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Effect of dietary protein restriction and influence of proteinuria
on progression of type 2 diabetic renal failure

Tomonari OKADA, Hiroshi MATSUMOTO, Toshiyuki NAKAO, Yume NAGAOKA,
Tamami SHINO, Maki YOSHINO, Hiromi HIDAKA, and Yoshie KANAZAWA

Department of Nephrology, Tokyo Medical University, Tokyo, Japan

PURPOSE : This study investigated the effect of dietary protein restriction on disease progression and
how it is influenced by proteinuria in patients with type 2 diabetic nephropathy (DN) and renal failure.

METHODS : One hundred and six type 2 DN patients whose baseline creatinine clearance (Ccr)
values were 29+ 12 m//min/1.73 m? were maintained on a diet containing 0.66+0.05 g/kg/day of protein.
They were classified into 3 groups according to mean dietary protein intake (DPI) estimated from urinary
urea nitrogen excretion during the follow-up period of 23+ 14 months( I, <0.7 g/kg/day ; II, 0.7~0.89
g/kg/day ; 1II, =0.9 g/kg/day). Furthermore, they were divided into 3 subgroups according to mean
urinary protein excretion (UP) during the follow-up period (a, =5.0 g/day ; b, 2.0~4.99 g/day ; ¢, <
2.0 g/day). Their rates of decline of Ccr(D-Ccr) and the changes in UP were examined.

RESULTS : There were no significant differences in D-Ccr among Group I a, IIa, and Illa(1.1£0.6,
1.5+£0.7, 1.24+0.6 m//min/1.73 m?/month), among Group Ib, IIb, and IIb(0.6+0.3, 0.74+0.4, 0.8+0.4
m//min/1.73 m*/month), and also among Group Ic, IIc, and [Ic(0.1£0.3, 0.2+0.2, 0.2+0.6 m//min/
1.73 m*/month). On the other hand, significant differences were revealed in D-Ccr among Group Ia, Ib,
and Ic, among Group Ila, IIb, and Ilc, and among Group Illa, IlIb, and Illc. There were no significant
differences in final UP and minimum UP during follow-up among 3 groups of different DPI levels in
patients with 5.0 g/day=baseline UP (n=49) and in patients with 2.0=baseline UP<5.0 g/day (n=37).
However, significant correlations were demonstrated between D-Ccr and the relative changes in UP
between baseline and minimum during the follow-up period in both patients (r=0.49, 0.48, p<0.001, p<
0.01).

CONCLUSIONS : Irrespective of the level of dietary protein restriction, proteinuria has a great
influence on disease progression, and the reduction in UP correlates with retardation of renal function loss
in patients with type 2 DN and renal failure.

Jpn J Nephrol 2000 ; 42 : 365-373.
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HEE LU 24 RHERSHEL ThshTwb 27V 7 5
=27 )7 F > A(Cer)45ml/43/1.73 m2 LU 0 2 BUEEER
FRHEE 1064 ThH 2 (BM-34, L2234, FHLFEE
61+8%), ®BINBEMERIREZEL, STHITEHEAERIC
£ o THERBRMBE L 2 S T 2, BRI MENEE 2
BLEWEHKIZ1IHATHZY, KEFXEERICL > T
PRIGHEEE L2 S hTw b,

BIZHARN 23+ 14 2 H (6~70.5 2 B), HiE (4lkzz
EUE 1145 B, #E GFRZ2) [EFREE 21207 2 HTH
%, FIRZZR, F723%2 ARSI L 72, &
7z, BRIMATHZ 24 ReEE IR 2T WIRO—E %2 B L 72,
BAReZ BRI AT TIMERIE 2975 72,0

BEBBRE O M 7 v 7 5 = >~ (Cr), Cerlid2.8+1.3
mg/dl, 28.8+11.5ml/43/1.73 m2, HEKTH:D Cr, Cer
% 6.1+3.1 mg/d/, 13.0+8.0m//%3/1.73 m> T & %,
duBois DX % H W THRKREE 2K D™, Cer X AEKREE
1.73m2 472D DL Lz,

