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Abstract

Background Type 2 diabetic kidney disease (DKD) is the

most common cause of end-stage renal failure, and the

prevention of its progression has been a topic of discussion.

Methods Sixty type 2 DKD patients were retrospectively

evaluated for 1 year. Factors independently affecting the

annual Ccr decline were examined by multivariable linear

regression analysis. Patients were further divided into 2

groups based on their degree of renal function, and be-

tween-group differences at study initiation were evaluated.

Results Ccr values were 21.0 ± 11.8 mL/min/1.73 m2 at

study initiation, and 15.7 ± 10.9 mL/min/1.73 m2 after

1 year of observation. The multivariable linear regression

analysis indicated salt intake (standardized coefficient:

-0.34, P = 0.010) and urinary protein excretion (stan-

dardized coefficient: -0.33, P = 0.011) to be factors in-

dependently affecting the annual Ccr decline. Although

decliners (-9.8 ± 4.7 mL/min/1.73 m2/year) had a sig-

nificantly higher salt intake than non-decliners

(-1.1 ± 3.8 mL/min/1.73 m2/year) at study initiation, this

difference disappeared at the end of the study as a result of

intensive dietary education. In 21 decliners with an addi-

tional year of follow-up, the annual Ccr decline

significantly improved from -10.1 ± 5.3 to -5.3 ±

7.4 mL/min/1.73 m2/year (P = 0.02).

Conclusion Salt intake and urinary protein excretion

were associated with annual Ccr decline in type 2 DKD

patients. Furthermore, dietary education covering salt in-

take may have positively affected the change in Ccr.

Keywords Type 2 diabetic kidney disease � Annual Ccr
decline � Salt intake � Urinary protein excretion � Salt
restriction

Introduction

Diabetic kidney disease (DKD), which develops in more

than 40 % of type 2 diabetes patients, is one of the most

important and common causes of end-stage renal disease

[1–3]. This condition is characterized by persistent albu-

minuria, elevated blood pressure (BP), and a progressive

decline in renal function [4, 5]. Thus far, several investi-

gations of factors associated with kidney disease progres-

sion in type 2 diabetes have been reported. These studies

have shown that age, HbA1c, insulin treatment, estimated

glomerular filtration rate (eGFR) levels, systolic BP, hy-

pertension, serum uric acid, serum albumin, hemoglobin,

albuminuria, and proteinuria have significant relationships

with the decline of renal function [6–9]. However, the

nature of the relationship among the various factors and the

decline of renal function varied from study to study,

highlighting the need to better understand these associated

risk factors. Furthermore, diabetes is known to be a salt-

sensitive condition, and salt intake is a major risk factor for

increased BP [10]. However, investigations of the impact

of salt intake on the decline of renal function in type 2

DKD patients are scarce.
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In this study, we evaluated the creatinine clearance rate

(Ccr) calculated by 24-h urine collection as a marker of

type 2 DKD progression. The aims of the present study

were (1) to clarify factors affecting the annual Ccr decline

in patients with type 2 DKD, and (2) to examine differ-

ences in clinical parameters according to the degree of

annual Ccr decline in type 2 DKD patients (decliners vs.

non-decliners).

Methods

Patients and study design

This retrospective observational study included 60 patients

who met the following criteria: (1) type 2 DKD patients

who were followed-up at the divisions of nephrology and

endocrinology of our hospital for more than 1 year since

January 2009, (2) A Ccr \60 mL/min/1.73 m2 as calcu-

lated by 24-h urine collection at the initiation of this study,

(3) A Ccr measurement by 24-h urine collection performed

at the end of this study, and (4) not receiving dialysis

treatment at the time of study initiation.

At the time of study initiation, all patients had already

received dietary education on the management of caloric

intake and protein and salt restriction. Educational sessions

were scheduled to take place when patients received

medical examination at our divisions and reached

7.2 ± 2.7 times on average during the study period. This

study was approved by the Institutional Review Board of

our hospital (RIN 13–36) and conforms to the provisions of

the Declaration of Helsinki (as revised in Tokyo, 2004).

