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Evaluate the Effect of Short-term
Ketogenic Diet Therapies in Patients with
Type 2 Diabetes Mellitus by Using Magnetic
Resonance IDEAL-IQ Sequence*

LI Si-cong, HUANG Ze-di, ZHANG Xue-feng".
Department of Radiology, Shenzhen Bao'an District Central Hospital, Shenzhen 518052,
Guangdong Province, China

ABSTRACT

Objective Explore the effect of short-term ketogenic diet therapies in patients with type 2 diabetes
mellitus (T2DM) by using magnetic resonance IDEAL-IQ sequence. Methods A total of 18 patients
with T2DM who voluntarily accepted ketogenic diet therapy were collected. All patients underwent
upper abdominal magnetic resonance IDEAL-IQ sequence examination before and after KD therapy.
AWA4.6 post-processing workstation was used to measure the liver and pancreatic fat fraction (FF),
and the abdominal and subcutaneous fat content (VATV L2, VATV L3, SATV L2, SATV L3) at the second
and third lumbar vertebral body level. Pearson and Spearman methods were used to analyze the
correlation between the variables. Results Body weight, body mass index (BMI), waist circumference,
fasting blood glucose (FBG), total cholesterol (CHO), triglyceride (TG), low density lipoprotein (LDL),
FF of left liver lobe, FF of right liver lobe, FF of whole liver, FF of pancreatic head, VATV L2, VATV L3,
SATV L2, SATV after ketogenic diet in 18 patients with type 2 diabetes mellitus The level of L3 was
lower after ketogenic diet treatment, and the level of high-density lipoprotein (HDL) was higher. There
were significant differences in body weight, BMI, FF of left liver lobe, FF of right liver lobe, FF of whole
liver, VATV L2, SATV L2, VATV L3, FBG and TG before and after ketogenic diet treatment. There was
no significant difference in waist circumference, FF of pancreatic head, FF of pancreatic neck, FF of
pancreatic body, SATV L3, CHO, HDL and LDL before and after treatment (P>0.05). The rate of change
of FF in the left lobe, the right lobe and the whole liver were positively correlated with the change
rate of TG (r=0.680,0.806,0.738, P<0.05). The change rate of VATV L3 was positively correlated with
the change rate of FBG (r=0.041, P<0.05). The change rate of FF in the left liver lobe was positively
correlated with the change rate of VATV L2 and VATV L3 (r=0.546,0.501, P<0.05). The change rate of FF
was positively correlated with the change rate of VATV L3 (r=0.515, P<0.05). The change rate of FF in
the whole liver was positively correlated with the change rate of VATV L2 and VATV L3 (r=0.472,0.496,
P<0.05). The change rate of FF in pancreatic head was positively correlated with the change rate of
VATV L2, SATV L2 and SATV L3 (r=0.562,0.707,0.655, P<0.05). Conclusion Short-term ketogenic diet
can significantly improve the condition of T2DM patients, and upper abdominal magnetic resonance
IDEAL-IQ sequence can effectively evaluate its efficacy.

Keywords: IDEAL-IQ Sequence, Ketogenic Diet, Type 2 Diabetes Mellitus,Visceral Fat

4 ERIX B (ketogenic-diet, KD), BFEHKUESYIIREEFIN—F, HExgHK
BNERIEE™8(20-50g/H), E£FHKFREREEEL) S E/EER5%~10%, HiHU
BiERS. EENEARREMERS, RUTFINIEHEREMWilder EXIBHHA
TEREAT. EER, KDTEMBE". 28BRE". mAgEE". SBNLEEE"
ERBRAHFENLABERETE. WAEERSFENINT, STHMFIER"", HE
BHE. KBS SIEERE, MHKD(S24A) 0B MAREERE. BRBMI. =M.
WBAmIERHNENRE, BERIXNERES. BRiEMERESME. mASHEXIER
FHE—TRRERL,

