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Prospective study of ketogenic diet in treatment of children with global developmental
delay
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University, Zhengzhou 450052, China (Email: zhudengna(@,126.com)

Abstract: Objective  To study the effect of ketogenic diet (KD) on neurobehavioral development, emotional and
social behaviors, and life ability in children with global developmental delay (GDD). Methods A prospective case-control
study was performed for hospitalized children with GDD, who were randomly divided into KD treatment group (#=40) and
conventional treatment group (n=37). The children in both groups were given comprehensive rehabilitation training, and
those in the KD treatment group were given modified Atkins diet in addition to the comprehensive rehabilitation training.
The children in both groups were assessed with the Gesell Developmental Scale, Chinese version of Urban Infant-Toddler
Social and Emotional Assessment (CITSEA)/Achenbach Child Behavior Checklist (CBCL), and Infants-Junior High School
Students' Social Life Abilities Scale (S-M scale) before treatment and after 3, 6, and 9 months of treatment. The two groups
were compared in terms of the improvements in neurobehavioral development, emotional and social behaviors, and social life
ability. Results  After 3, 6, and 9 months of treatment, the KD treatment group had significantly greater improvements in the
scores of the adaptive, fine motor, and language quotients of the Gesell Developmental Scale compared with the conventional
treatment group (P£<0.05); the KD treatment group had significantly greater improvements in CITSEA/CBCL scores than the
conventional treatment group (P<0.05). The KD treatment group had a greater improvement in the score of the S-M scale
after 9 months of treatment (P<0.05). During the KD treatment, 6 children experienced diarrhea and 1 experienced mild
urinary stones. Conclusions KD can improve the neurobehavioral development and behavioral and emotional behaviors in
children with GDD, and it has few adverse effects. [Chin J Contemp Pediatr, 2017, 19(10): 1038-1043]
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& TR % (global developmental delay,
GDD ) #87E 2 18 2 M A E AR AER (K
TIER A 2 MRiEZ ) |, 46 Kz sk 4
isg), U AT . ONE, AR A HETE D)
Re 1% 2 A JE ", R RN 19%~3%" . GDD
SERLEPESWT, 5 % UG 28R I )1 L BT,
R FBULE R E R, HHAF 1T 5
R E TR, T EE R LR
GDD H Ak = R0 iinyrrik, EELIRREIRYT,
eyt sleR8E . EEUIZR. VI
SONE, TR EEL | SRR,
W RBUB KRG DAL . MO 25 45 )
BT RCRAHIR ML

HAK B (ketogenic diet, KD ) J&—Fj =22
B RymIRD & EEE . KoK L EYIR e,
REAE LI PR AR MR IR A, [ R A 2R I
KB HEAR SR P KD ER—Fh &5
PR AR VE C 28 H iy L MG MR
W EIRY T, JFEREIENSMEE T IZ T,
AR FPHAEFERUESS T KD IS INAYT JLEXMEA
PRI 0 A PR Bcie Ak, R e 36 XA 1
W B LA AT o BONHIRE A Bt ), o
I KD 7% GDD BILINVHIZIRE . T4 Mkt 27
AR BEE . AT R TSR 10 BRBFE
XF 40 5] GDD LRI R Atkins IRE TS,
734 7 KD Xt GDD /BILIRIT)E 3. 6. 9 A
ZATHET | T4 PAL AT R TR RE T 5200
It 55 BIRYT HIEAT AR e, BRI 5T 245 R4k
EATR

1 ARSI

1.1 RIS

PEHL 2016 4F 1 A & 2016 4F 7 H 78N K2
o5 — B B B L R BHEBEIRYT Y GDD fRUL,
Jii BILR 2 B ™ 4% 2 R O s 2 5 4c it
T ) 2 5 B (DSM-V ) H GDD (fi2 Wikr i 7,
K HIBEHLEC T 106 84 1 B LBENL /M KD iR97
HAERIGIT L, Hrph KD VAT 45 1, #5808
J72H 39 i, AR AR PR BRI T AR 2 B0 T
RE 44H . TAABRS; KD JRIT4AL 3 #1F KD
FG 3 A~ H N B R4 Wi R KD iRYT, 2 65

HTFIG KD S5 54 H . 6 4 H &1 aE G i
1R KD iRYT . PRI ids 7 10, B2 77 I A
WE5E, HohH BRIP4 37 ], KD IGY74H 40 4.
PIZH R LIS . AR A5 — M TE R} L B 22 S 4t
EE X, Wk 1,

