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Glucose Metabolism in Patients with Fukuyama Congenital Muscular Dystrophy

Satoshi KOMINE"?, Kayano KODAIRA’, Kiyoko IKEYA”,
Kayoko SAITO** and Makiko OSAWA’

!Department of Pediatrics, Metropolitan Fuchu Medical Center for the Disabled
?Department of Pediatrics, Tokyo Women's Medical University School of Medicine
3Tokyo Child Guidance Office
*Institute of Medical Genetics, Tokyo Women's Medical University

Fukuyama congenital muscular dystrophy (FCMD) is the second most common muscular dystrophy of child-
hood in Japan. These patients develop many complications over the long-term, including frequent hypoglycemic
episodes. The mechanism of this is not clear, although ketotic hypoglycemia in older healthy infants is common.
This study examined the mechanism of hypoglycemia in FCMD. We performed glucagon, alanine, and glucose
tolerance tests in four patients with FCMD who suffered from episodes of ketotic hypoglycemia, to study the he-
patic reserve, gluconeogenesis, and glucose tolerance in FCMD. In one case, glycogenolysis and gluconeogenesis
did not occur, but ketone metabolism was thought to be accelerated. We also analyzed the age, blood sugar (BS),
body mass index (BMI), and creatine kinase (CK) of patients with FCMD and other muscular dystrophies who de-
veloped ketosis in the 10 years from 1987-1997. The CK level decreased as patient age increased. Hypoglycemia
occurred in patients who had a low BMI. To avoid hypoglycemic attacks, these patients should ensure that they
eat a regular diet.

Key Words: Fukuyama congenital muscular dystrophy, glucose metabolism, ketotic hypoglycemia
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o7z 2l BT LT, ABEROEE - MFE - CK -
BMIYOB% b HAFBRICHRE L720 T, HiET 5.
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@B 10 ERICIEGIE THRHC AR L2 Y A
FaE 74 —40% EXABERZE : 1170H) 095,
ABERO T — % % BE ¢ & 72 21 4 (FCMD : 17 4,
DMD : 4 %) 04 - 4 - CK - BMI OBtk % &R
Y5,

MERBLVHE

1. KIN¥EE 2L 7= FCMD (26T 25

&L, YRERES T, EilkEE 2 L7 FCMD
4% GEBI1~4,5%0» B~163%6 » ) LARIUHE
WRE Do 2R 7y b v e2E L2 FCMD 2
% (GEBI5,6) (10104 H, 2211 % A) T, A
BelE OFf Rid Table 1 DM TH A, ZhbDOBEH
WOWTIHOFHEE - FiRD O OFERAE - TR T
Bt 572010, BRRE O Vh I AR RER
(0.02mg/Kg #E)?@7 5 = v AR (500mg/
Kg EA)VOfEaMm R (2g/KgEAN)PE2ERL,
FNENOAMBRBANICEZOHEEBICELET
13~20 R OFUEEE 172\, BREED Gha

THRET L 72,

B, TNOEMRBICELTIE, REERET
HILOBEHRLBENOBBEELREZICHHAL, R
BEETERBLL.

¥/, ZOBEBIHLTC, ARBEEOER - M -
CK - BMI O Btr b A RICHET L2, BMI % &7
MT572DICHTF - LFOBMIS—1 > % { )Vilh
BMreHwso bl L SEHRTIN—L IV
TR 5BMIiZI2I1213CTHAHDOT, BMI: 13
PIF #9888 (underweight) & L CEEOREELFF
fligsrzee L WRFERNERNEEEKERZH
W2 IBEE LS & Y e O E 2 AR UMRE L7

2. ABRRBT A bAO7 ¢ —BEICHT K

BF 10 £/ (1987~1997 4E) 1T RGE CTURHIA
Bel7z40 % (E~XABEEIE 117 H) T, 20117
BOLEY—FDIH 76 H (65%) BSR7 b @ By
BTHotz. EHIC, ARLAZAOZOHI A b
TA4—=DIbLTRT by e Ro7DIE, 29
% (73%) T, 029 %DFHEZOHNFIE FCMD 19
22 (655%, Bt FCMD 1 4), Duchenne 255
A b+ &7 7 4 — (Duchenne muscular dystrophy :
DMD) 8% (276%), BWEFHIA P74 — (o
sarcoglycanopathy)®, BATWRE HBEHEMG I A M
T4—%1% (B4%) THhol:. TOABRLAA40
%09 b, AKEOEE - K - CK - BMI 7 — %
PRETCE221%(FCMD : 174, DMD : 4%) %
JUE Rl DY