B T2 AUNICETEA L2251 BE 1L 56 %
Th2H, BEKTRIRBENREZED T, RHEEIR
SEIRENLE L T BRS & LT,

BN AFEHIHRIZ 79 4%, ACEFHEHEB X U7 > Y%
Ty U RREE IR 21 £ (8 LR Ic ),
MOBEESRIT 26 %4, 7k I FIZ734, =) A0RLF
V336 4, PUM/IMREEE 94 &, EFRMESE L 354, A
YA F 24, ROMERETHIX 36 HickEGsh T
726

BHEETRHNAIZ T %V F—29.9+2.0(25~35) keal /kg/
H, %4’ 0.66+0.05(0.58~0.80) g/kg/H, ¥4 6.9+0.3
(5~Ng/HTH %, FHEEBNHREDSIG % Table 112
Y. BIEPIARO B L > CEHEOIERRICA S
DIE7 v (Cer 20 ml/4y/1.73 m? K3, 0.67+0.06 g/kg/H
(n=30), Ccr 20~399ml//%3/1.73 m? 0.66+0.05 g/kg/
H(n=53), Ccr 40m//43/1.73 m> L F, 0.66+0.05 g/kg/
H((n=23)), BEELHIIARZZRCITLON, BEAR
P B LU 24 FERERIREE & 0 BHCRIL % 574 U 72, HE
IE B HERGE 1T 24 FEFE R £ U Maroni 0% W
TR, FAEERELTDDEL Lic, HEERBFICBWTE
LA O HEE B A EIE O E (DPD) 23R 72,

HREZFBZTBOTUTOHICDWTHRE LTz,

1) DPLRI I & 7z 81 22 HA Bl v o Coer & F 3 & (D-
Cer), B L UMLOERIEE D LK

DPLIC X W%z, 1807 e/kg/HRM, ITEO0.7 LA
109 g/kg/H # 5, M09 g/kg/HLL ED3FEW 5T
7zo 3T T D-Cer, DGR R Na HEi &, R
EEE, DUEIE, fRPINE, ME7 V73 >, [
MaAOLVATFu—)L, NEZOEY Ale) 2HEEL 72, &HE
F O D-Cer I3BERIRKE, K TEO Cor D7 2 BIE
TR TR Tz, MOBRIEIZBIEIAR T O 3 X TOH
TEAED & FEME R R D T2

2) BIEHAET O RE HEHNC A 72 D-Cer O g

1) wBI5 1, I, NIEFORNT, WNRE2BEIHH
RO RE AR, afiEE50g/HEAE, bHEiEE20
g/HLLE 5.0 g/ HARE, c HEE2.0 g/ HERMIZH T2, La,
[la, Mafd, Ib, IIb, MbfE, Ic, Ic, McfDZh
FRIZBWTD-Cer 2t U7z, 72, Ta, Ib, Ic
i, IIa, IIb, IIcfd, IIa, IIb, McfDZhZThIZH

Table 1. Distribution of 106 patients according to amounts of prescribed diet
Energy ) Protein ) Salt .
(cal/kg/day) Patients (n) (g/kg/day) Patients (n) (g/day) Patients (n)
<30 42 =0.6 12 5 2
30~32.9 54 0.61~0.7 82 6 3
=33 10 0.71~0.8 12 7 101
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Table 2. Clinical characteristics of 106 patients with diabetic nephropathy and
renal failure
Group | Group |l Group I
Patients (n) 26 38 42
Duration of follw-up (month) 2112 24+ 18 22E 11
Body mass index Baseline 21.7x2.5¢° 22.3+2.8° 24.0+2.9
Body weight (kg) Baseline 57.8+9.2¢2 58.8+9.5 62.6+10.1
Final 57.6+8.52 57.7+9.52 62.9+9.1
Cr(mg/d/) Baseline 3.4+ .5>¢ 2.7x1.2 2.4+1.1
Final 8.2+3.6%° 6.1£2.6 5.0£2.6
Cer(ml/min/1.73 m?) Baseline 20.4%11.4%  27.9%+10.0° 34.9%9.5
Final 8.0x6.2%¢ I1.8£6.6° 16.9£7.9
Urinary protein (g/day) Baseline 4.2+3.2 5.4+3.7 5.2+2.7
Final 3.6%x2.5 4.9%£3.0 4.4+2.7
Albumin (g/dl) Baseline 3.6+0.6 3.5%0.7 3.8+0.5
Final 3.8%0.6 3.6%£0.6 3.8%£0.4
Hematocrit (%) Baseline 29.3%+2.92 31.0+3.32 32.7+3.6
Final 27.6%3.6% 28.5+3.5% 30.9%3.8%
Patients who were prescribed 3(11.5) 5(13.2) 13(31.0)
ACEI and/or ATRA(n(%))
Patients who were prescribed 22(84.6) 32(84.2) 29(69.0)
furosemide (n(%) )
mean £ SD

