I PRAIFSE 2020 49 HES 33 455 9 Y] Chinese Journal of Clinical Research,September 2020, Vol.33,No.9

1181

ST

AN (] 9 B AR O0F e i 2 OB PR R M B
Lot Jili e =2

AE O REBE, ARE, B4R, REA, s, whx
. AFRENE—ERNSWE WX, Wit AFRE  050011;
2. FIRENH—EERRE, WL G%E 0500115 3. FIRENS KB, WL FRE 050011

WE: BY AHERAFERE & 2 B0 PRI B M sh IO DIBe s, F73k B B i ik
S R BEMRYT B i VA2 00 B8 T 2 BUBR PRI B3 120 51, B AL 43 1k s B (IGmk A= i TR £ 4. (30 1)) (R pE i 3
JRE BT 2H (30 51]) 334 PR I £ 4 (30 461)) 53 M PR I £ + WR S 30 min 45 4052 s 41 (30 f4)) , 430 45 T AR A=
B R B | PR BE G & S A PR I £ S E R PR I B + RS 30 min A5 402 3h T, Lo A 3% R R Y
KR 14 d N LA BE , LA 28 5 R B (CV) 25 0 722 55 R 8 (CV-FPG) g I I8 5 it 2
(LAGE) ¥4I 2 iR B (MAGE) A& 5 MR I 311 & (PPGE) | H (8] i % F- 35 244 % 25 (MODD) | ifil 57K F- 5 i
25 (SDBG) S48 bR AN 45 20 S5 38 IR SN 1 000 5 AR S 2k R eAH R T TR 3 ST .6 A A )5 B0 b D Re A5 46 hr o &4
R (KHERKEALEHH CV CV-FPG LAGE MAGE PPGE MODD SDBG £ i % (It T 30{ls =41, 2 R A7 5 2%
FEX(P<0.05) ; FRAEEL I A IR B 2 AN @ BRI B + U5 30 min A RIS S B E W DL E&HR R B E LT3
WIS S B ZERAFHITEE X (P <0.05) , 1M BR A8 & A ik & R3S E g & + Y05 30 min £ %z 3h 41
BEMU LSRR RS EE (P >0.05), T3 AAMT6 A~ H 0, E @b IR EE + 5 30 min
BAIE S R F I RS — AR B R s T AL =H, ZRESRITEE X (P<0.05), HHAL=4
Z A, EZF TG FEL(P>0.05) , &8 RAk AT E 2R T 2 SO PR B MOWE AR S 1Y) S5 pt ookl 28 A
3, EHE R IR R + YRS 30 min A5 402 2] LA 0 B O T g

SKEBIA 2 RUBHPRAE ; I, MRS ; GO MiThhR

HESES: R587.1 XHtERiRAE: A XEHS: 1674 —8182(2020)09 — 1181 —04

Effects of different modes of weight loss on blood glucose fluctuation

and cardiopulmonary function in overweight type 2 diabetic patients
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Abstract: Objective To investigate the impacts of different weight loss models on blood glucose fluctuations and
cardiopulmonary function in overweight patients with type 2 diabetic mellitus ( T2DM ). Methods A total of 120
overweight patients with T2DM receiving insulin therapy and stable blood glucose level were selected and randomly divided
into ketogenic diet composed of high fat and low carbonhydrate group ( ketogenic diet group) , calorie balanced diet group
(balanced diet group) ,common diabetes diet group ( common diet group) and common diabetes diet plus aerobic exercise
for 30 minutes after meal group (aerobic exercise group) according to different diet pattern (n =30, each). The blood
glucose variation coefficient (CV) ,CV of FPG concentrations ( CV-FPG) , maximum blood glucose fluctuation (LAGE) ,
mean amplitude of glycemic excursions (MAGE ) , postprandial blood glucose fluctuation range ( PPGE), mean absolute
difference daytime blood glucose (MODD) ,standard deviation of mean level of blood glucose fluctuation (SDBG) and other
indicators were detected to evaluate the blood glucose fluctuation in each group. Maintaining appropriate interventions for 3
months and 6 months, the indexes of cardiopulmonary function were measured again. Results The values of CV,CV-FPG,

LAGE ,MAGE,PPGE ,MODD,SDBG in ketogenic diet group were significantly lower than those in other three groups (all
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P <0.05) and were significantly lower in balanced diet group and aerobic exercise group than those in common diet group

(P <0.05) ,however,there were no obvious differences in them between balanced diet group and aerobic exercise group

(all P>0.05). At 3 and 6 months after intervention,the vital capacity and the forced expiratory volume in the first second

(FEV,) in aerobic exercise group were significantly higher than those in other three groups (all P <0.05) ,and there were

no statistical differences in them among the three groups (P >0.05). Conclusion Low carbon ketogenic diet is the best

method for weight loss in overweight type 2 diabetic patients,and ordinary diabetic diet plus 30-min aerobic exercise after

meal can effectively improve the cardiopulmonary function of overweight patients with T2DM.

