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Organic Acidopathies as Etiologic Diseases of Developmental Delay in
Korean Childhood and Adolescent Age Group

Jong Yoon Lee, Ye Seung Lee, Eun Joo Bae, Joong Wan Choi, Won Il Park,
Phil Soo Oh, and Hong Jin Lee

Department of Pediatrics, College of Medicine, Hallym University

Purpose: Developmental delay is caused by very diverse etiologic diseases, Most chronic disorders
has some influence on development, Chronic or acute disorders of CNS are main etiologic diseases
of developmental delay, Up to now, over 60 diseases are included in organic acidopathies and
most of them causes acute or chronic recurrent CNS damage and developmental delay, We have
done this study to find out the importance of organic acidopathies causing developmental delay
in Korean childhood and adolescent patients,
Method: Retrograde analysis for 738 patients with developmental delay whose clinical informations
are available and have done urine organic acid analysis for 5 years period, between Jan. 1st 2007
to Dec. 31th 2011, Statistical analysis was done with Student's t test using SPSS.

Result: Out of 738 patients, 340 patients (46.1%) showed abnormalities on urine organic acid analy-
sis, The most frequent disease was mitochondrial respiratory chain disorders (MRCD) (253, 34 .3%),
followed by ketolytic defects(39, 5.3%), 3-hydroxyisobutyric aciduria (26, 3.5%), glutaric aciduria type
I8, 1.1%), pyruvate dehydrogenase deficiency (3, 0.4%), 3-methylglutaric aciduria (2, 0.3%), glutaric
aciduria type | (2, 0.3%), ethylmalonic aciduria (1, 0.15%), methylmalonic aciduria (1, 0.15%),
HMG-CoA lyase deficiency (1, 0.15%), 3-methylcrotonylglycinuria (1, 0.15%), fatty acid oxidation

disorders(1, 0.15%) and FAOD (1, 0.15%).

Conclusion: Mitochondrial disorders are most frequent etiologic disease on all age group, followed
by ketolytic defects and various organic acidopathies, The number and diversities of organic
acidopathies emphasize meticulous evaluation of basic routine laboratory examinations and organic
acid analysis with initial sample on every developmental patient,

Key words: Developmental delay, Organic acid, Korea
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Table 1. Age and Sex Characteristics of Patients
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2708 ol 2A7HA1 9 Gokrel A%
ANA A7} 1539 (62.7%), Lol sHbe A7}
9178 (37.3%) ©1S0t}. A AT QA" FAftelA
|74 o] AAolE SIRFE-S 959 (62%) ©]).2.
v, 587 (38%) oA fr7]rtthAtoldo] X
EZrgolgFAdMase] o (MRCD)7F 718 ot
A 4178 (26.8%) 1111, AEAES ool 8 (5.2%),
3_51c§,qo1 HHEAES0] 3% (2.0%) E FE ©l

(11.1%) & 53das Hol A
Al A wstrh ﬂlizﬂﬂHOWﬂ 7<% 104 (11.0
%)l Ao, T% 9ol Akt 113 3
o]l Hhkare- 01911:} 3-wEFFEF2ANE o)
19 (1.1%), 2% SFEI=AEZFO] 1%
cH(Table 2).

2HIFE 1241712 9] Aol7]5e] 749- A 435% %
a2 dnt Q)9 a7} 2347 (53.8%), WHEA| o)
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Hkzto] Rke X7} 201 (46.2%) 2 A<l
R o] g 1 BSkor A FAARI nl= ¢l
S(p value: 0.66). HEX AT AW 234759 3}
oA 71 e] Aeld St 1267 (53.8

