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Abstract

Background

Metformin is the first-line oral hypoglycemic agent for type 2 diabetes mellitus recom-

mended by international guidelines. However, little information exists comparing it with

acarbose which is also commonly used in China. This study expanded knowledge by com-

bining direct and indirect evidence to ascertain the glucose lowering effects of both drugs.

Methods

PubMed (1980- December 2013) and China National Knowledge Infrastructure databases

(1994-January 2014) were systematically searched for eligible randomized controlled trials

from Chinese and English literatures. Meta-analysis was conducted to estimate the glucose

lowering effects of metformin vs. acarbose, or either of them vs. common comparators (pla-

cebo or sulphonylureas), using random- and fixed-effect models. Bucher method with indi-

rect treatment comparison calculator was applied to convert the summary estimates from

the meta-analyses into weighted-mean-difference (WMD) and 95% confidence intervals

(CIs) to represent the comparative efficacy between metformin and acarbose.

Results

A total of 75 studies were included in the analysis. In direct comparison (8 trials), metformin

reduced glycosylated hemoglobin (HbA1c) by 0.06%more than acarbose, with no signifi-

cant difference (WMD,-0.06%; 95% CI, -0.32% to 0.20%). In indirect comparisons (67 tri-

als), by using placebo and sulphonylureas as common comparators, metformin achieved
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significant HbA1c reduction than acarbose, by -0.38% (WMD,-0.38%, 95% CI, -0.736% to

-0.024%) and -0.34% (WMD, -0.34%, 95% CI, -0.651% to -0.029%) respectively.

Conclusion

The glucose lowering effects of metformin monotherapy and acarbose monotherapy are the

same by direct comparison, while metformin is a little better by indirect comparison. This im-

plies that the effect of metformin is at least as good as acarbose's.

Introduction
Type 2 diabetes mellitus (T2DM) is a chronic progressive metabolic disease and is reaching ep-
idemic proportions in China. In adults 18 years and older in China, the prevalence of diabetes
was 11.6%, with a total number of 113.9 million in 2010; China has become the country with
the largest number of diabetic population [1]. T2DM accounts for at least 90% of all cases of di-
abetes [2]. This disease has brought great burden in terms of health care cost and socioeconom-
ic consequences. Glycosylated hemoglobin (HbA1c) is the gold standard that reflects the
glycemic control level, and Chinese Diabetes Society's (CDS) and American Diabetes Associa-
tion’s (ADA) guidelines are taking HbA1c < 7.0% as the glycemic control goal criteria [3, 4].
However, Chinese goal-achieving rate is poor, approximately only 39.7% of diabetics are with
adequate glycemic control in 2010 [1].

The treatment of T2DM includes persistent lifestyle interventions, medical care, and pa-
tients’ self-management and education in order to prevent occurrence of acute diabetic compli-
cations and reduce risk of chronic complications. When lifestyle interventions can no longer
achieve the HbA1c goal, CDS, ADA, European Association for Study of Diabetes (EASD) and
many other authoritative clinical practice guidelines recommend metformin as the first-line
drug in either monotherapy or combination therapy [3, 4]. Furthermore, China has taken acar-
bose as one of the second-line drugs in treatment of diabetes [3].

As a selective hepatic insulin-sensitizing drug, metformin can reduce HbA1c by 1.0%- 1.5%
[3], by improving insulin sensitivity and decreasing intestinal absorption of glucose. It can ei-
ther keep weight stability or reduce weight modestly for T2DM patients [3, 5]. Moreover, met-
formin has demonstrated long-term effectiveness and safety as medication for diabetes
prevention [6]. Acarbose is an α-glucosidase inhibitor that inhibits the digestion and absorp-
tion of carbohydrates in small intestine, thus reducing the increase in blood-glucose concentra-
tions after a carbohydrate load. It can reduce HbA1c level by 0.5%, and is recommended for
treating T2DM patients with high level of carbohydrate intake in China [3].

Due to the differences in mechanism and site of action between metformin and acarbose,
they may have differences in glucose lowering effects. However, in use of oral hypoglycemic
agents in China, both metformin (53.7%) and α-glucosidase inhibitors (including acarbose,
35.9%) are commonly accepted and widely used either as monotherapy or in combination with
other oral agents or insulin for the treatment of T2DM [7]. It is also found that head-to-head
direct comparison studies of both drugs are not many, while it is more common for them to
compare with placebo or sulphonylureas. Therefore, we decided to directly (using meta-analy-
sis) and indirectly (using indirect treatment comparison method) compare the results of the
two drugs in reducing HbA1c in order to provide a comprehensive picture of their differences
in glucose lowering effects by systematically analyzing the English and Chinese literature.
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Materials and Methods

Data sources and searches
Database searches were conducted to identify relevant studies comparing the glucose lowering
effects of metformin and acarbose (head-to-head between them as direct comparison), or ei-
ther of them with placebo or sulphonylureas (indirect comparisons) in patients with T2DM.
PubMed (1980- December 2013) was searched to identify relevant English studies (S1 Table).
Chinese studies were retrieved from China National Knowledge Infrastructure (CNKI) data-
base (1994-January 2014). The following terms were used alone or in combination in the
search: metformin, acarbose, type 2 diabetes mellitus, glibenclamide, glipizide, glimepiride, gli-
clazide and placebo. The references and citations of the retrieved studies and relevant reviews
were also manually examined to identify additional studies.

Study selection
We included randomized controlled trials (RCTs) evaluating the glucose lowering effects of
metformin or acarbose for T2DM (18 years or older). The studies that compared a trial group
receiving any daily doses of metformin or acarbose monotherapy with a control group receiving
placebo or sulphonylureas monotherapy were selected, regardless of diet and/or physical exer-
cise were used. Moreover, the included studies should take HbA1c as the primary outcome indi-
cator, with a follow-up duration of> 8 weeks. We excluded literature reviews, cross sectional
studies, studies on animals or cell lines, and studies of type 1 diabetes or gestational diabetes.

Two reviewers independently screened titles and abstracts of the studies retrieved, and ex-
amined each potentially eligible study by reading full texts. Any disagreements were resolved
with consultation of a third reviewer.

Data extraction and quality assessment
A data extraction form was developed to record study characteristics, specific interventions
and main results. Study characteristics include the key author’s name, publication year, study
location, sample size, patient’s baseline information and study design. Intervention characteris-
tics include daily dosage and route of medications, basic treatment and treatment duration.
Main results include means and standard deviations (SDs) or standard errors (SEs) of
HbA1c levels.

We assessed the quality of the studies based on the following criteria: minimization of selec-
tion bias (randomization procedure, allocation concealment), minimization of performance
bias (use of blinding), and minimization of attrition bias (dropout/loss to follow-up) [8–10].

• Randomization procedure: A = adequate (e.g., tables of random numbers, computer generat-
ed schemes, coin tossing); B = inadequate or unknown (e.g., odd or even date of birth, some
rule based on date of admission, incompletely described).

• Allocation concealment: A = adequate (e.g., central allocation, sequentially numbered,
opaque, sealed envelopes); B = inadequate or unknown (e.g., an open random allocation
schedule, alternation or rotation, incompletely described).

• Use of blinding: A = adequate (e.g., blinding of participants and key study personnel ensured,
and unlikely that the blinding could have been broken); B = mentioning of blinding but exact
method unclear; C = non-blinded, inadequate or unknown.

• Dropout/loss to follow-up: A = overall dropout rate< 15%; B = overall dropout rate> 15%,
or unknown.
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The overall quality of each study was broadly subdivided into three categories: A = low risk
of bias, high-quality trials; B = moderate risk of bias, moderate-quality trials; or C = high risk
of bias, low-quality trials [8–10].

Two reviewers independently extracted and assessed each study, and any disagreements be-
tween the reviewers were resolved with consultation of a third reviewer.

Data synthesis and analysis
Data synthesis. The studies were classified into two groups. One was the head-to-head

comparison group, which included studies directly comparing the treatment effect of metfor-
min and acarbose; the other was indirect comparison group, which included studies directly
comparing the treatment effect of metformin with placebo or sulphonylureas and acarbose
with placebo or sulphonylureas. We used placebo or sulphonylureas as a common comparator
to perform indirect comparison of metformin and acarbose. Since HbA1c is a continuous vari-
able expressed using the same unit in all studies, we used the weighted mean difference
(WMD) and 95% confidence intervals (CI) as summary statistic. The measure of the treatment
effect is the changes in HbA1c between baseline and endpoint values of the studies. Where the
mean and SD of the change from baseline to endpoint were not reported in the original articles,
the following equations were used to calculate them.

Meanchange ¼ Meanendpoint � Meanbaseline;

SDchange ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðSDbaselineÞ2 þ ðSDendpointÞ2 � 2� r � SDbaseline � SDendpoint

q
, where r represents the

correlation coefficient. We took r = 0.4 as a conservative estimate in this study [9, 10].
Statistical analysis. In the head-to-head (direct) comparison, we conducted a meta-analy-

sis to estimate the glucose lowering effect of metformin versus acarbose. For the indirect com-
parison, in order to perform the adjusted indirect comparison for each of the outcomes of
interest, four independent meta-analyses were performed for metformin or acarbose versus
placebo or sulphonylureas as a common comparator (that is, metformin versus placebo, acar-
bose versus placebo, metformin versus sulphonylureas, and acarbose versus sulphonylureas, re-
spectively). We also made subgroup analyses based on the daily drug doses, and Eastern and
Western groups, in order to investigate the effects of dose levels on reduction in HbA1c and the
interaction of ethnicity and drug effects. Eastern refers to Asia andWestern refers to Europe,
Americas and Oceania, according to the regions where the studies were conducted.

