and during diabetes dialysis prevention (DDP)

Standard therapy Diabetes dialysis prevention

Before Initial (before) 1 year 2 years 3 years 4 years
Microalbuminuria (n=124)

Systolic blood pressure ~ 141.1 (18.4) 135.0 (16.9)** 130.7 (13.5)%=# 1295 (15.5)*=*  130.9 (13.6)** 132.4 (14.2)%*
(mmHg)

Diastolic blood pressure ~ 77.3 (12.5) 73.6 (11.5)%* 703 (9.7)¥%  69.6+10.9%#  70.1 (10.3)**# 9.4 (10.8)**H
(mmHg)

Mean blood pressure 98 (12.4) 94.1 (11.6)** 90. 4 (8.9)*## 89.4 (11.0)*# 90,0 (9.1)% 89.7 (9.1)%##
(mmHg)

HbAlc (%) 8.15 (1.85) 7.27 (1.25)%* 7.01 (1.06)** 7,04 (0.91)%** 7.05 (1.01)**  6.95 (0.79)%**

eGFR (ml/min/1.73 m?»)  72.8 21) 66.1 (20.7)%* 63.3 (19.9)y=*  61.9 (19.3)**  61.6(20.3)*=# 587 (18.7)**H

UAC (mg/gCre) median - 76.9 (173.7,53.2) 55.9 (91.5,35.9)" 50.6 (93.5, 24.8)" 79.9 (123.9, 38.3) 97 (172.5, 46.6)
(interquartile range)

Total cholesterol (mg/dl) 199.2 (45.0) 182.1 (33.5)%* 182.1 (32.4)%* 177.4 (31.9)** 177.7 (31.3)%* 177.9 (31.8)**

LDL-cholesterol (mg/dl) 116.0 (36.0) 99.8 (27.0)** 99.7 (24.08)**  96.90 (24.6)** 96.9 (23.9) 97.3 (24.9)%*

HDL-cholesterol (mg/dl) ~ 49.7 (14.8) 50.3 (14.0) 49.9 (13.5) 50.8 (14.6) 51.1 (14.5) 50.9 (14.4)

Triglyceride (mg/dl) 179.8 (114.5) 163 (115.5) 179.7 (119.4) 153.2 (80.7) 151.5 (79.3) 150.1 (78.5)

Macroalbuminuria (n==81)

Systolic blood pressure  144.5 (25.4) 140.2 (21.3) 142.5 (18.5) 139.2 (18.5)* 136 (15.9)* 138.2 (15.9)*
(mmHg)

Diastolic blood pressure  80.9 (14.9) 78.1 (13.5)* 77.0 (12.9)%: 74.7 (11.4)%* 71.5 (10.7)%=*  69.4 (10.8)*
(mmHg)

Mean blood pressure 101.2 (16.4) 98.8 (14.6)* 98.8 (12.9)* 95.6 (12.1)%* 93.2 (10.7)***  93.9 (10.9)***
(mmHg)

HbAlc (%) 8.71 (1.75) 7.34 (L.10)*#*  7.06 (0.95)** 703 (0.92)*+* 718 (0.977)**  7.09 (0.92)**

eGFR (ml/min/1.73 m?)  64.6 (21.9) 59.5 (20.4)*+# 548 (20.6)%* 501 (21.5)%* 493 (21.2)¥* 46,5 (21.3)%*#

UPC (g/gCre) median - 0.95(2.03,0.54) 1.02(2.45,0.52) 1.04(2.27,0.58) 1.05(1.63,0.62) 1.36(2.25,0.67)"*
(interquartile range)

Total cholesterol (mg/dl) 207.6 (54.1) 179.0 (31.7)%* 186.7 (33.5)%* 181.6 (34.3)** 181.6 (31.6)** 179.2 (34.1)**

LDL-cholesterol (mg/dl) 118.6 (40.4) 95.6 (22.5)%* 99.9 (25.9)%* 97.3 (21.8)%* 97.1 (18.1)%* 94.5 (20.4)%*

HDL-cholesterol (mg/dl) ~ 52.4 (16.0) 50.0 (12.9) 49.8 (11.4) 48.4(10.2) 48.0 (11.1) 49.5 (10.9)

Triglyceride (mg/dl)

221.9 (191.0)

