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Abstract : This study evaluates the effects of exercise on the renal function of 50
patients with primary glomerular diseases (PGD) whose serum creatinine levels were below
0.9mg/dl. Thirty-five of them had IgA nephropathy (IgA-GN), 10 had membranous
nephropathy (MN), and five had focal segmental glomerulosclerosis (FGS). The patients
with IgA-GN were classified as either mild or moderate mesangial proliferative glomer-
ulonephritis group (IgA-GN 1 and IgA-GN 2, respectively). Ten healthy subjects served as
controls. :

Exercise capacity at the anaerobic threshold (AT) and at the end-point of oxygen
consumption (Vo,peak) was evaluated by analysis of exhaled gas in each breath. The
exercise tests were performed on a bicycle ergometer with a work load of AT (W,,) for
10 minutes by all subjects and with two different work loads of AT and 1.3 times AT
(Wirs) for 10 minutes by controls and each of the 10 patients of the two IgA-GN
subgroups. In all subjects renal plasma flow (RPF) significantly decreased during exercise
in War. Only in the IgA-GN 2 group glomerular filtration rate (GFR) significantly
decreased during exercise in War1s, but was unchanged in all other groups during each
exercise in Wur and Wyris. In eight of the patients with PGD urinary protein during
exercise in W,y increased by more than 0.8 mg/min compared to before exercise (Group
A), and in 11 other patients by less than 0.8 mg/min (Group B). GFR was significantly
decreased in Group A, but unchanged in Group B for an observation period of three years.

These findings suggest that exercise below the level of W,y is suitable activity for
patients with IgA-GN 2, MN and FGS, and exercise below the level of Wz, is suitable for
patients with IgA-GN 1 on a daily basis. However exercise in Wy is excessive for patients
with PGD whose urinary protein increases with such exercise.

Index Terms

anaerobic threshold, exercise capacity, primary glomerular diseases, renal function




(62) Ela

&

BB EREBER(CCN)BE XBBECET L L b
BLWEBSFIR > RER Shbd, SFEEEEYD
72 TD CGN BEx 3 5EEEE L TR 2R3
SEEOEEIT ], MHEe 7 o A EREEIW] L
SERBICEEFE > T 5. BEENTEEHBACD 5
T, BHBEIEH LBETICON B3 - 0 EiFiEEEEED
K55 ww@gd 5, EBhigEs, REHF. 7278 LERE
DREBH HENOEEFARE | LEHIA VB I R
BEHEZZLWERE o TWA. Z0X 5 KEHERETEY
D CGN BErH L Td, BEEOB{L2Bh CGER %
HBRS % X 5 —BICHERER TV 500K &V 2 5.
L LA, HEL EOEEFHIRRIL, e CGN B o
EEDOEDETEELERASS. Lhl, BEETRE,

i

i

ERREIEE © CGN & FE R ABRAGEE(PGD) %
DEBE EORE ¥ CHBE T XE LN DOWTHL
L7 X o,

T THEER, BEREEE O PGD BE kT 5ES
HREYRET S HNT, AAZOEBANRE & B
R L OMERRERT & oBIfRic oW TEBREFIICK
MLk

%7, PGDot &b HABEEOE W IgA BiE
(IgA-GNDAF IO WT, BIERHBEATHEY
AT 0 1.3 f5HYDR L 5 EB AN LS 2 BHES IO
BRERT & OBRIC W CRHEREREE JIIC B L.

X bir, AT HHYER)E AR RBRATEEE (GFR) D
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Table 1. Patient profiles

Variable C IgA-GN1 IgA-GN2 MN FGS
Number of case 10 17 18 10 5
Gender (male/female) 6/4 6/11 12/6 7/3 4/1
Age(yrs) 32+4 34+12 38+13 41+17 44+22
Scr(mg/dD 0.78%+0.15 0.79+0.13 0.83%+0.21 0.83+0.18 0.82+0.21
Up(mg/min) 0.07+0.02 0.29+0.17 0.67+0.85 0.24+0.27 0.31+0.11

C ; healthy control, IgA-GN1 ; IgA nephropaty with mild mesangial proliferation,
IgA-GN2 ; IgA nephropathy with moderate mesangial proliferation, MN ; membra-
nous nephropathy, FGS ; focal segmental glomerulosclerosis, Scr ; serum creatinie
level, Up ; urinary protein. Values are expressed as mean=+SD.