The meta-analyses were carried out using RevMan software (version 5.2; Cochrane Collabo-
ration). Heterogeneity was quantified by statistic I2. A fixed-effect model was used when no sig-
nificant heterogeneity was detected among studies (P>0.10, I2 �50%), otherwise, a random-
effect model was used. The Bucher-adjusted method with the indirect treatment comparison
(ITC) calculator developed by Canadian Agency for Drugs and Technologies in Health
(CADTH) was applied to convert the summary estimates from the meta-analyses of direct
comparisons into WMD and 95% CIs to represent the comparative effect of metformin versus
acarbose [11, 12]. The Bucher method of conducting indirect treatment comparisons in meta-
analyses of RCTs had been commonly used and well validated [13].

Sensitivity analysis. Since studies in both direct and indirect comparisons might have dif-
ferences in such aspects as quality, which might influence the result of meta-analysis, then, to
confirm robustness of our findings, sensitivity analysis was conducted as the following three
ways: changing effect model, removing the studies with higher risk of bias, or adjusting the
drug doses.
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Results
The initial search identified a total of 2,471 citations, 1,373 of which were in English, 1,098
were in Chinese. 230 articles were retrieved for further review after titles and abstracts screen-
ing. In addition, three more articles were included after the manual review of the references
and citations of the relevant studies. At last, 75 articles were identified eligible for our meta-
analyses after examination of full text articles (Fig 1).

Study characteristics and quality
All the eligible English and Chinese studies included in the meta-analyses were RCTs of mono-
therapy. The sample sizes of these studies varied from 18 to 520, with a follow-up duration
ranging from 8 to 156 weeks, and most studies provided sufficient data about basic patient
characteristics, such as age, disease duration and body mass index (BMI) (Table 1 and S2
Table). For study quality, 8 of 75 studies were classified as high-quality (A), 33 as moderate-
quality (B), and 34 as low-quality (C). Among them, only 8 studies contributed data for head-
to-head comparison of metformin with acarbose, but all of them were classified as C [14–21].
While in indirect comparison, 20 studies reported data on metformin and placebo with 3 as A,
16 as B, and 1 as C [22–41]; 16 studies on acarbose and placebo with 2 as A, 10 as B, and 4 as C
[42–57]; 23 studies on metformin and sulphonylureas with 3 as A, 7 as B, and 13 as C [14, 38,
58–78]; and 13 studies on acarbose and sulphonylureas with 1 as B and 12 as C [14, 45, 47, 79–
88] (S3 Table).

Effect in glucose lowering by head-to-head comparison
Eight studies were included in the meta-analysis for the comparison of metformin (323 pa-
tients) with acarbose (323 patients), all of which were Chinese studies [14–21]. Since the studies
had homogeneity (P = 0.15, I2 = 35%), we used a fixed-effect model for the meta-analysis. The
result (WMD, -0.06%; 95% CI, -0.32% to 0.20%; P = 0.66; Fig 2) indicated that metformin re-
duced HbA1c levels by 0.06% more than acarbose, but this difference was not significant. Re-
sults from sensitivity analysis by using a random-effect model confirmed the findings that the
effects of both drugs had no significant difference (WMD, -0.01%; 95% CI, -0.35% to 0.33%;
P = 0.96; S1 Fig).

Effect in glucose lowering by indirect comparisons (using placebo as
comparator)

Metformin versus Placebo. Metformin was compared with placebo in 20 studies. The
pooled sample of metformin group and placebo group were 1,665 and 1,344, respectively [22–
41]. Meta-analysis of the entire group used a random-effect model due to the substantial het-
erogeneity among studies (P<0.001, I2 = 97%). The result revealed that, compared with place-
bo, metformin performed significantly better (by 1.05%) in reducing HbA1c levels (WMD,-
1.05%; 95% CI, -1.36% to -0.74%; P<0.001; Fig 3).

Metformin reduced HbA1c levels by 0.98% and 1.40% more than placebo in studies using
doses of 1000mg/d (WMD,-0.98%, 95%CI, -2.10% to 0.13%; P = 0.08) and 3000mg/d (WMD,
-1.40%, 95%CI, -4.71% to 1.91%; P = 0.41), respectively, but both differences were not signifi-
cant. Whereas in studies using doses of 1500mg/d, 1700mg/d, 2000mg/d and 2550mg/d, the
HbA1c reductions were 0.94% (WMD, -0.94%, 95%CI, -1.43% to -0.45%; P<0.001), 0.97%
(WMD, -0.97%, 95%CI, -1.64% to -0.29%; P = 0.005), 0.85% (WMD, -0.85%, 95%CI, -1.18% to
-0.52%; P<0.001), and 1.58% (WMD, -1.58%, 95%CI, -1.88% to -1.28%; P<0.001), respective-
ly, and all the differences were significant (Fig 3). Besides, metformin in both Western (WMD,
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Fig 1. Flowchart of literature search. A detailed flow diagram that depicts search and selection processes.

doi:10.1371/journal.pone.0126704.g001
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Table 1. Characteristics of Studies included in the head-to-head comparison.

Study Location Metformin Group Acarbose Group Intervention
characteristics

Size Age
(y)

DM
Duration
(mo/y)

BMI
(kg/
m2)

HbA1c

(%)
Drug
dose
(mg/
d)

Size Age
(y)

DM
Duration
(mo/y)

BMI
(kg/
m2)

HbA1c

(%)
Drug
dose
(mg/
d)

Basic
treatment

Duration
(wk)

Chen
2004
[14]

China 32 20–
44

ND 25.31
(0.62)

9.37
(1.8)

1500 32 20–
44

ND 25.19
(0.53)

9.82
(1.73)

150 Null 36

Chou
2013
[15]

China 58 43.7
(8.5)

8.7 (2.3)
mo

27.7
(4.1)

11.1
(4.3)

Initial:
750;
4wk
later:
1500

58 43.7
(8.5)

8.7 (2.3)
mo

27.3
(2.9)

10.5
(3.6)

Initial:
150;
4wk
later:
300

diet 26

Hong
2011
[16]

China 68 41–
75

1–9 y NR 8.3
(2.32)

1500 69 41–
75

1–9 y NR 8.7
(2.09)

150 diet 8

Tang
2013
[17]

China 45 56.5
(7.2)

6.1 (0.7)
y

24.8
(2.1)

11.54
(1.25)

750 45 57.9
(7.6)

6.4 (0.8)
y

26.2
(2.4)

11.32
(1.18)

150 diet
+exercise

13

Wang
2005
[18]

China 42 20–
58

NR 25.2
(0.59)

9.37
(1.79)

Initial:
500;
Max:
2250

42 20–
58

NR 25.18
(0.52)

9.83
(1.71)

Initial:
50;
Max:
200

diet
+exercise

156

Yang
2009
[19]

China 15 30–
65

NR NR 9.37
(1.36)

1500 15 30–
65

NR NR 8.57
(2.76)

150 diet
+exercise

12

Zhang
2011
[20]

China 30 35–
60

ND 26.96
(1.34)

8.35
(0.93)

1500 30 35–
60

ND 26.18
(0.72)

8.12
(1.14)

150 diet
+exercise

12

Zhu
2011
[21]

China 33 52
(10)

ND NR 8.2
(1.1)

1500 32 52
(10)

ND NR 8.3
(1.3)

150 diet 26

Data are expressed as n, median (minimum-maximum), mean (SD); Size, sample size; DM, type 2 diabetes; BMI, body mass index; HbA1c,glycosylated

hemoglobin; y, year; mo, month; mo/y, month or year; wk, week; ND, newly diagnosed; NR, not reported; Null, with no basic treatment;

doi:10.1371/journal.pone.0126704.t001

Fig 2. Glucose lowering effect (reduction of HbA1c) of metformin versus acarbose. The forest plot attained from the meta-analyses which provide the
detailed data of difference in glucose lowering effect (reduction of HbA1c).

doi:10.1371/journal.pone.0126704.g002
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Fig 3. Glucose lowering effect (reduction of HbA1c) of metformin versus placebo. The forest plot attained from the meta-analyses which provide the
detailed data of difference in glucose lowering effect (reduction of HbA1c).

doi:10.1371/journal.pone.0126704.g003
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-0.92%, 95%CI, -1.09% to -0.75%; P<0.001) and Eastern (WMD, -2.30%, 95%CI, -3.03% to
-1.57%; P<0.001) subgroups also showed significant HbA1c lowering effects compared to pla-
cebo, whilst metformin appeared to perform better in Eastern group (S2 Fig). The results indi-
cated that metformin could effectively reduce HbA1c levels for T2DM patients.

Sensitivity analyses were performed by using a fixed-effect model and removing one low-
quality study [34]. The results showed that metformin achieved 0.72% (WMD, -0.72%, 95%CI,
-0.75% to -0.69%; P<0.001; S3 Fig) and 1.08% (WMD, -1.08%, 95%CI, -1.40% to -0.76%;
P<0.001; S4 Fig) greater HbA1c reductions than placebo, respectively, which further showed
that metformin had significant HbA1c lowering effect for T2DM patients, and the result
was robust.

