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Abstract

Objective: To explore the efficacy and safety of hydrogen inhalation therapy combined with met-
formin in patients with inadequately controlled by metformin alone. Methods: 110 patients with
type 2 diabetes mellitus (T2DM) were randomly divided into treatment group (n = 55) and control
group (n = 55). The patients in the treatment group received metformin and hydrogen inhalation
therapy, and the patients in the control group received metformin and placebo gas for 12 weeks.
The changes of glycated hemoglobin (HbA1c), fasting blood glucose (FPG), 2-hour postprandial
blood glucose (2hPG), self-monitoring of blood glucose seven times a day, triglyceride (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol
(LDL), insulin resistance index (HOMA-IR), pancreatic islet f cell function index (HOMA-g), body
weight and the incidence of adverse events in the two groups were compared. Results: At baseline,
there was no significant difference between the two groups in all indicators (P > 0.05). After 12
weeks of treatment, HbA1c, FPG, 2hPG, TG, TC, HDL, LDL, HOMA-IR, HOMA-f and body weight of
patients in the treatment group were significantly improved (P < 0.05). FPG, 2hPG, TC, HDL,
HOMA-IR and body weight of patients in the control group were significantly increased, while LDL
was significantly decreased (P < 0.05). Patients receiving hydrogen inhalation therapy signifi-
cantly improved HbA1c, FPG, 2hPG, self-monitoring of blood glucose level seven times a day, TG,
TC, LDL, HOMA-IR, HOMA-B and body weight (all P < 0.05), and the incidence of adverse reactions
was also significantly lower than that of the control group (3.6% vs 32.7%, P = 0.009). Conclusion:
Hydrogen inhalation therapy combined with metformin for 12 weeks can significantly reduce the
blood glucose level, improve lipid metabolism, promote weight loss, regulate insulin resistance
and restore islet function in T2DM patients, reduce the frequency of adverse reactions during
treatment, and improve safety.
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1. 5]

T2DM & —Fh & A AT VARG . 0T N 208 e e B, o5 A W PR 9111 91% A 1.
2015 4E, WA 415 CRENBEGREIR, HEERRAN T 9.1%. B2 30 43R0 R 4L
BIRZMER, mIE 1.0914[1]. dhat, BEE RS IR AR ST I, 60%~70% 4 R i
T B NERERE, 70%~80% A =il MAE[2] [3]. A ML S g MLE B T2DM 22 428 i) i 5% 7K - 2 1A
HMe, O A AR R R, AET R [4]

T2DM HJIGYT B 1E-V- b MU A7 280, 15 R B P XU A =386 ) XU - i 52 PR AN LA AS R
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RIS Z[5]e 2SRRI S IFIERE. S MUAERT, T2DM 4548 B ISR AN AT 6], 4T, M
WHARIHER T A RIER SN, A R B A o 2 ) 54 £ 3 A RS /K F (7] (8] thabh, T Lk
AR B, A BRI T IE TR E R Z (9],

AR PIPUEACER IR SRR T R IR [10] [11], FF# iz F TRy S/ FR e[ 12]. WRERRE[13]F0
SENTAR [ 1455 & B o S, SRR B W] DA IS R e A HAH DGR [15] [16] [17]. EAMWAN
SR — PR A BRI B R 32, fErp R 2 RO T T2DM &35 . SR H AT MR A IR R &SN
T2DM EF VAT AR AW T tH B, DRUHASHI I B AR 98 ST TV IA = FORUNION — XU 524
PEHIAEE B IR TT ROR A 22 41k

2. ENERE
2.1. —AESER

AWFFOEIC T HE N R LG BN AR T2E 2019 4 1 A 1 HE 2021 £ 1 A 1
H¥IZ K T2DM #3110 1, INEFZFLHFFEHE 2 BRI G 2 WibnE[18]. NikAriE: 1) #
2N T2DM Z/b—4E; 2) S IER N 18~70 £ 2 1al; 3) — F XU 25 Ty dil i b A o HERR
brdE: 1) HARSRAURERRR, G5 1 BB SE: 2) MOREEIE A M ARES: 3) CRxER. RN
WG 4) BEMENE. B . BF BRIRECE B 5) fEA R R BT Rt A R 6) [
K25 7 HAMAHCH T . AP EE S TSR ES, KA EWETE B RFEEBREE A
L.

