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NIRRT, MERAERNBEM IS, TEMIERBPERRRBESF

S RIBITEXAR (Standards of medical care for type 2 diabetes in China-2019) , MAREINL, MEEESEKFARSMEZTAXNNRET, PE
2 BINERRAAREEZFIE S, ERERBNISEAIATTE L HEREREFTESRT, SANFEEE—ENRSFENERM.

EENE: K&

BNEEAFEFFL. E¥NL. EXEL, G2EEZREFEFNRMEN, NEIREHENRERHERURGINEF

PHAFINHE TIF. MAEREETRRFZ I~ REBERRZER,

BB : zhuyong@improve-medical.com

PE 2 BRERBIIRM ISR

2 BERAAR LR T HEIEER, TUERKIE
A, PEARN?2 EBERBRFE-ERTREERAR, ER
A, FER 2 BRERFAREAREN, B2NRD £
S, RERRE, RAUESEEKTHRSNEESR
BIRR T S2 2 BUBERBENIE EAE X,

TEW 30 ZF, BERLEXERFEHRITT RENIGK
R, RERKRMENESERFX | BUERFFTBIFER RS
HAEERKE (DCCT) MBEEXT 2 BERFHBNRE I
MREFRAAR (UKPDS) , XLImRIAIIFLEMNEK, AR
ABHEX, ERRFEHIXNIRER. 28, mEEh. Z5H
B, FRENTHALEREHRE T FEML AGSRNIIE
E. XEMERKFS (ADA) HiEI AR (Standards of
Medical Care in Diabetes) , HEFEHTTEN.

EER, MENEFIEELY 2 BERBINAR. 2

B, FAEMETIPERTT —RIRITRFIRAEMIGR

R, FETAOHMARR, HELHIET HE 2 BEKRKRE

FriPIEinE, BRETEE. FEERRBZER A RNRITRE
{Standards of medical care for type 2 diabetes in China-2019)
(RXHR) FRERT 2 MERHRIRITRT. SHNOE.
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2 BUEPRIBIY R R TEL

i EMN 40 £, PENBERBLXBE—BEARL
Fto BIENTE 1980 F, —MEIERELE 14 METHH 30 HA
HRITARFZIAERT, BRENEBENRN 0.67%. 27T 90
FR, —WEI 19 METHR 21 FARRITHRFRAEETR, &
H7E 25 ~ 64 H Z BN ABHERIBRFRE EFHI 2.28% 2002
FEN2EERSBRRATET, BHERNBRBLZFENR
4.5%, M 18 Kk 18 FULEMRNERNA 1.8%. 2007 ~
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2008 %, FEWERFEFS (CDS) EHEN 14 NMETHTT
TITREREZ, ERPE 20 $ K20 %L EABEIERBAR
KRBT 9.7%. 2010 &, FEFRFTRFHIZEIFC (CDC)
RERSBESST 18 $ & 18 % U EMPEARHTT —INE
%, ERETRBRREBEEN 9.7%. 2013 &, PEIEERMN
NERZEMARLI, 18 F T 18 F L E ABRINERBM
IRAEFRBIEIFR D BEET 10.4%H 16.6%. EILATH, M
1980 £ 5 2013 £, 2 BURERFBIARIRIGIN T Rk 15 15

BRRETERNRTRPEIE

1. ERABETHRAESRBENSELLHIRE 38.6%, X
S58FNAIREN. BRFEE. BETFFHSFHREXER;

2. WHERBAREEZESTRN (12.0% vs. 8.9%)
BEMETLME (11.1% vs. 9.6%) , XATRER BB BRI
MBENNERUNRENISHNSE;

3. EREAETHET 21 2 BMERRZBRERMS,
BFE PAX4 1 NOSIAP &, EEXLEZRERMAMNASE 2
BUREPRSE (T2DM) BIXUFRIE NN 5% ~ 25%.

PERRREVIZ

S5EMMmERERRNZ: FEERRIZE B R ER
=REMmE (FPG) R, RN MBI OREE BN S0
(OGTT) WSS 2 /\BJIM#E (2h-PG) 4, FPG M OGTT
B4 7.0 mmol/L Fl 11.1 mmo/L 1ENMERFIZEITI S, 5%
ADA HINRETE 2R, BREREERHEE HbAle KT
MR FHERBERIZE, 2011 £, WHO &I, BEE™iEHKRE
ERRIEHAEMREERMRAE LS ZHERN HbAlc MINLE
AATERENIZH, BERMMXAEERALLIER Alc
(HbAlc) > 6.5%ENMBIRFIZHTHITI R, BAREKER HbAlc
BnE—BEERS S, DEHiRRO. DESIRG
DFAEEH IR0 3 RV ERAERIRRCFENES
LI ZEEXER (International Federation of Clinical Chemistry and
Laboratory Medicine, IFCC) IARJH—REELRE, KREHN
S RZERNASTHE HoAle FREMQNMEREZ A4
W& G, ERENMXERKRAK, —EEEETIMNIGR
KIERAREEHE HbAlc MMANENRISRME, FEILE HbAlc
KM RS —HRRRFIZETIRE, BFIRKEEIEHE—E
PE%, Et, (Standards of medical care for type 2 diabetes in
China-2019) AEWMERER HbAlc BTFHERFBRIZH, B
BEFETNIIIFEMTNA HoAlc SEHERBRIAIITIE,
—LEERRRIA, AFIZEPEREABRKN HbAle HiEI
FUEN 6.3%, b WHO HEFARARK,

2 E WHESE | Article Reading Guidance
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MESNEERREENERARE D 2 — BIFEMARS
Btz E VBB EEREAEREAHEILNEER, $IEE
AR MR, WA RRATERIRBMEMEET 75,
{Standards of medical care for type 2 diabetes in China-2019)
PR B AR SN 75 74 S MY ELFEE T AR A ML AE AL A9 f 4
BN (SMBG) MR mMAEMN . L4 mAESEN
(CGM) , WEIET HbAle, HERKEKBER (GA) B

CPNIg Y-

A I I ¥ B 3 e

SMBG ZHERBEEMBFHAME D, BINFFAEER
REREHTT SMBG, WIRIERERRIBHE SMBG BISAE,
ERS A IR ERM, R EEEUTRE:

1. SRENME 4 ~ 7 R, EmEEHTESHBETE
MR B ERIEREH’T;

2. RIEFERVME, LOHEREMEmEEAAT
T8 E mAERI R0 ;

3. WFORMEELDEE, 8N FPG & 2h-PG 2 ~ 4

xR

4. HRIERRBZATT IR SN R R8T BERMmAE;

5. NMIRIBEHRABNERRNBITMAMLmMESN, &
FEFAHEE. ROESEEE. EEEE.
TIDM £&. FIREMERE (GDM) EBEE,

HbAlc

HbAlc BIMET X 2 ~ 3 MAMAEEFINSITE, el
AT HEMNKIE,  (Standards of medical care for type 2
diabetes in China-2019) 7R HbAlc KFEMER MABEHINE
E1E61%. HbAlc WNNEESETCEN 4% ~ 6%, EINTTA
TTAISEMERE 3 MAKRII—R, —B HbAlc KFAEATE
iR, MRS 6 MAKNI—R, B2, ANFMNIEARESE



KOMEIRY HbAle KFARAIEE, EXRIGARPTERR HbAlc ik
FERNAEHFERFEFIRAHLERR (DCCT) BEMiX
R

#WBAZEB (glycated albumin, GA)

7 GA FAMBENEREPERENITGEZ — 2009
F HETRERFRRARIESE 10 MR OBIRRIMERR
MTEILTHEAN GA WEESZERN 108% ~ 17.1%, ME
MR EARER GA IEESEERN 11.9% ~ 16.9%,

FOEINN, GA RIRTEE 2 ~ 3 ANTIYmEKTE, E
BESETEN 11% ~ 17%. b, GA TRFRMRIH5IRAY
RZEM S ARV SR IS 1T, FAT, 7EIMIEIN SRS EMAT
BHEEEN, ATXEBREEEATAEMEZEMNIE
#, GA BERAE,

e ikl

ESMEEN (CGM) RBR TRERERBHREN
B BRYEENEKT, BERMESEAIXFMEK TR NMELE
REBEFFEES. Ei% coM TEEATUTERELE
A

1. TIDM £&;
2. EERNWERRATNT2DM £2E;

3. £ SMBG S TH{THRIMEATTH T2DM £&, B
MABIUTERZ—H: (1) BEERRENTER
SRMMMBAE. TR MR S AE &R B 4
fE;  (2) MAMEMEE, FISRAR; () K
BMMERE; (4) BAFMEAEEEDEETmARN
S IFERE

4. YHIREAREIR (GDM) SUIEHRMEFRTR;

5. FEHTHRRBBENEE,

©2019 IMPROVE MEDICAL All Rights Reserved
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1B MENEPR R H RIE 2 ¥EPR % B9

18 Em (CKD) WENXNBEHMINENIBERE.,
WERBSH (DKD) RIEERFFIFMEN CKD. FEHNE
20% ~ 40%H9NERRIREEEE DKD, DKD =iERAREERE
CKD MK ERERIBENEERE,

=3I

(1) T2DM BESEE/FE—XRRAEA/MELLE
(UACR) #0 eGFR;

(2) BRWEEETHNEERAEEERR SRR
RM#HR;

(3) XFEHMmMEFM UACR > 300 mg/g B eGFR < 60
mL/(min.1.73 m?) BISEPRIEEE, ACEI 5 ARB &
BIERIT A,

(4) SFFHIMEM UACR 30 ~ 300 mg/g HIFEFRIEE
&, ACEI = ARB BB EAITHZ%;

(5) HEBERFEREEEARBEANENH ~ 08
g/kg/day, X FBEMBEEHIEEELHRIBAE,

(6) +F eGFR < 30 mL/(min.1.73 m?) MIEBE, W4EF
BHERET, N8ER%.

HE

T2DM £2E—BHi2, NRILHTEIEREM. REEA
/ANETELE (UACR) FMmBAET (eGFR) WIHIFTHZE, ItbE
SEZDLRIN—R,

LHTHIS 2

ELEBSREEMFERANERT, BERAZHA
BUIE S eGFR BYTFMERIZET DKD. B FINERNBERZ
RATREBEIBRAEER, HEZABRER: RAERE

(MFR. BARMERR) . eGFR RETHE. TUMBERE
(LHERZ TIDM £3E) . 18R UACR RN, BREE
. FHIZIZHTE DKD MIEint, HUMELRERRE, a7
BiEoRENE, BTBEFEEIMBRFEEENEINE,

IR AR PR R A IT(E UACR, 24 /NSRREEHB
ZHMNESF T UACR, TEEERBRRANERT, HEE 3 ~
6 TNHN#HIT UACR NEfE, MR 3 MHFHELE 2 4
BEN, WHIABRZEAR. AEAREXIAEH/AELLE
> 30 mg/g, HEAERREXNAZEH/AELLERN 30 ~ 300
mg/g, RERERREXNBER/MNEFLLE > 300 mg/go [

WESHE | Article Reading Guidance E 3
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A MDRD 3¢ CKD-EPI AT (http://www.nkdep.nih.gov) it
& eGFRo

EMS0, HENTF DKD BIZEr0 0 EinE S BT E
ZEIIE_EQEI\JO

SENH
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FANHREEREROBETERX TR T AERRAEETNIER, RIEENR. MER. BENKMAEFER, #
FRBOKEY. BEAR. 2E4EN (BESLONFEMEHES SRR NWIRE. XMERTBTHEEDETN
HbAlc KFLUARHM=EEKF, HEEMHMERBIERIGNL, BRERBHLMERENXIL, FEERT, BRT Ak
MEPRIR B E M AYATT R E.

SENBEEF

Weiping J, et al. Standards of medical care for
type 2 diabetes in China-2019. Diabetes Metab Res
Rev. 2019 Mar 25:e3158.

BE

WEE A DEBRAMEZARNFEL, FEERERRE
M 1980 FFEHY 0.67%DZHIEINE] 2013 FM 10.4%. B
1991 FRIILLR, FEERFEFS (CDS) —EXNT
REEPERRMRNZERZRAERKF, M 2003 ~
2014 &, ELWLRT Wk EBERFIFIEIER. ZI8ME
EAEIRREE:, RETERRFHAMRAERIET
BEEZEAH. B 2016 & 9 A2, CDS BIFT LIER
. RBEEER. ERFNPENERS CDS WA B
FREME, ETE 4 ERSHERREXNHIGRAR
IHE. RT—FZHBMET, P=4ET BrilFEHAR
2 BUBRRTAAPIEIER, TEAREE: FE 2 B
ERRIRITRE; BRENIZEHNS 2, —&. Z&
M=RIERFETN; RBRFBEMEERF, MmEK
;2 BMERARAS IEERTTNEaEH BN, BER
BFTE; 2 BRERAET A, MU, SIMEEN
waTT; 2 BRERAENAEMTFAR, 2 BIBRREE
ORI BRI FREARIAYT ; (RIAEEE; 18 MEMERAH
RIE; HHERNRRE, RBSSTE; BREMHR
E

KB f5FE; BT 2 BUNERRR

©2019 IMPROVE MEDICAL All rights reserved

HRBERER

Lotz N .. 5 1 8(E0 5
EAEWFLOE I ATRRFRANNR . N ®E1n am mE
. L® O EMIR ER AL mEAR
RAEIE CHSENEENEN. RRERASREEUNT SAMIZ. BN, NEAR. WHEKHR. KRR

me chnee
COENAR WEEES OEGEWYERELS
A

MANEEL-H. TATHEACE, AALARNAN, &

X
. MINE RN NEERNSEEYTERD
ELEENAARNREANAS, ANERIY.
LT

L Fd I'd BN

LLLE Rl 2 rEavye, oy FIanAE LEL LT LY o FRFR
HESEN. EiE, HHEF aRRE fUEET. B AELRRE
(TET ] Tl wieg

e

S hainl IRERE BRI AE

nEIART LT ]
sRERY E ¢ MAEBEN i}
aREE © ERRBR RS T ad
| S ERMFEETH, EESEEEAREN | i A, W]
mANTEEEARTE
iy MRREECEANESH. REREERR Fiiapind ~
AT p R, EEFREARTADE, FEE S L

LR WEA

unka,
BATEE. BY. 8o, BE. SHISTNEW

] THRAN
e ARZEFE, AUFERREE

Kahn SE, et al. Pathophysiology and treatment of

type 2 diabetes: perspectives on the past, present,
and future. Lancet. 2014 Mar 22;383(9922):1068-
1083.

BE

AERATEEHERS § ARNRESEHBANN

SRHAE | Article Abstract Collection [ 7
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[ SREIRRET, HAPBRNERSRMBRERM p Al
REZEVELR. WMREERDEAME, W p AlEIIEM
BReEREHEFESHAERITE. 288 p AREE
ERSERNBER T FERREBNRERN, BEHE
REZTEHAE. BR p AT EEABIESER
%, BFRELVEEEXEENER. ARMRHEE
BFHECHE. SERMEMRERIRMNM p A8
THEEREIS P EERR, UKMEYATHRIEEF
. BEFARTIHHIGT A%, BRFEEERN
AT LURER B ABRRTHEER R H TR, IRPRIXILAIRIT A
MRM T RFFRFATT 2 BRRRBR TR AR LEF
INFRIEANEERER. A, FENHYMRLEF
RBTEINIKIRAE, LAETBAMATT 2 BERA
BOHTT5E, MR D XEREE B0,

Ajala O, et al. Systematic review and meta-
analysis of different dietary approaches to the
management of type 2 diabetes. Am J Clin Nutr.
2013 Mar;97(3):505-516.

BE

BR BIHERA, BOMERE, FSEEREMNN
EMASKF AR 2 BAERBEER O MmE X,

B8V HONTET SHIXEX MBEH. misMEER
BRI,

&It X 2011 £ 8 AFEIEY PubMed. Embase #
Google Scholar 1T TR, I 1FIFEETE > 6 M
BTFFRENITERIRIE (RCTs) MNAR, ERHEMHKK
aYem. T8, 4Re. {IEER (G) B8R 5
SR, HPERR. SEHERSERERS
@ = Gl B, EEERFDSEME. RUNEREH
AheEm. MEAERFENNNRRNEH#ITTH
Ko

53R HHIN 20 T RCT (TE 3460 & FEHLD BRI MARY
BRADHPMUNT n = 3073) . SENSENNTRINE
18, BBk EYER. | G BH. tREEsN
BEARMBEFMIBEHSIEANE BULLE
BRI T-012% (p = 004)  0.14% (p =
0.008) . -047% (p < 0.00001) F1-028% (p <
0.00001) Jo HEAtH R mAMRE T RARN. K
Wk EYMERMNMTERERSHEANKERR (5
B179-0.69 kg (p=0.21) F-1.84kg (p <0.00001) ], B&

8 WEHRE | Article Abstract Collection

TRERNESN, MERRARNEET HDL Mg
bUO

it Rk aYen. | Gl Bm. thEeaM
EEARMAE MR ERRREBE M E XA ST
TY), NAEVERRRE A SRR LE S,

LIRS
* A. &, BRE#

JISEE

\71(%?5

ha%

Davies MJ, et al. Management of Hyperglycemia
in Type 2 Diabetes, 2018. A Consensus Report by
the AmericanDiabetes Association (ADA) and the
European Association for the Study of Diabetes
(EASD). Diabetes Care. 2018 Dec;41(12):2669-
2701.

BE

ZERRFDEMEMNBERBRARDERBET — NN
4B, LATEHT 2012 FEH0 2015 FRWHIXTFRA 2 BUER
REBMNERIIHER. B 2014 FLURNXENASR
FMRE THNEIN, HPaEd—PXTEEAAE
BENBEREEREEHENI . WTFIERES, BN
REEITRENSE S, BFEFEFRFM. Bari
IEFR, XTFAMER, WTFREBIRKOMERHEN
BE, BECRN-AERENEREEAR 2 (SGLT2) 1
HIF RSB RERL | (GLP-1) ZHRHEIF, HA
BEIEEHNOMERL. WFEFEMEERRIGK
HIBMchBEEBE AN ERRNES, BIUERE
IESEEIERY SGLT2 I, BEHE GLP-1 RIEHED
FIERE—MELER .

Nuttall FQ, et al. Effect of the LoBAG30 diet on
blood glucose control in people with type 2
diabetes. Br J Nutr. 2008 Mar;99(3):511-519.