Acarbose versus Placebo. Acarbose was compared with placebo in 16 studies, with the
pooled sample of 1,013 acarbose patients and 1,004 placebo patients [42–57]. Meta-analysis of
the entire group using a random-effect model (P<0.001, I2 = 63%) indicated that acarbose
achieved a 0.67% greater reduction in HbA1c levels compared to placebo (WMD, -0.67%, 95%
CI, -0.85% to -0.50%; P<0.001; Fig 4), and the difference was significant.

In the dosage subgroups using 75mg/d, 150mg/d, 300mg/d, and 600mg/d doses of acarbose,
the reductions in HbA1c levels were 0.42% (WMD, -0.42%, 95%CI, -0.80% to -0.04%; P = 0.03),
0.81% (WMD, -0.81%, 95%CI, -1.19% to -0.43%; P<0.001), 0.65% (WMD, -0.65%, 95%CI,
-0.85% to -0.45%; P<0.001), and 1.09% (WMD, -1.09%, 95%CI, -1.47% to -0.71%; P<0.001)
more than placebo, respectively, and all the differences were significant (Fig 4). In Western and
Eastern subgroups, acarbose was also found to significantly reduce HbA1c levels compared to
placebo, while it might perform better in Eastern (WMD, -0.94%, 95%CI, -1.59% to -0.30%;
P = 0.004) thanWestern (WMD, -0.65%, 95%CI, -0.83% to -0.46%; P<0.001) group (S5 Fig).
The results revealed that acarbose could effectively reduce HbA1c levels for T2DM patients.

Sensitivity analyses were conducted by using a fixed-effect model and removing four low-
quality studies [45, 47, 52, 53]. The results showed that acarbose can significantly reduce
HbA1c level by 0.64% (WMD, -0.64%, 95%CI, -0.72% to -0.55%; P<0.001; S6 Fig) and 0.67%
(WMD, -0.67%, 95%CI, -0.86% to -0.47%; P<0.001; S7 Fig) more than placebo, respectively,
which confirmed that acarbose had significant HbA1c lowering effect for T2DM patients, and
the result was robust.

Metformin versus Acarbose. In order to observe the differences between metformin and
acarbose in glucose lowering effect more intuitively, an indirect treatment comparison (ITC) of
metformin with acarbose was conducted using placebo as the common comparator. The results
showed statistically significant differences, that metformin reduced HbA1c levels by 0.38%
more than acarbose (WMD, -0.38%, 95%CI, -0.736% to -0.024%; Table 2). Thus, the indirect
comparison suggested that glucose lowering effect of metformin was superior to that
of acarbose.

Effect in glucose lowering by indirect comparisons (using
Sulphonylureas as comparator)

Metformin versus Sulphonylureas. A total of 23 studies were included in the meta-analy-
sis for the comparison of metformin (1,093 patients) with sulphonylureas (1,181 patients) [14,
38, 58–78]. Owing to the heterogeneity between the studies, we used a random-effect model
(P<0.001, I2 = 87%) in meta-analysis of the entire group. Result showed that metformin did
not significant differ in HbA1c reduction (WMD, -0.18%, 95%CI, -0.39% to 0.04%; P = 0.11;
Fig 5) compared to sulphonylureas.

In dosage subgroup analysis, metformin reduced HbA1c levels by 0.55% (WMD, -0.55%,
95%CI, -0.83% to -0.27%; P<0.001) more than sulphonylureas in studies using doses of
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2550mg/d. Whereas in studies using doses of 2000mg/d or lower doses (< = 1000 mg or 1500
mg), the reduction of HbA1c by metformin was similar to that by sulphonylureas (Fig 5). In
Western and Eastern subgroups, both Western (WMD, -0.26%, 95%CI, -0.63% to 0.12%;
P = 0.18) and Eastern (WMD, -0.16%, 95%CI, -0.34% to 0.02%; P = 0.09) subgroups indicated
similar HbA1c lowering effects of metformin and sulphonylureas (S8 Fig).

Fig 4. Glucose lowering effect (reduction of HbA1c) of acarbose versus placebo. The forest plot attained from the meta-analyses which provide the
detailed data of difference in glucose lowering effect (reduction of HbA1c).

doi:10.1371/journal.pone.0126704.g004
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Sensitivity analyses were performed by removing several low-quality studies [14, 58, 60, 62,
64–66, 68, 73, 75–78] and adjusting drug dose (set� 1500mg/d as maximum or maintenance
dose of metformin). The results showed that metformin can reduce HbA1c levels by 0.23%
(WMD, -0.23%, 95%CI, -0.46% to 0.01%; P = 0.06; S9 Fig) and 0.19% (WMD, -0.19%, 95%CI,
-0.44% to 0.06%; P = 0.13; S10 Fig) more than sulphonylureas, respectively, but the differences
were not significant, which confirmed a result of comparable HbA1c lowering effects between
metformin and sulphonylureas.

Acarbose versus Sulphonylureas. A total of 13 studies were included in the meta-analysis
for the comparison of acarbose (438 patients) with sulphonylureas (447 patients) [14, 45, 47,
79–88]. Meta-analysis of change in HbA1c levels between these two drugs was performed using
a random-effect model (P = 0.06, I2 = 42%) in the entire group, the result revealed that acarbose
reduced HbA1c levels by 0.16% less than sulphonylureas (WMD, 0.16%, 95%CI, -0.07% to
0.38%; P = 0.17; Fig 6), but this difference was not significant.

The dosage subgroup analysis also highlighted a similar result (WMD, 0.17%, 95%CI,
-0.07% to 0.41%; P = 0.16; Fig 6). In Western subgroup, acarbose reduced HbA1c levels by
0.59% less than sulphonylureas (WMD, 0.59%, 95%CI, 0.03% to 1.15%; P = 0.04), while it was
similar to sulphonylureas in Eastern subgroup (WMD, -0.01%, 95%CI, -0.18% to 0.16%;
P = 0.91), which implies a potential better efficacy of acarbose in Eastern subgroup (S11 Fig).

Sensitivity analyses were conducted by using a fixed-effect model and adjusting drug doses
(set� 300 mg/d as maximum or maintenance dose of acarbose). The results showed that acar-
bose reduced HbA1c level by 0.09% (WMD, 0.09%, 95%CI, -0.06% to 0.25%; P = 0.22; S12 Fig)
and 0.17% (WMD, 0.17%, 95%CI, -0.07% to 0.41%; P = 0.16; S13 Fig) less than sulphonylureas,
respectively, but the differences were not significant. Sensitivity analyses highlighted that acar-
bose was similar to sulphonylureas in HbA1c lowering effect, and the results were robust.

Table 2. Glucose lowering effect (reduction of HbA1c) of Metformin versus Acarbose.

Comparisons Type Group Results [Mean Difference (95%CI) (%)] P values

Direct Comparison Metformin vs. Acarbose -0.06 [-0.32, 0.20] a 0.66

Indirect Comparison (using Placebo as comparator) Metformin vs. Placebo -1.05 [-1.36, -0.74] a <0.001

Acarbose vs. Placebo -0.67 [-0.85, -0.50] a <0.001

Metformin vs. Acarbose -0.38 [-0.736,-0.024] b —
d

Indirect Comparison (using Sulphonylureas as comparator) Metformin vs. Sulphonylureas -0.18 [-0.39, 0.04] a 0.11

Acarbose vs. Sulphonylureas 0.16 [-0.07, 0.38] a 0.17

Metformin vs. Acarbose -0.34 [-0.651,-0.029] c —
d

This table summarized the overall meta-analysis results of Figs 2, 3, 4, 5 and 6, as well as the converted indirect comparison results by using placebo or

sulphonylureas as common comparator, which may objectively present the glucose lowering effect of metformin vs. acarbose from both direct and

indirect perspectives.
a The summary results of meta-analysis.
b By using placebo as the common comparator, we applied the Bucher-adjusted method with the indirect treatment comparison calculator to convert the

summary estimates form the meta-analyses of metformin vs. placebo and acarbose vs. placebo into WMD and 95% CIs to represent the comparative

effect of metformin vs. acarbose.
c By using sulphonylureas as the common comparator, we applied the Bucher-adjusted method with the indirect treatment comparison calculator to

convert the summary estimates form the meta-analyses of metformin vs. sulphonylureas and acarbose vs. sulphonylureas into WMD and 95% CIs to

represent the comparative effect of metformin vs. acarbose.
d We cannot get P values because in the Indirect Treatment Comparison Calculator, we have to make indirect treatment comparisons in the "Main

Window" (not in the "Requested Weights Window") due to the number of studies larger than pre-designed 20.

doi:10.1371/journal.pone.0126704.t002
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Metformin versus Acarbose. We performed an ITC of metformin with acarbose by using
sulphonylureas as the common comparator, which revealed that metformin achieved a statisti-
cally greater reduction of 0.34% in HbA1c levels compared to acarbose (WMD, -0.34%, 95%CI,
-0.651% to -0.029%; Table 2). Thus, the glucose lowering effect of metformin was superior to
that of acarbose.

