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ABSTRACT

Background & objectives: Type 2 diabetes mellitus (DM) is a metabolic disorder that is common
throughout the world. Meta-analysis is a statistical technique in which the results of two or more
independent studies, with similar objectives, are mathematically combined in order to improve the
reliability of the results. The aim of this study was to compare the efficacy of metformin and
linagliptin in patients with type 2 diabetes.

Methods: To identify relevant studies, PubMed, 1SI Web of Science, Embase, Cochran library,
Scopus and Ovid databases were searched from January 2000 to August 2016. Mean difference
(MD) with 95% confidence interval (CI) for efficacy were calculated and pooled analysis was
performed using Stata V.12 and RevMan V.5.3 software.

Results: Four studies recruiting1260 patients with DM (682 patients in group linagliptin and 578
patients in metformin group) were included in this study. The MD of HbA1C outcome of 0.5 mg
linagliptin was effective (0. 7295, % CI = 0. 69 - 0. 75). The MD of fasting blood sugar (FBS) test
revealed that linagliptin was effective at 0.5mg (MD = 36.79, 95% CI = 35.20 - 38.38) and 5 mg
(MD = 12.65, 95% CI = 2.68 to 22.63) doses.

Conclusion: Our results suggest that some doses of linagliptin versus metformin may be an
effective treatment for DM2. However, the number of studies was limited, and further research is
needed.
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YEAR - Age BMI Hb A1C FPG
Participants
NCT00328172 2014
Ling 0.5 mg 58 58+9.4 30.9+3.8 8.2+0.62 185.2+34
Ling 2.5 mg 57 59.8+10.3 31.5+4.5 8.4+0.80 191.9+37.8
Ling 5 mg 55 56.6+9.6 31.2+4.3 8.4+0.80 188.7+40.1
Met 65 53.7+10.7 31.2+4.8 8.3+0.64 193.9+41.9
NCT00798161 2013
Ling 5 mg 142 56.2+10.8 28.95+4.67 8.70+0.97 195.3+£50.2
Met 144 52.9+10.4 28.92+4.83 8.66+0.90 191.2+46.9
NCT01708902 2015
Ling 5 mg 147 50.8+10.5 N/A N/A N/A
Met 145 52.1+9.6 N/A N/A N/A
Rosset al. 2012
Ling 2.5 mg 223 58.7+9.9 29.7745.23 7.96+0.78 164.1+41.8
Met 224 58.4+10.6 29.55+4.95 7.98+0.72 165.8+35.1

Met: Metformin, Ling: Linagliptin
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ok 9l Ylizebol abiold (ol )3 Haio 18,5 IS &
o 3l 390 )3 e saie 5 S LY So)1s 9
PS5 Gl 0 593 e s osalive HDALC g T
0o 98k (5915 Lo aunlioe s uindS L ool
4 aass L MD=0.29 (95% CI=-0.10t0 0.69 )
53 o G5l plizelol abold ¢yl V> Haio (4355 )13
iz )3 D) 50 S (yre)s—tie 5 HuinlS L Sols

s 030lie HDALC sl

Lo alio o uinadSUad (59018 (w53 149l Sl

HbALC sl s oT su3 (paer9dio 91
L aulio ) ouaiaslSUia) 5901 sk 31 ¥ S
1) HBALC 505T s T 86 )3 (o) siie ol
PI=S Hae /0 553 5l s )T oyl 33 50 i
Ote) 98k (591 Lo aunlio s uindS L ool
asaass L MD=0.72 (95% CI=0.69 to 0.75)