FEHIRIDEAL-1Q$; A (iterative decomposition of water and fat with echo
asymmetry and least squares estimation quantification sequence)FIFBIEXIFRTF
SEHHUXRRN-RAKEDBELAIEENELHAK-EEE, HELHEHDH(fat
fraction, FF)E. BRIRASFERFIFE". BER". 38 "S258BMEHS
ENNE, HEREESII ZINT. BFZEANEHASNSRYE, FEITRTRE
WXOEREERSR TERESE. Alt, AXRBEEEIRIDEAL-IQRATEENERF
AE. BRARREEASE, ¥HEDBIEREAEHA (visceral abdominal adiposity tissue, VAT) 5K
TEERA(subcutaneous adiposity tissue, SAT), #—FRFKDIERBEFHIIER.
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E. HEs%. EREAAF. STNERYFTEERENE, _EEEFRAER, WE

[£—1EE] =B, B, TAEN, TEARAH: FEEFS5ZES, E-mail: 252358934@qqg.com
GEREE] KB, B, FEEN, TBARSA: FEEFZS5ZES, E-mail: xuezhifengl@sina.com

+ 175



RECTRIMRIZE 2026428 £24% $£2H7 5519658

BITERE—. AHRARERITELXXPLERCEEZERS
BEEHEIEENBRE.
1.3 HibgiFE 2ELEN I RETEMTERESE, k2. &
5. BoRARE, ASMERTERSERINEE,; FWH
LIEEE. DR, AASBEANYERRLT A THERICE
FEGREFTEIZHITES,
1.4 8% XBAEEBEAATEFHLST MRIFHEN Brivo
MR360, AW4.6/5 bR T1EE,
1.5 BEIREMAE DHES: FESRERBIZERK
4-6/\BF, HEFHTIWARNEEERE. BERE, UEHKFS
HEBKERKENER. HREEESTREHRTES KR
ik, ZEMEMLI, BILH, ERERQAR KEAXI
HEEELEE, KBHLETURSHFELET S, IDEAL-IQF
S#. TR=15.6ms, TEENBHMEER/NE, BEE=10mm,
EEE=0mm, BIHH#%=6, H3%£=90.91Hz, NEX=0.5,
FOV=40cm X 40cm, %BFE=160X160, BohElA=6°, X
BrRALa, AECEBRINES4EHEHE(L4) TEKE,
WkRBRERERE, BIRAIFIEASTEMFHIREFER 155D, iR
{IIDEAL-IQFFI3ERT16F0, TEAW4A.6/5 B TEUES BN E A
M. FFAM. BBk, BRI, BBRREEFF, FitE2FFFIIFF, 93
SBIHMEEE2. B AKTIERIEATR(VATV L2, VATV
L3) K B2 RASRAARFA(SATV L2, SATV L3),
1.6 ZEitE A% RASPSS 26 0 THITE D, SALIERA
S-WEBTESHKIK, ERAESSHE, UW(x )RR, XA
FEXI AL, BRARESESH M, UPRUHMES(ERTR,
FRARERBXHENCI, UP<0.05XTEFAEFRITEE N,
EIMEIEKDAIEZ L X=1-(KD/5/KD#i), RAS-WE#ITIE
SHKRE, ERSESHHE, XBPearsonB#BXIHT, TR
BIESHH, FBASpearmaniEBEERXR 2T, HENTEEH
EXFRARETRZE, UP<0.05AEXMEEE,

R1EMARNGEE—RTREW

KDal KD/ P&
FE/F5 77.72+8.46 74.43%+7.98 0.048
BMI/(kg-m?) 28.53+3.23 27.31£2.97 0.046
FEE/EX 93.12+9.86 90.72+8.97 0.188

R2 EMA RSB EWILIRIDEAL-IQEMBIELT K

KDal KD/ P&
BFEMFF/ % 11.40+5.77 7.14%6.24 0.012
FFAMHFF/% 12.79%66.02 7.95+6.75 0.010
2HFFF/% 12.09+5.80 7.54+6.41 0.009
FESKFF/% 7.20+5.26 6.40+4.56 0.225
FEFAFF/ % 2.45(2.90) 3.45(5.50) 0.570
FRIZEFF/% 2.18+1.48 2.32+1.55 0.718
VATV L2/cm? 557.78+202.69  490.94+174.03  0.021
SATV L2/cm? 578.78+£262.22  519.67+£253.82  0.015
VATV L3/cm? 519.72+193.91  461.89+150.33  0.045
SATV L3/cm? 640.56+264.28  582.89+268.78  0.124