DPI : dietary protein intake, Ccr : creatinine clearance, ACEI : angiotensin converting
enzyme inhibitor, ATRA : angiotensin receptor antagonist

21 p<0.05 vs Group lll
d4:p<0.0l vs Group Il
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2.0 7

Rate of Ccr decline(ml/min/1.73m2/month)

AFig. 1.

BEPRFFIERHE W B 1 2 BEHIR & HER

Group | Group I Groupl Il
0.594+0.52 0.95+0.70 0.94+0.56
mean+SD

Rate of decline in creatinine clear-
ance (Cer) according to mean dietary
protein intake (DPI) during follow-up
in 106 patients with diabetic ne-
phropathy and renal failure

Group | : DPI<0.7g/kg/day(n=26), Group Il :
0.7« DPI<0.9 g/kg/day(n=38), Group Ill : 0.9
g/kg/day< DPI(n=42)

$:p<0.05 vs Group II, Group Ill

» Fig. 2.

2. DPIGIZ& 7= D-Cer & & UMb D EERIEIE D LB

Rate of decline in creatinine clearance
(Cer) according to mean urinary pro-
tein(UP) and mean dietary protein
intake (DPI) during follow-up in 106
patients with diabetic nephropathy and
renal failure

(Fig. 1, Table 3)

D-Cer X T #EMN I, IIE I UAEEICEE 72 - 72 (Fig.

Rate of Cer decline{ml/min/1.73m2/month)

Table 3. Mean values of clinical variables during follow-up in 106

patients with diabetic nephropathy and renal failure

Group | Group I Group I

DPI(g/kg/day) 0.60+0.10" 0.80%+0.06° 1.05%0.12
Urinary sodium (mEgq/day) 120 £ 34%¢ |47 £37¢ 175£40
Albumin(g/d/) 3.8%0.6 3.7£0.6 3.8%£0.4
Total cholesterol (mg/d/) 201 +37 204+ 46 212+35
Hemoglobin Alc(%) T7.4%1.2 7.3%£1.3 7.6x1.1
Systolic BP (mmHg) 144+ 14° 153+ 13 149+ 16
Diastolic BP (mmHg) 74%9 7610 78£10
Urinary protein (g/day) 3.6£2.1%P 5.0£3.0 4.9%2.1
mean * SD

DPI : dietary protein intake 2 :p<0.05 vs Group Il ®:p<0.05 vs
Group Il ¢:p<0.0l vs Group Il ¢:p<0.0l vs Group Il ©:p<

0.0001 vs Group Il f:p<0.000! vs Group Il

H %

la ta  lia Ib flb lirb lc e it

1.08 146 123 056 071 076 014 023 016

+055 +065 +0.56 +032 +£035 +0.41 +033 +015 +056

(n=7) (n=18) (n=19) (n=12)  (n=12) (n=21) (n=7) (n=8) (n=2)
mean +SD

Group | :DPI<0.7 g/kg/day, Group Il : 0.7<DPI<0.9 g/kg/day, Group
Il : 0.9 g/kg/day< DPI

Subgroup a : 5.0 g/day< UP, Subgroup b : 2.0« UP< 5.0 g/day, Subgroup
c:UP<2.0g/day