170.1 (109.7)*

179.3 (140.6)*

186.9 (180.1)

191.6 (153.2)

Data are expressed as means (standard deviation) and as median (interquartile range). Mean blood pressure =diastolic pressure + (systolic pres-

sure-diastolic pressure)/3

eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, LDL low-density lipoprotein, UAC urinary albumin-to-creatinine

excretion rate (mg/gCre), UPC urinary protein-to-creatinine excretion rate (g/gCre)

##p <0.01, *p <0.05 vs. before standard therapy. #p <0.01, ¥ <0.05 vs. before team-based management under DDP

correlation between baseline eGFR and HbAlc at 1 year
was observed (f=0.270, p<0.01).

Factors associated with the decline in eGFR

The results of the univariate and multivariate analyses for
the rate of eGFR decline are shown for the entire 4-year
period (Supplementary Table 3), the first year under DDP
(Supplementary Table 2), and the subsequent 3-year period
under DDP (Table 4).

In M1, the multiple regression analysis for eGFR decline
rate during the subsequent 3-year period revealed significant,
independent, and negative correlations with the HbAlc level
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(f=-0.244, p<0.01) and eGFR (f=—- 0.281, p<0.01) at
1 year under DDP (as the baseline). In the corresponding
analysis in MA, there was a significant, independent, and
positive correlation with eGFR (5=0.326, p <0.05) and a
significant, independent, and negative correlation with UPC
(f=-0.372, p<0.05) at 1 year under DDP (as the baseline)
(Table 4).

eGFR decline rate in the combination of risk factors
The thresholds of significant risk factors for eGFR decline

in multiple regression analysis (as shown in Table 3) were
constructed from Minimum Akaike Information Criterion
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Years Years
periods Microalbuminuria Macroalbuminuria
intercept(SE) slope(SE) p-value intercept(SE)  slope(SE)  p-value
A (a)(0-1y) 66.131(1.795) -2.842(0.702) <0.001 B (a)(0-1y) 59.241(2.225) -4.054(0.902) <0.001
A (b)(1-3y)  63.493(1.757) -1.853(0.301) <0.001 B (b)(1-3y) 54.289(2.440) -3.048(0.466) <0.001
C (0-4y) 65.678(1.783) -2.033(0.229) <0.001 D (0-4y) 58.710(2.168) -3.146(0.534) <0.001

Fig.1 Linear mixed-effects models for the annual rate in eGFR
decline. Thick straight lines show each regression line from the fixed
effect of the linear-mixed model during the first year (a in A, B), sub-
sequent 3-year period (b in A, B), and entire 4-year period (C, D).
A and C represent microalbuminuria; B and D represent macroal-
buminuria. Thin lines represent the longitudinal eGFR value in each

(AIC). The threshold values were 60 ml/min/1.73 m? for
eGFR and 7.5% for HbA lc in MI, and 60 ml/min/1.73 m>
for eGFR and 2.25 g/gCre for UPE in MA. For MI, in the
eGFR > 60 ml/min/1.73 m? group, when HbAlc > 7.5%
at 1 year, the eGFR decline rate and years of ESKD, cal-
culated from slope, were — 3.44 (SE 1.137) ml/min/1.73
m?/year and 19.4 years, respectively; faster and shorter,
compared to the group with HbAlc<7.5% [— 1.695
(SE 0.431) ml/min/1.73 m?/year and 35.7 years, respec-
tively]. In the group of eGFR < 60 ml/min/1.73 m?, when
HbAlc <7.5% after 1 year, the number of years of ESKD
were 20.25, comparable to the group of eGFR = 60 ml/
min/1.73 m? and HbAlc > 7.5% (Table 5).