Key words: Type 2 diabetic mellitus; Weight loss model; Blood sugar fluctuation; Cardiopulmonary function

Fund program: Shijiazhuang Science and Technology Research and Development Plan (181460923 )

FRTRA T~ 7E & il B B kS 2 1Y
BRI (T2DM) ARHHEE B AE O IR 25 9 2 XU
FOIARSC , i X AL B T IAE RS R Ik T2DM A il
CEAIER MR BEFE AT IR E R E K
BTGB 3T B BE T AR, R R IR T
O T8 B 427 22— R R B R R R Y
SERIER P I, 2 H BRI R B ARG T,
LAHE Bh RS I RE I — R 25 T HUTIR Y . R S
SR HEAT 5 R TR 2 A IR X 2 R R S8 I
AT, Bl AT B BN T U, 3 S B ) 3 , i /b
IR KA AR EE R XY A RS E N L
Ji 8 2R O SEURAE 9815 W A R A AR I, i v Bl
DIBE" o AR SO TR A R TR | BB 2 A
B s 8l T PR Js AU E T2DM AR IR 5
B SO DI RERZ I, il R AR 255

ARSI

L1 —#FH BEPLERMIE TA RS — B
1) T2DM S 120 1], Bl AIL 23 A A ffk 2 R 2R 2 40 (30
1)) (PR fE I 244 R 1 20 (30 f51]) 3 B s Jis £ 24
(30 f51) EEAE ARG R + TS 30 min A 485 324
(30 f51]) , 4 53] 87k Sy A Tl 2H | FIR BB A1 | 35 Ji 2 N3
B, AERRUE: (1) 4FE I 45 ~65 %5 (2) fF 6
FAEHZ (WHO) BEIRSE & K 22 24 1 12 Wb
7 (1999) ; (3)BMI 24 ~27.9 kg/m” [ # & 4 %,
(4) (e 5 R BEHR YT (5) BRA: iz shill 2k > 16
F(6) BEAL I 21 8 B ATE 6% ~ 9% o HEBRbr
(1) 1 BRSO (TIDM) | 4 & A PR | oM sk
e Bk, EEL il R DIRE AR (2) AT e
WU LR R S S s B G AE R E S (3) IR R ™
M PRI I R AE OB PRI B 95 5 1 3 L DR B 4% FH
P A PEL I IS A8 B DR e 2 ) B R (4) R
WL ™ I ™ BB A (5) ZSIE I
MEHE L 13,5 mmol/L -,

1.2 FE RAERKEH B EIRE SN %
MR AL RE 7 B BE B A 70% ~80% B /KAL &

YIILRE & BRI AN 5% ~ 10% & (4 iR dtae i
BEAM 15% ~20% (F LB, 255 R E BRE LRIk
S B IRAE R A AR A R
HEBR KA A W L BE b7 B RE R R A Y 30% | fig i it
di AR A 40% ~50% & 1 TR AE 5 S fg
AN 20% ~30% WL, 456 A SEPRik e S 1R,
PSR AL R0 3 S0 PR I 2 AR A5
Y KA A Y I RE 5 B RE AN 45% ~60% |
FEEFEAEE S BB RIEAN 15% ~20% gL
di BRE AN 25% ~35% (1) LB, 45 A R kR
S B Y R E R + RS
30 min £ 42 B B, T B @ B RO G B 4 Y
Feht b, YR HEAT 30 min A7 iz sh"

1.3 MEIFAF AAHANZABEEEE 8 h L
=, >R INBODY 14 ig R V¥ 44 J5 5 %% ( BMI) 5 0 =
KA B E A S (FBG) A& 5 2h I (PBG) (%518
JE 5 F (INS) |l 5 Z AP 5 (HOMA-IR ) | Jil 55 %
AR R (HOMA2-B) FifbIMZT & H (HbALe) | =
HI (TG ) | S JH [ B (TC) AR %% B g 2 1 IR
(LDL-C) .= % B2 B & (1 IR [ s (HDL-C) 46 A Ak FR b
BTG, X A 2 A SR ekt . X AR HEA TR
BB 3hTE T, O R S i A Sh i o, B
IRFEPRALEE : B AR 5 REL(CV) (& AR 5 R 4L
(CV-FPG) 5K I I sl B ( LAGE ) V-3 it W
BERE (MAGE) V&5 IR 3 ik B (PPGE) | H [a] 1fi.
WESF- 246 X% 2% (MODD) | It 4% 7K - 5 #E 2% ( SDBG)
AELI0T R R R T TR Bt A I T S REFE AR o
1.4 %itadr  SRH SAS 9. 13 #R4AXT B 15 2 i1 Ji
PRI AT o B A R EERLL & 5
FOR, BN 2 2253 W0t BB A48 0 A8 ARk A 7 4L 1)
A BB L R, 4 ) R T X R
P <0.05 hERAZRIHE L,