bicycle ergometer at levels of
AT and AT X 1.3 for 10min

intravenous infusion  1omi/5min 12mihr
of 10% PAH I I
water drinking (3mi/kg) \ 4 4 \ /

Preparation Control Exercise Recovery

v
(30min) (60min) (30min) (60min)
M 1 1 Tt 1 1

blood sampling  blank sample 1 2 3
urine sampling ~ blank  voiding sample D @)

Fig. 1. Protocol for renal clearance test.
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NRE, RREUEHA¥E 1 ARCARL, B4#&
BN iz PGD &3 50 BB 29 41, Zik 21 41, ¢
BWEBBRTHS. £BlLd, MEs7v7s=viE
(Ser)#3 0.9 mg/dl K QEF M 0.3~0.9 mg/d) 0
BRIEEETH 7. PGD BE 1, HEHE» S IgA-
GN %f 35 4, BEMEBHE MND B 10 4, Bk /BB ALE
(FGF 5 Pl & huie. MN # & FGS B 0fEGIL,
F 7w —EERHYEL T SEIICILES NS h
BT Lnh, BED D WEITELEMR I B rHRicets
S Lic. MN B & FGS B4 34113, BIBHEA T
» 1 F (prednisolone 5~15mg/H) %R L T\ 7.

b, IgA-GN HEHBREEE N DREA Vv ¥y
AEFE(gA-GNDBE 17T Bl & th&EE £ v v ¥ v 4 BFE
(IgA-GN DB 18 P4 1T 7o & fe I FESE, AR
B, BlkLERSE, BUETRIEBESR, B O & Il &4 b
THEFNIN RSB Lic. BEER% Table 1 IR
Uiz, 7ads, REEBLA 10 B1CBHE 6 6, otk 461, Fy
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EHMAEONERCERT 5 EEAMED, HigE
IATRA=ZEACE 207y b (W) 4 SEOEEES
AMCHIBL, UED 6 BE 1W Folin e 5EE
HIEREEEN & T (ramp AR CEME L7z, BieZ oL F
i n 7 %3 L, TEEBANES X0 ramp &
o MEE & DR 1 5 RERCEE AR EE) B B E
#F (Paramed #8¢ 9300) CHIE L 7-. Rk, OffidseE
By ATHRES 258 (Medical Graphics #-%. CES 2001) % 8
T breath by breath ¥ THEE DR % HEIWIZS
FrL, BSREREVo,) & —{LREHEIE (Veo,) 2 Hl
EL. Vo X B Veo, & YHIIZ 7 = v 1 LiciB4a,
FIEEAED Vo, & Veo kMR E RS, = Dfigs 2
AOBEBRCERL, ZOLHAD Vo fEx AT & LY. %
o, &R R(BROAEOEER, BEEROHE
B, %%\ MEMED 250/120 mmHg %78 % 725 £) 0
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I *x =
I *% —
I *k 7
&k —
50 *—
5 T P4 AT
E a0l [C] Vo, peak
E
E
S 30f T
8
= 1T I T
2 20} ¢ ‘I_
8 / -
5 / 1
S 10}
L 7 Z
Control IgA-GN MN FGS

Fig. 2. Exercise tolerance at the anaerobic threshold (AT) and at the end-point of
oxygen consumption (Vo,peak). * % ; p<0.01.
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i, EHAFRREO 10 5241 30 2HE AT, B
CARERD 60 SHEEE L L, ERERADET ET
TR A R R S 1Y (Fig. D.

O EBAHE

EEEBAML, BEE= L2 — 2%V, AT 124
BT EETI0 SRHOAMERRE L. EFF
GIEE S OB R 1 &g L. £, BKTFo
Vo,% breath by breath (i CHIEL, AWHAZFENAT
MHYEHEWEC KT 5 LR L.

2 BiMmRE, RREERE, ¥ IOEEROHE

WERE ORI O Kz 21 G 0 BES AL T 10
%257 37 BRBEAHI0m] % 5 25 M cBIRNE

AU, PAH % 12 ml/Rs 0 E CHrffE A EE L 7.