BE

RGBT 2 BBRERED, RINZFHESS
30%EAM. 50%BEREH 20% k&Y (30: 50:
20) BIREBSEFHAEMIFERIR SRR T SHELMIE
H (%tGHb) MBEDLE, SAXEARBENRE (B
B F-eRs-Fok k&9 15: 300 55) #8Lk, &% 5 AR
EFEMARERRT 22%. , SERNEEEEMEIT
B, NARMNEREHRELURLDER AR, ik
EBYEEM 20%IE N3] 30% BT A% GHb. =

MBI B EAENERE ELRMBF M, 72 5 FRETE
AART 8 BREABTH 2 BUERREE, DTFRR
MER (RERE) M 5 BAANNER, ARERRE
o TEEMIEBRETMET 40%; 24 h HEFEEIRRN
THBRT 45%. BREEEHRET. FIY%GHd EET
1.7% (M 10.8%FEZE 9.1%) , FHETE 5 ARMNALMET
B, BZ, BEBAB%NHBKLEXRTER—#
ELEAMTIER T, BEATUERNEE 2 2R
R MEERN A . XFRE KRR I S A
AT,

AWM REFIE

a2
Bafh. iEME

AR sﬁ\ R T
PHRILEBELE | EHRER
[ E1-25 ) fé?“ ‘ 7 (#FE3-77 )

14
RIS
| G E B 6-87 )

kR

’:E:ﬁ (&gx2_34)
‘ o

R

Wi, Rig
(EH3I-6#%)

Coulston AM, et al. Deleterious metabolic effects
of high-carbohydrate, sucrose-containing diets in
patients with non-insulin-dependent diabetes

mellitus. Am J Med. 1987 Feb; 82(2): 213-220.
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BE

IR SR EHEERE (NIDDM) BERRRTESR
Wk & YFAERA R N ST (L & ¥R BE B AU
WENHEMRMm, EAFMRIIRNRE, HEEHED 15
KBS RN UBENIRF & H. —MIXEERHEE
&, BktaEYaEn, SEERRFNS (ADA) &
ITRENENETEX, 88 (BERRENSSIL)
20%EHRE. 20%A805F0 60%HkKEY), BB 2EK
B 10%09ERE, Z—MREEE 20%MNERR. 40%HY
BERAFN 40%MIKL &Y, BERBELSSAREN 3%.
RERMIREHM MR MRS ZREMM, B
REEAAI SR SYIREEM LT 8 REITHF 4 28
BHRMNBEIRRAIZNES (p < 0.01) , 24 AR
HOERTI9@E (£ SEM) HEZEER (55+ 16 vs. 26 £ 4
g/24 /NBY, p <0.02) o LESh, X NIDDM BEIZRAERA
ek amRen, SEMNEEHER=EKFEmMm
(DHNE p <0001 1 p <005) , BEEEER
(HDL) RBEEEREMRE (p<0.02) . &, BTFER
EREZRA (LDL) REFABREMEL, Al
HDL/LDL REEIEZLLEERAERAM SR LS IR BT
T, XELERKE, SEEERENREEBEmRK
wEwineE, ERS5 ADA WEINAEM, £ NIDDM
BERA 15 RERFEEENAREEREM, Hit
NIDDM #£E B R EHASHEERENRAEBERK
LEVIRENFRAEN, MRIFFTLUERXLER R R
FELUEHR, FEKBEARMNREEFEEREN
BT,

Samkani A, et al. A carbohydrate-reduced high-
protein diet acutely decreases postprandial and
diurnal glucoseexcursions in type 2 diabetes

patients. Br J Nutr. 2018 Apr;119(8):910-917.
HE

ZHRN BN RITEAEE R E 2B EHEE
MEPHNMKUCENRTRERE 2 BEBERE
(T2DM) WZRREBESMEFERTIRKRE X
K. BHE 16 & T2DM BEZZHWALATTHESE, H
P 14 BB, PAIFE 65 (43 ~70) %, HbAlc A
6.5% (47 mmol/L) [5.5% ~ 8.3% (37 ~ 67 mmol/L) ]
M BMI A 30 (sd 4.4) kg/m?, BINTHNZ AT
BRLBKUEYNEER (CRHP) MESEEES
BEMERA (CD) ME#ITHR, CRHP/CD IREH

WEHEE | Article Abstract Collection [ 9
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ERHM. SMRBELURBIIIFESEA 2 X, T8
MTEMNTGEEGME. FRENDEREUREER.
5 cp IR&#8Etk, CRHP IRBEEHERENES AUC ER
T 14%, BBERRT 22%, AEEKEMERSES
BRBRIET 17% (PR p < 0.001) o AERZHE, FREMIESR
AUC 2BI38INT 33% (p<0.001) , REEKIERILMT
24% (p = 0.004) HMIBEROSEBEMT 7% (p =
0.035) » SHERILARY CD RBHELL, ekt E
VSRR A RRIMNEB RGN, AKXBET
FHIRIFH T2DM BEMNEFIERE), FIEMEERE
=

oo

anp

iRX303EM: Clinical Trials.gov NCT02472951,

X%83A: -GS p MRBEESURME; CCK BRI
%; CD EH¥ERF; CRHP B/ BKLEYNEE
H; CSS E&1EERITS; GIP BEEREitEmRER
ZBK; GLP-1 RS MI¥ERIFAL-1; ISR BRRIWE;
PYY BX YY; T2DM 2 ZUXEFRJS; TEE SBeEIH#E;
VAS MR ER,; WA EY,; BRAE;, EEM
o

Samkani A, et al. The acute effects of dietary
carbohydrate reduction on postprandial responses
of non-esterified fatty acids and triglycerides: a
randomized trial. Lipids Health Dis. 2018 Dec
27;17(1):295.

mE

HR:. 2 BERE (T2DM) RiAENEEIREELEER
B2 (NEFA) MHEHM=E (TG) REEM, HEFIEEHR
ERBEERHEMOMERRBETHING, BELR
R D BE R oKL SY7EN T2DM BIAEEAHITIE, BR
EREMBERTAHRIEIN NEFA Ml TG WRMIERNE
AR

10 WEHRE | Article Abstract Collection

Bk AR, BNl R XERR AR ERK
AYNEER (CRHP) MESEMERE (CD) KB
3f T2DM ZiRE &G NEFA 1 TG MR, SMIIEE
SRMAEA, BRI, FHA8 CRHP/CD KB
NHEERBHKNEYIN 31%/54 E%AEE. REER
BI89 29%/16 E%REE IR ERERAMY 40/30 E%REE. BAE
REFEHIEY T2DM [FFi28 HbAlc 47 mmol/mol (37 ~
67 mmol/mol) 1 BMI 30 + 4.4 kg/m?] B9 16 ZZiXES
5ZM5. RFEMFEGTMHE NEFA F TG,

#£R: 5 CD Re#att, CRHP IRBHFE/S NEFA B
22N (AUC) HEHNT 97 + 38 umol/L x 270 min (p=
0.024) , BFEFRAT 141 + 33 pmol/ L x 180 min

(p < 0.001) - FH, 5 CD t&+8tL, CRHP XE4A
B&E TG % AUC EINT 80 + 28 pmol/L x 270 min (p
=0.012) , FEBEBLT 320+ 60 umol/ L x 180 min (p
<0.001) »

£i0: ERFIRIFH T2DM BEH, BRPHKLEY
HEE R U E R BAIASR R AERIE N2 RIR B S
75 NEFA #ifI# BAEFREEME TG REIEIMEEF
EEEEHRMNME. CRAP MRAXINE T2DM .t
EEFNEERREREMNE BRI BREE—
FHRo

KB ERBOKCESYRL; FEIEIER; BEH
SHM=Eg

Cusi K, et al. Non-alcoholic fatty liver disease
(NAFLD) prevalence and its metabolic
associations in patientswith type 1 diabetes and
type 2 diabetes. Diabetes Obes Metab. 2017
Nov;19(11):1630-1634.

BE

AR T IFEFEREES (NAFLD) BRE5 1
BRERAE (TID) BEMNRERBRBTNERSZRA



10.

FTHY 2 BUERRSR (T2D) BERBAERIMEXME, EH
MNERRE R peglispro (BIL) 3 HARAR O T @i
HIRRGITEFFRE S 2 (LFC) BEMNELIIE,
PMET NAFLD SIEFRAFE. [M¥EEHIAIMERFATH
KB, NAFLD (EXH LFC > 6%) BHIBREE TID
(8.8%) MK, 1B T2D HRE, KEZHELEA
fTEY T2D BEMNRFEXRES (75.0%) , FRSFET
B T2D BEFHBRENR 61.7%. T2D BE (KiEZ
FRRZRAT, 13.0% + 8.4%; ESEBERAET, 102% =
7.8%) BILFC (F39{& + SD) BF TID BE (3.2% =
32%) o £ T2D H1, NAFLD SRS RN LFHTE
X, EMBE="ABH, HbAlc 5 LFC BBX
BX, {8 NAFLD B2ENBRBZEFIEES,

HIRFEAM: ClinicalTrials.gov NCT01481779 NCT01435616
NCT01454284 NCT01582451,

X RRFATT; IEEBLEIEITR

Hashimoto E, et al. Characteristics and diagnosis
of NAFLD/NASH. J Gastroenterol Hepatol. 2013
Dec;28 Suppl 4:64-70.

BE

EENSMRERNERTR (NAFLD) #WiANERSIEEEE
FFAERRIL. NAFLD EERITESMAAN—IEEN
AHDERF, NAFLD HFEMERREF LAAR:
BRERTYE, HBEEEREREIFAREIRKIRE;
AEBERB MRS MEAT R (NASH) , HARERXBATE
CANFF 4R, NAFLD BYiZBETFUT="MrE&: 3F
TEREME, WU RGHARFIONASIAE N, UREEH
PREMATAERR. YEHIUESZEEBT 20 g HB 4B
30 g B, FAIRERAREBERETR, ALL, EEEHE
REAXLE AEEEEKTRE, 2T, MHFEXIEE
EETRREEERNRBENARERRNEIR, AS,
BRI TSR E, FIMEAREAEH RN
BHEASEERT Ko NASH B2 AIRKARERE LG, B
BRI, FFIDERMARKHEISHNEIRE, A,
FRADEALREB LN RS, E—RRSEERH, NAFLD
ERATIHMEEXLERENENARNE, HERERS
U ERNMBEYITCY RATEEN BRI E LR
Pk 2E s NAFLD MIRKRER T, %, X
NASH &N EIFRIF AN EF IR sEFBh Figtnd
12, HAMIERMHAIEN. IFEAENBERNAE,

©2019 IMPROVE MEDICAL All Rights Reserved
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K§ia). ioU; AEERSIERSRTIERTR (NAFLD) ; 3B
FEMERERAMERT 2 (NASH)

Nielsen S, et al. Body composition and resting
energy expenditure in humans: role of fat, fat-free
mass and extracellular fluid. Int J Obes Relat

Metab Disord. 2000 Sep;24(9):1153-1157.
BE

KARNWENEHEABIMRE (ECF) MEHE
(FM) IR ES MM EE FLiEBE (FFM) B
FSREEEME (REE) BRREBMIIEM,

A% WREEHSEFREN 153 {E%HM 100 54
EAZTAMREYISD, ¥ REE (B EEEREN
TE) 5 FFM 1 FM (EAMAE X SYL&MRUCITE A
2) M ECF (FERRMY=IEF/SRSTHERERE ks
ENE) HEXEK,

#£R: REE SLZMMFFM M FM (r=0.65F r = 0.63,
& p < 0.001) MEMEMFFMAMFM (r = 0.62Fr =
0.48, & p < 0.001) HWRERX, EEL&MELRAS
R, FFM. FM FIE# R EHEH 7 AR P
REE HIRES), BHIRAELMNBEZNEEEEE
o TEXEH, H FM EARY, FM X REE NERBAER
SHEM. BRI ECF AEHN FFM HEHHE FFM M
REE Z[BIHIX Ko

£5i¢: FFM. FM MIEFIRESB MM 714 REE MEEIHIL
FMET. HRIE ECF BEER FFM HREERS FFM Ul
REE Y8817, 1XKBEA ECF REEMAF FFM MNEEE
SN, 58Ik FFM #8X8 REE RXGIELLRIH
EEANACRE A BEBYS I NEEIR,

WHHAE | Article Abstract Collection [ 11
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12.

13.

Chabanova E, et al. "TH MRS Assessment of
Hepatic Fat Content: Comparison Between
Normal- and Excess-weight Children and
Adolescents. Acad Radiol. 2017 Aug;24(8): 982-
987.

mE

ERMER: MMARNENREIHIRIEEMBENIL
BEMFVDFENHELIR (MR) JIEER, RIGHERER
BEMNRRE, BT2WMFRERERTE.

MEAE: ZRREHE 4920 &)L EMSLVE (91 BE
BIAE, 99 BHEBEM 230 BER) , 8~ 18%, FHA
B REREIRN BN R ORISR, EA 3T MR R4
TR TR 2.

SR REFRERNTIENRERE: EEEER
79 0.5% + 0.04%; [EBARELIZN 0.5% + 0.03%; 8
BEZN0.9% = 0.16%; BEZZHN 1.1% + 0.24%; B
BEBIZN 1.7% + 0.24%; BERFLIEIT 1.4% + 021%. K
AT g B 2 M MO BT RS B a3 R 23R BB cutoff B
1.5%0 WRIBXMEFRE, 16%HNBESZ. 11%HNEE
Tz 32%MIBERE B IR 27%HIABRE XA 12 T O AT
BERAE M,

it RN AR FHEIEIRKIERSA T2 LEMNE
D E R RTAERE B RO BT RE RS A 48 3 PR 2 IR EE RY I 57
B FERHE) LEMB D EBATIEREEN NS TE
ERREIRA.

XA BOE; JLE; HSUR; BB 0
i

s

Chabanova E, et al. MR spectroscopy of liver in
overweight children and adolescents: investigation
of 'H T, relaxation times at 3T. Eur J Radiol. 2012
May;81(5):811-814.

H/E

B8y BREMR T, W%ME, ATBEMER)LENE
DEREARFHLREE ('H MRS) 7E 3T BHAKAT
RERERAE B

TR ZMREIEES: 123 BLEMEDE, KIEFR
AR, HAEEHSTE 97 Ao EHRRY TE
R DPCERFIE 3.0T T#1T 'H MR ik BT,

12 WEHRE | Article Abstract Collection

14.

SIREMEST T, MIER AR ERFTAERA & 8.

SR kK T, EEERN 22 ms ~ 42 ms (FIYE 28
ms) , BERABY T, ESBEA 36 ms ~ 99 ms (FIIE 64
ms) o WMEEITRMEXRM: (1) T, BEAFRtBEIES
T, KEFRET B Z EIATARR M (FAXFREL r = 0.038, p =
0.79) 5 (2) T, BRBAMEHEEMNMBZEE (r =
0.057, p = 0.69) ; (3) T, KMASAHEERMIERATE

(r=0.160, p=026) . FERFIEEES5 T, RIEMAERHFE
B2 BWHEX MRS EIRAE TE RYEINTMREME: TE =
4589t = 097, TE = 7589 r = 0.93, TE = 105 B r =
0.89, p<0.0001,

#5182 3T 89 'H MRS BN EEBEMLR) L EMNS DER
RS ENAURA. BLENE T, WHREHRE
T, IR, UERISATAEASA & RV E4IT

Fonvig CE, et al. Muscle fat content and
abdominal adipose tissue distribution investigated
by magnetic resonance spectroscopy and imaging
in obese children and youths. Pediatr Rep. 2012
Jan 2;4(1):ell.

BE

AR RIREAT A E R ENT) LEM & D EREMAEXRH £
FENEMERERE, 815 159 28EF (FHER: 133
%, EE: 6 ~ 20 %) , HIRBERIMRFAEIER
(BMI) > 90 (th) B, BERFRIEIRELAE
BAFUENAEHEE (MFC) . BEDAFMA:
MFC < 5%3k > 5%, @R G E NS
53 (VAT) M TREARBLMATR (SAT) o HFEIEL
KM MFC #1 BMI AEREITS . VAT M SAT. ik
in. BEHMENSAENTED ZEIMXE, ¥ BMI
IREETS (SDS) A 3.04 CEE 132 ~ 5.02) , FY
MFC 73 8.9% CEE 0.8 ~ 46.7) , 159 FlE&EH 118



15.

(742%) B9 MFC > 5%, 5 MFC < 5%H9) LZEAELL,
MEFC > 5%B9) LEEBY BMI SDS (p = 0.03) E=. VAT B
(p=0.04) . HZBMAMAERT (IMCL) FARESMERE
(EMCL) 5Ft& (p < 0.0001) o SAT. SAT/VAT Lt
. MKIENR. SEIMENSAREDNEHEMAZENE
BER. mEENN)IENSVEEEERSH MFC,
X5ABM VAT, IMCL #l EMCL 88X, EMH
MFC FIRESRENTIEZNE X, XJREEXLEERAS
BB AERAVHRSE

ot

#4 o

XBa: JLE; AARER; HHRERE; NAEHSE;
AER.

i
i ? AL
£ 78, | Q
1. P ) L
ceoi Llolg

@
=)

=— 1 =
W

Yang J, et al. Effect of dietary fiber on
constipation: a meta analysis. World J

Gastroenterol. 2012 Dec 28;18(48):7378-7383.

wE

Bir: BIRENIRIRE (RCTs) NEZSTHARER
BB ERRIRZIE,

Bk FAIE Ovid MEDLINE (1946 ~ 2011 £E 10
B) . Cochrane BEIHIE (2011 £F) . PubMed HI¥ERT
XFRERAEBANEUNXE, FRUTRIE: E
M. T, STER. EYIREY. 8. BE. EEE
FREFT. FIEREENEMNSE XXM HITHEX
MR, MRNERSRENENNRIRG, HERET
PNELTEN
TERIVEIR, BANERERSHTEED . RIBFT
RIEFITE, HFEZARAR (Yang J #] Wang HP) 18
TIREEUE, HIREESRRA 5 AT ORI,
MFERS 95%C1 BFEEHIR, HBtk (OR)
5 95%Cl1 BFZ02EE, I cutoff f > 50%HFITE
fMpfE <0.10 WP REATFRERRENEERE,

SR BIMMET 1322 BBERXXE, HY 19 Bl
BREATH—FIHE, 14 MARESTHERERERBHER, 5

©2019 IMPROVE MEDICAL All Rights Reserved

HERE. Armhx, sRaenspe 16

IMPROVE REVIEW BE3$8%E-10308%
THERRAND . BEAATEREXRIETHATFR
RFIMEZNRE (OR = 1.19; 95%CI: 0.58 ~ 1.80, p <
0.05) » MAZEMEEREE. AT RIE. EHBE
MHEXBELEEZEER, B 5 IENNRIAKNIRE

EIE, MEERETHETEANRBREEER, A&
AL RFASEHEEHRSIEM (OR = 1.19;
95%CI: 0.58 ~ 1.80) , p < 0.05) , HAREELEZERR
" @®=0,p=077) , OTARTETEEHRE, H

PTHARER T EER D LENER, X5HEMART
B, EtHENMEEM=IARAAD . RIEARKRS

BTN, RZEEFEEEENERYE (p <01, B>
50%) o ZWMTIREEREH, —IMRERESH
12, HtmmMRCasmEnarads</faz
EEEAERASFELEZEER (OR = 1.07; 95%CI 0.51

~225) , BEAMERYE (p=084, P=0) . =IHA
TG T HERR: HP—IMREET EEM=9%

IR, BZIRTERARDHIRE T E
TVER =2 E AT O

BN 0E8dE. B

Hit: BERAENBATHEEINERBEENKER
. ERAPEHEAERE. BITHRIE. KHBE

FIHHERR.

KRR E; BERAY; Meta D1, KERE;, KE

Ho KS, et al. Stopping or reducing dietary fiber
intake reduces constipation and its associated
symptoms. World J Gastroenterol. 2012 Sep
7;18(33):4593-4596.

"HE
BiR: ARV ERTAEE R EN BERRM,

ik 2008 £E 5 AZE 2010 £ 5 BEAEIHIE 63 FliFA
MEWEETEHERTHR T ERNENREZE,
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17.

WANAR. BERETEHFARNEEWHNEFZRRAN
BERHREIN. AFMERERETIHEESHEDHN
ER. ARBERMITHITEAERE 2 B Itt/E, i)
WERBERTHBABR DM T EZHIK
Fo 121 % 6 MHIERERFHEN. EWER. HE
. I, RERKSUAETS.

SR BEMNDMER (16 BB, 47 8L H 47
% CEE, 20 ~ 80 %) - 72 6 MNAN, 41 BRERE
TABNE, 16 BBERVAEIRE, 6 BEERTHK
FIMNARRMESALIRE, BLESRVERAENE
EENRPAERE, MASETEAERENEELET
o EREFILALNEED, HHEMEM 3.75 d (+
1.59d) BEI—REME 1.0d ( £0.0d) BEI—R (p<
0.001) ; AHEBANERPHNBEHEMENE 419 d
(+£2.09d) FHE—REMEE 1.9d (£1.214d)
BE—& (p < 0.001) ; BERIFSTHREPIAES
WEIESE 683 X (+ 1.03 X) B—KHHE, WFELHF
R, AERVANSHEAR, BRIERDFA
0%« 31.3%%0 100% (p<0.001) , FEHERMELKEZE
PR 0%, 43.8%F 100% (p<0.001) o

it BFLREERMERTHENENE, AUE
RthIRL D R M A R EAR KER,

KegiE: BERK; BIEIRRIEEN; @ ERTH

Monnier L & Colette C. Contributions of fasting
and postprandial glucose to hemoglobin Alc.

Endocr Pract. 2006 Jan-Feb;12 Suppl 1:42-46.
BE

By ATHEFRRSZRET 2 BREKRRBETENE
FImREEENMIER Alc (HbAlc) RISIEA,

BiE. ZANBRMEEHMAHTT 58, FRET
BT AR R R INATT A E(E.