e

2 % R

2.1 wm RO UL PRSI 2R AR
fi, BMI, FBG, PBG, INS, HOMA-IR, HOMA-B,



I PRAIFSE 2020 49 HES 33 455 9 Y] Chinese Journal of Clinical Research,September 2020, Vol.33,No.9

1183

HbAlc TG . TC LDL-C HDL-C Jifi i & & 45 —FbH 5
WA SR bR AL, Z R Tt L (P >
0.05) , BAA bk, k1,

2.2 RRERERX A E T2DM & & btk 2h A 2
4% v IR AR T IR 4 BB S Y GV, CV-FPG
LAGE .MAGE .PPGE ,MODD ,SDBG 3 g 1% F Hifh
=L, EFAGIFE (P <0.05) ; FRAE & Xk
BRI SR + Y75 30 min 5 405 h4L B & 1 L
AR 2RISR (P >0.05) s PR AE R 1Y
R 2 AN TR R I + P 30 min A 4RIz Bl

ZH R B LA b A8 bn 18 025 AT i B e i B A
BE EFAGIFEEN(P<0.05), WLE2,

2.3 AR EREX AT T2DM B F S Az 4k 69 %
e 3 AN A6 AN A B SRR +
W 30 min A iz B2 1M i SR — R )
WA 38 2 v TR AR B B 4 PR B s I s
AL EMEIRIEIEEH, ERARITFE L (P <
0. 05) 5 i A& P ok £ 41 | PR fil 5t 22 i 1 1 4
BRI IE B Z )22 R g2 L (P >0.05)
W33,