F1 FWABIL—EEH

5 () AR
415 ik i 4 (kx5 )
iy Ry 37 20 17 23+6
KD J&¥TE 40 21 19 21+5
PO 0.019 (0.945)
P{H 0.891 0.707

1.2 WNFAHERRFRE

D AFRAE: (1) 2016 4F 1~7 A 7EH M K2
5 = IfHE B pe LB R E FHE2 M 6DD BIL, 74
GDD iz ibRvE "™ (2) 4ElR 1~5%; (3) k
B RV h 25~54 B EE GDD L™, L -
At o R iERE iR (S-M iR ) IR
sr< 84" (4) a3 MHWAEZ KD (YT ;
(5) BILK @A FE.

HEBRPRIE: (1) KA BRI sh |
JRIZAMR s (2) A TR E AL O A L P P
WIRRGPNG, AidEa KDIWEIT; (3) RIAHL
RN R s AR s (4) AW Bz Z)
Fefi, s ®fi2miRE; (5) KDYARYFAT 1 A~H N
B R A ] — o AT o5 | DA R A A R o O 4

2595 (6) AR AT L Uik S e LAY
HRAAFIDRS Ff A

ARHIFSE 30 3 A 25 = B PR e Ao P
FosibnE, #ECS . 2016 EARHEE (027) 5.
AR B 7E P I RIS A o e,
ChiCTR-IOR-16009650.,

1.3 &ITA=*E

WHRTT A BILE TSR A R E NS, wEs
SREF . BHING. BaRs AN fElIrk.
ZPHREREIRIT A, R LR, 3 JEN 1R,
BWITREEM LA, LS5 ANF R MBS T
REES, MBS T RERSE

KD 697 475 7 BLIA TT 4L i 3 hlh 25 T ot R
Atkins TRE CRAEIITTHEER] AR A FRA A
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PEALAY AT AR R R 5172 ) o B FRITARYE LS
RE SR R i, KD BAGTRLE SR
TE & [l LR s P Y 75%~85% . KD 697 33 1%
HIE AN SO B LB B ES R . ZAEROTR
Ye b 2 GIRAN A . T KD IRIT T BIRYT G 3.
6. 9 MH, MEITHEZSEIN S &R E T E
BEIf . M2t AR BT E AT I R
ATERE IV BRI — N, TEAHIE AT,
A3 LT B S AR & . Gesell K B 3%
TEAG P E D LIS 21k Bt M g i 6 CITSEA )
/Achenbach JLEEAT A3 (CBCL) ¥4k, S-M &
FEEA,, JUEFTIFIIRE . BIIRE . (OTIRE. 1 .
WIRRGR BRI, DIIPATT RO AN BRI
1.4 FEiS

KD JAIT AT AR RGN 1 ILER . b,
U JE) 1 R B DA 1 450 5 AR i A LR A7
BRE. 2HBILTHRITE 1. 30 6. 9 Hi#E T
Joie. BIhRE. OIEE. AR, WIR RGEHE
Kitr, TiRI7)E 3. 6. 9 N HITIFROTHAL .,

1.5 JrRUTEE

(1) MEITHEBAG: R Gesell KH &
TR SBITIL, 35 Kz s ( GM) B EhE(FM ) |
WERPE (AD) R (L) o A =438 (PS)
5 iR R, 2 HEJLTIRITHT AT 3. 6. 94
AiEfress, M k8w, UEABHIERNKT
IRGERRE PR AR e, FEARIE & 7 w3 = O
RERELI N E

(2) ML SAT IR 0~3 2 LR
CITSEA ft3%, 4~5 % LR CBCLAT i3,
FENA LV T RS MRS, T 43 >63 43
RIBEVE; REHERE, T 4 <37 43 R BEME 1,

(3) WEWATHIPAL: R S-M &%, WEN
FALEE 6 A7, W SRR 5 5 45 A SE PR AR i 4
BONPRMESY . AR RE S PEE ARG DIEH 8RR
DL b dnifEsr= 10 435 QiGoKF: WS 9 41
QRRPESH . ARS8 4y @SR FRifEsT 7
gy OEESHE: bR 657 OWEE R
sy < 543 P,

1.6 FitFEHH

iR A SPSS 21.0 AT G 24000 1T
BOgep LIBIE s, il AR 2 e ; RS
SRR GOR IR + BRdE2E (x+s) FoR,