Table 1 Clinical picture of Fukuyama congenital muscular dystrophy patients admitted with or with-

out hypoglycemia

Hypoglycemia group
Chief . . Urine Blood Creatine Body mass
Case Age complaint Diagnosis ketone body sugar kinase index
1 16 y 6 m Lethargy KHG 4+ 24 314 86
Sweating :
2 9y6m Vomiting KHG 3+ 28 None 131
3 5y9m Lethargy KHG 3+ 45 None 135
4 5y0m Vomiting KHG 4+ 11 6.637 131
Convulsion
Non hypoglycemia group
Chief . . Urine Blood Creatine Body mass
Case Age complaint Diagnosis ketone body sugar kinase index
5 10y 10 m High fever Acute pneumonia 3+ 128 1,580 115
Cough
6 22y 1l m Appetite Acute bronchitis 3+ 83 559 108

loss

K H G : ketotic hypoglycemia
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Fig. 1-a Changes in the body mass index in six Fukuyama congenital muscular dystro-

phy cases
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F 72, MERIEERE B REERE % B 7 B R
DWW T Fig. 1-b oM TH o7z R 1 TlE%
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Fig. 1-b Changes in the obesity index in six Fukuyama congenital muscular dystrophy
cases
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Fig. 2 Glucagon tolerance test in six Fukuyama congenital muscular dystrophy cases
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Fig. 3 Alanine tolerance test in six Fukuyama congenital muscular dystrophy cases
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Fig. 4 Glucose tolerance test in six Fukuyama congenital muscular dystrophy cases
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Table 2 The results of tolerance tests in Fukuyama congenital muscular dystrophy

patients with or without hypoglycemia

20

O Hypoglycemia group
Case Glucagon tolerance test Alanine tolerance test Oral glucose tolerance test
1 No response Normal response Normal response
2 Normal response No response Normal response
3 Normal response No response Normal response
4 Normal response No response Normal response
O Non hypoglycemia group
Case Glucagon tolerance test Alanine tolerance test Oral glucose tolerance test
5 Normal response No response Normal response
6 No response Normal response Normal response
m Fuk congenital
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Fig. 5 Relationships between age, creatine kinase, blood sugar, and body mass index of
Fukuyama congenital muscular dystrophy patients admitted with infection-related ketosis
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M Fukuyama congenital muscular dystrophy
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Fig. 6 Relationships between age, creatine kinase, blood sugar, body mass index, and
urine ketone bodies of Fukuyama congenital muscular dystrophy cases
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Fig. 7 Glucose and ketone body metabolism under fasting
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BIANE—Z, ZNa—RE7 b RO ARTH 5.
PUERERIZIZ, 7F P U REIAVT - LCHIA LIS
5. FREHEE TR ST S MR L
L, MBTTVT I veia L -EmRRE LT
FEBR - O - BRIGEEh o A VY- %%,
ETIE, BEMLICL Y 7 & F V-CoA I Nz
#%, ketogenesis ~& #EITT B, TN B, ke
togenesis [ZIF ¥ A7 ¥, I VFV =N, Bk
WEY, FVhITy (RENCEH ) PBRT 5.
PlEds, Fupdvig, 7V a—4 vaik, B
B, BREEOR, b v AEBER R RS T 5.
FER 1, 6 IZBMRBEOERIE o7 (ERE
1mwﬁ6wﬁzi£%%&nwﬁ)ﬁ,ﬁwlu
BMIS6 L ZEHLBEXELTRY, FVATVE
MR TS 2 RET 7 7= VAR TRISAHR
oM Zhix, ) a—7 Y OFhEiEds
BWZEERRLTBY, ELHRLEETOTI/ B
25 O A FE T b T T AV F — OfEEA
ThhTwhnwZ &2RrL TS (Fig. 7). ¥IZ, E
BI1LWE7 5= 5D LR EZRL, BMI
DRVIBEETHY, BEBLIUHERDOLODH
BOEKTICE b 2w, HRNDT I = V3 CREH
ENTBILHREPEFEMTbN oz, T,
FVH I VEMRBRCERILTHo 2 EPLHE