53 oy 3ol Ylisebol alols ¢l )3 i (4id T 1,3

= 3l 3 )90 VS (yro) g—iie 9 uindS L 590l
ae ¥/0 593 o .aubii osalie HDALC (oo )T

e 9die SIS b dulie )3 Gl o)l 5



Y4 uhled 5 plaas Lo ysues

oo wlil auslae

Linagliptin Metformin Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.1.1 linagliptin 0.5
NCT00328172 004 01 57 -068 009 65 111% 0.720.69, 0.75] -
Subtotal (95% CI) 57 65 11.1%  0.72[0.69,0.75] '
Heterogeneity: Not applicable
Test for overall effect: Z = 41.57 (P < 0.00001)
1.1.2 linagliptin 2.5
NCT00328172 024 01 55 -068 009 65 11.1% 0.44[0.41,0.47] -
Ross -046 005 214 028 011 43 111% -0.74[-0.77,-0.71] =
Subtotal (95% CI) 269 108 222%  -0.15[131,1.01] ——eonst—
Heterogeneity: Tau? = 0.70; Chi2 = 2322.56, df = 1 (P < 0.00001); |2 = 100%
Test for overall effect: Z = 0.25 (P = 0.80)
1.1.3 linagliptin 5
NCT00328172 028 01 54 -068 009 65 11.1% 0.40[0.37,0.43] -
NCT00798161 045 008 135 -0.64 0.08 141 11.1% 0.19[0.17,0.21] "
NCT00798161 045 008 135 -1.07 008 138 11.1% 0.62[0.60, 0.64] -
NCT01708902 -129 0.08 141 -164 0.08 144 11.1% 0.35[0.33,0.37] "
NCT01708902 -129 008 141 -229 008 141 11.1% 1.00[0.98, 1.02] "
Ross -052 005 221 028 011 43 111% -0.80[-0.83,-0.77] -
Subtotal (95% CI) 827 672 66.7%  0.29[-0.10,0.69] -
Heterogeneity: Tau? = 0.24; Chi2 = 9821.82, df = 5 (P < 0.00001); I2 = 100%
Test for overall effect: Z = 1.46 (P = 0.15)
Total (95% Cl) 1153 845 100.0%  0.24[-0.11,059] e

t }

Heterogeneity: Tau? = 0.29; Chi2 = 14678.00, df = 8 (P < 0.00001); I = 100%

Test for overall effect: Z = 1.36 (P = 0.17)
Test for subaroup differences: Chiz = 6.61, df = 2 (P = 0.04), 12 = 69.7%

} }
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linagliptin Metformin Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
2.1.1linagliptin 0.5
NCT00328172 669 46 57 -301 43 65 11.1%  36.79([35.20, 38.38]
Subtotal (95% Cl) 57 65 11.1% 36.79 [35.20, 38.38] [
Heterogeneity: Not applicable
Test for overall effect: Z = 45.43 (P < 0.00001)
2.1.2 linagliptin 2.5
NCT00328172 -152 47 55 -30.1 43 65 11.1%  14.90[13.28, 16.52] "
Ross <172 19 203  -35 42 40 11.1% -13.70[-15.03,-12.37] .
Subtotal (95% Cl) 258 105 22.2%  0.60 [-27.43, 28.62] -
Heterogeneity: Tau? = 408.41; Chi2 = 714.45, df = 1 (P < 0.00001); 2 = 100%
Test for overall effect: Z = 0.04 (P = 0.97)
2.1.3linagliptin 5
NCT00328172 -9.09 48 54 -301 43 65 11.1%  21.01[19.36, 22.66]
NCT00798161 -86 36 134 -158 35 136 111% 7.20[6.35, 8.05]
NCT00798161 -86 36 134 -322 36 132 111% 23.60[22.73, 24.47]
NCT01708902 -15.03 225 140 -29.87 223 144 11.1% 14.84[14.32,15.36]
NCT01708902 -15.03 225 140 -4207 231 133 11.1%  27.04[26.50, 27.58]
Ross -213 19 213 -35 42 40 11.1% -17.80[-19.13,-16.47]
Subtotal (95% Cl) 815 650 66.7%  12.65[2.68, 22.63] <
Heterogeneity: Tau? = 155.13; Chi2 = 4788.65, df = 5 (P < 0.00001); I2 = 100%
Test for overall effect: Z = 2.49 (P = 0.01)
Total (95% Cl) 1130 820 100.0%  12.65[3.38,21.92] L 2
Heterogeneity: Tau? = 200.89; Chi2 = 7433.77, df = 8 (P < 0.00001); I2 = 100% _1'00 -!';0 0 5'0 160

Test for overall effect: Z = 2.68 (P = 0.007)

¥ . Favours [linagliptin] - Favours [Metformin]
Test for subgroup differences: Chi2 = 28.11, df = 2 (P < 0.00001), 12 = 92.9%

FPG 3wl s 0T pa8U 53 yao p9ie 5915 b duslite 3 ¢puiaadS Ul (591 ol s pLd L€ JSois