For MA, in the group of eGFR < 60 ml/min/1.73 m?
and UPC 2 2.25 g/g Cre, eGFR reduction rate and years
of ESKD were — 5.240 (SE 1.537) ml/min/1.73 m?/year
and 4.41 years, respectively; faster and shorter than in the
group of eGFR 2 60 ml/min/1.73 m? and UPC <2.25 g/
gCre, in which the corresponding values were — 2.67 (SE
0.997) ml/min/1.73 m?/year and 22.82 year, respectively
(Table 5).

patient over a 4-year period. Values of the slope (SE, standard error)
and intercept (SE) of thick regression lines during the first year (a in
A, B), subsequent 3-year period (b in A, B), and entire 4-year period
(C, D) are shown in the lower panels. The slope denotes the annual
eGFR reduction rate (ml/min/1.73 mzlyear)

Discussion

The major findings in the present study were as follows.
First, the eGFR showed a rapid decline during the first
year, followed by a slower decline. Second, the rate of
eGFR decline following the initial drop due to metabolic
control was approximately 1.3-fold and 2.2-fold faster
in those with incipient diabetic nephropathy and overt
nephropathy, respectively, compared to that in the gen-
eral population [4]. Third, baseline eGFR increased in
response to hyperglycemia in both stages of nephropathy,
which was limited by the factors of atherosclerosis and
age. Forth, the factors contributing to eGFR decline dif-
fered between incipient and overt nephropathy; the higher
the baseline eGFR with persistent poor glycemic control
(HbAlc = 7.5%) in incipient nephropathy, the greater the
rate of eGFR decline; in overt nephropathy, the lower the
baseline eGFR (eGFR < 60 ml/min/1.73 m?) and the higher
the degree of proteinuria (2.25 g/gCre), the greater the rate
of eGFR decline.
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Table 3 Univariate and multivariate regression analyses for baseline eGFR in patients with type 2 diabetes with microalbuminuria and macroal-

buminuria
Univariate Multivariate
Correlation  Regression Standard error p value Correlation Regression Standard error p value
coefficient  coefficient coefficient  coefficient
(r )
Microalbuminuria (n=124)
Sex (male) 0.000 0.009 1.879 0.996
BMI 0.007 0.394 0.394 0.386
Duration of diabetes — 0.148 —0.352 0.219 0.111
Mean blood pressure  0.213 0.389 0.159 0.017  0.088 0.158 0.145 0.279
HbAlc 0.404 6.714 1.374 <0.001 0.39 6.350 1.282 <0.001
Urinary albumin —0.054 —0.013 0.022 0.551
excretion
Total cholesterol 0.144 0.088 0.055 0.113
HDL-cholesterol 0.121 0.187 0.139 0.193
Triglyceride —0.007 —0.001 0.016 0.929
Plaque in carotid —0.355 —1.046 0.254 <0.001 -0.319 —0.942 0.238 0.010
artery
(R*=0.270 p<0.001)
Macroalbuminuria (n=281)
Sex (male) 0.026 0.609 2.537 0.811
BMI 0.168 0.712 0.470 0.134
Duration of diabetes — 0.287 —0.662 0.265 0.015 —0.258 —0.605 0.264 0.025
Mean blood pressure 0.111 0.155 0.156 0.323
HbAlc 0.205 3.833 2.053 0.065 —0.205 —334 1.796 0.067
Urinary protein —0.358 —6.226 1.862 0.001 -0.214 —3.909 2.081 0.065
excretion
Total cholesterol —0.140 —-0.011 0.009 0.256
HDL-cholesterol —0.244 —0.049 0.036 0.185
Triglyceride —0.100 —0.003 0.002 0.175
Plaque in carotid —0.355 — 1.046 0.254 <0.001 —0.241 —0.768 0.37 0.042

artery

(R*=0.227, p<001)

Independent variables comprise the baseline value of eGFR (before the start of diabetes dialysis prevention). Mean blood pressure =diastolic
pressure + systolic pressure-diastolic pressure/3. Plaque in the carotid artery is the sum of the plaque thickness in the carotid artery

BMI body mass index, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, UAC urinary albumin-to-creatinine excretion

rate, UPC urinary protein-to-creatinine excretion rate

It is well known that the initiation of treatment for hyper-
tension [11, 12] and the control of hyperglycemia in type 1
and type 2 diabetes [14, 15] causes a temporary decrease in
eGFR. The initial drop in eGFR by antihypertensive drugs
has been reported to subsequently induce a slow reduction
in eGFR [11, 12]. However, subsequent changes in eGFR
following glycemic control have not been studied in detail,
except in patients with hyperfiltration [15]. Ruggenenti
et al. demonstrated that in patients with type 2 diabetes with
hyperfiltration and normo- or microalbuminuria, ameliora-
tion of hyperfiltration by metabolic control resulted in a
slower reduction in eGFR, compared to those with persistent
hyperfiltration [15], indicating that persistent hyperfiltration
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caused a more rapid eGFR decline. Further, we showed
evidence that in patients without apparent hyperfiltration
(eGFR < 125 ml/min/1.73 m?), a slow decline in eGFR, fol-
lowing the initial rapid decline, occurred in the subsequent
3-year period.