ZH IR ORI ¢ K36, AFFE RS 7k}
A8 (DA R BUEIRE ) [Psy(Pos, Pys) 1 87, 21
B8] bR Wilcoxon BRAIRG 505 221> AS A B[] 45
PR B S 52 1Y )5 22 50 B . P<0.05 22 5% A
gt L

2 #R

21 Gesell RBEREHXITENLER

211 2488 )LARTE EiE s agii 24
BOILIRIT AT IE N R4y 22 F G2 B X (=
0.653, P=0.943) ; A~ [R]N & B[] A9 250 0 25 5 A
i it of = X (F=18.920, P<0.001) ; 2 4H7E4E
T8 PR PE AT 7 T 25 R A Gi it X (F=4.065,
P=0.049) , 27~ KD 41 T & BIG 97 41; 4
MR E KR EA L EAEH (F=18595,
P<0.001) . W32,

%2 WASHESSEETIOLE (Fxs 5)
WIEE TR R
34H 64 94N
4+14
49+ 13

51 BI% IRTrHT

WHIARITH 37
KD J&Ir4H 40
e HA IRy 22500 om TR &K 225 (F=18.920,
P<0.001) ; JrHNZEZES (F=4.065, P=0.049) ; WFaHNZE 55
HINZEAAE AN (F=18.595, P<0.001) .

44+ 13
46+ 13

43+ 14
52+13

44+ 13
55+13

212 24#BILEETE] EKZFFoagi 24
BILRITHTRB s 22 oge it 7 3 L(1=-0.256,
P=0.539) ; A[R]IN & i) AR08 25 S Ge it i
X (F=16.617, P<0.001) ; 2 417 2 i Kz 8 i
T ZER TSI AE L (F=1.975, P=0.166) ;
SN R 5 R A S BAR T (F=14.310,
P<0.001) . WL3& 3,

X3 MAZHEAKXKEIESBILEE (xxs, 4)
e ITE S IRTE S IRITE
4 L
WHWAITAH 37 4513 44£13 43x14 45x12
KDVAJr4l 40 46+12 48+13 50+12 54+13

e AR 2200 BoR TR 225 5% (F=16.617,
P<0.001) ; HHHNEZEF LG H2#E X (F=1.975, P=0.166) ;
A R SR EA L BAEH (F=14.310, P<0.001) .
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21.3 248 % UK BF 8] B g0 3 AR 3R 5 09 L AR *6 FWAZHEANA - HZITHWLE  (xs 4)
YOO T = W/ =) R Y

2 2B LIRYT RTRE A S ETE o 22 R ST+ - o g PR WITRRITE
=X (1=-0.874, P=0.811) ; AS[a] 42 B[] A4 5% . 3MA 640A 94 A
NS A %% E L (F=21.002, P<0.001) ; WHIARITAL 37 4513 43:14 44x14 45:13
KDVAJrdl 40 46+13 49x13 52+13 55+13

2 HAEHR mokG B EPE o i 22 S A geit# B X
(F=4.065, P=0.049) , B/~ KD 4105 TF % i)y
H; AR S FERERASCEAEN (F=17.658,
P<0.001) . W 4.

x4 FASHESBHENEEIHILER  (xxs, )
NIV =0 S Ui 0 =N s D) =)

2H 4
20 51 B IRIT R 3AB 648 94A
TWHAITAL 37 42x12 41x12 4112 42+12
KDIBYFZH 40 45+12 46«12 49+12 5312

e EEME TR 20 Bos TR RZS: (F=21.002,
P<0.001) ; MR EER (F=4.065, P=0.049) ; WHEIFZE 5%
HREALHANER (F=17.658, P<0.001)

2.1.4 248%)ILEBTE] EEF 000 R 24
BILRITHNE F 1T Z R G iHE L (1=-0.787,
P=0.371) ; AS[R)I B (] RN 22 5 Geit 24 &
X (F=19.636, P<0.001) ; 2 HEHR & HS 4
FESAHGIFE L (F=4.100, P=0.048) , i
/N KD AR THANAITA; R SEEERA
ZTHAEM (F=21.850, P<0.001) , W35,

X5 WMABRILEMESBESESHLEE (x+s, 7)
v e BITE WRITRE IRITE

4| | ] NVASY
25 B IR 3AB 648 94A
WHWAETH 37 3912 38+11 38x11 39x12
KD &Il 40 42+14 44«14 47+14 5015

W EEME TR 2200 Bos THIRR R 2R (F=19.636,
P<0.001) ; A ELES (F=4.100, P=0.048) ; WE]FZE 55
HINEAACEAM (F=21.850, P<0.001) .