5 O35S S =l pusiis sl il wse )T FPG
el D )b e oYL ) o

Jloslaiwl 45 353l plis ohlKed 5 o3L wilsllos
095031 3090 )3 guwdly b aunlie )3 uidlS Ly s9)ls
oab Mly wlallbe ) [YV].cawl 035 350 FPG
byl i (osan > o wledbl SdlThe ¢yl 4
5 FLIl o=l piie 35ls &5 RS Jas 9 wblew
Il oslaiml 395 (o pawd VS 3dd Ylis ) dulise
ol 03 FPG 50T 3 9u0 el puidS L s0ls
bl uslio ¥ g o5 Sl wbles Sl m Ailsie 5
SIS sl 9 izt 3l bl & a5 Silellas )
LS 5oL s Gilers S5 o )go & uilS Ll
I8 oslaiwl 3)yg0 LS 36 Shsd slagils nlw
02l 500 FPG S5m0 wa g0 9IS ol ol 48,8
oacih 13e aosy 35 515 yliwe 5 (HDALC) aly oSS
8L b uidS L s9)ls aS Shlew ) Lol
wwl 08 el olslize 35 up 3l odg o3
Ay salike wisllos )3 9ol (pl oIlge Hrimed
LB s b aid) 0d s9) wmawl o9 Leig)ls 4
Q4 Mo Yhlew )3 uilSly 918 alike wilallas

! Postprandial Glucose

BH5 TG 9 oy

Solan 4 Ol 3 e Jl S3b) Db slass allw )0
0=l 00 SLladis 3o .35 g 50 Mike ¥ £ 95 ol
Jes ) 98 sbuaidl o s3b) oo Solow
EIENR SNV &;Lz.o 393 =o 43 Axgi b .S 5o
G193 (5 3040l (Sleps Siblage slajls U.mi.s
sla s nbs sl Sl glie ol I oslaiwl sl
Ole)d Swp 5o 1B 4 (59 00 S el Yol K
slaa i Hals Vs> S eie s Sblbes yblew
AU 5o Lyl )9S K edas 5 whlew Siles

93 sy 3l Amulio w) p D32 L ks asllos
Oblon Olso)d V> S Ly 5 o) 9—die SIS
LTI 5 Sslotmun )9 p )90 ¥ £95 b
03 calizte wlsllas (5w p2 Il ey 8,8 el
2ol asllae bl 2o bl Allie Hla wuls
o= HDALC 50T (ogioa )3 aF 385 e plis
SoloT sl (uidSLid 5 (yao) s—tio SIS 95
V9T o s—oa )3 Lal 233,85 cadline )lslise

SIS A 383 5 Yluts asallbe ol s FPG

05T Sw)ze pas &l )3 G )3l S Ly



v\ [S1P1LN-Y 9 olias Loyases

wnsilo s w3l duslio

SLaesls .abl JIA T 8l mli s 3lsi e s
o o izl Jdsxs gLSel )98 e wlsllow
3y wlslloo Slasd > 9 03903 S9axe ) wogumin
Ll LSl pol (a0 5 392 05 SulUTlio (5 0
ER1)=5 L HLissl )3 a5 g (w0 22 5 W gaw )T Hlie
OS5 90ls a8 sl ylis asdlowe ¢pl molis .5 55
FPG 050, jm iippers—aie s ols Ly aunlio )o
O3l 350 93 =5lad Sl Sin 0 43350
Gk e0 L duglio )3 9IS 93 ol Jl plas” 48 e

bl o (6 pisbny lslloe el

S )33 9 i
gliio a0l YL mlis Jl Sisw Jools ol allis
0386l LS oM oslid (HLII dub)l  Swlisk )l
399 333 (58930 Sudd SKb 3o Ico’l.c ol wublage
e Lo ailols s 2343500 (s 545 55 L a5

sl 03w e 4y (STaghl) asbobl

References

SIS pbhlow s ol Jos (539 350 ¥ £95 by
QS L o)l e diis an Sl 99 (s 9ulS M
ol £95 o=l Olers Gl el aiy )3
Sbhls pols asllbos [YAXA] 3o 50 o gmuzmo S0LS
o Lol LT Jl 3 30 45 wlss 50 &5 390 AL 93=0
03 ol oamib jullsTlie S)ly as Silsdloo i3 9o
Pl S9slias Sl inle)T I alisce stz
358 a8 Sl Sl OIS S 7 sl Jio ol 0
S99 g Slil S (5 S s Sl el JSlg3 50
Jl 50U Al g3 50 &S 0auh oo YL (S s )i
4_)3A.\|.o._'z;..\_mb wlallbe Jslgaiio v wslas
pl=zil 4o Jls ) 385 mlis plw sl &5 (Hub
SSlgiso oS Aiged pza ol (5 i wlallow
S [V ] bl IAE 31 s 31 asliwT 90
aSlgiome i jaliTio oyl )3 oslatwl 3) g0 wisllas
o= 2 bl VIS 58 oo T ey @l o
Sbhls wlie wmas bl ds aa s b wielloe