Fig 5. Glucose lowering effect (reduction of HbA1c) of metformin versus sulphonylureas. The forest plot attained from the meta-analyses which
provide the detailed data of difference in glucose lowering effect (reduction of HbA1c).

doi:10.1371/journal.pone.0126704.g005
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Discussion
In the context of health technology assessment on medications, comparative evidence is essen-
tial to assist in the decision-making for formulary listing. A systematic review of RCTs that di-
rectly compared two comparative interventions would generally be regarded as the gold
standard to support healthcare decisions. However, such direct RCT evidence is often limited
or unavailable, thus has led to an increased use of indirect comparison methods to estimate the
comparative efficacy of interventions [89, 90]. In this study, we find head-to-head (direct) com-
parison articles for evaluation of the treatment efficacy of metformin and acarbose are so far in-
sufficient, therefore, the method of adjusted indirect comparison is further adopted to assess
these two drugs.

Metformin and acarbose are two effective oral hypoglycemic agents which can effectively re-
duce the blood glucose for T2DM patients and widely used in China. However, due to the dif-
ferences in mechanism and site of action between these two drugs, their glucose lowering
effects may have some comparative differences. The head-to-head comparison shows that met-
formin performs similarly in reducing HbA1c levels compared to acarbose. While in indirect
comparisons, when placebo or sulphonylureas was served as a common comparator, metfor-
min both shows a significantly greater reduction in HbA1c levels. Metformin seems superior to
acarbose in glycemic control for T2DM patients. Since metformin has additional mechanisms
above and beyond reductions in intestinal glucose absorption, including improved peripheral
insulin sensitivity and reduced hepatic glucose production, compared to acarbose [3], which
may be able to account partly for greater HbA1c reductions. However, acarbose may perform
better in Eastern group thanWestern group, whereas metformin has no obvious difference.
The reasons may be partly explained by differences in extrinsic factors (dietary patterns),

Fig 6. Glucose lowering effect (reduction of HbA1c) of acarbose versus sulphonylureas. The forest plot attained from the meta-analyses which provide
the detailed data of difference in glucose lowering effect (reduction of HbA1c).

doi:10.1371/journal.pone.0126704.g006
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intrinsic factors (genetics), an interaction of both factors as well as many other factors between
different ethnicities [91]. Since acarbose has specific action mechanism of inhibiting digestion
and absorption of carbohydrates in small intestine [3], it may perform better in patients con-
suming higher levels of carbohydrate in Eastern country [9, 92]. Meanwhile, there may be ge-
netic diversity of α-glucosidase in different ethnic populations which may impact the
biochemical effect of acarbose [91].

Indirect comparison of competing interventions can be generally defined as a comparison
of different treatments for a clinical indication by using data from separate RCTs, in contrast to
direct head-to-head RCTs [90]. Indirect comparison on the basis of a common comparator can
maintain certain strengths of randomized allocation of patients for evaluating comparative effi-
cacy of treatment [11]. The adjusted indirect comparison can partially take into account the
baseline risk and other prognostic factors of participants in different trials, and incorporate
more uncertainty into its result by providing a wider confidence interval [93]. When there is
no or insufficient direct randomized evidence, it may provide useful or supplementary infor-
mation in estimating relative efficacy of competing interventions [13, 93]. Biases and differ-
ences in methodology, outcome measurement, the populations or study settings and design in
trials can inevitably impact the validity of adjusted indirect comparison. Besides, consistent
(external validity) of relative efficacy of an intervention in participants across different trials is
the key hypothesis to get indirect estimate be valid. However, external validity of trial results is
often low attributable to atypical treatment and restricted inclusion criteria, exclusion of pa-
tients, and atypical clinical settings where trials were conducted [13, 94]. There are concerns
that indirect comparison may be subject to greater bias than direct comparison and may over-
estimate the effect of interventions [11]. On the other hand, although direct randomised evi-
dence is generally regarded to be the best, such evidence may not always be reliable attributable
to several potential limitations in randomised trials including lack of concealment of allocation,
unbalanced exclusions between groups after randomization, paucity of blinding of outcome
measurement and publication bias [13]. Results of indirect comparison usually but not always
agree with that of direct comparison. Inconsistency between the direct and indirect compari-
sons may be explained by fewer trials included in analyses, the extent of heterogeneity in meta-
analyses, the play of chance, and bias in the direct or indirect comparison [90]. In this study,
there were only 8 trials (646 patients) in direct comparison, which were rather smaller in sam-
ple size, compared to the 67 trials (8185 patients) in indirect comparisons. The number and
sample size might explain the inconsistency in the results of direct and indirect comparisons,
and demonstrate the reliability of the results drawn from indirect comparisons rather than di-
rect comparison to a certain extent. Also, the quality of studies in direct comparison was poor,
which might damage the credibility of the results of direct comparison compared to that of the
indirect comparisons, so the potential great risk bias might also account for part of the incon-
sistency. Finally, the massive unexplainable heterogeneity in the meta-analyses of indirect com-
parisons was also associated with the mentioned inconsistency. The inherent limitations of
indirect treatment comparison method might account for the unexplainable heterogeneity in
indirect comparisons, and as well negatively affect the outcome of the study; however, the great
sample size in indirect comparison might enhance its results’ reliability. In spite of the inconsis-
tency, the results trend to show that metformin monotherapy generally had achieved slightly
better glycemic control for T2DM compared to acarbose.

Nathan 2009 [5] and Inzucchi 2012 [95] had previously reported that metformin would
lower HbA1c levels by 1.0%-2.0%, and could keep either weight stability or modest weight loss
without causing hypoglycemia. In spite of the tolerable gastrointestinal side effects, metformin
was likely to reduce cardiovascular disease (CVD) events, which was demonstrated by the
United Kingdom Prospective Diabetes Study (UKPDS) [96]. While α-glucosidase inhibitors
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(including acarbose) were less effective in lowering glycemia than metformin, for they reduced
HbA1c levels by 0.5%-0.8% [5]. The side effects of α-glucosidase inhibitors were also gastroin-
testinal adverse effects, which were similar to metformin. Though the advantages of α-glucosi-
dase inhibitors were to primarily lower postprandial glucose levels, without causing
hypoglycemia and malabsorption, they could not attain weight loss similar to metformin, and
their effects on CVD outcomes remains unclear [5, 95]. Furthermore, international guidelines
also affirmed the position of metformin in the treatment of T2DM, and recommended metfor-
min as the first-line therapy for T2DM patients [3, 4]; while acarbose was recognized as one of
the second-line therapies in China [3].

However, lack of large head-to-head direct comparison clinical trials, comparing the glucose
lowering effect of metformin and acarbose in T2DM, made it difficult to find evidence to sup-
port the ideas of previous studies. The study of Zhou [9], which compared the glucose lowering
effect of acarbose in T2DM consuming an eastern versus western diet, reported that acarbose
reduced HbA1c levels by 0.06% and 0.09% less than metformin in eastern and western diet
group, respectively, both with no significant differences. Acarbose generally had a similar abili-
ty in glycemic control as metformin regardless of diet type. Our direct comparison result is
consistent with Zhou's study, although the small sample sizes (588 patients) in Zhou’s study
might impact the results’ reliability. The Cochrane review [97] suggested that α-glucosidase in-
hibitors failed to show more benefit for glycemic control, body weight, or lipids, than metfor-
min, and metformin may be the first therapeutic option in T2DM with overweight or obesity.
Our findings are roughly consistent with the previous studies in the aspect of glucose lowering
effects of these two drugs, and our study has provided much needed evidence for the clinical
medication choice in China where both metformin and acarbose are commonly used.

From methodological point of view, meta-analysis has some weakness, such as low quality
of study, publication bias, massive unexplainable heterogeneity. In this study, we used sensitivi-
ty analysis to remove low-quality studies, systematically search literature published in English
or Chinese to reduce the publication bias and random-effects model to account for the massive
unexplainable heterogeneity. While methodological controversies of indirect comparison re-
mained [13, 90, 98], however, we used Bucher method because it is widely recognized and well
accepted as it preserves the power of randomization in original trials when calculating the mag-
nitude of treatment effect [11]. The comparative drug efficacy generated by the indirect com-
parisons need to be interpreted with caution owing to study population heterogeneity and
variation in study design [90]. Furthermore, in our study, the drug dosage was not exactly the
same in all studies retrieved, which may result in the bias in the estimation of the effect size be-
tween the two drugs because different dosage may have different effect in reducing HbA1c

level. Considering the short duration of trials included in our analysis (8 to 156 weeks), the gen-
eralizability of our results may be limited attributable to paucity of long-term antibiabetic
treatment evidence.

Despite these limitations, our study has noteworthy strengths in that it is the first systematic
review and meta-analysis on the topic of comparison of metformin monotherapy with acarbose
monotherapy in glycemic control for T2DM patients, with either direct or indirect evidence
took into account. To our knowledge, this approach of using both methods is able to give a
comprehensive summary for the differences between these two drugs in glucose lowering ef-
fect. We also expanded the knowledge by merging information from Chinese and English clini-
cal studies for the first time, to fill the knowledge gap in this field.

In conclusion, the glucose lowering effects of metformin monotherapy and acarbose mono-
therapy are the same by direct comparison, while metformin monotherapy is a little better by
indirect comparison. This means that the glucose lowering effects of metformin monotherapy
is at least as good as acarbose monotherapy.