215 220 BILEAR ] EAA - AT IES # AR

2 Y BIJLIAIT RN - #E 38 0F4r 22 7 S 2
B (t=-0.465, P=0.743) ; AS[a) & B ] 19 2%
N2 SR g F = L (F=13.705, P<0.001) ; 2
HAEPE = AN — #5257 g 2 XL
( F=2.885, P=0.096) ; s 4lHZE S HEAL
HAEH (F=9.996, P<0.001) , W6,

W EEMR TR 20 R TR N E 225 (F=13.705,
P<0.001) ; MMHRNEZER LG 2E X (F=2.885, P=0.096) ;
AR R S0 AR EZA /RN (F=9.996, P<0.001) .

21.6 248 & ILAB ] L SR FH B IFS 0 g

2H BB RS K B BRI 22 R LG
=Y (1=-0.717, P=0.970) ; A~ [F) I i E] A9 %%
NS A g E L (F=14.797, P<0.001) ;
2HTER S B A BRI 2R A G E X
(F=4.360, P=0.042) , /x5 KD 448 T8 HIGIT7
H; SRR S EEACEAER (F=23.670,
P<0.001) . WL.3& 7,

®7 FWASHESEEZEEEMNLEE (s 4)
5 5 semwe  UTEWRITR S ORTR
24 5 BEL BT ;M;Jj 6.:.4\; 9m/|\)§I

215+61 210+60 210+61 211+56
228 £62 238+62 250+61 271+62

FHARITH 37
KD VAIF4H 40
T mE ORI 200 SR TN 225 (F=14.797,
P<0.001) ; SMHAZEES (F=4.360, P=0.042) ; HHEFEZ 54
HREALHEAER (F=23.670, P<0.001)

2.2 CITSEA/CBCL EFRiES LR
221 240 % )L A BT IE) & B A 2k B R 09 bk A
2 BB LR YT H ) BLAE B P4 25 57 LG T2
A (1=-0.953, P=0.929) ; AS[a) I B [E] i) 24
N2 R A G B L (F=13.999, P<0.001) ;
2 AR REAR IR B4R VT 53 7 T 25 7 A it # B X
(F=4.112, P=0.048) , &/~ KD 48T MIGIT
M srHNE S AZRA L EAEN (F=8.272,
P<0.001) . UL3% 8.

%8 WASHESAMEETIMLE (35 5)
s epee TR WITR TR
mgpl g e SO0 WL

WHWAITH 37 673 68+7  68+5  67+5
KDVAJrdl 40 683 667 64+6 626
e RN TOR T 220 s TR R 225 (F=13.999,
P<0.001) ; R EES (F=4.112, P=0.048) ; B[EHZE 5%
AHEALENEN (F=8.272, P<0.001) .
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222 240 %)L B B AR A T 4 e A

2 1B LIRYT TR S 4E RV 2 R GG
B (t=—1.289, P=0.846) ; /A [H]iM i 8] i) 5%
N 2SS A g E L (F=11.971, P<0.001) ;
2HTER FRE IRV T 2 A Gt R X
(F=5.346, P=0.025) , ‘@7~ KD 48T HIGs7
H; AR SR ZEA L EER (F=5.080,
P<0.001) . W3&9,

%o WASMESENRETSNOLE (3=, 5)
WTE TR TR

415 BIPEC IRYTHT 34MA 64A  94A

WHAITAL 37 304 294 31+5  32%5
KDIGYFZH 40  31+4  32+4  33+4  36+3
T AR 200 SR TN E 25 (F=11.971,

P<0.001) ; AN EER (F=5.346, P=0.025) ; WHEIFE 5%
HREALHANEH (F=5.080, P<0.001) .