We collected and retrospectively analyzed socio-demo-

graphic patient data, including age, gender, duration of

diabetes and anti-hypertensive treatment with diuretics,

angiotensin-converting enzyme inhibitors (ACEI), an-

giotensin receptor blockers (ARB), and calcium channel

blockers (CCB), and biochemical variables. Energy intake

was calculated by dietitians based on each patient’s daily

meal record. Furthermore, 24-h urine collection was per-

formed in each patient for the evaluation of urinary protein

excretion (g/day), urinary urea nitrogen (UUN) excretion,

and urinary Na? excretion. The urine collection method

was as follows: 24-h urine collection was started in the

morning after the first morning urine was discarded in the

patient’s toilet. Thereafter, the entire volume of urine was

collected in a disposable container with a 3 L volume. To

avoid the possibility of inadequate urine collection, we

trained all patients to properly collect their urine samples

and reinforced that 24-h urine collection must be initiated

at a specific time and then completed at the same time the

next day. Based on the values of UUN and urinary Na?

excretion obtained from the 24-h urine collection, we cal-

culated the daily protein and salt intakes.

Protein intake was calculated using Maroni’s equation

[11], described below:

Protein intake g/kg/dayð Þ¼ BW � 0:031½ � + UUN g/dayð Þð Þ
� 6:25 / BW,

where BW is the body weight (kg).

Salt intake was calculated using the following equation:

Salt intake g/dayð Þ = urinary Naþexcretion mEq/dayð Þ=17

Evaluation of type 2 DKD progression

Progression of type 2 DKD was evaluated according to the

annual decline of Ccr, which was measured by 24-h urine

collection and calculated using the following equation:

Ccr mL/minð Þ = urinary creatinine concentration mg/dLð Þ
� urinary volume mL/minð Þ /S� Cr

� 1:73 / body surface area m2
� �

;

where S-Cr is the serum creatinine concentration (mg/dL).

Furthermore, eGFR was calculated by using the fol-

lowing equation [12],

eGFR mL/min/1:73m2
� �

¼ 194 � /S� Cr�1:094

� age�0:287 for menð Þ¼ 194 � /S� Cr�1:094

� age�0:287 � 0:739 for womenð Þ

The annual Ccr or eGFR decline was calculated as the

difference between these values at the initiation and the

end (after 1 year of observation) of this study. We

evaluated the annual Ccr or eGFR decline as a marker of

disease progression for each patient throughout the follow-

up period, and a multivariable linear regression analysis

was performed to identify factors that independently affect

the annual Ccr or eGFR decline at study initiation, re-

spectively. Patients were further divided into the following

2 groups based on their degree of annual Ccr decline: a

‘‘decliners’’ group made up of patients (n = 30) with

bottom-to-middle values of annual Ccr decline and a ‘‘non-

decliners’’ group made up of patients (n = 30) with mid-

dle-to-upper (i.e., preserved) values of annual Ccr change.

Between-group differences in clinical parameters at study

initiation were evaluated. Ten patients showed a gradual

deterioration of renal function and had to initiate he-

modialysis therapy. In these cases, the patients were

evaluated until just before HD initiation, and annual Ccr

declines were calculated using Ccr values from study ini-

tiation up until HD initiation.
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Statistical analysis

Data are expressed as mean ± SD. Student’s t test for non-

paired values was used for comparisons. The Chi-square

test was used to compare the utilization and distribution of

anti-hypertensive medications and statins. Correlations

between the 2 were evaluated by Pearson’s correlation

coefficient and linear regression analysis. Variables that

had a significant correlation with annual Ccr decline in a

simple linear regression analysis were included in the

multivariable linear regression analysis to clarify factors

affecting Ccr decline in type 2 DKD patients.