a1, HFEAEELg A Fo] 24/(1.3%),7F A %)o1N o, 7778 (32.9%) oA MRCD7} Rgt=o] 7}
0“1 UﬂE‘” IS, 3-vESFEEAE S, Al 2 Wk, 3-3|ESAIFE|EANES] 16 (6.8%),
FEEEAES, EUEANES So] 194 AdE 9] A=A R o1 do] 109 (4.3%) 01 oH, A1E FFE
G o] WAol PARE BAES MRS AT, A29 SRARAAE, AFARELEL
2 919olglom, 47t Zadkato] 717 (78%), =4k A%, 3-HMG—CoA lyase A9%, 3-—vE Az =4
2o 147 (15%), 9 E3hdato] 63 (1%) o= A4 g5 50 27 19(0.4%) 2 Zlekso] whd=]dnt 9l
Ho 71 We S ol YT IEEEeL B = TONE Tk 471Ege) duEy 9ed o
FAER0E 27 (29.7%) oA RAgtEo] wzlo] T AT B Aol B2to] FHkE 7-g-oll= M
AN FHETF o HL RS Hlou FAAQL 9 Zko] 1909 (93%), =+azto] 3 (1%), 2 EHahdk=}
t= AP value: 0.65). 27 MRCD 4} & o] 11" (5%) 0.7 Ztato] 5 o]F3 §)gloH,
2078 (74%) & AL 4 (14.8%) & =442t 39 Goprlel nlste] Mzl WE7} E8ktH(p<0.05).
Table 2. Developmental Delay with or without Seizure on Infantile Patients (2 months—2 years)
DD with Seizure
DD only Total
GTC partial complex
normal 95 40 9 3 147
MRCD 41 20 4 3 68
ketolytic defects 8 9 1 18
MMA 1 1
HIBA 3 3
MGLA 1 1 2
GA I 1 1
GA TI 1 1
PDHD 2 2
EMA 1 1
Total 153 71 14 6 244

DD, developmental delay; GTC, generalized tonic clonic;
MMA, methylmalonic aciduria; HIBA, 3—hydroxyisobutyric
glutaric aciduria; PDHD, pyruvate dehydrogenase deficienc

MRCD, mitochondrial respiratory chain disorders;
aciduria; MGLA, 3—methylglutaconic aciduria; GA,
vy, EMA, ethylmalonic aciduria.
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g Aol whzto] FRkE 0 {71 ikEA o] A el gl Abao] Agadeldd A97h 147 (48.3%) 0132,
A= 997 (49.3%) 2 0|53 S Holar 319 MRCD7} 147 (48.3%) 2 thS AA|8kal e
or] MRCD7} 82 (40.8%) & Wr=odnt QIgiel o, o5& B Aalzke] FelE Hola 9Iglet v
o niste] oju] QA =UTHp value<0.05). 8278<] 2] 199 g} 228 FREfEANEZ0 7 oA AN
MRCD $H2} 5 7570] AAaks 3rgo] H4ubahs, WHARS Holal QISitH(Table 4).
4792 B} Hhaato] ops Mol FE AAE A AYFS F3he) B9 (Table 5), wExdo] 9l
Yo7E & & Ak AEAEs ) Fe] 998 (4.5%), QE Bk 738 02 HhA] ANk QUE Ak 414
33| EE Ao AT E|2AMF0] 67 (3.0%), A28 2 4 (56.1%) 2.2 =]l ¥hzke] Futo] QI $kxp
FefEARE 0] 39 (1.5%) 7F 3tk o] AP FelA 3254 (43.9%) o] w]ste] wokeh ARt QIgd
WA Ant Jo7l frlAE o] ks FHket AR oA %71*%11*}01“01 QA A= 2337 (56.3%)
o} thokel s BYloy ek $xEo] 1Ml °0]91al, 1817 (43.7%) ollA 7 1Aktirtoldo] et
BAFER nE Fols]e PEYT o] A= 7t “E} 1% MRCD7}F 1308 (31.4%) = 7¢ @ekal,
B FEZ "4l Reye like illnessE 4274 A 33| EFAO|AFE ZANE o] 207 (4.8%), AIEA
AAAY] 4 o)y, O FHFoE dIAAS Halo)idol 19 (4.6%) = HE ©]lon, vFHatet
Yo7)= Zo7 wdrH(Table 3). FAhELANFO] 390.7%), A1E FFEEAE—ES
12A] o] adr)te] A9 AA 5679 3kt o A2Y =F E}E*@iol V7t 279 (0.5%) °©1).0.H,
Z x|t QR St 27114 (48.2%), Al HHEEAES, 3-vEIFEEART, dEdEatd
o] uHzto] FakE 7} 297 (51.8%) & 719) H]Sst %, HMG—CoA lyase @%‘36‘ 2 xpakibglo) o] 7t
Pds Hola YAtk 279 A Ak AW B} ZF 131(0.2%) % Aeks] 3 gich deA|de] whake]
T f7VAREA ol A Xé*o 195 3217} 127 (44.4%) ©) sato] Qloldl & dAFo® 32470lglom, %
23, MRCD7} 127 (44.4%)0]131 0™, AEA|Ra)]o] F71A AR o] gl A= 1657 (50.9%) 2
Fo] 1% (3.7%), 3—3|=FAJo| FE|ZANFo] 1] 159 (49.1%) oA f71Attlato)de] A= Qdet. 1
(3.7%), 9l AAbitsto)lidol 18 (3.7%) o] ik, Wt % MRCD¥ 1239 (38.0%) 0. 7P wgkomn, o]=
Aol Hhzke] Futo] QIS 297 2] #x} FoA f7] ] dnt Qlold 9] 31.4%0) Blste] <] QA =