RIEWRRVNEBEXRERTYRTWX

EERIR BRI S8R PE
S ABEEE/mmol - L 4.76+0.66 4631097 0.571
Him=&/mmol-L"* 1.53(1.32) 1.23(0.82)  0.021
EZEREAR/mmol-L? 0.98+0.24 1.084+0.20 0.104
REZEREER/mmol-L? 3.1910.61 3.03+0.81 0.358
S fEMmAE/ mmol - L 11.34%£3.79  6.87+£2.30 0.002
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2L1BEREXER RSN R2EERFEREERLISA, HHE
M1I2A, ZH6A, F#(36.1£8.9)%, TEREHRE N FIEE
HEHHRIDEAL-IQE & (B FRAT E3~61 B,

2.2 BEGHERIRIIE—RER 182 2ERBERR e
EAE. BMIREBEZHILRL, RSMERREI9EF TR,
SEREHEAERE. BMIEZEEESRITEEN(P<0.05), £HRXE
HEEREESTAITEENX(P>0.05)

2.3 BEGRERXREIEHERIDEAL-IQEMMIBEEWL 18
ZERERBPER NS EHEIRIDEAL-IQFFEFAMFF. FFAMH
FF. ©BFFF. BESKFF. BEFRFF. BRIAFF. VATV L2. VATV L3.
SATV L2, SATV L3 K2, FREEI. BRAREFFH, HRE
HBIBERAISBR TR, RitFEINWFEHFF. FEMHFF. £
FFFF. VATV L2. SATV L2. VATV L3FIGERERITEEN(P
<0.05)o FR3KFF. BRIAFF. BRIAFFASATV L3giIEERTAITE
B X (P>0.05),

24 BEGHENYRIEXRERERIETH 18288
HERRBrEREER. Hh=K. 2%EREA. RBER
ERNTEMBETUIRS, IlEaRERERRIASI,
HRSHRINBIE TR, RiIFFESWTENE. Hh=fkrE%E
SEEAITFEENX(P<0.05), ZEEE. aZEREEA. BEE
FEEAMBESRTHITFEEN(P>0.05),

2.5 AR R EIEIDEAL-IQB BB HESXRERER
BUBTHREXY 182 E2EEHERRREEINSHI/SIDEAL-
QBB W EELNERTHIBETHEEXMNRSL, AINFE
HFFEE, FAMFFENERSFFFENEYSHB=BETK
KBEIFHEX(r=0.680,0.806,0.738, P<0.05), VATV L3T{X5
TR METHZEIEMER(r=0.041, P<0.05).

R4 EMIRRAISIDEAL- QB BIEE AR SR EH TR MR

CREERE  Hh=EE SEEREER REERER THEMmE
VATV L2 r -0.211 0.232 -0.111 -0.218 0.325
P 0.400 0.353 0.661 0.385 0.188
SATV L2 r 0.075 0.141 0.057 -0.055 0.362
P 0.766 0.576 0.823 0.829 0.140
VATV L3 r -0.187 0.413 -0.359 -0.095 0.486*
P 0.458 0.088 0.143 0.709 0.041
SATV L3 r 0.137 0.177 -0.038 0.055 0.422
P 0.589 0.481 0.880 0.829 0.081
FFAMFFERE r 0.040 0.680** -0.296 0.003 0.366
P 0.874 0.002 0.233 0.990 0.135
FFEMFFERE r 0.179 0.806** -0.387 0.189 0.408
P 0.478 0.000 0.113 0.453 0.093
SRFFFZE  r 0137 0.738** -0.282 0.108 0.383
P 0.587 0.000 0.257 0.669 0.117
BRAFFEE  r -0.154 0.333 -0.156 -0.197 0.059
P 0.542 0.176 0.537 0.433 0.817
FRITFFEMLE  r 0.205 -0.294  0.218 0.294 -0.393
P 0.414 0.236 0.385 0.236 0.106
FRIAEFFEHRE r 0.466 0.041 0.105 0.590* -0.038
P 0.051 0.871 0.677 0.010 0.880