SR B O UEIEKEHERANESR, RI1L
W, WFBRFBEHENDHELEFNESE (HbAlc <
73%) , BENFXEEENENRRERS (70%) ,
FEEMERAIEN (HbAle > 102%) EEZMFRME
(30%) o R, BEE HbAlc KAV, =REMRE
BRI REEIIEM, B EAERNRE (BRME
Bh4%) , WIVHEE S MBS MERE B FUNE
R (HbAlc < 7%) BREFET REFHS AHRAIE

" WEHRE | Article Abstract Collection

18.

Hl. MRERBENFREZ EAREFENRE cutoff
BEELF 11 249 200 mg/dL, £ FF 2 =RETLH 160
mg/dL. AFWATRIINTIAE FRE 90%) &
EF 11 A2 162 mg/dL, TETFF 2 =22 126 mg/dLo

ZEit:

BRNXEEEEBERBRIFEFEESARENNE
EREE, M=RIMREEENRMEERRRIEL
M. AFNRFHS ARZERFIZFRNERE
EEBUR T #H & AR 8],

Schwingshackl L, et al. Effects of
monounsaturated fatty acids on glycaemic control
in patients with abnormal glucosemetabolism: a
systematic review and meta-analysis. Ann Nutr

Metab. 2011 Oct;58(4):290-296.
HE

BER/BM: 2008 &, XERERBNSEE T EIOKK
EBYRERIRE, BTESR 2 8RR (T2D) BE
NFHEEE, EXRIEERTIBMERER (MUFA) B
2, ZRFTNEFTE MUFA RB S MUFA X8
xf T2D WEEEMER BMMREEE. BSXR. RS
RIRMORSERITMH. BHUMIER HbAle) B
Mo

Ak o MEENXT R TAK, B 1547 885%, &
FNEEDA 6 N8, LBREAHRE (T2D, FERE
TEEEMRSRIETN) , BEIBHBEEAN MUFA
BS5REMNEED . FKIVEA Cochrane WHEMET
Review Manager 5.0.25 ZR{FEHITREN M EZE D,
I 95% B S X Bl E I FIIE o

£R: ZUT HbAlc HEEER (IINFEHER
-0.21%, 95%CI -0.40 ~ -0.02; p = 0.03) , BFFH



19.

20.

MUFA 4, 8k, TEMEXEHEE. TEMKXERERU
KBk BRBMARSRETEARIIAB S ES MUFA 2
BISZIE.

#30: B2, AEZKINAIME MUFA REBINFERIE%
F&{E HbAlc, Alt, MEFRT T2D NIXB AR,

Josse AR, et al. Almonds and postprandial
glycemia--a dose-response study. Metabolism.

2007 Mar;56(3):400-404.
HE

TS5 HM R REBRERR B RBEIEZ KT, HAIMERE
BRI, BRiERSEEEHNXRERE
M, AL, BN T AEZEME IR S MEXT R
KUEVREREHNEM. KITWENSITEBTCTHIA
EEENHR. 9 BRESEE Q8x, 71854,
TIYERE 27.8 %, FIJEERI 22.9 kg/m?) ERFERY
BFHENIES 3 FXI0RM 2 MAEeNRE. 28
B 10 ~ 2/0BE, ZilE#HE, SEEE 50 gAlA
kL&Y, XEmKUESYRERMERNAESE
HEE30 g 60 gH 0 ¢ (K91, 23X 3 BE)) HILCW
HEE, £ 0. 15, 30. 45. 60. 90 0 120 HFPRER
FRASESMHARMMME, BEIHE 2 /B iEhs
TRy EEARFITEMER . ETAEEHRNECS
BESENMBERIZHEME, FERHMER 30 g
(105.8 £ 233) . 60 g (63.0 £ 9.0) . 90 g (452 +
5.8) B9 (r=-0.524, n =36, p=0001) . FiIW
£, M7 RRIBBERKTI, BT URIE
Bk b PPt MAERI S,

Tay J, et al. A very low-carbohydrate, low-
saturated fat diet for type 2 diabetes management:
a randomizedtrial. Diabetes Care. 2014

Nov;37(11):2909-2918.
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BE

BHY. 2EEBREHOKEEY. SFERRRMAED

e (LC) SXBEHEmAkUEy. KEBRE
(HC) 3 2 BUYEFRA (T2DM) IN¥EH&IAlC B HR
(cvD) RPerIgZmaE.

HAZIEH A% BEE T2DM BEEBERA (=115,
BMI 344 + 4.2 kg/m?, % 58 +7 %) FEH 2 ECENRAR
2 LC RE [14%mkEd (< 50 gR) , 28%&H
1, 58%RERA ( < 10%IBFIRERA) ] SNAEEALRY HC
B [53%mkhEY, 17%BHEEM 30%E (<
10%50FAERE) 14, FHESEWMEREMEES, Hit 24
A, MEMLEFBINT: HHUMIEH (HbAle) .« MFE
TR% (Gv; @i 48 /NEELMABENTR) « il
BTN (MEZYERTS [MES])  mASHE
Ho

#R: HE 93 B25BTMT 24 BNIAR, HASEE
FEABIZERREE (LC 79%, HC 82%) FAEREE (LC -12.0
£63kg, HC-11.5+55kg) ; p>0.50, ME (9.8-73
11.6/6.8 mmHg) . ZREM#E (-14 £ 2.3 mmol/L) FILDL
REEEE (-0.3+0.6 mmolL) MR, HEMBTRM (p>
0.10) o LC SEMTHM=EE (-05 + 05 vs. -0.1 = 05
mmol/L) « MES (-0.5+05vs.-02+0.5) GV {55k89E
KIZERPEE; p < 003, EZBEEL HbAlc > 7.8% (62
mmol/mol) F1HDL-C < 1.29 mmol/L BI85%E&H, LCIES
TE KRB HbAlc BEME [26 + 1.0% (284 + 109
mmol/mol) vs. -1.9 + 1.2% (-20.8 + 13.1 mmol/mol) ; p =
0.002] F1HDL ABEEE (HDL-C) A0 (0.2 £ 0.3 vs. 0.05 +
0.2mmol/L; p=0.007) o

£530: MMIREESSI T JL A kR AR E 4R S A0
CVD RATEMRISERMENE, 5 HC 8L, LC M
LERMEXY GV MIEL YR RAVE R A, XRIAM
RURIFEEE 24 B, RIEFMASHEH LC IRBTTARTRE
SHEMK T2DM B A%

Yamada Y, et al. A non-calorie-restricted low-
carbohydrate diet is effective as an alternative
therapy for patientswith type 2 diabetes. Intern
Med. 2014;53(1):13-19.

BE
BE: BARBREIZ—MIZERNRMEENRD
ST THER, EifEE3EKATEETXMIRE
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22.

I7ik. BobTERENERR IR A REENER R
MEHTHRIFAITI PR T R SWIRBRIIRR
B, AT, B2 BBRFBERERE TR
BiRD, Hitt, XMHARNENEOETHEREHE
WK SR T ST FRERFABNEEASZE
BISZAR,

Ak BiCHBEWMN D EERE R EREIR
BEEBOKEEMIRE. BE 6 NADE 2 MAMNEMR
EFMARRETZIE, LR T MIPR BT X miE
RIS EAIR M,

SR ERBKEEYIREAD, HbAlc KFEMELE
ETRE6 N (BL7.6+04%, 6 N 7.0£0.7%,
p=0.03) , BEEEERBANLEE (BL7.7+0.6%,

6 NH 7.5£1.0%, ns) , (4HELLIR, p=0.03) o Hl
—ABENHM=EKTOEMNE, EELNEAE
ARRRREEERE T,

Zi0: BINARERERA, EvkKEEMREEN
PR RERIFIRAI IR BN G 2 BBRFEEN
HbAlc MIHH=EEKF,

HOW DOES KETOSIS WORK?

TRADITIONAL DIET: HIGHER CARB

INSULIN SHUTTLES

GLUCOSE LEVELS RISE GLUCDSE INTO CELL

o

KETO DIET: HIGHER FAT

'ASE RELEASES FATTY .M:IIJS Rﬂ.\'EL
sww D TRIGLYCERIDES T0 THE L

SEC REI‘ES IIISLILIN

I.MR PWDUEES
GLUCTSE LEVELS FALL

O

van Zuuren EJ, et al. Effects of low-carbohydrate-
compared with low-fat-diet interventions on

metabolic control in people with type 2 diabetes: a
systematic review including GRADE assessments.

Am J Clin Nutr. 2018 Aug 1;108(2):300-331.
BE

2. BRIMAHBEWMMHIIERES 2 BEERRK
(T2D) #£8%E,
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23.

BB AT T Bk S Y ERBIF S B PR B IR & Xy
T2D BEARGGSIENEERENR I,

Wit XM FENITEIAL (RCTs) M3 RIEHKIRNK

(CCTs) WRGIEMLLIRT HER 4 AL EREEKLS
[ < 40%BEE (%) | IRESEAER (< 30%) KB
kb, X T2D BEIEM, MAMRARIRILERH
R, REEUEHITERENK. GRADE (BIGTFE.
FRMTEER) HEBFIHMEEHENBEE. FERE
MBRAREITE LS FHES (MD) M 95% Clo

LR MANT 33 TRENITERIAEM 3 T CCT (n =
2161) o FFHANERRBUK SRV ABEL IS
HbiEEIE AR B ATRES (MD: -1.38%;
95%CI: -2.64%, -0.11%; ERENHEIEE) - 1 &
Bf, MD FEZE-036% (95%CIL: -0.58%, -0.14%; {RHAE
MIHE) ; 2 P, EREKRT. ETENESRH—Y Y
MERIMEBK S EYEEEFFIREERE. Hh=
BER] HDL SRERTEAMIGREEEM/ oiE, BEEM
RIS (ZHFHE) WEEE, TEF—MRES, LDL
RERTMAELR (FE. BE. 0E. £EFHR2) N
TEEER (FERESHTILLE) -

it BRI RSHBERMTRERSNHEEIE
&, 5% T2D BENEMRZEDE 30%8tE, FiX
BRI EYIREIRSE 40%, Ber-EMHEFIA
BHERl, EEMAEFAHENRKRERE.

Snorgaard O, et al. Systematic review and meta-
analysis of dietary carbohydrate restriction in
patients with type 2diabetes. BMJ Open Diabetes
Res Care. 2017 Feb 23;5(1):e000354.

BHE

Bi: EFare 2 BMERREEEREEHEN—
ERERSY. BRINERRMABIERMBK &Y, BIRE
PIERNEK S S EMAER. IE 2 BERR
SHEPRITT —MBEDW, WREEREFEE
Bokiea¥ (LCD) (BEEESDLLET 45%) WiRE5
BEARBIKKEY) (HCD) RYRE.

Mgt A% BRITRSAHEIR T 2004 ~ 2014 £HA
i8] Cochrane Bl IE#4EE. EMBASE # MEDLINE £y
fem. EESMMFENILR, BRERSRE HbAlc,
BMIL. fAZ. LDL fBEIEE. 43EME (QoL) FIRFEMY
iR,



24,

SR BITAET 10 MEENILK, HEIE 1376 B85
B, ETFMME—F, 5 HCD [95% CI 0.06 (0.7
mmol/mol) , 0.63 (6.9 mmol/mol) ] #HLL, LCD B9
HbAlc (3.7 mmol/mol) PEMET 0.34%. BRAKILEHIPRE
B, HEEREREREEA R=-085, p<001) .
2R, 1 EHEH, HbAlc 7E 2 MABARTEIEM.
FEEANTIUENS, FMREYT BMI A&, LDL ABE
B2, QoL MR MR,

BRE: BREFAERENEY. EFTA REREIHK
wEMEE. MEEY. BEHNEARBAE. B4
HbAlc LIRS IR BRI MIEEB T BERZIREE B o

#ie: 5Bk EYIREEL, BREPFHKLEY
MBETHESE—FN 2 BRERFENIEEFAEEEX
M, BoKEEYIRGEIE™E, SEREaEs, X
TXZLFIRBIFIERK. BRTEHAME HbAlc 5b,

RmiBIRRTEMmAETH. AEN LDL BEEEAERE
o

KR WOKLEY); MM, migisel; 2 BEK
o

Meng Y, et al. Efficacy of low carbohydrate diet

for type 2 diabetes mellitus management: A
systematic reviewand meta-analysis of randomized
controlled trials. Diabetes Res Clin Pract. 2017
Sep;131:124-131.

HE

BEY: ARFFNMNEZD T ENRIHEEIOR LS
wixe (LCD) SEEXEHKKEMIREEL, NF
2 BUNEFR I BB BT Ro

7% BAHZET MEDLINE. EMBASE #] Cochrane

©2019 IMPROVE MEDICAL All Rights Reserved

25.

IMPROVE REVIEW EZFISEE-1030HH

PEIEEDENNRIAK, RETEERRE. MiE
FOMAS /K T L LRIER RPN

LR HPN TR, 734 BREHBEE, LRER
REA LCD X HbAlc KFBEREZM (WMD: -0.44;
95%CI: -0.61, -0.26; p = 0.00) o XFLMERBE
%, LCD THESERET HH=ERE (WMD: -0.33;
95%CI: -0.45, -0.21; p=0.00) HHfHF HDL FEEERE
I (WMD: 0.07; 95%CI: 0.03, 0.11; p=0.00) . 18
LCD 5 S REERAEZEEE R EERKTE FEEX,
WA #REE, LCD MRZEAFSTRABE R (WMD:
-1.18; 95%CI: -2.32, -0.04; p=0.04) o

£t ZRRA LCD TN 2 ABERFEZENAERE
1THBHE. LCD FHxH =AM HDL FEEERE
BERREW, EXNKIEERREREEEZM,

KEEE: MK EEWINE; Meta 247; FENLXTERIA
30; 2 BUNEERSS; RUAE

Intensive blood-glucose control with
sulphonylureas or insulin compared with
conventionaltreatment and risk of complications
in patients with type 2 diabetes (UKPDS 33). UK
Prospective Diabetes Study (UKPDS) Group.
Lancet. 1998 Sep 12;352(9131):837-853.

BE

BR EAMAEES AT LUB O HE PR U B R R 0
B, EXKRMmMEFLENZMERETR. BALBOER
KIGYRIRESIEM 2 BERRBENOMETL TR, H
BERSERERRERIEREBK LI, )
EE8 T BEAXY BRiX 30 g fk ¥R ) SR AR SE SR B =
MEAATX 2 BRERFEREMMEMNAMEH LEX
FBIRZAM,

FiE: 3867 BIIZHIN 2 BEMBERREE, PUFER 54
% (IQR 48 ~ 60 %) , 3 MNANIRBATEFEIRRT
BEm#E (FPG) REN 6.1 ~ 15.0 mmol/L, BEM S ERfE
FAEREAY) (REAER. BYIRERHETIME) Sk
BEATRERNINEK, BUANBIRE FPG /NF
6 mmol/L, TEFHRAF, BMRNEKENBAISNNE
EFPG; RBEHFESMBEIRT FPG KF 15 mmol/L
BRI, =M REESBTIHEEIEaTMaY
AT ZEINER: TRSERFEXNER B &
MBS MmABEIET . HenSIEBEHEOMBEIE. LR
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26.

B DAORIB. BX. BEERB. 8k (B0
) . BB, FECRNAMBRE. —2REE
KA ARERERR]; BRFBEXIET (ODAEEET.
R, SMNEMEER. SRR, SMESEmE. &
5t) ; 2ELTR, BTG T BENIRKRE R MBEATIG
RER. FIBDIMSKIEET BEMT, HAKELRR
AT AT (R M AR SRR,

KU #id 10 F, BUAMIER Ale (HbAle) A
7.0% (62% ~ 8.2%) , MEMARN 7.9% (6.9% ~
8.8%) , FEET 11%. BIATREAHYZIEN HbAlc
REER. SEMAMRL, BUYATMERFEEXES
BINXUEBEME T 12% (95%CI 1% ~21%, p=0.029) ; 5
PR XL T REMT 10% (-11% ~ 27%, p =
034) ; 2EFETEEKRT 6% (-10% ~ 20%, p =
0.44) o EASHERBEXI DAL DBIX IR AS
D EHATHMBELRNRREET 25% (7% ~ 40%; p
= 0.0099) , SIEUMEABANER, =F@EEY
(R, BIFBREIRERER) ZEN=MRELS
FRER— MR EER. ERMERNSRF, Bk
HEBEANROBLERBETEMA (39 p <
0.0001) » EHATHEBRMBEGHLEER 0.7%,
SHERIRA 1.0%, BHIEREAR 1.4%, BHER 1.8%.
BIA (FH 29 kg) REEMEZSTEMAL (@ <
0.001) , IEERBRATHEERE (4.0 k) LLEE
AR (2.6kg) BT (1.7ke) SATTHIEMES,

fRRRE AR R SRR MABIEHI T 2 &R 2
BRERABBRENMMEH ZAENNK, EFRSBRRAMmE
EZE: )R

Gaede P, et al. Multifactorial intervention and
cardiovascular disease in patients with type 2
diabetes. N Engl J Med. 2003 Jan 30;348(5):383-
393.
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27.

BE

BHR DMERRARRE 2 BRERBEENTERE,
£ Steno-2 HAZH, IAMLERTEH@. BE. SRETF
mEEMaTX 2 BERFTINERERREELNE
S p vl PR E N A 8

Bt RMARR P TRENTEL SR OMERE
T, IFEBOEIEOAAESE. EBEEMEHR. MzEEME
KRHES. 80 RBERBERISERENIECEZEM
YT, 80 RBERZRIEST, HEDKMITAMIEM
HWSMmE. ShE. miERENNERZRARNEY
BT, FARRE A RIS O M E R R

SR BENTHYERN 551 ¥, THMIBRER 7.8
&, BWATANECMAEEE. WEEMETKE.
[ ;ERBEEE A H M =Bk Ay TR LUK PR B & B HEf =
HEESTEMATH, BERRUEATHESE L OLER
EREE (XUBREL, 0.47; 95%CI, 0.24 ~0.73) . BHENX
B (XBRLEE, 0.39; 95%CI, 0.17 ~ 0.87) « MR
(RB&Lk, 0.42; 95%CI, 0.21 ~ 0.86) FEFHERE
(RB&tk, 0.37; 95%CI, 0.18 ~0.79) B2 EME(R,

£30: BIEHN 2 MERFNHEAEARESE ZE
FRRRNERE. KH. BUNTEOMEMMMES
R XU BRFEE T £9 50%.

Pramfalk C, et al. Fasting Plasma Insulin
Concentrations Are Associated With Changes in
Hepatic Fatty AcidSynthesis and Partitioning
Prior to Changes in Liver Fat Content in Healthy
Adults. Diabetes. 2016 Jul;65(7):1858-1867.

BE

SRR R EANTIE R MBS AR mAT AT A EX, FFAEA
WisRERamMEN. WRMFEEEE =/, AT
R=ENEERS THIERERREMR. 2. atile
FrAERERr S EMNABIER, HNERARERMURREE
MRBERBEUENZEEERESENETAEENRS
L. THEWHLANERRRRE (N) 4 (B0
EHEBE <112mU/L, n=18) HEHEREME (HI)
B (TEEMITZFESRE > 112 mU/L, n=19) o HIFINI
MEWBTRTAE RS R 2B, RE HI ZHENRALAER
BERUE N, AT, 5 NI ZiEMELL, HI MERMMKEE
el EEHARBRAECER, XLEHIERPRER
PRREMABHARE HI PILR, BFENE, THRE



28.

AFMRE RN 8B ERAEER M, XA
M EEIM S h = A MAERE h = Fg 5 I INF R

Schwarz JM, et al. Hepatic de novo lipogenesis in
normoinsulinemic and hyperinsulinemic subjects
consuminghigh-fat, low-carbohydrate and low-fat,
high-carbohydrate isoenergetic diets. Am J Clin
Nutr. 2003 Jan;77(1):43-50.

HE
R o H=BELES OOERBRLEME X, B
ARiE, ATAHEFIRE, HELOTERTREM KSR S

B¢ (DNL) YWaH h=FmEZMNER",

By FTFET DNL X5 & H H=EEMEEXNFR
ERAERISIBERE .