Table 3. Developmental Delay with or without Seizure on Childhood Patients (2 years—12 years)

DD with Seizure

DD only Total
GTC partial complex

normal 126 94 5 225
MRCD 77 75 3 4 159
ketolytic defects 10 9 1 20
HIBA 16 6 22
GA 1 1 1
GA 11 1 3 1 5
PDHD 1 1
HMGLD 1 1
MCGA 1 1
Total 234 187 3 11 435

DD, developmental delay; GTC, generalized tonic clonic; MRCD, mitochondrial respiratory chain disorders; HIBA,
3—hydroxyisobutyric aciduria; GA, glutaric aciduria; PDHD, pyruvate dehydrogenase deficiency; HMGLD, 3—
hydroxy—3—methylglutaryl CoA lyase deficiency; MCGA, 3—methylcrotonylglycinuria
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Table 4. Developmental Delay with or without Seizure on Adolescent Patients (>12 years)

DD with Seizure

DD only Total
GTC partial complex

normal 12 13 1 25
MRCD 12 14 26
ketolytic defects 1 1
HIBA 1 1
GA 1I 1 1
FAOD 1 1
Total 27 28 1 56

DD, developmental delay; GTC, generalized tonic clonic; MRCD, mitochondrial respiratory chain disorders; HIBA,
3—hydroxyisobutyric aciduria; GA, glutaric aciduria; FAOD, fatty acid betaoxiation disorder.

Table 5. Developmental Delay with or without Diagnosed on All Age Group

DD with Seizure

DD only Total
GTC partial complex

normal 233 147 9 9 398
mandelic aciduria 3 3
MRCD 130 109 253
ketolytic defects 19 18 1 1 39
MMA 1 1
HIBA 20 6 26
MGLA 1 1 2
GA 1 2 2
GA 11 2 5 1 8
PDHD 3 3
EMA 1 1
HMGLD 1 1
FAOD 1 1
Total 414 289 17 18 738

DD, developmental delay; GTC, generalized tonic clonic; MRCD, mitochondrial respiratory chain disorders; HIBA,
3—hydroxyisobutyric aciduria; GA, glutaric aciduria; PDHD, pyruvate dehydrogenase deficiency; HMGLD, 3—

hydroxy—3—methylglutaryl CoA

lyase deficiency; EMA,

ethylmalonic aciduria; HMGLD: 3—hydroxy—3—

methylglutaryl CoA lyase deficiency; FAOD, fatty acid betaoxidation disorder.

ot} (p value: 0.05). A=AEH o)A

2 A Adul Q1 E 79 4.6%0°

Fe- 2078 (6.2%) Afolde] eE gl 7 wWokd A MRCD &

Hlgto] Eokovt &

AAQl oul= At p value: 0.89). 3—3|EEA|0)
FE|2AME 0] 69 (1.9%), A28 SFEEAIES
o] 6% (1.9%) 2= HE o3l 11 9] 3-HEZF

2AFEZo] 1o] Aekw o), w2kl §-5-9 Adaelo]

x| Qlo] gl BE 3AE Aulstoind A $

A= 7380190aL, 15 3987 (53.9%) 2 f71AHEA

ol AAaAS AT, 340 (46.1%) oA H71AH

253 (34.3%) 0192, AEA ol de] 397 (5.3
%) E FE °I0IL, 33| EFA| 0| T E 2AtdFo] 26
B (B.5%)0] ANeH, A2y SFEREANTO] 8%
(1.1%) o] AL, 2579] $Ap50] Jekd -2 )
FRAETLgAd]Te] 379(0.4%), 3-HE ST
2AEFI} A1Y FReEAEzel 247 2903
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Agtold ol 42k 1%8(0.1%) 4 I 3l
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K= x%x% ‘—79;401 q_ﬂ_mér 2= o]q_& 7<8>.