Results

Demographic and clinical characteristics of all patients are

shown in Table 1. The mean age was 67.6 ± 10.1 years,

the duration of diabetes was 15.9 ± 8.7 years, and body

mass index (BMI) was 24.8 ± 4.1 kg/m2. The value of Ccr

was 21.0 ± 11.3 mL/min/1.73 m2 at study initiation, and

15.7 ± 10.9 mL/min/1.73 m2 after 1 year of observation,

and the eGFR at initiation was 19.3 ± 10.7 mL/min/

1.73 m2, while it was 14.3 ± 10.2 mL/min/1.73 m2 after

1 year. Thus, the annual Ccr and eGFR decline were

-5.3 ± 6.5 mL/min/1.73 m2/year and -5.0 ± 4.7 mL/

min/1.73 m2/year, respectively.

Table 2 shows correlations between annual Ccr or eGFR

declines and clinical parameters at study initiation in a

simple linear regression analysis. Systolic and diastolic BP,

serum albumin concentration, total cholesterol, urinary

protein excretion, and sodium intake significantly corre-

lated with both annual Ccr and eGFR decline, respectively.

However, only protein intake significantly correlated with

annual Ccr decline. We further performed a multivariable

linear regression analysis using variables that showed a

significant correlation with annual Ccr or eGFR decline in

the simple linear regression analysis. Multivariable re-

gression analysis showed that the annual Ccr declines were

independently associated with salt intake (standardized

coefficient: -0.34, P = 0.010) and urinary protein excre-

tion (standardized coefficient: -0.33, P = 0.011), whereas

the annual eGFR declines were only associated with uri-

nary protein excretion (standardized coefficient: -0.69,

P\ 0.01), and not associated with salt intake (standardized

coefficient: -0.10, P = 0.37).

