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Abstract
Background Dapagliflozin is a first-in-class oral sodium glucose co-transporter 2 (SGLT2)

inhibitor and is often used in combination with conventional anti-diabetic drugs in treating

type 2 diabetes mellitus (T2DM).

Objectives This meta-analysis aimed to evaluate whether dapagliflozin is synergistic with

other anti-diabetic drugs without risk of weight gain.

Data sources Information of relevant RCTs was retrieved from PubMed, Cochrane Library,
Embase, ClinicalTrials.gov, Google Scholar and Google according to a pre-specified search

strategy.

Methods This meta-analysis was based on the random effects model and compared the
changes of HbAlc (%), FPG (mmol/L) and body weight (kg) between dapagliflozin arm and
placebo arm of randomized controlled trials (RCT) on patients with T2DM. The Cochrane
risk of bias tool was used to assess the quality of the eligible RCTs. Publication bias was
evaluated with a funnel plot and the Egger’s regression test. Heterogeneity was assessed with
the I* statistics. Sensitivity analysis was conducted by excluding low quality and interim
RCTs, respectively. Meta-regression was conducted on follow-up durations. The evidential

quality of the findings was assessed by the GRADE profiler.

Results Twelve RCTs were eligible for quantitative synthesis and meta-analysis. The overall
effect size of HbAlc calculated from mean difference was -0.52% (Z= -13.56, P<0.001) with
95%CI [-0.60, -0.45]. The effect size of FPG was -1.13mmol/L (Z=-11.12, P<0.001) with
95%CI [-1.33, -0.93]. The effect size of body weight was -2.10kg (Z=-18.77, P<0.001) with
95%CI [-2.32, -1.88]. After excluding low quality and interim RCTs respectively, the overall
mean difference was changed to -0.56%, -1.11mmol/L, 2.23kg and -0.50%, -1.08mmol/L,
-2.08kg. The sensitivity analysis indicated good stability of the meta-analysis on HbAlc, FPG,
and body weight.

Conclusions The meta-analysis showed that dapagliflozin as an add-on drug to conventional
anti-diabetic drugs improved the glycemic control in T2DM patients without the risk of

weight gain.

PROSPERO registration number CRD42013005034

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 30

yBuAdoo Ag paloaloid 1senb Ag 20z ‘6 udy uo /wod g uadolwg//:dny woij papeojumoq +T0zZ IUdy L uo 6T9700-£T0Z-uadolwag/9eTT 0T St paysiignd 1suiy :uado CINg


http://bmjopen.bmj.com/

Page 3 of 30

©CoO~NOUITA,WNPE

BMJ Open

ARTICLE SUMMARY
Article focus

® To explore the efficacy of dapagliflozin as an add-on drug for anti-diabetic treatment.

Key messages

® Dapagliflozin as an add-on drug improves the control of HbAlc and FPG levels in type 2

diabetes mellitus (T2DM) patients with little risk of weight gain.

® Dapagliflozin have significant effects on glycemic control and body weight of T2DM

patients.

Strengths and limitations of this study

® This study is the first meta-analysis to focus on the weight gain issue of dapagliflozin.

® The protocol of this study was properly registered with the PROSPERO database and

published.

® The conduct of this study is in accordance with the PRISMA statement to ensure high

study quality.

® Subgroup meta-analysis, sensitivity analysis and publication bias analysis were

performed to evaluate the robustness of the evidence.

® A meta-regression was conducted to determine the time-dependence of the dapagliflozin

efficacy.

® There is a potential limitation of the study that all eligible RCTs were sponsored by

Bristol-Myers Squibb or AstraZeneca.
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INTRODUCTION
The efficacy of common anti-diabetic drugs (including metformin, sulfonylureas,

nonsulfonylurea  secretagogues, alpha glycosidase inhibitors, thiazolidinediones,

glucagon-like peptide-1 analog, and dipeptidyl peptidase-4 inhibitors) is insulin-dependent [1].

Their efficacy diminishes when the function of pancreatic islet B-cells declines during the
progression of type 2 diabetes mellitus (T2DM) [2]. Sulphonylureas and thiazolidinediones
cause weight gain, which further worsens insulin resistance [3]. It came as no surprise that
approximately two-thirds of the patients with diabetes in Europe [4] and the United States [5]
under conventional treatment could not meet the goal of glucose control. By contrast, as a
highly selective inhibitor of sodium glucose co-transporter 2 (SGLT2), dapagliflozin is
distinctive in its insulin-independent action on reducing reabsorption of glucose particularly
by the proximal tubule in the kidney to eliminate more glucose from plasma into urine [6-8].
Dapagliflozin would enhance glucose control, as claimed in recent studies, without adverse
effects on body weight, blood pressures and lipids like conventional anti-diabetic drugs,
making dapagliflozin desirable to combine conventional anti-diabetic drugs with
dapagliflozin in treating T2DM [9-10]. However, these claims were made by individual
clinical studies, not well-established by the systematic reviews and meta-analysis. Three
existing meta-analysis reports did not focus on dapagliflozin but addressed the efficacy issues
of SGLT2 inhibitors in general [3, 11-12]. The latest meta-analysis [13] on dapagliflozin in
particular still lacked analysis of publication bias and sensitivity to various possible factors as
required by the PRISMA guideline for meta-analysis reporting. Although a subgroup analysis
on dapagliflozin monotherapy was available in the meta-analysis [13], it did not provide a
specific analysis of the efficacy of dapagliflozin combined with other anti-diabetic drugs. All
these four meta-analysis studies were not registered before conduct. The present
meta-analysis aims to evaluate the efficacy of dapagliflozin in combination with conventional
anti-diabetic drugs for glucose control as measured by the changes of glycosylated
hemoglobin (HbA1c) and fasting plasma glucose (FPG). The body weight data were analyzed
to test whether the claim that dapagliflozin does not affect body weight (that is, no weight

gain).

METHODS

This study of systematic review and meta-analysis is in compliance with the guideline
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA). The
protocol of this study [14] was registered with the PROSPERO database and assigned an
identifier CRD42013005034.
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Data sources

Bibliographical databases for literature search included MEDLINE (via PubMed), Embase
(via  OVID), Cochrane Library, Google Scholar and ClinicalTrials.gov
(http://www.clinicaltrials.gov). The initial search was performed on 9 July 2013 and was last
updated on 21 October 2013. Our search strategy included keywords “dapagliflozin” and
“diabetes”. We searched all fields in PubMed, all text in Cochrane Library, but restricted to
the fields of abstracts, titles, and keywords in Embase. When searching ClinicalTrials.gov, we
used the term “dapagliflozin”. Google search was conducted to find the RCT information
unavailable from bibliographical databases. In addition, manual search of journals was

conducted to track relevant RCTs that were not indexed by normal keywords.

Inclusion and exclusion criteria
The identified studies were selected according to the following inclusion and exclusion
criteria:

Study design Only RCTs were included. Observational, cohort, case-control, case series,
and laboratory studies were excluded.

Durations For observing changes in HbAlc levels, only the RCTs with follow-up
durations longer than 8 weeks were included.

Participants Only the RCTs on adult T2DM patients (age>18) were included.

Interventions This meta-analysis included only the RCTs on the efficacy of dapagliflozin
combined with conventional anti-diabetic drugs. The RCTs on dapagliflozin monotherapy
were excluded.

Comparators This meta-analysis included the RCTs employing placebo combined with
conventional anti-diabetic drugs as the controls. The RCTs employing only placebo as the
control group were excluded.

Outcomes This meta-analysis included the RCTs measuring HbAlc, FPG, and body

weight as the outcomes. The RCTs without all these three outcomes were excluded.

Study selection and data extraction
The studies were evaluated by at least two reviewers according to the inclusion and exclusion
criteria. Disagreement in evaluation was resolved by discussion among the reviewers.

Data from each included RCT were extracted by one reviewer and verified by another
reviewer. In addition to the outcome measures, the following characteristics of the RCTs were
extracted: (1) first author and publication year, (2) interventions (doses of dapagliflozin and
the drugs used in combination), (3) characteristics of participants, (4) follow-up durations,
and (5) findings.

Quality assessment
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We assessed the design, execution and reporting of the included RCTs according to the
Cochrane risk of bias tool [15]. The quality of each RCT was assessed by one reviewer and
verified by another reviewer. Disagreement was resolved by discussion. The evidential level
of each outcome was determined in accordance with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system [16]. The analysis was
conducted with GRADE profiler 3.2.

Data synthesis and analysis

The meta-analysis of effect sizes was performed using Review Manager 5.2 (http:
http://ims.cochrane.org/revman/). Other statistical tests and regression analysis were
conducted using R3.0.1 (http://www.r-project.org/). P values<0.05 were considered
statistically significant. Meta-analysis based on the random effects model was conducted for
comparing the changes of HbAlc (%), FPG (mmol/L), and body weight (kg) between 10mg
dapagliflozin arm and placebo arm. The continuous variables extracted from the included
RCTs were adjusted mean differences (AMD) with 95% confidential interval (CI). Subgroup
analysis was conducted according to drug combinations (selected from metformin, insulin,
glimepiride, pioglitazone, and metformin/sitagliptin) and the durations of follow-up (<24
weeks or not). The effects of follow-up durations were also assessed by meta-regression.
Publication bias was evaluated using the Egger’s regression test and a funnel plot of the effect
sizes against the stand errors (SE). Heterogeneity was assessed with the I” statistic, which is
the proportion of total variance observed between the trials attributed to the differences
between trials rather than to sampling error. I°<25% was considered as low in heterogeneity

and I>>75% was of high heterogeneity.

Sensitivity analysis

Sensitivity analysis was performed to evaluate the robustness of the meta-analysis results. The
RCTs with high risk of bias were excluded for sensitivity analysis. The sensitivity analysis
evaluated the differences between overall results and the results from the studies with low risk
of bias. In addition, we excluded the interim results, that is, only using endpoint results of

trials, to re-evaluate the robustness of the meta-analysis results.

RESULTS

Study selection

A total of 380 citations were assessed in the initial searching, of which 231 were identified via
bibliographical databases and 149 were identified by supplementary search via the Google
and Google Scholar (Fig 1). By screening the abstracts, we excluded 139 non-RCTs and seven
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pharmacokinetics and pharmacodynamics studies. Of the remaining 20 RCTs, eight RCTs did
not meet the inclusion criteria on interventions and comparators. Finally, a total number of 12

RCTs were included for quantitative synthesis and meta-analysis.

Study characteristics

The characteristics of the included 12 RCTs [17-28] were summarized in Table 1. The RCTs
contained interventions of 2.5mg, S5mg, and 10mg add-on dapagliflozin. The eligible RCTs
were also summarized according to their combined drugs: (1) 10mg dapdgliflozin plus
metformin vs. placebo plus metformin; (2) 10mg dapdgliflozin plus insulin vs. placebo plus
insulin; (3) 10mg dapdgliflozin plus glimepiride vs. placebo plus glimepiride; (4) 10mg
dapdgliflozin plus pioglitazone vs. placebo plus pioglitazone; (5) 10mg dapdgliflozin plus
metformin/sitagliptin vs. placebo plus metformin/sitagliptin. The participants in all RCTs
were T2DM patients (>18 years old). The outcomes measuring the effects of dapagliflozin
were HbAlc (%), FPG (mmol/L), and body weight (kg).

The data extracted from the included RCTs for meta-analysis were sample size and
changes from baselines, such as adjusted mean differences (AMD) and standard
deviations/standard errors (SD/SE). The mean differences were adjusted according to the last
observation carried forward (LOCF) was adopted in most RCTS, thus the changes extracted
from the RCTs were AMD using analysis of covariance (ANCOVA) model.

Risk of bias within studies

According to the Cochrane risk of bias tool, four RCTs had more than one unclear risks of
bias [21, 23, 25, 28]. The common bias was the detection bias due to no report of blinding
(Figure 2). The average quality of the RCTs was acceptable. The GRADE evaluation
indicated that the outcomes of both HbAlc and FPG had high quality of the evidence.
However, the quality of the evidence on body weight was moderate due to publication bias
(Table 2).

Synthesis of results from individual studies
HbAlc
Twelve RCTs with 3986 participants were included in the meta-analysis on the effect of
dapagliflozin on changing the patients’ HbAlc levels. There were 1996 participants in the
intervention groups (10mg dapagliflozin combined with five drugs) and 1990 participants in
the control groups (placebo combined with corresponding drugs). The follow-up durations
ranged from 12 to 104 weeks. A forest plot of HbA1lc was presented in Figure 3a.

The differences of AMD between the intervention groups and the control groups ranged

from -0.8% to -0.29%. HbAlc levels decreased after supplement of dapagliflozin. The overall
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effect size in terms of mean difference was -0.52% (Z= -13.56, P<0.001) with 95% CI [-0.60,
-0.45]. The heterogeneity among the RCTs was moderate with I’=56 % (Q=29.54, P=0.0055)
and 95%CI [19.9%, 75.8%]. A funnel plot showed no publication bias (Figure 4) and the
Egger’s regression test was not significant in asymmetry (t=-1.90, P=0.08).

Subgroup meta-analyses were conducted by stratifying the five anti-diabetic drugs
(metformin, insulin, glimepiride, pioglitazone, and metformin/sitagliptin) combined with
dapagliflozin and the follow-up durations (<24 weeks, >24 weeks). The effect sizes ranged
from -0.69% to -0.47%. The metformin plus metformin subgroup had the smallest effect size
with a mean difference of -0.47% (Z=-7.31, P<0.001). The two duration subgroups on two
durations did not differ much, with a mean difference -0.53% (<24 weeks) and -0.52% (>24
weeks). The meta-regression on the follow-up durations did not give any statistically

significant results (Table 3).

FPG

All 12 included RCTs with 3620 participants reported the effect sizes of dapagliflozin on
FPG. There were 1817 participants in the intervention groups (10mg dapagliflozin combined
with the five types of drugs) and 1803 participants in the control groups (placebo combined
with the corresponding drugs). The follow-up durations ranged from 12 to 104 weeks. As
depicted in a forest plot of FPG (Figure 4), all the RCTs showed the decreases in FPG after
the add-on of dapagliflozin. The overall mean difference between the intervention groups and
the control groups was -1.13mmol/L (Z=-11.12, P<0.001) with 95%CI [-1.33, -0.93]. The
heterogeneity among these RCTs was moderate with I* = 53.8% (Q=23.81, P=0.0135). A
funnel plot also showed no publication bias (Figure 4) and the Egger’s regression test was not
significant in asymmetry (t=1.55, P=0.15).

Subgroup meta-analyses were conducted on five different combined drugs and follow-up
durations. The effect sizes of the drug subgroups ranged from -1.47mmol/L (pioglitazone
group) to -0.93mmol/L. (metformin group). In the follow-up duration subgroups, the mean
differences were -1.13mmol/L (>24 weeks) and -1.36mmol/L (< 24 weeks). The
meta-regression showed a significant time-dependent effect on the follow-up durations with

R*=0.9704 and P<0.001 (Table 3).

Body weight

Twelve RCTs with a total of 4008 participants reported the effect sizes of dapagliflozin on
body weight changes. The RCTs included 2005 participants in the intervention groups (10mg
dapagliflozin combined with the five types of drugs) and 2003 participants in the control
groups (placebo combined with the corresponding drugs). The follow-up durations ranged

from 12 to 104 weeks. A forest plot showed decreases in body weight after the intervention of
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dapagliflozin (Figure 3c). The decreases ranged from -3.33kg to -1.54kg. The overall mean
difference between the intervention groups and the control groups was -2.10kg (Z=-18.77,
P<0.001) with 95%CI [-2.32, -1.88]. The heterogeneity among RCTs was not significant with
I’ = 12% (Q=14.73, P=0.32). A funnel plot revealed some publication bias (Figure 4) and the
Egger’s regression test was significant in asymmetry (t=-3.11, P=0.009).

The subgroup meta-analyses were conducted on five different combinations of drugs and
two follow-up durations. The effect sizes of the drug subgroups ranged from -2.45kg to
-1.54kg with insulin the most effective and glimepiride the least. The results of follow-up
duration subgroups showed that the differences of effect sizes ranged from -2.63kg (< 24
weeks) to -1.92kg (> 24weeks), which implied the efficacy was time-dependent. The result
from meta-regression showed significant time-dependence on the follow-up durations with

R’=1 and P<0.01(Table 3).

Risk of bias across studies

The funnel plots of HbAlc, FPG and body weight checked the existence of publication bias
(Figure 4). The results from the Egger’s regression test indicated that there was significant
publication bias in the outcome of body weight (t=-3.11, P=0.0091). There was no significant
publication bias in the result of HbAlc (t=-1.90, P=0.08) and FPG (t=1.55, P=0.152).

Sensitivity analysis

By the Cochrane risk of bias tool, we found that four RCTs had more than one unclear risk of
bias [21, 23, 25, 28]. When we excluded those RCTs, the overall effect size of HbAlc
changed to -0.50% with 95% CI [-0.61, -0.40]. The effect size of FPG became -1.08mmol/L
with 95% CI [-1.29, -0.87] and the result of body weight -2.08kg with 95% CI [-2.36, -1.82].
The new results did not differ much from the previous ones, that is -0.52% in HbAlc,
-1.13mmol/L in FPG and -2.10kg in body weight (Figure 5a).

In addition, we found that four RCTs published only interim results [17, 19, 22, 26].
Hence, we excluded the interim RCTs to re-examine the robustness of our meta-analysis. The
data from eight RCTs were kept for sensitivity analysis [18, 20, 21, 23-25, 27-28]. The overall
mean differences were changed to -0.56% in HbAlc, -1.11mmol/L in FPG, and -2.23kg in
body weight (Figure 5b).

DISCUSSION

This study of systematic review and meta-analysis on the efficacy of dapagliflozin in
combination with anti-diabetic drugs followed the PRISMA guideline and was registered with
the PROSPERO database before the conduct. Subgroup meta-analyses and sensitivity
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analyses were also conducted to ensure the robustness of the evidence.