265 EMXRAIGIDEAL-IQBRIER L EBXY 188 %
ERRERIRBAEIDEAL-IQEUIB T W EMEXMERNRS, IR
FFEMFFEESVATY L2TE, VATV L3EHESEEMAX
(r=0.546,0.501, P<0.05); FFAMFFE{ESVATV 3T
REIEM*(r=0.515, P<0.05); £FFFFE{ESVATY L2251k
. VATV L3ZWEEEEAEX(r=0.472,0.496, P<0.05); &
KFFEERSVATY L2, SATV L2, SATV L3LHRBEEE*
(r=0.562,0.707,0.655, P<0.05)s
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RS EMRAHISIDEAL- QB HIET WEAR M

VATVL2 SATVL2 VATVL3 SATVL3
FFEMFFEE r 0.546*  0.387 0.501*  0.414
P 0.019 0.113 0.034 0.088
FAEMFFEE r 0.401 0.195 0.515*  0.257
P 0.099 0.438 0.029 0.303
SRFFFRE r 0.472* 0321 0.496*  0.354
P 0.048 0.194 0.036 0.150
FRKFFER (L3 r 0.562*  0.707** 0.179 0.655**
P 0.015 0.001 0.478 0.003
FRIMFFER (L3 r -0.205  -0.224  -0.358  -0.251
P 0.414 0.372 0.145 0.316
PRIFEFFEE r -0.116 0.021  -0.290 0.064
P 0.648 0.935 0.243 0.801
(2] ©
e 06

BE1~6 A£BRANE LN EIRIDEAL-TQF 7 Xt E. B ~2: ABRERE IR 2 2ot th; E3~4: ABRRAAELLHEKE EEE R

Bt ES-6: ABKAREMRE. KTREEEERSLE.

33t i
3.1 ERREBWNNE BFHRIAR, KDEREMNEI R AIEE
HAOBKESMBBNEG, MEHENVERS, FENEER
E, BERFORBEILER, LAY ARREC IR = MR AR E B R
REEHEEMR, NIAGESMAR I BTR Mg ©,
Ieoh, AFBRABNRL, BEEERBORME, Mimk (g
KE, R MK, EEEIRARRIEEL, BRED WA
Do KDIERBS S EHIERBEEITZIN, BIIEx T2EER
BERE, KDESREBSERR'Y, #—FSHREFE. SHR
H—RERNEERRN, BHKDAENAREEGE, KK
BMI, BEZE#EEREAITFEN(P<0.05), 5 ERARLL
.
3.2 EMREREMER KDEMNIEXTTNRESARZ—, H
RASH MR E W 2N, BRTFRAASEES & FRERATE £ 18,
ROBEHECEEZER, KDEESHENHSMBINRIERNERS
AERBRINFMEEE S EMNH, MERMEIDEALIQFESIAE
MOBIIAR, HiBTEGE BT ENRERHSE T
BB, WangZ "R AHIIRIDEAL-IQFE S LI E R AAERS
BFFN2ENERR, HAIVATV L3x 2B EREEE BN
MKEE, ShenZ " 7EHL L1 DEAL-IQRFIEL R _HFI it BHRE
¥ S B BINIERER S R T AR,

BAEHR " RE, 2—EEERHGRT—ERE LR
LR DRE R, B, AFEIERE AR

R TR EBERAREENEIEOHESE, HEREELY
WRHAIBE@ER, BEEHRT" % LUFF6.2%E R ERRBS S
BHIERSE, ANFAKEISEERELMTETEER. BER
FFASMFIIERENT, BRARZREFERRSE, Fits
SOERM BEERRETERA. BERFFEUME—F 5T,
AHARERKDHIERENER R E TR 8E TR, BE
NEERBEETHHEERERITEEN, I IRNET
SRR ETHEEERRX, BREIMNT s miE
B, BTESBRETHEREE, i, RERHSEME T
BEHT B E S MENREE. Lius" ARSI ES
FFRERSAA S, BNMERNFLMGEEESHNGR, BN, LU
‘DIRBERSBE R B AR B RURAE S 28 B F IR R A T AT AR RS BA T
. OokuraZ 3414048 £& FRESCTEGHITRIFED, £
AR BRI RS BE AR SIS HIBMI. PR R 2 TS i A0 R AT
FERSRA TS MEAR X, BEEKSASA A X ERR, BT LRHR
ATLLET, WIERSRRIAN SHTAT. FERRASRA IAREMX, B
ERIZINAS52BBREN R E L BRBYIEX, ARREIB
TKDEIERE RIS 2R, SMERFREIIR. Bk
BAURD, SREmETR, BEETHEEEXY, 5 0RH
REL—Ho