A comparison between decliners and non-decliners

based on the annual Ccr declines showed no between-group

differences in terms of the utilization and distribution of

anti-hypertensive medications and statins. Furthermore,

histamine receptor type 2 blockers including cimetidine,

which are well known to inhibit tubular creatinine secre-

tion, were taken by only 3 patients in the decliner group

and 4 patients in the non-decliner group. Table 3 summa-

rizes the differences between the 2 groups in clinical pa-

rameters at study initiation. The annual decline in Ccr was

-9.8 ± 4.7 mL/min/1.73 m2/year (-25.0 to -5.4 mL/

min/1.73 m2/year) in the decliners and -1.1 ± 3.8 mL/

min/1.73 m2/year (-5.0 to 10.2 mL/min/1.73 m2/year) in

the non-decliners although there were no differences in the

distribution of chronic kidney disease (CKD) stage ac-

cording to the CKD guidelines edited by the Japanese

Society of Nephrology [12]. Decliners had significantly

higher levels of systolic and diastolic BP, Ccr, serum Na,

urinary protein excretion, protein intake, and salt intake

compared to those in non-decliners. In particular, the

number of patients with nephrotic range proteinuria (uri-

nary protein excretion C3.5 g/day) was significantly higher

in the decliner group than in the non-decliner group

Table 1 Demographic and clinical characteristics of patients in this

study

Variable Value

Age (years) 67.6 ± 10.1

Woman/man 19/41

Diabetes duration (years) 15.9 ± 8.7

BMI (kg/m2) 24.8 ± 4.1

Ccr at initiation (mL/min/1.73 m2) 21.0 ± 11.3

Ccr after 1 year observation (mL/min/1.73 m2) 15.7 ± 10.9

Annual Ccr decline (mL/min/1.73 m2/year) -5.3 ± 6.5

eGFR at initiation (mL/min/1.73 m2) 19.3 ± 10.7

eGFR after 1 year observation (mL/min/1.73 m2) 14.3 ± 10.2

Annual eGFR decline (mL/min/1.73 m2/year) -5.0 ± 4.7

Systolic BP (mmHg) 150 ± 23

Diastolic BP (mmHg) 77 ± 12

HbA1C (%) 6.9 ± 1.1

BUN (mg/dL) 42.4 ± 17.7

Serum creatinine (mg/dL) 3.2 ± 1.8

Serum Na (mEq/L) 139 ± 3

Serum K (mEq/L) 4.8 ± 0.6

Serum Cl (mEq/L) 106 ± 14

Serum uric acid (mg/dL) 7.4 ± 1.4

Serum Ca (mg/dL) 8.9 ± 0.5

Serum P (mg/dL) 4.1 ± 0.9

Serum cholesterol (mg/dL) 184 ± 40

Hb (g/dL) 10.8 ± 1.3

Urinary protein excretion (g/day) 3.0 ± 2.6

Energy intake (kcal/kg/day) 26.6 ± 4.5

Protein intake (g/kg/day) 0.8 ± 0.2

Salt intake (g/day) 8.7 ± 3.9

Diuretics use, n (%) 41 (68.3)

ACEI and/or ARB use, n (%) 49 (81.7)

CCB use, n (%) 47 (78.3)

Statin use, n (%) 25 (41.7)
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Table 2 Correlations between

demographics, clinical

variables, and annual Ccr or

eGFR decline in patients with

type 2 DKD

Variable Annual decline (mL/min/1.73 m2/year)

