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Abstract : The present study was designed to investigate the effect of exercise on renal
function and urinary protein excretion in 20 non-insulin-dependent diabetic patients with
microalbuminuria as compared with 15 healthy volunteers. Patients consisted of 11 males
and 9 females with a mean age of 40 years. The exercise tests were performed on a
treadmill of four different loads; Ex1,4.7 METs for 10 minutes; Ex2,4.7 METs for 20
minutes ; Ex3, 7.0 METSs for 10 minutes ; Ex4, 7.0 METs for 20 minutes. Renal plasma flow
(RPF) was measured by PAH clearance. Urinary excretion of albumin, Smicroglobulin
(8. MG) and N-acetyl-g-D-glucosaminidase (NAG) were measured before and after
exercise, respectively. For hormonal function, plasma renin activity (PRA), plasma
aldosterone concentration (PAC), plasma norepinephrine concentration (PNE) and human
atrial natriuretic peptide (h-ANP) were also measured. In both controls and diabetic
patients, RPF significantly decreased with each exercise (Ex1-2). GFR was unchanged
during Ex1-2, but significantly decreased during Ex3-4. Urinary albumin excretion
increased significantly in both groups during Ex2-4, but was unchanged only in the diabetic
patients during Ex1. Urinary excretion of £MG increased significantly in the diabetic
patients with each exercise (Ex1-4), but no such increments were apparent in the controls.
NAG was unchanged in both groups during Ex1-3, but was increased in the diabetic patients
with Ex4. PRA and PAC significantly increased with each exercise (Ex1-4), but did not
increase in the controls during Ex1-2. PNE increased significantly in both groups during
Ex3-4. These findings suggest that exercise below the level of 4.7 METs is an allowable
degree of daily activities in the management of patients with early-stage diabetic
nephropathy.
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Table 1. Patient characteristics

Control

Treadmill
exercise
test

10% PAH

intravenous

injection
10ml/5min

blood sampling l

Bl

urine sampling L

voiding Ul

. Diabetics Control
Variable (h=20) (=15
Gender (m/f) 11,79 9/6
Age (yr) 40+£5 31+4
SBP (mmHg) 127+9 118+8
DBP (mmHg) 70+4 717
HR (beat,/min) 76+6 78+5
Cpan (ml/min) 470165 504+34
Cer (ml,/min) 105+14 109+14

SBP; systolic blood pressure, DBP ; diastolic blood pres-
sure, HR ; heart rate, Cpan ; PAH clearance, Ce; ; creatinine
clearance.

90 120 min

Z
Recove:
/////////;/

Exercise

. 12ml/hr

B2 B3

U2 U3

Fig. 1. Protocol of renal clearance test.
B: blood sampling, U : urine sampling
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Coan  Coan 13, Ex1 DAHETIEC -DAEFTHEED
FALERR & Ted o 7223, Ex2 235 Exd D AR E TR
e L CAMIcC - DA TARREDL L, EEH
AR RIERE L (Table 2).

Cer : Cer 13, Ex1 & Ex2 0AMETIXC-DEEETH
BOBE(LERE -7, Ex3 & Exd 0 &RE TR
B L CARMPC - DEBETERCEL L

(Table 2).

FF : —%, FF %, Ex1 225 Ex4d D WFho BHET
b, C-DEFHTCEROEIIE R E ad oz (Table
2).
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R MG BEIHE | R 5,MG BElEE 13, Ex1 0 &H]
ETEHC - DA CTEREOEERE b 7edd, Ex2
235 Ex4 0 BRECEFNBIICH L CATHC-Dl
HCHBCEML, EEMCIATIECE L (Table
3.

R NAG & - —77, R NAGEHE, Ex1 b
Ex3 DEME T C-DAEF CTABRDOELERET, Exd
DETECEDFICE - CHEIc L L CTATMBCER
wERL, EEHCIARIECELL (Table 3).
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Table 2. Changes in Cpay, Ccr and FF following each exercises (EX1-4)

EX1 EX2 EX3 EX4

Variable  Stage C D C D C D C D
Control 504434 470465 91227 4814455 S0116  5ITH42o 49718 o 527444 0