Recently, Warren et al. reported that the eGFR
decline was — 2.5 ml/min/1.73 m*/year and — 1.4 ml/
min/1.73 m*/year in with and without diabetes, respec-
tively, as determined by LMM [4]. A similar find-
ing was reported by Hemmelgarn et al. [19]. However,
few studies have reported the rates of eGFR decline in
both MI and MA. Nosadini et al. reported that the GFR
decline, as assessed by the Cr’’-EDTA decay method,
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Table 4 Univariate and multivariate regression analyses for the eGFR reduction rate in the subsequent 3-year period under diabetes dialysis pre-
vention in patients with type 2 diabetes with microalbuminuria and macroalbuminuria

Univariate Multivariate
Correlation  Regression Standard error p value Correlation  Regression Standard error p value
coefficient coefficient coefficient coefficient
() )
Microalbuminuria (n=124)
Age 0.138 0.028 0.019 0.127
Sex (male) 0.013 0.033 0.219 0.881
BMI (kg/m?) —0.181 —0.106 0.065 0.044 —0.149 —0.088 0.057 0.127
Duration of dia- 0.125 0.035 0.026 0.179
betes
eGFR —0.259 —0.031 0.010 0.003  —0.281 —0.034 0.012 0.005
Mean blood pres-  — 0.101 —0.028 0.026 0.277
sure
HbAlc -0.25 - 0.58 0.207 <0.001 —0.244 —0.566 0.213 0.009
UAC —0.022 —0.001 0.004 0.843
Total cholesterol 0.010 0.001 0.007 0911
HDL-cholesterol ~ 0.115 0.021 0.016 0.216
Triglyceride —0.133 —0.003 0.002 0.151
(R*=0.128, p=0.001)
Macroalbuminuria (n=281)
Age —0.091 —0.024 0.032 0.447
Sex (male) —0.047 - 0.157 0.393 0.689
BMI (kg/m?) 0.197 0.121 0.072 0.096
Duration of dia- —0.073 —0.022 0.037 0.545
betes
eGFR 0.397 0.060 0.019 0.002  0.326 0.053 0.026 0.047
Mean blood pres-  — 0.062 —0.013 0.026 0.598
sure
HbAlc 0.145 0.415 0.331 0.214
UPC - 0.307 - 0.563 0.208 0.008 —0.372 -0.717 0.304 0.025
Total cholesterol —0.140 —0.011 0.009 0.256
HDL.-cholesterol —0.049 —0.244 0.036 0.185
Triglyceride 0.100 0.003 0.002 0.175

(R*=0.320, p=0.003)

Independent variables comprise values at 1 year under diabetes dialysis prevention. Multivariate analysis was performed using the stepwise
method. The annual eGFR reduction rate in each patient was estimated from the slope of the regression lines using a random-effect linear-mixed
model. Mean blood pressure =diastolic pressure + (systolic pressure-diastolic pressure)/3

BMI body mass index, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, UAC urinary albumin-to-creatinine excretion
rate, UPC urinary protein-to-creatinine excretion rate

during 4 years of follow-up in patients with type 2 dia-
betes was — 1.3 +9.4 ml/min/1.73 m?/year in MI and
—3.0+13.0 ml/min/1.73 mzlyear in MA [20]; these values
might not reflect a representative slope when expressed
as Mean (SD). In the present study, after exclusion of
the period of the initial rapid drop in eGFR by metabolic
control (i.e., the first year under DDP), we demonstrated
an eGFR decline in diabetic nephropathy of — 1.853 ml/
min/1.73 m*/year (— 2.8% per year) in patients with incipi-
ent diabetic nephropathy (MI) and — 3.0 ml/min/1.73 m?/
year (— 5.6% per year) in patients with overt nephropathy