Ccr EGFR

R P R P

Age (years) 0.16 0.22 0.21 0.10

BMI (kg/m2) 0.02 0.87 0.04 0.75

Systolic BP (mmHg) -0.30 0.02 -0.40 \0.01

Diastolic BP (mmHg) -0.31 0.02 -0.29 0.03

HbA1C (%) 0.06 0.69 0.05 0.70

Serum albumin (g/dL) 0.30 0.02 0.57 \0.01

Serum uric acid (mg/dL) 0.06 0.67 0.15 0.26

Serum cholesterol (mg/dL) -0.34 0.01 -0.41 \0.01

Urinary protein excretion (g/day) -0.50 \0.01 -0.68 \0.01

Energy intake (kcal/kg/day) 0.14 0.30 0.02 0.90

Protein intake (g/kg/day) -0.28 0.03 -0.05 0.72

Salt intake (g/day) -0.51 \0.01 -0.44 \0.01

Table 3 Comparison of clinical

parameters at study initiation

between decliners and non-

decliners among patients with

type 2 DKD classified according

to the degree of annual Ccr

decline

Variable Decliners Non-decliners P value

n 30 30

Annual Ccr decline (mL/min/1.73 m2/year) -9.8 ± 4.7 -1.1 ± 3.8 \0.01

Age (years) 66.4 ± 10.8 68.7 ± 9.4 0.37

Woman/man 6/24 13/17 0.06

Diabetes duration (years) 15.2 ± 8.5 16.6 ± 9.0 0.54

BMI (kg/m2) 25.0 ± 4.5 24.6 ± 3.7 0.67

Systolic BP (mmHg) 157 ± 20 143 ± 23 0.02

Diastolic BP (mmHg) 82 ± 13 73 ± 10 \0.01

BUN (mg/dL) 39 ± 18 46 ± 17 0.10

Serum creatinine (mg/dL) 2.9 ± 1.4 3.6 ± 2.1 0.13

Ccr (mL/min/1.73 m2) 26.0 ± 14.0 17.3 ± 10.6 \0.01

CKD stage G3a/G3b/G4/G5 1/5/13/11 1/1/13/15 0.35

HbA1C (%) 6.9 ± 1.1 6.9 ± 1.3 0.99

Serum albumin (g/dL) 3.5 ± 0.6 3.7 ± 0.5 0.11

Serum Na (mEq/L) 140 ± 2 138 ± 4 0.03

Serum K (mEq/L) 4.7 ± 0.6 4.9 ± 0.6 0.40

Serum Cl (mEq/L) 109 ± 3 103 ± 19 0.13

Serum uric acid (mg/dL) 7.6 ± 1.2 7.2 ± 1.5 0.31

Serum Ca (mg/dL) 9.0 ± 0.5 8.8 ± 0.5 0.11

Serum P (mg/dL) 4.0 ± 0.8 4.1 ± 0.9 0.64

Serum cholesterol (mg/dL) 185 ± 38 182 ± 42 0.77

Hb (g/dL) 11.1 ± 1.3 10.4 ± 1.1 0.30

Urinary protein excretion (g/day) 3.9 ± 3.0 2.0 ± 1.8 \0.01

Proteinuria with nephrotic range, n (%) 14 (46.7) 5 (16.6) 0.01

Energy intake (kcal/kg/day) 25.7 ± 4.9 27.6 ± 4.1 0.11

Protein intake (g/kg/day) 0.9 ± 0.3 0.7 ± 0.1 0.03

Salt intake (g/day) 10.6 ± 4.3 6.7 ± 2.1 \0.01

Diuretics use, n (%) 21 (70.0) 20 (66.7) 0.78

ACEI and/or ARB use, n (%) 24 (80.0) 25 (83.3) 0.74

CCB use, n (%) 26 (86.7) 21 (70.0) 0.12

Statin use, n (%) 14 (46.7) 11 (36.7) 0.43
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(decliners: 14 patients, non-decliners: 5 patients, P = 0.01).

As shown in Table 4, there were no significant differences

between decliners and non-decliners in the number of

dietary education sessions provided during the study

(decliners: 6.8 ± 2.9 times, non-decliners: 7.2 ± 2.7

times). Salt intake significantly decreased in decliners

throughout the year of dietary education from 10.6 ± 4.3

to 7.5 ± 3.0 g/day (P\ 0.05), and the between-group

differences in clinical parameters including systolic and

diastolic BP at the end of this study were not significant. In

this study, 17 decliners and 15 non-decliners had an in-

crease in the number of antihypertensive medicines. The

number of antihypertensive medicines at study end sig-

nificantly increased in comparison with that at study ini-

tiation in both decliners and non-decliners (decliners:

3.6 ± 1.4 at initiation, 4.2 ± 1.7 at study end; non-de-

cliners: 3.5 ± 1.6 at initiation, 3.9 ± 1.5 at study end,

P\ 0.05, respectively), whereas there was no significant

difference in the number of antihypertensive medicines

used at both study initiation and end between decliners and

non-decliners (Table 5). In 21 decliners with an additional

year of follow-up data as shown in Fig. 1, salt intake at the

end of an additional year was 7.8 ± 3.1 g/day, which was

no significant difference compared with those at study

end, and the annual Ccr decline significantly improved

from -10.1 ± 5.3 to -5.3 ± 7.4 mL/min/1.73 m2/year

(P = 0.02), whereas for 15 non-decliners with an addi-

tional year of follow-up data, salt intake at the end of

an additional year was 7.7 ± 3.1 g/day, which was similar

to the level at study end (7.4 ± 2.7 g/day), and there

was no significant difference in annual Ccr decline between

that at study end and after an additional year (end: -0.7 ±

3.1 mL/min/1.73 m2/year; additional year: -2.9 ± 3.1

mL/min/1.73 m2/year, P = 0.07). Furthermore, there were

no significant differences in the annual Ccr declines

(decliners, -5.3 ± 7.4 mL/min/1.73 m2/year; non-declin-

ers, -2.9 ± 3.1 mL/min/1.73 m2/year; P = 0.26) and salt

intake (decliners, 7.8 ± 3.1 g/day; non-decliners, 7.7 ±

3.1 g/day; P = 0.96) between decliners and non-decliners

at the end of the additional year.