In agreement with another meta-analysis on monotherapy of T2DM with dapagliflozin
[13] and three other meta-analyses on SGLT2 inhibitors in general [3, 11-12], we found
dapagliflozin beneficial in glucose control of T2DM. In contrast to these meta-analyses, we
did a PRISMA-compliant meta-analysis, including additional sensitivity analyses and
publication bias analyses, on the efficacy of dapagliflozin combined with another anti-diabetic
drug.

This meta-analysis indicated that dapagliflozin as an add-on drug to conventional
anti-diabetic drugs did improve the control of the HbAlc and FPG levels in T2DM patients.
Individual RCTs indicated that insulin and pioglitazone increased the risk of weight gain [23,
26, 27], which would be deemed harmful to T2DM patients. Our meta-analysis confirmed a
consensus that the body weight of T2DM patients was well controlled under treatment of
dapagliflozin.

Even though the Egger’s regression test showed publication bias in the outcome of body
weight, dapagliflozin as an add-on drug still reduced body weight after a trim-and-fill
procedure on the funnel plot. Subgroup meta-analyses showed that dapagliflozin enhanced the
effects of conventional anti-diabetic drugs on controlling the HbAlc, FPG, and body weight.
A meta-regression further discovered that dapagliflozin had significant time-dependent effects
on controlling FPG and body weight of T2DM patients.

There were limitations in this meta-analysis to be overcome in later studies. Four RCTs
published only short follow-up periods [17, 19, 22, 26]. Considering the consistency in
dosage, we used 10mg dapagliflozin data only. In this meta-analysis, most RCTs [17, 19, 20,
21, 23, 24, 25, 26, 28] used LOCF methods to impute missing data. The combination of
LOCF imputation with exclusion of post rescue data could lead to overstated results [29] and
cause low estimates of standard errors and P values [30]. All the included RCTs were
sponsored by Bristol-Myers Squibb [17, 18, 21, 23, 25] or AstraZeneca [19, 20, 22, 24, 26-28]
which might introduce some potential bias, due to a concern that industry funding was
strongly associated with favorable outcomes [31]. We will update our meta-analysis with

further RCTs with proper registration and less potential biases.

CONCLUSION

Dapagliflozin as an add-on drug to conventional anti-diabetic drugs improved glucose control
and reduced weight gain in T2DM patients, especially those who had inadequate glucose

control with conventional drugs.
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Tables
Table 1 Baseline characteristics of the included RCT
First Participants baseline characteristic T
weeks
author Treatments N HbAlc BMI or weight FPG (mmol/L or Findings
Age (max)
year (%) (kg/m’ or kg*) mg/dL**)
Bailey PLA 137 53.7(10.3) 8.11 (0.96) 31.8(5.3) 9.19 (2.57) 24 Dapagliflozin added to metformin enhanced
2010 [17] 2.5mgDAPA 137 55.0 (9.3) 7.99 (0.90) 31.6(4.8) 8.96 (2.39) glycaemic control and lowered weight.
SmgDAPA 137 54.3(9.4) 8.17(0.96)  31.4(5.0) 9.39 (2.72)
10mgDAPA 135 52.7(9.9) 7.92(0.82)  31.2(5.1) 8.66 (2.15)
Bailey PLA+MET 137 NA 8.12 (0.96) 87.74(19.24) * 9.19 (2.58) 102 Dapagliflozin added to metformin for 102
2013181 5 5eDAPA + MET 137 NA 7.99 (0.90)  84.90(17.77) * 8.96 (2.39) weeks enhanced glycaemic control and
lowered weight.
5mgDAPA + MET 137 NA 8.17(0.96)  84.73(16.26) * 9.39 (2.72)
10mgDAPA + MET 135 NA 792(0.82)  86.28(17.53) * 8.66 (2.15)
Bolinder, PLA + MET 91 60.8 (6.9) 8.11 (0.96) 31.7(3.9) 8.3(1.4) 24 Dapagliflozin added to metformin reduced
2012 [19] 10mgDAPA + MET 89 60.6 (8.2) 799 (0.90)  32.13.9) 8.2(1.4) total body weight.
Bolinder, PLA + MET 91 NA 7.16 90.9* 8.21 102 Dapagliflozin added to metformin enhanced
2013 [20] 10mgDAPA + MET 91 NA 7.19 02.1% 83 glycaemic control and reduced weight.
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1

2

3

4

5

6

7 Henry Study1 24 Dapagliflozin added to metformin was

g 2012 [21] 5mgDAPA + PLA 203 52.3(102) 9.1 (1.4) 86.2 (21.1)* 10.59 (3.14) effective in reducing HbAlc, FPG and weight.
10 MET +PLA 201 51.8(9.8) 9.2 (1.3) 85.6 (20.0)* 10.94 (3.53)

g 5mgDAPA + MET 194 51.7(9.3) 9.2(1.3) 84.1 (19.5)* 10.76 (3.12)

13 Study 2

1;1 10mgDAPA + PLA 219 51.1(11.5) 9.1 (1.3) 88.5 (19.3)* 10.99 (3.43)

16 MET+PLA 208 52.7(10.4) 9.1 (1.3) 87.2 (19.4)* 10.57 (3.00)

g 10mgDAPA + MET 211 51.0(10.1) 9.1(1.3) 88.4 (19.7)* 10.52 (3.22)

19 Ljunggren  PLA+ MET 91 60.8 (6.9) 7.16 (0.53) 31.7(3.9) 83(1.4) 50 Dapagliflozin added to metformin didn’t affect
20 2012 [22] 10mgDAPA + MET 89 60.6 (8.2) 7.19(0.44)  32.1(3.9) 8.2(1.4) markers of bone formation and resorption.
21

22 Roenstock  >30mg PIO + PLA 139 53.5(11.4) 8.34(1.00)0 NA 8.92 (2.61) 48 Dapagliflozin added to pioglitazone further
gi 2012 [23] >30mg PIO + 5mgDAPA 141 53.2(10.9) 8.40(1.03) NA 9.36 (2.98) enhanced glycaemic control without

25 >30mgPIO +10mgDAPA 140 53.8(10.4) 8.37(0.96) NA 9.15 (2.57) pioglitazone-related weight gain.

g? Strojek PLA + GLI 145 60.3(10.16) 8.15(0.74) NA 9.58 (2.07) 24 Dapagliflozin added to glimepiride

28 2010 [24] 2.5mgDAPA + GLI 154 59.9 (10.14) 8.11(0.75) NA 9.56 (2.13) significantly enhanced glycaemic control and
gg SmgDAPA + GLI 142 60.2 (9.73) 8.12 (0.78) NA 9.68 (2.12) reduced weight.

31 10mgDAPA + GLI 151  58.9(8.32) 8.07(0.79) NA 9.55 (2.04)

gé Wilding, PLA+INS 23 58.4 (6.5) 8.4 (0.9) 34.8 (4.6) 165.9 (51.5) ** 12 Dapagliflozin added to insulin improved

34 2009 [25] 10mg DAPA + INS 24 55.7(9.2) 8.4 (0.7) 35.5(3.6) 156.0 (39.0) ** glycaemic control and lowered weight.

35 20mg DAPA + INS 24 56.1 (10.6) 8.5 (0.9) 36.2 (4.6) 161.6 (55.0) **

36

37

38

39

40

41

42

43

44
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Wilding, PLA+INS 193 58.8 (8.6) 8.47 (0.77) 33.1(5.9) 9.5(3.2) 48 Dapagliflozin added to insulin enhanced
2012 [26] 2.5mgDAPA + INS 202 59.8 (7.6) 8.46 (0.78)  33.0(5.0) 10.0 (3.3) glycaemic control, stabilized insulin dosing
Smg DAPA + INS 211 59.3(7.9) 8.62 (0.89) 33.0(5.3) 10.3 (3.3) and lowered weight.
10mgDAPA + INS 194 59.3(8.8) 8.57(0.82)  33.4(5.1) 9.6 (3.0)
Wilding, PLA+INS 193 58.8 (8.6) 8.47 (0.77) 33.1(5.9) 9.5(3.2) 104 Dapagliflozin added to insulin enhanced
2013 [27] 2.5mgDAPA + INS 202 59.8 (7.6) 8.46 (0.78) 33.0(5.0) 10.03.3) glycaemic control, stabilized insulin dosing
5/10mg DAPA + INS 211 59.3(7.9) 8.62(0.89)  33.0(5.3) 10.3(3.3) and lowered weight, but elevated rates of
10mgDAPA + INS 194  59.3(8.8) 8.57(0.82)  33.4(5.1) 9.6(3.0) genital infection and of UTI
SJabbour  PLA+ MET/SIT 224 55.0(1020)  7.97(0.79)  89.23 (20.89)* 162.97 (34.45)** 24
2013 [28] 10mgDAPA + MET/SIT 223 54.8 (10.42) 7.90(0.81)  91.0 2(21.64)* 162.19 (36.83) **

Abbreviations: PLA, placebo; DAPA, dapagliflozin; MET, metformin; P10, pioglitazone; GLI, glimepiride; INS, insulin; SIT, sitagliptin. FPG, fasting plasma glucose.

+ measured by mean (SD)

*meansured by weight (kg); ** meansured by mg/dL

$The data was from ClinicalTrial.gov due to no full-text available.
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1
2
3
4
5
6
7 Table 2 GRADE assessment for the outcomes (HbA1c, FPG, body weight)
8
9
10 10mg dapagliflozin arm compared to PLA arm for GRADE
i;‘ Patient or population: patients with type 2 diabetes

Intervention: 10mg dapagliflozin combined with anti-diabetic drugs
13 g dapag g
14 Comparison: placebo combined with anti-diabetic drugs
15 Illustrative comparative risks* (95% CI) No of Participants  Quality of the evidence
16 Outcomes .
17 Assumed risk Corresponding risk (studies) (GRADE)
18 Placebo combined with anti-diabetic drugs 10mg dapagliflozin combined with anti-diabetic drugs
19 HbA1lc (%) The mean hbalc ranged across control groups from The mean hbalc in the intervention groups was 3986 CODD
20 Follow-up: 12 to 104 weeks  -1.44 t0 0.09 % 0.52 lower (0.6 to 0.45 lower) (14 studies) high
21
22 FPG (mmol/L) The mean fpg ranged across control groups from The mean fpg in the intervention groups was 3620 CODD
23 Follow-up: 12 to 104 weeks -1.93 to 0.99 mmol/L 1.13 lower (1.33 to 0.93 lower) (12 studies) high
24 Body weight (kg) The mean body weight ranged across control groups from The mean body weight in the intervention groups was 4008 SRS
25 Follow-up: 12 to 104 weeks -2.12 to0 2.99 kg 2.10 lower (2.32 to 1.88 lower) (14 studies) moderate
26
27 *The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison
28 group and the relative effect of the intervention (and its 95% CI).
29 CI: Confidence interval;
30 GRADE Working Group grades of evidence

g pg

31 High quality: Further research is very unlikely to change our confidence in the estimate of effect.
32 gh quality ry y 2
33 Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
34 Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
35 Very low quality: We are very uncertain about the estimate.
36
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39
40
41
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43
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Table 3 Meta-regression results of the time-dependent outcomes (HbAlc, FPG, body weight)

HbAlc FPG Body weight
Estimate (SE) 95% CI Estimate (SE) 95% CI Estimate (SE) 95% CI
Intercept  -0.55 (0.07)* [-0.68,-0.41] -1.52 (0.12)* [-1.75,-1.29]  -1.61 (0.18)* [-1.97,-1.26]
Week 0.001 (0.001) [-0.002, 0.003] -0.01 (0.002)* [0.004,0.012]  -0.01 (0.004)* [-0.02, 0.01]

* P value < 0.001
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BMJ Open

Figures

Records identified through PubMed,
Cochrane Library, Embase and
ClinicalTrials.gov

(n=231)

Additional records identified through
Google and Google Scholar

(n=149)

Records assessed according to criteria

(n=380)

Records excluded:
® Duplicates (n=128)

® Conference abstracts (n=86)

A 4

Full text of RCTs assessed for eligibility
(n=20)

A\ 4

® Non-clinical trials (n = 139)
@® Pharmacokinetics and

nharmacodvnamics stidies (n=7)

Full-text articles excluded:

y

RCTs included in systematic review
(n=12)

A 4

A\ 4

® Monotherapy (n=7)
® No placebo (n=1)

RCTs included in quantitative synthesis
(meta-analysis)

(n=12)

Figure 1 Flow diagram of study selection
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Figure 2b Cochrane risk of bias summary
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1
2
3 10mg DAPA+drug PLA+drug Mean Difference Mean Difference
Study or Subgrou Mean [%] SD[%] Total Mean[%] SD[%] Total Weight IV, Random, 95% CI[% IV, Random, 95% CI [%]
4 1.1.1 MET
5 Bailey 2010 -084 083 135 -03 084 137 7.0% -0.54 [[0.74,-0.34]
Bailey 2013 -0.78 11 135 002 128 137 46% -0.80[-1.08,-0.52]
6 Bolinder 2012 -039 046 89 -0.1 0.42 91 9.7% -0.29[-0.42,-0.16) -
olinder -0. 64 : ; g -0.42[-0.62,-0. -
7 Bolinder 2013 03 086 86 012 0.7 90 7.0% 0.42[-0.62,-0.22]
enry -1. : -1. y ; -0.54 [-0.75,-0. =t
H 2012 1.98 1.1 21 1.44 11 208 65% 0.54 [[0.75,-0.33)
8 Ljunggren 2012 -0.38 054 86 002 056 90 83% -0.40 [-0.56,-0.24] 2
9 Subtotal (95% Cl) 742 753  43.0% -0.47 [-0.60, -0.34] <
Heterogeneity: Tau*= 0.02; Chi*=13.44, df=5 (P=0.02), F=63%
estfor overall effect Z=7. <0,
Testfi Il effect: Z=7.31 (P < 0.00001)
11 1.1.2INS
Wilding 2009 -0.61  0.61 23 009 067 19 29% -0.70 [-1.09,-0.31]
1
Wilding 2012a 089 071 192 -0.3 07 188 91% -0.60 [-0.74,-0.46)
13 Wilding 2013a -1.01 082 193 -0.47 082 193 82% -0.54 [-0.70,-0.38)
14 Wildling 2013b -0.78 096 193 -043 106 193 6.8% -0.35 [-0.55,-0.15]
Subtotal (95% CI) 601 593 27.1% -0.53[-0.65,-0.41] L 2
15 Heterogeneity: Tau*= 0.01; Chi*=4.72, df=3 {P=0.19); F=37%
estfor overall effect: Z= 8. <0,
16 Test i Il effect: Z=8.46 (P < 0.00001)
17 1.1.3GLI
Strojek 2011 -082 075 150 -013 076 143 7.9% -0.69 [-0.86,-0.52]
18 Subtotal (95% CI) 150 143 7.9% -0.69 [-0.86, -0.52] >
19 Heterogeneity: Not applicable
Test for overall effect: Z=7.82 (P < 0.00001)
20
1.1.4PIO
21 Rosenstock 2012a -097 095 140 -042 094 139 62% -0.55 [-0.77,-0.33]
22 Rosenstock 2012b -1.21 083 140 -054 094 139 6.6% -0.67 [-0.88,-0.46)
Subtotal (95% CI) 280 278  12.9% -0.61[-0.77, -0.46] <>
23 Heterogeneity: Tau*= 0.00; Chi*= 0.60, df=1 (P =0.44); F=0%
Test for overall effect: Z=7.93 (P < 0.00001)
24
25 1.1.5 MET&SIT
2 Jahbour 2013 -0.45 0.76 223 0.04 076 223 9.1% -0.49 [-0.63,-0.35) e
6 Subtotal (95% CI) 223 223 9.1% -0.49[-0.63, -0.35] <&
27 Heterogeneity: Not applicable
Test for overall effect: Z= 6.81 (P < 0.00001)
28
2.1.1 <= 24 weeks
29
30 Bailey 2010 -0.84 083 135 -0.3 084 137 7.0% -0.54 [-0.74,-0.34]
Bolinder 2012 -039 046 89 -0.1 0.42 91 9.7% -0.29[-0.42,-0.16) -
31 Henry 2012 -1.98 111 21 -1.44 11 208 65% -0.54 [-0.75,-0.33]
Jabbour 2013 -045 076 223 004 076 223 91% -0.49 [-0.63,-0.35] -
32 Rosenstock 2012a -097 095 140 -0.42 094 133 62% -0.55[-0.77,-0.33] E
33 Strojek 2011 -082 075 150 -013 076 143 7.9% -0.69 [-0.86,-0.52]
Wilding 2009 -0.61 0.61 23 008 067 19  29% -0.70 [-1.09,-0.31]
34 Wilding 2012a -09 071 192 -0.3 07 188 91% -0.60 [-0.74,-0.46) ~
Subtotal (95% CI) 1163 1148  58.4% -0.53[-0.63, -0.43] <
35 Heterogeneity: Tau*= 0.01; Chi*=18.19,df=7 (P=0.01), F=62%
36 Test for overall effect: Z=10.05 (P < 0.00001)
37 2.1.2> 24 weeks
38 Bailey 2013 -0.78 11 135 002 128 137 456% -0.80 [-1.08,-0.52]
Bolinder 2013 -03 064 86 012 0.7 90 7.0% -0.42[-0.62,-0.22]
39 Ljunggren 2012 -0.38 054 86 002 056 90  83% -0.40 [-0.56,-0.24]
Rosenstock 2012b -1.21 0.83 140 -054 094 139 66% -0.67 [-0.88, -0.46]
40 Wilding 2013a -1.01 0.82 193 -047 082 193 82% -0.54 [-0.70,-0.38] -
41 Wildling 2013b -0.78 096 193 -043 106 193 6.8% -0.35 [-0.55,-0.15]
Subtotal (95% Cl) 833 842 41.6% -0.51[-0.63, -0.39] <&
42 Heterogeneity: Tau*= 0.01; Chi*=11.30, df= 5 (P = 0.05); F= 56%
43 Test for overall effect: Z=8.28 (P < 0.00001)
Total (95% CI) 1996 1990 100.0% -0.52 [-0.60, -0.45] *
44
iy 2 - Chir= s = ‘R= t + u t
45 e et L S
46 e . Favors DAPA Favors PLA
47
48 Figure 3a Forest plots of total effect size of HbAlc (%) and subgroup meta-analysis according
49 to combined drugs and follow-up durations
50
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9.5%
8.3%
10.3%
10.0%
7.8%
6.8%
52.6%