B 2 B BIORE D O A O FHEEET 0720
Za—2 Ui b F IV a— ANMRT B IRFERYE)
P, F N URERELZEEZ SN2 (Fig 7).
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(BEAEDRTIT=V)THDH. BEHORLIZE DA
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PR FEBBRTOIANVF—FELLIEICLD
TN A= ADFEREBHRS L MLHEEHERE O H I
ERLTWwWEEZ NS, £ LT, FRICEAL
7o HERERRRER L b ARICE B S il IR E
5. RSURDIEETH 5 HEERIERE, AKEEMEL
MEFRTIET VT I VEBIEELTWAS2D, 1l
HIREO LR B X O - M o @& AR 5 T
B, PREHRRIIGERR®EZ A VX —I12E
By o RIERBRILBROFE L. —F, F b
PRIZKEMET, EEERTER L ) M L~V TREiRE
E DR, ME-HEMEZERTESZ L, D,
FURB O HFFEMZERIZBWTIE, ZVa—ZADORRE
ERHOME—DEELRI AT LR o> TVEY7,

UED5, ER 6 TiX, 7 M VRIRD b2,
7T = v EBASEMICENTB Y, RS RAE
LTHBY, Fva—ZA0MtEad - 72720, {KILEE
LR nbhhol. TOBETI VI ANRE
TORT v - 7 MEEEE - 3:0HBA O X BEME X
TCUEEERLTEY, BYHDBEISZHOBR
BEChbLEZONRT b EBOLNIN, TNV
ATrHEGICEY, By by -T2 MEEER - 3-
OHBA OFUSIZEREICHIE L7zt E L bN5B.

F72, 7 b URIE, TREAERR TR IR A0 S
NWIEIEEZ AL, T, BEMLICL Y T & F
W-CoA szt 7 byEPEESINTL
EZHNB". FEFL E 6 DEWIE, JEF LI BMI
861X, FEBI61F 108 THHZ &, Vv HIT VA
WRBOREEL STHIL, BEHE BS® 7 b
YEEEOBISA T TR Y MR I T
WERLAhodz 75 by -7 & MEEER - 3-
OHBA DUt ik, BRBAMRCHEH X 5 Balh o irk
BEPHEELREDR Do 2O EEE o EEZS
nas.

TS VANRBRTIRT 9o VIEABRILEBO LR
BRI O0, b Ed &ARRO MRS
VEIT L TB VKR IE RS, WL LR IEIR N
Lhrolz.

FEBI 2~5 &, FNENT VA TV ERREBR TG
ZRL, T 9= vEAMRBRTIIHRER USR0S
o7z (Table 2). BWHEMABRTIEFER & H1E
FORISER L. EFOERIES5~10% (9% 6
# R, 59#» A, 5, 1010+ 8) TEMLG
LD IIREDOET BHoORHER) ISBETH- 72
B, FFOFEECHE AR X AIEERIZIERE T
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Hotz. WRTOFHENDY, FIHHNOT I =
VEFCRET A EEThTIC AL T -
BRI TETw R EEZ bR BRARET
BRREFE BIEFORSER LA, ZHUIBEEKRE
EW % ERICEOFHAPEYIITbRTnAZ &
ERLTwWAEEZEZONZ LaL, T9=0#%5
WX BN TOESAERIBRO LR EIRDD0D
MsED LA %D ol ThiE, R TORES
EICBTHZRBBHORENZZ oM (Fig.7).

AP FCMD OFZelz X 5 &, Taniguchi 513,
fukutin EAZT DEWTH % Fukutin 1& TV VHRICH
AL, BAoEEBEEZELO7 I BREFMAMEI
EhoavRbIurzy by oOEEBEICES T 58
BBEBEETIERVWALEZONTWEA, ZOKEE
BEORMBENLZVERELTEY, /2, IIE
X, FCMD O EKEIET : fukutin BInTF O EY
i, BRERERICES 3 5 a-dystroglycan (a-DG) ®
PEHBHICES LTw5, aDC ZBELRMMEEA
TAHREEN T, AEE/ MRS B TRl RA
DEHA % link 3 58 A1K, dystrophin-glycoprotein
complex (DGC), DBEE DDV DOTH 5. HEH
o siE &2 OREEBREADOZBHRE 2o T
%. Fukutin i, 22 A EETOMBICEIAL TS
3, astrocyte, ML LA O AR MRS B %2,
D FEREEFC B B IRENL, FEACEHIATY
v, T, BAARZEICHESTA/NIETH D
TN IVEBRL/MMIRICHEENZDOLNTEY, o-DG
ORESHBHICERPD Y, T, TVIEESL/NR
LA, B RLED RE SN, a-DG OFESHIEH
DAHOBEZE L CWAIREED D2 LWL TY
5%