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 15 / 22



Supporting Information
S1 PRISMA Checklist. PRISMA 2009 Checklist.
(DOC)

S1 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of metformin ver-
sus acarbose (use a random-effect model instead).
(PDF)

S2 Fig. Glucose lowering effect (reduction of HbA1c) of metformin versus placebo (Western
and Eastern as subgroups).
(PDF)

S3 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of metformin ver-
sus placebo (use a fixed-effect model instead).
(PDF)

S4 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of metformin ver-
sus placebo (remove one low-quality study [34] from the original data set).
(PDF)

S5 Fig. Glucose lowering effect (reduction of HbA1c) of acarbose versus placebo (Western
and Eastern as subgroups).
(PDF)

S6 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of acarbose versus
placebo (use a fixed-effect model instead).
(PDF)

S7 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of acarbose versus
placebo (remove four low-quality studies [45, 47, 52, 53] from the original data set).
(PDF)

S8 Fig. Glucose lowering effect (reduction of HbA1c) of metformin versus sulphonylurea
(Western and Eastern as subgroups).
(PDF)

S9 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of metformin ver-
sus sulphonylureas (remove thirteen low-quality studies [14, 58, 60, 62, 64–66, 68, 73, 75–
78] from the original data set).
(PDF)

S10 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of metformin
versus sulphonylureas (adjust drug doses, set� 1500mg/d as maximum or maintenance
dose of metformin).
(PDF)

S11 Fig. Glucose lowering effect (reduction of HbA1c) of acarbose versus sulphonylurea
(Western and Eastern as subgroups).
(PDF)

S12 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of acarbose ver-
sus sulphonylureas (use a fixed-effect model instead).
(PDF)

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 16 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s013


S13 Fig. Sensitivity analysis: Glucose lowering effect (reduction of HbA1c) of acarbose ver-
sus sulphonylureas (adjust drug doses, set� 300 mg/d as maximum or maintenance dose
of acarbose).
(PDF)

S1 Table. Search strategy.
(DOC)

S2 Table. Characteristics of Studies included in the indirect comparisons.
(DOC)

S3 Table. Quality of Studies included in the meta-analyses.
(DOC)

Acknowledgments
The authors thank Shaofang Cai, Zheyuan Ding, Xiaofang Liu (Zhejiang University School of
Public Health, Hangzhou, China) for their help in collecting and analyzing data.

Author Contributions
Conceived and designed the experiments: SG HD. Performed the experiments: SG JS HH HD.
Analyzed the data: SG JS HH. Contributed reagents/materials/analysis tools: SG JS ZT HD.
Wrote the paper: SG MS LS VF HD.

References
1. Xu Y, Wang L, He J, Bi Y, Li M, Wang T, et al. Prevalence and control of diabetes in Chinese adults.

The journal of the American Medical Association. 2013; 310(9):948–59. doi: 10.1001/jama.2013.
168118 PMID: 24002281.

2. International Diabetes federation. About diabetes:Types of diabetes. Available: http://www.idf.org/
about-diabetes (Accessed 2014 March 10).

3. Chinese Diabetes Society. Chinese guideline for Type 2 diabetes prevention (2013). Chinese Journal
of diabetes. 2014; 22(8):2–42.

4. American Diabetes Association. Standards of medical care in diabetes-2014. Diabetes care. 2014; 37
Suppl 1:S14–80. doi: 10.2337/dc13-S011 PMID: 23264422; PubMed Central PMCID: PMC3537269.

5. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, Sherwin R, et al. Medical management
of hyperglycemia in type 2 diabetes: a consensus algorithm for the initiation and adjustment of therapy:
a consensus statement of the American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes care. 2009; 32(1):193–203. doi: 10.2337/dc08-9025 PMID: 18945920;
PubMed Central PMCID: PMC2606813.

6. Diabetes Prevention Program Research G. Long-term safety, tolerability, and weight loss associated
with metformin in the Diabetes Prevention Program Outcomes Study. Diabetes care. 2012; 35
(4):731–7. doi: 10.2337/dc11-1299 PMID: 22442396; PubMed Central PMCID: PMC3308305.

7. Ji L, Lu J, Weng J, Jia W, Tian H, Zhu D, et al. China type 2 diabetes treatment status survey of treat-
ment pattern of oral drugs users. Journal of diabetes. 2015; 7(2):166–73. doi: 10.1111/1753-0407.
12165 PMID: 24809622.

8. The Cochrane Collaboration. Cochrane handbook for systematic reviews of interventions. Available:
http://www.cochrane-handbook.org (Accessed 2013 February 11).

9. Zhu Q, Tong Y, Wu T, Li J, Tong N. Comparison of the hypoglycemic effect of acarbose monotherapy in
patients with type 2 diabetes mellitus consuming an Eastern or Western diet: a systematic meta-
analysis. Clinical therapeutics. 2013; 35(6):880–99. doi: 10.1016/j.clinthera.2013.03.020 PMID:
23602502.

10. Van de Laar F, Lucassen P, Akkermans R, Van de Lisdonk E, Rutten G, VanWeel C. Alpha-glucosi-
dase inhibitors for type 2 diabetes mellitus (Review). The Cochrane Library. 2009;(1: ):1–180.

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 17 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s014
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s015
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s016
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126704.s017
http://dx.doi.org/10.1001/jama.2013.168118
http://dx.doi.org/10.1001/jama.2013.168118
http://www.ncbi.nlm.nih.gov/pubmed/24002281
http://www.idf.org/about-diabetes
http://www.idf.org/about-diabetes
http://dx.doi.org/10.2337/dc13-S011
http://www.ncbi.nlm.nih.gov/pubmed/23264422
http://dx.doi.org/10.2337/dc08-9025
http://www.ncbi.nlm.nih.gov/pubmed/18945920
http://dx.doi.org/10.2337/dc11-1299
http://www.ncbi.nlm.nih.gov/pubmed/22442396
http://dx.doi.org/10.1111/1753-0407.12165
http://dx.doi.org/10.1111/1753-0407.12165
http://www.ncbi.nlm.nih.gov/pubmed/24809622
http://www.cochrane-handbook.org
http://dx.doi.org/10.1016/j.clinthera.2013.03.020
http://www.ncbi.nlm.nih.gov/pubmed/23602502


11. Bucher HC, Guyatt GH, Griffith LE, Walter SD. The results of direct and indirect treatment comparisons
in meta-analysis of randomized controlled trials. Journal of clinical epidemiology. 1997; 50(6):683–91.
PMID: 9250266.

12. Wells GA, Sultan SA, Chen L, Khan M, Coyle D. Indirect evidence: Indirect treatment comparisons in
meta-analysis. Ottawa: Canadian Agency for Drugs and Technologies in Health. 2009.

13. Song F, Altman DG, Glenny AM, Deeks JJ. Validity of indirect comparison for estimating efficacy of
competing interventions: empirical evidence from published meta-analyses. British Medical Journal.
2003; 326(7387):472. doi: 10.1136/bmj.326.7387.472 PMID: 12609941; PubMed Central PMCID:
PMC150178.

14. Chen LL, Zheng J. Comparison of the effect of acarbose, metformin and glipizide on newly diagnosed
young type 2 diabetic patients. Chinese Journal of Endocrinology andMetabolism. 2004; 20(5):449–50.

15. ChouWZ. Clinical observation of type 2 diabetes treatment with acarbose. Modern Journal of Integrat-
ed Traditional Chinese andWestern Medicine. 2013; 22(26):2877–8.

16. Hong F. The analysis of efficacy and medication of several drugs to treat Type 2 Diabetes. China Practi-
cal Medicine. 2011; 6(19):172–3.

17. Tang Y, Chen FM. The analysis of efficacy and side effects of acarbose and metformin to treat Type 2
Diabetes. National medical frontiers of China. 2013; 8(16):18.

18. Wang HB, Deng XC, Feng YT. Clinical observation of diabetes II treatment with acarbose and metfor-
min. Modern hospital. 2005; 5(12):42–3.

19. Yang HL. Observation of Clinical Effect on Acarbose to treat Type 2 Diabetes. Medical Recapitulate.
2009; 15(20):3196–7.

20. Zhang MH. Treatment effect of metformin and acarbose in patients with type 2 diabetic insulin resis-
tance. Jilin Medical Journal. 2011; 32(18):3682–3.

21. Zhu ZL, Qiu XC, Zhu HP, Ding ZJ. Application of acarbose combined with metformin in treatment of
newly diagnosed type 2 diabetes patients. Heilongjiang Medicine Journal. 2011; 24(2):223–5.

22. Goldstein BJ, Feinglos MN, Lunceford JK, Johnson J, Williams-Herman DE, Sitagliptin 036 Study G. Ef-
fect of initial combination therapy with sitagliptin, a dipeptidyl peptidase-4 inhibitor, and metformin on
glycemic control in patients with type 2 diabetes. Diabetes care. 2007; 30(8):1979–87. doi: 10.2337/
dc07-0627 PMID: 17485570.

23. Haak T, Meinicke T, Jones R, Weber S, von Eynatten M, Woerle HJ. Initial combination of linagliptin
and metformin improves glycaemic control in type 2 diabetes: a randomized, double-blind, placebo-
controlled study. Diabetes, obesity & metabolism. 2012; 14(6):565–74. doi: 10.1111/j.1463-1326.2012.
01590.x PMID: 22356132.