x1 MABRFELZEMER (n=30,xxs)
E| Az i 20 FRAEL He G2 H iz shal X/F 1 P{H
B4 (i) 14/16 15/15 14/16 13/17 0.268 0. 966
AR (%) 60.21 = 5.47 59.54+ 4.74 61.37+ 6.25 60.69 + 8.01 0. 460 0.711
SRR (4F) 7.42+ 6.92 7.85+ 7.11 6.96+ 4.65 7.66+ 6.03 0.113 0.952
BMI(kg/m?) 26.77+ 3.30 27.01 = 2.79 26.85+ 3.57 26.79 + 3.26 0.034 0.992
FBG( mmol/L) 7.74+ 2.14 7.55+ 1.98 7.69+ 2.55 7.92+ 1.69 0. 157 0.925
PBG ( mmol/L) 17.30 +  6.02 17.12+  5.49 17.199+ 5.73 17.44 = 4.99 0.019 0. 996
INS( pg/L) 13.02+ 4.06 13.33+  4.12 12.95+ 3.52 13.17+ 4.36 0.053 0. 984
HOMA-IR 1.30+ 0.55 1.29+ 0.48 1.35+ 0.54 1.26+ 0.59 0.143 0.934
HOMA2-B 53.09 + 18.35 54.13 + 17.26 52.94 + 19.03 54.52 + 21.39 0. 050 0.985
HbAlc(% ) 7.23+ 1.10 6.88+ 0.92 7.15+ 1.26 6.94+ 1.05 0.703 0. 552
TG( mmol/L) 1.44+ 0.55 1.52+ 0.47 1.46 + 0.51 1.74+ 0.43 2.346 0.076
TC( mmol/L) 4.43+ 1.10 4.56 = 0.97 4.47+ 1.05 512+ 1.16 1.933 0.128
LDL-C( mmol/L) 2.55+ 0.75 2.74% 0.80 2,63+ 1.01 2.85+ 0.76 0.732 0.534
HDL-C( mmol/L) .42+ 0.52 1.64+ 0.50 1.55+ 0.46 1.81+ 0.59 1.741 0.163
il 7% £ (ml) 2620. 11 +341.22 2650. 35 +315.73 2637. 62 +325.74 2627.79 +332.67 0. 047 0. 986
B AFEE(ml) 1952, 42 £246. 90 1936. 57 +264. 63 1940. 35 +244. 85 1952. 61 +220. 77 0.034 0.991
2 ARBEEAINEE T2DM BENEEHSHPZM (n=30,x£s)
WH AR ZH FRAEZH HEEA gz ghA F{y P1iE
CV 0.18 +0. 05° 0.21 0. 06" 0.25 0. 06" 0.20 +0. 05 8.525 0. 000
CV-FPG 0.13 +0.10* 0.16 0. 10 0.20 0. 10" 0.15 +0. 05 3.200 0. 026
LAGE (mmol/L) 5.10 1. 62° 5.92 £2.31% 7.02 +2. 84" 6.05 £2.27% 3.508 0.018
MAGE ( mmol/L) 2.11 £0.92° 2.80 +1.02% 3.32+1.31" 2.79 =1.06% 6.250 0. 000
PPGE ( mmol/L) 1.57 +0. 88* 2.16 £1.01% 3.02 +1.25" 2.25 0. 94 10. 031 0. 000
MODD ( mmol/L) 1.01 0. 36" 1.24 +0.42* 1.50 £0. 51" 1.29 +0. 44 6.392 0. 000
SDBG ( mmol/L) 1.20 +0. 62° 1.75 +0.57% 1.94 0. 64" 1.68 +0.39" 9.356 0. 000
T SRR, P <0. 05 54T H gk, P <0. 05,
£33 FAEREEAXINEE T2DM BHOMIIERNEE (n=30,x+s)
5iH Jifi % £ (ml) S —FH I (ml)
T3 4HE THi6AAG T3 AAkE THi6AAkE
AT 4H 2684. 34 +326.29° 2705. 34 +316. 32° 1999. 56 +236. 56° 2068. 90 +226. 45°
FRAE 4 2676. 55 +306. 86° 2694. 22 +309. 57° 2035. 96 +247. 46° 2080. 84 +237.51°
fLg ) 2668. 56 +312.52° 2680. 26 +298. 64° 2041. 26 +230. 05° 2088. 37 +219. 20°
W5z Bh2 2760. 58 +329. 41 2973.57 +316.79 2168. 59 +225.36 2365. 64 +230.73
FA{& 0. 449 6. 148 2.420 11. 802
Pl 0.718 0. 000 0. 070 0. 000
5 E s g, P <0. 05,
3 W@ I A8 Bl A M s RN R I TS R fa R TR 2R

A R0 A 16 5 20 BOIE e o/ A R 1
RBARR, AT A B TR R O

AN RS AR R S AN RE A BP0,
BUTE I AAREIR , B 2 G S A A, DT PR A A
BB AR R A 0N,



1184

Hr = I R IFST 2020 459 H 5533 %459 ] Chinese Journal of Clinical Research,September 2020, Vol. 33, No. 9

REIRYT ALz s iR YT R T2DM FR 5 I A% A 3
Jriki. Saslow %45 25 {5) T2DM (3% 16 JH 12k
R T30, 44 R A R 2 990 T P S A )
BT, WA T L 2T 2 A =B
HfESE L 32 {5 T2DM 3 W E ST X4, it A 30%
iRAKEIRE THL R TH 3.6 ~H G, 1
e TR B IS A AR 00 , LA LA B A
. AT B4 BRI 150 f5i)h 24 T2DM (%, B
HLIN R AL, 23 B AR 328 3 T 9 A 4Gz 3 T3
HEIZF) + PrBHIIZA il A Haz 8 + eI
TR Sz 3l + = AT BRI 25T 10, 25 SR AN ]
1z 37 I Hh 2 AE T2DM 3% HOMA-IR | Il fi | i
BEEFE A MOERICR . 28 1 IRE T RS 31 )
T2 RUBE PRI B A BT 3K

KA LR, i AT T2DM 8835 ) IR 2 DL 458
WL L 212 (10 3, SR Kovatchev 25 gy B 5% 1IF
S, IR S X0 PR £ 28 445 J) 04 5% ) B EL T 1
ZIER T, PRI, s oWE % shs il 2 e 2, B
A EE I 2R S5 (FSL-CGM) A 4 4210 5% T2DM
B 14 d B9 IRE B S O, XTI AL E T2DM
BEIIG IR 7 & HA R KR g A&
TS SR FEE 1 % SR I B OSPA T MEBBe A Bk £ B R
SRR R RO S R R R + I
J& 30 min 5 5015 3l 5 4 PP A [R] 9 EE L =0 )
T2DM FB 35 IS S B2 i, 45 46, A A= il ik
Bl FE AR AT F4E R T2DM 5 bR e el e,
R i 7 XA A R £ 2E R0 AR PR 5 i 2 + DR J5 30 min
H 02 3l ek FE AR R 2, B PR I R ek A X
%