il = I-—HEazEd ST HF Aozl
S Zdo] 51 gl Aol §4 o5l Kol
F7 2ol 7t2 52471 (-CO0H) & 2L & 7] T A9E EEA o5kargo] S W ofslE o] A}
EAE FEo FE 0|50 B3k, opv|Al U ol 0|2 H9-Eo] BaH L Q) o]F GA] W54
AR SO PEEER Aldels 10001E0)/d<] ¢l Reye 559 s wH, Hax A 2L 34
F71AE0] tiAkEg ol AV dAlEE-& A A FS 3l S 9tk 3-3EEA 0| ARE|ZAMZE 1)
A}, whek o) tabA R EAZE AA AR AA S 7§ﬁ = welr),
7} BA] ZEhd Adle] {714 w57t SEba (R HEZEgok= ATPE JAste] At Esahet]
71385, Ao w ] o] FrteHAl HH (F714k a3t OHLV]E THEATFE T AXAYL 2%
), WA f71AE ST RS Fools) ol AZ o] o] AstAIAEl Y o T HAMNEAE
ATy, o] gdstal vk EFAMEAE sk ai (D
AFAR] F7IETE HEEEAETORE Uty )= 1000] 7 & o]F 13714 ZaE nEZ T o}
Tl Q1 ald) #ub $ol Fodo] Sl 3-499 Z1A€] DNA (mtDNA) o] &Jste] Rz AH, Y #]=
7] P(Symptom ree period) & A\ § 7=2&AH ot3} o] DNA®| 9Jste] whEoiA] mEE=2lo} ko2 -1t
o] A HRlrk ol vehbE T4 & A ¢k, w0} ZHg-5HA Hk o] EEAYRAY] 7)50] WoiAd
Esphe, dzto] 91, 7THNEE AA EFEE 2 Uehhs AWol mEIZEgolsFAdaie] ol
Hoprp A3 X855 $A ok Abge] o2 i} (mitochondrial respiratory chain disorders, MRCD)
0 olu B39l AAE AR gapIAE S otk MRCD+= ThFst S5-2173 A1) o), 58] o)
gEYoldE, Wi AT, WY oY T & AL ol 55 dot) F7HEA A= qu}gz,
Ao YA o7 Jepdt), =292 ol a2 AN S 5 EA3] 2 ZAAIES] Z7). o]7)
A Z T Ol RS 3840l PE2 o E%@/‘J(dlcarboxyhc acid) & 571 5ol vehtH, o]
2]gt AoE HRlth 54710l Adst X5E A Y 213t Bighe= gpglad]o] & shd otelu]E s Bl
3|30l 7hs ot o) 5 WA Lk A, FF oo,
Qlo] U S5 . oA T2 o] &3k oUA LS TGOt} A4}
ZE LA E EHo Y] Tl what £ ot "5 xEdo] S7HE L o)F YA FE o]
A AR EF 5 (residual enzyme activity) 7} o= 3 it} 2AL 3 A)zto] AaEd dF X3 st
T ol 9l Aol 7 (intermediate form) I oA Al Ha1, 239 gt AgE S Fas st
= 7+ ¥ (intermittent form) &2 E2]=H] o] A%l o] LS WEolA ol et H=tl o] Al 3-44
© AFAQ FAHH Algolrlel Fdo] YA g1 7o) ZAAEE AxE o] AH G A7t A Hrt o]
2 Azt oy s 2ol olgkgol St ZEi7E A Eafiste] A AANE v )
= o (hypercatabolic status) &4 o312 Ho| ERF3}9HY (B-oxidation) TS AR g F RS
o, olwf Yehb= 47 AR AR 3o dlolufjAl it ojwf Wojz] U2 F 9] 'hAE 74
3719} 2o, Reye S5} HIS=gh o (Reye like H f7)E0] 3-8 =EFAFE] 2AH(3—hydroxybutyric
illness) = HRIt}. o]# e 482 Adel X5 $HH acid) ¥} oFA|Eo}A| EAl(acetoacetic acid) & FE0]
m, Sfss B713 U Qlek olEE AR olg) AEAety Bt o] ARAs 2232 Aol o
Z-go] F7he wmirh WAoo g vepd ¢ glow SH7% st A w2 ouAdoT o]&H7|% st
(recurrent Reye like illness), W52 o vlt} $§-5 t}. o] AEA7} Ao o] gH7] LJar = =3l
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o] AAAow Aol w=tl o] HAel EA7} I-HEFFEEAESE 193 A28 SFEEAES
e Aol AEARLHN I o] 4o E 2—ketothio- 17801931, U=] 6rgellx= d=to] §lo] dd=|dnt
lase A5 SCOT AHFo] of7]e] Y. o USATH Table 2). Aolr|olli= A28 SFEFEARE S 0]
ERFSIE o] o] ido] A ibslo)l i g o o] 7 SE|E Wok=t) o]F 47 ellA] Wato] FHE 1L gl
Folli= ARA} vzl AA] ko AFT] A I 9 AlY SFEEAESA), FRAEsLsEs
A& ABEFToIY Aol floH, Sl uhehA A% (1), HMG—CoA lyase A\Z1&) ™, 3-4)
EAQHQ o|gtEEAAE] ZrhErY gazed2EadEsqd? So) gglon, nE