24. Mather KJ, Verma S, Anderson TJ. Improved endothelial function with metformin in type 2 diabetes
mellitus. Journal of the American College of Cardiology. 2001; 37(5):1344–50. PMID: 11300445.

25. Uehara MH, Kohlmann NE, Zanella MT, Ferreira SR. Metabolic and haemodynamic effects of metfor-
min in patients with type 2 diabetes mellitus and hypertension. Diabetes, obesity & metabolism. 2001; 3
(5):319–25. PMID: 11703421.

26. WuGT, Han YQ, Wang JY, Li Wj, Gu Y, Shi Y. Effects of Metformin on Insulin Resistance in Type 2 Dia-
betes Mellitus Patients. Journal of tongji university(medical science). 2001; 22(6):31–5.

27. Chiasson JL, Naditch L, Miglitol Canadian University Investigator G. The synergistic effect of miglitol
plus metformin combination therapy in the treatment of type 2 diabetes. Diabetes care. 2001; 24
(6):989–94. PMID: 11375358.

28. Horton ES, Foley JE, Shen SG, Baron MA. Efficacy and tolerability of initial combination therapy with
nateglinide and metformin in treatment-naive patients with type 2 diabetes. Curr Med Res Opin. 2004;
20(6):883–9. PMID: 15200747

29. List JF, Woo V, Morales E, TangW, Fiedorek FT. Sodium-glucose cotransport inhibition with dapagliflo-
zin in type 2 diabetes. Diabetes care. 2009; 32(4):650–7. doi: 10.2337/dc08-1863 PMID: 19114612;
PubMed Central PMCID: PMC2660449.

30. Chakraborty A, Chowdhury S, Bhattacharyya M. Effect of metformin on oxidative stress, nitrosative
stress and inflammatory biomarkers in type 2 diabetes patients. Diabetes research and clinical practice.
2011; 93(1):56–62. doi: 10.1016/j.diabres.2010.11.030 PMID: 21146883.

31. Lee A, Morley JE. Metformin decreases food consumption and induces weight loss in subjects with obe-
sity with type II non-insulin-dependent diabetes. Obesity research. 1998; 6(1):47–53. PMID: 9526970.

32. Manzella D, Grella R, Esposito K, Giugliano D, Barbagallo M, Paolisso G. Blood pressure and cardiac
autonomic nervous system in obese type 2 diabetic patients: effect of metformin administration. Ameri-
can journal of hypertension. 2004; 17(3):223–7. doi: 10.1016/j.amjhyper.2003.11.006 PMID:
15001195.

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 18 / 22

http://www.ncbi.nlm.nih.gov/pubmed/9250266
http://dx.doi.org/10.1136/bmj.326.7387.472
http://www.ncbi.nlm.nih.gov/pubmed/12609941
http://dx.doi.org/10.2337/dc07-0627
http://dx.doi.org/10.2337/dc07-0627
http://www.ncbi.nlm.nih.gov/pubmed/17485570
http://dx.doi.org/10.1111/j.1463-1326.2012.01590.x
http://dx.doi.org/10.1111/j.1463-1326.2012.01590.x
http://www.ncbi.nlm.nih.gov/pubmed/22356132
http://www.ncbi.nlm.nih.gov/pubmed/11300445
http://www.ncbi.nlm.nih.gov/pubmed/11703421
http://www.ncbi.nlm.nih.gov/pubmed/11375358
http://www.ncbi.nlm.nih.gov/pubmed/15200747
http://dx.doi.org/10.2337/dc08-1863
http://www.ncbi.nlm.nih.gov/pubmed/19114612
http://dx.doi.org/10.1016/j.diabres.2010.11.030
http://www.ncbi.nlm.nih.gov/pubmed/21146883
http://www.ncbi.nlm.nih.gov/pubmed/9526970
http://dx.doi.org/10.1016/j.amjhyper.2003.11.006
http://www.ncbi.nlm.nih.gov/pubmed/15001195


33. Pirags V, Lebovitz H, Fouqueray P. Imeglimin, a novel glimin oral antidiabetic, exhibits a good efficacy
and safety profile in type 2 diabetic patients. Diabetes, obesity & metabolism. 2012; 14(9):852–8. doi:
10.1111/j.1463-1326.2012.01611.x PMID: 22519919.

34. Hällsten K, Virtanen KA, Lönnqvist F, Sipilä H, Oksanen A, Viljanen T, et al. Rosiglitazone but not met-
formin enhances insulin-and exercise-stimulated skeletal muscle glucose uptake in patients with newly
diagnosed type 2 diabetes. Diabetes. 2002; 51(12):3479–85. PMID: 12453903

35. Hallsten K, Virtanen KA, Lonnqvist F, Janatuinen T, Turiceanu M, Ronnemaa T, et al. Enhancement of
insulin-stimulated myocardial glucose uptake in patients with Type 2 diabetes treated with rosiglita-
zone. Diabetic medicine: a journal of the British Diabetic Association. 2004; 21(12):1280–7. doi: 10.
1111/j.1464-5491.2004.01332.x PMID: 15569129.

36. Karlsson HK, Hallsten K, Bjornholm M, Tsuchida H, Chibalin AV, Virtanen KA, et al. Effects of metfor-
min and rosiglitazone treatment on insulin signaling and glucose uptake in patients with newly diag-
nosed type 2 diabetes: a randomized controlled study. Diabetes. 2005; 54(5):1459–67. PMID:
15855334.

37. Viljanen AP, Virtanen KA, Jarvisalo MJ, Hallsten K, Parkkola R, Ronnemaa T, et al. Rosiglitazone treat-
ment increases subcutaneous adipose tissue glucose uptake in parallel with perfusion in patients with
type 2 diabetes: a double-blind, randomized study with metformin. The Journal of clinical endocrinology
and metabolism. 2005; 90(12):6523–8. doi: 10.1210/jc.2005-1073 PMID: 16189256.

38. DeFronzo RA, Goodman AM. Efficacy of metformin in patients with non-insulin-dependent diabetes
mellitus. The Multicenter Metformin Study Group. The New England journal of medicine. 1995; 333
(9):541–9. doi: 10.1056/NEJM199508313330902 PMID: 7623902.

39. Del Prato S, Erkelens DW, Leutenegger M. Six-month efficacy of benfluorex vs. placebo or metformin
in diet-failed type 2 diabetic patients. Acta diabetologica. 2003; 40(1):20–7. doi: 10.1007/
s005920300004 PMID: 12682825.

40. Damsbo P, Hermann LS, Vaag A, Hother-Nielsen O, Beck-Nielsen H. Irreversibility of the defect in gly-
cogen synthase activity in skeletal muscle from obese patients with NIDDM treated with diet and metfor-
min. Diabetes care. 1998; 21(9):1489–94. PMID: 9727896.

41. Dornan TL, Heller SR, Peck GM, Tattersall RB. Double-blind evaluation of efficacy and tolerability of
metformin in NIDDM. Diabetes care. 1991; 14(4):342–4. PMID: 2060439.

42. Fischer S, Hanefeld M, Spengler M, Boehme K, Temelkova-Kurktschiev T. European study on dose-re-
sponse relationship of acarbose as a first-line drug in non-insulin-dependent diabetes mellitus: efficacy
and safety of low and high doses. Acta diabetologica. 1998; 35(1):34–40. PMID: 9625287

43. Chan JC, Chan KW, Ho LL, Fuh MM, Horn LC, Sheaves R, et al. An Asian multicenter clinical trial to as-
sess the efficacy and tolerability of acarbose compared with placebo in type 2 diabetic patients previ-
ously treated with diet. Asian Acarbose Study Group. Diabetes care. 1998; 21(7):1058–61. PMID:
9653595.

44. Derosa G, Maffioli P, Ferrari I, Fogari E, D'Angelo A, Palumbo I, et al. Acarbose actions on insulin resis-
tance and inflammatory parameters during an oral fat load. European journal of pharmacology. 2011;
651(1–3):240–50. doi: 10.1016/j.ejphar.2010.11.015 PMID: 21118681.

45. Fischer S, Patzak A, Rietzsch H, Schwanebeck U, Kohler C, Wildbrett J, et al. Influence of treatment
with acarbose or glibenclamide on insulin sensitivity in type 2 diabetic patients. Diabetes, obesity & me-
tabolism. 2003; 5(1):38–44. PMID: 12542723.

46. Hanefeld M, Fischer S, Schulze J, Spengler M, WargenauM, Schollberg K, et al. Therapeutic potentials
of acarbose as first-line drug in NIDDM insufficiently treated with diet alone. Diabetes care. 1991; 14
(8):732–7. PMID: 1954810

47. Hanefeld M, Haffner SM, Menschikowski M, Koehler C, Temelkova-Kurktschiev T, Wildbrett J, et al. Dif-
ferent effects of acarbose and glibenclamide on proinsulin and insulin profiles in people with Type 2 dia-
betes. Diabetes research and clinical practice. 2002; 55(3):221–7. PMID: 11850098.

48. Hotta N, Kakuta H, Sano T, Matsumae H, Yamada H, Kitazawa S, et al. Long-term effect of acarbose
on glycaemic control in non-insulin-dependent diabetes mellitus: a placebo-controlled double-blind
study. Diabetic medicine: a journal of the British Diabetic Association. 1993; 10(2):134–8. PMID:
8458189.