*:1p<0.05 vs Group Ib *:p<0.00l vs Group Ilb *:p<0.0l vs
Group lllb " : p<0.05 vs Group Ic ':p<0.05 vs Group llc ©:p<
0.0l vs Group lllc ¥ : p<0.00l vs Group lc *:p<0.0001I vs Group lic

WEL U B RRE IR TR E /NS <, REAEREZD Lo,

1o PR Na HEftE X T EEHS L, MIFAICHE LA B ICEME,
B IIERIC I LA RICKRAE7Z 5 72 (Table 3), & 72 i
BIME I TP LARCEMESE > 72, & 5ICREA
B3 T2, MR UAERICEME?Z 57z, 2BFICE
W, FRA NafEilitE & DPI O3 r=0.547 L HE %S
TEAHRE 2388 72 (p<0.0001) ,

bk, EAGREAE/mS T2 THIZ, HE

UL, TEHII, IIEfCE UaEIEND 2 <, T
D& 5 T2
3. BT OFHRERENICH - D-Cer DLLE
(Fig. 2)
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BINT, REHEICE > TEERETHRENSED L S IcH
% 5D WTHRET L7z,
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Table 4.

Changes in urinary protein

DPI<0.7 g/kg/day

0.7« DPI<0.9g/kg/day 0.9 g/kg/day< DPI

a : During follow-up in patients with 5.0 g/day< baseline urinary protein

Patients (n) 10

Urinary protein(g/day) Baseline 7.4%2.5
Final 5.0£2.4
Minimum 3.5%£1.8

% Change in urinary protein —26.2%+48.8

between baseline and final (%)

% Change in urinary protein —50.8%+29.1

between baseline and minimum (%)

17 22
8.8x2.7 7.3%£1.8
6.5+2.5° 5.6+2.6°
5.1x2.6 4.1x1.5

—24.2%28.1 —22.2%34.1
—40.5x28.1 —41.0x22.5

b : During follow-up in patients with 2.0< baseline urinary protein<5.0 g/day.

Patients (n) 7 14 16

Urinary protein(g/day) Baseline 3.8+0.9 3.4%0.9 3.3+0.7
Final 3.0%£2.1 4.6£3.1 3.5%£2.3
Minimum 2.1+0.9 2.1%£1.3 1.9+0.8

% Change in urinary protein —11.7£78.4 30.7+82.9 16.1+82.4

between baseline and final (%)

% Change in urinary protein —41.8%£28.3 —42.6%+30.4 —39.4%27.6

between baseline and minimum (%)

DPI : dietary protein intake %:p<0.0l vs baseline mean £ SD

D-Cer i, Ta, IIa, Iaf£fd, Ib, IIb, IIIb £,
Ie, Ile, MIcHMOWTNICEBWTHHEREEEZRD R
Molz, LU Ta, Ib, Ic#ER, Ia, IIb, Ilc#H,
[la, MIb, Mlc#HMTIE, FHREHEDZL WERO D-
Cor WERICEME 57z, KA Na HREE, IGHHEHIME,
LR HAM FE 1k, Ta, Ila, Maf#ffd, Ib, IIb, IIb#EE
[, Ic, Ilc, McHMICBW TR EBEREEZRZROPS
7o

PRz kv, IREAESE—LGRO L TIREAHIR
DOEBERE TIHEZIRIIZD ootz /2, BEHE
IEZ»»rb ) %<, REARDOZWEEIZEHEREET®H

FERED > Tz,
4. DPIGICA-BHEPMIOREAEZT /LN
(Table 4)

BEFBROREAR 2 LD 2 TEAHIBRIC X
2 IREFEDIRERE LTz, ZORSR, BIZBHBARFOR
FEHFEH 5.0 g/HL LD B (Table 4a), 2.0g/HEL 5.0
g/ H R D 3 (Table 4b) & b2, BILKTHROREN
&, BIEAMP OR/NRE AR, BIEERE» SR TR L
DO DIREARZE, BIRBRRIREOED S R/NRE
Ezk@W®Wm$®wfnmﬁwfé,DH%@3%
MTHEEZZRD RS T2,