21%
7.8%
9.9%

101%
10.1%

9.0%
7.8%
16.8%

10.6%
10.6%

9.5%
10.0%
10.6%

9.0%
101%

21%

7.8%
59.0%

8.3%
10.3%
7.8%
7.8%
6.8%
41.0%

Mean Difference

-0.97 [-1.39,-0.56)
-0.78(-1.27,-0.29)
-0.94 [1.31,-0.57)
-1.421.81,-1.03]
-0.92 [-1.44,-0.40)
-0.30 [-0.88, 0.28)
-0.93[-1.20, -0.66]

-0.86-2.13,0.41)
-1.39(-1.90,-0.88]
-1.32[-1.79,-0.84]

-1.47 [-1.86,-1.08]
-1.47 [-1.86, -1.08]

-1.33[1.77,-0.89]
-1.11 [-1.62,-0.60]
-1.24[-1.57, -0.90]

-1.55[1.91,-1.19]
155 [1.91, -1.19]

-0.97 [-1.3,-0.55)
1.42 [-1.81,-1.03)
155 [-1.91,-1.19)
-1.33 [-1.77,-0.89)
-1.47 [1.86,-1.08)
-0.86 [2.13,0.41]
-1.39 [-1.90,-0.88)
-1.36 [-1.53,-1.19]

-0.78 [-1.27,-0.29)
-0.94 [-1.31,-0.57)
111 [1.62,-0.60)
-0.92 [-1.44,-0.40)
-0.30 [-0.88, 0.28)
-0.84 [-1.08, -0.61]

BMJ Open

10mg DAPA+drug PLA+drug
Study or Subgrou Mean [mmoll] SD[mmolll] Total Mean[mmoliL] SD[mmoll] Total Weight IV, Random,95% Cl[mmoldl]
1.3.1 MET
Bailey 2010 -13 1.78 135 -0.33 1.73 137
Bailey 2013 -1.36 172 135 -0.58 233 137
Bolinder 2013 -0.96 1.26 89 -0.02 1.31 91
Henry 2012 -3.35 204 21 -1.93 206 208
Wilding 2013a -1.42 256 194 -05 262 193
Wildling 2013b -1.3 277 194 -1 308 193
Subtotal (95% Cl) 958 959
Heterogeneity: Tau®= 0.06; Chi*=10.75, df= 5 (P = 0.06); F=53%
Test for overall effect Z=6.71 (P < 0.00001)
1.3.2INS
Wilding 2009 013 217 23 0.99 218 22
Wilding 2012a 121 249 183 018 249 177
Subtotal (95% Cl) 206 199
Heterogeneity: Tau®= 0.00; Chi*= 0.57, df=1 (P = 0.45), F= 0%
Test for overall effect: Z= 5.41 (P < 0.00001)
1.3.36LI
Strojek 2011 -1.58 1.7 150 -0.11 1.69 145
Subtotal (95% CI) 150 145
Heterogeneity: Not applicable
Test for overall effect: Z=7.45 (P < 0.00001)
1.3.4PIO
Rosenstock 2012a -1.64 1.89 140 -0.31 189 139
Rosenstock 2012b -1.84 201 140 -0.73 236 139
Subtotal (95% CI) 280 278
Heterogeneity: Tau?= 0.00; Chi*= 0.40, df=1 (P = 0.53); F= 0%
Test for overall effect: Z=7.21 (P < 0.00001)
1.3.5 MET&SIT
Jabhour 2013 -1.34 185 223 0.1 185 222
Subtotal (95% CI) 223 222
Heterogeneity: Not applicable
Test for overall effect: Z= 8.38 (P < 0.00001)
2.3.1<=24 weeks
Bailey 2010 13 178 135 033 173 137
Henry 2012 -3.35 2.04 21 -1.93 206 208
Jabhour 2013 -1.34 1.95 223 0.1 195 222
Rosenstock 2012a -1.64 1.89 140 -0.31 189 139
Strojek 2011 -1.58 1.7 150 -0.11 169 145
Wilding 2009 013 217 23 0.99 218 22
Wilding 2012a 121 249 183 0.18 249 177
Subtotal (95% CI) 1065 1050
Heterogeneity: Tau®= 0.00; Chi*=5.44, df=6 (P = 0.49); F=0%
Testfor overall effect: Z=15.99 (P < 0.00001)
2.3.2 > 24 weeks
Bailey 2013 -1.36 172 135 -0.58 233 137
Bolinder 2013 -0.96 125 89 -0.02 131 9
Rosenstock 201 2b -1.84 201 140 -0.73 236 139
Wilding 2013a -1.42 2.56 194 -05 262 193
Wildling 2013b -1.3 277 194 -1 3.08 193
Subtotal (95% CI) 752 753
Heterogeneity: Tau®= 0.01; Chi*= 4.76, df= 4 (P= 0.31); F=16%
Testfor overall effect: Z=7.01 (P < 0.00001)
Total (95% CI) 1817 1803

Heterogeneity. Tau*= 0.06; Chi*= 23.81, df=11 (P = 0.01); F= 54%
Testfor overall effect: Z=11.12 (P < 0.00001)

100.0%

-1.13 [-1.33,-0.93]

Mean Difference

IV, Random, 95% Cl [mmollL

<>

-

¢

o[t

g

¢

1 1
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Figure 3b Forest plots of total effect size on FPG (mmol/L) and subgroup meta-analysis
according to combined drugs and follow-up durations
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Mean Difference

Total Weight IV, Random, 95% Cl [ki

BMJ Open

10mg DAPA+drug PLA+drug
Study or Subgrouy Mean [kal SD [ki Total Mean [kq] SD [ki
1.2.1 MET
Bailey 2010 -29 267 135 -0.9 299 137  9.0%
Bailey 2013 -1.74 459 135 1.36 499 137 35%
Bolinder 2012 -2.96 2.65 89 -0.88 265 91 71%
Bolinder 2013 -4.54 4.26 89 -212 414 91 3.0%
Henry 2012 -3.33 348 M1 -1.36 346 208 9.2%
Ljunggren 2012 -4.39 44 89 -2.03 426 91 29%
Subtotal (95% Cl) 748 755  34.8%
Heterogeneity: Tau*= 0.00; Chi*= 3.45, df=5 (P = 0.63), F=0%
Test for overall effect. Z=12.19 (P < 0.00001)
1.2.2INS
Wilding 2009 -4.5 245 23 -1.9 233 22 23%
Wilding 2012a -1.61 251 194 0.43 251 193 146%
Wilding 2013a -1.6 372 193 0.82 383 193 7.4%
Wildling 2013b -1.5 507 193 1.83 553 193  4.0%
Subtotal (95% CI) 603 601 28.4%
Heterogeneity: Tau*=0.11; Chi*= 4.91, df=3 (P=0.18); F= 39%
Test for overall effect: Z= 8.97 (P < 0.00001)
1.236L1
Strojek 2011 -2.26 273 151 -0.72 27 145 104%
Subtotal (95% Cly 151 145  10.4%
Heterogeneity: Not applicable
Test for overall effect: Z= 4.88 (P < 0.00001)
1.24 PIO
Rosenstock 2012a -0.14 331 140 1.64 33 133 71%
Rosenstock 2012b 0.69 426 140 2.99 483 133 39%
Subtotal (95% Cl) 280 278 11.0%
Heterogeneity: Tau®= 0.00; Chi*= 0.60, df=1 (P = 0.44); F=0%
Test for overall effect Z=6.12 (P < 0.00001)
1.2.5 MET&SIT
Jabbour 2013 -2.14 259 223 -0.26 263 224 154%
Subtotal (95% Cl) 223 224 15.4%
Heterageneity: Not applicable
Test for overall effect: Z=7.61 (P < 0.00001)
2.2.1 <= 24 weeks
Bailey 2010 -29 267 135 -09 299 137 9.0%
Bolinder 2012 -2.96 2.65 89 -0.88 265 91 T71%
Henry 2012 -3.33 348 21 -1.36 346 208 9.2%
Jabbour 2013 -214 259 223 -0.26 263 224 154%
Rosenstock 2012a -0.14 331 140 1.64 33 139 71%
Strojek 2011 -2.26 273 151 -0.72 27 145 104%
Wilding 2009 -4.5 2.45 23 -1.9 238 22 23%
Wilding 2012a -1.61 251 194 0.43 251 193 146%
Subtotal (95% CI) 1166 1159 75.2%
Heterogeneity: Tau*= 0.00; Chi*= 2.95, df=7 (P = 0.89); F= 0%
Test for overall effect: Z=16.47 (P < 0.00001)
2.2.2 > 24 weeks
Bailey 2013 -1.74 459 135 1.36 499 137 35%
Bolinder 2013 -4.54 4.26 89 -212 414 91 3.0%
Ljunggren 2012 -4.39 44 89 -2.03 426 91 29%
Rosenstock 2012b 0.69 426 140 2.99 483 139 39%
Wilding 2013a -1.6 3.72 193 0.82 383 193 7.4%
Wildling 2013b 1.5 507 193 1.83 553 193 4.0%
Subtotal (95% CI) 839 844 24.8%
Heterogeneity: Tau®= 0.00; Chi*= 3.29, df= 5 (P = 0.66); F= 0%
Test for overall effect. Z=12.20 (P < 0.00001)
Total (95% CI) 2005 2003 100.0%

Heterogeneity: Tau®= 0.02; Chi*=14.73,df=13 (P=0.32); F=12%

Test for overall effect: Z=18.77 (P < 0.00001)
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-2.423.17,-1.67)
-3.33[-4.39,-2.27)
-2.63[-3.06,-2.21]

-2.10[-2.32,-1.88]

<>

<

Mean Difference

I, Random, 95% Cl [kl

*H ¢

¢

N

¢

n 1 ¥

-4

2 0 2 4
Favors DAPA Favors PLA

Figure 3¢ Forest plots of total effect size on body weight (kg) and subgroup meta-analysis
according to combined drugs and follow-up durations
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Figure 4 Funnel plots and the Egger’s regression test results on HbAlc, FPG, and body
weight
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1
2
3 10 mg DAPA + drugs PLA + drugs Mean Difference Mean Difference
4 Study or Subgrou Mean SD__Total Mean SD Total Weight [V, Random, 95% CI[% IV, Random, 95% CI [%
ailey 2010 -0.84 083 135 -0.3 084 137 104% -054[-0.74,-0.34) —
Bailey 2013 -0.78 1.1 135 002 128 137 75% -0.80[-1.08,-0.52]
6 Bolinder 2012 -039 046 89 -01 042 91 133% -0.29[-0.42,-0.16) -
7 Bolinder 2013 -0.3 064 86 012 07 90 104% -0.42[-0.62,-0.22) =
8 Ljunggren 2012 -0.38 054 86 002 056 90 11.9% -0.40[-0.56,-0.24] =i
Strojek 2011 -0.82 0.75 150 -013 076 143 11.5% -0.69[-0.86,-0.52) -
9 Wilding 2012a -09 071 192 -03 07 188 128% -0.60[0.74,-0.46) N
10 Wilding 2013a -1.01 0.82 193 -0.47 082 193 11.9% -0.54[-0.70,-0.38) .
11 Wildling 2013b -0.78 096 193 -043 1.06 193 103% -0.35[-0.55,-0.15) s
12 Total (95% CI) 1259 1262 100.0% -0.50[-0.61,-0.40]
0 <
13 Heterogeneity: Tau®= 0.02; Chi*= 25.39, df= 8 (P = 0.001); F= 68% T I 05 1
12 Test for overall effect: Z= 9.43 (P < 0.00001) Favors DAPA Favors PLA
15 10 myg DAPA + drugs PLA + drugs Mean Difference Mean Difference
Study or Subgrou Mean SD__ Total Mean SD Total Weight IV, Random, 95% Cl[mmoll] IV, Random, 95% CI [mmoll
16 Bailey 2010 1.3 178 135 -0.33 1.73 137 17.6% -0.97[1.39,-0.55) i
17 Bailey 2013 -1.36 1.72 135 -058 233 137 141% -0.78[-1.27,-0.29] -
olinder 2013 -096 1.25 89 -002 1.31 91 204% -0.94[-1.31,-0.57) _
18 Strojek 2011 -1.58 1.7 150 -011 169 145 195% -1.47[-1.86,-1.08) -
19 Wilding 2012a 013 217 23 099 218 22 26% -086[213,041) — [
20 Wilding 2013a -1.21 2.49 183 018 249 177 129% -1.39[-1.90,-0.88) — —
Wildling 2013b -1.42 256 194 -05 262 193 129% -0.92[1.44,-0.40) _—
21
22 Total (95% Cly 909 902 100.0% -1.08[-1.29,-0.87] ’
Heterogeneity: Tau®= 0.02; Chi*= 8.05, df = 6 (P = 0.23); F= 25% T : 1 ]
23 Test for overall effect Z=10.06 (P < 0.00001) Favors DAPA Favors PLA
24
25 10 mg DAPA + drugs PLA + drugs Mean Difference Mean Difference
Study or Subgrou Mean SD__ Total Mean SD Total Weight IV, Fixed, 95% CI[ki IV, Fixed, 95% CI
26 Bailey 2013 -29 267 135 -09 299 137 154% -2.00[-2.67,-1.33] -
27 Bolinder 2012 -1.74 459 135 1.36 499 137 54% -3.10[-4.24,-1.96]
Bolinder 2013 -296 265 89 -088 265 91 11.7% -2.08[-2.85-1.31] .
28 Liunggren 2012 454 426 89 -212 414 01  46% -242[365-119)
29 Strojek 2011 -4.39 44 89 -203 426 91 44% -2.36[3.63,-1.09]
30 Wilding 2012a -226 273 151 -072 27 145 183% -1.54[2.16,-092] e
Wilding 2013a -1.61 251 194 043 251 193 27.9% -2.04[2.54,-154] =
31 Wildling 2013h 1.6 372 193 082 383 193 123% -2.42[3.17,-1.67] —
32 Total (95% CI) 1075 1078 100.0% -2.08[-2.35,-1.82] .
33 Heterogeneity: Chi*= 7.35, df= 7 (P = 0.39); "= 5% S
34 Test for overall effect: Z=15.44 (P < 0.00001) Favors DAPA Favors PLA
35
36 . . .
37 Figure 5a Forest plots of total effect size on HbAlc (%), FPG (mmol/L), and body weight (kg)
38 in RCTs with high quality
39
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Mean Difference

SD_Total Weight IV, Random, 95% CI[%

BMJ Open
10 mg DAPA + drugs PLA + drugs

Study or Subgrou Mean SD__ Total Mean
Bailey 2010 -0.84 0.83 135 -03 084 137 104%
Bailey 2013 -0.78 1.1 135 0.02 1.28 137 7.5%
Bolinder 2012 -0.39 0.46 89 -0.1 042 91 13.3%
Bolinder 2013 -0.3 0.64 86 012 07 90 10.4%
Ljunggren 2012 -0.38 054 86 002 056 90 11.9%
Strojek 2011 -0.82 0.75 150 -0.13 0.76 143 11.5%
Wilding 2012a -09 0.71 192 -03 07 188 128%
Wilding 2013a -1.01 0.82 193 -0.47 082 183 11.9%
Wildling 2013b -0.78 0.96 193 -0.43 106 193 103%
Total (95% CI) 1259 1262 100.0%

Heterogeneity: Tau®= 0.02; Chi*= 25.39, df=8 (P = 0.001); F= 68%
Test for overall effect: Z= 9.43 (P < 0.00001)

PLA + drug

10mg DAPA + drug

Study or Subgrou| Mean SD__Total Mean
Bailey 2013 -1.36 1.72 135 -0.58
Bolinder 2013 -096 1.25 89 -0.02
Henry 2012 -3.35 204 211 -1.93
Jahbhour 2013 -1.34 195 223 021
Rosenstock 2012b -1.84 201 140 -0.73
Strojek 2011 -1.58 1.7 150 -0.11
Wilding 2009 013 217 23 099
Wildling 2013hb 13 277 194 -1
Total (95% CI) 1165

233 137 128%
1.31 91 15.0%
206 208 147%
195 222 153%
236 139 123%
1.69 145 148%
218 22 41%
308 193 11.0%

1157 100.0%

Heterogeneity: Tau®= 0.11; Chi*= 20.82, df= 7 (P = 0.004), F= 66%
Test for overall effect: Z=7.53 (P < 0.00001)

PLA + drug

10mg DAPA + drug

Study or Subgrou Mean SD__Total Mean
Bailey 2013 -1.74 459 135 1.36
Bolinder 2013 -454 426 89 -212
Henry 2012 -3.33 348 211 -1.36
Jabbour 2013 -214 259 223 -0.26
Rosenstock 2012b 069 4.26 140 299
Strojek 2011 -226 273 151 -0.72
Wilding 2009 -45 245 23 189
Wildling 2013hb 1.5 507 193 1.83
Total (95% CI) 1165

-0.54 [-0.74,-0.34]
-0.80 [-1.08,-0.52)
-0.29[-0.42,-0.186)
-0.42-0.62,-0.22)
-0.40 [-0.56,-0.24]
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ABSTRACT
Objectives This meta-analysis aimed to evaluate whether dapagliflozin is synergistic with

other anti-diabetic drugs without body weight gain.

Setting RCT reports were retrieved from PubMed, Cochrane Library, Embase,
ClinicalTrials.gov, Google Scholar and Google. Eligible RCTs were selected according to the
criteria (including types of participants, intervention, outcomes) and assessed by the Cochrane
risk of bias tool and GRADEpro software for evidential quality. Meta-analysis on the eligible
RCTs was performed with the random effects model. The RCTs of low quality and interim
stages were excluded for further sensitivity analysis. Meta-regression was conducted on the
follow-up durations. Publication bias was evaluated with funnel plots and the Egger’s
regression test and adjusted using the trim-and-fill procedure. Heterogeneity was assessed

with the I* statistics.