49. Hwu CM, Ho LT, Fuh MM, Siu SC, Sutanegara D, Piliang S, et al. Acarbose improves glycemic control
in insulin-treated Asian type 2 diabetic patients: results from a multinational, placebo-controlled study.
Diabetes research and clinical practice. 2003; 60(2):111–8. PMID: 12706319.

50. Josse RG, Chiasson JL, Ryan EA, Lau DC, Ross SA, Yale JF, et al. Acarbose in the treatment of elderly
patients with type 2 diabetes. Diabetes research and clinical practice. 2003; 59(1):37–42. PMID:
12482640.

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 19 / 22

http://dx.doi.org/10.1111/j.1463-1326.2012.01611.x
http://www.ncbi.nlm.nih.gov/pubmed/22519919
http://www.ncbi.nlm.nih.gov/pubmed/12453903
http://dx.doi.org/10.1111/j.1464-5491.2004.01332.x
http://dx.doi.org/10.1111/j.1464-5491.2004.01332.x
http://www.ncbi.nlm.nih.gov/pubmed/15569129
http://www.ncbi.nlm.nih.gov/pubmed/15855334
http://dx.doi.org/10.1210/jc.2005-1073
http://www.ncbi.nlm.nih.gov/pubmed/16189256
http://dx.doi.org/10.1056/NEJM199508313330902
http://www.ncbi.nlm.nih.gov/pubmed/7623902
http://dx.doi.org/10.1007/s005920300004
http://dx.doi.org/10.1007/s005920300004
http://www.ncbi.nlm.nih.gov/pubmed/12682825
http://www.ncbi.nlm.nih.gov/pubmed/9727896
http://www.ncbi.nlm.nih.gov/pubmed/2060439
http://www.ncbi.nlm.nih.gov/pubmed/9625287
http://www.ncbi.nlm.nih.gov/pubmed/9653595
http://dx.doi.org/10.1016/j.ejphar.2010.11.015
http://www.ncbi.nlm.nih.gov/pubmed/21118681
http://www.ncbi.nlm.nih.gov/pubmed/12542723
http://www.ncbi.nlm.nih.gov/pubmed/1954810
http://www.ncbi.nlm.nih.gov/pubmed/11850098
http://www.ncbi.nlm.nih.gov/pubmed/8458189
http://www.ncbi.nlm.nih.gov/pubmed/12706319
http://www.ncbi.nlm.nih.gov/pubmed/12482640


51. Kirkman MS, Shankar RR, Shankar S, Shen C, Brizendine E, Baron A, et al. Treating Postprandial Hy-
perglycemia Does Not Appear to Delay Progression of Early Type 2 Diabetes The Early Diabetes Inter-
vention Program. Diabetes care. 2006; 29(9):2095–101. PMID: 16936159

52. Meneilly GS, Ryan EA, Radziuk J, Lau DC, Yale JF, Morais J, et al. Effect of acarbose on insulin sensi-
tivity in elderly patients with diabetes. Diabetes care. 2000; 23(8):1162–7. PMID: 10937515.

53. Rosenbaum P, Peres RB, Zanella MT, Ferreira SR. Improved glycemic control by acarbose therapy in
hypertensive diabetic patients: effects on blood pressure and hormonal parameters. Brazilian journal of
medical and biological research. 2002; 35(8):877–84. PMID: 12185379.

54. Scott R, Lintott CJ, Zimmet P, Campbell L, Bowen K, Welborn T. Will acarbose improve the metabolic
abnormalities of insulin-resistant type 2 diabetes mellitus? Diabetes research and clinical practice.
1999; 43(3):179–85. PMID: 10369427.

55. Wolever T, Chiasson J, Josse R, Hunt J, Palmason C, Rodger N, et al. Small weight loss on long-term
acarbose therapy with no change in dietary pattern or nutrient intake of individuals with non-insulin-de-
pendent diabetes. International Journal of Obesity & Related Metabolic Disorders. 1997; 21(9).

56. WuGT, Han YQ, Yu YC, Teng XH, Zhang JC, Qu FJ. Effect of acarbose on insulin resistance in type 2
diabetic patients. Chinese Journal of New Drugs and Clinical Remedies. 2003; 22(9):535–8.

57. Buchanan DR, Collier A, Rodrigues E, Millar AM, Gray RS, Clarke BF. Effectiveness of acarbose, an
alpha-glucosidase inhibitor, in uncontrolled non-obese non-insulin dependent diabetes. European jour-
nal of clinical pharmacology. 1988; 34(1):51–3. PMID: 3282895.

58. Amador-Licona N, Guizar-Mendoza J, Vargas E, Sanchez-Camargo G, Zamora-Mata L. The short-
term effect of a switch from glibenclamide to metformin on blood pressure and microalbuminuria in pa-
tients with type 2 diabetes mellitus. Archives of medical research. 2000; 31(6):571–5. PMID: 11257323.

59. Chien HH, Chang CT, Chu NF, Hsieh SH, Huang YY, Lee IT, et al. Effect of glyburide-metformin combi-
nation tablet in patients with type 2 diabetes. Journal of the Chinese Medical Association. 2007; 70
(11):473–80. doi: 10.1016/S1726-4901(08)70044-3 PMID: 18063500.

60. Ramachandran A, Snehalatha C, Salini J, Vijay V. Use of glimepiride and insulin sensitizers in the treat-
ment of type 2 diabetes—a study in Indians. Journal of the Association of Physicians of India. 2004;
52:459–63. PMID: 15645955

61. Yamanouchi T, Sakai T, Igarashi K, Ichiyanagi K, Watanabe H, Kawasaki T. Comparison of metabolic
effects of pioglitazone, metformin, and glimepiride over 1 year in Japanese patients with newly diag-
nosed Type 2 diabetes. Diabetic medicine: a journal of the British Diabetic Association. 2005; 22
(8):980–5. doi: 10.1111/j.1464-5491.2005.01656.x PMID: 16026361.

62. Chen HH, Yang RJ. Clinical observation of glipizide and metformin release tablets in the treatment of
type 2 diabetes. Medical Innovation of China. 2012; 9(14):55–6.

63. Jia ZH, Liu KF. Clinical analysis of glipizide and metformin in the treatment of type 2 diabetes. Chinese
remedies and clinics. 2005; 5(8):627–8.

64. Ling ZM. Clinical observation of glimepiride in the treatment of type 2 diabetes. Journal of clinical medi-
cine in practice. 2003; 7(6):574–5.

65. Liu YT, Hu B, Jian L, Li JW, Huang L. Influence of metformin on level of serum vaspin in T2DM patients.
Chinese Journal of Diabetes. 2013; 21(8):705–8.

66. Tang JZ, Mao JP, Yang ZF, Zhou ZG, TangWL, Feng Q. Effects of glimepiride and metformin on free
fatty acid in patients with Type 2 diabetes mellitus. Journal of Central South University(Medical Sci-
ences). 2004; 29(6):631–4. PMID: 16114544

67. Wang H. Observation of therapeutic effect of metformin on 68 onset obese T2DM patients. Journal of
medical forum. 2011; 32(23):156–7.

68. Xu Y, Sun BR, Ye MH, Ding YJ. Clinical observation of type 2 diabetes treatment with glimepiride. Jour-
nal of practical medical techniques 2006; 13(9):1503–4.

69. Yao J, Lu GZ, Yang JK, Liu JJ, Zhu LY, Lv XF, et al. Multicenter,randomized,double-masked,double-
mimic active-controlled clinical trial of glipizide/metformin hydrochloride tablets for patients with type 2
diabetes. The Chinese Journal of Clinical Pharmacology. 2008; 24(5):387–91.

70. Yao L, Lv XF, Ji X, Zhang JL. Clinical study on efficacy and security of fixed-dose glipizide /metformin
on type 2 diabetes mellitus(DM). Chinese Journal of Clinical Pharmacology and Therapeutics. 2010; 15
(7):803–8.

71. Zhang HP. A Clinical trial on observing the availability and safety of fixed-dose metformin/glipizide on
type 2 diabetes. Jilin province:JiLin university. 2009:1–27.

72. Goldstein BJ, Pans M, Rubin CJ. Multicenter, randomized, double-masked, parallel-group assessment
of simultaneous glipizide/metformin as second-line pharmacologic treatment for patients with type 2 di-
abetes mellitus that is inadequately controlled by a sulfonylurea. Clinical therapeutics. 2003; 25
(3):890–903. PMID: 12852706

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 20 / 22

http://www.ncbi.nlm.nih.gov/pubmed/16936159
http://www.ncbi.nlm.nih.gov/pubmed/10937515
http://www.ncbi.nlm.nih.gov/pubmed/12185379
http://www.ncbi.nlm.nih.gov/pubmed/10369427
http://www.ncbi.nlm.nih.gov/pubmed/3282895
http://www.ncbi.nlm.nih.gov/pubmed/11257323
http://dx.doi.org/10.1016/S1726-4901(08)70044-3
http://www.ncbi.nlm.nih.gov/pubmed/18063500
http://www.ncbi.nlm.nih.gov/pubmed/15645955
http://dx.doi.org/10.1111/j.1464-5491.2005.01656.x
http://www.ncbi.nlm.nih.gov/pubmed/16026361
http://www.ncbi.nlm.nih.gov/pubmed/16114544
http://www.ncbi.nlm.nih.gov/pubmed/12852706


73. XuanWT, Liu YH, Huang JP, Ye JR, Liu CL. Comparison of gumepiride and metformin on plasminogen
activator inhibitor-1 in coronary heart disease(CHD) patients accompanied with type 2 diabetes mellitus
(T2DM). Modern Hospital. 2012; 12(7):44–5.