(mf/";*in) Exercise  471%32 419461 452431 ¥ 438i49—7 467420 # 416+61 i 463430 ¥ 3754;93#*
Recovery  497+30 44052 478429 465+45 492418 - 475454 487+20 493453 -
Control  109+14 105414 105412 104+13 13+11—  104+13—  108+14- 1049 o

(ml(j;in) Exercise  96+18 97+16 96+15 92420 941164* 88i17j 92i14j 77+16 ¥
Recovery 107412 9511 103+9 96+16 106+15 95411 9616 9111
Control  0.217+0.021 0.2260.043 0.215+0.022 0.21840.036 0.227+0.024 0.203+0.034 0.217+0.029 0.200+0.023

FF  Exercise 0.203%0.039 0.241%0.062 0.212+0.035 0.213+0.050 0.201::0.034 0.215+0.054 0.19940.033 0.216+0.066

Recovery 0.217+0.028 0.218::0.035 0.217+0.023 0.209+0.037 0.217%0.036 0.203+0.038 0.198+0.039 0.186+0.023

Ex1; 4.7 METs for 10 minutes, EX2; 4.7 METs for 20 minutes, EX3; 7.0 METs for 10 minutes, EX4; 7.0 METSs for 20
minutes. Cpan; PAH clearance, Cc; ; creatinine clearance, FF ; filtration fraction, Values are means + SD.: *p<0.05,

*x p<(0.01.
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Table 3. Changes in urinary excretion of albumin, 8, MG and NAG following each exercises (EX1-4)

EX1 EX2 EX3 EX4

Variable  Stage C D C D C D C D
Control ~ 11.6+2.4~ 12.3%7.9  9.9+2.5- 15.8+7.9 o 10.6%3.6- 15.4%£6.87  9.244.2- 15.1%7.1~
. ** *% k¥ *k *% % *%
fi’/‘“mng Exercise 19.9+6.33 15.7+9.4  20.5+4.85 27.3+£11.65 22.946.3~ 17.449.87 21.2+7.9- 32.8+9.52
/‘ *% *% *% *% *%
Recovery 11.843.3- 12.346.9  10.4+2.7- 18.146.9 - 12.1+4.9  16.4%7.4~ 11.2%£3.4  19.8+7.3-
Control  0.14#0.2  0.3420.2  0.06£0.14 0.15%0.15 0.13£0.14 0.22£0.1 0.14+0.1~ 0.15+0.1~
* * * * *% *%
AMG  percise 0.33£0.24  0.41+0.3  0.19£0.2~  0.32+0.25 0.39+0.2~ 0.36+0.1- 0.39+0.13 0.39+0.13
(ﬂg/mln) % * % *%
Recovery 0.1040.1- 0.3140.2  0.01+0.1  0.18+0.1- 0.1240.1  0.26+0.1  0.24+0.1- 0.27+0.1-
Control  9.4%+4.5 5.842.5 8.314.6  4.2+1.5  6.5+4.8 5.042.1 7.044.6  8.8+2.1-
*%
NAG  percise  12.746.1 6.543.1  12.346.0  5.2+2.1 9.9%5.9 8.443.7  13.5%7.6  15.8%4.03
(mU/min) A
Recovery ~ 8.3+4.1 5.142.0  10.045.2  4.4%1.1 7.845.2 6.5%3.2 6.944.0 9.8+2.0-

Ex1; 4.7 METs for 10 minutes, EX2; 4.7 METs for 20 minutes, EX3; 7.0 METs for 10 minutes, EX4; 7.0 METs for 20
minutes. BMG ; £, microglobulin, NAG ; N-acetyl-4#-D-glucosaminidase, Values are means * SD.: * p<0.05,
*x p<0.01.

Table 4. Changes in PRA, PAC, PNE and h-ANP following each exercises (EX1-4)

