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(Glutl: glucose transporter 1; PDHC: pyruvate dehydrogenase complex; PC: pyruvate carboxylase;a-KG:a-ketoglutarate; Suc-
CoA: succinyl CoA; Suc: succinate; Fum: fumarate; OAA: oxaloacetate; CI: complex I; CII: complex II; CIII: complex I1I;

CIV: complex IV, CV: complex V)
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transporter type 1 deficiency syndrome, GluT1-DS)
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BOFE( L€ 5 (splice site mutation) & HEEFLEH Y
FAL o ALY B A2 L FH(EOAE) KAl
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SRR ~ 2R PR R A DY R PR B e o R T R RS S
[14] - Z3alian™™ = (UJEERE - JCECs R R 2
& GItT1-DS By E SRR - RESD R " 5
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dehydrogenase complex (PDHc; PDC) deficiency]
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xR AMERIERIVERER

JEE$ E A iR = JiE (primary carnitine deficiency)

A g A R RS2 i E = JiE (carnitine palmitoyltransferase (CPT) deficiency)

A ligEA 5 = JiE (carnitine translocase deficiency)

B & L[#(B-oxidation defects)

o iR ECEETS A £ S B = iF (medium-chain acyl dehydrogenase deficiency, MCAD)
R RS A £ G5 = fiF (long-chain acyl dehydrogenase deficiency, LCAD)

40 B ECIENS A £ G lE = iE (short-chain acyl dehydrogenase deficiency, SCAD)
il 3-FENRIEES A B> JiE (long-chain 3-hydroxyacyl-CoA deficiency)

g 3-FEEEEHNG A 1= i (medium-chain 3-hydroxyacyl-CoA deficiency)

PAAREE #4 (B FgER = JiE (pyruvate carboxylase deficiency)

BB JiE (porphyria)
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PRI Ry A 7 2 S I A 2 e 7 AV RETIR - A
RREREZ -

L R A TR A S R RE S (5
AT > DLORESF RO IEH HYAEBETIEE -

= BB R HY I A HH PR DA
HBERIER > 4182 FUREIRE S ~ s IREIE ~ 45
BAREABIE ~ SBFFRES - AR E o] DRI
HRERE R MY - —REVERE R
DERs 2 SEDLE > DIECRAELEamHY I > A
R P T 5 o ] P > 38 I B0 Y 7k K 15

568

EHEIEERE -
& FRAR B IE L BBy B BB

P20 B AR e U R R FE A AL

AR ¢

—. [RHe & EEmA « BFEF Zh8E - CRP~ CPK
BRARE ~ By~ MARAHINEEER ke =B H
B ~ PRI ~ MURCSARR T ~ 7Ll ~ & - &5
Beortr > BRES - AR -

= Rt E RS - i HLUER SRR -

=. HAOTmEERE > SO EE - R - BEEE
K~ BEEEE N
FERSAE FI AL R AR B/ NZ > B e Ho A R

%5 0 At

—. BT EER S YAy  BRYE S5 R R
Do

= fEE(EEHFTES A R o R T —
SEHIFTHYEHEE H > AR (EEETE
&)~ BEYIER - IR — S EREARE
BREMAE - BB GG - W~ 858 0 FTE RS
I REREC T 53 AT ~ A R P B S % - /M
JiEteE AR TS ~ HUEESE -

=. HAERET R - Fik - R E B -

& W
L A A AR R R By — R

Formosan J Med 2024 Vol1.28 No.5



SR AR E A A REEI G

BT AHBR e R MR E R A TR
BRMTEERNE - FRAECG THET - HRIEAILE
BHEX B e m A s E S | BT RO EREE
(GluT1-DS) FI P9 i fie S B 18 & 1) (PDC) ik = fiE
HEBSR L (N R E E R UE M RIRH £
H K