74. Charpentier G, Fleury F, Kabir M, Vaur L, Halimi S. Improved glycaemic control by addition of glimepir-
ide to metformin monotherapy in type 2 diabetic patients. Diabetic medicine: a journal of the British Dia-
betic Association. 2001; 18(10):828–34. PMID: 11678974.

75. Formoso G, De Filippis EA, Michetti N, Di Fulvio P, Pandolfi A, Bucciarelli T, et al. Decreased in vivo ox-
idative stress and decreased platelet activation following metformin treatment in newly diagnosed type
2 diabetic subjects. Diabetes/metabolism research and reviews. 2008; 24(3):231–7. doi: 10.1002/dmrr.
794 PMID: 17966969.

76. Ning J, TangWL, Zhou ZG, Feng Q, Liu YH, ZhouWD. Effect of glimepiride and metformine on insulin
resistance in type 2 diabetics. China Journal of Modern Medicine. 2006; 16(14):2224–6.

77. Tessier D, Maheux P, Khalil A, Fulop T. Effects of gliclazide versus metformin on the clinical profile and
lipid peroxidation markers in type 2 diabetes. Metabolism: clinical and experimental. 1999; 48
(7):897–903. PMID: 10421233.

78. Lawrence JM, Reid J, Taylor GJ, Stirling C, Reckless JP. Favorable effects of pioglitazone and metfor-
min compared with gliclazide on lipoprotein subfractions in overweight patients with early type 2 diabe-
tes. Diabetes care. 2004; 27(1):41–6. PMID: 14693964.

79. Hasegawa G, Kajiyama S, Tanaka T, Imai S, Kozai H, Fujinami A, et al. The alpha-glucosidase inhibitor
acarbose reduces the net electronegative charge of low-density lipoprotein in patients with newly diag-
nosed type 2 diabetes. Clinica chimica acta; international journal of clinical chemistry. 2008; 390(1–
2):110–4. doi: 10.1016/j.cca.2008.01.005 PMID: 18230353.

80. Hu HJ, Lei L, Zhao ZQ. Comparison of the effect of glimepiride and acarbose on newly diagnosed type
2 diabetic patients. Journal of Guiyang College of Traditional Chinese Medicine. 2012; 34(5):70–1.

81. Li JR, Dai JD. Application of acarbose combined with glipizide in treatment of 30 elderly patients with
type 2 diabetes. Herald of Medicine. 2007; 26(5):510–1.

82. Li L. Comparison of the hypoglycemic effect of glimepiride and acarbose. China Practical Medicine.
2008; 3(23):134–5.

83. Rosenthal JH, Mauersberger H. Effects on blood pressure of the α-glucosidase inhibitor acarbose com-
pared with the insulin enhancer glibenclamide in patients with hypertension and type 2 diabetes melli-
tus. Clinical drug investigation. 2002; 22(10):695–701.

84. Salman S, Salman F, Satman I, Yilmaz Y, Ozer E, Sengul A, et al. Comparison of acarbose and glicla-
zide as first-line agents in patients with type 2 diabetes. Curr Med Res Opin. 2001; 16(4):296–306. doi:
10.1185/030079901750120231 PMID: WOS:000167506000008.

85. Van de Laar FA, Lucassen PLBJ, Kemp J, van de Lisdonk EH, vanWeel C, Rutten GEHM. Is acarbose
equivalent to tolbutamide as first treatment for newly diagnosed type 2 diabetes in general practice? A
randomised controlled trial. Diabetes research and clinical practice. 2004; 63(1):57–65. doi: 10.1016/j.
diabres.2003.08.006 PMID: WOS:000188218400007.

86. Wang YL, Bo ZS, Ma YL, Ma DZ. Clinical study of acarbose in the treatment of elderly patients with type
2 diabetes. Practical geriatrics. 1999; 13(6):317–8.

87. Wang YH, Cui RZ. Clinical observation of diabetes 2 treatment with glimepiride. Journal of practical
medical techniques. 2007; 14(11):1429.

88. Yang H, Wu XR, Lin HZ. Cost-effectiveness analysis of 3 different drugs in the treatment of type 2 dia-
betes mellitus. China medical herald. 2010; 7(27):116–8.

89. Donegan S, Williamson P, Gamble C, Tudur-Smith C. Indirect comparisons: a review of reporting and
methodological quality. PloS one. 2010; 5(11):e11054. doi: 10.1371/journal.pone.0011054 PMID:
21085712; PubMed Central PMCID: PMC2978085.

90. Song F, Xiong T, Parekh-Bhurke S, Loke YK, Sutton AJ, Eastwood AJ, et al. Inconsistency between di-
rect and indirect comparisons of competing interventions: meta-epidemiological study. British Medical
Journal. 2011; 343.

91. Li Y, Tong Y, Zhang Y, Huang L, Wu T, Tong N. Acarbose monotherapy and weight loss in Eastern and
Western populations with hyperglycaemia: an ethnicity-specific meta-analysis. International journal of
clinical practice. 2014; 68(11):1318–32. doi: 10.1111/ijcp.12467 PMID: 24853116.

92. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr Opin Lipidol. 2002; 13
(1):3–9. doi: 10.1097/00041433-200202000-00002 PMID: WOS:000174080900002.

93. Song FJ, Glenny AM, Altman DG. Indirect comparison in evaluating relative efficacy illustrated by anti-
microbial prophylaxis in colorectal surgery. Control Clin Trials. 2000; 21(5):488–97. doi: 10.1016/
S0197-2456(00)00055-6 PMID: WOS:000089699200006.

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 21 / 22

http://www.ncbi.nlm.nih.gov/pubmed/11678974
http://dx.doi.org/10.1002/dmrr.794
http://dx.doi.org/10.1002/dmrr.794
http://www.ncbi.nlm.nih.gov/pubmed/17966969
http://www.ncbi.nlm.nih.gov/pubmed/10421233
http://www.ncbi.nlm.nih.gov/pubmed/14693964
http://dx.doi.org/10.1016/j.cca.2008.01.005
http://www.ncbi.nlm.nih.gov/pubmed/18230353
http://dx.doi.org/10.1185/030079901750120231
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000167506000008
http://dx.doi.org/10.1016/j.diabres.2003.08.006
http://dx.doi.org/10.1016/j.diabres.2003.08.006
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000188218400007
http://dx.doi.org/10.1371/journal.pone.0011054
http://www.ncbi.nlm.nih.gov/pubmed/21085712
http://dx.doi.org/10.1111/ijcp.12467
http://www.ncbi.nlm.nih.gov/pubmed/24853116
http://dx.doi.org/10.1097/00041433-200202000-00002
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000174080900002
http://dx.doi.org/10.1016/S0197-2456(00)00055-6
http://dx.doi.org/10.1016/S0197-2456(00)00055-6
http://www.ncbi.nlm.nih.gov/pubmed/WOS:000089699200006


94. Black N. Why we need observational studies to evaluate the effectiveness of health care. British Medi-
cal Journal. 1996; 312(7040):1215–8. PMID: WOS:A1996UL05800026.

95. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of hyper-
glycemia in type 2 diabetes: a patient-centered approach position statement of the American Diabetes
Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetes care.
2012; 35(6):1364–79. doi: 10.2337/dc12-0413 PMID: 22517736

96. Group UPDS. Effect of intensive blood-glucose control with metformin on complications in overweight
patients with type 2 diabetes (UKPDS 34). Lancet. 1998; 352(9131):854–65. PMID: 9742977

97. Saenz A, Fernandez-Esteban I, Mataix A, Ausejo Segura M, Roqué i Figuls M, Moher D. Metformin
monotherapy for type 2 diabetes mellitus (Review). The Cochrane Library. 2013;(4: ):1–144.

98. Jansen JP, Trikalinos T, Cappelleri JC, Daw J, Andes S, Eldessouki R, et al. Indirect treatment compar-
ison/network meta-analysis study questionnaire to assess relevance and credibility to inform health
care decision making: an ISPOR-AMCP-NPCGood Practice Task Force report. Value in health: the
journal of the International Society for Pharmacoeconomics and Outcomes Research. 2014; 17
(2):157–73. doi: 10.1016/j.jval.2014.01.004 PMID: 24636374.

Glucose Lowering Effect of Metformin and Acarbose in T2DM

PLOSONE | DOI:10.1371/journal.pone.0126704 May 11, 2015 22 / 22

http://www.ncbi.nlm.nih.gov/pubmed/WOS:A1996UL05800026
http://dx.doi.org/10.2337/dc12-0413
http://www.ncbi.nlm.nih.gov/pubmed/22517736
http://www.ncbi.nlm.nih.gov/pubmed/9742977
http://dx.doi.org/10.1016/j.jval.2014.01.004
http://www.ncbi.nlm.nih.gov/pubmed/24636374