EX1 EX2 EX3 EX4
Variable  Stage C D C D C D C D
pra  Control  1.430.63- 1.18%0.53- 0.7520.47- 1.06+0.537 1.44+0.61 1.33+0.61 1.26%0.51 1.38+0.54~
* *% *k k% * *% *% *%
(ng/m! Exercise 2.18+0.835 2.10£0.885 2.32+0.915 1.87+0.623 2.28+0.77~ 2.27+0.63~ 2.27+0.633 2.61+0.557
. * *¥ *k *% *% *%
/M) Recovery 1.49+0.65- 1.15:0.49° 0.74=0.425 1.1520.49- 1.53£0.61 1.44+0.44 1.440.44- 1.47+0.43)
Control 10010 99+17 o 99+13 - 104+18 - 103+10 - 100+14 - 100%20 - 9917 —
* * * *% *% ¥k *%
(HZXD Exercise  116+19 119424 - 125422 3 126422 T 12311 3 128421 3 125420 o 129%22 =
*% *% *% *% *%k
Recovery ~ 104%17 99417 101412 - 102416 1019 - 100+13 - 103+18 - 97x16 -
Control 854102 60£53 - 9269 66162 — 177488 - 68490 - 1474157 - 72117 +
* * *% * *%¥ *%
PNE  percise 18092 108+93 — 167+99 14082~ 249452 3 4244324 < 2514191 < 544+359
(ng/ml) o o
Recovery ~ 93+101 8079 118489 6560 121491 < 61471 1564157 99492 -
Control ~ 18.6+5.2 - 22.3+46.6  21.4%5.3  26.1+6.8  22.146.3 - 20.6+5.3 4 21.4%4.2 4 23.9%6.2
- * * *%¥ *k *%
BANP  percise  25.143.5 3 275465  25.445.4 315451  29.844.7 - 32241113 3174452 36.848.3 -
(ng/ml) o A o
Recovery 19.5+4.8 - 23.4%6.3  21.4%4.4  26.945.4  22.4%4.1 223477 23.244.0 2 24.6+5.6

Ex1; 4.7 METs for 10 minutes, EX2; 4.7 METs for 20 minutes, EX3; 7.0 METs for 10 minutes, EX4; 7.0 METs for 20
minutes. PRA ; plasma renin activity, PAC; plasma aldosterone concentration, PNE ; plasma norepinephrine concentra-
tion, h—-ANP ; plasma human atrial natriuretic peptide. Values are means * SD.: *p<0.05, **p<0.01.
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PRA : PRA %, Ex1 225 Ex4d DWThoARETDH
SRHCE L CARMIC « DEECAZ ML 23,
EERIC I AR EMERE L1 (Table 4).

PAC : D#® PAC 13, Exl 0&ME IR
LCAMMcAE ML, EEMCZaRMEEL

L AR ERCEINL, BEHCIARE
W L. —7%, C-DWEEo PNEX, Ex3 & Exd o
ARECIRNBHCLL CATHCERCHENL, @IHE
X ATEERE L7 (Table 4).

h-ANP : h-ANP ¥, Ex] D&AHETIECE, Ex3 &
Ex4 0ARETIEC « DECHBEICL L CARMBA

fo. —7, C +« DWE®D PAC ¥, Ex2 235 Ex4 0 &R
ECRRBHCLL CARIICERCEML, EEc
TAMEIEE L (Table 4).

PNE : D# o PNE 13, Ex1 & Ex2 O &R & TR

BrEmL, EECIAMIIMECEL. —F, C-
DR o h-ANP 1%, Ex2 0AMETREROEILETR
Xigh otz (Table 4).
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IEEAmE (SBP) : Ex1 0 &M E T, C-DEED
SBP X, AfEKZL Y ERLTCSHBEREMEERD,
FOBRFAWCTEL CAMKRTH 445 CAMAECEL
7z Ex2 0ARETIE, C-DWE o SBP 13, ATWEE
IV ERALTCISRICREMBEE 2D, TOBR 4 I TE
LCAMKTHE 4 5 TAMMECE L. Rtk Ex3 0
AMETE, WO SBP W, AWMEHKIV EFLT6S
RekmEeic), TOBKRACTEHRLTATKTH 4
STARIMECHEL, Ex4d oAMETIE, ANERLD
ERLC6SBEREBEE D, AT 14 5 E TRER
THEL, BEAHK 16 5TCEREL, ZOBRLICTREL
TAMRIECE L (Fig. 2).

FREMMEDBP) : DBP i, Exl 75 Exd O\wFh
DERE R TS C « DEE T SBP L A hLE %
RIS, FOZEFIEH SBP i LT/ CH - % (Fig.
2).
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D, TOBRERAWTRHELCAMKTE 45 TATRIER
Bl —F, Do HR I, AWERL D EEICH
L, AWE 10 5 TREEYRL, AMETR4STA
TBMEICIE L.