22. JBITAE

X A NI IR R85 AT FE A AR PR A I i, R AU S BRI, flE T AR IE 3 e
P ELE KOS R A D¢ AR SRR SR . K R B AL 2 IR YT 4 (n = 55)FIXT R4 (n = 55). WRITALIRA =
FXUA(FF 35 Bl it 5 2 25 PR A =), [ 254E 5 H20023370), BEH IR, —k—F, TR ] AL
(2 FARAF)BNEAS, LA 3000 ml/h FE A HIRYT 3 hy 0 BEA A 1) 258 DU [R] 8 551 5 Al
G T HAR R 259, A8 A 5 6 7 2H ) S0 A A 1R AN I BLES S8 N 28 SR R e R <k, 1RyT i
[E 784 3 h/d.

BB R FBE YT 12 8, W88 3 A H G AHRFR bR B AL A 0 o PR 2H R85 TR SR 207K ST I AR AR 8 L 1 1)
WEPRTR AR IR N BRJE I 2RI G = e Wk 1.

2.3. BB

O EHVRITHI G HbAle. FPG. 2hPG. TG. TC. HDL. LDL FI{KE, 15H 1 S XIRYHEE
[HOMA-IR, HOMA-IR = (FBG x FINS)/22.5]. i p 41 DR FEHHOMA-B, HOMA-S = 20 x FINS/(FBG
—3.5)]. BWALBRFYHAT T — H-GREIEE B, 2 = R0JE 1 h FIBERT I AN ] Sdk4T . L ERAR
PRI H ST 7600 E B4 BEAGEAT I E -

I, 1038 7 AR AR IR T R 2 P R AR IR BSOS R, 15 il e B %), JF HLgEAT 1 4 m) Ll

2.4. GHtEST

TR BB ISR i Z RS, SRS REA ¢ i B R — FeAn 4L 22 5%, BXTREA ki il T
PCEL R LB IR T AT A AR . THECBORF BB 23 B R, (RO ISR AT 411 B T AT 48
IR RS, FFIAY P H<0.05 HAGTHAR L. (/] SAS 9.2 #EAT 2 # 9 EdE 20 Hr .
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3. 58
3.1. AERERTTATRIMPENTL

FERESZIRIT R, AHIRALANA ST 41/ HbAlc. FPG F1 2hPG 7K I T6 2 % % (P > 0.05). fE1GIT 4T,
HbAlc (9.04% £ 0.81% vs 8.26% % 0.93%). FPG (9.56 + 0.74 mmol/L vs 8.66 + 1.21 mmol/L)F! 2hPG (17.30
+3.66 mmol/L vs 15.40 + 2.49 mmol/L)¥5J i 3 AR (4 P < 0.05). 200 12 J& Ba 9T 5, xR i) HbAlc
KT B EHAZ (P > 0.05){H FPG (9.47 + 0.83 mmol/L vs 9.98 + 1.31 mmol/L)f 2hPG (16.77 £ 2.97 mmol/L
vs 17.47 + 3.89 mmol/L){E 3 EFF(P < 0.05). AESFELEaR, AN ITVELERE s o8 55 35 H PR 1 i
] HbAlcy FPG Fl 2hPG /K- F(4H P <0.001). U5 2.

— H-BU IR B2 oR,  FEVR T R B2 R 1 B AT R /K1 23 v TR Y7 2H(9.33 mmol/L vs
9.09 mmol/L, P < 0.05), PyZH i35 7 H A (8] f R BR 2R U K P35 6 2.3 22 (P > 0.05). &80 12 FaIT
Jo, R ETWNITIE B EAE AN [F] I Ta) 5 0 TS A U 7K 2 28I T 0 R ZH. (4358 P < 0.05). LIS 1.

3.2. MEBEBTTRIE ISR

BEAARAET, WA VR AR K T3 6 B3 2 7P > 0.05). &0t 3 MARAIT G, BITHER
(1) TG (2.18 + 0.55 mmol/L vs 1.99 + 0.24 mmol/L). TC (6.13 + 0.97 mmol/L vs 5.52 # 0.82 mmol/L). HDL
(1.18 £ 0.39 mmol/L vs 1.22 + 0.40 mmol/L). LDL (3.92 £+ 0.72 mmol/L vs 3.45 + 0.48 mmol/L)/K*F-¥J15 5]
2 MGE (45 P < 0.05). XtHEZH A, HDL (1.20 + 0.40 mmol/L vs 1.25 + 0.38 mmol/L)F1 LDL (3.99 + 0.73
mmol/L vs 3.91 + 0.89 mmol/L)¥J 13 £ . 3 M35 (43 P < 0.05), TG Jo i 3 445 (P > 0.05), 1 TC (5.93 + 0.86
mmol/L vs 6.35 + 0.80 mmol/L, P < 0.05)2 & Ft & M T RIEZAIWANITIEREE, T HEHE 12
JAJG 1 TG+ TC Al LDL 7K P55 2 P (K PR AR (4536 P < 0.001), HDL JToiE ZF %= F(P > 0.05). W4 3. % 4.