FERA SR MEAH R - EEZ R
WIREF R IR ARBE BRI Z RE B (LI » AR &
A HER AR B B s R - etk - AEHAER
B ERUERI R MRS R TR S (F
B4 PR Z B FR I BRI I EBE 1 = H R B M S A
TS R -

FEfE FH AR B ER B E B e R M R IR R AR
o REEHEHEA IR - EhE 80 KRR
T DIECRIGFRIUR » S A R EATEET KT
A RETK PRIERE -

L

ACEZ Mz fEze - - JEREE © 8 - 26l
i - ARSI ER -

2

1. Freeman JM, Kossoff EH, Hartman AL. The
ketogenic diet: One decade later. Pediatrics
2007;119:535-43.

2. Dahlin M, Elfving A, Ungerstedt U, et al. The
ketogenic diet influences the levels of excitatory
and inhibitory amino acids in the CSF in children
with refractory epilepsy. Epilepsy Res 2005;
64:115-25.

3. Yang X, Cheng B. Neuroprotective and anti-
inflammatory activities of ketogenic diet on
MPTP-induced neurotoxicity. J Mol Neurosci
2010;42:145-53.

4. Attaye I, van Oppenraaij S, Warmbrunn MV, et
al. The role of the gut microbiota on the
beneficial effects of ketogenic diets. Nutrients
2021;14:191.

5. Freeman J, Kossoff E. Ketosis and the ketogenic
diet, 2010: Advances in treating epilepsy and

EEBEEL 2024 £ 28 % 5 1

10.

11.

12.

13.

14.

15.

other disorders. Adv Pediatr 2010;57:315-29.
Wiodarczyk A, Cubala WIJ, Stawicki M.
Ketogenic diet for depression: A potential dietary
regimen to maintain  euthymia?  Prog
Neuropsychopharmacol Biol Psychiatry 2021;
109:110257.

Valente M, Garbo R, Filippi F, et al. Migraine
prevention through ketogenic diet: More than
body mass composition changes. J Clin Med
2022;11:4946.

Tabaie EA, Reddy AJ, Brahmbhatt H. A narrative
review on the effects of a ketogenic diet on
patients with Alzheimer's disease. AIMS Public
Health 2022;9:185-93.

Grammatikopoulou MG, Tousinas G, Balodimou
C, at al. Ketogenic therapy for Parkinson's
disease: A systematic review and synthesis
without meta-analysis of animal and human
trials. Maturitas 2022;163:46-61.

Weber DD, Aminzadeh-Gohari S, Tulipan J, et al.
Ketogenic diet in the treatment of cancer - Where
do we stand? Mol Metab 2020;33:102-21.
Scholl-Biirgi S, Holler A, Pichler K, et al.
Ketogenic diets in patients with inherited
metabolic disorders. J Inherit Metab Dis 2015;
38:765-73.

Zweers H, van Wegberg AMJ, Janssen MCH, et
al. Ketogenic diet for mitochondrial disease: A
systematic review on efficacy and safety.
Orphanet J Rare Dis 2021;16:295.

De Vivo DC, Trifiletti RR, Jacobson RI, at al.
Defective glucose transport across the blood-
brain barrier as a cause of persistent
hypoglycorrhachia, seizures, and developmental
delay. N Engl J Med 1991;325:703-9.

Seidner G, Alvarez MG, Yeh JI, et al. GLUT-1
deficiency syndrome caused by
haploinsufficiency of the blood-brain barrier
hexose carrier. Nat Genet 1998;18:188-91.
Klepper J, Leiendecker B. GLUT1 deficiency

syndrome--2007 update. Dev Med Child Neurol

569



Ketogenic Diet in Congenital Metabolic Disorders

16.

17.

18.

19.

20.

570

2007;49:707-16.

Pearson TS, Pons R, Engelstad K, et al. Paroxysmal
eye-head movements in  Glutl
syndrome. Neurology 2017;88:1666-73.
Klepper J, Akman C, Armeno M, et al. Glutl
deficiency syndrome (Glut1DS): State of the art
in 2020
international GlutlDS study group. Epilepsia
Open 2020;5:354-65.