Wit EEEESEEN. BEOKEEYIRE s XE, N
BEEBESEME (<5 pmol/L) HEE (h=9) FAE
B#E (h=6) UREHERRME (> 115 pmol/L) AER¥
% (n=8) MW=EDNL, FEEBRSERME (h =5)

MERSERME (=5 SIREHSMAEH. Skt
AWIRBEMNESME DNL, RERMUESHHBETN
£ VLDL-HM=Eah#na s aVASRRER B9 D41,

%R SRSER. KUk EMie, SERIREM
FiXER DNL 9% (8.5 + 0.7%) LLIEEFERZEMAE
(1.6 £ 0.5%) SHEHMERAE (23 +03%) &3.7~53
%o SFRAERS. BHKEEMIRE, EERSEME
HEENSRSREMEREEMUNEHE DNL (551
F13 = 5.1%H 12.8 + 1.4%) . SELEAELL, ShEH.
KSR EREEREME M=ERE. A,
TEiRBsRs. SHOKUEMIRERE, HR=EBREELm,
#E DNL thE SN EERSEZIHES S ~

©2019 IMPROVE MEDICAL All Rights Reserved

29.

30.

IMPROVE REVIEW EZFISEE-1030HH
6 . MRAERS. BKUEYIREEH B=EENIEZMNS
DNL #3##8% (p <0.01) , RFEES DNL MZidE
HNHE B=EE MR %,

10 XEERTHER DR MEMERE IR m
DNL B9#%, #H DNL ABhFaHE h=EmE,

Donnelly KL, et al. Sources of fatty acids stored in
liver and secreted via lipoproteins in patients with
nonalcoholicfatty liver disease. J Clin Invest. 2005
May;115(5):1343-1351.

BE

IEEFEIERERATR (NAFLD) BUBMEETFATAEER a0
EHH= (TAG) . KEMFRIRG. FHRNEN
REHFS NAFLD FAFEMMIRAEER TAG MEYK
Bo ITRIBTHATERMNEE (5 BBMM 4 B,
44+ 10 %) EANFHORRERNME 4 X, MUIRIZHEER
FETHALNESZR TAG $HMEIEELISHE
(NEFA) . BBREEHBRMREMEREBSHK (DNL)

BENERR, BYSHEGE/RIESFFENEES
TAG fERAER. NAFLD BEERBEH, #ETKESHM
SERIENSHRRLE. FEFHN TAG B 59% +
9.9%3 BT NEFA; 3EH DNL B 26.1% + 6.7%; R
BIREM S 14.9% = 7.0%. VLDL HAFIRET SAFAE
FREHRICIETNE, HETEARCH 4 XA, FFERRT
ERFFIRE R AEF RN R E A, DNL EERRETHS
HESHRMHBREN, XETERBEIRIER, 7
=HISMNERERFEATN DNL #3581 F NAFLD HATAEFNAE &=
HAsAIAR R,

Miles JM & Nelson RH. Contribution of
triglyceride-rich lipoproteins to plasma free fatty
acids. Horm Metab Res. 2007 Oct;39(10):726-729.
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31.

BE

HEEMREAGHNIEELMAE. AR D7
RIAS BT EAERERIREEN, HEBETIZNG
BEVTFIEHA 2 BERBTFHIRR R IEIARE
FRRMEENBROANRKRSHEBIEMER~ LR
Eo AT, SIRBITIEKENRENE, LHEREERD
ERAES, B AELNEENES T H=ENEER
RIEER., BHNEEERMFEREERREAIZLE
L. BERhBRRIFRE AEAER EE R BV HRAR MR, fl
W, RESEENBENEHERE (49 14%) , RBH
H=ERREERMEFES BRI PENER. BT, |
EODHE, BHMFEREMARTES, FEERR
BhWEEES, MRERDEBIRET (0K
) £HENIEM, XAREART XMER MRS
ERNERIRE = B A S,

Szczepaniak LS, et al. Magnetic resonance

spectroscopy to measure hepatic triglyceride
content: prevalence of hepaticsteatosis in the
general population. Am J Physiol Endocrinol

Metab. 2005 Feb;288(2):E462-468.
mE

REIFBEEMAEMITAE (NAFLD) RYBREERE
&, BRTERIZMIIRENRSERBEN. BIHBR
FHHEIREE (MRS) EARNESFEH B=ES2
(HTGC) , BXAF/NEMR, EXE, MRS BFSH
MR BANET O AERRST (DHS) By 2349 B8 5F&H
HTGC B9, BIETEEMN HTGC NEEZEMEX
(r =099, p <0.001) HFENEZEWERRIE
(8.5%) RIIEZZFHEIME, BASREHERX
EREEEXM, HEYNEAITHHITIENEER
Bl RTHE HTGC B “IEE EFR” , 7£5RE DHS B9
345 BRIREFRE HTGC W97, FIRZIRE LG
IRBIBFTATRERF TR XBRE R (JERERE, FERERFS
nE, MWBERD, FHEESR, UREEEMMET
) o XEZIHEFE 95 B HIGC 7 5.56%,
HYFAREEH=KFER 556 mge. LULEER
cutoff B, R ENFEHTHBHEEMITH
33.6%. AL, MRS RIET—FHRE. 2. FLINA
ERNE HTGC, #HHLMNAF AR T EE AR,
ERAFRRER T M AR R B
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32.

van Werven JR, et al. Assessment of hepatic
steatosis in patients undergoing liver resection:
comparison of US, CT, T1-weighted dual-echo MR
imaging, and point-resolved '"H MR spectroscopy.

Radiology. 2010 Jul;256(1):159-168.
BE

Br: IR AR ST ARG L REER
& (Us) . HENMEESR (CT) « T1 IBONERE
& (MR) FRGMADHRTF ['HMR HiGai2HrE

& ORI

o

MERGE: ZRRERRER THIMEEZASHM
#, BEAUT PEMNBREER. NFIXT 46 FlEEH
ITTEBA. CT. T1 IOAEEFEIRAR G IR 5
o FBERSARAFIEEIRE RAVARRIEF H1E
% (Spearman HHXRE) ., ATHEAGNER, FH
BaAES . BEERAERERERTEHREDNITE
BMREGESHREENRESE, HAKREE cutoff &
73 5% ABMAER T, BT McNemar 7347 TE R EX
ENREENES,

SR FHLAREFKREDR, 23 fIBRELEE (0% ~
5%) ABMAEHEME, 11 AIBRERBHTYE (5% ~
33%) , 9 BIFFERSAIZE (33% ~ 66%) , 3 BI™ERs
A (> 66%) o FFRERSRARYREEIRALEGH 'H MR
FEME (DA =085, p<0.001Fr=086 p<
0.001) 5US (r=0.66, p<0.001) FICT (r=-0.55, p
< 0.001) 18LE, FIBESARREFRHBTHEITHMEEETE
BAMEXME. RA T1 IIAREERAGA 'H BRI
BEETERTESEEANESR: T vs. BE (W& p -
0.001) . BE vs. FE (W& p < 0.001) . HFE vs.
BE (p 7505 0.04 F1 001) . BFA. CT. TI Y
MR AifEF 'H MR XEMRBEDHIHA 65% (20 P
B9 13 1)« 74% (23 MY 17N |« 90% (21 DR



33.

191) F91% (23 MBI 21 D) ; FHEMEDBIZE 77%
(23 N 17 D)« 70% (20 N 14 D) | 91%
(20 MrRBg 22 ) #187% (20 NI 23 ) o

#5310 5 USH CT#8EL, T1 M MR AYEF] 'H MR 3
B5EAFBFIEHTIETEEYEX, FEEESIER
EREMEREMNESR, T1 MBNEH MR BEM 'H
MR SEFEHAR AT M AT AR RENISEE
Hatk.

Nasr P, et al. Using a 3% Proton Density Fat
Fraction as a Cut-Off Value Increases Sensitivity
of Detection of Hepatic Steatosis, Based on Results
From Histopathology Analysis. Gastroenterology.
2017 Jul;153(1):53-55.¢e7.

HE

BEFERARTFHAIREE (H-MRS) HERTHER
Br53% (PDFF) , MARUWEMDFIFATERARARLUE
MBERAZ S, STLUEITHTRE M= 2, A, Bal
BFRHHEIRE XBEAE %R PDFF cutoff B (5%) KR
FREAALREZEANSERENRT. BIHETT
—TNEIEMMR, UALREZORAITE, BE 'H-
MRS PDFF 7ERERFZMEMIZRAVERM ., FKITKET R
BREMSFEAFRERBEMHRFMRERAN 94 AR
B (=6 MA) ABMNBRAZENIRK. MEF. 'H-
MRS PDFF MAFEICEHIE, BEHZHEREMALRE
FHENEBITOR, HEAEMSRITE (SPC) T5E
HAKREEMPEEREMEE. I8 'H-MRS PDFF
&5 spC #HXEx (r = 0.92; p < 0.001) - 'H-MRS
PDFF #&R5ALFEFERBEX (p = 087; p <

©2019 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW EZFISEE-1030HH

0.001) , SPCs SLALRIBFLEREX (p = 088; p <
0.001) o FiE 25 & PDFF fEA 5.0%HESNZIAEE
TFHAREF LM (28 PDFF 2R 100%) BE
BERsEME. AT, 1E 69 & PDFF fE/NF 5.0% (AL
R) WZidED, 22 BREBASFEFZRNRESER
FAZEtE (3287 PDFF MIBURM A 53%) o B PDFF IG5}
BEFMEZE 3.0%, ZEEEHEMHNEERE 100%5E
MR 79%MIEREKIE ; PDFF cutoff B4 2.0%, 28BS
BRRF T MM B ENRRIER 94%, BURIER 87%, XL
R AR F ST TR,

KR PHNIRIE; NASH; IEEBMRSAERTR

Seppéli-Lindroos A, et al. Fat accumulation in the
liver is associated with defects in insulin
suppression of glucoseproduction and serum free
fatty acids independent of obesity in normal men.
J Clin Endocrinol Metab. 2002 Jul;87(7):3023-
3028.

BE

B RRSZFREN MR T RE T 2R
F&E (LFAT) TANERE, MSEMEX. &I1E
BT 30 BEREMNIBRAESE, NEMI1H LFAT (&8
HRFHIEENE) ; BR. BT ML20EH Bl
HIRRGRIAE) ; NREEEREREE R (a) )
& FFA M%) [BRBRMKEKES G-3H) FEE 0 ~
300 min; FRSEWEER, 0.3 mUkg/min, 120 ~ 300
min], RIBAMUBHEE, BBEESHE (F =
SD, 1.7+02%) & (10.5+2.0%) LFAT 4, KH=
LFAT 4HIEGHE (44 £ 2% vs. 42 £ 2%F) | KEIEH
(25 £ 1 vs. 26 = 1 kg/m?) . FEBLL (0.953 +0.013 vs.
0.953 £ 0.013) . RAEBEE (356 + 1.5vs. 335+ 1.5
mL/kg/min) « WURAEMRAERA. K TRERAFI S AERA A E
BERth%, 51K LFAT 448tk, & LFAT AEERER
RNV MHE, BIETESRRSRLE (73 + 06
vs. 5.3+ 0.6 mU/L; p<0.02, &= LFAT vs. {ff LFAT) .
BSHB=ZEME (14 £ 02 vs. 0.9 = 0.1 mmol/L; p <
0.02) . HEEMREH (HDL) BERRERMK (14 =
0.1 vs. 1.6 = 0.1 mmol/L; p < 0.05) . EHZ 24 /NBTURHR
[E%E (1303 vs. 122 £ 3 mmHg; p<0.05) o FHZ
EREMEEE R (a) M FFA 18, MAERE R
(a) RYBESZHINE [51 + 8 vs. 20 £ 12 mg/m¥/min, 240
~300 min (p <0.05) SHARFERLAI-55+7 vs. -85+ 12%
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3s.

(p < 0.05, & LFAT vs. 18 LFAT) ]; 51K LFAT 4H48
tb, IMiE FFA RIBRRRINGIES LFAT AR (299 +
33 vs. 212 + 13 mmol/L; 240 ~ 300 min; p <0.02) o &
HiE Rd MEBESRRBES LFAT 4 (141 + 12
mg/m¥min) BB MEFME LFAT AREM (156 + 14
mg/m*min; p=NS) Z[EEY, FFEFHEHIRESHE
BIEMAEAENMNEERIERTEX, MEABEERE
MPEBEZINE PR RIS TR,

Begovatz P, et al. Pancreatic adipose tissue
infiltration, parenchymal steatosis and beta cell
function in humans. Diabetologia. 2015 Jul;

58(7):1646-1655.
e

BrVRIE: ARAREEXNHEL RS RERRREE
PI#TEE D, LUTEENSEX p ARIENE
Uﬁ]o

FiED 56 B55EF (EREEREME [NGT] (n =
28) , FEMEZH (IFG) FM/HE % ¥ 8K
(IGT) (n=14) M2 BBRHFEE (n=14) HEZT
SMEEREE OGTT MIEBAMBHIRA G (MRI, 257
FRBR) MR FHEFEIRRIE ('H-MRS; FFAEH f% AR RS
BA) o BIIRAER 2cm® (1) 'H-MRS A& SRR
Beff, @i lem® 'H-MRS W&\ RASREA, B % THE
DIXON (mDIXON) 7KE&ARE/NHERERS, U@
233 IIERY mDIXON-MRI g5 #5004 E SE R Ag Ao

#£R: 'H-MRS SARLLEIER T/ NHEF N R AERA
HAMRYI D, HEEHBENEMEEMmEM.
mDIXON-MRI MERHE T #3419 588 T M,
BRTAHES58PLRAKNKITEERERMAR, &
& (r=0385, p<001) FVNHRAEHALZE ¢ =
0310, p<0.05) SERZIFEERX, BES5TER2hEE
#EKTFE. BMI SRBEAERFEETX (38 p > 05) o Ik
46, 1E NGT. IFG/IGT & 2 BMERFEE (FiE p >
0.2) H, REMNHANERRIEISELZEMRSED W
3 B ARATNREZ BIR R BB KM,

SRR RROFIREERUKREMEFERRE
WNOUTHEEREERE . TICHEREMERSNME, BRIR
BERPAELRIRES p AMRINEEZ BIIR R IUEM X Ro

22 WEHRE | Article Abstract Collection

36.

Heni M, et al. Pancreatic fat is negatively
associated with insulin secretion in individuals
with impaired fastingglucose and/or impaired
glucose tolerance: a nuclear magnetic resonance
study. Diabetes Metab Res Rev. 2010 Mar;
26(3):200-205.

BE

BHR. 2 BRERFRFEINGRNSET TRSRENN g
MRATHAERERS. FRARASAATARIRIAERIEIN B 4HRETHAERE
BHARE. BRNEMKREMEEEETIS (caput, corpus
cauda) FIRERIEE, FICIRBRAR. AFAFIMAEAEAIXY A
KBRS R AR,

FiE: 51 ERRORAEREMERE (0GTT) MZH
&, WNTEEE. BRRM C-AL 28 E2dERIE
EENEEENE, 23 BTEOESIR (FG) M/EE
BREMEBZMN (IGT) 1, HESTLHHIIRME
(MRD) . FREE MRI FIFFREHEIREE (MRS) o

HZR: EHNMRIMERRERE, THIRREDNSES
FEIEH (BMD  WAEERHAER (VAT) MEEE (FR
B p <00013) 2EMEX. FHRREHESESET
OGIT WERRHEDRMNEBEEZHMEX (FIE p <
0.03) » WEEEMELANIHTRE, XNETAE
IGT M/ IFG BRIXE. AEREMART IGT M/
IFG 2% p ARBIHREANRERR (FiB p <0.02) , M
FARREBNSE. 2P SxBlADHH, REREEALL
PMBERERAE SR ZIMURTE T BR B 2R 0 Mo

it BRBAEMS IGTIFG RIAENZRS RN WENIE
x, FILATREART S p ARIIEEESHEMERE
E



37.

38.

Feinman RD et al. Dietary carbohydrate

restriction as the first approach in diabetes
management: critical reviewand evidence base.

Nutrition. 2015 Jan;31(1):1-13.
R"E

TR AIT RINEPRRAARAT, I RBEIR R UK
EBH. CMEXEH—ARBERANIEE T AL
W, FEERESELLAFRERRAYEFE™ERIFR;
BEEHMERRIK L SRR EATRRFBNASHSSE
FHENFSERNERERENEIER. ERERAFE

BTG RER. BERBPHKE YRR R
Y EMSEIZEDIER. XWINM T2t RIE IR KR
MEy, MARLIEERNN. BRIk EYIIREIRER S
M RENE, FREAEEE (RENARRENSR
5% , HSBRLIEREY. EMNKRETHSIF
SEYAMIIRIER. EXE, MR 12 [IHEX
RERRIK SRR EATT 2 BRRRAYE —Tf
73k, FER | BRERRSHYERANSRE R F
B, EfIRKRTAARFNERNRDHFNER, B
FREFEN N RIS F A —rRR N SIEERF £
REROIN. FERBNTEEEREIIHEIE AN
EHE. X 12 RIERFIAER, BINEB/ESEREET
BRLE R XTHY Ao

X BUKLEY; ¥ERNS; HbAlc; HERINE; |
kb EWIRE,; HH=F

Brouns F. Overweight and diabetes prevention: is
a low-carbohydrate-high-fat diet reccommendable?

Eur J Nutr. 2018 Jun;57(4):1301-1312.
BE

NUEFELRHT FAREEENIRE, BERBKLENS
2 (<50 gk ~<20 gR) , FMTREFERE, B
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IR EMREENEMME—BFER N RE R
KUEMENSER BEEBEEHEEM, H8
ERMEE B FHEEHRIEM. B, FARE
“Eik L EWEER”  (LCHF) MMBR&RAEN,
BYISRRIIBOK L ST/ AEBRIBN S FTRERI SRR
BRE, FEXMRZURETHNKEBARZmEFTAR
o XERURMELSRRIA T EHRARHTIRKE S
LUKARE LCHF IREBMISEFRE]{TiE, —LABXMBER
WmE: (1) FRASHESENRLNREREBE
RAERBEMBXNAE AT U BRI,
(2) 5288 LCHF HARFENERBEMMAXKEENK
B, (3) H4BFER LCHF MBMTRE, ERET
TR 100 ~ 150 g KA/ REIAELERIR SR
BEFSNA; (4) BA=$F LCHF MEMNKHTR. &
SMMERZELHNEIR, EEMENEEZZMAXMAEER
Hbr;  (5) WEE 2 BRBRENE X ABHITER
BRF, ANERHENEEHKECEMHIRE, K
HATRBAER A 2 BRI, HEBERINAIRREN.

XiBR: BEEIRE; £HRE; Kkt EWIRE,; B
BE; 2 BURERRR

Nezu U, et al. Effect of low-protein diet on kidney
function in diabetic nephropathy: meta-analysis of
randomised controlled trials. BMJ Open. 2013
May 28;3(5). pii: €002934.

BE

BH: WERELREXNERR SR EE BINEENR
urﬂo

’it: REENAMRENN RN ZEZED .

IR MFFIAE] 2012 £ 12 B 10 HAY MEDLINE.
EMBASE. Cochrane BB, ClinicalTrials.gov. EPRR
ERNITERIHNIAS (ISRCTN) FRAAZERES

WHHAE | Article Abstract Collection [ 23
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40.

ERME- IRARRXRER (UMIN-CTR) » EEBIER
SIELUHT TR BFNBRERER) .

MRERE: BHIXRRE, EREZERRE SRR
&), FiFEEIhE. AR, METERIREFRRN
Mo

FEMARBERIBRRBESHK: TELERRE/NKE
i4E (GFR) MEk. RELBEEARMET K. Bk
MAER AIC (HbAlc) BYETTBEKFEMMERERR
BITEKT, ERBENEELERNTHES, HHME
MBEEBCR, WEREFE. TR, HEFREM
MRERMAETEHTEAD T NSRES . EFHRE

BRI RAE S RANEFEATIRIILE (APIR) #
ITIRB RN,

#R: BITRET 13 MHNNRIRR, 88T 779 &
B2E, REQNAS GFR HEEXEMREX (582
mL/(min.1.73m?) , 95%CI 2.30 ~ 9.33, I> = 92%; n =
624) o XML FFINERFBIE., SR AT
HAR—HM, 7AM, GFR IEXBRMESIENSEIN
£ (892, 95%CI 2.75 ~ 15.09, XJF APIR < 0.9 1 0.03
B 12 =92%, 95%CI -1.49 ~ 1.56, X4F APIR > 0.9 B9 12
= 90%) » BHRMIMEAEAESAZEIEEER.
RERREATR HbAlc BHESEMREME (-0.26%,
95%CI-0.35~-0.18, I>=0%; n=536) o

#Zit. REARRSRRFERNNERZEEX. KE
BIRENTREMH AR, NMmEEHEENERT
EO

Tay J, et al. Long-Term Effects of a Very Low
Carbohydrate Compared With a High
Carbohydrate Diet on Renal Function in
Individuals With Type 2 Diabetes: A Randomized
Trial. Medicine (Baltimore). 2015
Nov;94(47):e2181.