5B, BIEBRFOREAEN S.0g/HU EOBED S
%, DPI230.7 DL E 0.9 g/kg/H K, 0.9 ¢g/kg/H LA ED

BEFICBWT, BIZEFBRICH UK T
2 7z (paired t-test) ,

PARIC XY, BERBRORERDRZH—1Z LRI
BWT, EEHIBROMEST & IEEST & ORI RE A RIR
LY A= INCY (A AR

5. BIEHRPOREAENFHDE & D-Cer & DR

(Fig. 3a, b)

BIZZHAMI TR O PR [ S B & BRREIE T O #IH] & B
fRIZDWT DPI BNCHRET U 7o BIZEBHIARF D IR E & A
500/ HUA LD EFE9HD S 5, DPIA0.7LL 109g/
kg/HAEIE, 0.9 g/kg/ HUAEDBHEFICB W T, BILHHA
REREE D S R/NREHR E O OZE{LE L D-Cer &
DN IZEE 22 IEMHRE 2780 72 (Fig. 3a) o

BB O PR F 57 2.0 g/ H L E 5.0 g/ HARG O
37405 5, DPIA0.7LLE 0.9 g/kg/H A D BEFFEI
BWTHBRICER R IEMHBE 2780 72 (Fig. 3b),

BIELBHIAR O RE &2 5.0 g/ HPA L .35 49 444,
BIEFGREFORE AR 2.0 g/ HUE 5.0 g/ HARG O B3 37
PR THIEETY, IRCEREREMABEE2RED T (=
0.49, 0.48 ; p<0.001, 0.01),

MED XSz, DPLIZhhrb b 7% < BIZBGBFREN
o BT OR/NNREAR E OB OZEE L D-
Cer & ORI IZFAREBIR 2580 72,

FIZHR LD 2
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Rate of Cer decline(ml/min/1.73m2/month)
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Correlations between decline rate of creatinine clearance (Cer) and relative

change in urinary protein between baseline and minimum in 49 patients with
5.0 g/day <baseline urinary protein

(1

(n=17), (3)

=

r=0.54, n.s.

n
(=]
1

: patients with DPI<0.7 g/kg/day(n=10), (2)
: patients with 0.9 g/kg/day < DPI(n=22)

0 T T T T
-100 -80 -60 -40 -20 O

Rate of Cer decline(ml/min/1.73m2/month)

Relative change in urinary protein between
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Fig. 3b.

1=0.75, p<0.01
(2) y=0.92+0.01x
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: patients with 0.7<DPI<0.9 g/kg/day
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Correlations between decline rate of creatinine clearance (Cer) and relative

change in urinary protein between baseline and minimum in 37 patients with 2.
0< baseline urinary protein <5.0g/day

(1

(n=14), (3)

: patients with DPI<0.7 g/kg/day(n=17),

(2

: patients with 0.7<DPI<0.9 g/kg/day
: patients with 0.9 g/kg/day<DPI(n=16)
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WHOSTERIC R E B R 5 2 72 L 13F 212 { vy,

Fig. Lia/R Lz kD, TEIXIL MECHLERICE
BEREIR T I3 HIH S T 7248, Table 2 1R L7z & 912 1
FEIL, NIERCEEL, SIEHIRIR o DGEIAIME, Na HEt
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BRI F AN T B0 BREARE THIHNC RIS L 7o ATREMEAS
b5,

ARET T, Na PRt & #EEE A BIG L OMICERE
RIEMEBI 2RO TE Y, HEAHIR & & AHIBR O ESF AT
LTETENTWE Z el s 2, HSHIRIZIE %
BT, BEEOREMR, KEOMDSFIHEL K
12329, EYISEER T I RERR I 3 2 IEEE Y & 2
CENTWBESY, Liess-> T, TR, NMERCHLE
HHIROZR & & b ICHESHIRSEFI N T 0 S 2 EE
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BEREAR TN L 2 TR I E T & 2 v, EEHIR
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