Ssaads SBAa LT Jl aia 50 (5390 iwb waks

1- Aghamollael T, Eftekhar H, Mohammad K, Nakhjavani M, Shojaezadeh D, Ghofranipour F, et al.
Effects of a health education program on behavior, HBA1c and health-related quality of lifein diabetic
patients. ActaMedical Iranica 2005; 43(2): 89-94.

2- Tsirona S, Katsaros F, Bargiota A, Polyzos SA, Arapoglou G, Koukoulis GN. Prevalence and
determinants of type 2 diabetes mellitus in a Greek adult population. Hormones. 2016 Jan-Mar 15
(2):88-98.

3- Frostegard J, Ulfgren AK, Nyberg P, Hedin U, Swedenborg J, Andersson U, et al. Cytokine
expression in advanced human atherosclerotic plagues: dominance of pro-inflammatory (Thl) and
macrophage-stimulating cytokines. Atherosclerosis. 1999 Jul ;145 (1):33-43.

4- Nathan DM, Buse JB, Davidson MB, Heine RJ, Holman RR, Sherwin R, et al. Management of
hyperglycemiain type 2 diabetes: a consensus algorithm for the initiation and adjustment of therapy: a
consensus statement from the American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes care. 2006 Aug ;29 (8):1963-72.

5- Gagde P, Veddl P, Larsen N, Jensen GV, Parving HH, Pedersen O. Multifactorial intervention and
cardiovascular disease in patients with type 2 diabetes. N Engl J Med. 2003 Jan ;348 (5):383-93.

6- American Diabetes Association. Economic costs of diabetesin the USin 2012. Diabetes care. 2013
Apr;36 (4):1033-46.

7- American Diabetes Association. Standards of medical care in diabetes. Diabetes Care. 2011 Jun;
34(Suppl 1): S11-S61.

8- Evans JM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris AD. Metformin and reduced risk of
cancer in diabetic patients. BMJ. 2005 Jun 2;330 (7503):1304-5.



\YAY Jle (Jsl ooleuds (PRI ©) 9 Jeal S5 5 Ia}l.colih.ibabpo\”\"

9- Correia S, Carvalho C, Santos MS, Seica R, Oliveira CR, Moreira PI. Mechanisms of action of
metformin in type 2 diabetes and associated complications. an overview. Mini reviews in medicinal
chemistry. 2008 Nov 1;8 (13):1343-54.

10- Ravandi F, Estey E, Jones D, Faderl S, O'Brien S, Fiorentino J, et a. Effective treatment of acute
promyel ocytic leukemia with all-trans-retinoic acid, arsenic trioxide, and gemtuzumab ozogamicin. J
Clin Oncol. 2009 Feb ;27 (4):504-10.

11- Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J, et al. Role of AMP-activated protein
kinase in mechanism of metformin action. J Clin Invest. 2001 Oct;108 (8):1167-74.

12- Moall E, van der Veen F, van Wely M. The role of metformin in polycystic ovary syndrome: a
systematic review. Hum Reprod Update. 2007 Nov-Dec;13 (6):527-37.

13-Maruthur NM, Tseng E, Hutfless S, Wilson LM, Suarez-Cuervo C, Berger Z, et a. Diabetes
medi cations as monotherapy or metformin-based combination therapy for type 2 diabetes. a systematic
review and meta-analysis. Ann Intern Med. 2016 Jun;164 (11):740-51.

14- Eli Lilly and company. FDA approves first-in-class Glyxambi (empagliflozin/linagliptin) tablets
for adults withtype 2 diabetes. Press release. February 2 [Onling]l. Available:
http://lilly.mediaroom.com/ index.php?s=9042& item=137386. Accessed February 25, 2015.

15- Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of
hyperglycemiain type 2 diabetes, 2015: a patient-centered approach: update to a position statement of
the American Diabetes Association and the European Association for the Study of Diabetes. Diabetes
care. 2015 Jan ;38 (1):140-9.