Participants Adult type 2 diabetes mellitus (T2DM) patients.

Interventions Dapagliflozin combined with conventional anti-diabetic drugs.

Primary and secondary outcome measures Glycaemic level (measured by HbAlc and FPG)

and body weight.

Results Twelve RCTs were eligible for quantitative synthesis and meta-analysis. The overall
effect size of HbAlc calculated from mean difference was -0.52% (Z= -13.56, P<0.001) with
95%CI [-0.60, -0.45]. The effect size of FPG was -1.13 mmol/L (Z= -11.12, P<0.001) with
95%CI [-1.33, -0.93]. The effect size of body weight was -2.10 kg (Z= -18.77, P<0.001) with
95%CI [-2.32, -1.88]. Exclusions of low quality and interim RCTs changed the overall mean
differences respectively to -0.56%, -1.11 mmol/L, 2.23kg and -0.50%, -1.08 mmol/L, -2.08 kg.
The sensitivity analysis indicated good robustness of the meta-analysis on HbAlc, FPG, and

body weight.
Conclusions The meta-analysis showed that dapagliflozin as an add-on drug to conventional
anti-diabetic drugs improved the glycaemic control in T2DM participants without significant

body weight gain.

PROSPERO registration number CRD42013005034
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ARTICLE SUMMARY

Article focus

To explore the efficacy of dapagliflozin as an add-on drug for anti-diabetic treatment.

Key messages

Dapagliflozin as an add-on drug improves the control of HbAlc and FPG levels in type 2
diabetes mellitus (T2DM) participants without body weight gain.
Dapagliflozin have significant effects on glycaemic control and body weight of T2DM

participants.

Strengths and limitations of this study

This study is the first meta-analysis to focus on both the efficacy and body weight gain
issue of dapagliflozin versus placebo in synergy with anti-diabetic drugs (not only
metformin).

The protocol of this study was properly registered with the PROSPERO database and
published.

The conduct and reporting of this study is in accordance with the PRISMA statement to
ensure high study quality.

Subgroup meta-analysis, sensitivity analysis and publication bias analysis were
performed to evaluate the robustness of the evidence.

A meta-regression was conducted to determine dapagliflozin had long-term (>24 weeks)
effects on controlling FPG and body weight of T2DM participants.

There is a potential limitation of the study that all eligible RCTs were sponsored by
Bristol-Myers Squibb or AstraZeneca.
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INTRODUCTION
The efficacy of common anti-diabetic drugs (including metformin, sulfonylureas,

nonsulfonylurea  secretagogues, alpha glycosidase inhibitors, thiazolidinediones,

glucagon-like peptide-1 analog, and dipeptidyl peptidase-4 inhibitors) is insulin-dependent [1].

Their efficacy diminishes when the function of pancreatic islet B-cells declines during the
progression of type 2 diabetes mellitus (T2DM) [2]. Sulphonylureas and thiazolidinediones
cause body weight gain, which further worsens insulin resistance [3]. It came as no surprise
that approximately two-thirds of the patients with diabetes in Europe [4] and the United States
[5] under conventional treatment could not meet the goal of glycaemic control. By contrast, as
a highly selective inhibitor of sodium glucose co-transporter 2 (SGLT2), dapagliflozin is
distinctive in its insulin-independent action on reducing reabsorption of glucose particularly
by the proximal tubule in the kidney to eliminate more glucose from plasma into urine [6-8].
Dapagliflozin would enhance glycaemic control, as claimed in recent studies, without adverse
effects on body weight, blood pressures and lipids like conventional anti-diabetic drugs,
making dapagliflozin desirable to combine conventional anti-diabetic drugs with
dapagliflozin in treating T2DM [9-10]. However, these claims were made by individual
clinical studies, not well-established by the systematic reviews and meta-analysis. Three
existing meta-analysis reports did not focus on dapagliflozin but addressed the efficacy issues
of SGLT2 inhibitors in general [3, 11-12]. The meta-analysis [13] on dapagliflozin in
particular still lacked analysis of publication bias, that is available publications do not fully
represent the research that have been done, and sensitivity to various possible factors as
required by the PRISMA guideline for meta-analysis reporting. Although a subgroup analysis
on dapagliflozin monotherapy was available in the meta-analysis [13], it did not provide
specific analysis of the efficacy of dapagliflozin combined with other anti-diabetic drugs. The
latest meta-analysis used the Bayesian method to estimate the relative effect of dapagliflozin
versus other anti-diabetes treatments (not placebo) added to metformin therapy [14]. All these
five meta-analysis studies were not registered before conduct. The present meta-analysis aims
to evaluate the synergistic efficacy of dapagliflozin versus placebo in combination with
conventional anti-diabetic drugs for glycaemic control as measured by the changes of
glycosylated hemoglobin (HbAlc) and fasting plasma glucose (FPG). The body weight data
were analyzed to test whether the claim that dapagliflozin does not affect body weight (that is,

no weight gain).
METHODS

This study of systematic review and meta-analysis is in compliance with the guideline

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA). The
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protocol of this study [15] was registered with the PROSPERO database and assigned an
identifier CRD42013005034.

Data sources

Bibliographical databases for literature search included MEDLINE (via PubMed), Embase
(via  OVID), Cochrane Library, Google Scholar and  ClinicalTrials.gov
(http://www.clinicaltrials.gov). The initial search was performed on 9 July 2013 and was last
updated on 21 October 2013. Our search strategy included keywords “dapagliflozin” and
“diabetes”. We searched all fields in PubMed, all text in Cochrane Library, but restricted to
the fields of abstracts, titles, and keywords in Embase. When searching ClinicalTrials.gov, we
used the term “dapagliflozin”. Google search was conducted to find the RCT information
unavailable from bibliographical databases. In addition, manual search of journals was
conducted to track relevant RCTs that were not indexed by normal keywords.

Inclusion and exclusion criteria

The identified studies were selected according to the following inclusion and exclusion
criteria:

Study design Only RCTs were included. Observational, cohort, case-control, case series,
and laboratory studies were excluded.

Durations For observing changes in HbAlc levels, only the RCTs with follow-up
durations longer than 8 weeks were included.

Participants Only the RCTs on adult T2DM patients (age>18) were included.

Interventions This meta-analysis included only the RCTs on the efficacy of dapagliflozin
combined with conventional anti-diabetic drugs. The RCTs on dapagliflozin monotherapy
were excluded.

Comparators This meta-analysis included the RCTs employing placebo combined with
conventional anti-diabetic drugs as the controls. The RCTs employing only placebo as the
control group were excluded.

Outcomes This meta-analysis included the RCTs measuring HbAlc, FPG, and body

weight as the outcomes. The RCTs without all these three outcomes were excluded.

Study selection and data extraction
The studies were evaluated by at least two reviewers according to the inclusion and exclusion
criteria. Disagreement in evaluation was resolved by discussion among the reviewers.

Data from each included RCT were extracted by one reviewer and verified by another
reviewer. In addition to the outcome measures, the following characteristics of the RCTs were
extracted: (1) first author and publication year, (2) interventions (doses of dapagliflozin and

the drugs used in combination), (3) characteristics of participants, (4) follow-up durations,
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and (5) findings.

Quality assessment

We assessed the design, execution and reporting of the included RCTs according to the
Cochrane risk of bias tool [16]. The quality of each RCT was assessed by one reviewer and
verified by another reviewer. Disagreement was resolved by discussion. The evidential level
of each outcome was determined in accordance with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system [17] and conducted with
GRADE profiler 3.2 (http://tech.cochrane.org/revman/gradepro).

Data synthesis and analysis

The meta-analysis of effect sizes was performed using both R 3.0.1 (http://www.r-project.org/)
with the metaphor package (http://www.metafor-project.org/) and Review Manager 5.2 (http:
http://ims.cochrane.org/revman/). Other statistical tests and regression analysis were
conducted using R 3.0.1. P values<0.05 were considered statistically significant.
Meta-analysis based on the random effects model was conducted for comparing the changes
of HbAlc (%), FPG (mmol/L), and body weight (kg) between 10mg dapagliflozin arm and
placebo arm. The continuous variables extracted from the included RCTs were adjusted mean
differences (AMD) with 95% confidential interval (CI).The overall effect size was calculated
as mean difference of AMD, thus the mean differences in results stood for AMD. Subgroup
analysis was conducted according to drug combinations (selected from metformin, insulin,
glimepiride, pioglitazone, and metformin/sitagliptin) and the durations of follow-up (<24
weeks or not). The effects of different follow-up durations were also assessed by
meta-regression. Publication bias was evaluated using the Egger’s regression test and a funnel
plot of the effect sizes against the standard errors (SE). Publication bias was adjusted using
the trim-and-fill procedure [18]. Heterogeneity was assessed with the I” statistic [19], which is
the proportion of total variance observed between the trials attributed to the differences
between trials rather than to sampling error. I°<25% was considered as low in heterogeneity

and I>>75% was of high heterogeneity.

Sensitivity analysis

Sensitivity analysis was performed to evaluate the robustness of the meta-analysis results. The
RCTs with high risk of bias were excluded for sensitivity analysis. The sensitivity analysis
evaluated the differences between overall results and the results from the studies with low risk
of bias. In addition, we excluded the interim results, that is, only using endpoint results of

trials, to evaluate the robustness of the meta-analysis results.
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RESULTS

Study selection

A total of 380 citations were assessed in the initial searching, of which 231 were identified via
bibliographical databases and 149 were identified by supplementary search via the Google
and Google Scholar (Figure 1). By screening the abstracts, we excluded 139 non-RCTs and
seven pharmacokinetics and pharmacodynamics studies. Of the remaining 20 RCTs, eight
RCTs did not meet the inclusion criteria on interventions and comparators. Finally, a total

number of 12 RCTs were included for quantitative synthesis and meta-analysis.

Study characteristics

The characteristics of the included 12 RCTs [20-31] were summarized in Table 1. The RCTs
contained interventions of 2.5 mg, 5 mg, and 10 mg add-on dapagliflozin. The eligible RCTs
were also summarized according to their combined drugs: (1) 10 mg dapdgliflozin plus
metformin vs. placebo plus metformin; (2) 10 mg dapdgliflozin plus insulin vs. placebo plus
insulin; (3) 10 mg dapdgliflozin plus glimepiride vs. placebo plus glimepiride; (4) 10 mg
dapdgliflozin plus pioglitazone vs. placebo plus pioglitazone; (5) 10 mg dapdgliflozin plus
metformin/sitagliptin vs. placebo plus metformin/sitagliptin. The participants in all RCTs
were T2DM patients (>18 years old). The outcomes measuring the effects of dapagliflozin
were HbAlc (%), FPG (mmol/L), and body weight (kg).

The data extracted from the included RCTs for meta-analysis were sample sizes and
changes from baselines, such as adjusted mean differences (AMD) and standard
deviations/standard errors (SD/SE). The mean differences were adjusted according to the last
observation carried forward (LOCF) which was adopted in most RCTS. Hence the AMD
extracted from the RCTs were subject to analysis of covariance (ANCOVA) model.

Risk of bias within studies

According to the Cochrane risk of bias tool, four RCTs had more than one items with unclear
risk of bias [24, 26, 28, 31]. The common bias was the detection bias due to no report of
blinding (Figure 2). The average quality of the RCTs was acceptable. The GRADE evaluation
indicated that the outcomes of both HbAlc and FPG had high quality of the evidence.
However, the quality of the evidence on body weight was moderate due to publication bias

(Table 2).

Synthesis of results from individual studies
HbAlc
Twelve RCTs with 3986 participants were included in the meta-analysis on the effect of

dapagliflozin on changing the participants’ HbAlc levels. There were 1996 participants in the
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intervention groups (10 mg dapagliflozin combined with five drugs) and 1990 participants in
the control groups (placebo combined with corresponding drugs). The follow-up durations
ranged from 12 to 104 weeks. A forest plot of HbAlc was presented in Figure 3.

The differences of AMD between the intervention groups and the control groups ranged
from -0.8% to -0.29%. HbAlc levels decreased after supplement of dapagliflozin. The overall
effect size in terms of mean difference was -0.52% (Z= -13.56, P<0.001) with 95% CI [-0.60,
-0.45]. The heterogeneity among the RCTs was moderate with I’=56 % (Q=29.54, P=0.0055)
and 95%CI [19.9%, 75.8%)]. The funnel plot analysis showed no publication bias (Figure 6)
and the Egger’s regression test was not significant in asymmetry (t= -1.90, P=0.08).

Subgroup meta-analyses were conducted by stratifying the five anti-diabetic drugs
(metformin, insulin, glimepiride, pioglitazone, and metformin/sitagliptin) combined with
dapagliflozin and the follow-up durations (<24 weeks, >24 weeks). The effect sizes ranged
from -0.69% to -0.47%. The metformin plus metformin subgroup had the smallest effect size
with a mean difference of -0.47% (Z=-7.31, P<0.001). The two duration subgroups did not
differ much, with a mean difference -0.53% (<24 weeks) and -0.52% (>24 weeks) (Appendix
1). The meta-regression on the overall follow-up durations (12th, 24th, 48th, 50th, 102nd,
104th weeks) did not give any statistically significant results (Table 3).

FPG

All 12 included RCTs with 3620 participants reported the effect sizes of dapagliflozin on FPG.
There were 1817 participants in the intervention groups (10 mg dapagliflozin combined with
the five types of drugs) and 1803 participants in the control groups (placebo combined with
the corresponding drugs). The follow-up durations ranged from 12 to 104 weeks. As depicted
in a forest plot of FPG (Figure 4), all the RCTs showed the decreases in FPG after the add-on
of dapagliflozin. The overall mean difference between the intervention groups and the control
groups was -1.13 mmol/L (Z=-11.12, P<0.001) with 95%CI [-1.33, -0.93]. The heterogeneity
among these RCTs was moderate with I* = 53.8% (Q=23.81, P=0.0135). The funnel plot
analysis also showed no publication bias (Figure 6) and the Egger’s regression test was not
significant in asymmetry (t=1.55, P=0.15).

Subgroup meta-analyses were conducted on five different combined drugs and follow-up
durations. The effect sizes of the drug subgroups ranged from -1.47 mmol/L (pioglitazone
group) to -0.93 mmol/L (metformin group). In the follow-up duration subgroups, the mean
differences were -1.13 mmol/L (>24 weeks) and -1.36 mmol/L (< 24 weeks) (Appendix 2).
The meta-regression showed a significant effect of the overall follow-up durations (12th, 24th,
48th, 50th, 102nd, 104th weeks) with R?=0.9704 and P<0.001. The estimated coefficient on
follow-up duration was -1.52 with SE 0.12 and 95%CI [-1.75, -1.29] (Table 3).
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Body weight
Twelve RCTs with a total of 4008 participants reported the effect sizes of dapagliflozin on
body weight changes. The RCTs included 2005 participants in the intervention groups (10mg
dapagliflozin combined with the five types of drugs) and 2003 participants in the control
groups (placebo combined with the corresponding drugs). The follow-up durations ranged
from 12 to 104 weeks. A forest plot showed decreases in body weight after the intervention of
dapagliflozin (Figure 5). The decreases ranged from -3.33 kg to -1.54 kg. The overall mean
difference between the intervention groups and the control groups was -2.10 kg (Z=-18.77,
P<0.001) with 95%CI [-2.32, -1.88]. The heterogeneity among RCTs was not significant with
I’ = 12% (Q=14.73, P=0.32). The funnel plot analysis revealed some publication bias (Figure
6) and the Egger’s regression test was significant in asymmetry (t=-3.11, P=0.009).

The subgroup meta-analyses were conducted on five different combinations of drugs and
two follow-up durations. The effect sizes of the drug subgroups ranged from -2.45 kg to -1.54
kg with insulin the most effective and glimepiride the least. The results of follow-up duration
subgroups showed that the differences of effect sizes ranged from -2.63 kg (< 24 weeks) to
-1.92 kg (> 24 weeks) (Appendix 3), which implied dapagliflozin has the efficacy of
long-term clinical outcome. The result from meta-regression showed significant effect of the
follow-up durations (12th, 24th, 48th, 102nd, 104th weeks) with R’=1 and P<0.01. The
estimated coefficient was -1.61 with SE 0.18 and 95%CI [-1.97, -1.26] (Table 3).

Risk of bias across studies

The funnel plots of HbAlc, FPG and body weight checked the possible of publication bias
(Figure 6). The results from the Egger’s regression found a significant publication bias in the
outcome of body weight (t=-3.11, P=0.0091). After the trim-and-fill adjustment on the funnel
plot, the estimated mean difference is -1.94 kg with 95%CI [-2.18,-1.70]. However, There was
no significant publication bias in the result of HbAlc (t=-1.90, P=0.08) and FPG (t=1.55,
P=0.152).

Sensitivity analysis

By the Cochrane risk of bias tool, we found that four RCTs had more than one items with
unclear risk of bias [24, 26, 28, 31]. When we excluded those RCTs, the overall effect size of
HbA1c changed to -0.50% with 95% CI [-0.61, -0.40]. The effect size of FPG became -1.08
mmol/L with 95% CI [-1.29, -0.87] and the result of body weight -2.08 kg with 95% CI [-2.36,

-1.82] (Appendix 4). The new results did not differ much from the previous ones, that is -0.52%

in HbAlc, -1.13 mmol/L in FPG and -2.10 kg in body weight (Figure 3-5).
In addition, we found that four RCTs published only interim results [20, 22, 25, 29].

Hence, we excluded the interim RCTs to re-examine the robustness of our meta-analysis. The
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data from eight RCTs [21, 23, 24, 26-28, 30-31] with final results were kept for sensitivity
analysis. The overall mean differences became to -0.56% in HbAlc, -1.11 mmol/L in FPG,
and -2.23 kg in body weight, which did not change too much (Appendix 5).