Table 4 Comparison of clinical

parameters at study end between

decliners and non-decliners

Variable Decliners Non-decliners P value

n 30 30

Dietary educations (times/during study) 6.8 ± 2.9 7.2 ± 2.7 0.38

BMI (kg/m2) 25.1 ± 4.5 24.7 ± 4.1 0.69

Systolic BP (mmHg) 146 ± 21 142 ± 25 0.52

Diastolic BP (mmHg) 75 ± 13 74 ± 11 0.67

Ccr (mL/min/1.73 m2) 16.6 ± 10.9 16.2 ± 11.9 0.88

HbA1C (%) 7.0 ± 1.5 6.8 ± 1.2 0.61

Serum albumin (g/dL) 3.6 ± 0.6 3.8 ± 0.4 0.09

Serum Na (mEq/L) 138 ± 4 139 ± 3 0.88

Hb (g/dL) 10.2 ± 1.6 10.6 ± 0.9 0.22

Urinary protein excretion (g/day) 3.1 ± 3.4 2.0 ± 1.4 0.11

Energy intake (kcal/kg/day) 25.3 ± 4.3 27.3 ± 3.4 0.07

Protein intake (g/kg/day) 0.7 ± 0.2 0.7 ± 0.2 0.79

Salt intake (g/day) 7.5 ± 3.0 7.2 ± 2.8 0.64

Table 5 Comparison of the number of antihypertensive medicines at

study initiation and end between decliners and non-decliners

Decliners Non-decliners P value

Patients with increase of antihypertensive medicine during this study

n 17 15 0.60

Number of antihypertensive medicine

Study initiation 3.6 ± 1.4 3.5 ± 1.6 0.69

Study end 4.2 ± 1.7 3.9 ± 1.5 0.50

P value \0.05 \0.05
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Fig. 1 The significant improvement of the annual Ccr declines with

an additional year of followed-up data compared with those in 1 year

of observation during study in 21 decliners. *P\ 0.05 versus 1 year

of observation during study
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Discussion