Prasad C, Rupar T, Prasad AN. Pyruvate
dehydrogenase deficiency and epilepsy. Brain
Dev 2011;33:856-65.

Patel KP, O'Brien TW, Subramony SH, et al. The

spectrum of pyruvate dehydrogenase complex

deficiency

and recommendations of the

deficiency: Clinical, biochemical and genetic
features in 371 patients. Mol Genet Metab
2012;105:34-43.

Valayannopoulos V, Bajolle F, Arnoux JB, et al.
Successful treatment of severe cardiomyopathy
in glycogen storage disease type III with D, L-3-

21.

22.

23.

24.

hydroxybutyrate, ketogenic and high-protein
diet. Pediatr Res 70:638-41.

Munnich A, Rétig A, Chretien D, et al. Clinical
presentation of mitochondrial disorders in
childhood. J Inherit Metab Dis 1996;19:521-7.
Peuscher R, Dijsselhof ME, Abeling NG, et al.
The ketogenic diet is well tolerated and can be
effective in patients with argininosuccinate lyase
deficiency and refractory epilepsy. JIMD Rep
2011;5:127-30.

Cusmai R, Martinelli D, Moavero R, et al.
Ketogenic diet in early myoclonic encephalopathy
due to non ketotic hyperglycinemia. Eur J Paediatr
Neurol 16:509-13.

Kossoff EH, Zupec-Kania BA, Amark PE, et al.
of children

receiving the ketogenic diet: Recommendations

Optimal clinical management

of the International Ketogenic Diet Study Group.
Epilepsia 2009;50:304-17.

Formosan J Med 2024 Vol1.28 No.5



SR MERHEEA LRI E G

Therapeutic Role of Ketogenic Diet in Congenital
Metabolic Disorders

Kun-Long Hung'*?

Abstract: Ketogenic diet (KD) is a high fat, moderate protein, and minimal carbohydrate diet regimen that mimics
the fasting state to produce ketone bodies in the body. Ketogenic diet therapy (KDT) has been reported as a
successful dietary therapy for the treatment of intractable epilepsy for many years. Besides, its therapeutic potential
for some congenital or inherited metabolic diseases (IMDs) has been proposed through recent advances of
understanding of its action mechanisms. KDT is the therapy of choice for glucose transporter type 1 deficiency
syndrome (Glut1-DS) and pyruvate dehydrogenase complex (PDHc) deficiency as it directly targets the underlying
metabolic needs of these two diseases. In other IMDs, mainly of intermediary metabolism such as glycogen storage
diseases and disorders of mitochondrial energy supply, KDs may ameliorate clinical symptoms and laboratory
abnormalities. KDs have been effective to treat symptoms such as seizures in IMD, e.g. in urea cycle disorders
and non-ketotic hyperglycinemia. A practical recommendation for patients with IMD treated with KDs is to have
closed individualized records of clinical features, laboratory data, and related testing to ensure the therapeutic
effect.

Key Words: ketone body, ketogenic diet, inherited metabolic disease, glucose transporter type 1 deficiency

syndrome, pyruvate dehydrogenase complex deficiency
(Full text in Chinese: Formosan J Med 2024;28:564-71) DOI:10.6320/FIM.202409_28(5).0008

'Department of Pediatrics, Fu-Jen Catholic University Hospital; 2School of Medicine, Fu-Jen Catholic University, New Taipei
City, Taiwan

Address Correspondence to: Kun-Long Hung, Department of Pediatrics, Fu-Jen Catholic University Hospital, No. 69, Guizi
Rd., Taishan District, New Taipei City, Taiwan. E-mail: A00123@mail.fjuh.fju.edu.tw

BB 0024 4F 28 % 5 Hf 571