DISCUSSION

This study of systematic review and meta-analysis on the efficacy of dapagliflozin in
combination with anti-diabetic drugs followed the PRISMA guideline and was registered with
the PROSPERO database before the conduct. Subgroup meta-analyses and sensitivity
analyses were also conducted to ensure the robustness of the evidence.

In agreement with another meta-analysis on monotherapy of T2DM with dapagliflozin
[13], one network meta-analysis on dapaliflozin in combination with metformin[14] and three
other meta-analyses on SGLT2 inhibitors in general [3, 11-12], we found dapagliflozin
beneficial in glycaemic control of T2DM. In contrast to these meta-analyses, we did a
PRISMA-compliant meta-analysis, including additional sensitivity analyses and publication
bias analyses, on the efficacy of dapagliflozin combined with another anti-diabetic drug.

This meta-analysis indicated that dapagliflozin as an add-on drug to conventional
anti-diabetic drugs did improve the control of the HbAlc and FPG levels in T2DM
participants. Individual RCTs indicated that insulin and pioglitazone increased body weight
[26, 29, 30], which would be deemed harmful to T2DM participants. Our meta-analysis
confirmed a consensus that the body weight of T2DM participants was well controlled under
treatment of dapagliflozin in combination with other anti-diabetic drugs.

Even though the Egger’s regression test showed publication bias in the outcome of body
weight, dapagliflozin as an add-on drug still reduced body weight after a trim-and-fill
procedure on the funnel plot. Although the publication bias on body weight was statistically
significant, it might not indicate a strong clinical significance because body weight was not
the primary outcome in the RCTs. Subgroup meta-analyses showed that dapagliflozin
enhanced the effects of conventional anti-diabetic drugs on controlling the HbAlc, FPG, and
body weight. A meta-regression further suggested that dapagliflozin had long-term effects on
controlling FPG and body weight of T2DM participants.

There were limitations in this meta-analysis to be overcome in later studies. Four RCTs
published only short follow-up periods [20, 22, 25, 29]. Considering the consistency in
dosage, we used 10 mg dapagliflozin data only. The limited number of RCTs might
overestimate the R* in meta-regression. In this meta-analysis, most RCTs [20, 22, 23, 24, 26,
27, 28, 29, 31] used LOCF methods to impute missing data. The combination of LOCF
imputation with exclusion of post-rescue data could lead to overstated results [32] and cause
low estimates of standard errors and P values [33]. All the included RCTs were sponsored by

Bristol-Myers Squibb [20, 21, 24, 26, 28] or AstraZeneca [22, 23, 25, 27, 29-31] which might
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introduce some potential bias, due to a concern that industry funding was strongly associated
with favorable outcomes [34]. We will update our meta-analysis with further RCTs that have

proper registration and less potential biases.

CONCLUSION
Dapagliflozin as an add-on drug to conventional anti-diabetic drugs improved glycaemic
control and reduced weight gain in T2DM, especially with inadequate glycaemic control by

conventional drugs.
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Participants’ characteristics

‘Weeks
Study Treatments N HbAlc BMI or weight FPG (mmol/L or Findings
Age (max)
(%) (kg/m’ or kg*) mg/dL**)
Bailey PLA 137 53.7(10.3) 8.11 (0.96) 31.8(5.3) 9.19 (2.57) 24 Dapagliflozin + metformin enhanced
2010 [20] 2.5 mg DAPA 137 55.0 (9.3) 7.99 (0.90) 31.6(4.8) 8.96 (2.39) glycaemic control and lowered body weight.
5 mg DAPA 137 543094 8.17(0.96)  31.4(5.0) 9.39 (2.72)
10 mg DAPA 135 52.7(9.9) 7.92(0.82) 31.2(5.1) 8.66 (2.15)
Bailey PLA+MET 137  NA 8.12 (0.96) 87.74(19.24) * 9.19 (2.58) 102 Dapagliflozin + metformin for 102 weeks
2013 [21] 2.5 mg DAPA + MET 137 NA 7.99 (0.90)  84.90(17.77) * 8.96 (2.39) enhanced glycaemic control and lowered body
weight.
5 mg DAPA + MET 137 NA 8.17(0.96)  84.73(16.26) * 9.39 (2.72)
10 mg DAPA + MET 135 NA 7.92(0.82)  86.28(17.53) * 8.66 (2.15)
Bolinder, PLA + MET 91 60.8 (6.9) 8.11 (0.96) 31.7(3.9) 8.3(1.4) 24 Dapagliflozin + metformin reduced total body
2012 [22] 10 mg DAPA + MET 89 60.6(8.2) 7.99(0.90)  32.1(3.9) 8.2(1.4) weight.
Bolinder, PLA + MET 91 NA 7.16 90.9* 8.21 102 Dapagliflozin + metformin enhanced
2013 [23] 10 mg DAPA + MET 91 NA 7.19 02.1% 83 glycaemic control and reduced body weight.
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1

2

3

4

5

6

7 Henry Study1 24 Dapagliflozin + metformin was effective in

g 2012 [24] 5 mgDAPA+PLA 203 52.3(102) 9.1 (1.4) 86.2 (21.1)* 10.59 (3.14) reducing HbA I¢, FPG and weight.

10 MET +PLA 201  51.8(9.8) 9.2 (1.3) 85.6 (20.0)* 10.94 (3.53)

g 5 mg DAPA + MET 194 51.7(9.3) 9.2(1.3) 84.1 (19.5)* 10.76 (3.12)

13 Study 2

1;1 10 mg DAPA + PLA 219 51.1(11.5) 9.1 (1.3) 88.5 (19.3)* 10.99 (3.43)

16 MET+PLA 208 52.7(10.4) 9.1 (1.3) 87.2 (19.4)* 10.57 (3.00)

g 10 mg DAPA + MET 211 51.0(10.1) 9.1(1.3) 88.4 (19.7)* 10.52 (3.22)

19 Ljunggren PLA+ MET 91 60.8 (6.9) 7.16 (0.53) 31.7(3.9) 83 (1.4 50 Dapagliflozin + metformin did not affect

20 2012 [25] 10 mg DAPA + MET 89 60.6 (8.2) 7.19(0.44)  32.1(3.9) 8.2(1.4) markers of bone formation and resorption.
21

22 Roenstock  >30 mg PIO + PLA 139 53.5(11.4) 8.34(1.00)0 NA 8.92 (2.61) 48 Dapagliflozin + pioglitazone further enhanced
gi 2012 [26]  >30 mg PIO+ 5 mgDAPA 141  53.2(10.9) 8.40(1.03) NA 9.36 (2.98) glycaemic control without pioglitazone-related
25 >30 mg PIO +10 mgDAPA 140  53.8 (10.4) 837(0.96) NA 9.15 (2.57) body weight gain.

g? Strojek PLA + GLI 145 60.3(10.16) 8.15(0.74) NA 9.58 (2.07) 24 Dapagliflozin + glimepiride significantly

28 2010 [27] 2.5 mg DAPA + GLI 154 59.9(10.14) 8.11(0.75) NA 9.56 (2.13) enhanced glycaemic control and reduced body
gg 5 mg DAPA + GLI 142 60.2 (9.73) 8.12(0.78) NA 9.68 (2.12) weight.

31 10 mg DAPA + GLI 151  58.9(8.32) 8.07(0.79) NA 9.55 (2.04)

gé Wilding, PLA+INS 23 58.4 (6.5) 8.4 (0.9) 34.8 (4.6) 165.9 (51.5) ** 12 Dapagliflozin + insulin improved glycaemic
34 2009 [28] 10 mg DAPA + INS 24 55.7(9.2) 8.4 (0.7) 35.5(3.6) 156.0 (39.0) ** control and lowered body weight.

35 20 mg DAPA + INS 24 56.1(10.6) 8.5 (0.9) 36.2 (4.6) 161.6 (55.0) **

36

37

38

39

40

41

42

43

44
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Wilding, PLA+INS 193  58.8(8.6) 8.47 (0.77) 33.1(5.9) 9.5(3.2) 48 Dapagliflozin + insulin enhanced glycaemic
2012 [29] 2.5 mg DAPA + INS 202 59.8(7.6) 8.46(0.78)  33.0(5.0) 10.0 (3.3) control, stabilized insulin dosing and lowered
5 mg DAPA + INS 211 59.3(7.9) 8.62(0.89)  33.0(5.3) 10.3 (3.3) body weight.
10 mg DAPA + INS 194 59.3(8.8) 8.57(0.82)  33.4(5.1) 9.6 (3.0)
Wilding, PLA+INS 193 58.8(8.6) 8.47 (0.77) 33.1(5.9) 9.5(3.2) 104 Dapagliflozin + insulin enhanced glycaemic
2013 [30] 2.5 mg DAPA + INS 202 59.8(7.6) 8.46(0.78)  33.0(5.0) 10.0 (3.3) control, stabilized insulin dosing and lowered
5/10 mg DAPA + INS 211 59.3(7.9) 8.62(0.89)  33.0(5.3) 10.3 (3.3) body weight, but elevated rates of genital
10 mg DAPA + INS 194 59.3(8.8) 8.57(0.82)  33.4(5.1) 9.6 (3.0) infection and of UTI
$Jabbour PLA+ MET/SIT 224 55.0(10.20) 7.97(0.79)  89.23 (20.89)* 162.97 (34.45) ** 24
2013 [31] 10 mg DAPA + MET/SIT 223 54.8(10.42) 7.90(0.81)  91.02 (21.64)* 162.19 (36.83) **

Abbreviations: PLA, placebo; DAPA, dapagliflozin; MET, metformin; P10, pioglitazone; GLI, glimepiride; INS, insulin; SIT, sitagliptin. FPG, fasting plasma glucose.

+ measured by mean (SD)

*meansured by weight (kg); ** meansured by mg/dL

$The data was extracted from ClinicalTrial.gov due to unavailability of final report.
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1

2

3

4

5

6

7 Table 2 GRADE assessment of the outcomes (HbAlc, FPG, and body weight)

8

9

10 10 mg dapagliflozin arm compared to PLA arm for GRADE

i;‘ Patient or population: patients with type 2 diabetes mellitus

13 Intervention: 10 mg dapagliflozin combined with anti-diabetic drugs

14 Comparison: placebo combined with anti-diabetic drugs

15 Illustrative comparative risks* (95% CI) No of Participants  Quality of the evidence
16 Outcomes X

17 Assumed risk Corresponding risk (studies) (GRADE)
18 Placebo combined with anti-diabetic drugs 10 mg dapagliflozin combined with anti-diabetic drugs

19 HbA1lc (%) The mean HbAlc¢ ranged across control groups from The mean HbAlc in the intervention groups was 3986 CODD
20 Follow-up: 12 to 104 weeks ~ -1.44 to 0.09 % 0.52 lower (0.6 to 0.45 lower) (14 studies) high

21

22 FPG (mmol/L) The mean FPG ranged across control groups from The mean FPG in the intervention groups was 3620 CODD
23 Follow-up: 12 to 104 weeks -1.93 to 0.99 mmol/L 1.13 lower (1.33 to 0.93 lower) (12 studies) high

24 Body weight (kg) The mean body weight ranged across control groups from The mean body weight in the intervention groups was 4008 SoAS NSRS
25 Follow-up: 12 to 104 weeks -2.12 t0 2.99 kg 2.10 lower (2.32 to 1.88 lower) (14 studies) moderate
26

27 *The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison
28 group and the relative effect of the intervention (and its 95% CI).

29 CI: Confidence interval;

30 GRADE Working Group grades of evidence

g; High quality: Further research is very unlikely to change our confidence in the estimate of effect.

33 Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

34 Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

35 Very low quality: We are very uncertain about the estimate.

36

37

38

39

40

41

42

43

44

45

46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

47

48 y6uAdod Ag parosiold 1senb Ag $20z ‘6 Mdy uo /wod g uadolwg//:dny woiy papeojumoq +T0zZ Mdy L uo 6T9700-£T0Z-uadolwa/9eTT 0T St paysiignd 1s1y :uadO NG

10


http://bmjopen.bmj.com/

©CoOoO~NOUITA,WDNPE

BMJ Open

Table 3 Meta-regression results of the long-term outcomes (HbAlc, FPG, body weight)

HbAlc FPG Body weight
Estimate (SE) 95% CI Estimate (SE) 95% CI Estimate (SE) 95% CI
Intercept  -0.55 (0.07)* [-0.68,-0.41] -1.52 (0.12)* [-1.75,-1.29]  -1.61 (0.18)* [-1.97,-1.26]
Week 0.001 (0.001) [-0.002, 0.003] -0.01 (0.002)* [0.004,0.012]  -0.01 (0.004)* [-0.02, 0.01]

*P<0.001
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ABSTRACT
Objectives This meta-analysis aimed to evaluate whether dapagliflozin is synergistic with

other anti-diabetic drugs without body weight gain.

Setting RCT reports were retrieved from PubMed, Cochrane Library, Embase,
ClinicalTrials.gov, Google Scholar and Google. Eligible RCTs were selected according to the
criteria (including types of participants, intervention, outcomes) and assessed by the Cochrane
risk of bias tool and GRADEpro software for evidential quality. Meta-analysis on the eligible
RCTs was performed with the random effects model. The RCTs of low quality and interim
stages were excluded for further sensitivity analysis. Meta-regression was conducted on the
follow-up durations. Publication bias was evaluated with funnel plots and the Egger’s
regression test and adjusted using the trim-and-fill procedure. Heterogeneity was assessed

with the I* statistics.

Participants Adult type 2 diabetes mellitus (T2DM) patients.

Interventions Dapagliflozin combined with conventional anti-diabetic drugs.

Primary and secondary outcome measures Glycaemic level (measured by HbAlc and FPG)

and body weight.

Results Twelve RCTs were eligible for quantitative synthesis and meta-analysis. The overall
effect size of HbAlc calculated from mean difference was -0.52% (Z= -13.56, P<0.001) with
95%CI [-0.60, -0.45]. The effect size of FPG was -1.13 mmol/L (Z= -11.12, P<0.001) with
95%CI [-1.33, -0.93]. The effect size of body weight was -2.10 kg (Z= -18.77, P<0.001) with
95%CI [-2.32, -1.88]. Exclusions of low quality and interim RCTs changed the overall mean
differences respectively to -0.56%, -1.11 mmol/L, 2.23kg and -0.50%, -1.08 mmol/L, -2.08 kg.
The sensitivity analysis indicated good robustness of the meta-analysis on HbAlc, FPG, and

body weight.
Conclusions The meta-analysis showed that dapagliflozin as an add-on drug to conventional
anti-diabetic drugs improved the glycaemic control in T2DM participants without significant

body weight gain.

PROSPERO registration number CRD42013005034
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ARTICLE SUMMARY
Article focus

® To explore the efficacy of dapagliflozin as an add-on drug for anti-diabetic treatment.

Key messages

® Dapagliflozin as an add-on drug improves the control of HbAlc and FPG levels in type 2
diabetes mellitus (T2DM) participants without body weight gain.

® Dapagliflozin have significant effects on glycaemic control and body weight of T2DM

participants.

Strengths and limitations of this study

® This study is the first meta-analysis to focus on both the efficacy and body weight gain
issue of dapagliflozin versus placebo in synergy with anti-diabetic drugs (not only
metformin).

® The protocol of this study was properly registered with the PROSPERO database and
published.

® The conduct and reporting of this study is in accordance with the PRISMA statement to
ensure high study quality.

® Subgroup meta-analysis, sensitivity analysis and publication bias analysis were
performed to evaluate the robustness of the evidence.

® A meta-regression was conducted to determine dapagliflozin had long-term (>24 weeks)
effects on controlling FPG and body weight of T2DM participants.

® There is a potential limitation of the study that all eligible RCTs were sponsored by
Bristol-Myers Squibb or AstraZeneca.

INTRODUCTION

The efficacy of common anti-diabetic drugs (including metformin, sulfonylureas,

nonsulfonylurea  secretagogues, alpha glycosidase inhibitors, thiazolidinediones,

glucagon-like peptide-1 analog, and dipeptidyl peptidase-4 inhibitors) is insulin-dependent [1].

Their efficacy diminishes when the function of pancreatic islet B-cells declines during the
progression of type 2 diabetes mellitus (T2DM) [2]. Sulphonylureas and thiazolidinediones
cause body weight gain, which further worsens insulin resistance [3]. It came as no surprise
that approximately two-thirds of the patients with diabetes in Europe [4] and the United States
[5] under conventional treatment could not meet the goal of glycaemic control. By contrast, as
a highly selective inhibitor of sodium glucose co-transporter 2 (SGLT2), dapagliflozin is
distinctive in its insulin-independent action on reducing reabsorption of glucose particularly
by the proximal tubule in the kidney to eliminate more glucose from plasma into urine [6-8].

Dapagliflozin would enhance glycaemic control, as claimed in recent studies, without adverse
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effects on body weight, blood pressures and lipids like conventional anti-diabetic drugs,
making dapagliflozin desirable to combine conventional anti-diabetic drugs with
dapagliflozin in treating T2DM [9-10]. However, these claims were made by individual
clinical studies, not well-established by the systematic reviews and meta-analysis. Three
existing meta-analysis reports did not focus on dapagliflozin but addressed the efficacy issues
of SGLT2 inhibitors in general [3, 11-12]. The meta-analysis [13] on dapagliflozin in
particular still lacked analysis of publication bias, that is available publications do not fully
represent the research that have been done, and sensitivity to various possible factors as
required by the PRISMA guideline for meta-analysis reporting. Although a subgroup analysis
on dapagliflozin monotherapy was available in the meta-analysis [13], it did not provide
specific analysis of the efficacy of dapagliflozin combined with other anti-diabetic drugs. The
latest meta-analysis used the Bayesian method to estimate the relative effect of dapagliflozin
versus other anti-diabetes treatments (not placebo) added to metformin therapy [14]. All these
five meta-analysis studies were not registered before conduct. The present meta-analysis aims
to evaluate the synergistic efficacy of dapagliflozin versus placebo in combination with
conventional anti-diabetic drugs for glycaemic control as measured by the changes of
glycosylated hemoglobin (HbAlc) and fasting plasma glucose (FPG). The body weight data
were analyzed to test whether the claim that dapagliflozin does not affect body weight (that is,

no weight gain).