(MA). Hoefield et al. reported similar results, showing
that eGFR declined a 1.5% per year in MI and 5.7% per
year in MA, in a 3431 patient cohort of type 1 and type 2
diabetes with a median follow-up of 6.5 years, using LMM
analysis [3]. Even in the incipient diabetic nephropathy
patients, the decline was approximately 1.3-fold faster than
that in the general population, as reported by Warren et al.
[4], and with the development of overt nephropathy, the
decline accelerated to a 2.2-fold faster rate. In addition, the
decline in MA was 1.6-fold faster than that in MI.
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Table 5 eGFR reduction rate in

Group Number Intercept (SE)  Slope (SE) p value Years to ESRD
each group

Microalbuminuria
eGFR 2 60 67 77.242 (1.679) —2.153(0.444) <0.001 28.909
eGFR <60 57 47.233 (1.471) - 1.549(0.379) <0.001 20.81
HbAlc<7.5 98 61.824 (1.928) —1.646(0.295) <0.001 28.447
HbAlc 275 26 69.900 (2.016) —2.565(0.919) <0.001 18.52
HbAlc =2 7.5and eGFR 260 17 81.878 (2.987) —3.440(1.137) 0.008 19.441
HbAlc<7.5and eGFR 2 60 50 75.631 (1.974) —1.695(0.431) <0.001 35.771
HbAlc<7.5and eGFR<60 48 47421 (1.677) —1.601(0.402) <0.001 20.25

Macroalbuminuria
eGFR 2 60 29 76.420 (3.325) —2.917(0.979) 0.007 21.056
eGFR <60 52 49.922 (1.664) —3.346(0.532) <0.001 10.437
UPC = 2.25 19 40.850 (4.367) —5.293(1.411) 0.002 4.834
UPC<2.25 62 58.726 (2.661) —2.488(0.431) <0.001 17.575
UPC 2 2.25 and eGFR <60 17 38.090 (3.522) —5.240(1.537) 0.004 4.406
UPC<2.25andeGFR 260 27 75.922(3.428) —2.670(0.997) 0.015 22.817
UPC <2.25 and eGFR < 60 35 45.567 (1.553) —2.467(0.322) <0.001 12.39

UPC denoted urinary-protein-to-creatinine excretion rate (g/gCre). Years to ESKD was calculated by
intercept/slope-15. Regression line in each group was analyzed from the fixed effect of the linear-mixed
model. P indicated significance of slope of regression line. Analysis was not performed in the group of
HbAlc>7.5 and eGFR <60 (n="7) in MI and UPC <2.25 and eGFR 2 60 (n=2) in the fixed effect of the
linear-mixed model because of the small number of samples

Baseline eGFR (before DDP)

In the present study, baseline eGFR was independently and
negatively correlated with the degree of carotid plaque in
both stages (MI and MA). Similarly, Taniwaki et al. reported
a significant correlation between GFR (measured by kidney
scintigraphy) and intima-media thickness (including plaque)
in patients with normo- or MI [21]. In this study, stronger
relationships were observed with the measurement of the
plaque itself (the sum of plaque thickness), which might
more closely reflect systemic atherosclerosis. We demon-
strated that atherosclerosis is an important factor in deter-
mining baseline eGFR levels not only in incipient nephropa-
thy, but also overt nephropathy. We previously reported that
the sum of plaque thickness in the carotid artery is a useful
detector of coronary artery disease [17, 18]. Our results also
indicated that the plaque score in the carotid artery is an
important surrogate marker for reduced kidney function as
well as coronary artery disease. Reduced eGFR has been
reported prior to the development of MI [22]. Therefore, it
is important to measure carotid plaques (a simple laboratory
test), as a marker of arteriosclerosis, not only in classical
diabetic nephropathy but also in normoalbuminuric renal
insufficiency.