N, AWH, SIoEEHoLcREYREL,
xR & EE A O PR AR L AR OEESEE IR
SR & R OB IR 2> HERI L 7. B i8N & (RPF)
WPAH 7V 77V 2 (Copn), GFRIEZZ VT F=v2)
75 v ACehbRD I EBEBERII, CerfE %
CoanfETEHR L TEH L7919, o3, i« Ko PAH
BE ks (P-dimetylamino-cinnamaldehyde ).
I« Rhz7 v 7F=vEEZIT7TAIY) « €27 ) VERE
THIE L.

3 FBRERFOHUE

SHRENE EEOFRA, B X OCARHOESERIC
BimL, Mi-vx7y vEE®EC, I/ 1= x
7V vIRE(PNEC), m#fEv = viE#(PRA), X U
7T AP 2T r vBECPAO®WE L . PEC &
PNEC 3EEKAE” <+ 75 7 4 —#k, PRA & PAC
X RIA E#E CHIE L.

4. AT, BIXOAT 0 1.3 fEHLOREE BTTHRR

IgA-GN 18 & IgA-GN 2 B b EEA B L
£10BIERRELT, ATHIOCAT © 1.3 1Y
T HTEF(ThZh War, War) A% 3~10 B CGF¥%
5.6 B)OREE DT CER L. EEIATMEE LT 2
— 2 DRIEFEE, AT HLERHER 3. D~G#EL
7.

5. Ccr OfRRFEHZEAL

AT HYETEER 3. D~ G DEKIFE, £HORE
HEEtEARAIEL, AHRI% o Cor 0ZE/LE(A Cer)
L REAEMEOZEE (A Up) HRD 7. BRI Cer
DORA & REABEE OHINZ R TEA D Ihdb,
A Up B3O RAE B 1.5 VU RZEE % 8 2 % FEFI
AR, ThIUAOESEY BRFE L. WHEOBE
AT HYMEE OIEE % Fox bORW(AEBEICK T 5
ERAF -2 A P RBREERE A LD D) TREE

i

FICEBA L, AT HYSRE B 2 2 EB# L L. &
bORR Y 3FEELEL, BIEHMOFIE T Cor HIE
Lz

6. HEFTEAYALER

HESTRUMLE 2, Student’s paired ¢ test, BX O
Student’s unpaired ¢ test IZHl»7-. 7o, BIEELE,
FfE+ BERERE TR L.

54 &

1. PGD B#& cofs

D EBpiAEE

1 AT : CE#320.2+5.0 ml/min/kg, IgA-GN B2t
14.4+1.8, MN #4312.8+3.2, FGS #2316.5+5.3 ¢
»b, CEL TIgA-GN # & MN HCcEEES
CENRTZTNRCHDTLI % E 63 BITMHL) LT\ 7ok,
FGS # & CBORICITEN e 7= (Fig. 2.

2) Vo,peak : C#£ 5340.2+8.4ml/min/kg, IgA-
GN % 2323.0+£5.9, MN B 2320.8+5.6, FGS # 2
24.8+7.3THYH, CHrEL TIgA-GN #, MN #,
BIOFGSHETERELBAEREN CHD ST %, 52
%, 62 %M L T\7-(Fig. 2).

2) WarBTERIZRT 5 B0 %1l

D Cean: CH, IgA-GN %, MN B, & X OFGS 3
DEFFT, R L CTARPcER RS (thZh

Table 2. Changes in Cpay, Ccr and FF during the
exercise (W,r) for 10 minutes

Variable Control Exercise Recovery
Crau(ml/min) -
C 467+ 79 346+ 84** 464+ T2
IgA-GN 409+ 90 261+ 96**  387+106
MN 418+ 87 314+111** 386+ 70
FGS 378+121 237+ 51* 388+123
Ccr(ml/min)
C 97+16 112+25 102+22
IgA-GN 92420 77+19 92+18
MN 10027 90£30 103427
FGS 114+45 95425 100431
FF(%)
C 20.2+ 4.0 32.24 4.1** 22.6%4.2
IgA-GN 23.1+ 5.0 31.44 8.4** 24.9%6.0
MN 25.6+12.9 31.5+14.8 27.2+7.9
FGS 30.2+ 6.8 39.8+ 4.8* 26.4%+4.9

C ; healthy control, IgA-GN ; IgA nephropathy, MN ;
membranous nephropathy, FGS ; focal segmental glomer-
ulosclerosis, Cpay » PAH clearance, Cecr ; creatinine clear-
ance, FF ; filtration fraction, W ; work load of anaer-
obic threshold. Values are expressed as mean + SD. * ;
p<0.05, * * ; p<0.01.
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RRIAD 74 %, 64 %, 5%, 63 %I Licas, EE  £HT, SBHCEL CAMHCEEOLER YRt
I 3 EIfEIZE L= (Table 2). - 7z(Table 2).