METHODS

This study of systematic review and meta-analysis is in compliance with the guideline
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA). The
protocol of this study [15] was registered with the PROSPERO database and assigned an
identifier CRD42013005034.

Data sources

Bibliographical databases for literature search included MEDLINE (via PubMed), Embase
(via  OVID), Cochrane Library, Google Scholar and ClinicalTrials.gov
(http://www.clinicaltrials.gov). The initial search was performed on 9 July 2013 and was last
updated on 21 October 2013. Our search strategy included keywords “dapagliflozin™ and
“diabetes”. We searched all fields in PubMed, all text in Cochrane Library, but restricted to
the fields of abstracts, titles, and keywords in Embase. When searching Clinical Trials.gov, we
used the term “dapagliflozin”. Google search was conducted to find the RCT information
unavailable from bibliographical databases. In addition, manual search of journals was

conducted to track relevant RCTs that were not indexed by normal keywords.
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Inclusion and exclusion criteria
The identified studies were selected according to the following inclusion and exclusion
criteria:

Study design Only RCTs were included. Observational, cohort, case-control, case series,
and laboratory studies were excluded.

Durations For observing changes in HbAlc levels, only the RCTs with follow-up
durations longer than 8 weeks were included.

Participants Only the RCTs on adult T2DM patients (age>18) were included.

Interventions This meta-analysis included only the RCTs on the efficacy of dapagliflozin
combined with conventional anti-diabetic drugs. The RCTs on dapagliflozin monotherapy
were excluded.

Comparators This meta-analysis included the RCTs employing placebo combined with
conventional anti-diabetic drugs as the controls. The RCTs employing only placebo as the
control group were excluded.

Outcomes This meta-analysis included the RCTs measuring HbAlc, FPG, and body

weight as the outcomes. The RCTs without all these three outcomes were excluded.

Study selection and data extraction
The studies were evaluated by at least two reviewers according to the inclusion and exclusion
criteria. Disagreement in evaluation was resolved by discussion among the reviewers.

Data from each included RCT were extracted by one reviewer and verified by another
reviewer. In addition to the outcome measures, the following characteristics of the RCTs were
extracted: (1) first author and publication year, (2) interventions (doses of dapagliflozin and
the drugs used in combination), (3) characteristics of participants, (4) follow-up durations,

and (5) findings.

Quality assessment

We assessed the design, execution and reporting of the included RCTs according to the
Cochrane risk of bias tool [16]. The quality of each RCT was assessed by one reviewer and
verified by another reviewer. Disagreement was resolved by discussion. The evidential level
of each outcome was determined in accordance with the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system [17] and conducted with
GRADE profiler 3.2 (http://tech.cochrane.org/revman/gradepro).

Data synthesis and analysis

The meta-analysis of effect sizes was performed using both R 3.0.1 (http://www.r-project.org/)
with the metaphor package (http://www.metafor-project.org/) and Review Manager 5.2 (http:
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http://ims.cochrane.org/revman/). Other statistical tests and regression analysis were
conducted using R 3.0.1. P values<0.05 were considered statistically significant.
Meta-analysis based on the random effects model was conducted for comparing the changes
of HbAlc (%), FPG (mmol/L), and body weight (kg) between 10mg dapagliflozin arm and
placebo arm. The continuous variables extracted from the included RCTs were adjusted mean
differences (AMD) with 95% confidential interval (CI).The overall effect size was calculated
as mean difference of AMD, thus the mean differences in results stood for AMD. Subgroup
analysis was conducted according to drug combinations (selected from metformin, insulin,
glimepiride, pioglitazone, and metformin/sitagliptin) and the durations of follow-up (<24
weeks or not). The effects of different follow-up durations were also assessed by
meta-regression. Publication bias was evaluated using the Egger’s regression test and a funnel
plot of the effect sizes against the standard errors (SE). Publication bias was adjusted using
the trim-and-fill procedure [18]. Heterogeneity was assessed with the I” statistic [19], which is
the proportion of total variance observed between the trials attributed to the differences
between trials rather than to sampling error. I°’<25% was considered as low in heterogeneity

and I>>75% was of high heterogeneity.

Sensitivity analysis

Sensitivity analysis was performed to evaluate the robustness of the meta-analysis results. The
RCTs with high risk of bias were excluded for sensitivity analysis. The sensitivity analysis
evaluated the differences between overall results and the results from the studies with low risk
of bias. In addition, we excluded the interim results, that is, only using endpoint results of

trials, to evaluate the robustness of the meta-analysis results.

RESULTS

Study selection

A total of 380 citations were assessed in the initial searching, of which 231 were identified via
bibliographical databases and 149 were identified by supplementary search via the Google
and Google Scholar (Figure 1). By screening the abstracts, we excluded 139 non-RCTs and
seven pharmacokinetics and pharmacodynamics studies. Of the remaining 20 RCTs, eight
RCTs did not meet the inclusion criteria on interventions and comparators. Finally, a total

number of 12 RCTs were included for quantitative synthesis and meta-analysis.
Study characteristics

The characteristics of the included 12 RCTs [20-31] were summarized in Table 1. The RCTs
contained interventions of 2.5 mg, 5 mg, and 10 mg add-on dapagliflozin. The eligible RCTs
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were also summarized according to their combined drugs: (1) 10 mg dapdgliflozin plus
metformin vs. placebo plus metformin; (2) 10 mg dapdgliflozin plus insulin vs. placebo plus
insulin; (3) 10 mg dapdgliflozin plus glimepiride vs. placebo plus glimepiride; (4) 10 mg
dapdgliflozin plus pioglitazone vs. placebo plus pioglitazone; (5) 10 mg dapdgliflozin plus
metformin/sitagliptin vs. placebo plus metformin/sitagliptin. The participants in all RCTs
were T2DM patients (>18 years old). The outcomes measuring the effects of dapagliflozin
were HbAlc (%), FPG (mmol/L), and body weight (kg).

The data extracted from the included RCTs for meta-analysis were sample sizes and
changes from baselines, such as adjusted mean differences (AMD) and standard
deviations/standard errors (SD/SE). The mean differences were adjusted according to the last
observation carried forward (LOCF) which was adopted in most RCTS. Hence the AMD
extracted from the RCTs were subject to analysis of covariance (ANCOVA) model.

Risk of bias within studies

According to the Cochrane risk of bias tool, four RCTs had more than one items with unclear
risk of bias [24, 26, 28, 31]. The common bias was the detection bias due to no report of
blinding (Figure 2). The average quality of the RCTs was acceptable. The GRADE evaluation
indicated that the outcomes of both HbAlc and FPG had high quality of the evidence.
However, the quality of the evidence on body weight was moderate due to publication bias

(Table 2).

Synthesis of results from individual studies

HbAlc

Twelve RCTs with 3986 participants were included in the meta-analysis on the effect of
dapagliflozin on changing the participants’ HbAlc levels. There were 1996 participants in the
intervention groups (10 mg dapagliflozin combined with five drugs) and 1990 participants in
the control groups (placebo combined with corresponding drugs). The follow-up durations
ranged from 12 to 104 weeks. A forest plot of HbA1lc was presented in Figure 3.

The differences of AMD between the intervention groups and the control groups ranged
from -0.8% to -0.29%. HbAlc levels decreased after supplement of dapagliflozin. The overall
effect size in terms of mean difference was -0.52% (Z= -13.56, P<0.001) with 95% CI [-0.60,
-0.45]. The heterogeneity among the RCTs was moderate with I’=56 % (Q=29.54, P=0.0055)
and 95%CI [19.9%, 75.8%]. The funnel plot analysis showed no publication bias (Figure 6)
and the Egger’s regression test was not significant in asymmetry (t= -1.90, P=0.08).

Subgroup meta-analyses were conducted by stratifying the five anti-diabetic drugs
(metformin, insulin, glimepiride, pioglitazone, and metformin/sitagliptin) combined with

dapagliflozin and the follow-up durations (<24 weeks, >24 weeks). The effect sizes ranged
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from -0.69% to -0.47%. The metformin plus metformin subgroup had the smallest effect size
with a mean difference of -0.47% (Z=-7.31, P<0.001). The two duration subgroups did not
differ much, with a mean difference -0.53% (<24 weeks) and -0.52% (>24 weeks) (Appendix
1). The meta-regression on the overall follow-up durations (12th, 24th, 48th, 50th, 102nd,
104th weeks) did not give any statistically significant results (Table 3).

FPG

All 12 included RCTs with 3620 participants reported the effect sizes of dapagliflozin on FPG.
There were 1817 participants in the intervention groups (10 mg dapagliflozin combined with
the five types of drugs) and 1803 participants in the control groups (placebo combined with
the corresponding drugs). The follow-up durations ranged from 12 to 104 weeks. As depicted
in a forest plot of FPG (Figure 4), all the RCTs showed the decreases in FPG after the add-on
of dapagliflozin. The overall mean difference between the intervention groups and the control
groups was -1.13 mmol/L (Z=-11.12, P<0.001) with 95%CI [-1.33, -0.93]. The heterogeneity
among these RCTs was moderate with I* = 53.8% (Q=23.81, P=0.0135). The funnel plot
analysis also showed no publication bias (Figure 6) and the Egger’s regression test was not
significant in asymmetry (t=1.55, P=0.15).

Subgroup meta-analyses were conducted on five different combined drugs and follow-up
durations. The effect sizes of the drug subgroups ranged from -1.47 mmol/L (pioglitazone
group) to -0.93 mmol/L (metformin group). In the follow-up duration subgroups, the mean
differences were -1.13 mmol/L (>24 weeks) and -1.36 mmol/L (< 24 weeks) (Appendix 2).
The meta-regression showed a significant effect of the overall follow-up durations (12th, 24th,
48th, 50th, 102nd, 104th weeks) with R’=0.9704 and P<0.001. The estimated coefficient on
follow-up duration was -1.52 with SE 0.12 and 95%CI [-1.75, -1.29] (Table 3).

Body weight

Twelve RCTs with a total of 4008 participants reported the effect sizes of dapagliflozin on
body weight changes. The RCTs included 2005 participants in the intervention groups (10mg
dapagliflozin combined with the five types of drugs) and 2003 participants in the control
groups (placebo combined with the corresponding drugs). The follow-up durations ranged
from 12 to 104 weeks. A forest plot showed decreases in body weight after the intervention of
dapagliflozin (Figure 5). The decreases ranged from -3.33 kg to -1.54 kg. The overall mean
difference between the intervention groups and the control groups was -2.10 kg (Z=-18.77,
P<0.001) with 95%CI [-2.32, -1.88]. The heterogeneity among RCTs was not significant with
I’ = 12% (Q=14.73, P=0.32). The funnel plot analysis revealed some publication bias (Figure
6) and the Egger’s regression test was significant in asymmetry (t=-3.11, P=0.009).

The subgroup meta-analyses were conducted on five different combinations of drugs and
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two follow-up durations. The effect sizes of the drug subgroups ranged from -2.45 kg to -1.54
kg with insulin the most effective and glimepiride the least. The results of follow-up duration
subgroups showed that the differences of effect sizes ranged from -2.63 kg (< 24 weeks) to
-1.92 kg (> 24 weeks) (Appendix 3), which implied dapagliflozin has the efficacy of
long-term clinical outcome. The result from meta-regression showed significant effect of the
follow-up durations (12th, 24th, 48th, 102nd, 104th weeks) with R*=1 and P<0.01. The
estimated coefficient was -1.61 with SE 0.18 and 95%CI [-1.97, -1.26] (Table 3).

Risk of bias across studies

The funnel plots of HbAlc, FPG and body weight checked the possible of publication bias
(Figure 6). The results from the Egger’s regression found a significant publication bias in the
outcome of body weight (t=-3.11, P=0.0091). After the trim-and-fill adjustment on the funnel
plot, the estimated mean difference is -1.94 kg with 95%CI [-2.18,-1.70]. However, There was
no significant publication bias in the result of HbAlc (t=-1.90, P=0.08) and FPG (t=1.55,
P=0.152).

Sensitivity analysis

By the Cochrane risk of bias tool, we found that four RCTs had more than one items with
unclear risk of bias [24, 26, 28, 31]. When we excluded those RCTs, the overall effect size of
HbATlc changed to -0.50% with 95% CI [-0.61, -0.40]. The effect size of FPG became -1.08
mmol/L with 95% CI [-1.29, -0.87] and the result of body weight -2.08 kg with 95% CI [-2.36,

-1.82] (Appendix 4). The new results did not differ much from the previous ones, that is -0.52%

in HbAlc, -1.13 mmol/L in FPG and -2.10 kg in body weight (Figure 3-5).

In addition, we found that four RCTs published only interim results [20, 22, 25, 29].
Hence, we excluded the interim RCTs to re-examine the robustness of our meta-analysis. The
data from eight RCTs [21, 23, 24, 26-28, 30-31] with final results were kept for sensitivity
analysis. The overall mean differences became to -0.56% in HbAlc, -1.11 mmol/L in FPG,
and -2.23 kg in body weight, which did not change too much (Appendix 5).

DISCUSSION
This study of systematic review and meta-analysis on the efficacy of dapagliflozin in
combination with anti-diabetic drugs followed the PRISMA guideline and was registered with
the PROSPERO database before the conduct. Subgroup meta-analyses and sensitivity
analyses were also conducted to ensure the robustness of the evidence.

In agreement with another meta-analysis on monotherapy of T2DM with dapagliflozin
[13], one network meta-analysis on dapaliflozin in combination with metformin[14] and three

other meta-analyses on SGLT2 inhibitors in general [3, 11-12], we found dapagliflozin
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beneficial in glycaemic control of T2DM. In contrast to these meta-analyses, we did a
PRISMA-compliant meta-analysis, including additional sensitivity analyses and publication
bias analyses, on the efficacy of dapagliflozin combined with another anti-diabetic drug.

This meta-analysis indicated that dapagliflozin as an add-on drug to conventional
anti-diabetic drugs did improve the control of the HbAlc and FPG levels in T2DM
participants. Individual RCTs indicated that insulin and pioglitazone increased body weight
[26, 29, 30], which would be deemed harmful to T2DM participants. Our meta-analysis
confirmed a consensus that the body weight of T2DM participants was well controlled under
treatment of dapagliflozin in combination with other anti-diabetic drugs.

Even though the Egger’s regression test showed publication bias in the outcome of body
weight, dapagliflozin as an add-on drug still reduced body weight after a trim-and-fill
procedure on the funnel plot. Although the publication bias on body weight was statistically
significant, it might not indicate a strong clinical significance because body weight was not
the primary outcome in the RCTs. Subgroup meta-analyses showed that dapagliflozin
enhanced the effects of conventional anti-diabetic drugs on controlling the HbAlc, FPG, and
body weight. A meta-regression further suggested that dapagliflozin had long-term effects on
controlling FPG and body weight of T2DM participants.

There were limitations in this meta-analysis to be overcome in later studies. Four RCTs
published only short follow-up periods [20, 22, 25, 29]. Considering the consistency in
dosage, we used 10 mg dapagliflozin data only. The limited number of RCTs might
overestimate the R? in meta-regression. In this meta-analysis, most RCTs [20, 22, 23, 24, 26,
27, 28, 29, 31] used LOCF methods to impute missing data. The combination of LOCF
imputation with exclusion of post-rescue data could lead to overstated results [32] and cause
low estimates of standard errors and P values [33]. All the included RCTs were sponsored by
Bristol-Myers Squibb [20, 21, 24, 26, 28] or AstraZeneca [22, 23, 25, 27, 29-31] which might
introduce some potential bias, due to a concern that industry funding was strongly associated
with favorable outcomes [34]. We will update our meta-analysis with further RCTs that have

proper registration and less potential biases.

CONCLUSION

Dapagliflozin as an add-on drug to conventional anti-diabetic drugs improved glycaemic
control and reduced weight gain in T2DM, especially with inadequate glycaemic control by

conventional drugs.
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Table 1 Basic characteristics of the included RCTs
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0 Participants’ characteristics

‘Weeks

Study Treatments N HbAlc BMI or weight FPG (mmol/L or Findings
12 Age (max)

13 (%) (kg/m’ or kg*) mg/dL**)

14 Bailey PLA 137 53.7(10.3) 8.11 (0.96) 31.8(5.3) 9.19 (2.57) 24 Dapagliflozin + metformin enhanced

16 2010 [20] 2.5 mg DAPA 137 55.0 (9.3) 7.99 (0.90) 31.6(4.8) 8.96 (2.39) glycaemic control and lowered body weight.

17 5 mg DAPA 137 543 (9.4) 8.17(0.96)  31.4(5.0) 9.39 (2.72)

19 10 mg DAPA 135 52.7(9.9) 792(0.82)  312(5.1) 8.66 (2.15)

Bailey PLA+MET 137  NA 8.12 (0.96) 87.74(19.24) * 9.19 (2.58) 102 Dapagliflozin + metformin for 102 weeks

22 2013 [21] 2.5 mg DAPA + MET 137 NA 7.99 (0.90)  84.90(17.77) * 8.96 (2.39) enhanced glycaemic control and lowered body

23 weight.
24 5 mg DAPA + MET 137 NA 8.17(0.96)  84.73(16.26) * 9.39 (2.72)

10 mg DAPA + MET 135 NA 792(0.82)  86.28(17.53) * 8.66 (2.15)

27 Bolinder, PLA + MET 91 60.8 (6.9) 8.11 (0.96) 31.7(3.9) 8.3(1.4) 24 Dapagliflozin + metformin reduced total body

29 2012 [22] 10 mg DAPA + MET 89 60.6(8.2) 7.99(0.90)  32.1(3.9) 8.2(1.4) weight.