3.3. MEREBTTRIRRBINEEMEERNRE

BITHT, PIULEFIRE. HOMA-B fl HOMA-IR ACPAHL(A P> 0.05), &£idiairaE, SARNITIE
BENGE T IRITH S TR E(85.43 £ 13.52 kg vs 84.13 £ 15.69 kg). HOMA-S (31.02 + 7.41 vs 32.39 £ 7.51) Al
HOMA-IR (3.71 +0.84 vs 3.63 + 0.50) (4= P <0.05). 7EXTHRZAH, &35 HOMA-IR (3.61 +0.84 vs 3.86 + 0.62)
A (86.79 + 14.27 kg vs 88.21 £ 16.75 kg) 35 F+mi(4= P < 0.05), HOMA-B Jo it & I8 (P > 0.05). HHLL
TXHRH, EITHRE AR, HOMA-S F1 HOMA-IR /KP4 8 8 B2 FINEE(4E P < 0.05). W% 5.

3.4. MERBREEARTPREN R NAIELE
BITHIA 2 (3.6%) B EFH AR T IE R I T AN RS, 73R O A S B RN X R ALIA

Table 1. Baseline demographic and clinical characteristics of the patients

= 1. BERSTRENAOFZFFEMIGRIER

Bl 1BIT 4 (n = 55) ST ZH (n = 55) Pl

FEW(D) 50.03 +10.00 50.04 £9.87 0.995

P (L) 26 (47.3) 24 (43.6) 0.247

B PRI T R (FF) 11.06 +3.31 10.92 +3.89 0.731

L4 £ (mmHg) 130.07 £ 15.04 127.98 +13.37 0.205

#75K H (mmHg) 78.89 +7.87 79.91 +8.36 0.277

B /N ERERL Z(mL/min/1.73m?) 74.83 £26.29 75.09 +23.55 0.926
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RN KAZEFR 32.7%, FLHIL 18 FIA R KM, H 6 (10.9%)F1 805, 5 (9.1%)F18 B miE KRR, 7
(12.7%) BIE M pE & % . AR A R IR, B2 ARANITIEREH I R N 22D T AP =
0.009). W% 6.

Table 2. Comparison of blood glucose before and after treatment between both groups

% 2. MLBIATT TG MAEELE

HbAlc (%) FPG (mmol/L) 2hPG (mmol/L)
Al 7k
i#7l 7R BT BT R BT BT R

*

RIT A 55 9.04 +0.81 8.26+0.93" 9.56 +0.74 8.66+1.21 1730 +3.66 1540 +2.49"
S HE 4 55 8.99 +0.70 8.93 +1.20 9.47 +0.83 998+1.31"  16.77+297 17.47+3.89"
P 1H 0.551 <0.001 0.349 <0.001 0.168 <0.001

W R HPS5RITRTEEE, P <0.05.

Table 3. Comparison of TG and TC before and after treatment between both groups
3. MUEIRTTAETE TG 1 TC MR

TG (mmol/L) TC (mmol/L)
2H 51 Gk M »
MEP R MEb R = MEp Rl MEb R =t
T 55 2.18 £0.55 1.99 +0.24" 6.13+£0.97 5.52+0.82"
X HE 55 2.17 +0.56 2.16+0.32 5.93+£0.86 6.35+0.80"
P {H 0.914 <0.001 0.065 <0.001

VE: FEF—H 5T RT AL P <0.05.

Table 4. Comparison of HDL and LDL before and after treatment between both groups
& 4. FLE;RTT RIS HDL 71 LDL AIELER

HDL (mmol/L) LDL (mmol/L)
ZH ) Gk o ) o :
VAT I RIT R YR TT I RIT R
RITH 55 1.18 £0.39 1.22 +£0.40 3.92+£0.72 3.45+0.48"
X HE 55 1.20 + 0.40 1.25+0.38" 3.99+0.73 3.91+0.89"
P {H 0.693 0.651 0.379 <0.001

VE: FEF—HP 5RITRT AL P <0.05.