H/E

EERIRIEEK b &Y. BEA. |RIEFAEER (LC) e
S5EgamEREIIKEY. Kig (HC) Rast2 &
YEFRIE (T2DM) FERHEEER 2 SH R AR B Ih4E
IREYIKEAR M, 115 A (BMI 34.6 + 4.3 kg/m,

Fi4 58 7%, HbAlc 7.3% = 1.1%, 56 mmol/mol % 12
mmol/mol, IEANEF (SCr) 69 pmol/L + 15 pmol/L, &
TEUEERRITHRFZMIEALARX (eGFR 94 + 12

2 WEHRE | Article Abstract Collection

41.

mL/(min.1.73m?) HENS/NREIE) BNHEHN LC
(KL EYIREE 14% (CHO < 50 g/R) « 28%ZFEHE
(PRO) . 58%BEHS (< 10%iBAIAERS) 13k HC
[53%CHO. 17%PRO. 30%AgR5 (< 10%5EF0ASHA) 1 &E
BILENRIEMNRE, E5EHIEEE (60 2%, 3 X/
A) , ¥4 12 MR, ETHRIENERE. ME.
¢GFR 2 B Ihee. EItALEFBRRZE (Cockeroft-
Gault, Salazar-Corcoran) FBZEBHEME (AER) . T
AYMTTRRE (LC 71%, HC 65%) . FERRE [Ty
(95%CI) ; -9.3 (-10.6, -8.0) kg] FME [-6 (9, -
4) /-6 (-8, -5) mmHg] ¥4, p>0.18, LC A 24 /]\
RRRETENEAREBAEET HC 4 (LC 1201 +
382 @R, 1.3 ghkg/X; HC 958 + 27.8 gk, 1 gk
x) , MEWEM p < 0001, SCr BIKXZ [LC 3 (U,
5) , HC 1 (-1, 3) umol/L] # eGFR [LC -4 (-6, -
2) , HC -2 (-3, 0) mL/(min.1.73m?) ] FEXBZiE%
BES (p =025 o AERBESHEHRAITLX [LC -
24 (-6,12) , HC-1.8 (-5.4,1.8) mg/24 h, p=0.24];
6 £&5% (LC 3, HC 3) TEELN (30 ~ 300 mg/24
h) AER BEHREHS, 52 BE#E 4 885%& (LC 2,
HC 2) HIMEIEE, S5%4%0 HC RIBIREEL, &R
LC BEAMRBFENEE T2DM BB SaiF TSR
HIBBRERR A B9 B ThRE IR ARAT S = AR F M,

KETOGENIC DIET
WHAT TO EAT

PROTEIN

ik

¥ FATS

< I

CARBS

Tay J, et al. S Effects of an energy-restricted low-
carbohydrate, high unsaturated fat/low saturated
fat dietversus a high-carbohydrate, low-fat diet in
type 2 diabetes: A 2-year randomized clinical trial.
Diabetes Obes Metab. 2018 Apr;20(4):858-871.



BE

Bix: ERkCEY. SREMNEARBFERIIE
(LC) BREBENEBEMACH 2 BERE (T2D) £&
Mm¥EESIAOMEZRR (CVD) fBRERE.

FiE: #E 115 2EE T2D MAA [ (SD) ; BMI
346 (43) kgm’; FE# 58 (7) %; HbAlc 7.3
(1.1) %] WHENSHER 2 MR SRARINET
KR 1 A, EEERTEHMEEE (1 /M, 3 XK/
A) 2 F: LC: 14%BEERBMALEY. 28%KBE
BHR. 58%FKBEMER (< 10%BMASHE) ; SRARASHA.
Sk EY. ROBEHIRE (HC) : 3% A
CHO. 17%AEHR. 30% 7R (< 10%MEHM A
BA) o EFMZEIM 2 /51 E HbAle. METR
(GV) « MMBHYHETFS (MES, BFRERKEL
VIR DT EHE) « KB, FEEM. CVD FIEX
MATIZ Yo

£8: BHo1 & (LC=33, HC=28) B5&B=MTZ
5T (X307 : http: /www.anzctr.org.au/, ANZCTR
No.ACTRN12612000369820) . AEFHE [{&HiHafRF
¥E (95%CI) ; LC, -6.8 (-8.8, -4.7) kg, HC, -6.6
(-8.8, -4.5) kg], #KBERL [LC, 43 (62, -24)
kg, HC, 46 (-6.6, -2.7) kg], MMEFEE [LC, 2.0
(59, 1.8) /-12 (3.6, 12) mmHg, HC, -32 (-

©2019 IMPROVE MEDICAL All Rights Reserved
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73, 09) /20 (-45, 05) mmHg]; HbAlc 7K
[LC, -0.6 (0.9, -03) %, HC, -0.9 (-1.2, -0.5) %]
F=fEMm#EHRZ [LC, 0.3 (-0.4) mmolL, 1.0, HC, -
0.4 (-1.1, 0.4) mmol/L] NMEAEMEM (» > 0.09) o
5 HC #tk, LC BEREERLD TRERRAYHER
[MES; LC, -0.5 (-0.6, -0.3) , HC, -02 (-04, -
0.02) BB{I; p = 0.03], GV (ELRR) SIEERE
1 NEHHE—R [LC, -04 (-0.6, -0.3) mmol/L, HC,
-0.1 (0.1, 0.2) mmol/L; p =0.001], 4 /MBS [LC, -0.9
(-13) , -0.6 mmol/L, HC, -02 (-0.6, 0.1)
mmol/L; p = 0.02]; HM=F [LC, -0.1 (-0.3, 0.2)
mmol/L, HC, 0.1 (-0.2, 0.3) mmol/L; p = 0.001], 3
R¥F7T HDL-C K [LC, 0.02 (-0.05, 0.1) mmol/L,
HC, -0.1 (-0.1, 0.01) mmol/L; p = 0.004], 1BEA
ia] LDL-C HHIZEfL [LC, 02 (0.1, 0.5) mmol/L,
HC, 0.1 (0.2, 0.4) mmol/L; p=0.85]. BEEIEKILTRST
S K [LC, -0.5 (-1.5, 0.5) %, HC, -04 (-14,
0.7) %; p=0.73]. eGFR M1AEHRNTLIYEBo

£t MMIREII T HYARMEN HoAle Bl
LC EAEEMIFERRTHRRBRBENETER, 7
METBRMEREMEMMAS KT, RETRNSER
m, XRBAETE T2D WERE FHIE,

KA. RBETM; 2 BUERR,; REEH

WHHBE | Article Abstract Collection [} 25
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Featured
Article

FEI SR EE A E S AISIRAZ N ERHITH 2 BERARE BRI AN BN, AFRRESERKLEYEE
BIRE, SEMMERFIREESE, UEEEN HbAle, MIEKFEER, BUIRGEHZVEMRLSS5ESHESHMANEHEE. H
REM, ATFERIRIFN 2 BBRASE ¢ ARBKLEYSSEARY TR, BET EFEMEREHNS EHRE T BES, BER
KT HbAlc KF,

BRI EYNEERMNBNETHREREN 2 ERRBS5EN
HbAlc MIFFAERERA S E: —IFENIITRIA IS

BE

BiRMRIE: XTATT 2 BRRFENESZIGE BN, BRFERMREPHKEEYEENBBERITINE. KI17E 6 ARSI
KFIEMRERTENE, WRADHKLEYNEED (CRHP) MESFHFESMEMERFE (CD) KB MAREHIFIEZENO
& RBEAT S YIBIRI o

Tk ZMRMNEBLERRE HbAle W, ARENRBEROIENRTE. RAUBKHEEMN 24 /NNIE, FERER: 2
BUBPRRB MM, HbAlc 48 ~ 97 mmol/mol (6.5% ~ 11%) , FiE > 18 %, MLEH > 6/> 7 mmol/L (ZM/EM) F
eGFR > 30 mL/(min.1.73m?) . S5&FBIEARERNIAE, EABIREMRZIZITHLAT 6 + 6 AIELEE CRHP vs. CDIX
B, HREREAREREM, CRHP/CD REBHREE 30%/50% KL EWEEE (E%) « EHR 30E%/17E%. BghA
40E%/33E%. £5FBTEMIRAMERNHITERNR, FEEERLNSMIRBRERMTEMETSE. ML, 24 /BYM
[ER EAERTF AT ARBRASAF & BTN BRIAER. BIRWE T BIAIAIR K Bispebjerg EEBTAI S AIAIR A Herlev EERR,

HZR: 28 BE5BTM T XTEAR. 14 BB5&5#1TT 6 AR CRHP T, BE#HITT 6 AN CD F; 14 B85&LUMAR
HIRFZES TIX8TH. 5 CD tX&48tk, CRHP IXBMEET HBAlc WEELF (FHELSEM: -6.2 + 0.8 mmol/mol (-0.6 +
0.1%)  vs.-0.75 £ 1.0 mmol/mol (-0.1£0.1%) ; p<0.001) o AFRET 91 (37 MNP FLIEEHIREBLER, Hb s MEX
BZBEIEEEEER (p <005 ; 5CDIIREMEL, CRHP IMERL TEEMBIRELR [TIIE L SEM AL (96K
i8EE) 1 (-0.71 £0.20 mmol/L vs. 0.03 £ 0.23 mmol/L; p <0.05) . EFMFEEME AUC (9.58 £0.29 mmol/L x 240 min vs. 11.89 +
0.43 mmol/L x 240 min; p <0.001) F1/% AUC (1.25 £0.20 mmol/L x 240 min vs. 3.10 + 0.25 mmol/L x 240 min; p <0.001) . BFAF
BERFEE [2.4% (-7.8% ~-1.0%) vs. 0.2% (-2.3% ~0.9%) ; p <O0.01FIERAEAERFEE [-1.7% (-3.5% ~0.6%) vs. 0.5% (-1.0% ~
2.0%) ; p<0.05]e HMABLERNEZ, 024 /NNIEFMALA. NBESE THREHAER, TRBZEEEER.

it/ BIAEARMEHRERBKLEY ¢ B, FMEmNEEES
HbAlc KFHFFREAEAN & £o

i

FENBRTEMTHREREN 2 ERRFEREN

B4 Diabetologia. https://doi.org/10.1007/s00125-019-4956-4
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1E#& . Skytte MJ, et al.

KEW: BOKEEWRE; CIER; KT, FAUBHAR, mEEs; R, EEBEEMTRE; B57TE; 2 BER

7 EERE

3

o

RSB ZIRIA p ABARTHAER AR 2 BUMEFRIRATIL DERRE ,
S¥EmME. hiESENSMENREEERL. EFET
EEMERRETT /5%, BRBRNEHAE, BEMN2E
BERFEERERZNEASREHNSIKLEY (RMFEE
) NEARRE, RERENEEIDFAKREEE
EFRENDH, MREETFTMELIRER,

KT RO EMIRBTRNELEFETE, T LR
B, FERREESNERNERERER, REWL, BX%
MK EYEERENIRB AR 2 2RERBEBRENEEN
BREMIE, HiSILERRERNELREAHALE
¥, MEmiE. SRSEMEMMERECI=ET BRNT
g, MY T BRI,

EEREERERSIEATR (NAFLD) £ 2 BMERBZBE PR
B, NAFLD BYZBAARIRSE MARER AR T4 2R
KRR AR ISR R AT EFLE LY, NAFLD S5EMRBIRAZRT
*, B85 2 BERFEBENOMERRF (CVD) RFEEM
X,

ARG TAREREN 2 BERBREERM N 6 B
BB L ESYIREIMEIR S, STIMEEH. SAAsHRIAFER
B9 CVD Bl ERIRMH,

FE
kit

BRI 6 + 6 BABKIRE. K. IXITRIXK,
PNARES 2 BURERRR B R EIY, HbAlc 48 ~ 97
mmol/mol (6.5% ~ 11%) , Fie>18 ¥, MAER > 6/> 7
mmol/L (ZM/BEM%) , eGFR > 30 mL/(min.1.73m2) o e¢GFR
BISEEIR 56 ~> 90 mL/(min.1.73m?) . AT ESHBEERE,
BRIKS HbAle MNIREMTAIR 58 mmol/mol (7.5%) 18
B 48 mmol/mol (6.5%) o HIMIRERIE: BER. 254
BEREEEEAT. FERYEHIIME. “ERmERRK. &
BRBEESE. THERRAY. RETELE > 133
mmol/L. FREZEH/ANEFLE > 300 mg/g. WEZLER. FAREREIR
BHRITRERE, SiEoiEw EXAETHRARAERNE
Fo 1&ETF 2016 F 4 AFFA, FHIRIE 2017 & 11 AWKk
EWNARITINELE, AMBEAREFYEIRBRAE

28 E] Xiktgik | Featured Article

Bispebjerg ERT#TT, 18 MRI FIAEFR, EIFESIERKIR
KZF Herlev Efti#tiT. — N E=Z AR LEL LTI TS
ZERB5&EMENIK. B AHTEURBERU 1: 1 Mfls
fico

FiES 58 TEAMREXERF ZH9SE T HER
B, ZARGET HHRFCEZRRMINE, FRIBH/ER
FETEHT. ZARTE ClinicalTrials.gov #7733 GEA
S NCT02764021) o

ReTm

7ER 12 B, AE5ERERESARR, TeHESHRE
EER [REHREESHEN 25% (TEE%) , F& 30
TEE%, BEEHEIINE 7.5 TEE%, BEE 30 TEE%, MEF/INE
7.5 TEE%], 5 EASD FIMBRRFMEARMAE (DNSG) =8
MERRAIARIEE B, BAERAE (CD) REEIE S0%EE
(E%) BIRRAKEY. 17%E BEHBM 33%E MBSk, R
Wk EMNEER (CRAP) XEMNEEEFEML 30E%
BURRIK I &Y. 30E%MIEHBA 40E%MIBSRG [T+ 7kt
(ESM) & 1], BRI 7 ANRIRIER &S, FHHITAER
AEEFR. BIfEEHRZTINENARERTIEND XM
Ro BEENRFRIBEENFRARBAMRENRE, 2
WHERBATHAE L,

RUARETENRY

WRIFMACS), BEETFE5EREMBT NS X 54
& WG ES%  (Lunar iDXA, General Electric Healthcare, GE
Medical Systems, Belgium) & BERIWELGEITESAMN
BHEEERE (TEE) PV, SANEMRGKE, MRFELE
Tk, ME RS M EM/3EE RN/ R FIMY
0.5M) HEEFRATHIER/NZ, REMATESEN,
LMRAEREE. 258 RREERFEFIEEREITITERK
o o, RBERSS5HEREARREY), HESABITHER
H, UHRFEETHRIIEER.,
R

EERINEAIT 4 ARUE 24 /IR, UGS
FRARI TR TFIERERRM M. BRIMERETIESR

SMEINAA 24 NSRBIREHOHEEMEENE (ABX Pentra
400 Urea CP, Horiba ABX SAS, France) , T REIRfHLZHI8



IENEHRBAR, I, #EEEELEE (ABX Pentra
400 Glucose PAP CP, Horiba ABX SAS) i 24 /\ESFREE
FEHE, Eid SRR (ABX Pentra 400 Micro Albumin 2
CP, Horiba ABX SAS) & 24 /NBYFREZEHHEM, ETFANE
FEBRERTA (ABX Pentra 400 Creatinine 120 CP, Horiba ABX
SAS) Z[EIMR T 24 NETRRANEFHEY, LUTERZEH/M
[ 35 A 1=

i1V =23

FEER 12 /NESEUER IR, BIUEEERTHE 30 2
HUBRES O ZAERE, £ EDTA AMEMIRE PURsEmIgH
EEEEEIE L. MBRATFAMERRE. C-Rk. NEFA. EAE
EA2. HDL-PEERZ. HM=Bs. HAEER Al (ApoA-1) MF
BEZH B (ApoB) o IMMULITE 2000 & MERS (Siemens
Healthcare, Erlangen, Germany) FF 2 MBRSEM C-Bk.
Wako NEFA-HR (2) (ASC-ACOD J57%, Wako Chemicals,
Neuss, Germany) F3TZHE NEFA RENE, ERBEGEX

(CHOL2 , HDLC4 #1 TRIGL , Cobas 6000 , Roche
Diagnostics, Mannheim, Germany) 7355342 AEEEE. HDL-
FEEEEAH M =F8. f#F Friedewald 712"+ 8 LDL-AEEES,
B M B REEERFR A HDL-BBEEESRITEIE HDL-AEERS, &
ARt o ApoA-1 #1 ApoB (APOAT & APOBT,
Cobas 6000, Roche Diagnostics) o

f£A YSI 2300 STAT Plus (Yellow Springs Instruments,
Yellow Springs, OH, USA) TEER#FEILEN DI EEHER
E. WEemHARESAVRIFIZRF, A Tosoh Automated
Glycohemoglobin Analyzer HLC-723G8 (G8; Tosoh Bioscience,
Japan) 734 HbAlc. BEFTEMEAEREM C-KK, FH
HOMA2 i+828% (hRZ<.2.3; www.dtu.ox.ac.uk/homacalculator/ ,
2019 1 B 14 BiplR) HERSEHERM HOMA2R) .

BEENS

%1 ESM Bl 1 FiiR, £ CRHP T 6 EfS#{T CRHP B&
£ (MMT) , #E7E CD F 6 AE#IT CD MMT if
%, SRR ENEERE, flNEEEFRARN
ER. EWNESIXNE (ESM X 1) LUAMBEEKELES, B
EM 225 MJ (598 keal) 2325 MJ (837 keal) , AHAILEE
NEE5EW 25%TEE, ERIARBRAFER. EHHEBERN
MREE, ISEBERNARTEFRENRD, BHRER 05 g B
RESETDHERT 48 /\BBHREMBIZIATTER, BNAR
HRIRI A I EIRE, RIBIEEMTIARMBEEN 12 /=T
®, ERBIRELS CD 3 CRHP BEEHTERI, B
BEFBMEERNN AR, AERAER CRHP 3EEE CD

©2019 IMPROVE MEDICAL All Rights Reserved
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BER, 7L 25 NHARER. S5EEEMYBHEIRTE.
BRI

FAARE dStream JXFLEM 3.0T Ingenia MRI R4
(Philips Medical Systems, Best, the Netherlands) TEEZ&ME
MRAETF ISR THIRNE, BRI RIEEET
RIEREMREEREE (ROPPEIE[PRESS]) , BTNER
AERERF & 2MALRAER S 88, BT FUBRmIEHIKAER
% (mDixon) AFNEREREHEE. REEHER
(VAT) . B TEERRALR (SAT) FIRBE. RARASAIEOME
ENMERTRINRENTER, EREE=BHEPIR
B8 10 mm EERNSR-METIENE VAT 1 SAT ARHMNE
El, SNSCRIFTIEMEIRNE, FRAMIEIRIUBYI BN AT
TR RIZAR BHIT D,

BRIE

EEENE MR RERENERFMNE 24 NHE
mE (GHZSMELEMES: Model 90217, Spacelabs Healthcare,
WA, USA) o

S

ETFRHAMNRNMENRITHEENERITE, &
W%NHAHIERT, 6 NEBEENHEERELUCNEBLER
FRAREISRAIE HbAlc 12.1 mmol/mol ( ~1.1%) WIER, fEit
RXIREH, HbAlcBISD A + 6.6 mmol/mol  ( ~ 0.6%) ,
BEMKTER 5%. NTEETRENREE, BHEET 30
258/ TR RS R BEL S 2RI ENIRE
M3

ZMREESE 37 PREENRELER, A PiEd
THH 9~ (BXFEERNEAER, 5EH ESM &
2) , WIMMETE. FURSEM 24 /\NiE. HEthRsE
TR, 90 p AAETHAE. NEFA (. BEXE. £KHE
H. OFRLZRME. BANIRERAEUNENRERE G
DMEHTIRSG. TBERMRBLERNAITHITEELKT
Ap <005 WENR) - HFEZELLER, AIREFERAM
RN,

MEEL BMEEITHETRF S ESHHRIR, WERKT
AFHE (£ SEM) SAPAER (mo0Ek) o EABAZEN
IHE AUC. M AUC BIERFEAENERFRITESR AUC,
FERLMRAMMNE RN A ET WA ENELE
ERRRBZENRTHRNES, BAFEM BMI R, EE
R « 101, FERITESMRE SEFETHM
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RESERZENEEERIENBIREME. AT #RHERIE
HEIRNE5ERERYE, B5EWNMBAIMIKE. 8L
DEBUKNEEMENETER, NREIE, WHIBHITHHE
BUH R RN AR R NIREBRIG. RIBRIENS M, ERE
STREAS t 10505% Wilcoxon FFSHRILRITMEEZBIFFME
EMITENMZEANER. BEEEX AR CRHP M CD
IREAIT HAFT AR RIAI A MR BN T 9E. BT, &
6 BB RLNEEWREE ¢ ANENEL, £E3
RBRE (30 MY 2 1) , (HITT—NARND. &
ETRETFENEIE, Bln=28; BTRARENEBRRRK
SREERIRR, 24 /NI EhAS I E M AT AN BRARAE A (NAE 27 &
B5EHIR?E. FH RStudio (FRZ 0.99.473; RStudio,
Boston, MA, USA) #{T4titH0 4, FHEM GraphPad Prism
(ks 7.02; GraphPad Software, San Diego, CA, USA) i#
TEREMR,

“#£R

BT XBER, BWINERET 9 DRELBM 27 MRER
MR, HP 5 MRBLERBM 11 MRRUELEBABEEN, p
<0.050

25%

MRSE5ENELARTENAARZE DI ETRER 1 HE
1 H, FIERNE. BENNSNENATERRFRIED 2
PMRAEREN, FAEEIMMRBHERERE & .