3.3 4B SABESAMT Radus™iAn, BSERASA
WA, EBEBEIEHFFEYMEX, BRI KA
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PHEEERESREY FTENEMAZ, PaoliZ " "HHRE
H, EERRE A LB RS SR S iR, A
BESEHERMY, RENCELTEHBESENESES, —
T AR A 2B R R B A M. B S RIRARAERS
Meta# e, £FRATERBEER. REERER. &
HTESRE. MERERECNIEEHNE, HESPERER
1N, AMRFFANISZ2EERFEEIGHERKARE, =

Mg, HEEEE. Hh=ERESERSAYENRIRE,
BEREAABSS LR IFIRELERET. BHITEHTININ
SEEmE. Hh=iEREEREEAITEEN, SMERTER
MANBETSHMERIENEION, —ERELEZWT %it
SRR, RidNavehE P RIEARLNE MEEERIE
ERPEEEHAEAS, NorwitzE ™ i Lainmsth L
KNBIER, FBIEMEIN “EEHEBSRNE (lean mass
hyper-responders)” , 2 “BEFige=EE (the lipid energy
model)” , FERBABERSIFKLEMERT, HEEHERR
BRI REMILS, TS PRSRESAS I ATRER Hm=
B B ERIN BN HIBIUEN, SBRZEREEH. SBER
EHMEZHE R A=ERRE. Charlot”EEmME S5HKH
S ATMAREHNERPHAN T 20EEEAR, EPRERE
— YRR ERER AT R ATEREENSaREREAN
Tk, Hib, BaERRENEASNEmLERREERS
H)BFNEESN, FREEFSHHIENE#HTH—FBR.

34 ZHRFRE SHREABRD, THEERBILERELER
Fo IEoh, NIBEEGERIRAMMINE, REs4EEENR
SeiE, EGREEGEFEYE, SEHERERR). FE0ENMH
RS BRME, FWRIEERYE, CHERE. BRS,
SHMHIWIERT R, EEMEBREITEDF. BR, BER
HTREHSEELER AL AN S, BAZHEMRIEMA
TASHMBK, SEEEMSE,

3.5 BESEE FEX, N ABRFATERLERT,
SERHARETEPNERMEEE, 20230 (ZEIKKKS
WFA(AACE)HIRFERR: 2BBRFESaSERRE) “HAREE
PEEIHARAE. SFREAEER2EBRERRSNSE
B, HBRNLUBES%~15%FHB1F. ZEEREHS
(ADA) £ 789202458 (BRBIPEME) P SHEERESRE
3%-T% BN EMAE. MNEAMAS, HATAER OIS EAYNE
Ko BESHEARN (RABRFEFRIEE (2023 £hR)) Pt
HIEHEERECAANNERESZIRG, BEEEEMN2E
455 R 97 2B B R E 3%~ 5% BN BT 72 4 A8 R R B TE

REIGHIE RN &3 2B R R R E S R a T R BB
BIrZIANE, EBRBARRENERLE. o8, 5™, &
H3F & H SR (N8 25 B R 2. Rk,
MEABY. REWFIBERNEREREEERNEEEA X
(A,

EERBEESSGATSENCELE, RRTBISH—
WREARE, FRTENIESSLAMIEN. SNSRI
SHRERNE. RTFEHSE, #—SHLATNEIRE,
METES Y, HBTABIESMRRINGEERNG, K HME
AR B LTSS FREBRRN A E. £B.

s EFRR, AHSUAAN F2RBREERE, GHERNE
TENREH AL NEEHSE, REBRESHEMERE =
g, RRFFAE. BEkBSRsE . BEEASR S BH TR AN ZATF
M. BESKRERIZD. AFRERSHZDREEMTFH A= TR, It
9N, ABIFHMRALNBOER AN T EEEEEX
B, B, ZAHRIAHERREERERERFLEESR
EiRiS. MLIRIDEAL-IQFFIAINT BE RS EASRr & B R AT, B
BRBS 2 T E RA H A T
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