30 Bolinder,  PLA+MET 91  NA 7.16 90.9% 8.21 102 Dapagliflozin + metformin enhanced

32 2013 [23] 10 mg DAPA + MET 91 NA 7.19 02.1% 83 glycaemic control and reduced body weight.
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Henry Study1 24 Dapagliflozin + metformin was effective in
2012 [24] 5 mg DAPA + PLA 203 52.3(10.2) 9.1(1.4) 86.2 (21.1)* 10.59 (3.14) reducing HbAlc, FPG and weight.

MET +PLA 201  51.8(9.8) 9.2 (1.3) 85.6 (20.0)* 10.94 (3.53)

5 mg DAPA + MET 194 51.7(9.3) 9.2(1.3) 84.1 (19.5)* 10.76 (3.12)

Study 2

10 mg DAPA + PLA 219 51.1(11.5) 9.1(1.3) 88.5(19.3)* 10.99 (3.43)

MET+PLA 208  52.7(10.4) 9.1(1.3) 87.2 (19.4)* 10.57 (3.00)

10 mg DAPA + MET 211 51.0(10.1) 9.1(1.3) 88.4 (19.7)* 10.52 (3.22)
Ljunggren PLA+ MET 91 60.8 (6.9) 7.16 (0.53) 31.7(3.9) 83 (1.4 50 Dapagliflozin + metformin did not affect
2012 [25] 10 mg DAPA + MET 89 60.6 (8.2) 7.19(0.44)  32.1(3.9) 8.2(1.4) markers of bone formation and resorption.
Roenstock  >30 mg PIO + PLA 139 53.5(11.4) 8.34(1.00)0 NA 8.92 (2.61) 48 Dapagliflozin + pioglitazone further enhanced
2012 [26]  >30 mg PIO + 5 mgDAPA 141  53.2(10.9) 8.40(1.03) NA 9.36 (2.98) glycaemic control without pioglitazone-related

>30 mg PIO +10 mgDAPA 140  53.8 (10.4) 837(0.96) NA 9.15 (2.57) body weight gain.
Strojek PLA + GLI 145 60.3(10.16) 8.15(0.74) NA 9.58 (2.07) 24 Dapagliflozin + glimepiride significantly
2010 [27] 2.5 mg DAPA + GLI 154 59.9(10.14) 8.11 (0.75) NA 9.56 (2.13) enhanced glycaemic control and reduced body

5 mg DAPA + GLI 142 60.2(9.73) 8.12(0.78) NA 9.68 (2.12) weight.

10 mg DAPA + GLI 151  58.9(8.32) 8.07(0.79) NA 9.55(2.04)
Wilding, PLA+INS 23 58.4 (6.5) 8.4 (0.9) 34.8 (4.6) 165.9 (51.5) ** 12 Dapagliflozin + insulin improved glycaemic
2009 [28] 10 mg DAPA + INS 24 55.7(9.2) 8.4 (0.7) 35.5(3.6) 156.0 (39.0) ** control and lowered body weight.

20 mg DAPA + INS 24 56.1(10.6) 8.5(0.9) 36.2 (4.6) 161.6 (55.0) **
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Wilding, PLA+INS 193  58.8(8.6) 8.47 (0.77) 33.1(5.9) 9.5(3.2) 48 Dapagliflozin + insulin enhanced glycaemic

2012 [29] 2.5 mg DAPA + INS 202 59.8 (7.6) 8.46(0.78)  33.0(5.0) 10.0 (3.3) control, stabilized insulin dosing and lowered

P OO~NOULAWNPE

0 5 mg DAPA + INS 211 593 (7.9) 8.62 (0.89) 33.0(5.3) 10.3 (3.3) body weight.

10 mg DAPA + INS 194 59.3 (8.8) 8.57(0.82)  334(5.1) 9.6 (3.0)

13 Wilding, PLA+INS 193 58.8(8.6) 8.47 (0.77) 33.1(5.9) 9.5(3.2) 104 Dapagliflozin + insulin enhanced glycaemic

2013 [30] 2.5 mg DAPA + INS 202 59.8(7.6) 8.46 (0.78)  33.0(5.0) 10.0 (3.3) control, stabilized insulin dosing and lowered

16 5/10 mg DAPA + INS 211 59.3(7.9) 8.62(0.89)  33.0(5.3) 10.3 (3.3) body weight, but elevated rates of genital

17 10 mg DAPA + INS 194 59.3(8.8) 8.57(0.82)  33.4(5.1) 9.6 (3.0) infection and of UTI

$Jabbour  PLA+ MET/SIT 224 55.0(1020)  7.97(0.79)  89.23 (20.89)* 162.97 (34.45) ** 24
19

20 2013 [31] 10 mg DAPA + MET/SIT 223 54.8(10.42) 7.90 (0.81)  91.02 (21.64)* 162.19 (36.83) **

22 Abbreviations: PLA, placebo; DAPA, dapagliflozin; MET, metformin; P10, pioglitazone; GLI, glimepiride; INS, insulin; SIT, sitagliptin. FPG, fasting plasma glucose.
+ measured by mean (SD)
25 *meansured by weight (kg); ** meansured by mg/dL

26 $The data was extracted from ClinicalTrial.gov due to unavailability of final report.
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Table 2 GRADE assessment of the outcomes (HbAlc, FPG, and body weight)

Page 42 of 56

10 mg dapagliflozin arm compared to PLA arm for GRADE

Patient or population: patients with type 2 diabetes mellitus
Intervention: 10 mg dapagliflozin combined with anti-diabetic drugs

Comparison: placebo combined with anti-diabetic drugs

Illustrative comparative risks* (95% CI)

No of Participants

Quality of the evidence

Outcomes X
Assumed risk Corresponding risk (studies) (GRADE)
Placebo combined with anti-diabetic drugs 10 mg dapagliflozin combined with anti-diabetic drugs
HbA1lc (%) The mean HbAlc¢ ranged across control groups from The mean HbAlc in the intervention groups was 3986 CODD
Follow-up: 12 to 104 weeks -1.44 t0 0.09 % 0.52 lower (0.6 to 0.45 lower) (14 studies) high
FPG (mmol/L) The mean FPG ranged across control groups from The mean FPG in the intervention groups was 3620 CODD
Follow-up: 12 to 104 weeks -1.93 to 0.99 mmol/L 1.13 lower (1.33 to 0.93 lower) (12 studies) high
Body weight (kg) The mean body weight ranged across control groups from The mean body weight in the intervention groups was 4008 SoAS NSRS
Follow-up: 12 to 104 weeks -2.12 t0 2.99 kg 2.10 lower (2.32 to 1.88 lower) (14 studies) moderate

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison

group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval,

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.
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Table 3 Meta-regression results of the long-term outcomes (HbAlc, FPG, body weight)

HbAlc FPG Body weight
Estimate (SE) 95% CI Estimate (SE) 95% CI Estimate (SE) 95% CI
Intercept  -0.55 (0.07)* [-0.68,-0.41] -1.52 (0.12)* [-1.75,-1.29]  -1.61 (0.18)* [-1.97,-1.26]
Week 0.001 (0.001) [-0.002, 0.003] -0.01 (0.002)* [0.004,0.012]  -0.01 (0.004)* [-0.02, 0.01]

*P<0.001
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18 participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and

14 implications of key findings; systematic review registration number.
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16 INTRODUCTION
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20 outcomes, and study design (PICOS).
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i ] reporting within studies).
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I RESULTS
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1 Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 6-7.17-19
18 ; S )

14 provide the citations.

20 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 7,20

2b Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 7-9

2:; intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

2‘} Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 7-9
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29 DISCUSSION

; E Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 9-10

3;2 key groups (e.g., healthcare providers, users, and policy makers).

33 Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 10

34 identified research, reporting bias).
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36 Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 10
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40 systematic review.
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10 mg DAPA+drug PLA+drug Mean Difference Mean Difference

__Study or Subgroup  Mean [%] SD [%] Total Mean [%] SD [%] Total Weight 1V, Random, 95% Cl [%] 1V, Random. 95% CI [%]

1.1.1 MET

Bailey 2010 -0.84 0.83 135 -0.3 0.84 137 7.0% -0.54 [-0.74, -0.34] S

Bailey 2013 -0.78 1.1 135 0.02 128 137  4.6% -0.80[-1.08,-0.52] —

Bolinder 2012 -0.39 0.46 89 -0.1 0.42 91 9.7% -0.29 [-0.42, -0.16] -

Bolinder 2013 -0.3 0.64 86 0.12 0.7 90 7.0% -0.42 [-0.62, -0.22] D

Henry 2012 -1.98 1.1 211 -1.44 1.1 208 6.5% -0.54 [-0.75, -0.33] S

Ljunggren 2012 -0.38 0.54 86 0.02 0.56 90 8.3% -0.40 [-0.56, -0.24] o

Subtotal (95% CI) 742 753  43.0% -0.47 [-0.60, -0.34] <

Heterogeneity: Tau? = 0.02; Chi? = 13.44, df = 5 (P = 0.02); I = 63%

Test for overall effect: Z=7.31 (P < 0.00001)

1.1.2INS

Wilding 2009 061 061 23 009 067 19 29% -0.70 [-1.09, -0.31]

Wilding 2012a 09 071 192 0.3 07 188 9.1% -0.60 [-0.74, -0.46] -

Wilding 2013a -1.01 0.82 193 -0.47 082 193 82% -0.54 [-0.70, -0.38] -

Wildling 2013b -0.78 0.96 193 -0.43 106 193 6.8% -0.35 [-0.55, -0.15] S

Subtotal (95% CI) 601 593 27.1% -0.53 [-0.65, -0.41] <&

Heterogeneity: Tau? = 0.01; Chiz2=4.72, df =3 (P =0.19); 2 =37%

Test for overall effect: Z = 8.46 (P < 0.00001)

1.1.3 GLI

Strojek 2011 -0.82 0.75 150 -0.13 076 143  7.9% -0.69 [-0.86, -0.52] e

Subtotal (95% Cl) 150 143 7.9% -0.69 [-0.86, -0.52] >

Heterogeneity: Not applicable

Test for overall effect: Z = 7.82 (P < 0.00001)

1.1.4 PIO

Rosenstock 2012a -0.97 095 140 042 094 139 62% -0.55[-0.77, -0.33] =

Rosenstock 2012b -1.21 0.83 140 -0.54 094 139 6.6% -0.67 [-0.88, -0.46] T

Subtotal (95% Cl) 280 278  12.9% -0.61 [-0.77, -0.46] L 4

Heterogeneity: Tau? = 0.00; Chi? = 0.60, df = 1 (P = 0.44); 1= 0%

Test for overall effect: Z = 7.93 (P < 0.00001)

1.1.5 MET&SIT

NCT00984867 -0.45 0.76 223 0.04 076 223 9.1% -0.49 [-0.63, -0.35] -

Subtotal (95% Cl) 223 223 9.1% -0.49 [-0.63, -0.35] <>

Heterogeneity: Not applicable

Test for overall effect: Z=6.81 (P < 0.00001)

Total (95% CI) 1996 1990 100.0% -0.52 [-0.60, -0.45] *

Heterogeneity: Tau? = 0.01; Chi? = 29.54, df = 13 (P = 0.005); I> = 56%

Test for overall effect: Z = 13.56 (P < 0.00001)

Forest plots of overall effect size of HbAlc and subgroup meta-analysis of different combined drugs
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10 mg DAPA+drug PLA+drug Mean Difference Mean Difference

o,
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dy or Subg ean [mmo mmo Random om
1.2.1 MET
Bailey 2010 -1.3 1.78 135 -0.33 173 137 9.5% -0.97 [-1.39, -0.55] =
Bailey 2013 -1.36 1.72 135 -0.58 233 137 8.3% -0.78 [1.27, -0.29] =
Bolinder 2013 -0.96 1.25 89 -0.02 1.31 91 10.3% -0.94 [-1.31, -0.57] e

0 Henry 2012 -3.35 2.04 211 -1.93 2,06 208 10.0% -1.42[-1.81,-1.03] =

Wilding 2013a -1.42 2.56 194 -0.5 262 193 7.8% -0.92[-1.44, -0.40] ==

11 Wildling 2013b -1.3 277 194 -1 3.08 193 6.8% -0.30 [-0.88, 0.28] =
Subtotal (95% CI) 958 959  52.6% -0.93 [-1.20, -0.66] <&

12 Heterogeneity: Tau? = 0.06; Chi? = 10.75, df = 5 (P = 0.06); I> = 53%
Test for overall effect: Z = 6.71 (P < 0.00001)

13 1.2.2INS

14 Wilding 2009 0.13 217 23 0.99 218 22 21% -0.86 [-2.13, 0.41] [
Wilding 2012a -1.21 249 183 0.18 249 177 7.8% -1.39 [-1.90, -0.88] T

15 Subtotal (35% CI) 206 199 9.9% 1.32[1.79, 0.84] >
Heterogeneity: Tau? = 0.00; Chi? = 0.57, df = 1 (P = 0.45); I2= 0%

16 Test for overall effect: Z = 5.41 (P < 0.00001)

17 1.2.3 GLI
Strojek 2011 -1.58 17 150 -0.11 169 145 10.1% -1.47 [-1.86, -1.08] Py

18 Subtotal (95% Cl) 150 145 10.1% 1.47[1.86,-1.08) >
Heterogeneity: Not applicable

19 Test for overall effect: Z = 7.45 (P < 0.00001)

20 1.2.4 PIO

2 1 Rosenstock 2012a -1.64 1.89 140 -0.31 1.89 139 9.0% -1.33[-1.77,-0.89] ==
Rosenstock 2012b -1.84 2.01 140 -0.73 236 139 7.8% -1.11 [-1.62, -0.60] =

22 Subtotal (35% CI) 280 278 16.8% -1.24 [1.57, -0.90] A 4
Heterogeneity: Tau? = 0.00; Chi? = 0.40, df = 1 (P = 0.53); I>= 0%

23 Test for overall effect: Z = 7.21 (P < 0.00001)

24 1.2.5 MET&SIT
NCT00984867 -1.34 1.95 223 0.21 1.95 222 10.6% -1.55[-1.91, -1.19] -

25 Subtotal (95% CI) 223 222 10.6% -1.55 [-1.91, -1.19] >
Heterogeneity: Not applicable

26 Test for overall effect: Z = 8.38 (P < 0.00001)

27 Total (95% CI) 1817 1803 100.0% -1.13[-1.33,-0.93] L 2
Heterogeneity: Tau? = 0.06; Chiz = 23.81, df = 11 (P = 0.01); I* = 54% —‘2—'1704:—;

28 Test for overall effect: Z = 11.12 (P < 0.00001) Faiers DAPA Favors PLA

29

w
o

Forest plots of overall effect size of FPG and subgroup meta-analysis of different combined drugs
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BMJ Open
10 mg DAPA+drug PLA+drug
dy o ea D [kg a ea g D
1.3.1 MET
Bailey 2010 -2.9 267 135 -0.9 299 137 9.0%
Bailey 2013 -1.74 4.59 135 1.36 499 137 3.5%
Bolinder 2012 -2.96 2.65 89 -0.88 2.65 91 71%
Bolinder 2013 -4.54 4.26 89 -2.12 4.14 91 3.0%
Henry 2012 -3.33 3.48 211 -1.36 3.46 208 9.2%
Ljunggren 2012 -4.39 4.4 89 -2.03 4.26 91 2.9%
Subtotal (95% Cl) 748 755 34.8%
Heterogeneity: Tau? = 0.00; Chi> = 3.45, df = 5 (P = 0.63); I = 0%
Test for overall effect: Z = 12.19 (P < 0.00001)
1.3.2INS
Wilding 2009 -4.5 245 23 -1.9 2.39 22 2.3%
Wilding 2012a -1.61 251 194 0.43 251 193 14.6%
Wilding 2013a -1.6 3.72 193 0.82 3.83 193 7.4%
Wildling 2013b -1.5 5.07 193 1.83 553 193 4.0%
Subtotal (95% CI) 603 601  28.4%
Heterogeneity: Tau? = 0.11; Chiz = 4.91, df = 3 (P = 0.18); I = 39%
Test for overall effect: Z = 8.97 (P < 0.00001)
1.3.3 GLI
Strojek 2011 -2.26 273 151 -0.72 27 145 10.4%
Subtotal (95% Cl) 151 145  10.4%
Heterogeneity: Not applicable
Test for overall effect: Z = 4.88 (P < 0.00001)
1.3.4PIO
Rosenstock 2012a -0.14 3.31 140 1.64 33 139 71%
Rosenstock 2012b 0.69 4.26 140 2.99 483 139 3.9%
Subtotal (95% CI) 280 278  11.0%
Heterogeneity: Tau? = 0.00; Chi? = 0.60, df = 1 (P = 0.44); 1= 0%
Test for overall effect: Z =6.12 (P < 0.00001)
1.3.5 MET&SIT
NCT00984867 -2.14 2,59 223 -0.26 263 224 154%
Subtotal (95% CI) 223 224 15.4%
Heterogeneity: Not applicable
Test for overall effect: Z =7.61 (P < 0.00001)
Total (95% CI) 2005 2003 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 14.73, df = 13 (P = 0.32); I = 12%
Test for overall effect: Z = 18.77 (P < 0.00001)

Mean Difference
Random, 95Y

-2.00 [-2.67, -1.33]
-3.10 [-4.24, -1.96]
2,08 [-2.85, -1.31]
2.42[-3.65,-1.19]
1.97 [-2.63, -1.31]
-2.36 [-3.63, -1.09]
217 [-2.52, -1.82]

2,60 [-4.01, -1.19]
-2.04 [-2.54, -1.54]
242[-317,-167]
-3.33 [-4.39, -2.27]
-2.45 [-2.99, -1.92]

-1.54[-2.16,-0.92]
-1.54 [-2.16, -0.92]

-1.78 [-2.56, -1.00]
-2.30[-3.37, -1.23]
-1.96 [-2.59, -1.33]

-1.88 [-2.36, -1.40]
-1.88 [-2.36, -1.40]

210 [-2.32, -1.88]
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4

Mean Difference

.95% Cl[kg]

g

L 4

-

<>

<

¢

4 4 s

-4

-2 0 2 4
Favors DAPA Favors PLA

Forest plots of overall effect size of body weight and subgroup meta-analysis of different combined drugs
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Appendices