BLNE

BrT=REECH=ES (p = 0.01) 29, EEMIRETHHR
R, REEMBHREYITEY. MRI FOUEFITERN
e & BTN A KN ETEMERRZEBERER.

FBEAR

HbAlc: 5 CD [X&B7HELL, CRHP IXBMEET HbAlc (-
6.2 = 0.8 mmol/mol vs. -0.75 + 1.0 mmol/mol, IR F-0.6 +

0.1% vs.-0.1£0.1%; p<0.001) (&2, B2) ,

RELR

==

SEmMEMESMIER: 5 CD e, CRHP X8
PR T =REm#E (-0.71 = 0.20 mmol/L vs. 0.03 + 0.23 mmol/L; p
< 0.05; FR2) . HB5ETDATT 6 AEES—RIEEHET,
5 cp ReMEtt, CRHP MEBEFEEMEEENE AUC H#
AUC T 19.4%H0159.7% (1 p<0.001) (X3, E3) ,

B3tik: 5 CD IX&#8LL, CRHP IREREKT AFAERER S
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] [-2.4% (-7.8% ~ -1.0%) vs. 02% (-2.3% ~ 0.9%) ; p <

0.01; & 4] FIERARASAE K [-1.7% (-3.5% ~ 0.6%) vs. 0.5%
(-1.0% ~ 2.0%) ; p < 0.05) - ALPIRERES?%K. VAT Ml SAT
WEHERBZEEEER (R2) -

BRMENE: CRHP f CD IREATTHAIE 24 /TR
EREFKENTUETRRZELSEEEER (R2) .

Table 1  Baseline charactenstics of study participants (n = 28)

Baseline characteristics Value
Sex (maleffemale) 2008
Age (years) 64 (=7.7)
Duration of T2D (years) TOESS
BMI (kg/m?) 301 (#52)
Estimated daily TEE (MJ) 10.5 (£1.6)
Diumal systolic BP (mmHg) 125.8 (£12.2)
Diumal diastolic BP (mmHg) 711 #9.2)
Fasting plasma ghuicose (mmol/1) 94 1.4
HbA . (mmol/mol) 596 (£8.4)
HbA,. (%) 7.6 (+0.8)
Medication use
Glucose-lowering medication 24
No glucose-lowering agents 4
1 ghicose-lowering agent 15
2 ghicose-lowering agents [
3 glucose-lowering agents
>3 glucose-lowering agents
Biguamides 22
DPP-4 inhibitors
SGLT2 inhibitors
Lipid-lowering medication 20
Antihypertensive medication 16

Values are expressed as means (+8D) or n

DPP-4, dipeptidyl peptidase-4 s; SGLT2, sodium-glucose cotransporter 2;
T2D, type 2 diabetes

REMER

REMTENERTE: TERRER. TE CKA
HOMA-IR WEHIERBZESEEER (R 2) . 5 CD B
#8LL, CRHP RBMEET =REHE=E [-043 mmolL (-0.77
~-0.16) vs. 0.12 mmol/L (0.01 ~ 0.44) ; p <0.001]. 2fEE
B2 (-0.44 £ 0.10 mmol/L vs. 0.00 £ 0.10 mmol/L; p < 0.05) #1
JE HDL ABEEZ (-0.44 £ 0.10 mmol/L vs. 0.04 + 0.09 mmol/L;
p < 0.05) o LDL-fEEEE. HDL-BEEEE. ApoA-1. ApoB.
ApoA-1/ApoB tEEEFM=REE NEFA MR BETMZEES
=25 (K2 .

BREBNLE: 2552 ETHRMIRE ¢ ARHITREHE
B, ZEBHEET, 5 CD IRB1Etk, CRHP RBHFE
BERE AUC f)® AUC BRRT 8.0%M 114% (33 p <
0.05) , &G C Bk AUC #1/% AUC DBIREET 9.6%F
15.8% (39 p<0.05) , fFE5 NEFAAUC Fl/5 AUC 23 3P&1%



T 9.6%F0 12.4% (B p < 0.05) , FEEHM=B AUC &K
T 303% (p <0.001) » HFZERENER, KBZENER
HiH=8% AUCRBER (X3, B3) .

PN ER R N2 /B RRR R EHE R
EBRBATEY), HHS5 CD IXRi8tt, CRHP IXBEHT
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82% (p < 0.001) , XXIFWTF CRHP IRBHEH 79.4%HEH
BRE&2. £ 24 /NREESEEY,. OE0HEtiaEa/E
EbERehi8H A3 CRHP 7l CD MMBZEMER (R3) o

AR CRHP 7 CD IREATHIE, FZE. BMI &
BENTHUEREZEREER (R2) o

Table2 Effects of CRHP and CD dietary treatment
Variahle CRHP diet CD diet Between diets
Baseling” Treatment effect Baseline® Treatment effect n  pvalue
Metabolic variables
HbA ;. (mmol/maol) 57.6 (£1.5) —6.2 (+.8) 55.4(=1.7 —0.8 (£1.0) 28 <0.001
HbA . (%) 7.4(X0.1) —0.6 (£0.1) 7.2 (£0.2) —0.1 (£0.1) 28 «0.001
Fasting glucose (mmol/1) 9.04 (=0.10) —0.71 (0.20) 8.76 (=0.30) 0.03 (£0.23) 28 <0.05
Fasting insulin (pmol/l) 62.6 (467 to 110.0) 0.9 (-164to 11.4) 62.1(42.1 to 106.4) 37(-70t020.8) 28 0.2%
Fasting C-peptide (pmol/1) 966.1 (+64.6) —22.6 (£32.2) 919.0 (=38.3) 172 ¢£23.7) 28 0443
HOMAZ-IR 2.4(19 to 3.0) 0.0{-03100.2) 24(1.8t0 3.0) —0.1 (0410 03) 28 0.9%
Magnetic resonance
Liver fat fraction (%) 5.8(2.1 to 12.5) —2.4(-78 t0-1.0) 33(l4t87) D2(23tw09) 27 <0.01
Pancreas fat fraction (%) 6.1 (4510 13.1) =1.7(—35100.6) 45(3.11w13.00 D3-1Dw20 27 <0.035
Muscle fat fraction (%) 4.6 (£0.5) 0.5 (£0.4) 43 (£0.4) 0.6 (+0.4) 28 0.192
SAT (em™) 218.5 (£184) —.6 (£3.0) 2203 (=189 —79(£3.9) 28 0.832
VAT (cm®) 277.4 (£21.7) ~15.4 (£5.2) 273.1 (£23.0) —6.8 (:4.5) 28 0.592
Diurnal BP
Systolic BP (nunHg) 124.6 (£2.1) —4.1 (£1.8) 1234 (£2.4) 1.3 (xl.9) 27 0.109
Diastolic BP (mmH g) 76.4(+1.7) —2.9(+1.0) 75.4(+1.8) D2 (£1.1) 27 0.097
Lipid variables
Fasting NEFA (mmol/l) 0.68 (056 to 0.87)  —0.09(-0.20 to 0.05) 0.63(0.54 to 0.80) —DO5(D.171t0 002) 28 0433
Fasting triacylglycerol (mmol1) 146 (132 t02.14) —043(077w—0.16) 1.34(1.00 10 1.79 0.12(001 w044) 28 <0.001
Total cholesterol (mmol/1) 380 (+0.19) —0.44 (+0.10) 3.64(=0.15) 0.00 (£0.10) 28 <0.05
LDL-cholesterol (mmol/T) 1.91 (0.16) —0.18 (+0.08) LBB{=0.13) —0.09 (+0.08) 28 0374
HDL -cholesterol (mmol/1) 1.07 (+0.04) 0.00 (+0.03) 109 (=0.04) —0.04 (+0.02) 28 021
Non-HDL~cholesterol (mmell)  2.73 (+0.19) —0.44 (+0.10) 2.55(=0.15) 0.04 (£0.09) 28 <0.05
ApoA-l (g/) 1.34 (0.04) —0.06 (+0.03) 1.33 (=0.04) —0.02 (£0.02) 28 0702
ApoB (g 0.84 (0.04) —0.09 (+0.02) 081 (=0.04) —0.01 (£0.03) 28  0.088
ApoB/ApoA-1 0.64 (=0.04) —0.05 (£0.02) 0.62 (£0.03) 0.00 (£0.02) 28 0210
Anthropometric measurements
Weight (kg) 88.4 (£3.6) —14 (20.2) 88.3(=3.6) —0.8 (£0.2) 28 0071
BMI H{gfmll 294 (£1.0) —0.5 (=0.1) 29.4 (0.9 —0.3 (=0.1) 28 0.070
Waist circumference (cm) 106.1 (£2.4) —1.0 (£0.5) 1062 (£2.4) —0.3 (£0.6) 28 0.806

Descriptive statistics arc presented as means (SEM) or medians (interquartile range) of raw data

For all data. except body weight and BMI, a linear mixed effects model was used to evaluate weight change-adjusted differences in treatment effect
hetween diets by contrasting jont effects of CRHP against C'D diets. A pawed sample ftest was used to evaluate differences between diets in body weight

and BMI

“Baseline is defined as the beginning of cach dietary intervention period

FREH

£ CRHP fRE T, 4 ES5EBHENW (—RER
BHARTT) » 1 BRICETARIBATM, 1| |WISEHARENE
VBT, 1 BEIBREAER, 2 SHIMERER. £ CD
BATHENE, 1| E55EIRGERIES, 2 F8E LWIRE
B, REXBEHRTIESTRNER>), B CRHP AHRE
BEENNSE5ERERS TS CRHP MBPERFELESE
BRIREX, EEMFRRNMMTSFIHEHREX.
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REEAREEHERSEEERE. IF HDL-BEEM=EHH=
B, REAERFIBOKLENE, ShBREENIERUESEIT R

&, AM, ATHRRMER, SIUERARXELI.

Table 3 Postprandial responses to MMTs and assessment of diurnal urinary biomarkers

Variahle CRHP diet
End of treatment

CD diet Between diets
End of treatment

Postprandial variables® n p vale
Glucose AUC (mmol/l * 240 min) 9.5R (+0.29) 11.89 (+0.43) 28 <0001
Glucose net AUC (mmol/ = 240 mm) 1.25 (£0.20) 3.10 (£0.25) 28 <0.001
Insulin AUC (pmol/l = 240 min) 239 (183 to 356) 260 (174 to 364) 28 <(.05
Insulin net AUC (pmol/1 * 240 min) 173 (128 to 239) 195(112 10 273) 28 <0.05
C-peptide AUC (pmol/l = 240 min) 2279 (£137) 2521 (£185) 28 <0.05
C-peptide net AUC (pmoll > 240 min) 1335 (=97) 1585 (151 28 <0.05
NEFA AUC (pmol/] * 240 min) 352 (302 to 378) 390 (295 to 483) 28 <0.05
NEFA net AUC (pmold * 240 min) —248 (—348 to —182) =220 (-318 to —130) 28 <0.05
Tracylglycerol AUC (mmold * 240 min) 1.45 (+0.08) 2.09 (+0.21) 28 <0.001
Tracylglycerol net AUC (mmol] = 240 min) 0.22 (+0.03) 0.33 (£0.05) 28 0.109

24 h urine sample”

Urea (mmol/24 k) 75.7 (£58.8) 535.7 (£27.5) 27 <0.001
Glucose (mmol24 h) 1.3 (0.7 to42.6) 5711w 132.1) 27 0.165
Albumin (mg/24 h) 8.722t0184) 11.1(2.9 to 22.8) 27 0.305
Albumin/Creatinine (mg/g) 4.8 (1.6t 10.8) 7.1 (2.1 to 12.5) 27 0.262

Data are presented as means (£SEM) or medians (interquartile range)

For all data a linear mixed effects model was used to evaluate weight change-adjusted differences in treatment effect between diets

" Postprandial variables derived from mixed meal testing comparing a solid CRHP diet to a solid CD diet after 6 weeks of CRHP and CD dietary

treatment, respectively

b Twenty-four-hour urinary biomarkers were assessed after 4 weeks of CRHP and CD dietary treatment

S5ERIMARGER—E), 5 CDIREMLL, CRHPIXE
PREEMREEEESEMEE, XASoET IRaPHKKL
BYNREEREZBNTIE- RMXARER. &f, &)
IERAT CRHP IREBFAILSMMRM 2 BERREENERME
KFHMBERRMAE", RENBH MMT H7EFES TR
BHEliERS, SMSRIRBRIENENER, BERMFERIESE,
E=EEHBR CRHP IRBATT 6 AfF, 2R, BE/EMmE
KPR RRMENRMSULR. EBNE, BRMEST
PEIAEARLL, XII=HIRIFR 2 EUBRBZRERY HbAlc AITIER
EWEAD, BTFE HOMA-IR FEBELMRBZENES,
FEMNE CRHP [REFMRE=HEMERNEERFE, HbAlc
RFHERTREEE R AT CRHP REATHIEIR G MAEK T
SRR, AT, HMHHFIEEERT CRHP IR E M
=H, fl, ENREEENERNEMERRMNESE R
WILEIm. RRFS, FIHE—SHN, CRHP REPERS
HiE S ErRESHREBHTERE, RIX, FEAEEE
EEBIFRE,

FAIBIRR R 5 MR 2 B S BRBURROK (6 S 433 AR 5l
BAERERERMEE -, 2AM, XFXMEmoki
BYIRENKBZMEFETHENSGR, ERIATHT
FEMARRBEERMETREERREEZERNZ .
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AR, BYMHNAESIEIREN ¢ B, HARRUE
HbAlc WEARIRERS. 7AW, 5 CD IREMHEKR, CRHP
PREEHEF HbAle BET 6.2 mmol/mol (0.6%) , FEA
HbAlc AIREEE KM BB R#— P B, TEUERT,
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Prescreening Excluded
i Hb,, <48 mmol¥mal (6.5%) (n=57)
Lack of time (n=42)
A Comorbidities (n=17)

Medication nol in accordance

Excluded S?:::';g with study protocel (n=18)
" Other (n=T5)
* Inability 1o comply with study
protocal (n=4)
* Abumincreatinine ratio >300 (r=1) \
= HbA,, <48mmolimal (6.5%) (n=1) [ Positve |
SCEenng

_— e
Dropped out prior o intarventions
v * Due to hospitalisation (n=2)

Dropped out

* Relocation (m=1)

* Inability to adhere
to diets (n=1)

Fig. 1 Study and participant flow diagram. Timerange from randomisation to initiation of intervention was 15-44 days vs 1644 days for the CRHP vs
CD diet

Fig. 2 Baseline adjusted change a b
in (a) HbA,. (between diets. " _ _ 057 7 . T
< 0.001), (b) fastin, = = ¥ 3
ﬂ'iacylglwml l'bctwim diets, 2 § -
p<0.001). (e) fasting insulin 2 gg
(between diets, p = 0.296) and (d) E 5 E 5 051
total fasting body weight = g4
(between diets, p = 0.071) during é g
6 weeks of CRHP and CD - .*_g
treatment. All graphs are 10 ; ; ; ; ’ ; 5 . i _ _ . .
presented as means (£SEM). 1 2 3 4 - 6 0 1 2 8 4 5 6
White squares, CRHP diet; black Time (weeks) Time (weaks)
triangles, CD diet
¢ c d

-

=1
1
o

o
5o = 4 i
= 5
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o @ -3
£ 20 <
<
T T T T T 1 4 T T T T T 1
1 2 3 4 5 & ] 1 2 4 4 5 [
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Fig.3 Postprandial responsesto a a
CRHP diet and a CD diet. —_— & b
g =
Postprandial (a) plasma glucose, ° = r L
(b} insulin, (¢) C-peptide, (d) E 3 g
NEFA and (e) triacylglycerol q 10 _§ S0
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aCDand a CRHP breakfast (Br) D s ES —_—
after 6 weeks on dietary £ i & E
treatment. All graphs and AUC/ ﬁ Brl = = i‘
¢t AUC bars are presented as = ol ; 2 '
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PR RE B B2 (4 7 38 N4 I J9 2 FFRERE RAHEAR M A B 5%
B¢, CRHP IXBEAEI=EMEEH A=ERENMERTAER H
FRES R EBRERAL SBHOM KRB & BRIV FIS. Lhoh,
FEZAAEAAES (LPL) #HRSEME, RHERITENIERN
NAEEHR=ENEEAKE, MESHEHRN “&E
B, MmEBITFEIR NEFA EP, Alt, MKEERRERA
ADFIEYRAY NEFA K FRIBEEREEIF CRHP IRBEERIM
RFFRERERA D 3. BT ABMMRRBARAEHT SN 'H-
MRS IGFEA 5.6%5%, AT, EFHEQNRFHEEREE
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('H-MRS) Z[EIMEXMENERHIERRE, EMNIEFREEN
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fEpagE TR (B 4) . BFEREEEHSNRINREESE
¥EFERBESURSSAEEX RN, FIIRERIR CRHP REHAT
MEBERh & B R R E R EREN T,

X FRERR RS R ETRRRIR A RS A EM IR 2 X 14 TCRR ™
HiRwal, FARMRHR, 5 CD IRBMELL, &I CRHP (REMRE



KT RBREE & &, ERREREMIN D EESEEENERY
HEENIE EBXHRGIEE.

304

25+

20+

Hepatic fat fraction (%)
I

: ==

End of treatment Baseli End of treatment
CRHP diet CD diet

Fig. 4 Changes in hepatic fat content. Data are presented as medians

(interquartile range) with spaghetti-diagrams to present individualised

changes in the hepatic fat fraction. The line within each box represents

the median, and the top and bottom of the box represent the 75th and 25th

percentiles. respectively. The whiskers indicate the maximum and mini-

mum values. The between-diet difference was evaluated by a linear

mixed effects model: **p < 0.01
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Abstract

Aims/hypothesis Dietary recommendations for treating type 2 diabetes are unclear but a trend towards recommending a diet
reduced in carbohydrate content is acknowledged. We compared a carbohydrate-reduced high-protein (CRHP) diet with an iso-
energetic conventional diabetes (CD) diet to elucidate the effects on glycaemic control and selected cardiovascular risk markers
during 6 weeks of full food provision of each diet.