HaAAs dorlE iRl A S AL Zto] glo] MR ARtS Holw QIUTH(Table 3). 12
Sz oo AFelA M w2 HIEE RYE Agke Al o]%2] Hadr o= A28 SFEFEANS] 19]
k] el Adaglo] MRCDSATE A AgwrellA 2 A=Y H2o] FHkE T T, AFARES o] Yol 1
Zo] 9l 497 41478F 1309 (31.4%) €L, w2t gl Al WA ATkS "ol 9IAtH(Table 4). A
< FHISH A9F 3247 % 1235 (38.0%) .2 AE-Ss A APTE BolRw 3-HESFERAE S (2H), I
7k 390 n] QA (p value: 0.05) E3kem, o] FEARFAGAANS(3H), A8 SFEEAES
Eﬁ} AT 27elA 24| Atele] dolr]e] 26.8%: @), A28 SFEEAET6H), JEEEAESA

9.7%, 2415 12/‘1]/‘}01«1 32.9%:40.8%, 124 °] dq), desE ﬂ'gz(lﬁ]) HMG—CoA lyase 29%
?4 44.4%:48.3% % R W5 FdS Hlrh A (12, 3-vidazeEdseldsad), Adihitst
A A A FAfelA MRCD7P A SH= W& A opFaEn” 51 ]7} Aeso] A A 3t
o] fiell Gl B dolrt SofrbaA Frlstar 9] 2.6%% At ULk olF THS A FHlel
UUTHTable 2-5). olejgh g2 Has doy)= AN, 1272 LA ATES Kol §IItH(Table 5).
felol] izt o Al MR BEE Aog? o]z} Hx o] QlomA frlAkg At S HAH )
Fol7haA Eddolrt HAE . AWE vehle AR ERA B4} 7389 F 340702 ] =
MRCDS] §4& vehle 2102 sdd) gsos < 12l 46.1%F At st ole AAE
orsl Aol AEARao] Yo w wEAARE I 2 AFXE7ER1 tish o)A | Aoz AT
oA 4.6%, Lol FakE TrollA 6.2% R, AT 15® Aeg AAEeI7] WiEd 7FsAol aAw
HE FAEEHE Joprlols 5.2%:11.0%, 2o ]dle Al #xpe] azige] EEA] EFAIA FARE
4.3%:4.5%, Z2A7|= 3.7%:0% = Gol7] Ha-s oS ZsHA A8t Qivka whdEt) fr)alkd)
FRESE oA F ‘3 e %“LO Bty avgo=w Aol d& B 3407 9] A} FellA 7Hg W H3g
Ll o= P ke =3 EE A0 AN E| AT 2 MRCDZE 253% (74.4%) S A8k e, 1
FWow XMHQE A ‘?j}%}xl?i{ A o)A thgo] AEA RS oIAFCF 397 (11.5%) ©1 3L 3-3]
4.8%, L#o] FHIE oA 1.9%0]3 o, AgrE EZAO|ARE| 2 S0] 269 (7.6%) 2 HE ©]%lL
2 UHEA FJopols 2.0%:0%, ol 6.8%: ], o]9]ef SbA At vhkeh AgkEo] ANk Xt
3.0%, Fad71o= 3.7%:0% = E=to] = WA Ha(F 194, 2.6%) ALt o] IAEL wHEAQd
oA o 523 Aoz ddE et 3 He] Aol Reye—like illness& oA 1 $H502 WX
T Ado] Hd frIAEToRE ol 3-HE T dgde] Fake dato] w2 Ao ghdEe,
FREZAEF )Y, IFBASFLTAEANZE(2 H5 1 o Wik ot slel Zdke] whE A st
AW AY FReEAgE0d)Y, A28 2FEE 25 (Ao] e} FoF 2 hypercatabolic status?]
AZEAH)7, guEadEaE !y, MaEay WHE At 711 S J8S s 4 Qlok
(1) & 89o] 3lglem, olF Wt I A9+ T AelA WA 7hazide] WAl E3A
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