O ENL, BAGHEE LICHEET AN EET
BB TN IEER/NBRIFIET 5 Fukutin 25, I
WTOREHEICBIT 2RBEBRLHANTOT I /B
DRFEEICBEE T 5 FCMD OBER#ICEE LT
LA REHDZEZ HN 5.

2. BT AMO7 4 —ARBEICOVWT (AR 40
ZDRMFE &> 7= 21 KIZDOWTHERED)

BEECHRIICARLA0ZOH YA b0
TA—=DHH29% (73%) BRT b VEEEERL,
Z 0% 7E % FCMD 4%, # 3 1% DMD 255D T
7o, TNDIEBID ) HRESTE 7z 21 4 (FCMD : 16
%, DMD :5%) iZxt LT, ABCROFER - My -
CK - BMI OBtRZ Mat L7z, f& & 12 CK D
W% FmIz. 72, BMI : 13 BLF O E# (under-
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weight) CEIMEEZEZ LTw5 (Fig.5).

Fig. 6 i, 40 - 45 - CK - BMI &JR7 b v O
BERE Lz, Ry b & CK - FERicB LT
OhBRERON o BT PV EBMIT
ik, BMI : 13 PLF @ E-8 (underweight) & £ LA
SORETRT b Y i BEESR O, RV E
MDA TIXR T b @I 520N TR
MAEZ 7% 5 70— 7 LARILEE & X BERIZIR 7
SRS 2 B BRSO BTz,

FCMD T, 5Pl ®BICHOEMETL,
BMI: 13T OEEED X ) ITEETWAERT
BRIEARE LR TV B L, 20k
BN IIFEMEHR, TV AF—F 2L MLk
EEXROTRMSLETHY, BEEARCESTHE R
EIHDEEZTIULEVDH DL LB b

s W

OR7 b v Btk & % Y R IAEE % 7R L 72 FCMD
4 B L ARIAE 3R S 2o 72 2 Bl OFERH (FoF
fifEe - B O OFERA - THHEGE) ZME LIEL
7z.

QIBITRIHEBOETICE D ZVHANDT S =
Y CRH & B gluconeogenesis AT H T,
F72, HEBRADOFRHERTOLO7)a—rrrb
TV a— ANGRT B glycogenesis ST EF, & b
YREMREE L EEZ BN

OMDFEF TIZF OFIEEE - THHERBIZEE ThH -
7z, T 9= U#51C X B FFH T ® gluconeogenesis
WKOWTRABRO LRZROND OO MMBED L5
BRONG P oz, BERTIIHFNORERAERDA
ORHE, Tabb, BHDH® 7 b EERD UG
KXo TZANF R (FVa—R, BRI,
N BFESNMBESIER IR NS LEZ
BNBEY, REXEERTS LITHNOERERIIBIF
LHRBREBOREDEZ O,

@:8F: 10 F M RGE CLURHC AR L 72 40 %0
YA T 4 =1, MR LR 57221 BITOWTKR
L, e & BICCK oAz R

GBMI %5 13 LT 0B X (underweight) TRIfL
BRI LTW.

®FR7 b & CK - FE#ICB LTS 22 B4R
RONR o7,

@A N v & BMITid, BMI: 13 BT D5
(underweight) & NN DOEETRY b > kGG
PR N,

@R b EMBEORRTIIR Y b ¥V A5RBMHEIC

7 B O N TRILEE I 7 5 B &R IR & 13 AR I
RA b VBB EEDED ST,

AREHILDOERIZ, 4th International Congress on World
Muscle Society 1999. 10. 14-16 in Antalya, Turkey & T
A Study of Glucose Metabolism in Fukuyama Type
Congenital Muscular Dystrophy & L THEEL /2.
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