Methods The primary outcome of the study was change in HbA ;.. Secondary outcomes reported in the present paper include
glycaemic variables, ectopic fat content and 24 h blood pressure. Eligibility criteria were: men and women with type 2 diabetes,
HbA . 48-97 mmol/mol (6.5-11%), age >18 years, haemoglobin >6/>7 mmol/l (women/men) and eGFR >30 ml min ' (1.73 m) 2.
Participants were randomised by drawing blinded ballots to 6 + 6 weeks of an iso-energetic CRHP vs CD diet in an open label,
crossover design aiming at body weight stability. The CRHP/CD diets contained carbohydrate 30/50 energy per cent (E%), protein
30/17E% and fat 40/33E%, respectively. Participants underwent a meal test at the end of each diet period and glycaemic variables,
lipid profiles, 24 h blood pressure and ectopic fat including liver and pancreatic fat content were assessed at baseline and at the end of
each diet period. Data were collected at Copenhagen University Hospital, Bispebjerg and Copenhagen University Hospital, Herlev.
Results Twenty-eight participants completed the study. Fourteen participants carried out 6 weeks of the CRHP intervention
followed by 6 weeks of the CD intervention, and 14 participants received the dietary interventions in the reverse order. Compared
with a CD diet, a CRHP diet reduced the primary outcome of HbA . (mean = SEM: —6.2 £+ 0.8 mmol/mol (-0.6 £0.1%) vs —0.75

+ 1.0 mmol/mol (0.1 £0.1%); p < 0.001). Nine (out of 37) pre-specified secondary outcomes are reported in the present paper,
of which five were significantly different between the diets, (p <0.05); compared with a CD diet, a CRHP diet reduced the
secondary outcomes (mean = SEM or medians [interquartile range]) of fasting plasma glucose (—0.71 +0.20 mmol/l vs 0.03 +

0.23 mmol/l; p < 0.05), postprandial plasma glucose AUC (9.58 +£0.29 mmol/l X 240 min vs 11.89 £0.43 mmol/l x 240 min;
p<0.001) and net AUC (1.25 £0.20 mmol/l x 240 min vs 3.10 £0.25 mmol/l x 240 min; p < 0.001), hepatic fat content (—2.4%
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Research in context

What is already known about this subject?
e Currently, diabetes nutritional recommendations focus on weight loss to achieve glycaemic control
e No particular macronutrient distribution is recommended for individuals with type 2 diabetes
What is the key question?

e  Does a carbohydrate-reduced high-protein (CRHP) diet improve glycaemic control as compared with a
conventional diabetes diet in weight stable individuals with type 2 diabetes?

What are the new findings?

e A6 week, highly controlled CRHP diet improves glycaemic control (HbA:c) by reducing fasting and postprandial
plasma glucose

e The 6 week, highly controlled CRHP dietary intervention used in this study may also reduce hepatic fat content
How might this impact on clinical practice in the foreseeable future?

e  This study suggests that carbohydrate restriction may be a tool in the treatment of hyperglycaemia and non-
alcoholic fatty liver disease in individuals with type 2 diabetes, even in the absence of weight loss. The results
must be confirmed in larger controlled trials and the feasibility of a CRHP diet should be tested in a long-term, free-
living setting

[~7.8% to —1.0%] vs 0.2% [—2.3% to 0.9%]; p < 0.01) and pancreatic fat content (—1.7% [—3.5% to 0.6%] vs 0.5% [-1.0% to
2.0%]; p < 0.05). Changes in other secondary outcomes, i.e. 24 h blood pressure and muscle-, visceral- or subcutaneous adipose
tissue, did not differ between diets.

Conclusions/interpretation A moderate macronutrient shift by substituting carbohydrates with protein and fat for 6 weeks
reduced HbA . and hepatic fat content in weight stable individuals with type 2 diabetes.

Trial registration ClinicalTrials.gov NCT02764021.

Funding The study was funded by grants from Arla Food for Health; the Novo Nordisk Foundation Center for Basic Metabolic
Research, University of Copenhagen; the Department of Clinical Medicine, Aarhus University; the Department of Nutrition,
Exercise and Sports, University of Copenhagen; and Copenhagen University Hospital, Bispebjerg.

Keywords Carbohydrate restriction - Cardiovascular disease - Dietary intervention - Ectopic fat deposition - Glycaemic control -
Metabolism - Non-alcoholic fatty liver disease - Nutritional therapy - Type 2 diabetes mellitus - Weight stability

Abbreviations

CD Conventional diabetes

CRHP Carbohydrate-reduced high-protein
CVD Cardiovascular disease

E% Energy per cent

MMT Mixed meal test

NAFLD Non-alcoholic fatty liver disease
SAT Subcutaneous adipose tissue

disturbances leading to hyperglycaemia, dyslipidaemia and
hypertension [1]. Nutritional therapy constitutes an initial
and important treatment, but dietary recommendations are
ambiguous. Overweight individuals with type 2 diabetes
have been advised to consume a hypocaloric diet low in
fat and high in carbohydrates with a low glycaemic index
[2, 3], although recent guidelines tend to put less emphasis
on macronutrient distribution in favour of individualised

TEE Total energy expenditure diets [4, 5].

VAT Visceral adipose tissue Conclusions on the efficacy of low-carbohydrate diets have
been conflicting, and in some studies body weight loss has
complicated the interpretation of the results [6]. Nevertheless,

Introduction a lower carbohydrate content of the diet has been found to

Insulin resistance and impaired beta cell function are core de-
fects in type 2 diabetes responsible for the pathophysiological

reduce postprandial and diurnal hyperglycaemia in individuals
with type 2 diabetes [7, 8]. We recently extended these findings
by demonstrating an immediate beneficial effect of substituting
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carbohydrates with fat and proteins on postprandial
hyperglycaemia, hyperinsulinaemia and dyslipidaemia [9, 10].

Non-alcoholic fatty liver disease (NAFLD) is common
in individuals with type 2 diabetes [11]. The histopatho-
logical spectrum of NAFLD ranges from non-alcoholic
steatosis to non-alcoholic steatohepatitis and fibrosis of
the liver [12]. NAFLD has, independent of conventional
risk factors, been associated with increased incidence of
cardiovascular disease (CVD) in individuals with type 2
diabetes [13].

The present study evaluates the effects on glycaemic
control, ectopic fat accumulation and selected risk fac-
tors for CVD during 6 weeks of carbohydrate-restricted
meal provision in weight stable participants with type 2
diabetes.

Methods
Study design

The study was designed as a 6 + 6 week open label,
randomised, crossover-controlled trial. Inclusion criteria were:
men and women with type 2 diabetes [14], HbA,. 48—
97 mmol/mol (6.5-11%), age >18 years, haemoglobin >6/>7
mmol/l (women/men) and eGFR >30 ml min ' (1.73 m) 2.
Range of ¢eGFR was 56 ml min ' (1.73 m) 2 to
>90 ml min ' (1.73 m) 2. The lower HbA . inclusion criterion
was adjusted from the initial 58 mmol/mol (7.5%) to
48 mmol/mol (6.5%) to facilitate recruitment. Exclusion
criteria were: critical illness, systemic corticosteroid treatment,
severe food allergy or intolerance, severe gut disease, alcohol
dependence syndrome, injectable diabetes medication, repeat-
ed fasting plasma glucose >13.3 mmol/l, urine albumin/
creatinine ratio > 300 mg/g, lactation, pregnancy or planning
of pregnancy during the study and inability, physically or
mentally, to comply with the procedures required by the study
protocol. Examinations were initiated in April 2016 and
terminated according to the pre-specified study plan in
November 2017. All physical examination procedures
were performed at Copenhagen University Hospital,
Bispebjerg, except the MRI and spectroscopy, which were
performed at Copenhagen University Hospital, Herlev. A
third-party study nurse randomised the participants by
drawing blinded ballots. Block randomisation was applied
with block sizes of two and balanced to ensure allocation
in a 1:1 ratio.

All participants signed informed consent prior to any
study-related procedures. The study was approved by the local
Scientific Ethical Committee and carried out in accordance
with the Declaration of Helsinki. The study was registered at
ClinicalTrials.gov (registration no. NCT02764021).
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Dietary interventions

For 12 weeks, participants were provided, free of charge, with
five daily meals to fully cover daily energy needs (breakfast
25% of total energy expenditure [TEE%], lunch 30 TEE%,
pre-dinner snack 7.5 TEE%, dinner 30 TEE%, post-dinner
snack 7.5 TEE%). Consistent with diabetes dietary guidelines
provided by the Diabetes and Nutrition Study Group (DNSG)
of the EASD [2], the conventional diabetes (CD) diet
consisted of 50% energy (E%) carbohydrate, 17 E% protein
and 33 E% fat. Macronutrient composition of the
carbohydrate-reduced high-protein (CRHP) diet was 30 E%
carbohydrate, 30 E% protein and 40 E% fat (electronic sup-
plementary material [ESM] Table 1). Meals were prepared as
a 7 day rotational procedure and produced and distributed
twice weekly by trained personnel at the Department of
Nutrition, Exercise and Sports, Copenhagen University.
Participants were restricted to consume study meals and bev-
erages only according to assigned intervention. Ad libitum
intake of non-caloric beverages was allowed.

Provision of foods for maintenance of body weight

Daily total energy expenditure (TEE) was estimated by an
algorithm based on participant characteristics and body com-
position measured by dual-energy x-ray absorptiometry
(Lunar iDXA, General Electric Healthcare, GE Medical
Systems, Belgium), as previously described [9, 15]. Body
weight was measured twice weekly. If changes occurred, en-
ergy intake was adjusted accordingly, by lowering/increasing
portion sizes and/or by adding/retracting with additional
0.5 MJ macronutrient-adjusted meal snacks, to ensure weight
stability. Participants were repeatedly instructed to maintain a
constant physical activity level. Furthermore, participants
were instructed to keep records of any leftovers and were
interviewed twice per week to ensure adherence to study diets.

Urine samples

Twenty-four-hour urine samples were collected after 4 weeks
on each diet to evaluate compliance to interventions uncon-
founded by the investigational programme. We used quantifi-
cation of 24 h urinary urea excretion, based on an enzymatic
ultraviolet test (ABX Pentra 400 Urea CP, Horiba ABX SAS,
France), which provides a validated measure of protein intake
[16]. Moreover, samples were used to assess 24 h urinary
glucose excretion by colorimetry (ABX Pentra 400 Glucose
PAP CP, Horiba ABX SAS), 24 h urinary albumin excretion
by an immunoturbidimetric test (ABX Pentra 400 Micro
Albumin 2 CP, Horiba ABX SAS) and 24 h urinary creatinine
excretion based on the reaction between creatinine and sodi-
um picrate (ABX Pentra 400 Creatinine 120 CP, Horiba ABX
SAS) to calculate albumin/creatinine ratio.



Blood samples

Blood samples were collected after a 12 h overnight fast.
Serum was stored at room temperature for 30 min to ensure
coagulation before centrifugation. Plasma was collected in
EDTA-treated test tubes and immediately centrifuged after
sampling. Serum was used for analysis of insulin, C-peptide,
NEFA, total cholesterol, HDL-cholesterol, triacylglycerol,
apolipoprotein Al (ApoA-1) and apolipoprotein B (ApoB).
IMMULITE 2000 Immunoassay System (Siemens
Healthcare, Erlangen, Germany) was used to analyse insulin
and C-peptide. Wako NEFA-HR(2) (ASC-ACOD method,
Wako Chemicals, Neuss, Germany) was used for fasting
NEFA concentrations. Enzymatic colorimetric assays
(CHOL2, HDLC4 and TRIGL, Cobas 6000, Roche
Diagnostics, Mannheim, Germany) were used to analyse total
cholesterol, HDL-cholesterol and triacylglycerol, respectively.
LDL-cholesterol was calculated by using the Friedewald
equation [17]. Non-HDL-cholesterol was calculated by
subtracting HDL-cholesterol from total cholesterol. ApoA-1
and ApoB were analysed using an immunoturbidimetric test
(APOAT and APOBT, Cobas 6000, Roche Diagnostics).

Plasma glucose concentrations were analysed immedi-
ately after sampling by use of YSI 2300 STAT Plus
(Yellow Springs Instruments, Yellow Springs, OH, USA).
Whole blood was collected and handled in accordance with
local operating procedure for analysis of HbA . using the
Tosoh Automated Glycohemoglobin Analyser HLC-
723G8 (G8; Tosoh Bioscience, Japan). Insulin resistance
(HOMAZ2-IR) was calculated by use of the HOMAZ2 calcu-
lator (version 2.2.3; www.dtu.ox.ac.uk/homacalculator/,
accessed 14 January 2019) based on fasting plasma
glucose and C-peptide.

Mixed meal testing

As displayed in ESM Fig. 1, a CRHP mixed meal test (MMT)
was performed after 6 weeks of CRHP intervention and a CD
MMT was performed after 6 weeks of CD intervention in
order to test the postprandial responses of the two study diets,
i.e. differences in macronutrient composition. Solid phase
mixed test meals (ESM Table 1) were produced in five energy
levels ranging from 2.25 MJ (598 kcal) to 3.25 MJ (837 kcal)
to approximately match 25% of TEE for each participant. All
ingredients were weighed out with an accuracy of 0.5 g by
trained personnel at the research kitchen, Department of
Nutrition, Exercise and Sports, University of Copenhagen.
Participants were instructed to avoid any strenuous physical
activity 48 h prior to meal tests. Alcohol consumption was
prohibited during the entire study. Meal tests were performed
after consumption of a standardised CD or CRHP dinner ac-
cording to assigned intervention and a subsequent 12 h over-
night fast. A peripheral i.v. cannula was inserted in an
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antecubital vein before a solid CRHP or iso-energetic
CD meal was served at time 0 and consumed within
25 min. Participants remained sedentary throughout the
examination.

Magnetic resonance examination

Magnetic resonance measurements were performed at base-
line and at the end of each dietary intervention period using a
3.0 T Ingenia MRI system (Philips Medical Systems, Best, the
Netherlands) with a dStream torso coil. Magnetic resonance
scanning protocol included planning scans, single voxel spec-
troscopy (Point RESolved Spectroscopy [PRESS]) for mea-
suring liver fat content and muscle fat content [18, 19], and
chemical shift encoding-based water-fat imaging (mDixon)
for measuring pancreatic fat content, visceral adipose tissue
(VAT), subcutaneous adipose tissue (SAT) and waist perime-
ter. Means of duplicate analyses of pancreas fat fractions were
used to reduce intra-observer variability. VAT and SAT vol-
umes and waist perimeter were measured using a single trans-
verse section of 10 mm thickness acquired at the middle of the
third lumbar vertebra, as described in detail previously [20].
All magnetic resonance data were analysed by a research tech-
nician blinded to treatment.

Diurnal blood pressure

Twenty-four-hour ambulatory blood pressure (ambulatory
blood pressure monitor: Model 90217, Spacelabs
Healthcare, WA, USA) was measured at home at baseline
and at the end of each dietary treatment period.

Statistical analysis

An a priori calculation of sample size was performed based on
earlier published effect size [7]. With 90% power, a sample
size of six participants was sufficient to detect a 12.1 mmol/
mol (~1.1%) between-diet difference in the primary outcome,
HbA ., in this crossover setting, provided an SD of
+6.6 mmol/mol (~0.6%) and a significance level of 5%. To
account for possible dropouts, smaller than expected effect
size and multiple pre-specified exploratory analyses of sec-
ondary endpoints, a total of 30 participants were included.
The study includes a total of 37 pre-specified secondary
outcomes, of which nine, i.e. glycaemic variables, ectopic
fat content and 24 h blood pressure, are presented in this paper
(for details on all outcomes, please refer to ESM Table 2).
Other pre-specified outcomes, i.e. beta cell function, NEFA
metabolism, low-grade inflammation, growth hormone axis,
heart rate variability, gut and satiety hormones and subjective
satiety will, following analyses, be reported subsequently. The
statistical analysis of the primary outcome and the secondary
outcomes was performed with a significance level of p < 0.05
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(two-tailed test). Due to multiple comparisons, a risk of false-
positive results may inherently exist.

Results are presented as means (:SEM) or as medians (in-
terquartile range) if normal distribution assumptions were not
met as assessed by visual examination. AUC was calculated
using the trapezoidal rule. Net AUC was calculated by
subtracting area below baseline values from the AUC. A lin-
ear mixed effects model was used to evaluate differences in
treatment effects between diets adjusted for body weight
change for all variables reported, except body weight and
BMI, for which a paired sample 7 test was applied. All linear
mixed effects models included body weight change and an
interaction between diet and period as fixed effects. To ac-
count for inter-participant variability caused by the paired de-
sign, participants were applied as random effects. Residuals
were visually examined for linearity and normality. If appro-
priate, data were log transformed to meet model assumptions
for the mixed effects model. Depending on the distribution of
data, a paired sample # test or a Wilcoxon signed-rank test was
used to evaluate differences between baseline circulating and
imaging biomarkers. Baseline values were defined as means
of the initial measurements at the beginning of the twvo CRHP
and the two CD dietary treatment periods. Due to the cross-
over design, the final measure of the first 6 week period was
used as the baseline for the second 6 week period. Considering
the low dropout rate (2 out of 30), only per-protocol analyses
were carried out. All available data were included, i.e. n = 28,
except for 24 h ambulatory blood pressure monitoring and
hepatic and pancreatic fat fractions, which, due to technical
failure and problems with diurnal urine sampling, were ob-
tained in 27 participants only. Statistical analyses were per-
formed by use of RStudio (Version 0.99.473; RStudio,
Boston, MA, USA) and graphical presentations were made
using GraphPad Prism (Version 7.02; GraphPad Software,
San Diego, CA, USA).

Results

In addition to the primary outcome, we report on nine second-
ary and 27 exploratory outcomes, of which five secondary and
11 exploratory were significant at p < 0.05.

Participants

Baseline characterisation of study participants and the study
flow diagram are displayed in Table 1 and Fig. 1, respectively.
All glucose-lowering, lipid-lowering and antihypertensive
medications were stable at least 2 months prior to initiation
of the study and remained unchanged throughout the study
period (Table 1).
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Table 1 Baseline characteristics of study participants (7 =28)

Baseline characteristics Value
Sex (male/female) 20/8
Age (years) 64 (£7.7)
Duration of T2D (years) 7.0 (£5.4)
BMI (kg/m?) 30.1 (#5.2)
Estimated daily TEE (MJ) 10.5 (£1.6)
Diurnal systolic BP (mmHg) 125.8 (£12.2)
Diurnal diastolic BP (mmHg) 77.1 (£9.2)
Fasting plasma glucose (mmol/l) 9.4 (£1.4)
HbA . (mmol/mol) 59.6 (+8.4)
HbA,. (%) 7.6 (£0.8)
Medication use
Glucose-lowering medication 24
No glucose-lowering agents 4
1 glucose-lowering agent 15
2 glucose-lowering agents
3 glucose-lowering agents
>3 glucose-lowering agents
Biguanides 22
DPP-4 inhibitors
SGLT?2 inhibitors 5
Lipid-lowering medication 20
Antihypertensive medication 16

Values are expressed as means (£SD) or n

DPP-4, dipeptidyl peptidase-4 s; SGLT2, sodium-glucose cotransporter 2;
T2D, type 2 diabetes

Baseline measurements

Except for fasting triacylglycerol (p =0.01), none of the cir-
culating biomarkers, MRI- or spectroscopy-derived markers
of fat content or anthropometric measurements differed be-
tween diets at baseline for each intervention period.

Primary endpoint

HbA,. Compared with a CD diet, a CRHP diet reduced HbA .
(=6.2 £ 0.8 mmol/mol vs —0.75 = 1.0 mmol/mol, correspond-
ingto —0.6+0.1% vs —0.1 £ 0.1%; p < 0.001) (Table 2, Fig. 2).

Secondary endpoints

Fasting glucose and postprandial glucose excursions
Compared with a CD diet, a CRHP diet reduced fasting plasma
glucose (—0.71 £0.20 mmol/1 vs 0.03 £ 0.23 mmol/l; p < 0.05;
Table 2). When participants were subjected to a meal challenge
after 6 weeks of treatment, a CRHP diet reduced postprandial
plasma glucose AUC and net AUC by 19.4% and 59.7% (both
p<0.001) as compared with a CD diet (Table 3, Fig. 3).