Ex2 & T, CEo HRIZ, AREHX H#n
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X, AWMEHI VHEINL, ARE6S CTREETRL,
IR ER « ) L CATR TH# 4 S CAMIEEL
fo. :

Ex3 np&RE T}, CHo HRIX, ARERSL b M
L, A2 5 CREEERL, ZOHEK< B LT
ARKTH 4 5 CTAMBECE L. —F, DEo HR
I, ATWEHI VHEINL, AT 105 TREEERRL,
ZOBER AL L TARK TR LS TARIMECEL
7z,

Ex4 oARETIt, CBEo HR 3, ARES X b
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2, AT 16 S CHEEEINL, ARKTHE 2506
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Fig. 2. Systolic and diastolic blood pressure (SBP, DBP) before, during and after each
exercises (EX1-4) in controls (C) and diabetic patients (D). Bars indicate standard
deviation of the mean value. Asterisks indicate significant differences from pre
-exercise levels. *p<0.05

0 2 4 6 8 10 12 14 min



FEIERAE AR OEE) & BRI 555

EX1
160
140-
120

100

IR (beat/min)

80

60

.
U T

160 -
140+
120

100+

HR (beat/min)

80+

0 2 4 6 8 10 12 14 min

HR (beat/min)
~
o

—

o

o
T

]
o
T

HR (beat/min)

02 46 8 10121416182022 24 min

Fig. 3. Heart rate (HR) before, during and after each exercise (Ex1-Ex4) in controls (C) and
diabetic patients(D). Bars indicate standard deviation of the mean value. Asterisks

indicate significant differences from pre-exercise levels.

LI AR TR 4 S CARMBER X L, AR 16
STREEERRL, TOBRACHD L TATRTH 4
S CARRIECE L 7.

DED, WThoEFHAMEIC RS WThH, HR X CHic
HLCDHETEROEMER L (Fig. 3).
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R, HHMEEARD 5 CIEREREEYET HHER
WBE L, FEEBCL 3EROBEIERI WS D,
EEREYE—CHET 5 L 9IRBIhTERD. B
EEREOBLEHKERED, BEELARTRBETHE
BEEHEV MO EFRELEICRIhTV5. %
DEHT, EHFIROEEX S 2 ARGERREIC L - T
S5BREDITTWA. Lal, HEEE, MBEEHIRH
W, MEDEMRFT 2BEOEBIT] k0EREY

*p<0.05

AUCTEHFERELRL TS, ZhIEFHNLFE LT
SHBROBCHAT 5 DIITEAEEZ R RE
2%. LrbRATEKSR, BEBREEZERNKLILT
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BRIcZhOTHD. ThHORPRBIET B0, FKET
Py FIADEWEIHEE- LT A — R LY 5EE
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Vittinghus et al.?1, HEE= AL 22— 2 2 H\WWT
450 kpm,/ 43 % X 0600 kpm /2 D AT % 20 4308
L CHITL, EBAMAIHEO GFR & RPF 2 L
fo. ZTORMETIE, GFRIZ, BEAL A v 2 ) VIKER
BERAREEZE O CHEHAFBIAERCEI L, L
YT OBPENMEFTACKL CERKRBEECIVEET
BHolcd i, LML, BREERUEEOELE
(2FLT) LR (3~17%) o0 CHELTE
b, RPF OB RN BB CTHERICE > EHEL TV
%. F7z, Feldt-Rasmussen et al.?i%, 1 v 2V VKR
BERREEYEE T A7 I VEBRIBET V7 I VR
o 2B, HEE= LI 2 — X 12X % 450 kpm,/
% X 600 kpm /5D AT % 20 45308 L CEH
L, BEECELEHRA L TWB. ZORBETIE, 600
kpm &K TRIC K15 GFR oA R, FEH7L7

IVRBICHLIEET LT I VRECABIRE - 7.