16- DeFronzo RA, Lewin A, Patel S, Liu D, Kaste R, Woerle HJ, et al. Combination of empagliflozin
and linagliptin as second-line therapy in subjects with type 2 diabetes inadequately controlled on
metformin. Diabetes care. 2015 Mar; 38 (3):384-93.

17- Singh-Franco D, McLaughlin-Middlekauff J, Elrod S, Harrington C. The effect of linagliptin on
glycaemic control and tolerability in patients with type 2 diabetes mellitus: a systematic review and
meta-analysis. Diabetes Obes Metab. 2012 Aug;14 (8):694-708.

18- Terawaki Y, Nomiyama T, Takahashi H, Tsutsumi Y, Murase K, Nagaishi R, et al. Efficacy of
dipeptidyl peptidase-4 inhibitor linagliptin in patients with type 2 diabetes undergoing hemodialysis.
Diabetol Metab Syndr. 2015 May ;7:44.

19- Freeman JS. A physiologic and pharmacological basis for implementation of incretin hormonesin
the treatment of type 2 diabetes mellitus. Mayo Clin Proc. 2010 Dec; 85 (12 Suppl): S5-S14.

20- Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et a. The PRISMA
statement for reporting systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. PLoS medicine. 2009 Jul;6 (7):€1000100.

21- Higgins JP, Altman DG, Ggtzsche PC, Jini P, Moher D, Oxman AD, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials. BMJ. 2011 Oct ;343:d5928.

22- Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the
quality of reports of randomized clinical trials: is blinding necessary? Control Clin Trias. 1996 Feb;17
(2):1-12.

23- Ross SA, Rafeiro E, Meinicke T, Toorawa R, Weber-Born S, Woerle HJ. Efficacy and safety of
linagliptin 2.5 mg twice daily versus 5 mg once daily in patients with type 2 diabetes inadequately
controlled on metformin: a randomised, double-blind, placebo-controlled trial. Curr Med Res Opin.
2012 Sep;28 (9):1465-74.

24- Ingellheim B. Safety and Efficacy of Linagliptin (Bl 1356) Plus Metformin in Type 2 Diabetes,
Factorial Design [Onling]. 2013: Available  from:https://clinicaltrials.gov/ct2/show/
NCT007981612term=NCT00798161& rank=1.

25- Boehringer |, Elil, & Company. Study to Compare the Efficacy and Safety of Administration of
the Fix Dose Combination of Linagliptin Plus Metformin in Drug naive Type 2 Patienty
Onlin€].2015: Available
from:https://clinicaltrial s.gov/ct2/show/NCT01708902term=NCT01708902& rank=1.

26- Boehringer |, Study CHair & Boehringer |. Efficacy and Safety of 3 Doses of BI1356 (Linagliptin)
in  Type 2 Diabetes Patients;, NCT00328172 [Onling]. 2014:Available  from:
https://clinicaltrial s.gov/ct2/show/NCT003281722term=NCT00328172& rank=1.



PY Obled 5 olins Lo yases eilo s il aulie

27- Gomis R, Espadero RM, Jones R, Woerle HJ, Dugi KA. Efficacy and safety of initial combination
therapy with linagliptin and pioglitazone in patients with inadequately controlled type 2 diabetes: a
randomized, double-blind, placebo-controlled study. Diabetes Obes Metab. 2011 Jul;13 (7):653-61.

28- Del Prato S, Barnett AH, Huisman H, Neubacher D, Woerle HJ, Dugi KA. Effect of linagliptin
monotherapy on glycaemic control and markers of B-cell function in patients with inadequately
controlled type 2 diabetes: arandomized controlled trial. Diabetes Obes Metab. 2011 Mar;13 (3):258-
67.

29- Taskinen MR, Rosenstock J, Tamminen |, Kubiak R, Patel S, Dugi KA, et al. Safety and efficacy
of linagliptin as add-on therapy to metformin in patients with type 2 diabetes: a randomized,
double-blind, placebo-controlled study. Diabetes Obes Metab. 2011 Jan;13 (1):65-74.

30- Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Hanscom B, Skinner JS, et al. Surgical vs
nonoperative treatment for lumbar disk herniation: the Spine Patient Outcomes Research Tria
(SPORT): arandomized trial. JAMA. 2006 Nov ;296 (20):2441-50.