2) Cer: C#, IgA-GN ¥, MIN %, % X ' FGS #E o 3) FF:C#, IgA-GN ¥, 3 X O'FGS FETi3, NR
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Fig. 3. Changes in Cpay, Cer and FF during two different exercises (W, Warys) for
10 minutes. *p<0.05, ** ; p<0.01l.
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el CARcE B LR (R Fha B0 157
%, 136 %, 132 %icAH4) Lichy, EEHIEiEE
L7c. —7, MN B, EFEAMCL > b EEOEF
IR Iy 7o (Table 2).

2. IgA-GN & Tcofs

(1) EFHEHTCTOBEEOEL

1D Ceun - MBI L T Wi & Wars D TR R
CH, IgA-GN 1%, BIUVIgA-GN2EH0LHCTHEE
A e W ARIR IR O 80 %, 72 %,

i3

61 %, WarBHRR IR 63 %, 62 %, 52 %1
H) Utest, B R ARAIECHE L (Fig. 3.

2) Cer : WarDBRRICIZ CRE, IgA-GN 1 BRI O
IGA-GN2 B DO EH CTHEROEB 2R I /e d - 1.
Wars DAWRICIZCH L IgA-GN I BRI EECEE
BRI o223, IgA-GN 2 B0 Cer AR L
TARPICERCED GHREAD 75 %) L, EE#
I ARRMECE L Fig: 3.
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Fig. 4. Comparative changes in Cpay, Ccr and FF during two different

exercises (Wur, Waris).

* ; p<0.05.
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CH, IgA-GN 1%, BXIUIgA-GN 2 HDLHETHE
CEFL, BEHCRARIECE L (ERTh W,y
A TTRF I RIAD 152 %, 136 %, 142 %, Wars BT
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Eie RIZ S EE DRE (67)
3.
@) EPATHCOFERECE/LE
D A Cpan: CB, IgA-GN 15, X 0 IgA-GN 2 B

DEFHTWark Warn s DTHARBICEN Lo F

Table 3. Changes in PEC, PNEC, PRA and PAC during two different exercises (War, War1s) for 10 minutes

Variable WAT WA‘n.a
Control Exercise Recovery Control Exercise Recovery
PEC(ng/ml)
C 0.026+0.014 0.055+0.021** 0.032+0.021 0.019+0.007 0.081+0.050** 0.040%0.036
IgA-GN1 0.025+0.014 0.063%0.033** 0.027%0.017 0.022+0.009 0.080+0.062* 0.025%0.010
IgA-GN2 0.026+0.014 0.064+0.039** 0.030%0.017 0.026%0.014 0.079%0.037** 0.027+0.012
PNEC(ng/mD
C 0.219+0.086 0.494+0.140** 0.22140.090 0.208+0.082 0.757+0.346** 0.223+0.056
IgA-GN1 0.211+0.127 0.595+0.273** 0.214+0.086 0.198+0.087 0.697+0.255** 0.220%0.100
IgA-GN2 0.202+0.098 0.53340.189** 0.217+0.112 0.227+0.144 0.802+0.337** 0.249+0.112
PRA (ng/ml/h)
C 1.75+0.54 2.63+1.31* 1.60+0.64 1.85+1.04 3.41+2.23* 1.78+1.05
IgA-GN1 1.74£1.60 3.5943.15%* 1.68+1.50 2.01+1.40 3.86+2.82* 1.62+1.21
IgA-GN2 2.13+2.02 3.56+2.43** 1.96£1.66 2.77+2.91 4.93+4.88* 3.44+4.26
PAC(pg/ml
C 82.2+27.8 111.1+£34.2**  84.3+35.8 75.0+21.9 144.8+31.1** 107.2+39.3*
IgA-GN1 84.3+49.3 136.7+£58.1**  97.6+52.9 74.44+33.3 153.8+£79.4*  104.4+41.8*
IgA-GN2 63.2+31.2 144.7+60.2**  78.0%+39.0 64.8+26.8 143.1+84.3**  89.7+56.0