Cxcluded \

* HbA, <48 mmol/mol (6.5%) (n=57)
* Lack of time (n=42)

* Comorbidities (n=17)
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(n=247)

( ) * Medication not in accordance

with study protocol (n=18)

( Other (n=75) j

Excluded

* Inability to comply with study

protocol (n=4)
* Albumin/creatinine ratio >300 (n=1)
® HbA, <48mmol/mol (6.5%) (n=1)

Positive
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(n=32)

Dropped out (n=30)
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6 week CD diet
* Inability to adhere
(n=14)
to diets (n=1) ———
6 week CD diet
(n=14)
-
Completers
(n=28)

—— [
‘ Dropped out prior to interventions

* Due to hospitalisation (n=2) ]
Initiated

Fig. 1 Study and participant flow diagram. Timerange from randomisation to initiation of intervention was 15-44 days vs 16-44 days for the CRHP vs

CD diet

Magnetic resonance Compared with a CD diet, a CRHP diet
reduced liver fat fraction (—2.4% [-7.8% to —1.0%] vs 0.2%
[2.3% to 0.9%]; p < 0.01; Fig. 4) and pancreatic fat fraction
(-1.7% [-3.5% t0 0.6%] vs 0.5% [-1.0% to 2.0%]; p < 0.05).
Changes in muscle fat fraction, VAT and SAT did not differ
between diets (Table 2).

Diurnal blood pressure measurements Changes in systolic
or diastolic 24 h blood pressure during CRHP and CD
dietary therapy did not differ significantly between diets
(Table 2).

Exploratory endpoints

Metabolic and lipid variables Changes in fasting insulin,
fasting C-peptide and HOMA-IR did not differ between diets
(Table 2). Compared with a CD diet, a CRHP diet reduced
fasting triacylglycerol (—0.43 mmol/l [-0.77 to —0.16] vs
0.12 mmol/l [0.01 to 0.44]; p<0.001), total cholesterol
(-0.44£0.10 mmol/l vs 0.00£0.10 mmol/l; p <0.05) and
non-HDL-cholesterol (—0.44+0.10 mmol/l vs 0.04 +
0.09 mmol/l; p <0.05). Changes in LDL-cholesterol, HDL-
cholesterol, ApoA-1, ApoB, ApoA-1/ApoB ratio and fasting
NEFA did not differ between diet interventions (Table 2).
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Mixed meal testing Participants underwent mixed meal testing
after each of the two 6 week diets. This meal challenge
showed that the CRHP diet, when compared with the CD diet,
reduced postprandial insulin AUC and net AUC by 8.0% and
11.4% (both p <0.05), postprandial C-peptide AUC and net
AUC by 9.6% and 15.8% (both p < 0.05), postprandial NEFA
AUC and net AUC by 9.6% and 12.4% (both p <0.05), and
postprandial triacylglycerol AUC by 30.3% (p <0.001). No
difference was found in postprandial net triacylglycerol AUC
between diets due to the difference in fasting value (Table 3,
Fig. 3).

Twenty-four-hour urinary excretion Twenty-four-hour urinary
urea excretion was measured as a marker of compliance of
protein intake and was 82% higher on a CRHP diet compared
with a CD diet (p <0.001). This corresponded to the 79.4%
higher protein content of the CRHP diet. No differences be-
tween CRHP and CD diets were found in 24 h urinary glucose
excretion, albumin excretion or albumin/creatinine ratio
(Table 3).

Anthropometric measurements Changes in body weight,

BMI or waist circumference during CRHP and CD dietary
treatment did not differ between diets (Table 2).
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Table 2 Effects of CRHP and CD dietary treatment

Variable CRHP diet CD diet Between diets
Baseline® Treatment effect Baseline® Treatment effect n pvalue
Metabolic variables
HbA . (mmol/mol) 57.6 (£1.5) —6.2 (£0.8) 55.4 (£1.7) —0.8 (£1.0) 28 <0.001
HbA. (%) 7.4 (£0.1) —0.6 (0.1) 7.2 (£0.2) 0.1 (£0.1) 28 <0.001
Fasting glucose (mmol/l) 9.04 (£0.10) —0.71 (£0.20) 8.76 (£0.30) 0.03 (£0.23) 28 <0.05
Fasting insulin (pmol/l) 62.6 (46.7t0 110.0) —-0.9 (—16.4t0 11.4) 62.1 (42.1 to 106.4) 3.7(-7.0t020.8) 28 0.296
Fasting C-peptide (pmol/l) 966.1 (£64.6) —22.6 (£32.2) 919.0 (£58.3) 17.2 (£23.7) 28 0.443
HOMAZ2-IR 24 (1.91t03.0) 0.0 (-0.31t00.2) 2.4 (1.8 t0 3.0) -0.1(-0.4t00.3) 28 0.996
Magnetic resonance
Liver fat fraction (%) 5.8 (2.1t012.5) —2.4 (-7.8t0 —1.0) 33(1.41t08.7) 02(23t00.9) 27 <0.01
Pancreas fat fraction (%) 6.1 (4510 13.1) -1.7 (-3.510 0.6) 4.5 (3.1t0 13.0) 05(-1.0t02.0)0 27 <0.05
Muscle fat fraction (%) 4.6 (£0.5) -0.5 (+0.4) 4.3 (x0.4) 0.6 (£0.4) 28 0.192
SAT (cm?) 218.5 (£18.4) —6.6 (£3.0) 220.3 (£18.9) -7.9 (£3.9) 28 0.832
VAT (cm3) 277.4 (£21.7) —15.4 (£5.2) 273.1 (£23.0) —6.8 (+4.5) 28 0.592
Diurnal BP
Systolic BP (mmHg) 124.6 (£2.1) —4.1 (£1.8) 123.4 (£2.4) 1.3 (+1.9) 27 0.109
Diastolic BP (mmHg) 76.4 (£1.7) —2.9 (£1.0) 75.4 (£1.8) 0.2 (£1.1) 27 0.097
Lipid variables
Fasting NEFA (mmol/l) 0.68 (0.56 to 0.87) —0.09 (—0.20 to 0.05)  0.63 (0.54 to 0.80) —0.05 (-0.17t0 0.02) 28 0.433
Fasting triacylglycerol (mmol/l)  1.46 (1.32t02.14) —0.43 (-0.77 to —0.16) 1.34(1.00to 1.79)  0.12 (0.01 to 0.44) 28 <0.001
Total cholesterol (mmol/l) 3.80 (£0.19) —0.44 (+0.10) 3.64 (£0.15) 0.00 (=0.10) 28 <0.05
LDL-cholesterol (mmol/l) 1.91 (+0.16) —0.18 (+0.08) 1.88 (£0.13) —0.09 (+0.08) 28 0.874
HDL-cholesterol (mmol/l) 1.07 (£0.04) 0.00 (£0.03) 1.09 (+0.04) —0.04 (+0.02) 28 0211
Non-HDL-cholesterol (mmol/l)  2.73 (+0.19) —0.44 (0.10) 2.55 (£0.15) 0.04 (£0.09) 28 <0.05
ApoA-1 (g/l) 1.34 (£0.04) —0.06 (£0.03) 1.33 (£0.04) —0.02 (£0.02) 28 0.702
ApoB (g/l) 0.84 (£0.04) —0.09 (£0.02) 0.81 (£0.04) —0.01 (x0.03) 28 0.088
ApoB/ApoA-1 0.64 (£0.04) —0.05 (£0.02) 0.62 (£0.03) 0.00 (£0.02) 28 0210
Anthropometric measurements
Weight (kg) 88.4 (£3.6) —1.4 (£0.2) 88.3 (£3.6) —0.8 (0.2) 28  0.071
BMI (kg/m?) 29.4 (£1.0) —0.5 (£0.1) 29.4 (£0.9) —0.3 (+0.1) 28 0.070
Waist circumference (cm) 106.1 (£2.4) —1.0 (£0.5) 106.2 (£2.4) —0.3 (x0.6) 28  0.806

Descriptive statistics are presented as means (SEM) or medians (interquartile range) of raw data

For all data, except body weight and BMI, a linear mixed effects model was used to evaluate weight change-adjusted differences in treatment effect
between diets by contrasting joint effects of CRHP against CD diets. A paired sample # test was used to evaluate differences between diets in body weight

and BMI
#Baseline is defined as the beginning of each dietary intervention period

Adverse effects

During the CRHP diet intervention, four participants suffered
from constipation (one was treated with laxative), one was
diagnosed with vitreous degeneration, one was diagnosed
with paroxysmal atrial fibrillation, one showed symptoms of
bursitis and two complained of sleep disturbances. During CD
dietary treatment, one participant complained of sleep distur-
bances and two suffered from upper respiratory tract infec-
tions. Although the literature provides divergent results [21,
22], the higher number of participants suffering from
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constipation in the CRHP group may relate to the lower con-
tent of dietary fibre in the CRHP diet, but other adverse effects
seem unrelated to the intervention.

Discussion

In this randomised controlled clinical dietary intervention
study with 6 + 6 weeks of full food provision, the consump-
tion of a CRHP diet reduced to a greater extent the primary
outcome, HbA |, than a CD diet, in addition to the following
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pre-specified secondary outcomes: fasting plasma glucose,
postprandial plasma glucose and hepatic and pancreatic fat
content. Remaining secondary outcomes, i.e. 24 h blood pres-
sure, muscle adipose tissue, VAT or SAT, revealed no differ-
ences between diets. As exploratory analyses, we found that a

Table 3

Postprandial responses to MMTs and assessment of diurnal urinary biomarkers

CRHP diet lowered total cholesterol, non-HDL-cholesterol
and fasting triacylglycerol to a greater extent than a CD diet,
indicating improved atherogenic lipid profile following carbo-
hydrate restriction. However, these findings must be
interpreted with caution due to their exploratory nature.

Variable

CRHP diet
End of treatment

CD diet
End of treatment

Between diets

Postprandial variables® n p value
Glucose AUC (mmol/l x 240 min) 9.58 (+0.29) 11.89 (+0.43) 28 <0.001
Glucose net AUC (mmol/l x 240 min) 1.25 (+0.20) 3.10 (20.25) 28 <0.001
Insulin AUC (pmol/l x 240 min) 239 (183 to 356) 260 (174 to 364) 28 <0.05
Insulin net AUC (pmol/l x 240 min) 173 (128 to 239) 195 (112 to 273) 28 <0.05
C-peptide AUC (pmol/l x 240 min) 2279 (£137) 2521 (£185) 28 <0.05
C-peptide net AUC (pmol/l x 240 min) 1335 (£97) 1585 (£151) 28 <0.05
NEFA AUC (pmol/l x 240 min) 352 (302 to 378) 390 (295 to 483) 28 <0.05
NEFA net AUC (pmol/l x 240 min) —248 (348 to —182) —220 (318 to —130) 28 <0.05
Triacylglycerol AUC (mmol/l x 240 min) 1.45 (£0.08) 2.09 (0.21) 28 <0.001
Triacylglycerol net AUC (mmol/l x 240 min) 0.22 (x0.03) 0.33 (£0.05) 28 0.109

24 h urine sample®
Urea (mmol/24 h) 975.7 (£58.8) 535.7 (£27.5) 27 <0.001
Glucose (mmol/24 h) 1.3 (0.7 to 42.6) 5.7 (1.1 to 132.1) 27 0.165
Albumin (mg/24 h) 8.7(2.2t018.4) 11.1 (2.9 t0 22.8) 27 0.305
Albumin/Creatinine (mg/g) 4.8 (1.6 to 10.8) 7.1 (2.11to012.5) 27 0.262

Data are presented as means (SEM) or medians (interquartile range)
For all data a linear mixed effects model was used to evaluate weight change-adjusted differences in treatment effect between diets

Postprandial variables derived from mixed meal testing comparing a solid CRHP diet to a solid CD diet after 6 weeks of CRHP and CD dietary
treatment, respectively

® Twenty-four-hour urinary biomarkers were assessed after 4 weeks of CRHP and CD dietary treatment
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Fig.3 Postprandial responses to a
CRHP diet and a CD diet.
Postprandial (a) plasma glucose,
(b) insulin, (¢) C-peptide, (d)
NEFA and (e) triacylglycerol
excursions during a 4 h MMT on
a CD and a CRHP breakfast (Br)
after 6 weeks on dietary
treatment. All graphs and AUC/
net AUC bars are presented as
means (xSEM). Between-diet
differences were evaluated by a
linear mixed effects model;

##p < 0.01, ***p < 0.001. White
squares, CRHP diet; black
triangles, CD diet

In agreement with previous findings [7-9], postprandial
plasma glucose was significantly lower on a CRHP diet as
compared with a CD diet, which was in part explained by
the dose-response relationship between dietary carbohydrates
and glucose excursions. Recently, we demonstrated that a
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CRHP diet acutely reduced postprandial blood glucose level
and insulinaemia in individuals with type 2 diabetes [9].
Although the applied MMT method is unsuitable to address
changes or adaptions to study diets over time, the present
findings confirm that the effect, i.e. the reduction in
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Fig. 4 Changes in hepatic fat content. Data are presented as medians
(interquartile range) with spaghetti-diagrams to present individualised
changes in the hepatic fat fraction. The line within each box represents
the median, and the top and bottom of the box represent the 75th and 25th
percentiles, respectively. The whiskers indicate the maximum and mini-
mum values. The between-diet difference was evaluated by a linear
mixed effects model; **p < 0.01

postprandial blood glucose level and insulinaemia, is main-
tained after 6 weeks of a highly controlled CRHP dietary
treatment. Importantly, postprandial glycaemia, compared
with fasting glycaemia, contributes relatively more to HbA
in individuals with well-controlled type 2 diabetes [23]. As no
differences between diets were found in HOMA-IR, and only
a modest decrease in fasting plasma glucose was observed on
the CRHP diet, the reduction in HbA ;. may primarily be due
to a persistent reduction in postprandial blood glucose level
during the CRHP dietary treatment. Yet, other mechanisms
may contribute to the improved glycaemic control on the
CRHP diet, e.g. the relatively higher content of monounsatu-
rated fatty acids [24] and specific food items such as dairy
products, nuts, etc. [25, 26]. We further speculate that the
higher content of fat in the CRHP diet may slow the rate of
gastric emptying and, in turn, decrease the rate of glucose
delivery to the circulation.

Our study is in line with a growing body of evidence
supporting the short-term beneficial effect of carbohydrate re-
striction on glycaemic control [27, 28]. However, inconclusive
results exist regarding the long-term effects of such lower-
carbohydrate diets [29-31]. Low compliance to adhere to var-
ious study diets in longer-term studies may have played a cen-
tral role in the absence of significant effects. In the present
study, the duration of food provision was limited to 6 weeks,
which was not an adequate time to achieve steady state for
changes in HbA,.. However, in contrast to the CD diet, the
CRHP diet gradually reduced mean HbA . by 6.2 mmol/mol
(0.6%), suggesting that HbA . may be even further reduced
over a longer diet period. In this context, the UK Prospective
Diabetes Study found that a 10 mmol/mol (~1%) reduction in
HbA . over 10 years significantly decreased the risk of micro-
vascular complications in individuals with type 2 diabetes [32].
Hence, the demonstrated decrement in HbA . in relation to full
CRHP food provision is most likely of clinical relevance.
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Individuals with type 2 diabetes are at high risk of CVD
and hypertension, and lipid disturbances are recognised to
play a significant role in the development and progression of
CVD [33]. We found that a CRHP diet improved blood lipids
towards a less atherogenic profile by reducing total cholester-
ol, fasting triacylglycerol and non-HDL-cholesterol.
However, blood lipid analyses were exploratory only and
long-term studies are needed to reproduce these findings and
to evaluate whether a CRHP diet will eventually affect the risk
of both micro- and macrovascular complications.

Studies have reported that hepatic de novo lipogenesis is
elevated in hyperinsulinaemic individuals [34, 35] and in in-
dividuals consuming a low-fat high-carbohydrate diet [35]. In
the present study, a moderate reduction in dietary carbohy-
drate induced a substantial decrease in postprandial glucose
and insulin concentrations and a concomitant decline in the
hepatic fat fraction. Together, these findings indicate that the
present shift in macronutrient composition may modulate the
rate of de novo lipogenesis and subsequently reduce the he-
patic fat fraction.

An elevated supply of fatty acids to the liver is considered
essential for hepatic fat accumulation [36]. The reduction in
fasting and postprandial triacylglycerol concentrations during
the CRHP diet may result from reduced de novo lipogenesis
due to the persistent reduction in insulin excursions.
Moreover, lipoprotein lipase (LPL) is activated by insulin to
promote hydrolysis of dietary-derived chylomicrons and
triacylglycerol-rich lipoproteins, subsequently leading to a
‘spill-over’ of fatty acids, which thereby contributes to the
circulating NEFA pool [37]. Thus, a reduction in de novo
lipogenesis and the lower NEFA levels may both contribute
to lower the hepatic fat fraction found following the CRHP
diet. Population-based studies suggest the "H-MRS cut-off
value for hepatic steatosis to be 5.6% [38]. However, newer
data based on the correlation between liver biopsies and pro-
ton magnetic resonance spectroscopy (‘H-MRS) suggest that
a lower cut-off value of approximately 1.8-3.0% is more ap-
propriate [39, 40]. Irrespective of the defined upper limit of
hepatic steatosis, all participants with steatosis (except one)
showed a decrease in liver fat content on the CRHP interven-
tion (Fig. 4). As steatosis has previously been linked to an
attenuated ability to suppress endogenous glucose production
[41], the observed decrease in liver fat content on the CRHP
diet may also improve glucose homeostasis.

No clear consensus exists regarding the pathophysiological
aspects and clinical implications of fat accumulation in the
pancreas [42, 43]. In the present study, a CRHP diet was found
to decrease pancreatic fat content as compared with a CD diet,
but whether the reduction in pancreatic fat is mechanistically
related to the improved glucose metabolism is yet to be
clarified.

The safety of substituting dietary carbohydrates with fat
and proteins is debated [44, 45]. A large prospective cohort
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study, performed in mainly non-diabetic individuals, conclud-
ed that substituting carbohydrates with animal protein and fat
was associated with an increased all-cause mortality [46], but
a lower mortality risk was found when carbohydrates were
substituted for plant protein and fat, emphasising that food
sources may be pivotal [46]. However, these associations
should be interpreted with caution as the causality cannot be
established by observational studies.

High-protein diets have been proposed to have potential
deleterious effect on renal function [47]. A meta-analysis of
randomised controlled trials found that low-protein diets im-
proved GFR in individuals with diabetic nephropathy [48]. In
the present study, the two diets did not affect 24 h urinary
albumin excretion or albumin/creatinine ratio. This finding is
consistent with previous studies investigating the long-term
effect of low-carbohydrate, high-protein diets on renal
markers in individuals with type 2 diabetes without overt kid-
ney disease [49, 50].

Among the limitations of this study are the unblinded de-
sign, the short duration of intervention, the sex imbalance and
the lack of objective quantification of physical activity level.
The study was designed to address numerous endpoints (ESM
Table 2). As stated, this possesses an important limitation due
to multiplicity and the risk of false-positive findings. Hence,
secondary, and especially exploratory, endpoints must be
interpreted with caution and further studies are warranted to
reproduce and confirm our present findings. We chose not to
use a washout period between the two 6 week periods. There
were several reasons for this. First, HbA . reflects the average
glucose level over the previous 2-3 months, and to obtain
equilibrium on HbA,. a similar washout period is required.
Second, the participants’ eating habits during a washout peri-
od might be influenced by the first study period. This could,
subsequently, influence baseline values of the second study
period. Third, we wanted to minimise the dropout rate by
reducing the already very large burden of the study for the
participants. The strengths of the present study were the low
dropout rate, the equal control of body weight in the two diet
groups and the high adherence to study diets ensured by full
meal provision and close surveillance of study participants.
Moreover, compliance was confirmed by quantification of
24 h urinary urea excretion.

In conclusion, we found that a CRHP diet, as compared
with a CD diet, decreased hepatic and pancreatic fat content
and improved glycaemic control in well-controlled partici-
pants with type 2 diabetes during 6 weeks of food provision
and stable body weight conditions. This calls for future studies
to elucidate the long-term beneficial effects and feasibility of
CRHP diets in a real-life setting.
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