Table 5. Comparison of pancreatic islet function and body weight before and after treatment between the two groups

5. MERTrAIERBINREFN A ERI LS

HOMA-IR HOMA-S AT (kg)
ER I I 11
RITHT RIT)E RITHT RIT)E RITHT RIT)E

*

RITH 55 3.71+0.84  3.63+0.50 31.02+741  3239+751°  8543+13.52  84.13+15.69
STHEH 55 3.61+0.84 3.86+0.62°  30.01 £7.60 30.60 + 8.03 86.79+14.27  88.21+16.75"
P{H 0.292 <0.001 0.242 <0.001 0.396 0.030

VE: FEF—AP 5RITRTHEL P <0.05.
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Table 6. Adverse events occurred during the treatment in both groups

6. MABREEBTEEFHANT RR M

iRl 1511 0 = 7pE A 1% 1t 4 PB4
HITA 55 1(1.8%) 1(1.8%) 0(0) 2(3.6)
of B2 55 6 (10.9) 5(9.1%) 7(12.7) 18 (32.7)
P{E 0.009

—s—JRYT A RITHT
—— Tl IR
—A— TR WRITHT
13 + % 12.95 —v— Xt WIT)E

12.23

12 H

11.23

11.03

—
—_—
1

S
1

10.02

4% (mmol/L)

*
8.39

IER B A
E: XA LLE, "P<0.05.

Figure 1. Changes in self-monitoring of blood glucose at different time point
before and after treatment in both groups

1. FEEBFEIRTrRIE T ERE) S isE BN a L

4. Vg

ExIREARL, SARANITEERR W B B3 R 2 (1) HbAle. FPG. 2hPG Fl— H -G b 5 Ml
JKF-o Lebaron Z£[1917RIERH, 60 4RI L & AiF BB O & 20K 24 JRgls 235 0% HbAlc M1 FPG, 1A
I3 T BAR FPG HIRBURRAE 2 AW PRI S A 8 h e [ SZHEBA[20] [21] [22] RTM, Kajiyama 252316 i 4
REIR, 36 LU E ZUKK T2DM B3 A& Bon 2 1 HbALe BGE IRUR, IX AT RE SREAR RN XK.

1T T2DM 35 5 A1 1o B i 5 ZHEHOA 1w JR % 2 IMAE , 3% 28 PR 35 2% 5 B0 I AR = 3 [24] [25]
KT, BITHEREN TG, TC. LDL /KA B NEZERRK, X500 2 mahysein s R E
[17] [20] [21] [22]. EARAMAEFM HDL ¥R EAm, —HZMWERIFARE, ZHABLEEIEE
H A TR I FEAE HDL 2 G 2 3 B8 1 1) /b [R5 M ELF JE 1245 5 [19] [26] [27].

TEVRITHH, HOMA-BFI HOMA-IR /KF7E 12 RGBT R R ESE T, RRHEATIEREA X
YT T2DM B3 B i A UR IR B 40 B Th RE, Xt [RIREAE S BT (05 FR s S5 3 AN B B 1Y v s 22 VIE 5K
[21] [22] [23] [28]-

TEIT EAERE TS AR A A BB R A AU 3.6%, BE R T RMANA S B . SHRARERELE 12
JARIEFSANA 32.7% M 8 ML T BRI, B iE S SALCARE N AN R RS, X3 HERE AR
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W NITVEIRYT T2DM 3 Aets g e ma ek

NN RN I Py e e Rbvivk = 8 LB NG N =1y 2 18 7 ST 2 I 11 7 T S (1% S A DI R
REFEIRAEI) OH- [10] [29]. MBI 58 w] RE & S 70110 I W0 W R e JULRE-3-OH Wil . 25 F e C Al
JIR T P A B VR SE IR [ 150 R AR ZE 2R rb IR 0 1 e S AR e e B R A 1 — AN AT 2RI L R, &
ST AL — I FE, X AR R B Z A OB — AN R [20] [30]. ARTEINR, SR b
PRIV B2 (1)1 236 TT VTS 5 0 20 T HLEIAT SR 75 Bk — 2P (A 5 .

R, ARFFAAE —E R RRYE, AU RN RO, RN RN, HF HARBEIR BN
JPR B ARIR T ] BRI FE SR o DR R SR A F 90 . 243 L 90 K R 3 I K AU SN IR T IR
R, WERAFE AR TT R BOER 2 7.

R, ABEFCIEH T 2ASRNITERCE I T KL 12 B 1iRIT e B FEK T2DM 3 1)
MBEAR, BEERERAH, (R E TR, 5B RIRPUFR R R Dhae, R 167 I A R &
LR A, $Rm e At

EETH

ARSCEE SRR T B KR USRS AR 0 {6 S W SRR R ) L o
RH2200001592.
S5 3k
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