C : healthy control, IgA-GNI ; IgA nephropathy with mild mesangial proliferation, IgA-GN2 ; IgA nephropathy with
moderate mesangial proliferation, PEC ; plasma epinephrine concentration, PNEC ; plasma norepinephrine concentra-
tion, PRA ; plasma renin activity, PAC ; plasma aldosterone concentration, W,r ; work load of anaerobic threshold,
Wars » work load of 1.3 times anaerobic threshold. Values are expressed as mean +=SD. % ; p<0.05, * * ; p<0.01.

Table 4. Comparative changes in PEC, PNEC, PRA
and PAC during two different exercises
(WATy WAT!,S)

Variable C IgA-GN1 IgA-GN2
APEC(ng/ml) 1

War 0.029i0.0141 0.036%0.021 0.046--0.022

Wars 0.063£0.047- 0.057£0.057 0.052+0.034
APNEC(ng/ml)

War 0.264+0. 136ﬁ*0 346+0. 102—| 0.322+0. 126:*

Wars 0.563+£0.291- 0.527+0. 237—' 0.575+0.233-
APRA (ng/ml/h)

War 1.04+1.19 1.36+1.10 1.17+1.10

Waris 1.78+2.03 1.67%+2.35 2.17+2.75
APAC(pg/mD T *—1* * !

War 28,2i20.21 56.3+£25.2 74.5+44.1

Wars 66.91t42.1-  79.4+85.1 88.8+64.9

C | healthy control, IgA-GN1 ; IgA nephropathy with mild
mesangial proliferation, IgA-GN2 ; IgA nephropathy with
moderate mesangial proliferation, PEC ; plasma epine-
phrine concentration, PNEC ; plasma norepinephrine con-
centration, PRA ; plasma renin activity, PAC ; plasma
aldosterone concentration, W,y ; work load of anaerobic
threshold, W3 work load of 1.3 times anaerobic
threshold. Values are expressed as mean + SD. * ; p<
0.05, * % ; p<0.01.

Table 5. Patient characteristics observed for three

years

Variable Group A Group B
Number 8 11
Gender (male/female) 4/4 7/4
Age (yrs) 40+6 38+8
Scr (mg/dl) 0.88+0.28 0.8040.29
Up (mg/min) 0.38+0.34 0.56+0.46
Renal biopsy findings

IgA-GN1 2 2

JgA-GN2 2 4

MN 3 3

FGS 1 2

IgA-GN1 ; IgA nephropathy with mild mesangial prolifer-
ation, IgA-GN2 ; IgA nephropathy with moderate mesan-
gial proliferation, MN ; membranous nephropathy, FGS ;
focal segmental glomerulosclerosis, Scr ; serum creatinine
level, Up ; urinary protein. Values are expressed as mean
+ SD.
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72, Ward War: DA E TOA Coand, 3 EMEICE
Wieh - 1= (Fig. 4).

2) ACer:CHf, IgA-GN 13, X O IgA-GN 2 &
DEFFT Ward War s DHATTRICED T hr o 7. L
L, ACerid, WoARKIIZIZ CBrl L TIgA-GN 1
L IgA-GN2HFTLIREFRRCK, WirARERCIX
IgA-GN 1B L CTIgA-GN 2 #H TEBERLKTH -
7= (Fig. 4). ‘

3) AFF:CH, IgA-GN 1%, X0 IgA-GN 2 &
DEFET Wark War DA EN IR o fo. e
Ward War s DA E TOA FF b, 3FMETEN
otz (Fig. 4).

3) EFEW cOKKERTFDZEAL

#

D PEC: HBHICL T War & Warn s D AT
CH, IgA-GN 1%, BXUIgA-GN 2B#DOLETEE
I U722y, EESIC AR RTEE L 7= (Table 3).

2) PNEC : RRIICH LT War & War 0 T A TS
W CH, IgA-GN 1%, BI O IgA-GN 2 BHDLEETH
BEML 722, BEEIIC AT EERE L7 (Table
3.

3) PRA : HBIACIE LT War & W DB ARSI
CH, IgA-GN1#, SIVIgA-GN2EDLBTEE
WM Uiz2%, EEEIC AR RIERE Li=(Table 3).