Appendix 1 Forest plots of overall effect size of HbAlc and subgroup meta-analysis of

different follow-up durations

2.1.1 <= 24 weeks

Bailey 2010 -0.84 0.83 135 -0.3
Bolinder 2012 -0.39 0.46 89 -0.1
Henry 2012 -1.98 1.11 211 -1.44
NCT00984867 -0.45 0.76 223 0.04
Rosenstock 2012a -0.97 0.95 140 -0.42
Strojek 2011 -0.82 0.75 150 -0.13
Wilding 2009 -0.61 0.61 23 0.09
Wilding 2012a -0.9 0.71 192 -0.3
Subtotal (95% CI) 1163

Heterogeneity: Tau? = 0.01; Chi? = 18.19, df =7 (P = 0.01); I = 62%
Test for overall effect: Z = 10.05 (P < 0.00001)

2.1.2 > 24 weeks

Bailey 2013 -0.78 1:1 135 0.02
Bolinder 2013 -03  0.64 86 0.12
Ljunggren 2012 -0.38 0.54 86 0.02
Rosenstock 2012b -1.21 0.83 140 -0.54
Wilding 2013a -1.01 0.82 193 -0.47
Wildling 2013b -0.78  0.96 193 -0.43
Subtotal (95% CI) 833

Heterogeneity: Tau? = 0.01; Chi? = 11.30, df = 5 (P = 0.05); I = 56%
Test for overall effect: Z = 8.28 (P < 0.00001)

Total (95% Cl) 1996

1.28

0.56
0.94
0.82
1.06

Heterogeneity: Tau? = 0.01; Chi? = 29.54, df = 13 (P = 0.005); I* = 56%

Test for overall effect: Z = 13.56 (P < 0.00001)

137 7.0%

91 9.7%
208 6.5%
223 91%
139 6.2%
143 7.9%

19  29%
188  9.1%

1148 58.4%

137 4.6%
90 7.0%
90 8.3%

139 6.6%

193  82%

193  6.8%

842 41.6%

1990 100.0%

-0.54 [-0.74, -0.34]
-0.29 [-0.42, -0.16]
-0.54 [-0.75, -0.33]
-0.49 [-0.63, -0.35]
-0.55 [-0.77, -0.33]
-0.69 [-0.86, -0.52]
-0.70 [-1.09, -0.31]
-0.60 [-0.74, -0.46]
-0.53 [-0.63, -0.43]

-0.80 [-1.08, -0.52]
-0.42 [-0.62, -0.22]
-0.40 [-0.56, -0.24]
-0.67 [-0.88, -0.46]
-0.54 [-0.70, -0.38]
-0.35 [-0.55, -0.15]
-0.51 [-0.63, -0.39]

-0.52 [-0.60, -0.45]

-1 -0.5 0 0.5
Favors DAPA Favors PLA
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1
2
3 Appendix 2 Forest plots of overall effect size of FPG and subgroup meta-analysis of different
4 .
5 follow-up durations
6 10 mg DAPA + drug PLA +drug Mean Difference Mean Difference
eight V. 95% Cl [mmol/l] V. 95% Cl [mmol/l]
7 2.2.1 <= 24 weeks
8 Bailey 2010 -1.3 1.78 135 -0.33 173 137  95% -0.97 [-1.39, -0.55] .
Henry 2012 -3.35 2.04 211 -1.93 206 208 10.0% -1.42[-1.81,-1.03] -
9 NCT00984867 -1.34 1.95 223 0.21 195 222 10.6% -155[-1.91,-1.19] T
10 Rosenstock 2012a -1.64 1.89 140 -0.31 189 139  9.0% -1.33[-1.77,-0.89] %
Strojek 2011 -1.58 17 150 -0.11 169 145 10.1% -1.47 [-1.86, -1.08] =
11 Wilding 2009 0.13 217 23 0.99 2.18 2 21% -0.86 [-2.13, 0.41] [
Wilding 2012a -1.21 249 183 0.18 249 177 7.8% -1.39 [-1.90, -0.88] s
12 Subtotal (95% Cl) 1065 1050 59.0% -1.36 [-1.53, -1.19] *
13 Heterogeneity: Tau? = 0.00; Chi® = 5.44, df = 6 (P = 0.49); I’ = 0%
Test for overall effect: Z = 15.99 (P < 0.00001)
14 2.2.2> 24 weeks
Bailey 2013 -1.36 1.72 135 -0.58 233 137 83% -0.78 [-1.27, -0.29] -
15 Bolinder 2013 -0.96 1.25 89 -0.02 1.31 91 10.3% -0.94 [-1.31,-0.57] e
16 Rosenstock 2012b -1.84 2.01 140 -0.73 236 139 7.8% -1.11[-1.62, -0.60] T
Wilding 2013a -1.42 2.56 194 -0.5 262 193 7.8% -0.92 [-1.44, -0.40] B 1
17 Wildling 2013b -13 277 194 -1 308 193 6.8% -0.30 [-0.88, 0.28] ki
Subtotal (95% Cl) 752 753 41.0% -0.84 [-1.08, -0.61] L 4
18 Heterogeneity: Tau? = 0.01; Chi* = 4.76, df =4 (P = 0.31); I = 16%
19 Test for overall effect: Z = 7.01 (P < 0.00001)
Total (95% CI) 1817 1803 100.0% -1.13 [-1.33, -0.93]
20 Heterogeneity: Tau? = 0.06; Chi* = 23.81, df = 11 (P = 0.01); I* = 54% 5 1 0 1 2
21 Test for overall effect: Z = 11.12 (P < 0.00001) " Favors DAPA Favors PLA
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Appendix 3 Forest plots of overall effect size of body weight and subgroup meta-analysis of

different follow-up durations

2.3.1 <= 24 weeks

Bailey 2010 -2.9
Bolinder 2012 -2.96
Henry 2012 -3.33
NCT00984867 -2.14
Rosenstock 2012a -0.14
Strojek 2011 -2.26
Wilding 2009 -45
Wilding 2012a -1.61

Subtotal (95% CI)

10 mg DAPA + drug
ea D [k

267 135
265 89
3.48 211
2.59 223
3.31 140
273 151
245 23
251 194

1166

Heterogeneity: Tau? = 0.00; Chi? = 2.95, df = 7 (P = 0.89); I = 0%
Test for overall effect: Z = 16.47 (P < 0.00001)

2.3.2 > 24 weeks

Bailey 2013 -1.74
Bolinder 2013 -4.54
Ljunggren 2012 -4.39
Rosenstock 2012b 0.69
Wilding 2013a -1.6
Wildling 2013b -1.5

Subtotal (95% CI)

459
426

44
426
372
5.07

193
193
839

BMJ Open

PLA + drug

g D g
-0.9 299
-0.88 2.65
-1.36 3.46
-0.26 263
1.64 33
-0.72 27
-1.9 2.39
0.43 2.51
1.36 4.99
-2.12 4.14
-2.03 4.26
2.99 4.83
0.82 3.83
1.83 5.53

Heterogeneity: Tau? = 0.00; Chi? = 3.29, df = 5 (P = 0.66); I = 0%
Test for overall effect: Z = 12.20 (P < 0.00001)

Total (95% Cl)

2005
Heterogeneity: Tau? = 0.02; Chi? = 14.73, df = 13 (P = 0.32); I? = 12%
Test for overall effect: Z = 18.77 (P < 0.00001)

2003

3.5%
3.0%
2.9%
3.9%
7.4%
4.0%
24.8%

100.0%

Mean Difference
959

Random

-2.00 [-2.67, -1.33]
-2.08 [-2.85, -1.31]
1.97 [-2.63, -1.31]
-1.88 [-2.36, -1.40)
-1.78 [-2.56, -1.00]
-1.54 [-2.16, -0.92)
2,60 [-4.01, -1.19]
-2.04 [-2.54, -1.54]
-1.92 [-2.15, -1.69]

-3.10 [-4.24, -1.96)
2.42[-3.65, -1.19)
-2.36 [-3.63, -1.09]
-2.30[-3.37, -1.23]
2.42[-3.17, -1.67)
-3.33 [-4.39, -2.27)
-2.63 [-3.06, -2.21]

210 [-2.32, -1.88]

Mean Difference

95%Cllkel
¢
*
¢
4 2 0o 2 4

Favors DAPA Favors PLA

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 54 of 56

yBuAdoo Ag paloaloid 1senb Ag 20z ‘6 udy uo /wod g uadolwg//:dny woij papeojumoq +T0zZ IUdy L uo 6T9700-£T0Z-uadolwag/9eTT 0T St paysiignd 1suiy :uado CINg


http://bmjopen.bmj.com/

Page 55 of 56

P OO~NOULAWNPE

U OO OB DMBEMDIAMDIMAEDIAMDIMDNWOWWWWWWWWWWNDNNNNNNMNNNNRERPRPRPERPRERPERRER
QUOWONOUPRRWNRPOOO~NOUOPRRWNPRPOOONOOUOPRARWNRPFPOOONOODURMAWNRPOOO~NOOUUDMWNEO

BMJ Open

Appendix 4 Forest plots of overall effect size on HbAlc, FPG, and body weight in RCTs with

least risk of biases

10 mg DAPA + drugs PLA + drugs Mean Difference Mean Difference
ean [¥ D [ e OA D % oi 959 95%

0 0 0 a a old nanaom () (i nanaom
Bailey 2010 -0.84 0.83 135 -0.3 084 137 10.4% -0.54 [-0.74, -0.34] T
Bailey 2013 -0.78 11 135 0.02 128 137  7.5% -0.80[-1.08,-0.52] —
Bolinder 2012 -0.39 0.46 89 -0.1 0.42 91 13.3% -0.29 [-0.42, -0.16] —
Bolinder 2013 -0.3 0.64 86 0.12 0.7 90 10.4% -0.42 [-0.62, -0.22] i
Ljunggren 2012 -0.38 0.54 86 0.02 0.56 90 11.9% -0.40 [-0.56, -0.24] =
Strojek 2011 -0.82 0.75 150 -0.13 076 143 11.5% -0.69 [-0.86, -0.52] =
Wilding 2012a -0.9 0.71 192 -0.3 0.7 188 12.8% -0.60 [-0.74, -0.46] e
Wilding 2013a -1.01 0.82 193 -0.47 082 193 11.9% -0.54 [-0.70, -0.38] s
Wildling 2013b -0.78 0.96 193 -0.43 1.06 193 10.3% -0.35[-0.55, -0.15] o
Total (95% CI) 1259 1262 100.0% -0.50 [-0.61, -0.40] <
Heterogeneity: Tau? = 0.02; Chi = 25.39, df = 8 (P = 0.001); I = 68% 2 ¢ o2 -
Test for overall effect: Z = 9.43 (P < 0.00001) Favors bAPA Favor§ PLA
10 mg DAPA + drugs PLA + drugs Mean Difference Mean Difference
D e andom, 95Y% mmo Random. 95% mmo

g ea otal Mea a gh A
Bailey 2010 -13 1.78 135 -0.33 173 137 17.6% -0.97 [-1.39, -0.55] ¥

Bailey 2013 -1.36 172 135 -0.58 233 137 141% -0.78 [-1.27,-0.29] "
Bolinder 2013 -0.96 1.25 89 -0.02 1.31 91  20.4% -0.94 [-1.31, -0.57] .
Strojek 2011 -1.58 1.7 150 -0.11 169 145 19.5% -1.47 [-1.86, -1.08] o
Wilding 2012a 0.13 21T 23 0.99 218 22 26% -0.86 [-2.13, 0.41] I
Wilding 2013a -1.21 249 183 0.18 249 177 12.9% -1.39 [-1.90, -0.88]
Wildling 2013b -1.42 2.56 194 -0.5 262 193 129% -0.92 [-1.44, -0.40] N
Total (95% Cl) 909 902 100.0% -1.08 [-1.29, -0.87] <&
Heterogeneity: Tau? = 0.02; Chi* = 8.05, df = 6 (P = 0.23); I* = 25% 2 M 0 1 2
Test for overall effect: Z = 10.06 (P < 0.00001) Favors DAPA Favors PLA
10 mg DAPA + drugs PLA + drugs Mean Difference Mean Difference
0 ean [kg D [kg ota ean [kg k a ei ixed, 95% kg ixed, 95Y
Bailey 2013 -2.9 267 135 -0.9 299 137 154% -2.00 [-2.67, -1.33] e
Bolinder 2012 -1.74 4.59 135 1.36 499 137 54% -3.10 [-4.24, -1.96]
Bolinder 2013 -2.96 265 89 -0.88 265 91 11.7% -2.08 [-2.85, -1.31] G
Ljunggren 2012 -4.54 4.26 89 -2.12 4.14 91 4.6% -2.42[-3.65, -1.19] ’
Strojek 2011 -4.39 44 89 -2.03 4.26 91 4.4% -2.36 [-3.63, -1.09]
Wilding 2012a -2.26 273 151 -0.72 27 145 18.3% -1.54 [-2.16, -0.92] "
Wilding 2013a -1.61 2.51 194 0.43 251 193 27.9% -2.04 [-2.54, -1.54] G
Wildling 2013b -1.6 3.72 193 0.82 383 193 12.3% -2.42 [-3.17,-1.67] e
Total (95% Cl) 1075 1078 100.0% -2.08 [-2.35, -1.82] ¢
Heterogeneity: Chi? = 7.35, df = 7 (P = 0.39); I? = 5% j‘ 2 o 2 j‘
Test for overall effect: Z = 15.44 (P < 0.00001) Favors DAPA Favors PLA
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Appendix 5 Forest plots of overall effect size on HbAlc, FPG, and body weight in RCTs at

the endpoint

10 mg DAPA + drug PLA + drug Mean Difference Mean Difference
o o o, oi 3 A

Bailey 2013 0.78 11 135 002 128 137 89% -0.80 [-1.08, -0.52]

Bolinder 2013 03 064 86 012 07 90 135% -0.42[0.62, -0.22] —%—
Henry 2012 198 111 211 144 11 208 126% -0.54 [-0.75, -0.33] ==
NCT00984867 045 076 223 004 076 223 18.0% -0.49 [-0.63, -0.35] =
Rosenstock 2012b 121 083 140 054 094 139 12.9% -0.67 [-0.88, -0.46] -
Strojek 2011 0.8 075 150 013 076 143 15.4% -0.69 [-0.86, -0.52] &5
Wilding 2009 061 061 23 009 067 19 55% 0.70[1.09,-031] —
Wildling 2013b 078 096 193 043 106 193 13.3% -0.35 [0.55, -0.15] =
Total (95% Cl) 1161 1152 100.0% -0.56 [-0.66, -0.46] L 4

i Tau? = . Chiz= - = . |2 = 489 . - t
Heterogeneity: Tau* = 0.01; Chi* = 13.48, df =7 (P = 0.06); I* = 48% ¥ 05 0 05 1

Test for overall effect: Z = 10.71 (P < 0.00001) Favors DAPA Favors PLA

10 mg DAPA + drug PLA +drug Mean Difference Mean Difference
_Study or Subgroup Mean [mmol/L] SD [mmol/L] _Total Mean [mmol/L] SD [mmol/L] Total Weight IV, 95% CI [mmol/L] _IV. 95% Cl [mmollL]
Bailey 2013 -1.36 1.72 135 -0.58 233 137 12.8% -0.78 [-1.27, -0.29]
Bolinder 2013 -0.96 1.25 89 -0.02 1.31 91  15.0% -0.94 [-1.31,-0.57] »
Henry 2012 -3.35 204 211 -1.93 206 208 14.7% 1.42[-1.81,-1.03) T
NCT00984867 -1.34 195 223 0.21 195 222 153% -1.55(-1.91,-1.19) ~
Rosenstock 2012b -1.84 2.01 140 -0.73 236 139 12.3% -1.11 [-1.62, -0.60] S -
Strojek 2011 -1.58 17 150 -0.11 169 145 14.8% -1.47 [1.86, -1.08) =
Wilding 2009 0.13 217 23 0.99 218 22 41% -0.86 [-2.13, 0.41] I
Wildling 2013b -1.3 277 194 -1 3.08 193 11.0% -0.30 [-0.88, 0.28] =
Total (95% CI) 1165 1157 100.0% A11[1.40,0827 @
Heterogeneity: Tau? = 0.11; Chi? = 20.82, df = 7 (P = 0.004); I = 66% > M 0 1 2
Test for overall effect: Z = 7.53 (P < 0.00001) Favors DAPA Favors PLA
10 mg DAPA + drug PLA +drug Mean Difference Mean Difference
Q €4 Kd D [k d €d K D (kg d eil Random 95% KJ R Qiol/ncl kg
Bailey 2013 -1.74 4.59 135 1.36 499 137 9.2% -3.10 [-4.24, -1.96]
Bolinder 2013 -4.54 4.26 89 -2.12 4.14 91 8.3% -2.42 [-3.65, -1.19]
Henry 2012 -3.33 3.48 211 -1.36 346 208 16.8% -1.97 [-2.63, -1.31] e
NCT00984867 -2.14 2.59 223 -0.26 263 224 21.0% -1.88 [-2.36, -1.40] o
Rosenstock 2012b 0.69 4.26 140 2.99 483 139 10.0% -2.30 [-3.37, -1.23]
Strojek 2011 -2.26 273 151 -0.72 27 145 17.8% -1.54 [-2.16, -0.92] "
Wilding 2009 -4.5 245 23 -1.9 2.39 22 6.7% -2.60 [-4.01, -1.19]
Wildling 2013b -1.5 5.07 193 1.83 553 193 10.2% -3.33 [-4.39, -2.27]
Total (95% Cl) 1165 1159 100.0% -2.23 [-2.65, -1.81] <
Heterogeneity: Tau? = 0.15; Chi2 = 13.10, df = 7 (P = 0.07); 12 = 47% 4‘1 2 0 2 i
Test for overall effect: Z = 10.47 (P < 0.00001) Favors DAPA Favors PLA
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