In contrast to the negative correlation between baseline
eGFR and carotid plaque, we found a positive correlation
between baseline eGFR and HbAlc. Acute hyperglyce-
mia is known to increase GFR in normal individuals [23]
and in patients with type 1 [24] and type 2 [25] diabetes
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with normal renal function and type 1 diabetes with overt
nephropathy [26]. In the present study, baseline eGFR was
significantly positively correlated with baseline HbAlc in
MI, with a slightly blunted correlation in MA ($=0.205,
p=0.065). A similar linear correlation with HbAlc was
shown in patients with type 2 diabetes with normoalbumi-
nuria [27] and MI [28, 29]. This may be mediated through
the effects of the tubule glomerular feedback system as well
as effects on vascular factors, such as the renin—angioten-
sin—aldosterone [32, 33] and NO systems [34], leading to
glomerular hyperfiltration [30, 31].

eGFR decline during the subsequent 3 years

We examined the factors contributing to the eGFR decline
during the subsequent 3-year period in MI and MA. In MI,
we observed a significant correlation between the eGFR
decline and HbAlc, and eGFR, using 1-year values as the
baseline.

Such significant negative correlation between eGFR
decline and HbAlc [27, 35] or baseline eGFR [27, 36] has
been reported in the patients with type 2 diabetes with nor-
moalbuminuria [36] or microalbuminuria [27, 35]. The rea-
son that a high baseline GFR caused a more rapid decline of
GFR might be partially explained by glomerular hyperfiltra-
tion, as typically found in early stage of type 1 diabetes [37,
38]. However, in our study, none of the patients had obvi-
ous hyperfiltration (¢GFR > 125 ml/min/1.73 m?). Moreover,
the threshold of significant risk factors contributing to the
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decline of eGFR (Table 4), was 60 ml/min/1.73 m? in both
MI and in MA; the value was equivalent to the definition
of chronic kidney disease [39]. The threshold of HbAlc
7.5% in our study was similar to the finding by Brocco
et al. that GFR decline was significantly delayed only when
HbA 1c was controlled below 7.5% in type 2 diabetes with
glomerulopathy [40]. Even in the maintained eGFR group
(= 60 ml/min/1.73 m?), when HbAlc > 7.5 % after 1 year
of metabolic control, eGFR decline and years to ESKD,
were much faster and shorter, compared to the group with
HbAlc<7.5%. This indicated that the persistent increase
of the eGFR in response to hyperglycemia (HbAlc 2 7.5%)
lead to the decline of renal function. Thus, in clinical prac-
tice, patients with maintained eGFR (Z 60 ml/min/1.73
m?), should also be subjected to metabolic control with
HbA1lc<7.5%. Continuous glomerular hyperfiltration in the
remaining functional kidney by maximal use of glomerular
filtration capacity might induce a reduction in renal func-
tion [41].

In contrast, in MA, the eGFR decline was positively cor-
related with eGFR and negatively correlated with the amount
of urinary protein. In the general population, several studies
have reported that the eGFR decline is steeper in those with
low GFR [9, 42]. The degree of proteinuria was also the
important factor contributing to the eGFR decline, confirm-
ing previous results showing that, in chronic kidney disease,
proteinuria is an independent risk factor for renal disease
progression, irrespective of the causing disease [7, 43]. In
our study, thresholds of eGFR and UPC for eGFR reduc-
tion were 60 ml/min/1.73 m? and 2.25 g/gCre, respectively.
Ruggenenti et al. reported that, threshold of proteinuria for
GFR decline was 2 g/day, and patients with proteinuria of >
2 g/day showed faster progressor compared to those of pro-
teinuria <2 g/day in chronic proteinuric nephropathy [44].
In our study, patients with low eGFR (< 60 ml/min/1.73 m?)
and UPC 2 2.25 g/gCre had the fastest eGFR decline and
the shortest time to ESKD, while patients with maintained
eGFR (= 60 ml/min/1.73 m?) and UPE <2.25 g/gCre had a
slower progression. It has been reported that in patients with
type 2 diabetes with MA, as the eGFR decreases, the risk
of renal events such as dialysis or more than 50% decline
of eGFR per year, as well as mortality rate, were much
increased [9, 45]. Our study indicates that maintaining a
baseline eGFR (= 60 ml/min/1.73 m?) and not increasing
urinary protein excretion (<2.25 g/gCre) are important fac-
tors to prevent the rapid progression of overt nephropathy.

Study limitations

Our study was retrospective study. In addition, our study is
a single-center study, but multi-center studies are needed.
eGFR decline following the initial drop was examined
for 3 years; longer term follow-up is needed to confirm a

renoprotection effect. Although our study did not include
patients with normoalbuminuria, it is important to examine
the reduction in eGFR between patients with normoalbumi-
nuria, MI, and MA.
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