4) PAC: SHBIICE LT War & Warss DA RRIC
CHt, IgA-GN 1%+ L 0 IgA-GN 2 BOLBTHBZ I
Bl Lxl, CELIgA-GN1# o PACIE,

ACcr (ml/min)
20 —A '
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Fig. 5. Relationship between changes in creatinine clearance (ACcr)
and changes in urinary protein (AUp) following exercise

(War) compared with the control period.

Open triangles

indicate healthy controls and open circles patients with pri-

mary glomerular diseases.

Solid circles indicate patients in

Group A ; shaded circles, those in Group B.
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L 1
baseline year after 3 years

Fig. 6. Creatinine clearance (Ccr) at baseline and
3 years later. Groups A and B are shown
with solid and shaded circles, respectively,
as in figure 5. * : p<0.05.

Wars A7 O EEE S BRI B E R EE L A, IgA-
GN 2 %D PAC 1%, AMAECE L. —7F, WAl
B PAC 1%, C#, IgA-GN 18, %X U IgA-GN 2 &
DL TATFIMEIE L7 (Table 3).

@ EHATCTORKERTORLE

1D APEC: Wy AR L T W AR C B
TERIEKTH -7, IgA-GN 18 & IgA-GN 2 # o
MR CIIMHAMEORICEN e o fe. W AR TO
APECIECHZIEL CIGA-GN 2 BETEZBIZKTH -
7223, War s BTRFCDA PEC 1% 3 BERIICE A e v o 7o
(Table 4).

2) APNEC: W BRI L C Wi BRI C
B, IgA-GN 1 BB X O IgA-GN 2 BE D& THEBIL A
THote. —7F, WARMBTOAPNEC 1L, 3B
ML hy o f=(Table 4).

3) APRA:CH, IgA-GN 18 % X 0" IgA-GN 2 &
DEFFT W AR & War AR ORIER L -

(69)

7o Ward Warn s OBEERETDOA PRA %, 3 B
M7z 7z (Table 4).

4 APACCEHTW AR L T W A%
RIEBIKTH 70, IgA-GN 18 & IgA-GN 2 B
TERENE o T F7oA PAC 1T, W AT C B
L CTIgA-GN 18 & [gA-GN 2 BEO RN EZ I
RTHoIeh, War ARERECIL 3 BRICER b o 7
(Table 4).

3. Ccr OERZAL

(1) WirBTERFTDA Cer & A Up OEI%

PGD BE 501D 5B, 6 Blid W ARERC Cer &R
EOPREEOHMAERL, 25411k W AT Cor ©
B BAtR7e < REBAPIE DR AR L. B 5 19 4
%, WA Cer DA & REESHEE 0RIn %R
L7z. PGD & DA Up ORAEN S 1.5 Mo EEE
120.8mg/FThHh, ZOMEEEL B b DL 19 Fit 8 4
ThH-1(Fig. 5). Licdis T, Wi AREIZ Cer O
D ERBEASEEOBEMER L2 19 fid, 8 fiss A B,
1 BIABRCSEI .. BHEOERETF% Table 5
IR L7e.

(2) Cer » 3 FEH DL

Cer 13, ABETIIRMED 102+30 ml/ 555 3 4EB 1T
84+ 18 ml/ B ~EBEIBA Licn’, BEECIZEIED 89+
16 ml/ 2 b5 3EHEBIC 92421 ml/ B ~HEB LicicT ¥
7t 1z (Fig. 6).

% =

BEAD 2\ IEEEREELE T 5 PGD A& vE
& LB B AT O BRI O W T O RE12-2013 5
A, BEBEIERE D PGD BE X5 & Lo Hges~29 38
RINdwcd &, LrbRERoHE T, EHERR
EX—#Thorlcd, BHRE, srev, BIOERE
ENDEGEC L HHEERERLCWB. T, B
BBEIER © PGD B 2N R IER O BIEE~DHE S
B LB e \ic s Ly, 20 o281y, BT
HD PGD BERNGIZ AT % HEL, AT L1
DEFH W) AR EZERH L. 9% b, AT VAL DES)
BT, MEARHIEE - FRcPEIhs i
=BT B DT, HxD PGDBEETD WD
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