[, A BFSERARSE T PR AR X T2DM
F U T BERY R I 00, 45 B, TR 3 A A M
16 A~ B, B BE R S + U5 30 min f7 %Kiz
S R DI B A — R R R Y e T
Hifth =2l S50 5 RwIE & + U5 30 min
AR i E AU T GE BFEO DI EE X 5
KL AE BTREA R—BL

25 B RTIR AR A BRI R 4E R B T2DM R
MBS E B e PL s AR =, 5 W PR g B + RS
30 min A3 5z 3l ] LA 30E A O D RE

S 30k

(1] MNOTG, WE =, E8, 45 V05200 o i R R £ i 10 it he
FLBLOL B H i R 2R 2y A7 [ 7] v B R WF 52, 2019,32(5)

[10]

[11]

[12]

[13]

[15]

[16]

711 -713,717.
FEST AR, 2R AT A B T ST OB B T B U B 9 A
SRR II]. T EE RATSE, 2018 ,31(10) :1432-1434.
ORf R — 4 BRI TS A TR B ARMIEAE SR B LI IR kA
AR T U AL — K72 TR IRIGHRE AR RT 3R
[J]. st IR EEZG 44,2019 ,23(11) .1 - 6.
Tay J, Thompson CH, Luscombe-Marsh ND, et al. Effects of an ener-
gy-restricted low-carbohydrate , high unsaturated fat/low saturated fat
diet versus a high-carbohydrate , low-fat diet in type 2 diabetes:a 2-
year randomized clinical trial [ J]. Diabetes Obes Metabh, 201820
(4):858 -871.
Erickson ML, Little JP,Gay JL, et al. Effects of postmeal exercise on
postprandial glucose excursions in people with type 2 diabetes treated
with add-on hypoglycemic agents [ J]. Diabetes Res Clin Pract,
2017,126:240 —247.
L BRI, 1 A ARIRE 3y 2O UBE & R ARBU Y 52
WAL [J]. o R PR A, 2018,26(8) 87 - 91.
ETUR, T, R, % o 2228 FRiR T LRI ]
Ak Py 2RI 2R ,2013,29(5) 1357 - 362.
AR IR 2 e W DR o o3 22, o T R VI P 23 78 5% B & 0l 2= A
2z PR AR 5 2 B IR IR T R (2013 ) [ ). v AR IR 2%
#,2015,7(2) .73 - 88.
BSLT, R X B R [R) I8 3 O S AR 2 B SR AR
B DL bR KB B R ARBT I8 B S [T ] i ZE Ty B2
#7k,2019,37(4) 125 -26.
Al Hayek AA,Robert AA, Al Dawish MA. Evaluation of FreeStyle li-
bre flash glucose monitoring system on glycemic control, health-relat-
ed quality of life,and fear of hypoglycemia in patients with type 1 di-
abetes [ J ]. Clin Med Insights Endocrinol Diabetes, 2017,
10:1179551417746957.
Fokkert MJ,van Dijk PR,Edens MA et al. Performance of the Free-
Style Libre Flash glucose monitoring system in patients with type 1
and 2 diabetes mellitus[ J]. BMJ Open Diabetes Res Care,2017,5
(1) :€000320.
TG , HoKTT , sk BE. AR 55 4 2 UM PO £ I 2 1R
Skt i B AL B AR SS E [T ] o i PR BF 5, 2017, 30 (9)
1198 -1200.
Saslow LR, Mason AE,Kim S, et al. An online intervention compa-
ring a very low-carbohydrate ketogenic diet and lifestyle recommen-
dations versus a plate method diet in overweight individuals with type
2 diabetes: a randomized controlled trial [ J]. J Med Internet Res,
2017,19(2) :€36.
Kovatchev BP. Metrics for glycaemic control—from HbA 1c¢ to con-
tinuous glucose monitoring [ J J. Nat Rev Endocrinol, 2017, 13
(7) :425.
BEPOFT, R DA IR 40 0 00 0 ) 2 8 1 W PR 9
EIELT]. shAEARESR R ,2018,57 (11) :858.
XKLL AT AT YNGR 4T 2 BUBR IR FE ol 8 B a1
ST ] 0 08 R AR BE AR, 2017,26 (1) 24 - 27.

WA BE#:2019 12 17 445 EURUE