LSEIOREE, METAT I VREOERFEEE Y
BiZ, Uy FIAIBABOEFARICOWTHE
LicbDTHh5. DE® RPF 13, Exl 0 &R E 132k
Ligdso 722y, Ex2 235 Exd 0 AW ECIRATIHCER
Eh B & ENTEREAD L, EEHCIARRTE
L. —F, D#Eo GFR L, Exl & Ex2 owTFh
DARMETH AR X OEELH &L b (L ieh o
2, Ex3 & Exd4 0 ATWE CIERBIIcE L CAMElcs
BEd L, BEHCIARIECEL:. 2%, #%
BE7AM7 I VRIOBERKEBE K T 5 7.0 METs 8
LoEFIRE L, EBHA W ORE L2 53 GFR
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FEIZ, GFR 0B 1 EB AR FICRE S hic—B¥ED
PDTHolcE LTh, RYMNEL HECBEERE
EXREICHAREOD D EERTEDEVLS.

SEDFFETE, FFREZECEML Wi icHEl
HbT, RET7TL7 3 vERlES I L .. EBATE
Mt A RERIECT AT I v ThD, RERGEEH
MEOFHRETTENT VT I VIROERTHS 5 Lo
nTWw3". ZoFEBEITTEOEFICOWTIE, FF ok
ARENEEIRT WD, WERLTRETHS. FF 23 LR
LisWB4E& Th REASHEA#EMNT 254609, Hic/
NEER 7Y vRTvoF T vy v IIAID OFEAR X
h FF 2 LR X2 CHREAVHEA LRV EERH DY,

READOHBEI FF 0 LR RIMLATERWL 5 cEBbh 5.

BEOML, Al b 7 2 — 7 3 v A KRERRTE MM B
WEEFR L CERAMEEZEILS® B D TIZ i b L 15
LTWwab., ZoRELE LT, SEREERE I AL 2%
RINCHEE T HIALFLET 5 & &9, All 23 LR D

#® H

TR EIED Z LO%EF 5. AR TH, FF
KHBO LRERD DRIh o oh, ML = Vgl
ME7ALF AT e vVEERIOCMELTF 2 -7 3 VE
ENERHENL TRy, RFE7A47 3 vHHERR MO
BFIERSOERHRCI VEHALEL LE2ORS.
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Mogensen et al'Vi%, BEE=AL T2 -2 2 A5
450 kpm /4% X 08 600 kpm, /4 D AT % 20 5 0FE
BELCERL, EBHAWMMEDORFTT L7 ¢ ViR
FEEA VA VKERBERRBE CHE LTV, #
HETENTHhOAWMBLESWCSRFT L7 3 vEE
BN L 7edso o2, BERREE T 600 kpm, /S DA
B RB7 27 3 vHERERERCHEM L. S5
o, EEEORF7 7 3 VR R R R
DRI - THEINT % & & 25D T 5D, Viberti
etal'M3, 1 VAR ) VIKGFEBERKREEYTEE 747 3
VIRBEBMET N T I VIREO 2SI CHEEE= L
oA —ZIZX B 600 kpm, 5 OATTE 20 HHEIEKL,
TrTIvE BMG ORFEEOHER LR Lic. E
BAMEORF T AT I vEEEER, EE7AT I VR
BIOHET V7 I VROWHETHEREM L, &
BB RTHEMBEETH - 7. —75, Kb MG
BEEE, FE7AT I VREIOHMET LT I VERD
TR CEBANBIEARED 5 W IES T 2 EE R L
NHFNL, REAEMO A v 2 ) vIHRERBERRBBE
EREE, PV v F S AL D 40 % VOma & U560
% VOumex DA LI EH 30 SHIER L1c. Febi7 v
73 VEREER, WIhoARE R T RN R
TR L T hs o Fo S, BERIEEECIL 40 % VOomex BT
BRCEE L C 60 % VOumax ARESCHBICHM L 72 L o>
L, MG &V V5 — & D RFPEHEE R, BE R, B
RFEE L b IC T hoAREIC 3T S EBATITS T
AL U Te o e,

FREDL, RAREERERFEZNRE L CHEE=
NI A= RATHBORFTALTIVESTAY )V — aB
EEHEWNAGCKE IO B HT 7 b o ¥ —€) DEBIZO
TRELTW2., EEAMEE R, B 450 kpm, 5
ZME300kpm " THD, AWMKEIIBEL L 205
BThote. RbE7A7 3 vERERE, ZoAMETIR
BEANTHEINL i o 7edd, BERBHTERCHEML
—7, RPEREEE, BEA, BERREL L EHE
TR CHBEOERZ R X i ot Groop et al.'™ii,
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