Diabetes itself raises salt-sensitivity, and salt intake leads to

salt-sensitive hypertension. It was previously reported that

salt consumption is a major risk factor for increased BP and

that salt restriction (at least less than 5–6 g/day) reduced BP

in type 2 diabetes [10]. Experimental studies have also re-

ported that chronic salt overload leads to a BP increase in

diabetes mellitus, but not in non- diabetes mellitus, and that

BP levels were positively correlated with urinary sodium

excretion in diabetes mellitus patients [13]. In the present

study, salt intake at study initiation was the strongest factor

affecting the annual declines in Ccr among type 2 DKD

patients and was significantly higher in decliners than in

non-decliners. Furthermore, decliners showed significantly

higher systemic BP levels and serum Na concentrations at

study initiation. Therefore, a disorder of sodium metabo-

lism, including the increase of salt intake and the decrease

of sodium excretion, would affect the progression of renal

dysfunction in type 2 DKD patients. We provided intensive

dietary education to all patients during this study, and the

number of education sessions reached 7.2 ± 2.7 times on

average. As a result of these education sessions, salt intake

significantly decreased at the end of this study, and the

significant differences in systemic BP, urinary protein ex-

cretion, and salt intake between decliners and non-decliners

at study initiation completely disappeared at the end of this

study. Furthermore, in decliners who were available for

follow-up 1 year later, annual Ccr declines were compared

with those of the prior year to confirm the effect of salt

restriction, and showed significant improvement. Thus, salt

restriction through dietary education would be effective for

maintaining renal function in type 2 DKD patients. Urinary

protein excretion at study initiation was also independently

associated with annual Ccr declines. Proteinuria/albumin-

uria has been previously reported to accelerate the pro-

gression of type 2 DKD [6–9] and our result is thought to be

consistent with previous reports. With regard to urinary

protein excretion, proteinuria and albuminuria have been

reported as major risk factors for the progression of type 2

DKD patients [14, 15]. Furthermore, experimental data

suggest that proteinuria per se may contribute to glomerular

and tubulointerstitial damage [16]. To reduce proteinuria in

type 2 DKD patients, the use of ACEIs/ARBs and CCBs (L/

T type and L/N type) has been recommended [17, 18]. The

renoprotective mechanism of these medicines is mainly a

reduction in intraglomerular pressure via vasodilation of the

glomerular efferent artery [18, 19]. In fact, about 80 % of

patients in this study had been taking ACEIs/ARBs and

CCBs prior to the examination. Therefore, based on our

results, persistent proteinuria would affect the deterioration

of renal function even while taking these medications.

Regarding the non-significant improvement in BP and de-

crease of proteinuria observed among decliners at the end of

this study, the effect of dietary education, especially in

terms of the significant decrease of salt intake, might be

pointed out. Salt restriction has the potential to decrease

sodium retention, improve body-fluid status, lead to BP

improvement, and reduce proteinuria. The significant im-

provement of the annual Ccr decline over the following year

in decliners would be associated with the favorable effects

of BP improvement and proteinuria reduction in addition to

the significant decrease of salt intake.

As a marker of renal function, many types of eGFR

calculation methods based on data including serum crea-

tinine concentration, age, sex, and so on have been pro-

posed and widely accepted in clinical settings in many

countries. However, in patients with chronic kidney dis-

ease, some eGFR equations have a large bias at eGFRs less

than 60 mL/min/1.73 m2, and the evaluation of renal dys-

function using an eGFR calculation would misguide the

classification of chronic kidney disease [20]. In addition, a

significant difference between eGFR and Ccr measured

through 24-hour urine collection at eGFR values less than

60 mL/min/1.73 m2 was previously reported [21]. This

difference between the eGFR and Ccr values was believed

to be due to the fact that the concept of eGFR was

originally developed for epidemiologic research and not for

clinical evaluation of renal function in patients with altered

renal function [22]. Furthermore, in a renal drug dose al-

gorithm approved by the Food and Drug Administration,

Ccr measured from 24-h urine collection is recommended

for evaluating renal function rather than eGFR [23]

although it is desirable to measure both markers to evaluate

renal dysfunction in patients with CKD. In this study,

urinary protein excretion was associated with annual de-

clines in Ccr and eGFR; however, salt intake was only

associated with annual declines in Ccr, not in eGFR.

Therefore, the progression of renal function was evaluated

using annual declines in Ccr rather than eGFR, and we

further examined the effect of salt restriction on the annual

Ccr declines in type 2 DKD patients.

With the exception of salt intake and urinary protein

excretion, there were no associations between annual Ccr

decline and other clinical parameters in our study. Notably,

restriction of protein intake is known to be a treatment

strategy for the preservation of renal function via im-

provement of renal hemodynamics including intra-

glomerular hypertension. Restriction of protein intake in

type 1 diabetes had been reported to reduce the risk for

decline in GFR or Ccr or the risk for an increase in urinary

albumin excretion [24]. On the other hand, convincing data

indicating whether the restriction of protein intake in type 2

DKD patients can preserve their renal function are still
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lacking [25, 26]. In this study, although protein intake had

a significant association with annual Ccr decline in a

simple linear regression analysis, this association was ab-

sent in a multivariable regression analysis. Thus, we also

cannot demonstrate an association between protein intakes

and type 2 DKD progression on the basis of this study.

Regarding the limitations of this study, the sample size

was relatively small, and the observation period lasted

1–2 years, which was also relatively short. Therefore,

longer studies with adequate dietary therapy will be re-

quired to confirm the associations of annual Ccr declines

with salt intake and urinary protein excretion we found in

type 2 DKD patients.

Conclusion

The findings of this study suggest that salt intake and uri-

nary protein excretion are associated with annual Ccr de-

cline in type 2 DKD patients. Moreover, dietary education

covering salt intake may have positively affected the

change in Ccr in this study.
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