2.3 2Z4AZILEMESR S-M ERITFHHIELE
2 4B JLIBITRT S-M HERIT4r 2 R G 2F
B Y (7=-0222, P=0.824) ; J&IF)5 3. 6 MM
HBJL S-M RIS A, WAL P43 03 B A Y
(P>0.05) , MAITIE 9 A H KD IRY 7 i1 i
T AT (P<0.05), W3 10,

F10 WAL IEA S-MERITSHILLE
[PSO (P257P75) ) ﬁ}]

WIrkE  RITE RITE
34MH 64H 94 H

WHRAITA 37 6(67) (6T 76.6)  6(6.8)

5 17k Qv i)

KD¥IT4l 40 6(6.8) 666 769  7(7.10)
Z{H —0222  -0.030 -1.522 -2.199
P i 0.824 0976  0.128  0.028

2.4 KD ®IZ=£MH

KD IGS7IIIE] , A 6 1 LFT B TS SR,
LG PRERELER | XIRE S RHRIT R IR TS 2% o
1 B AR B MA R R4 A, S iR R Mgk i ) e
ZEfit o

KD Z—FE e . B A P A B 2 A
JREERE, BIERYLECIRA . 1921 4 Wilder

HUCKH KD G MEA YRR, 2458 /a4
S, KEBFSEUESE 1 =R MEvA MO 1 22 2 1k
MR " R Atkins IRE T B LTS,
AP AR, ASBRE R AR AR, T
BB A 54558 KD A2, BVAsG / (A
BT+ WKL B ) WHEZN 2:1, Hyrsids 4
KD A4, KM RN 32 Pz i KD 1,

Wu % VA58 & B, KD 3 i oo 2R AL AR A i
ML AR Il 28 0 Y 248 P, A8 XETR 1
LR A VRN, W 7 = At h
KONHYIfe. A R4 7E w5 B 5T %t 78 4] KD
B INIRYT BMETA IR UL T R 24T 0 & B F
i, BIMGAT N L E UEH B ARAFR
i Gesell ZB WX 2 41 GDD £ ILIGIT T M
BIFIE 3. 60 9 HIH T, TR KD jRyr4lfE
ENE . KEASIE. BT 3 A BEX B E B I
SrdEwE T AL T8 AT AL, UL KD 3R YT R T
GDD LR LA T R B MGE B

SN2 WS RIE, KD iGI7 MBI mXEG
PRI LN DI BE, I8 1E LAY S5
AT B AR SO AR P RS A KD BT RE
A 38 2l 38 MV PR IR LB 28 Fet ST, A
W5 R H CITSEA/CBCL 3% 2 21 /8 LA 25 At
SATRHIATIAL 2 i A 2L A 1 P4l AR
KU SRITE 3. 6. 9N, KD IRITHRE 4k
) L B I H AT A GE A ., $27R KD IR
ST LIS R GDD fBLAR e [ B g 1 AN B
14,

AWFSE R S-M it 2 4 88 Lk &R Th fE
TIEFTVEAL, 2 HBJLIBITIE 3. 6 D HBGEEHY,
IGITIE 9 H KDIRYT A8 H FUAY T 4l T i
$E7R KD J677 I (ALK £ Lak 254 16 R ) st A ]
P,

AT KD 3397 U8 T RJL IR & 454, A
B B X = IR MR B ARIE N, IR YT R AT
TS WIRRSG A AR AR AN RO
JETE | WXk SE R I R R RS PR AR IR 454
XPIE SRR BE AT it X TR BIN RN, ANk
PREGE A, ATTE KD IRYT F010E AR Eh oA R
ARG > Numis % P AFIE R, KD XK
KB IHTCH B, ARSI e 0T A5 X 42
%] KD BMNEST MEIG PRI L T B . (R
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VRS, WA KD S niay 7k A K & B 5L IC]
i Y ARRFSE KD YT AR N R A
AIREAE TR R Atkins IR 5 IEH IR B E5 4,
LM 32 e fe 4t KD f Y, ik, XFF GDD i
JLUE KD JRY7 & — P PR R a7 ik

AWFFEANS 1 2 LN GDD LM . W
JZ GDD BILIAWISE, %181 5 LINEILE i
RANRGEE, A KDIGITMZrE2E, MR,
FERIL I IR 2

Zi b, KDIRYT Al GDD BILI 44T R
KB, IWITHHEE, ik B s,
X LIS 2 Fat 247 oA W e e R, AN
RIND, BRhEE, HTFAMREARRE D,
Bl U7 ) [R) 30, T BEAS 2 DA 42 1T S KD 3R 97 X
GDD FBILREm, T — LAY KiEA &,
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A AT HL T KD XFJL#E GDD 52, N
KD /97 GDD $24E T Z (I PR
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